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Is phosphorylation signaling the missing link to explain

anti-tumoral activities in antimicrobial peptides

(AMPs)? Insights from Lunatins, a peptide family

from Hadruroides lunatus scorpion venom
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Mascarello, A.3, Terenzi, H.3, Souza-Fagundes, E. M.4,
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We have previously identified a family of peptides in the venom of

the Peruvian scorpion Hadruroides lunatus, named Lunatin 1–3.

Their primary structures range from 13 to 18 amino acids and show

some similarities with bacterial enzymes and other proteins able to

bind phosphate groups (e.g., kinases, phosphatases, active trans-

porters). In addition to their observed antimicrobial activity (e.g.,

Lunatin 1 has MIC values ranging from 1.49 to 5.95 lM against some

Gram-positive bacteria), Lunatin 1 also showed an important anti-

tumor activity against a variety of tumor cell lines, notably HL60 and

MCF7. Lunatin 2 is a potent inhibitor of YopH—a protein tyrosine

phosphatase (PTP) from the pathogenic bacteria Yersinia enterocol-

itica—with a calculated IC50 value of 1.37 lM and a 12-fold

selectivity in favor of YopH against PTP-PEST, LYP and PTP1B,

which are human PTPs. Lunatin 2 was identified as mixed inhibitor of

YopH, with Ki value of 1.41 lM and Ki0 of 6.16 lM. Lunatin 1 and

Lunatin 2 had their structures determined by NMR spectroscopy and

show interesting features that differ from those usually observed for

other antimicrobial peptides. They have an alpha helical region that

spans six to eight amino acid residues at their N-terminal portions.

However, they are unstructured at their C-terminal portions. Synthetic

analogs were designed and their structural and functional features

were also assessed envisaging further structure–activity relationship

studies. The results suggest the discovery of a new class of potent

peptide inhibitors (ca 1 kDa) of enzymes that recognize protein

phosphates, which may provide a starting point for further develop-

ment of new inhibitors for these enzymes.
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Effects of TsHpt-I (Tityus serrulatus Hypotensin-I)-

derived peptides on sponge- induced fibrovascular
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We have previously described a 25mer anti-hypertensive peptide,

named TsHpt-I (Tityus serrulatus Hypotensin-I), isolated from the

Brazilian yellow scorpion (Tityus serrulatus) venom. TsHpt-I dis-

played two different modes of action: one being a bradikinin (BK)-

dependent potentiation activity andthe other a BK-independent

activity, which was further detailed as an agonist binding to the B2

kinin receptor (B2R) that culminates in nitric oxide (NO) release. By

using a structural minimization strategy of synthetic peptides, we

identified the C-terminal region of TsHpt-I as being responsible for the

described anti-hypertensive effects. We have also highlighted the key

amino acids responsible for each of these actions. It is worth men-

tioning that both B2R activation and NO release are known to be

involved in angiogenic and inflammatory processes. In the present

study, we investigated whether TsHpt-I-derived peptides could mod-

ulate key events (inflammatory cell recruitment, neovascularization

and extracellular matrix deposition) of the proliferative fibrovascular

tissue induced by polyether-polyurethane sponge implants in mice.

Sponges were implanted in the dorsum of 8-week-old C57Bl/6 male

mice that received daily intrasponge treatment with either TsHpt-

I[17–25] (10 nmol/sponge/day), dipeptide Lys-Pro (10 nmol/spon-

ge/day) or PBS (10 ll/sponge/day) and were assessed on day 7 after

surgery. Hemoglobin content (lg/mg wet tissue) and blood flow

measurements (laser Doppler perfusion imaging) in the implants, used

as indices of vascularization, indicated that the peptides stimulated

angiogenesis in the implants relative to the PBS-treated group. Inter-

estingly, the peptides inhibited neutrophil, although stimulated

macrophage infiltration, into the implants, as determined by

myeloperoxidase (MPO) and N-acetyl-b-D-glucosaminidase (NAG)

activities, respectively. Regarding the fibrogenic component (evalu-

ated by soluble collagen content), we observed that TsHpt-I[17–25]

inhibited, whereas the dipeptide Lys-Pro stimulated, collagen depo-

sition in the implants. Overall, our results suggest that TsHpt-I[17–25]

and the dipeptide Lys-Pro have pro-angiogenic and anti-inflammatory

activities. These effects may indicate the therapeutical potential of

these peptides in conditions where inflammation and angiogenesis are

associated, such as wound healing and inflammatory diseases.

Financial Support: CAPES, CNPq, FAPEMIG, INCT-Nanobiofar

and INCTTOX.

Identification and characterization of peptides

and proteins from Tityus serrulatus venom by mass

spectrometry

Eliane Candiani Arantes1*, Camila Takeno Cologna1,

Iara Aimê Cardoso1, Karla de Castro Figueiredo Bordon1,

Loı̈c Quinton2; Edwin de Pauw2

1Department of Physics and Chemistry, School of Pharmaceutical
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*Corresponding author: Eliane Candiani Arantes, ecabra-
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Scorpion stings are considered the most common accidents involving

venomous animals in Brazil, and Tityus serrulatus is responsible for

the highest number of these accidents. T. serrulatus venom (Tsv)

presents a great variety of molecules, such as enzymes (proteinases

and hyaluronidases), nucleotides, biogenic amines, oligopeptides,

protease inhibitors, histamine releasers, several low molecular mass

proteins with neurotoxic activity, and other organic components. In

this work, Tsv was fractionated through two different approaches. The

reversed-phase fast protein liquid chromatography (RP-FPLC) of Tsv

on a C18 column resulted in 67 fractions, whereas 18 fractions were

obtained by CM-Cellulose-52 chromatography. Each fraction was
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analyzed by a combination of mass spectrometry (matrix-assisted

laser desorption ionization–time-of-flight) and N-terminal sequencing

by Edman degradation. These analyses allowed the detection of toxins

from the venom already described in the literature and the identifi-

cation of new components, revealing the complexity of its

composition. The comparison of the chromatographic methods

showed that the isolation of Tsv components was much more effec-

tive by RP-FPLC, although this procedure promotes the inactivation

of metalloproteinases. Additionally, it was possible to identify some

toxins (e.g., Ts1, Ts3, Ts19) in different phases of maturation, indi-

cating that post-translational modifications are relevant in this venom.

The results highlight the diversity of the T. serrulatus venom, which

contains numerous components not studied yet, and many of them

may present biotechnological potential, since Tsv is a rich source of

molecules acting on ion channels.

Keywords: Tityus serrulatus, Scorpion venom, Proteome, Neuro-

toxin, Mass spectrometry, Venomic.

Proteome of Crotalus durissus collilineatus venoms:

analysis of individual variations
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Snake venoms present a wide variety of compounds, mostly, protein

toxins. The composition of the snake venoms may present a high

degree of variability, which influences the venom toxicity. In Brazil,

snakes of the genus Crotalus, represented by the species Crotalus

durissus, are able to cause severe envenoming. These snakes inhabit

various regions of the country and their venoms can present vari-

ability, which can reduce the effectiveness of antivenom therapy. It is

important to know the composition of the venom and its variability in

a single species to optimize the production of antivenom serum.

Therefore, this study purposes to perform a comparative proteomic

analysis of the venom from 22 specimens of Crotalus durissus

collilineatus (Cdc), seeking to identify the individual variations of

these venoms. The reversed-phase fast protein liquid chromatography

(RP-FPLC) on a C-18 column of the Cdc venom resulted in 25 peaks,

which were analysed by electrophoresis (SDS-PAGE) and mass

spectrometry (MALDI-TOF/TOF). These venoms from Cdc (n = 22)

showed a similar chromatographic profile; however, several compo-

nents presented significant quantitative differences (e.g. LAAO).

Interestingly, crotamine was identified in only one of the venoms,

representing one of its main components. Additionally, several known

components were identified during mass spectrometry analysis such

as crotoxin and serine proteinases gyroxin-like. Further, we identified

ions with different masses that have not been reported. Our results

support that the current immunization protocols need to be revised to

produce an improved anti-crotalic serum.

Keywords: Crotalus durissus collilineatus, Snake venoms, Proteome,

Venomic, Individual variations, Crotamine.

Inhibition of xanthine oxidase by alkyl phenol

compounds

Noriyoshi Masuoka, Ayumi Zukeran and Isao Kubo

Department of Life Science, Faculty of Science, Okayama University

of Science

Abstract
Backgrounds: Xanthine oxidase (EC 1.1.3.22) is formed from xan-

thine dehydrogenase (EC 1.1.1.204) under oxidative conditions. The

structure of xanthine dehydrogenase and the oxidase was analyzed by

X-ray crystallographic method. Each enzyme contains 1 molybde-

num–pterin, 2 iron–sulfurs and 1 FAD. In the case of xanthine

oxidase, as enzyme catalyzes the reaction of two substrates, xanthine

and oxygen, the reaction progresses as a ping-pong mechanism. At

first, we noticed that phenol compounds did not affect xanthine oxi-

dase activity, but some alkyl phenol compounds inhibited it. To

understand the reasons, we choose alkyl phenol compounds in natural

products as models and examine their inhibitory property.

Methods: Alkyl phenol model compounds were isolated from natural

sources. The other related compounds were chemically synthesized.

Xanthine oxidase reaction of xanthine with oxygen, which was pre-

sent in the reaction mixture, was examined in the presence of these

compounds. The effect of these compounds on xanthine oxidase

reaction rates was analyzed. The scavenging activity of these com-

pounds was also examined.

Results: Anacardic acids (2-hydroxy-6-alkenyl benzoic acids) sig-

moidally inhibited uric acid and superoxide anion generation, but

salicylic acid did not. Gallic acid and alkyl gallates strongly inhibit

superoxide anion generation, but did not scavenge superoxide anon.

Gallic acid and alkyl gallates having short chain (\C6) did not inhibit

uric acid formation, but alkyl gallates having long chain (C6B) did.

Caffeic acid (3,4-dihydroxycinnamic acid) and alkyl caffeates

strongly inhibited superoxide anion generation, and the inhibition of

uric acid formation by alkyl caffeates increased by increasing the alky

chain length. Cardols (5-alkenyl resorcinol) did not inhibit uric acid

formation, but cardols having alkyl chains (C10B) sigmoidally

inhibited superoxide anion generation.

Conclusions: Alkyl phenol inhibitors are divided into three kinds of

groups. The first group consists of uric acid formation inhibitors, the

second consists of superoxide anion generation inhibitors and the

third consists of reducing agents of the enzyme molecule. The

enzyme-reducing ability was estimated using the DPPH radical

scavenging activity and the activity was attributed to conjugated en-

diol structures in inhibitors. Though xanthine oxidase was reduced

when xanthine was oxidized to uric acid, we deuced that xanthine

oxidase was further reduced by the reducing activity of inhibitors and

superoxide anion generation was suppressed. As cardols did not

reduce xanthine oxidase molecule and inhibited superoxide anion

generation, cardols were the specific inhibitors and classified into the

second group.

Property of angiotensin-I converting enzyme inhibitor

in Japanese burdock root

Shougo Kawamura, Kohji Ishihara and Noriyoshi Masuoka

Department of Life Science, Okayama University of Science

Abstract
Backgrounds: The root of the Japanese burdock plant, Artium lappa,

is edible in Korea and Japan. The root contains a high amount of

dietary fibers, with low amounts of fat and protein with the rest

comprising water, and is a low calorie food. It was also reported that
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burdock root extract inhibited angiotensin I-converting enzyme

(ACE) [EC 3.4.15.1], but the structure of the active compound was

not clear.

Methods: ACE Activity was assayed by a modified method of Cush-

man and Cheung (1971). Japanese burdock roots were extracted with

aqueous methanol solution. The active compound was purified by using

the extraction method and column chromatography and was analyzed.

The active compound in the related products was also examined.

Results: The active compound is not extracted with ethyl acetate and

n-butanol, but with water. The purified compound is an amino acid

and is identified as nicotianamine (NA), (2S, 30S,300S)-N-[N-(3-amino-

3-carboxypropyl)-3-amino-3-carboxypropyl]azetidine-2-carboxylic

acid. Kinetic analysis of purified NA exhibited a mixed-type inhibi-

tion, and the kinetic parameters were determined as Ki = 0.40 and

Kis = 1.56 lM. The content was the highest in dry burdock root and

was found to mildly decrease by roasting, frying or fermentation.

Conclusions: The active compound was identified as NA. The con-

tents of NA in burdock roots and related food products were

determined and compared to soy beans. Data revealed that burdock

root is a good source of NA.

Characterization of D-amino acid dehydrogenase

in a deep-sea piezophilic bacterium, Shewanella

violacea DSS12

Mayumi Oda1, Shota Watanabe1, Kohki Hirata1, Natsue Shigesue1,

Koichiro Suzumoto1, Minoru Tanigawa1, Hideyuki Tamegai2,

Chiaki Kato3, and Katsushi Nishimura1

1Department of Materials and Applied Chemistry, College of Science

and Technology, Nihon University, Tokyo, Japan;
2Department of Chemistry, College of Humanities and Science,

Nihon University, Tokyo, Japan;
3Japan Agency for Marine-Earth Science and Technology, Yokosuka,

Japan

Shewanella violacea DSS12 (S. violacea) is a psychrophilic and

facultatively piezophilic bacterium which was isolated from the mud

of the Ryukyu Trench. D-Amino acid dehydrogenase (DAD) is a

membrane-bound enzyme that catalyzes dehydrogenation of D-amino

acids without oxygen. We have detected an activity of DAD in S.

violacea. In this study, we investigated the substrate specificity,

induction by amino acids and effect of pressure of DAD of S. vio-

lacea, and an electron transfer from the enzyme to cytochromes.

S. violacea was cultivated in Marine Broth 2216 under aerobic or

microaerobic condition. The harvested cells were disrupted by

ultrasonication and centrifuged to yield a cell-free extract. DAD

activity was spectrophotometrically measured with 2,6-dichlorophe-

nolindophenol as an electron acceptor. In both culture conditions, the

cell-free extracts highly exhibited DAD activity against D-Pro and D-

Ser. When D-Ser was added to the medium in the aerobic condition,

the growth of S. violacea was inhibited, and DAD activity was

inducted to a certain level. DAD was assayed under various pressures

(0.1–50 MPa) using D-Pro and D-Ser as substrates. DAD activity was

retained (30–50 %) under 50 MPa, indicating that DAD from S.

violacea is more tolerant to high pressure than DAD from organisms

in atmospheric pressure habitats.

Addition of D-Pro into the cell-free extract caused a spectral change

of cytochromes indicating that an electron withdrawn from the amino-

acid substrate was transferred to cytochromes. This observation

suggests that DAD of S. violacea plays a role in ATP production.

The effect of lipoic acid and its reduced form

on the activity of aldehyde dehydrogenase

and glycerylaldehyde-3-phosphate dehydrogenase

Anna Bilska-Wilkosz, Magdalena Górny, Małgorzata Iciek, Danuta

Kowalczyk-Pachel, Lidia Włodek

Chair of Medical Biochemistry, Jagiellonian University, Medical

College, 7, Kopernika Street, PL 31-034 Kraków, Poland

Introduction: Aldehyde dehydrogenases (ALDHs) are a group of

enzymes that catalyse irreversible oxidation of a wide spectrum of

aldehydes to the corresponding carboxylic acids in the presence of

NAD(P)+ and water. Glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) catalyses the oxidative phosphorylation of glyceralde-

hyde-3-phosphate to 1,3-bis-phosphoglycerate using NAD+ as a

cofactor.

The aim of this study was investigate the effect of lipoic acid

and dihydrolipoic acid on the activity of ALDH and GAPDH

in vitro.

Materials and methods: The studies were performed using yeast

ALDH and GAPDH from rabbit muscle. The activity of both enzymes

was monitored by following the increase in absorbance at 340 nm due

to NADH formation during propionaldehyde and glyceraldehyde-3-

phosphate dehydrogenation, respectively.

Results and conclusions: The present study showed that LA, like

DHLA, did not change ALDH activity, but inhibited GAPDH activity

by approximately 50 % compared to the LA-free control.

It can be hypothesized that LA causes S-lipoilation of GAPDH

according to the following scheme:

S 
GAPDH - Cys152  - SH    + LA   GAPDH – Cys152 – S –S – DHLA – SH

S 

Simultaneously, the results suggest that ALDH is not modified by

the analogical S-lipoilation process, which was manifested as the lack

of any effect of LA on the ALDH activity.

Acknowledgments: The study was partially supported by the

National Science Centre, Kraków, Poland, Grant No. 2011/01/B/NZ4/

01675.

Murine carnosine synthase—heterologous expression,

enzyme assay and expression pattern

Asisa Saile, Volkmar Gieselmann, Matthias Eckhardt

Institute of Biochemistry and Molecular Biology, University of Bonn,

Bonn, Germany

Carnosine is a dipeptide consisting of b-alanine and L-histidine and

was first isolated in 1900. High concentrations of carnosine were

detected in skeletal muscle and the primary olfactory pathway of

mammals. The physiological role of carnosine is not clear, although a

number of functions have been proposed. It may act as a buffer

substance, anti-oxidant, or a natural protein glycation inhibitor. Car-

nosine and homocarnosine, a related dipeptide consisting of GABA

and L-histidine, are synthesized by the ATP-dependent carnosine

synthase, which belongs to the ATP grasp domain protein family and

has recently been identified at the molecular level. Compared to other

dipeptide synthases, this enzyme contains a large N-terminal domain

of unknown function.
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To further characterize the carnosine synthase, N- and C-terminal

parts of the murine enzyme were expressed separately in E.coli to

generate antibodies and the full-length enzyme was expressed in

insect cells with baculovirus system to affinity purify the antibodies

against the native protein. In addition, a nonradioactive, colorimetric

enzyme assay was established with full-length carnosine synthase

from insect cells, and Vmax and Km values were determined for

ATP, b-alanine and L-histidine.

Western blot analyses of murine tissues showed the expression of

carnosine synthase in skeletal muscle and at high levels in the primary

olfactory pathway, according to the occurrence of the dipeptide,

which could be confirmed by thin-layer chromatography. Moreover,

age-dependent Western blot and TLC analyses of murine tissues

showed an increase of carnosine synthase expression in olfactory bulb

along with increasing carnosine content. Furthermore, preliminary

results of in situ hybridization and immunofluorescence microscopy

indicated the expression of carnosine synthase in receptor neurons of

olfactory epithelium, but not in the olfactory bulb, suggesting that the

enzyme reaches the olfactory bulb by axonal transport, since the

axons of olfactory receptor neurons terminate in the glomerular layer

of the olfactory bulb.

Insight into substrate-specific recognition and heat

resistance of Na-acetyltransferase SsArd1

Chun-Hua Hsu1,2

1Department of Agricultural Chemistry, National Taiwan University,

Taipei, Taiwan;
2Genome and Systems Biology Degree Program; Center for Systems

Biology, National Taiwan University, Taipei, Taiwan

Correspondence e-mail address: andyhsu@ntu.edu.tw

Na-Acetyltransferases (Nats) possess a wide range of important bio-

logical functions. The structure of Nats can vary according to the first

two residues of their substrate. However, the mechanisms of substrate

recognition of Nats are elusive. SsArd1 from thermophilic Achaea

Sulfolobus solfataricus, belonging to the NatA family with preference

of Ser residues, exhibits the greatest activity of acetylation at optimal

temperature of 65 �C. The crystal structure of SsArd1 in complex

with the peptide substrate was determined to be 1.84 Å. Structural

comparison of SsArd1 with human Naa50p (NatE) reveals significant

differences in key residues of enzymes near the first amino acid

position of the substrate peptide (Glu35 for SsArd1 and Val29 for

Naa50p). The biochemical data revealed that the substrate specificity

of SsArd1 could alter the substrate of NatE by a range of Glu35

mutants.

Additionally, crystal structures of SsArd1 in different space group

indicated the loop region between b3 and b4 to contain multiple

conformations and forming hydrogen bond networks via two Ser

residues. Compared with wild-type SsArd1, the variants substituted

with Ala (S75A, S82A and S75/S82A) and with loop deletion had

almost identical folds. Strikingly, two single-point mutants showed

*3 �C decrease in melting temperature, while two other variants

showed even *7 �C decrease in melting temperature, which cor-

related to the seriously reducing enzymatic activity. Taken together,

the crystallographic studies combining spectroscopic and bio-

chemical characterizations provide a detailed molecular basis for

not only understanding the substrate-specific recognition, but also

elucidating the mechanism of heat resistance of the ancient archaeal

SsArd1.

Small-molecule FRET reporters for real-time

visualization of cell-surface proteolytic enzyme

functions

Jing Mu1, Fang Liu1, Lei Lu2, Bengang Xing1

1Division of Chemistry and Biological Chemistry, School of Physical

and Mathematical Sciences, Nanyang Technological University,

Singapore, Singapore,
2School of Biological Sciences, Nanyang Technological University,

Singapore, Singapore

Email: Bengang@ntu.edu.sg

Abstract: Cell surface proteolytic enzymes play critical roles in

physiological and pathological processes ranging from extracellular

matrix processing, growth factors and receptors’ activation to

microbial invasion, etc. [1]. These proteolytic events have not only

been implicated in the site-specific cleavage of bioactive proteins or

peptide substrates within trans-membrane domains, thus performing

various biological functions, they are also involved in the progression

of various degenerative diseases including cancer, atherosclerosis and

neurological disorder [1]. Therefore, diagnostic targeting and regu-

lating of proteolysis becomes one promising approach for

understanding the basic pathological pathways and even for the

treatment of cancer and other diseases [2].

Furin, a membrane localized proteolytic processing enzyme that

belongs to the proprotein convertase (PC) family, is ubiquitously

expressed and functions within secretory and endocytic pathways and

at the cell surface. Normally, these furin-like convertases can activate

a variety of protein precursors in intracellular membrane and cell

surface systems, and process them into biologically functional pep-

tides and proteins [3]. For example, furin has been well known to be

involved in the intra-membrane processing of several kinds of matrix

metalloproteinases (MMPs), which were found to be elevated in

several types of human cancers [4]. The activation of a- and b-sec-

retases which are two key enzymes in the processing of toxic

amyloidal peptides’ generation during the development of Alzhei-

mer’s disease (AD) was also mediated by the proteolytic activities of

furin [5]. Moreover, apart from the activities contributed to numerous

chronic pathological conditions, cell-surface associated furin or furin-

like proprotein processing was also highly relevant to the maturation

of bacterial toxins and the propagation of many non-enveloped or

lipid-enveloped viral pathogens, which are prerequisite processes to

mediate bacterial or viral invasion into host cells [6]. In terms of such

multiple roles of furin in human pathophysiology, effective strategies

to real-time visualize cell-surface associated furin activities will be

therefore rather important, which will pave the way for elucidating

cell membrane functions and understanding furin-dependent dynamic

processes in living cells, thus making them as potential targets for the

development of new therapeutic agents. Recently, researchers have

introduced fluorescent bio-reporters such as green fluorescence pro-

tein (GFP) labeling or genetically encoded fluorescent protein

variants to image the extracellular furin activities [7]. Similar non-

invasive investigation of cell-surface proteolytic furin activity was

also achieved in single cells based on the reengineered anthrax toxin-

b-lactamase protein mutants [7c]. Although all these approaches were

successful in principle, these genetic manipulations may potentially

perturb the cell’s physiology and cause unexpected biological

responses [7]. As contrast, small-molecule-based probing technology

with desirable properties (e.g. easy preparation and manipulation)

may offer an attractive alternative to compensate the shortcomings of

genetic manipulation [8]. Unfortunately, because of the rapid diffu-

sion and poor immobilizing ability on the cell surface, most of the
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existing small-molecule fluorescent reporters for furin-like assays

(e.g. Boc-RVRR-AMC etc.) can be mainly applied in fixed cells or

cell lysates systems [9]. Rational design of simple and reliable small-

molecule probes with unique tractability and immobilizing properties

for real-time imaging of specific cell-membrane associated furin

activity in living cells or tissues is highly of interest and significance,

and to the best of our knowledge, such highly specific and activatable

cell surface anchored reporters have not been well exploited yet.

Herein, we present a simple and small-molecule-based reporter to

effectively visualize furin-like enzyme activities on the cell surface.

This well designed membrane-anchored and furin-responsive probe

(MFP) molecule could efficiently confine the probe into the lipid

compartments of cell membranes, thereby increasing the effective

probe–enzyme interactions. Moreover, such unique reporter may also

provide great opportunity to real-time visualization of specific

extracellular proteolytic enzyme activities in living cells and tissues

through both one-photon and two-photon imaging facilities with

minimum autofluorescence and cytotoxic side effect.
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Scheme 1 Illustration of the structure of membrane-anchored and

furin-responsive probe (MFP) and surface associated furin cleavage

on the cell membranes

Scheme 1 illustrates the small molecule reporter toward imaging

the process of specific furin cleavage on cell membrane. Basically, the

consensus peptide sequences for preferential furin cleavage, (K/R)–

(X)n–(K/R);, were chosen as our basic moieties (where n = 0, 2, 4 or

6 and X is any amino acid, respectively) [3a,10], which were further

integrated with the principles of passive exogenous insertion and

F}orster resonance energy transfer (FRET) for the purpose of specific

imaging of furin activity [11]. In our study, the defined peptide

sequence of RXRR was selected as the main binding pocket, which

was subsequently conjugated with small hydrophilic residues (e.g.

serine) and hydrophobic residues (e.g. valine) at C-terminus,

respectively, to achieve enhanced enzyme activatable properties

[10a]. To conduct real-time cell imaging, the enzyme responsive

RVRRSVK peptide was flanked with activatable FRET pair consist-

ing of fluorescein (FITC) and an effective FITC quencher Dabcyl,

attributed to their spectral overlap. The introduction of FITC through

a 6-aminohexanoic acid linker was mainly due to its optimal fluo-

rescence quantum yield at the physiological environment and its

promising two-photon properties [12]. More importantly, to immo-

bilize the enzyme responsive fluorescent probe onto cell surface [13],

the fatty acid lipid moieties with different length of carbon chains

were carefully screened which were further conjugated with furin-

responsive peptide probe. The optimized lipid moiety could serve as

an efficient targeting vector to anchor the fluorescent probe to the cell

surface, mostly to the lipid compartments in the cell membranes, to

enhance the specific enzyme interaction.

After obtaining MFP probe, we first examined the enzyme

hydrolysis of the developed MFP probe by measuring the changes in

fluorescence emission upon the addition of furin in HEPES buffer. As

shown in Figure 1A, the MFP probe itself was almost non-fluorescent

due to efficient FRET quenching. After incubation with enzyme for

2 h, intense fluorescent enhancement (*12-folds) was observed at a

maximum wavelength of 525 nm, corresponding to the connected

FITC. Similar enzyme hydrolysis with standard inhibitor (Dec-

RVKR-cmk) demonstrated limited fluorescence enhancement after

2 h incubation [14], suggesting that the specific furin interaction

would split FRET pair by releasing the quencher Dabcyl. Further

analysis of hydrolysis kinetics of MFP probe by furin in HEPES

buffer revealed the catalytic constants, Kcat = 2.78 ± 0.51 s-1, and

Michaelis constants, Km = 25.5 ± 2.1 lM. The enzyme catalytic

efficiency (Kcat/Km) for furin was 1.09 9 105 M-1 s-1. Moreover, the

enzyme cleavage effect was examined by HPLC analysis (Figure 1B).

A new peak with retention time of 10 min was observed to increase

after incubation with furin for 60 min, which was the enzyme

cleavage fragment (S-V-K (Dabcyl)) confirmed by LC–MS analysis

(Figure 1C). The retention time of enzymatic reaction mixtures

incubated with furin inhibitor was the same as that of MFP probe

alone, indicating that the developed MFP probe could be specifically

cleaved by furin. This was consistent with the results observed in

fluorescent measurement.

With the desirable enzyme-responsive properties in hand, we

tested the applicability of MFP toward furin-dependent cell surface

imaging. In this study, human neuronal glioblastoma U251 cells were

selected as our target mainly due to the expression of high levels of

furin [15]. Meanwhile, the furin-deficient Lovo cells were chosen as

negative control [16]. Typically, U251 and Lovo cells were incubated

with MFP probe for 15 min. As contrast, cell membranes were also

tracked with commercially available CellMask Deep Red to monitor

the status of membrane staining [8d]. As shown in Figure 2, after

15 min incubation, the strong green fluorescence on the U251 cells

surface was observed. Moreover, the time-lapse imaging further

confirmed the dynamic enzymatic processes on the cell surface, and

strong membrane staining could be still detected even after the pro-

longed incubation to 1.5 h. As control, there was no obvious

fluorescence detected in the same cells upon the treatment with furin

inhibitor (Dec-RVKR-cmk) [14] or in the negatively controlled furin-

deficient Lovo cells even under high concentration probe incubation

(Figure 2). Such promising imaging results demonstrated that MFP

probe could work as an effective tracer to report the cell-surface

associated furin activity in living cells.

To further validate the varying levels of furin expression between

U251 and Lovo cells are responsible for the observed fluorescence on

the cell surface, the cell lysate-based furin assay was conducted by

incubation of MFP probe with lysated cell samples. In this study, we

keep the same level of the total protein in cell lysates using the

standard Bradford method [17]. As shown in Figure 3, there was

substantially low fluorescence detected in furin-deficient Lovo cells,

whereas significant fluorescence enhancement was observed in furin
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expressed U251 cell lysates over all the incubation time. Moreover,

the furin cleavage in U251 cell lysates was significantly suppressed

with the addition of furin inhibitor, suggesting that the developed

MFP could serve as reliable tracer to quantitatively evaluate specific

furin activities in complex environment (Figure 3A). Similar enzyme

cleavage was also confirmed by HPLC and standard fluorescent furin

substrate Boc-RVRR-AMC [9]. To further verify the specific

expression level of furin enzyme in different cells, both cell lysated

samples were analyzed by immunoblotting with anti-furin antibodies.

For quantitative analysis, the expression levels of furin were nor-

malized to internal control of b-tubulin. The chemiluminescence

signals in Figure 3B confirmed the highly expressed furin in U251

cells, whereas the same enzyme expression was greatly reduced in

Lovo cells [15]. The different levels of furin expression in U251 and

Lovo cells verified by immunoblotting further confirmed that our

developed MFP probe could be used to reliably evaluate furin

activities in different cells. Finally, we also evaluated the potential

cytotoxicity of MFP probe using standard MTT assay. There was no

obvious cytotoxicity of MFP probe to both U251 and Lovo cells even

after long-time incubation, suggesting that MFP probe could supply

the possibility for real-time visualization of furin activities without

affecting physiological processes.

One significant feature of our developed MFP probe was its great

feasibility to specifically stain the cell membranes when upon the

specific reaction with surface associated furin enzyme. To confirm if

the hydrophobic lipid anchor could facilitate the membrane insertion,

the similar fluorescent probe (FP) but without fatty acid moiety was

also prepared for live cell imaging. Although enzymatic hydrolysis

result clearly indicated that FP could be cleaved by furin in HEPES

buffer, the cell imaging study based on FP alone revealed a poor

membrane staining when compared to results observed using MFP.

This result clearly showed that the lipid anchor would be essential for

the localization of MFP probe on the cell surface. To further screen the

possibility of chain length in lipid moiety to affect cell membrane

staining, the similar MFP peptide sequence but no Dabcyl quencher

connection was used to conjugate with different fatty acids (e.g.

Caproic acid, Lauric acid and Stearic acid, respectively). The as-pre-

pared FITC-peptide fatty acid conjugates, abbreviated as C6-F, C12-F

(same carbon chain with MFP) and C18-F, respectively, were incu-

bated with HEK 293 cells for different time intervals. As shown in

Figure 4, there was almost no fluorescence observed in C6-F incubated

HEK 293 cells compared to cells treated with C12-F and C18-F. The

results confirmed that the increased length of carbon chain could

indeed enhance the immobilization of the probe onto cell surface.

Fig. 1 a Fluorescence enhancement of MFP (6.5 lM, in HEPES buffer, pH 7.4) when treated with furin with or without inhibitor Dec-RVKR-

cmk at different times (0–120 min, kex = 450 nm) at 37 �C. Dec-RVKR-cmk (100 lM) was preincubated with enzyme for 30 min prior to

addition of probe. Inset the enzymatic kinetics of furin (2U) with MFP. b HPLC analysis of MFP alone, MFP with furin or MFP incubated with

inhibitor before addition of furin for 60 min. c The LC-Mass spectroscopy of the cleavage product S-V-K (Dabcyl)
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Unlike the status of C12-F, although the C18-F conjugate indeed

indicated enhanced tracking ability on cell membrane, the obvious

internalization into lysosome would be hard to avoid after prolonged

incubation (e.g. 2 h) (Figure 4). Therefore, the MFP with dodecanoyl

moiety would be the ideal tracer to specifically localize the probe onto

cell membrane, and thus significantly facilitate long-time trackable

visualization of surface associated furin in living cells. Such long-time

membrane anchoring would provide great potentials to monitor

dynamic processes of cell-surface enzyme activities, which is normally

difficult for most of existing cell permeable small-molecule probes.

In terms of two-photon characteristic of FITC [12,18], we also

investigated the possibility of two-photon imaging based on the

specific interactions between the developed MFP probe and cell-

surface associated furin enzyme in living cells or tissues. As proof of

concept, U251 cells were incubated with MFP probe (1.0 lM) at

37 �C for 30 min, and two-photon imaging was carried out upon the

excitation at wavelength of 800 nm. As shown in Figure 5, strong

fluorescent staining on the surface of U251 was observed. Similar
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Fig. 2 Fluorescence imaging of U251 cells by MFP. Cells were incubated with MFP alone (130 nM), MFP and inhibitor (40 lM) for 15 min at

37 �C. CellMask Deep Red (2.5 lg/mL) were was used as standard to image the membrane. Fluorescence intensity was plotted as a function of

distance along with arrows. Lovo cells incubated with MFP as control. (Scale bar 20 lm)

Fig. 3 a Fluorescence signals of MFP (10 lM) for quantifying furin activity in U251 and Lovo cell lysates (10 lg total protein was incubated

with MFP at 37 �C). The inhibitor Dec-RVKR-cmk (100 lM) was added in U251 cell lysates for 30 min prior to the probe addition; b analysis of

furin expression by western blot in U251 and Lovo cells and b-tubulin was included as internal control

FITC LysoTracker Merged

C12-F

C18-F

Fig. 4 Fluorescence imaging of live HEK 293 cells after incubation

with FITC-peptide conjugates (C6-F, C12-F, and C18-F) (1 lM) for

2 h at 37 �C. (FITC: green; Lysotracker, red; H33258, blue). The

arrow shows the co-localization of C18-F and LysoTracker (yellow).

Scale bar 15 lm
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two-photon imaging was also conducted by incubation of MFP with

mouse ear tissues and the images were monitored at depths of

*40 lm. The bright fluorescence observed clearly indicated that the

developed probe molecule could work properly to monitor furin

enzyme activities in living tissues.

In conclusion, the specific localization of our developed MFP

probe on the plasma membrane first represents a simple and novel

small molecule-based method for direct visualization of furin-like

enzyme activity on the cell surface. In this study, the carefully opti-

mized lipid moiety in the molecule structure can efficiently facilitate

the immobilization of the probe on the extracellular plasma membrane

for a relative long time. Upon the specific enzyme hydrolysis, a strong

fluorescence turn-on effect can be observed which shows the great

promising real-time imaging of surface-localized furin activities in

living cells and tissues using one-photon and two-photon microscopy.

Such rational design could be also expanded as a reliable and general

method to visualize other membrane-associated protelytic enzymes in

their functions and biological roles without the need of invasive pro-

cedures. Furthermore, optimization of this type of probe to trace the

enzyme dynamics and location in specific subcellular organelles will

provide deeper insight into mechanisms of viral or pathogen invasion,

which is currently under the process. More importantly, such a unique

MFP probe can also be used to screen potential proteolytic enzyme

inhibitors to selectively block furin-dependent cell-surface processing

without interfering with the normal functions, which will definitely

facilitate the new discovery of specific probes or drug molecules

towards the ranostics of furin related diseases.
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The activity of cholesteryl ester transfer protein

with discoidal high-density lipoproteins is determined

by cholesterol and cholesteryl ester distribution

in the phospholipid matrix

Alexander D. Dergunov, Dmitry Y. Litvinov, Gennady E. Dobretsov

National Research Centre for Preventive Medicine, Moscow, Russia

The activity of cholesteryl ester transfer protein (CETP) with high-

density lipoproteins (HDL) determines the efficiency of reverse

cholesterol transport as a major anti-atherogenic pathway. The struc-

tural determinants of CETP activity with nascent discoidal HDL

(dHDL) remain unknown. To investigate the influence of lipid unsat-

uration and neutral lipid on the maturation of high-density lipoproteins,

the reconstituted dHDL with apoA-I, phosphatidylcholine and cho-

lesteryl ester were prepared. Saturated dipalmitoylphosphatidylcholine

(DPPC) and unsaturated palmitoyllinoleoylphosphatidylcholine

(PLPC), palmitoyloleoylphosphatidylcholine (POPC), and fluorescent

probe cholesteryl 1-pyrenedecanoate (CPD) that forms in a diffusion-

and concentration-dependent manner short-lived dimer of unexcited

and excited molecules (excimer) were used. Probe dynamics fulfilled

the quenching sphere-of-action model. The apoA-I/DPPC/CPD com-

plexes were heterogeneous by size, composition and probe location.

CPD molecules incorporated more efficiently into larger complexes

and accumulated in the central part of the discs. The apoA-I/

POPC(PLPC)/CPD were also heterogeneous; however, probe mole-

cules distributed preferentially into smaller complexes and

accumulated at the disc periphery. The binding of both cholesteryl ester

and cholesterol to apoA-I and CETP was analyzed by a search of

cholesterol-binding sites in these proteins. Six cholesterol recognition

putative motifs in apoA-I structure are suggested to interact with

cholesterol. Cholesterol is a ligand for L101, F104 and W108 residues

in a low-resolution structure of HDL-bound apoA-I (Wu et al. 2009).

Five putative cholesterol-binding regions were predicted from the

CETP primary structure. Amino acid residues in three motifs are

suggested to interact with two ligand cholesteryl ester molecules in a

crystal structure of CETP (Qiu et al. 2007). CPD transfer by CETP

between donor dHDL with CPD and acceptor dHDL with cholesteryl

laurate was followed by excimer disappearance. The cholesteryl ester

exchange between donor and acceptor particles was characterized by a

heterogeneous kinetics; the fast exchanging CPD pool was much higher

in the case of POPC compared to DPPC complexes. Probe fraction

accessible to CETP increased with temperature, suggesting a more

homogeneous probe distribution. Noncompetitive inhibition of probe

transfer by acceptor particles was observed. The values of Vmax and

catalytic rate constant kcat together with a similarity ofKm andKI values

for POPC-containing dHDL suggest the efficient cholesteryl ester

transfer between nascent HDL with unsaturated phosphatidylcholine

in vivo. The phospholipid matrix in dHDL may underlie CETP activity

through the self-association, diffusivity and location of cholesteryl

ester in the bilayer, the accessibility of cholesteryl ester to cholesterol-

binding site in apoA-I structure and the binding of cholesteryl ester,

positionable by apoA-I, to CETP. In turn, apoA-I influences the CETP

activity modulating the properties of apolipoprotein–phospholipid

interface. This may include cholesteryl ester accumulation in

the boundary lipid in unsaturated phosphatidylcholine and cluster

formation in the bulk bilayer in saturated phosphatidylcholine.

Cholesterol may competitively inhibit cholesteryl ester binding to both

apoA-I and CETP molecules, thus modulating the transfer of neutral

lipid. We are grateful to Dr. A. Tall (Columbia University, New York,

USA) for providing the recombinant CETP.
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Life-threatening consequences of chronic circulatory disorders of

any origin are implemented by the progressive development of

mitochondrial dysfunction (MD), which is manifested by the
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formation of stable shifts in a large number of metabolites into the

circulation. Such metabolites include amino acids (AA) because many

of them are metabolized in the mitochondria. The aim of our study

was to compare the plasma AA profiles of healthy individuals and

patients with circulatory disorders in relation to MD, verified by

elevated levels of lactic acid and cytochrome C (CytC). Plasma

samples of 47 patients (23 men and 24 women, 61(51–64) years old)

were analyzed. All patients were characterized by circulation disor-

ders. The diagnosis of aortic stenosis and aortic dilatation was verified

by the results of transthoracic echocardiography studies. 40 patients

(85 %) had mild signs of heart failure (NYHA functional class 1 and

2). The patients had no renal dysfunction, and their routine bio-

chemical tests were near the reference values. The comparison group

included 20 healthy individuals aged 57 (56–60) years. AA concen-

trations were measured by HPLC with fluorometric detection

analysis, lactic and pyruvic acids spectrophotometrically, and CytC

by ELISA. Nonparametric methods were used for statistical treat-

ment. With respect to the comparison group, patients were

characterized by decreased levels of Asp (p\ 0.0001), Leu

(p = 0.021), Phe (p = 0.025), Thr (p = 0.0012) and increased levels

of Ser (p = 0.0018) and Lys (p = 0.0001). 22 patients (47 %)

revealed signs of MD, which manifested by lactic acidemia above

2.2 mM and/or high CytC. In this subgroup, as compared to other

patients (n = 25), we have found a relative increase in the concen-

tration of Ala, according to Ala/(Phe + Tyr) and Ala/Lys ratios

(p = 0.0059 and 0.0042, respectively), as well as increased level of

citrulline (p = 0.035) combined with a reduction in the concentration

of Arg (p = 0.0071). Thus, the MD developed upon circulation dis-

orders manifested in the AA profile by increasing concentrations of

Ala and Ser, which is most likely due to the decreased activity of the

pyruvate dehydrogenase complex. The increased citrulline/Arg ratio

in patients with chronic circulatory disorders most likely reflects the

activation of the NO-synthase pathway. This study was supported by

the Russian Foundation for Basic Research No. 15-04-02480.

Arginine transport in human primary granulocytes
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Mainz, Mainz, Germany

Polymorphonuclear cells (PMNs) are the crucial first-line defense

combating microbes by phagocytosis and with a variety of oxidative

and nonoxidative effector mechanisms. In addition, PMNs also serve

as immunoregulatory cells interacting with other immune cells to

coordinate a proper immune response. One central, potentially

immunosuppressive effector molecule constitutively expressed in

human PMNs is the arginine hydrolyzing enzyme arginase I, located

within granules. Local or systemic arginine deficiency mediated by

degranulation of PMN is often encountered in cancer patients or

during chronic inflammation and can profoundly suppress the

adaptive immune response by inhibiting T cell proliferation and

cytokine synthesis. In contrast, arginine depletion may also have an

anti-cancer effect when tumor cells are unable to resynthesize their

own arginine. Interestingly, absence of extracellular arginine has no

influence on PMN viability and key effector functions. We thus ask

if primary human granulocytes take up arginine at all. In unstimu-

lated cells, we monitored arginine uptake both by HPLC and using

radioactive tracers. Among the amino acid transporters that accept

arginine as a substrate, we found low mRNA expression for cationic

amino acid transporter 1 (CAT-1), y+LAT1, b0,+AT and ATB0,+ in

these cells. CAT-1 expression was upregulated when the cells were

stimulated with lipopolysaccharide and interferon c. We are now

determining the ratio of intracellular arginine to the arginase product

ornithine to find out if intracellular arginine is hydrolysed by argi-

nase or protected from arginase situated in granules by its

cytoplasmatic location. These data will provide important informa-

tion if even intact PMNs may deplete extracellular arginine under

certain situations.

Estradiol and ethinyl-estradiol decrease proline uptake

and transport in intestinal Caco-2 cells

Carsten Uhd Nielsen1,2, Thea Kæstel1, Stephanie Müller1,

Martha Kampp Nøhr1

1Department of Pharmacy, Faculty of Health and Medical Sciences

Drug Transporters in ADME, Universitetsparken 2, DK-2100

Copenhagen, Denmark;
2Department of Physics, Chemistry and Pharmacy, University

of Southern Denmark, Campusvej 55, DK-5230 Odense M, Denmark

Background: The proton-coupled amino acid transporter PAT1 has

been shown to facilitate the intestinal absorption of GABA-mimetics

drug substances such as gaboxadol and vigabatrin in animal models

(1–3). Recently, it was suggested that estradiol acts as a blocker of

PAT1-mediated glycine transport, when expressed in X. Laevis

oocytes (4).

Aim: The aim of the present study was to investigate if estradiol and

ethinyl-estradiol alter cellular PAT1-mediated uptake and affect

transcellular transport of the PAT1-substrate L-proline.

Materials and methods: The uptake of L-[2,3,4,5-3H]-proline

(1 mCi/mL) or [14C]-Gly-Sar (1 mCi/mL) was measured in Caco-2

cells cultured for 13 days at the bottom of tissue culture plates or on

transwell filter inserts (1.12 cm2). The uptake and transport were

measured in HBSS buffer. Studies were conducted in at least three

cell passages (n) (average ± SEM).

Results: The uptake of 3H-Pro (13.3 nM) in Caco-2 cells was

decreased in the presence of increasing estradiol and ethinyl-estradiol

concentrations with IC50-values of 8.3 ± 1.3 and 30.9 ± 1.1 lM

(n = 4), respectively. The uptake of 14C-Gly-Sar (17.9 lM), which is

a substrate of PEPT1, was unaffected by 100 lM estradiol or ethinyl-

estradiol. The transepithelial transport of 1 mM proline (Papp

15.9 9 10-6 ± 5.81 9 10-7 cm s-1) decreased in the presence of

100 lM estradiol to 9.6 9 10-6 ± 4.6 9 10-7 cm s-1 or to

7.7 9 10-6 ± 3.2 9 10-7 cm s-1 in the presence of 100 lM ethi-

nyl-estradiol. However, no effect on the transepithelial transport of
14C-Gly-Sar (17.9 lM) was observed.

Conclusion: Estradiol and ethinyl-estradiol decrease PAT1-mediated

uptake of proline in Caco-2 cells and decrease the transepithelial

transport of proline.

1. Broberg ML, Holm R, Tonsberg H, Frolund S, Ewon KB,

Nielsen AL, Brodin B, Jensen A, Kall MA, Christensen KV,

Nielsen CU (2012) Function and expression of the proton-coupled

amino acid transporter Slc36a1 along the rat gastrointestinal tract:

Implications for intestinal absorption of gaboxadol. Br J

Pharmacol.

2. Larsen M, Holm R, Jensen KG, Brodin B, Nielsen CU (2009)

Intestinal gaboxadol absorption via PAT1(SLC36A1): modified

absorption in vivo following co-administration of L-tryptophan. Br J

Pharmacol. 157:1380–1389.

3. Nohr MK, Juul RV, Thale ZI, Holm R, Kreilgaard M, Nielsen

CU (2015) Is oral absorption of vigabatrin carrier-mediated? Eur J

Pharm Sci. 69:10–18.

4. Shan L, Yang Y, Wang J, Zuo J, Dong X, Li C, Li D (2012)

Estradiol inhibits the activity of proton-coupled amino acid trans-

porter PAT1 expressed in Xenopus oocytes. Eur J Pharmacol

695:34–39.
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Blood brain barrier amino acid transporters regulation

of brain interstitial fluid amino acid homeostasis

Elena Dolgodilina1, Stefan Immobersteg2, Tobias Welt2,

Francois Verrey1 and Victoria Makrides1

1Institute of Physiology and Zurich Center for Integrative

and Molecular Physiology (ZIHP), University of Zurich,

Winterthurerstrasse 190, 8057 Zurich, Switzerland;
2Division of Psychiatric Research, University of Zurich, Wagistrasse

12, 8952 Schlieren, Switzerland

Brain interstitial fluid (BIF) is the direct environment for different

cells in the brain; however, very little is known about its qualitative

and quantitative content, particularly in terms of amino acids (AA).

The present study focuses on the potential role of blood brain barrier

(BBB) amino acid transporters (AAT) in BIF AA homeostasis, mainly

L-glutamine (Gln), which is a precursor for major excitatory (Glu) and

inhibitory (GABA) neurotransmitters.

To estimate BIF AA concentration, we performed in vivo micro-

dialysis (mD) in freely moving mice. Interestingly, all 14 measured

standard AA were *tenfold less concentrated in BIF than in CSF. To

follow the potential transfer of AAs from the periphery into BIF, we

administered single AAs i.p. and measured their presence in plasma

and BIF. Valine injection led to a rapid increase in its concentration in

plasma and BIF, while heavy labeled Gln (hGln) administration

caused its rapid appearance in BIF without an increase in total BIF

Gln. Thus, both AAs are transported across the BBB. Competitive

inhibition of Lat1 (Slc7a5) by BCH introduced into the BIF via mD

probe caused a stable fourfold increase in basal BIF Gln levels.

Finally, simultaneous perfusion of BCH into BIF with hGln i.p.

administration strongly increased the influx of hGln into BIF, sug-

gesting that BCH transstimulted Lat1-mediated Gln uptake.

Taken together, our data suggest that Lat1 plays a major role for

setting BIF Gln levels. Future experiments using an inducible

endothelial-specific Snat3 knockout mouse model will clarify the role

of this Gln transporter.

Arginine availability: a key parameter of cancer

immunology

Anke Werner1, Vanessa Schnitzius2, Hakim Echchannaoui2,

Miriam Knab2, Alice Habermeier1, Eva Amann2,

Claudia Luckner-Minden2, Nadine Leuchtner2, Elena Rohleder2,

Jose Hadi Sutanto2, Janine Tappe2, Alexander Desuki2,

Katharina Schneider2, Johanna Rupp1, Matthias Theobald2,3,

Ellen I. Closs1,*, and Markus Munder2,3,*

1Department of Pharmacology, University Medical Center

of the Johannes Gutenberg University Mainz, Mainz, Germany;
2Third Department of Medicine (Hematology, Oncology,

and Pneumology), University Medical Center of the Johannes

Gutenberg University Mainz, Mainz, Germany;
3Research Center for Immunotherapy (FZI), University Medical

Center of the Johannes Gutenberg University Mainz, Mainz, Germany

*Joint last authors

The availability of arginine influences the outcome of antitumoral

immune responses and cancer growth in various ways. (1) Arginine

transport: we could show that activation via CD3 and CD28 induces

arginine transport into primary human T cells via specific upregulation

of the human cationic amino acid transporter-1 (hCAT-1). Upon

knockdown of hCAT-1, arginine uptake and proliferation are inhibited

in primary human T cells. We are currently characterising regulation,

expression and physiological importance of arginine transporters in

immune and cancer cells under varying arginine conditions. (2)

Arginine degradation: the enzyme arginase, which hydrolyzes arginine

to ornithine and urea, is constitutively present in human neutrophil

granulocytes and myeloid derived suppressor cells (MDSC), which

expand in the context of cancer. MDSC-expressed arginase is a

determining factor of tumor immune escape, since arginine withdrawal

shuts down human T cell proliferation and selectively suppresses

cytokine synthesis. Cancer cells themselves also depend on arginine

availability for growth and viability. Depletion of arginine very effi-

ciently induces cell cycle arrest and finally death in tumor cells. (3)

Arginine resynthesis: cancer cells might lack expression of the enzyme

argininosuccinate synthase (ASS), which is necessary for the

endogenous synthesis of arginine from citrulline. Enzymatic depletion

of exogenous arginine has been tested already in phase III clinical

trials for arginine-auxotrophic cancer entities. Activated human T cells

upregulate ASS under arginine limitation, take up citrulline and

resume proliferation. Targeting arginine availability on the levels of

transport, degradation and synthesis is a promising novel therapeutic

strategy of cancer immunology.

The anti-epileptic drug substance vigabatrin inhibits

transport via the taurine transporter (TauT, SLC6A6)

in SKPT cells

Rune Rasmussen1, Candela Lagunas1 and Carsten Uhd Nielsen1,2

1Drug Transporters in ADME, Department of Pharmacy, Faculty

of Health and Medical Sciences, Universitetsparken 2, DK-2100

Copenhagen, Denmark;
2Department of Physics, Chemistry and Pharmacy, University

of Southern Denmark, Campusvej 55, DK-5230 Odense M, Denmark

Background: c-Aminobutyric acid (GABA) is a substrate of the

taurine transporter (TauT, SLC6A6) [1]. Vigabatrin, a GABA analog,

has been shown to inhibit the uptake of taurine in Caco-2 and

MDCK1 cells [2]. The aim of the study was to investigate the

interaction between vigabatrin and TauT in SKPT cells cultured under

hyperosmotic conditions.

Materials and methods: TauT expression was investigated in SKPT

cells cultured for 72 h under normal (300 mOsm) or hyperosmotic

conditions (500 mOsm, last 24 h) using raffinose. The expression of

TauT was measured using a 5 min uptake study of 3H-taurine

(0.5 lCi/ml) or by qPCR. 3H-Taurine (1 lCi/ml) uptake in the

presence of GABA or vigabatrin was measured in hyperosmotic

treated SKPT cell. All experiments were performed in three cell

passages (mean ± SEM).

Results: The expression of TauT was increased in SKPT cells cul-

tured under hyperosmotic conditions. The uptake rate of 3H-taurine

(22 nM) was 0.92 ± 0.03 fmol/(min cm2) in control cells and

10.8 ± 1.5 fmol/(min cm2) in cells cultured under hyperosmotic

conditions. Furthermore, TauT mRNA expression was up-regulated

15.2 ± 3.4 times in cells cultured under hyperosmotic conditions. In

raffinose-treated SKPT cells, GABA and vigabatrin were able to

concentration dependently decrease the uptake of 3H-taurine (44 nM)

giving IC50 values of 1 mM (logIC50 = 0.07 ± 0.07) and 34 mM

(logIC50 = 1.5 ± 0.05 mM), respectively.

Conclusion: Hyperosmotic culture conditions up-regulate the

expression of TauT in SKPT cells at the molecular and functional

level. Taurine uptake is concentration-dependently decreased by

vigabatrin. Vigabatrin might be either a substrate or inhibitor of TauT.

1. Tomi M et al (2008) Function of taurine transporter (Slc6a6/TauT)

as a GABA transporting protein and its relevance to GABA transport

in rat retinal capillary endothelial cells. Biochim Biophys Acta

1778(10):2138–2142.
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2. Plum J et al (2014) The anti-epileptic drug substance vigabatrin

inhibits taurine transport in intestinal and renal cell culture models.

Int J Pharm 473(1–2):395–397.

Protein diet content influences L-glutamate metabolism

and transport in the exocrine pancreas and intestine

E. Kuster1, S. Araya1, B. Herzog1, F. Verrey1, T. R. Reding2,

R. Graf2, Simone M. R. Camargo1

1Institute of Physiology and ZIHP, University of Zurich, Zurich,

Switzerland;
2Department of Surgery, University Hospital Zurich, Zurich,

Switzerland

The exocrine pancreas also secrets free amino acids into the pan-

creatic juice (PJ), with L-glutamate (Glu) being the most concentrated.

The accumulation of Glu in acinar cells is dependent on the transport

and metabolism of its precursor glutamine (Gln). Furthermore, the

inhibition of glutaminase 2, an enzyme involved in the synthesis of

Glu from Gln, decreased the accumulation of Glu in acinar cells. The

pancreas of animals under a protein-free diet (PFD) has reduced

volume and protein synthesis, but unchanged Glu secretion. The

accumulation of Gln was unchanged, while the expression of glu-

taminase 2 increased. These results suggest that the metabolism of

Gln in acinar cells is modified under PFD.

In the enterocytes, Glu is used as a source of energy and is also

suggested to stimulate intestinal epithelial cell proliferation and

maintenance of the epithelial barrier function. Under PFD, the

expression of EAAT3 (Slc1a1), the only apical Glu transporter known

to be expressed in enterocytes, was increased. The expression of

glutamate dehydrogenase, the limiting step to Glu entering the Krebs

cycle and the tight junction elements ZO1 and occludin 1, which are

frequently decreased with loss of epithelial barrier in enterocytes, was

unchanged. Similarly, the transport of Glu attributed to EAAT3

remained unchanged.

Together, our results suggest that Glu is synthesized in the exo-

crine pancreas from Gln. The Glu secreted in the PJ is taken up by the

small intestine. It may support the proliferation and maintenance of

the epithelial structure and play an important role in intestinal

homeostasis under protein starvation.

Immune-related disorders in the LPI mouse

Bodoy S1, Sotillo F1, Espino M, Zorzano A1,2, Artuch R3,4,

Sebastio G5 and Palacı́n M1,2,4

1IRB-Barcelona, Barcelona, Spain;
2Universitat de Barcelona, Barcelona, Spain;
3Hospital San Joan de Deu de Barcelona, Barcelona, Spain;
4CIBERER, Valencia, Spain;
5Università Federico II di Napoli, Naples, Italy

Lysinuric protein intolerance (LPI, MIM 222700) is an inherited

aminoaciduria caused by mutations in the SLC7A7 gene, which

encodes for y + LAT1. The protein is a cationic amino acid (CAA)

transporter, mainly expressed in the epithelial cells of intestine, kidney

and placenta, and also in spleen, macrophages and lymphocytes from

peripheral blood. Typically, symptoms begin after weaning with

refusal of protein feeding, vomiting, diarrhea and consequent failure to

thrive. Other recurrent features are hyperammonemia, osteoporosis,

hematological anomalies and different immune-related disorders, such

as: pulmonary alveolar proteinosis (PAP), chronic renal disease and

erytroblastophagy. Because null Slc7a7 mouse is lethal, we generated

the conditional tamoxifen-inducible ablation of Slc7a7 in mouse. LPI

patients’ treatment, low-protein diet and citrulline supplementation are

needed to maintain the Slc7a7-/- mouse alive. Under these circum-

stances, the model presents all hallmarks of human LPI: intestinal

phenotype [malabsorption of cationic amino acids (CAA)] and renal

phenotype (hyperexcretion of CAA) that results in a low CAA in

plasma that reduces urea cycle substrates’ availability and causes

impairment in urea cycle (hyperammonemia, glutaminemia and

hyperexcretion of orotic acid). Related to the more life-threatening and

unknown immune-related phenotype, Slc7a7-/- mice present clear

imbalance between lymphocyte and granulocyte blood cell popula-

tions, development of PAP (approximately, 30 % of animals) and

suffer a drastic histological alterations in spleen. Preliminary results

show increased siderophages in spleen, suggesting macrophage acti-

vation and loss of proliferation nuclei in the B cell population, which

could be related to an impaired clonal expansion. In summary, we

present the first viable LPI animal model to study the mechanisms of

pathophysiology of the immune-related disorders of LPI.

Slc5a8 is a conditional tumor suppressor in colon linked

to dietary fiber content

Vadivel Ganapathy

Texas Tech University Health Sciences Center, Lubbock, TX, USA

SLC5A8 was first identified as a putative tumor suppressor in colon; it

is silenced in colon cancer, and ectopic expression of the transporter

in colon cancer cell lines leads to cell death. It functions as an Na+-

coupled high-affinity transporter for short-chain fatty acids, which are

produced in colonic lumen by fermentation of dietary fiber by gut

microbiota. Butyrate and propionate, two of these short-chain fatty

acids, are inhibitors of histone deacetylases. Thus, the concentrative

uptake of these HDAC inhibitors into colonic epithelial cells via

SLC5A8 provides the molecular basis for the transporter’s tumor-

suppressive function. Despite strong in vitro data in support of this

rationale, in vivo studies with Slc5a8-null mice failed to support the

tumor-suppressive function of the transporter. We now have data

showing that this transporter is a conditional tumor suppressor in colon

linked to dietary fiber content. When mice were fed a diet containing

optimal fiber content, there were no differences in the incidence and

progression of colonic inflammation or colon carcinogenesis between

wild-type mice and Slc5a8-null mice in experimental model systems.

However, when mice were fed a fiber-free diet, the incidence and

progression of colitis and colon cancer were accelerated in Slc5a8-null

mice compared to wild-type mice. We also found that Slc5a8 is critical

for the maintenance of symbiotic relationship between colonic bacteria

and the host. Mammalian colon harbors trillions of bacteria under

normal conditions with no overt activation of the mucosal immune

system. The mechanisms underlying this tolerogenic phenomenon

remain poorly understood. Among various immune cells in colon,

dendritic cells (DCs) are important to induce tolerogenic phenotype in

T cells. We found that DCs exposed to butyrate and propionate, but not

acetate, expressed the immunosuppressive enzymes indoleamine 2,3-

dioxygenase 1 (IDO1) and aldehyde dehydrogenase 1A2 (Aldh1a2),

converted naı̈ve T cells to Foxp3+ Tregs, and suppressed conversion of

naı̈ve T cells into IFN-c-producing cells. HDAC inhibition mediated

these processes. Slc5a8-null DCs did not induce IDO1 and Aldh1a2

and did not generate Tregs or suppress IFN-c-producing T cells in

response to butyrate/propionate, thus demonstrating the obligatory

role of this transporter in host–bacteria symbiosis in normal colon.
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Reduced intestinal amino acid absorption increases

levels of FGF21 and GLP-1 and improves glycaemic

control

Yang Jiang1, Adam J. Rose2, Tjeerd P. Sijmonsma2, Angelika Bröer1,

Anja Pfenninger3, Stephan Herzig2, Dieter Schmoll3, Stefan Bröer1

1Research School of Biology, The Australian National University,

Canberra, ACT 0200, Australia;
2Joint Research Division Molecular Metabolic Control, German

Cancer Research Center, Center for Molecular Biology, Heidelberg

University and Heidelberg University Hospital, 69120 Heidelberg,

Germany;
3Sanofi-Aventis Deutschland GmbH, Industriepark Hoechst, 65926

Frankfurt am Main, Germany

Objective: Type 2 diabetes arises from insulin resistance of periph-

eral tissues followed by dysfunction of b-cells in the pancreas due to

metabolic stress. Both depletion and supplementation of neutral

amino acids have been discussed as strategies to improve insulin

sensitivity. Here, we characterise mice lacking the intestinal and renal

neutral amino acid transporter B0AT1 (Slc6a19) as a model to study

the consequences of selective depletion of neutral amino acids.

Methods: Metabolic tests, analysis of metabolite levels and signalling

pathways were used to characterise mice lacking the intestinal and

renal neutral amino acid transporter B0AT1 (Slc6a19).

Results: Reduced uptake of neutral amino acids in the intestine and

loss of neutral amino acids in the urine cause an overload of amino

acids in the lumen of the intestine and reduced systemic amino acid

availability. As a result, higher levels of glucagon-like peptide 1

(GLP-1) are produced by the intestine after a meal, while the liver

releases the starvation hormone fibroblast growth factor 21 (FGF21).

The combination of these hormones generates a metabolic phenotype

that is characterised by efficient removal of glucose, particularly by

the heart, reduced adipose tissue mass, browning of subcutaneous

white adipose tissue, enhanced production of ketone bodies and

reduced hepatic glucose output.

Conclusions: Reduced neutral amino acid availability improves

glycaemic control. The epithelial neutral amino acid transporter

B0AT1 could be a suitable target to treat type 2 diabetes.

Induction of the glutamate transporter EAAT3/EAAC1

in oligodendroglial cells: possible implications

for cytoprotection in demyelinating conditions

Massimiliano G. Bianchi*, Fabio Cavaliere�, Carlos Matute Almau�,

Manfredi Allegri*, Martina Chiu*, Sandra Amor�,

Paul van der Valk�, Hiroyuki Kagechika}, Ovidio Bussolati*

*Department of Biomedical, Biotechnological and Translational

Sciences (SBiBiT), University of Parma, Parma, Italy;

�Departamento de Neurociencias, Universidad del Paı́s Vasco-UPV/

EHU, Leioa, Spain; Achucarro Basque Center for Neuroscience-

UPV/EHU, Zamudio, Spain; Instituto de Salud Carlos III,

CIBERNED, Leioa, Spain;

�Department of Pathology, VU Medical Center, Amsterdam,

The Netherlands;
}Institute of Biomaterials and Bioengineering, Tokyo Medical

and Dental University, Tokyo, Japan

Abstract: Although the pharmacological therapies for multiple scle-

rosis (MS) are focused on immunosuppression, additional approaches,

aimed at counteracting oligodendrocyte injury, are gaining much

interest. One of the most important mechanisms involved in MS-

associated oligodendrocyte damage is glutamate-dependent excito-

toxicity, which leads to oxidative stress and apoptosis. The glutamate

transporter EAAT3 is typically neuronal, but its expression has been

demonstrated in both oligodendrocytes (OL) and their precursors

(OPC). In neurons, EAAT3 activity is also crucial for the intracellular

supply of cysteine, required for GSH synthesis, and is induced under

conditions of oxidative stress. However, EAAT3 regulation in OL and

OPC is unknown, and its expression in MS lesions not yet ascertained.

Some years ago, we found that in rat C6 glioma cells retinoids induce

both Slc1a1 mRNA and EAAC1 protein expression through a RARb-

dependent mechanism leading to a massive increase of transport

activity. Here, we show that in rat OPC isolated from the optic nerve of

normal P7 animals, EAAC1 is induced by all-trans retinoic acid

(ATRA). Consistently, EAAT3 expression is stimulated by both

ATRA and the synthetic RAR-agonist Am80 in the white matter of

organotypic cultures of rat cerebellum, exhibiting co-expression with

the oligodendrocytic markers MBP and OLIG2, but not with the

astroglial marker GFAP. Moreover, EAAT3/EAAC1 is expressed by

Olig2-positive cells in remyelinating MS plaques and in spinal cord

lesions of mice affected by experimental autoimmune

encephalomyelitis, the animal model of MS. In conclusion, our study

shows that EAAT3/EAAC1 is expressed in cells of oligodendroglial

lineage in remyelinating lesions in humans and mice and is induced by

retinoids in rat OPC and OL. Interestingly, preliminary results indicate

that also fumarates, recently authorized for the cure of the relapsing–

remitting (RR) form of MS, induce EAAT3 protein expression. Thus,

although the protective role of EAAT3/EAAC1 against excitotoxic/

oxidative stress in OL and OPC needs to be ascertained yet, these data

suggest that retinoids may be novel pharmacological tools for

increasing oligodendrocyte protection.

Functional activity of organic cation transporters

(OCTs AND OCTNs) in human Airwai epithelial cells

Filippo Ingoglia, Rossana Visigalli, Bianca Maria Rotoli, Amelia

Barilli and Valeria Dall’Asta

Department of Biomedical, Biotechnological and Translational

Sciences (SBiBiT), University of Parma, Italy

SLC22A transporter family, composed by the electrogenic trans-

porters OCT1/SLC22A1, OCT2/SLC22A2, OCT3/SLC22A3 and the

pH-dependent novel transporters OCTN1/SLC22A4 and OCTN2/

SLC22A5, mediates the transport of organic cations including inhaled

drugs across epithelial cells. Here we define the functional activity of

OCTs and OCTNs in human airway epithelial cells: alveolar A549,

bronchial Calu-3, distal-lung NClH441 carcinoma cells and normal

bronchial BEAS-2B cells. The OCTs and OCTNs activities were

determined by measuring [3H]1-methyl-4-phenylpyridinium (MPP+)

and [3H]Lcarnitine uptake, respectively. Quinidine, prostaglandine

E2 and corticosterone were used as preferential inhibitors of OCT1,

OCT2, OCT3, respectively, while betaine and ergothioneine of

OCTN2 and OCTN1, respectively. In A549 cells MPP+ uptake is

mediated by one high-affinity component identifiable with OCT3.

Only corticosterone, indeed, completely inhibits MPP+ transport and

SLC22A3/OCT3 siRNA lowers MPP+ uptake. NCl-H441 shows a

modest saturable MPP+ uptake mediated by OCT1. Calu-3 and

BEAS-2B exhibit both an high and a low affinity component, refer-

able to OCT3 and OCT1, respectively. In A549 and BEAS-2B cells a

single high affinity transport component for L-carnitine is present and

identifiable with OCTN2. Conversely, in Calu-3 and in NCl-H441 are

active two transporters: OCTN2 is the high affinity component and

ATB0+, a Na+ and Cl- coupled transporter for amino acids, represents

the low affinity component for L-carnitine uptake. These results are of

relevance for the definition of the operative features of organic cation
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transporters in organotypic in vitro models of human respiratory

epithelium and for the identification of proper in vitro model for

researches in the field of drug absorption and disposition.

Loss of function mutation of the Slc38a3 glutamine

transporter reveals its critical role for amino acid

metabolism in liver, brain and kidney

Isabel Rubio-Aliaga1,2, Kessara Chan1, Stephanie M. Busque1,

Manuela Sailer2, Claudia Stoeger3, Stefan Bröer4, Hannelore Daniel2,

Carsten A. Wagner1
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4Research School of Biology, Australian National University,
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Glutamine, the most abundant amino acid in mammals, is critical for

cell and organ functions. Its metabolism depends on the ability of

cells to take up or release glutamine by transporters located in the

plasma membrane. Several solute carrier (SLC) families transport

glutamine, but the SLC38 family has been thought to be mostly

responsible for glutamine transport. We demonstrate that despite the

large number of glutamine transporters, loss of the SNAT3/Slc38a3

glutamine transporter has a major impact on the function of organs

expressing Slc38a3/Snat3. Snat3 mutant mice were generated by

ENU mutageneses which resulted in a C to T mutation that led to a

premature stop codon. Snat3Q263X mice showed stunted growth,

altered organ and plasma amino acid levels, hypoglycemia, and died

around 20 days after birth. Hepatic concentrations of glutamine,

glutamate, leucine, phenylalanine, and tryptophan were highly

reduced, paralleled by downregulation of the mTOR pathway possi-

bly linking reduced amino acid availability to impaired growth and

glucose homeostasis. Snat3-deficient mice had altered urea levels

paralleled by dysregulation of the urea cycle, gluconeogenesis, and

glutamine synthesis. Mice were ataxic with higher glutamine, but

reduced glutamate and GABA levels in brain consistent with a major

role of SNAT3 in the glutamine–glutamate cycle. Renal ammonium

excretion was lower and expression of enzymes and amino acid

transporters involved in ammoniagenesis were altered. Thus, SNAT3

is a glutamine transporter required for amino acid homeostasis and

determines critical functions in various organs. Despite the large

number of glutamine transporters, loss of Snat3 cannot be compen-

sated suggesting that this transporter is a major route of glutamine

transport in liver, brain, and kidney.

High ASCT2 activity as a marker of extracellular

glutamine dependence in ammoniagenic multiple

myeloma cell lines

Martina Chiu1, Marina Bolzoni2, Fabrizio Accardi2, Gabriele

Missale3, Massimiliano G. Bianchi1, Amelia Barilli1, Nicola Giuliani2

and Ovidio Bussolati1

1Department of Biomedical, Biotechnological and Translational

Sciences, University of Parma, Parma, Italy;
2Department of Clinical and Experimental Medicine, University
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of Parma, Parma, Italy

Glutamine (Gln), the most abundant plasma amino acid, is required

by many types of cancer cells, where it is needed to balance

uncontrolled growth and energy production. The Na+-dependent

ASCT2 transporter, which mediates the exchange of Gln and several

other neutral amino acids, is overexpressed in different cancer

models, such as AML, prostate adenocarcinoma and breast carci-

noma. In these tumors, ASCT2 inhibition or silencing hinders cell

proliferation in vitro and in vivo. In this study, enzymes and trans-

porters involved in glutamine metabolism are investigated in human

multiple myeloma (MM), a cancer in which Gln role has not been

studied yet. In a cohort of 30 patients, bone marrow NH4
+ levels were

significantly increased during myelomagenesis. NH4
+ increase cor-

related with decreased glutamine and increased glutamate, pointing

to the contribution of glutaminolysis. Neoplastic plasma cells

(CD138+), but not other bone marrow cells (CD138-), purified form

MM patients, exhibited Gln-dependent NH4
+ production. Gln-de-

pendent ammoniagenesis was also observed in human myeloma cell

lines (HMCLs), but not in acute lymphoblastic leukemia (ALL) 697

cells. All the HMCLs tested expressed glutaminase, but not glu-

tamine synthetase, and were extremely sensitive to Gln starvation.

HMCLs expressed SNAT1, LAT1 and ASCT2 transporters at higher

levels than ALL cells. Gln transport (100 lM in saline solution) in

RPMI-8226 myeloma cells was Na+ dependent by more than 80 %

and markedly inhibited (77 %) by the ASCT2 inhibitor GPNA

(1 mM), while MeAIB (SNAT1 inhibition) BCH (LAT1 inhibition)

did not show significant effects. To study Gln transport under more

physiological conditions, we measured Gln uptake at 0.6 mM

(plasma [Gln]) in the culture medium. While the strongest inhibition

of Gln uptake was still obtained with GPNA, Gln uptake was also

inhibited by MeAIB and BCH. However, GPNA and BCH, but not

MeAIB, significantly lowered RPMI-8226 cell viability after 72 h of

incubation. These data suggest that MM cells depend upon extra-

cellular Gln and that ASCT2 plays an indispensable role in Gln

fuelling. The inhibition of Gln uptake may thus constitute a novel

approach for MM control.

Training the aromatic amino acid transporter MCT10

to transport thyroxine: structure-based targeted

mutations in MCT10

Doreen Braun, Jörg Johannes, Ulrich Schweizer

Institut für Biochemie und Molekularbiologie, Rheinische Friedrich-

Wilhelms-Universität, Bonn, Germany

Thyroid hormones (TH) (thyroxine, T4 and triiodothyronine, T3) are

charged molecules and therefore depend on specific transporters to

cross the cell membrane and exert their biological function intracel-

lularly. The monocarboxylate transporter (MCT)-8 and MCT10 are

specific TH transporters, whose physiological importance for TH

homeostasis has been demonstrated in various studies. Among all

members of the monocarboxylate family, MCT8 and MCT10 are

most closely related, with an amino acid identity of nearly 50 %.

Despite this high homology, both transporters differ in their substrate

specificity: both proteins are capable of T3 transport, but only MCT8

accepts T4 as a substrate, whereas MCT10 is an aromatic amino acid

transporter (a.k.a. TAT1) capable of tryptophan transport. We believe

that the amino acids are responsible for their substrate specificity,

making the MCT8/MCT10 couple an ideal model system to investi-

gate the structure substrate specificity relations of TH transporters.

Guided by our MCT8 homology model, which is based on the

bacterial glycerol-3-phosphate transporter (glpT), we identified eight

candidate amino acids determining the substrate specificity and per-

formed structure-based targeted mutagenesis in MCT10.
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The resulting MCT10MCT8 chimeras, stable transfected in Madin-

Darby canine kidney (MDCK)-1 cells, were tested in 125I-T4 uptake

assays and showed a switch in substrate specificity, gaining the ability

to transport T4. Furthermore, we could identify one single amino acid

important for tryptophan transport.

Given the importance of TH transporters for thyroid hormone

effects and the lack of a solved structure of any TH transporter, our

findings contribute to a deeper insight into the structure–function

relationship of MCT10 and prove the feasibility of structure-based

targeted mutations guided by our MCT8 homology model.

Acute regulation of human multidrug and toxin

extrusion protein 1 (hMATE1)-mediated influx

and efflux

A. Hucke1, M. Rieke1, S. Harrach2, M. Steinbüchel1, E. Schlatter1,

G. Ciarimboli1

1Experimental Nephrology, Department of Internal Medicine D,

University Hospital Münster, Münster, Germany;
2Institute of Experimental Musculoskeletal Medicine, University

Hospital Münster, Münster, Germany

Vectorial transport of organic cations (OCs) in hepatocytes and

proximal tubules is mediated by the sequential action of OC trans-

porters (OCTs) and hMATE1, expressed in the basolateral and luminal

plasma membranes, respectively. Cytotoxic drugs such as cisplatin are

secreted by this pathway. Sequence analysis of hMATE1 reveals the

presence of intracellular phosphorylation sites for different kinases

[PKA, PKC, calcium/calmodulin (CaM), p56lck tyrosine kinase

(p56lck) and caseine kinase II (CKII)]. Therefore, we characterized the

acute regulation (10 min) of hMATE1 in its influx and efflux config-

uration. Influx and efflux of the fluorescent substrate 4-(4-

(dimethylamino)styryl)-N-methylpyridinium (ASP+) by hMATE1

was analyzed using a microtiter plate-based fluorescence reader. In

hMATE1 stably transfected HEK293 cells, the affinity of hMATE1 for

ASP+ was higher in the efflux than the influx orientation (1.3 versus

14 lM). Activation of PKA or PKC with 5 lM forskolin or 1 lM

DOG, respectively, or inhibition of PI3K with 0.1 lM wortmannin did

not significantly change the influx of ASP+, but stimulated its efflux by

35 ± 6 % (n = 23), 48 ± 9 % (n = 7) and 60 ± 6 % (n = 24),

respectively. In contrast, inhibition of CaM by 25 lM calmidazolium

and of p56lck by 5 lM aminogenistein decreased hMATE1-mediated

influx by 18 ± 2 % (n = 39) and 15 ± 2 % (n = 35), respectively.

Also, the inhibition of CaM stimulated hMATE1-mediated efflux by

49 ± 24 % (n = 7), while inhibition of the p56lck was without effect.

Furthermore, ASP+ influx and efflux were stimulated by inhibition of

CKII with 10 lM 4,5,6,7-tetrabromobenzimidazole (14 ± 4 %,

n = 44 and 32 ± 3 %, n = 6, respectively).

Affinities of hMAT1 for ASP+ differ in the inward and outward

direction. Like OCTs, hMATE1 shows a complex pattern of kinase-

mediated regulation, whereby the effects in the inward-directed mode

differ significantly from those in the outward direction of this anti-

porter. Since PKC activation down-regulates OCT-mediated uptake of

OC via the basolateral membrane of proximal tubules, we suggest that

PKC stimulates OC renal secretion and inhibits their uptake.

Interference with this pathway could be important as a protective

approach against drug toxicity (supported by IZKF Münster Cia2/013/

13).

Gliadin modulates epithelial permeability

by stimulating arginine metabolism in macrophages

Amelia Barillia, Bianca Maria Rotolia, Rossana Visigallia,

Filippo Ingogliaa, Martina Cirlinib, Barbara Prandib,

and Valeria Dall’Astaa

aDipartimento di Scienze Biomediche, Biotecnologiche e

Traslazionali (SBiBiT), Parma, Italy;
bDipartimento di Scienze degli alimenti University of Parma,

Parma, Italy

Celiac disease (CD), a chronic small intestinal enteropathy precipi-

tated by exposure to dietary gluten in genetically predisposed

individuals, is characterized by a complex interplay between adaptive

and innate responses against gluten peptides. Here, we address the

effects of gluten on arginine transport and intracellular metabolism in

murine macrophages, as well as the effects of arginine metabolites,

produced by treated macrophages, on the permeability of intestinal

epithelial cells.

RAW264.7 macrophages were incubated for 24 h with 1 mg/ml

PTG (obtained through enzymatic digestion of gliadin with pepsin

and trypsin) plus 10 ng/ml IFNc (P + I), to mimic the in vivo

inflammatory condition typical of CD. The expression and activity

of arginine transporters were then evaluated. The activation of iNOS

was monitored through measurements of nitrite (stable derivatives

of NO) in the extracellular medium and the arginase pathway

through the production/release of polyamines by UHPLC-MS/MS

analysis. After the treatment, aliquots of macrophages incubation

medium were added to the basolateral side of polarized Caco-2

intestinal epithelial monolayers; the integrity of these latter was

monitored after 24 h, by measuring the transepithelial electrical

resistance (TEER).

The treatment of macrophages with P + I caused a significant

reduction of arginine efflux through system y+L, referable to the

decreased expression of Slc7a6/y+LAT2. An induction of both iNOS

and arginase expression was also observed, as well as an increase of

ornithine decarboxylase (Odc) mRNA. Consistently, a marked accu-

mulation of nitrite occurred in the extracellular medium of treated

RAW264.7, along with an evident production/release of the poly-

amine putrescine that was completely prevented by the Odc inhibitor

2-(difluoromethyl)ornithine (DFMO) and by the use of arginine-free

medium. The addition of P + I-treated macrophages incubation

medium on intestinal epithelial monolayers caused a significant

decrease in TEER. Since the presence of DFMO or the lack of

arginine efficiently reduced this effect, we conclude that the P + I-

dependent secretion of polyamines by macrophages may modulate

intestinal permeability in vitro. Whether these events also occur

in vivo deserves to be further investigated, as well as the existence of

differences between healthy and CD monocytes/macrophages that

may ultimately produce the well-known gluten-driven intestinal

alterations typical of CD patients.
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Signaling via protein kinase B/Akt is involved

in activation-induced expression of the cationic amino

acid transporter hCAT-1 in human primary T

lymphocytes

Susanne K. Muther1, Anke Werner1,2, Eva Amann1,2,

Nadine Leuchtner2, Markus Munder2,*, Ellen I. Closs1,*

1Department of Pharmacology,
2Third Department of Medicine (Hematology, Oncology

and Pneumology), University Medical Center of the Johannes

Gutenberg University Mainz, Mainz, Germany

* These authors contributed equally

Proliferation, activation and efficient function of human T lympho-

cytes are strongly dependent on the presence of the semi-essential

amino acid L-arginine. L-arginine deprivation, a condition found in

tumor microenvironment and inflamed tissue, can lead to a dramatic

reduction in proliferation and INF-c secretion of local T cells. In

primary human T lymphocytes, we identified the human cationic

amino acid transporter 1 (hCAT-1) as the major L-arginine trans-

porter. We thus asked which signaling pathways are involved in the

regulation of hCAT-1 gene expression.

In earlier studies, we have demonstrated that hCAT-1 expression

increases significantly after 6 h on RNA level in stimulated primary

human T lymphocytes. Under arginine starvation, we detected per-

sistent hCAT-1 mRNA induction as well as hyperphosphorylation of

the protein kinase B (PKB)/Akt in activated T lymphocytes. We could

show a complete inhibition of hCAT-1 induction by inhibiting Akt,

while pharmacological inhibition of mammalian target of rapamycin

C1 (mTORC1) or ERK-Mnk pathway had no significant effect on

hCAT-1 induction. We thus hypothesized that phosphorylation of Akt

and resultant activation of the kinase probably plays a central role in

regulation of hCAT-1 expression.

In further experiments, we addressed the potential role of upstream

and downstream elements of Akt in the activation cascade leading to

hCAT-1. Using the inhibitors wortmannin or Ly294002, we identified

phosphatidylinositol-3-kinase (PI3K) as an activator of Akt under L-

arginine starvation. Furthermore, we analyzed the protein expression

and phosphorylation of the downstream transcription factors forkhead

box protein O (FoxO) 1, 3a and 4. We observed a strong increase of

phosphorylation of FoxO1 (Thr24) and FoxO3a (Thr32) already after

1 h of stimulation, before hCAT-1 mRNA induction was detected. At

later time points, FoxO phosphorylation—like Akt phosphorylation—

persisted specifically upon T cell stimulation in the absence of arginine.

Akt inhibition suppressed FoxO phosphorylation at all time points and

led to an increased expression of FoxO1 and FoxO3 protein after 24 h of

stimulation. These results are in agreement with a causal involvement of

FoxO transcription factors in the regulation of hCAT-1 gene expression.

Based on these data we currently analyze the promoter elements which

are involved in the transcriptional regulation of hCAT-1.

Pathophysiological role of the thyroid hormone

transporters Mct8 and Oatp1c1

Authors: Steffen Mayerl1,2, Julia von Maltzahn1,* and Heike Heuer1,2*

1Leibniz Institute for Age Research/Fritz Lipmann Institute (FLI),

Jena, Germany;
2Leibniz Research Institute for Environmental Medicine (IUF),

Düsseldorf, Germany,

Thyroid hormone (TH) actions and metabolism are intracellular

events that require the transport of TH across the plasma membrane.

This process is facilitated by TH transporters of which the mono-

carboxylate transporter 8 (MCT8), encoded by the Slc16a2 gene, has

been most intensively analyzed. In humans, inactivating mutations in

the X-linked MCT8 gene are associated with a severe form of psy-

chomotor retardation in combination with abnormal serum TH

parameters. The clinical picture (also known as Allan–Herndon–

Dudley syndrome) clearly underscores the significance of MCT8 for

proper brain development as well as normal TH metabolism and

signaling. In mice, however, Mct8 deficiency does not grossly affect

brain development, whereas the endocrine abnormalities of the

patients are fully replicated.

Our studies revealed that in the mouse CNS, another TH transporter

is present that can partially compensate for the absence of Mct8.

Whereas Mct8 plays a prominent role in facilitating the uptake of the

active hormone T3 into the brain, the organic anion transporting

peptide Oatp1c1 (Slco1c1) mediates the transport of T4 across the

blood–brain barrier. Consequently, mice deficient in both transporters

(Mct8/Oatp1c1 dko mice) exhibit a pronounced hypothyroid situation

in the CNS, whereas peripheral organs are in a thyrotoxic state.

A first phenotypic description of Mct8/Oatp1c1 dko mice revealed

distinct deficits in neuronal differentiation as well as pronounced

locomotor deficiencies. The latter phenotype may be explained by a

reduced myelination, a retarded cerebellar development and cortical

as well as striatal abnormalities. We also studied Mct8 and Oatp1c1

expression in skeletal muscle tissue and found that both transporters

strongly expressed in activated satellite cells. Moreover, Mct8/Oat-

p1c1-deficient muscle tissues showed in vivo as well as in vitro

decreased regeneration capacity upon injury. These data point to a

hitherto unknown role of Mct8 and Oatp1c1 in timed muscle stem cell

differentiation. In addition, our results suggest a possible contribution

of an altered myogenic repair program to the neuromuscular abnor-

malities in muscle injury-prone, quadriplegic MCT8 patients.

The impact of phosphorylation site mutations on human

amino acid uniporter LAT4 expression, localization

and function in Xenopus laevis oocytes

Lalita Oparija, Adriano Guetg, François Verrey

Institute of Physiology and Zürich Center for Integrative Human

Physiology (ZIHP), University of Zürich

System L–amino acid transporter LAT4 (SLC43A2) is a sodium-in-

dependent uniporter that transports branched chain and few other

essential amino acids. It localizes to the basolateral membrane of

kidney epithelial cells in the distal tubule, collecting duct, proximal

tubule and thick ascending limb of Henle’s loop and also to small

intestine epithelial cells and several other tissues. Proteomic studies

indicate several possible phosphorylation sites on LAT4. We

hypothesize that LAT4 surface expression and/or function might be

regulated by phosphorylation.

To test this hypothesis, we replaced the serine residues S274,

S274 + S278 and S297 of human LAT4 with alanine (A) or glutamic

acid (E) to mimic non-phosphorylated and phosphorylated states,

respectively, and expressed these mutants in X. laevis oocytes. Western

blot analysis indicated a reduced overall expression level for all

mutants, especially for alanine ones. Immunofluorescence experiments

showed changes in subcellular localization—compared to wild-type

hLAT4, all glutamic acid mutants appeared to localize more intracel-

lularly. Alanine mutants localized mostly near or at the oocyte surface.

Measurements of phenylalanine uptake indicated that the apparent

affinity of the glutamate mutants was unchanged, but their maximal

transport velocity (Vmax) was reduced. Both single alanine mutations,

S274A and S297A, appeared to slightly increase the apparent affinity
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of the transporter. However, S297A mutation reduced Vmax, whereas

S274A did not impact on Vmax. The double mutant S274A + S278A

displayed the most similar kinetics to the wild-type hLAT4.

These results suggest that the abundance, surface localization and

transport kinetics of hLAT4 might be regulated by phosphorylation.

Short-term regulation of amino acid transporters

by amino acids

J. Jando, J. Jordi and F. Verrey

Institute of Physiology, University of Zürich, Zurich, Switzerland

To ensure body homeostasis, amino acids (AA) are (re)absorbed by

epithelial cells of the intestinal mucosa and renal proximal tubules.

This sequential transepithelial transport includes an apical uptake

followed by a basolateral efflux. The luminal uptake is mediated by

different AA transporters, but most neutral AAs are transported by the

luminal Broad neutral Amino acid Transporter B0AT1 (SLC6A19).

The potential short-term regulation of this transporter by its sub-

strates has not been investigated. We hypothesized that the expression of

B0AT1 might be repressed if costs of its synthesis and expression

exceed its benefits and thus it would be upregulated by AAs to absorb

them efficiently when available. To investigate the possible short-term

regulation of B0AT1 by AAs in vivo, we assessed in rats whether after a

fast of 4 or 16 h, intragastric AA application upregulates B0AT1

expression in intestinal brush border membranes. The time point of

analysis after AA gavage was determined based on microcomputer

tomography measurements showing when the AA mix reached the

small intestine. However, functional analysis of AA absorption in iso-

lated ex vivo intestinal rings showed no significant difference between

rats having received a water or an AA gavage. In addition, protein

expression levels of B0AT1 in the intestinal brush border did not reveal

a difference between rats having received a water or AA gavage. In

conclusion, in the selected experimental conditions, the expression and

function of the apical AA transporter B0AT1 was not regulated in the

short term by the preceding application of its substrate AAs.

Two amino acid transporters are responsible for amino

acid homeostasis and reproduction in PEPT1-deficient

Caenorhabditis elegans

Britta Spanier, Jacqueline Benner, Gheo M. Idrissou and Hannelore

Daniel

Ernährungsphysiologie, Technische Universität München, Gregor-

Mendel-Str. 2, D-85354 Freising, Germany

Intestinal protein degradation releases short chain peptides and free

amino acids. Absorption of amino acids occurs in a group-specific

manner by various transporters, whereas the absorption of di- and

tripeptides is mediated by the peptide transporter PEPT1. In

Caenorhabditis elegans a loss of PEPT1 impairs growth and post-

embryonal development and reduces reproduction, the latter can par-

tially be rescued by supplementation with a mixture of all

proteinogenic amino acids. We here describe studies assessing which

amino acids are crucial for the reproduction deficit. Silencing of

individual genes such as AAT-6 or Y4C6B.2 encoding amino acid

transporters induced no major phenotypic alterations in wild-type C.

elegans. In worms lacking PEPT1, the mRNÁs coding for heteromeric

(HAT) and proton-dependent amino acid transporters (PAT) are highly

expressed. In particular, the HAT light subunit homologue AAT-6 and

the PAT homologue Y4C6B.2 were found to be of highest importance

in amino acid homeostasis of pept-1 C. elegans, as their loss caused

sterility and impaired larval growth. These phenotypic changes could

not be compensated by supplementing free amino acids, emphasizing

the crucial functions with the distinct substrate specificity of both

transporter proteins in intestinal amino acid absorption.

Regulation and physiological function of cationic amino

acid transporters

Ellen Closs, Alice Habermeier, Julia Bender-Sigel and Jean-Paul

Boissel

University Medical Center of the Johannes Gutenberg University

Mainz, Mainz, Germany

Cationic amino acids (CAA), such as arginine, lysine, and ornithine,

share the same transport proteins. Most mammalian cells express two

types of CAA transport proteins, mediating activities of the so-called

systems y+ (specific for CAA) and y+L (CAA and neutral AA),

respectively. Although only distantly related, the two transporter types

belong to the same gene family: SLC7. The family members SLC7A1–

A3 correspond to the CAT proteins (CAT for CAA transporter) medi-

ating system y+ activity. They seem to be the major entry path for CAA

in most cells. SLC7A4 and A14 have also been attributed to the CAT

subfamily. Their function remains, however, elusive to date. Besides

providing cells with CAA for protein synthesis and energy supply,

CATs seem to be involved in important signal pathways such as nitric

oxide, mTor and neurotransmission. CAT-1 and CAT-2 are extensively

regulated on the level of both, transcription and translation. In addition,

protein kinase C and small G proteins regulate the location of these

transporters in the plasma membrane. SLC7A6 and 7 encode for system

y+L transporter y+LAT2 and 1, respectively. They catalyze the

exchange of CAA against NAA plus Na+ and thus seem to be rather

CAA exporters under physiological conditions. One of their functions in

endothelial cells may be the export of CAA derivatives such as the nitric

oxide synthase (NOS) inhibitor asymmetrical dimethyl arginine

(ADMA). ADMA is an independent risk factor for cardiovascular dis-

ease. There is increasing evidence that accumulation of ADMA leads to

endothelial dysfunction through inhibition of endothelial NOS. Reduced

activity of y+LATs may thus contribute to endothelial dysfunction.

Arginine transport in human primary granulocytes

Alice Habermeier1, Anke Werner1, Markus Munder2,*

and Ellen I. Closs1,*

University Medical Center of the Johannes Gutenberg University

Mainz, Mainz, Germany, 1Department of Pharmacology,
2Third Department of Medicine (Hematology, Oncology,

and Pneumology)

*Joint last authors

Polymorphonuclear cells (PMNs) are the crucial first-line defense

combating microbes by phagocytosis and with a variety of oxidative

and nonoxidative effector mechanisms. In addition, PMNs also serve

as immunoregulatory cells interacting with other immune cells to

coordinate a proper immune response. One central, potentially

immunosuppressive effector molecule constitutively expressed in

human PMNs is the arginine hydrolyzing enzyme arginase I, located

within granules. Local or systemic arginine deficiency mediated by

degranulation of PMN is often encountered in cancer patients or

during chronic inflammation and can profoundly suppress the adap-

tive immune response by inhibiting T cell proliferation and cytokine

synthesis. In contrast, arginine depletion may also have an anti-cancer

effect when tumor cells are unable to resynthesize their own arginine.

Interestingly, absence of extracellular arginine has no influence on
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PMN viability and key effector functions. We thus asked if primary

human granulocytes take up arginine at all. In unstimulated cells, we

monitored arginine uptake both by HPLC and using radioactive

tracers. Among the amino acid transporters that accept arginine as a

substrate, we found low mRNA expression for cationic amino acid

transporter 1 (CAT-1), y+LAT1, b0,+AT and ATB0,+ in these cells.

CAT-1 expression was upregulated when the cells were stimulated

with lipopolysaccharide and interferon c. We are now determining the

ratio of intracellular arginine to the arginase product ornithine to find

out if intracellular arginine is hydrolysed by arginase or if it is pro-

tected from arginase situated in granules by its cytoplasmatic

location. These data will provide important information if even intact

PMNs may deplete extracellular arginine under certain situations.

Regulation of mTOR by nutrient availability: the role

of SLC38A9 in the lysosomal amino acid sensing

machinery

Manuele Rebsamen1, Lorena Pochini2, Taras Stasyk3,

Keiryn L. Bennett1, Cesare Indiveri2, Lukas A. Huber3

and Giulio Superti-Furga1

1CeMM Research Center for Molecular Medicine of the Austrian

Academy of Sciences, Vienna, Austria;
2University of Calabria, Rende, Italy;
3Innsbruck Medical University, Innsbruck, Austria

Cell growth and proliferation are tightly linked to nutrient availability.

The mechanistic target of rapamycin complex 1 (mTORC1) integrates

the presence of growth factors, energy levels, glucose and amino acids

to modulate metabolic status and cellular responses. Amino acids are

essential for mTORC1 activity, as growth factors cannot efficiently

activate mTOR in their absence. mTORC1 is activated at the surface of

lysosomes by the RAG GTPases and the Ragulator complex through a

not fully understood mechanism monitoring amino acid availability and

involving the vacuolar H+-ATPase. Here, we describe the uncharac-

terized member 9 of the solute carrier family 38 (SLC38A9) as a

lysosomal membrane-resident protein competent in amino acid trans-

port. Extensive functional proteomic analysis established SLC38A9 as

an integral part of the Ragulator/RAG GTPases machinery. Binding to

this complex occurs through the cytoplasmic domain of SLC38A9 and

is sensitive to amino acid levels. Gain of SLC38A9 function rendered

cells resistant to amino acid withdrawal, while loss of SLC38A9

expression impaired amino acid-induced mTORC1 activation. Thus,

SLC38A9 is a physical and functional component of the amino acid

sensing machinery that controls the activation of mTOR. Considering

the physical and amino acid-sensitive association of SLC38A9 with the

Ragulator/RAG GTPase complex, we propose that SLC38A9 can act as

a transceptor in which amino acid engagement is used for allosteric

signal transduction rather than mere transport.

Regulation of amino acid uptake coordinates adaptive

cancer cell metabolism

Qian Wang, Michelle van Geldermalsen, Nicholas J Otte,

Rae-Anne Hardie, Kun Zhang and Jeff Holst

Origins of Cancer Program, Centenary Institute, Sydney NSW

Australia;

Sydney Medical School, University of Sydney, Sydney, NSW,

Australia

Solid tumours activate angiogenic signals to ensure an adequate blood

supply. In parallel, amino acid transporters on the cell surface are also

increased so as to provide nutrients for the higher metabolic and

growth demands of cancers. We are studying a number of amino acid

transporters, including L-type amino acid transporters (LAT1 and

LAT3) and alanine-serine-cysteine transporter 2 (ASCT2) that

mediate uptake of essential amino acids including leucine and glu-

tamine. Leucine and glutamine are critical for the activity of

mTORC1, which regulates protein translation and cell growth, as well

as contributing to cellular energy and as carbon and nitrogen donors.

Therefore, increased amino acid transport in cancer permits mTORC1

signaling and promotes unrestrained cellular proliferation.

Our results have demonstrated that prostate cancer cells coordinate

the expression of LAT1 and LAT3 during disease progression, thereby

maintaining sufficient leucine to promote mTORC1 signaling and cell

growth. Similarly, we have shown that both LAT1 and ASCT2 are highly

upregulated in melanoma. Unlike prostate cancer cells, melanoma cells

are tolerant to leucine deprivation, while exhibiting sensitivity to glu-

tamine deprivation through ASCT2 chemical or shRNA-mediated

inhibition. Interestingly, our data also show that prostate cancer cells are

sensitive to both leucine and glutamine deprivation.

In summary, cancer cells respond to the demand for amino acids

through integrated pathways that lead to increased amino acid trans-

porter expression and cell growth. Furthermore, ASCT2, LAT3 and

LAT1 may provide novel therapeutic targets in early- and late-stage

prostate cancer as well as other solid tumours such as melanoma.

Tamoxifen-Cre induced knockout of the LAT1 (Slc7a5)

amino acid exchanger in adult mice promotes stress

signalling associated with reduction in the mass

of peripheral tissues

Nadège Poncet, Holly Lamont, Luke Fulcher, Yun-Bo Shi*

and Peter M Taylor

College of Life Sciences, University of Dundee, Dundee DD1 5EH

UK; *NICHD, NIH, Bethesda, Maryland, 20892 USA

This study investigates the importance of large neutral amino acid

(LNAA) delivery by LAT1 for control of mammalian tissue growth

in vivo through its relationship to activation of the mTORC1 sig-

nalling pathway.

We bypassed the difficulty of LAT1-/- embryonic lethality by

using tamoxifen-inducible LAT1 deletion in adult mice (Rosa26-

CreERT2). This procedure produced [90 % reduction in LAT1

mRNA expression in peripheral tissues (spleen, lung, skeletal muscle,

adipose) and a progressive loss of *17 % body weight over 10 days

(food intake unchanged). Reduced mass of skeletal muscle (*10 %)

and white adipose tissue (*70 % in abdominal depots) contributed

substantially to this weight loss. Stress proteins ATF4 and REDD1/2

(negative regulators of mTORC1 signalling) were abnormally

upregulated in tamoxifen-induced LAT1-/- skeletal muscle (gas-

trocnemius) and adipose tissue, although only marginal reductions in

basal mTORC1-S6K signal (p-Thr389 S6K) were detected.

To evaluate the role of mTORC1 in animal response to changes in

amino acid availability, the effects of fasting (8 h overnight) or leu-

cine injection (40 lg/g I.P.) were investigated. LAT1 deletion

impaired activation of the mTORC1 growth signalling axis in fat

tissue after leucine injection. Surprisingly, fasting resulted in relative

retention of intramuscular LNAA in LAT1-/- compared to +/

+genotype revealing a role for LAT1 in LNAA efflux from tissues

(notably when plasma LNAA concentrations decrease acutely).

Our results indicate that LAT1 is a necessary component of

mechanisms linking AA availability and maintenance/growth of

mammalian peripheral tissues in vivo and LAT1 has unexpected

importance for maintenance of body fat mass.

Research was supported by the Wellcome Trust.
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Organic cation/carnitine transporter OCTN2 is

indirectly regulated by protein kinase C affecting

transporter interacting partners

Katarzyna A. Nałęcz, Barbara Juraszek, Katarzyna Michalec,

Dominika Jurkiewicz, Krzysztof Skowronek

Nencki Institute of Experimental Biology, Warsaw, Poland

L-Carnitine, a hydroxyl amino acid with a quaternary amino group,

plays an important physiological role in transfer of acyl moieties to

mitochondria for their oxidation. Carnitine is transported to the cell by

an amino acid transporter B0,+ (SLC6A14) and organic cation/car-

nitine transporter OCTN2 (SLC22A5). We showed increased OCTN2

surface presence upon activation of protein kinase C (PKC); however,

OCTN2 itself was not phosphorylated. The present study was aimed at

finding a link between PKC activation and OCTN2 regulation, focused

on OCTN2 interacting partners in astrocytes. Out of OCTN2 proteome

(156 proteins) identified by mass spectrometry, we selected proteins

involved in signaling pathways and proteins containing a PDZ motif.

OCTN2 co-precipitates with protein phosphatase PP2A catalytic and

structural subunits, as well as with its regulatory subunits: striatin and

SG2NA. The amount of co-precipitating SG2NA decreased after PKC

activation. Since OCTN2 and SG2NA co-localize in vesicular struc-

tures in the cytoplasm, we postulate that PP2A arrests OCTN2 in

dephosphorylated state in cytoplasm, while SG2NA release facilitates

transporter trafficking to the plasma membrane. Moreover, upon PKC

activation, OCTN2 co-precipitates with zonula occludens ZO-1 pro-

tein, phosphorylated under the same conditions. Deletion of a PDZ-

binding domain of octn2 heterologously expressed in HEK293 cells

did not affect transporter presence in plasma membrane. Our results

indicate a possibility of OCTN2 regulation by other proteins phos-

phorylated by PKC, out of which PP2A and ZO-1 are novel interacting

partners of the transporter.

The study was financed by grant 2012/07/B/NZ3/00225 from the

National Science Centre, Poland.

Generation of high titer antisera against integral

membrane proteins

Johanna Rupp, Jean-Paul Boissel, Anke Werner, Isabel Jaenecke

and Ellen Closs

Department of Pharmacology, University Medical Center

of the Johannes Gutenberg University Mainz, Mainz, Germany

Amino acid transporters are integral membrane proteins that often

exhibit few antigenic epitopes. Standard immunization procedures

using short peptide sequences often fail to raise utilizable antibodies

against these proteins. Previously, we have been successful in gen-

erating antibodies against different members of the SLC7 family by

immunization with fusion proteins between E. coli tryptophane E

(trpE) and the C-terminus of the respective transporter. These antisera

had however only a low titer and needed to be affinity purified to

detect endogenously expressed transporters.

In a new approach, we immunized rabbits twice with fusion pro-

teins between glutathione S-transferases (GSTs) and the C-terminus

of human cationic amino acid transporter 1 (hCAT-1), expressed in

E. coli, followed by six boosts with a synthetic peptide containing the

entire C-terminus. This resulted in an antiserum that can be used in

1:10,000 dilution to detect endogenous hCAT-1 with high sensitivity.

Encouraged by this result, we used a similar strategy for three other

SLC7 members, giving rise to similar high titer antisera.

Immunization with a long peptide alone was successful in one, but not

in two other cases. Because of the high costs of immunization pro-

grams, we were not able to test systematically if initial immunization

with a GST fusion containing the C-terminal peptide followed by

immunization with the same C-terminal peptide is in fact advanta-

geous over using either the GST fusion protein or the long C-terminal

peptide for all immunizations, respectively. However, our results

show that our immunization scheme has a high probability to produce

high titer antisera against transporter proteins.

Impact of uninephrectomy on body L-arginine

homeostasis and blood pressure control in wild-type

and arginase II knockout mice

Samyuktha Pillai1, Ralph Fingerhut2 and François Verrey1

1Institute of Physiology, University of Zurich, Zurich, Switzerland,
2University Children’s Hospital Zurich, Zurich, Switzerland

L-Arginine plays an important role as precursor for a variety of

physiologically important substances including citrulline, ornithine

and nitric oxide. The kidney is a major site for L-arginine metabolism.

Uninephrectomy (UNX) is observed to cause an increase in the size of

the remnant kidney and to some degree compensation of the

glomerular filtration rate. We used UNX or sham-operated C57B/6

female and male mice to test the hypothesis that renal mass reduction

impacts arginine metabolism and possibly thereby affects blood

pressure control.

Our results show that mice that underwent UNX displayed an

increased systolic blood pressure. This effect was more pronounced in

females than males. Plasma levels of asymmetric dimethyl arginine

(ADMA), an inhibitor of NOS considered to be a good marker for

renal disease, were increased in UNX animals, whereas the level of

none of the proteinogenic amino acids was changed significantly.

There were also no changes in the mRNA expression levels of argi-

nine transporters and enzymes involved in arginine metabolism. Our

observations suggest that UNX affects blood pressure and the effects

are less pronounced in males, possibly due to a more important

remnant kidney compensatory growth.

In addition to experiments in wild-type mice, we have also

recently performed experiments in arginase II knock-out mice.

Arginase II plays a role in maintaining arginine homeostasis and is

involved in the urea cycle where it breaks down arginine to ornithine.

Experiments to measure blood pressure show that these mice do not

show an increase in blood pressure post-UNX.

FRET sensors to investigate amino acid transport

Alok Behera, Liviu Vanoaica, Simone Camargo, Lalita Oparija,

Laura Surchat, Monika Kretz, Chiara Balbo-Pogliano,

Maja T. Lindenmeyer, François Verrey

Institute of Physiology, Center for Integrative Human Physiology

(ZIHP) and NCCR Kidney. CH, University of Zurich,

Zurich, Switzerland

The concentration of free amino acids in cells and in the extracellular

space (milieu interieur) depends on their transport across plasma

membranes and their metabolism. To measure intracellular amino

acid concentration changes in real time, we used genetically encoded

FRET-based biosensors for fluorescent imaging. Specifically we have
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improved an L-tryptophan (Trp) biosensor and developed a new

sensor for L-arginine (Arg).

Using the Trp biosensor, we tested the import of this essential

amino acid in HeLa cells. Upon stimulation with interferon c, these

cancer cells express intracellular indole 2,3-dioxygenase (IDO) and

have been suggested to express an additional transport machinery

besides system L to allow Trp uptake even at low extracellular con-

centration and in the presence of competing amino acids. Using this

sensor, we have identified an interferon c-induced gene product that

together with an endogenous amino acid transporter enables HeLa

cells to take up Trp even in the presence of an excess of the system L

competitive inhibitor BCH. It is proposed that the competition-re-

sistant Trp transport allows cancer cells to deplete extracellular Trp

and thereby to escape immune response. A novel Arg FRET biosensor

was constructed by placing the Arg binding protein encoded by the

ahrC gene from Bacillus subtilis between the fluorescent proteins

CPF and YFP. Using this sensor we visualized intracellular Arg

concentration changes mediated by different CAT transporters

(SLC7A1-4) expressed in HEK293T cells. We thereby showed the

differential transport properties of these uniporters, the absence of

major competition from methylated Arg forms and the impact of the

membrane potential on Arg transport and steady state intracellular

concentration. Taken together, genetically encoded amino acid

FRET-based sensors can be used to monitor intracellular amino acid

concentration changes in real time and thereby characterize and/or

identify amino acid transporters in cultured cells and potentially also

in vivo.

Amino acid transporters and enzymes involved

in glutathione synthesis are altered in pancreatic acinar

cells during acute pancreatitis

Evelyne Kuster, Rolf Graf, François Verrey, Simone Camargo

Physiologisches Institut, Universität Zürich, Zurich, Switzerland

Acute pancreatitis (AP) is a serious inflammatory disease of the

exocrine pancreas. During its pathogenesis, reactive oxygen species

(ROS) have deleterious effects and they can be neutralised by glu-

tathione (GSH), an intracellular antioxidant. GSH can be synthesised

from glutamate, glycine and cysteine, but amino acid transport into

acinar cells remains poorly understood. It is our aim to characterise

the transport of glycine, glutamate and cysteine (as well as their

precursors glutamine and cystine) for the production of GSH during

AP in pancreatic acinar cells. Therefore, AP was induced in C57BL6/

J mice using supraphysiological doses of cerulein and acinar cells

isolated after 12, 36 and 72 h.

Glutamate, glycine and cysteine concentrations are rapidly

depleted in acinar cells during AP. Concurrently, gene expression

levels of enzymes necessary for GSH synthesis are increased.

Levels of free GSH are initially diminished, but they are

increased during the regeneration phase. Gene expression levels

of the acinar glutamine transporters (LAT1 (slc7a5), LAT2

(slc7a8), SNAT2 (slc38a2), SNAT3 (slc38a3) and SNAT5

(slc38a5) as well as the glycine transporter GlyT1 (slc6a9) are

impaired during AP, while the cystine/glutamate exchanger xCT

(slc7a11) is increased during the early phase. Immunofluores-

cence analysis revealed xCT expression on pancreatic duct cells

in the healthy state, whereas xCT is also expressed on acinar cells

during AP. Our data suggest that acinar cells adapt amino acid

transport and enzymes necessary for GSH synthesis during AP.

Specifically, xCT expression is up-regulated in acinar cells,

presumably to enhance cystine import, the rate-limiting factor of

GSH synthesis.

Cooperation of basolateral epithelial amino acid

transporters TAT1 and LAT2 investigated in a double

knockout mouse model

E. Boiadjievaa#, C. Vilchesc#, S. Bodoyb, L. Oparijaa, J. Jandoa,

V. Nunesc&, F. Verreya&, and M. Palacinb&

aInstitute of Physiology, University of Zurich, Zurich, Switzerland;
bInstitute for Research in Biomedicine Barcelona, Barcelona, Spain;
cIDIBELL Bellvitge Biomedical Research Institute, Barcelona, Spain

#;& These authors contributed equally

Basolateral efflux is a crucial step for amino acid (AA) (re)absorption

across the small intestine and kidney proximal tubule epithelia

mediated by various transporters. There are uniporters that mediate

the facilitated diffusion of essential AAs, as does for instance aro-

matic AA transporter TAT1 (Slc16a10) and also antiporters such as

LAT2-4F2hc (SLC7A8–SLC3A2) that exchanges neutral AAs. To

test the hypothesis that the recycling of aromatic AAs via TAT1

allows the vectorial efflux of other AAs via obligatory exchanger

LAT2-4F2hc, LAT2-/- TAT1-/- double knockout (dKO) mice were

generated. These mice have a reduced body weight (*-20 % at

3 months), but no other overt phenotypic alteration. Under normal

protein diet, they excrete in the urine, compared to LAT2-/- and

TAT1-/- knockout mice, higher amounts of aromatic AAs and of

some other AAs that are not substrates of TAT1. The amino aciduria

was further increased under high protein diet and involved all pro-

teinogenic AAs and some charged ones. Preliminary transport

experiments with small intestine gut sacs confirm the alteration of

transepithelial transport. These observations support the hypothesis

that the basolateral efflux of LAT2 substrates depends on the recy-

cling of aromatic AAs via TAT1.

Fast organo-cation chromatography of amino acids,

nucleobases and nucleosides, and oligopeptides using

a novel polyfunctional low-capacity cation-exchange

column

Yukio Yokoyama, Kenta Kita, Sayumi Hatano, Ayaka Yokokawa

Yokohama National University, Yokohama, Japan

yokyuk@ynu.ac.jp

It is scientifically important and significant to directly separate amino

acids in various matrices without any pre-column derivatization. This

paper presents fast and precise liquid chromatography methods for the

analyses of biogenic cations, such as amino acids, nucleobases and

nucleosides, and oligopeptides, using a novel polyfunctional cation-

exchange column (75 mm 9 4.6 mm I.D.) packed with a low-ca-

pacity sulfo-butylated macroreticular poly(styrene–divinylbenzene)

co-polymer (a commercially available packing material for GPC) [1].

The binary gradient HPLC system consisted of a Shimadzu (Ky-

oto, Japan) DGU-20A3 degasser, two LC-20AD solvent delivery

pumps with a static mixer, a CTO-20A column oven equipped with a

Rheodyne (Cotati, CA) 7725i syringe-loading sample injector, an

SPD-20A UV–VIS spectrophotometric detector, and a Waters (Mil-

ford, MA) 474 scanning fluorescence detector. The chromatographic

data were acquired and processed using a Runtime Instruments

(Sagamihara, Japan) Chromato-Pro, a set of interfacing device and

Windows� software.

In the chromatography of amino acids with post-column OPA/N-

acetyl-L-cysteine fluorescence detection, the gradient elution was
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optimized by programing the delivery rations of two liquids: (A) 2 mM

H3PO4 and (B) 20 mM NaH2PO4/10 % (v/v) CH3CN. The column

temperature was 50 �C and the flow rate was 0.5 mL/min. Twenty-two

underivatized amino acids were separated in 20 min with resolutions

more than R = 1.0 of the critical peak pair observed in a standard

chromatogram. The chromatographic cycle time was approximately

25 min. The column regeneration time was considerably reduced

compared to those required in the traditional cation-exchange amino

acid analyzers. This is probably owing to the low ion-exchange

capacity and may be a technically big merit. Several validation data

obtained were very good and led to the method significance. The intra-

day and inter-day reproducibility of retention times and area intensity

were within acceptable levels with RSDs less than 1 and 6 %,

respectively. The linear calibration lines ranged between 0.2 and

100 lmol/L (20-lL injections) with determination coefficients (R2)

between 1.000 and 0.9875. The method was applied to the determi-

nation of amino acids in foods such as fruits and wines. When using a

UV 210-nm detection, the method was applicable to the determination

of urinary metabolites such as creatinine and phenylalanine, a diag-

nostic marker of PKU (an inborn error of amino acid metabolism). In

the chromatography of nucleic acid-related compounds with UV

detection at 260 nm, the gradient elution using (A) 2 mM H3PO4/1 %

(v/v) CH3CN and (B) 20 mM NaH2PO4/10 % (v/v) CH3CN was

optimized. Seven nucleobases and their corresponding seven nucleo-

sides were separated in 21 min with good resolutions. The excellent

reproducibility data were also obtained for retention times less than

0.8 % RSDs and integration intensities less than 1.3 % RSDs; and

linear regression data between 2 and 100 lmol/L were obtained with

R2 more than 0.9990. The method was applicable to the determination

of purine and pyrimidine ingredients in beer and beer-like beverages.

In addition to this, the chromatograms of origopeptides such as

enkephalins and angiotensins will appear on the poster board.

1. Yokoyama Y, Yokokawa A, Niguchi K, Tanabe T (2013) Poly-

functional low-capacity cation-exchange packing material for the

separation of underivatized amino acids. Talanta 103: 245–251.

Use of multi-response optimization for the separation

of tryptophan and fifteen related compounds

by ultrahigh performance liquid chromatography

(UPLC)

Saputro I. E.1, Setyaningsih, W.1,2, Carrera, C.1, Palma, M.1,

and Barroso, C. G.1

1Department of Analytical Chemistry, Faculty of Sciences, University

of Cadiz, Agrifood Campus of International Excellence (ceiA3),

Campus del Rio San Pedro, 11510 Puerto Real, Cadiz, Spain;
2Department of Food and Agricultural Product Technology, Faculty

of Agricultural Technology, Gadjah Mada University, Jalan Flora,

55281, Yogyakarta, Indonesia

A Box Behnken design (BBD) in conjunction with multiple response

optimizations was performed to develop the simultaneous separation

of tryptophan and 15 related compounds in rice grains by ultrahigh

performance liquid chromatography (UPLC) coupled with photodiode

array (PDA) detector. The gradient compositions of mobile phase and

flow rate were optimized with respect to the resolutions of severely

overlapping chromatographic peaks between the phenolic compounds

in addition to the total analysis time. Furthermore, two different

stationary phases were also evaluated (Cortex C18 and BEH C18). A

gradient program of only 4 min analysis run using Cortex C18 was

found to provide the best resolution for the simultaneous separation of

the 16 studied compounds. The method was validated resulting in an

adequate sensitivity in the range of 1–100 lg L-1 (R2 = 0.9993–

0.9999) with high precisions (CV lower than 2 % on average for both

repeatability and intermediate precisions). The suitability of the

method was checked by application to the analysis of pigmented and

non-pigmented rice samples. Tryptophan and several related com-

pounds were identified and quantified in the tested samples.

Keywords: Tryptophan, Rice, UPLC, Box Behnken design
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Novel analytical detection system suitable for detection

of neuronal-specific biomarkers in femto–atto gram

level in different body fluids

Classical methods of gene product analysis such as binding assays

(e.g. ELISA, Protein chip technology, etc.) are generally time-con-

suming, laboratory intensive, less sensitive and lack high-throughput

capacity. In addition, all existing methods used to measure proteins

necessitate multiple divisions of the original sample and individual

tests carried out for each substance, with an associated cost for each

test. Together with a small biotech company, we developed a novel

analytical detection system based on chip technologies. Our system

facilitates the development of multiplexed assays that simultaneously

measure many different analytes such as selected biomarker panels in

a small sample volume at the same time with a much higher sensi-

tivity compared to common binding assay systems. Recent advances

of the application of our novel detection system in combination of the

binding assay technologies (biochip assay) combine the power of

miniaturization, micro fluidics, higher sensitivity and faster quantifi-

cation. The power of our technology offers great promise for point-of-

care clinical testing and monitoring of many important analytes such

as neuronal-specific biomarkers in femto to atto gram level in dif-

ferent human body fluids such as CSF, blood, serum or plasma.

Highly efficient chiral resolution of DL-arginine and DL-

phenylalanine by cocrystal formation followed

by recrystallization under preferential enrichment

conditions

Rui Tamura

Graduate School of Human and Environmental Studies, Kyoto

University, Kyoto 606-8501, Japan

Abstract: In 1993, we discovered a unique, symmetry-breaking

spontaneous enantiomeric resolution phenomenon for a certain kind of

organic racemic crystals, which does not need any external chiral

element, and thereafter referred to this phenomenon as ‘‘preferential

enrichment (PE)’’. The mechanism of PE has been elucidated by

studies using the first-generation chiral organic compounds (onium

sulfonate salts) showing PE, namely, (1) by X-ray crystallographic,

powder X-ray diffraction and thermal analyses of the deposited crys-

tals, (2) by temperature-controlled video microscopic and in situ ATR-

IR spectroscopic studies on the crystallization process, and (3) by

molecular weight measurement using vapor pressure osmometry and

molecular dynamic simulations concerning preferential homochiral or

heterochiral supramolecular structures in solution, PE has been

revealed to consist of several successive processes in which the pivotal

process involves the solvent-assisted solid-to-solid transformation of

an incipient metastable polymorphic form into a thermodynamically
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more stable one during crystallization from the highly supersaturated

(five to tenfold) solution of the racemic crystals. Recently, we have

demonstrated that PE is applicable to common racemic crystals such as

amino acids and drugs if the five requirements based on this mechanism

are satisfied. In this presentation, I talk about (1) the concept, proper-

ties, category, history, mechanism and requirements with respect to PE,

(2) the thermodynamic origin of spontaneous resolution in PE, and (3)

the practical application of PE to the racemic two-component

cocrystals of arginine or phenylalanine with achiral fumaric acid; PE

was not feasible for both free arginine and phenylalanine.

TG2: a credible therapeutic target in fibrotic disease

due to its multifunctional roles

Martin Griffina, Zhuo Wanga, Eduard Badaraua, Thomas Thibaulta,

Colin Murdochb and Dan Rathbonea

aSchool of Life and Health Sciences and
bAston Medical School, Aston University, Birmingham,UK

The role of TG2 in fibrosis is reported to be related to two important

effects. The first in mediating the deposition and accumulation of the

fibrotic extracellular matrix (ECM) via its cross-linking of proteins

like fibronectin, collagen I and collagen III; and the second, the

activation of latent matrix bound TGFb1. We report here that the role

of TG2 in fibrosis progression can be much more complex.

We also report a new family of TG2-specific inhibitors that can

not only inhibit protein cross-linking, but also regulate other functions

of TG2, thus increasing their potency which can be demonstrated by

their effectiveness in inhibiting fibrosis in two different fibrotic

in vivo models.

Significance of evolutionary changes in human

transglutaminases

Kiruphagaran Thangaraju, Mónika Fuxreiter and László Fésüs

Department of Biochemistry and Molecular Biology,

University of Debrecen, Hungary

Transglutaminases catalyze the posttranslational modification of

proteins by transamidation of available glutamine residues. Transg-

lutaminase 2 (TGM2) is a unique protein of the eight-member family

with multiple enzymatic activities and interacting partners, but its full

physiological and pathological role is far from understood. We col-

lected data from large public datasets and found that TGM2 non-

synonymus SNVs are rare compared to other transglutaminase family

members, they coincide with intrinsically disordered regions and

short linear motifs, many of them are highly destabilizing in both

open and closed conformations of the enzyme and have high proba-

bility of causing recessive diseases. Comparative genomics study

between mouse and human as well as primate sequences of transg-

lutaminase family members revealed the appearance of a short stretch

of amino acid changes in humans and primates. These linear

sequences are mainly in regions of TGM2 outside of so far identified

functional sites, suggesting gain of function during evolution to

humans. By using bioinformatic and structural analytic tools, we have

revealed potential influence of these amino acid clusters on protein

stability, secondary structure, short linear motifs, IDRs, phosphory-

lation and N-glycosylation sites. These data might shed new light on

the functional differences between transglutaminases of these species

and their relevance to human physiology and pathology.

The study was supported by the Hungarian Scientific Research

Fund, the European Union Framework Programme 7 TRANSPATH

ITN, MTA-DE and Momentum program (M.F.) of the Hungarian

Academy of Sciences.

A new fluorescence anisotropy-based assay for activity

determination of tissue transglutaminase

Christoph Hauser1, Robert Wodtke2, Reik Löser2, Markus Pietsch1

1Institute of Pharmacology, University Hospital of Cologne, D-50931

Cologne, Germany;
2Helmholtz-Zentrum Dresden-Rossendorf, Institute

of Radiopharmaceutical Cancer Research, D-01328 Dresden,

Germany

Considerable evidence for the implication of tissue transglutaminase

(TGase 2) in a variety of pathological processes, such as neurode-

generative diseases, disorders related to autoimmunity and

inflammation as well as tumor progression, has been revealed over the

recent years. This renders TGase 2 attractive for developing agents

which allow the enzyme’s targeting for both therapeutic and imaging

purposes. The development of such molecules requires the estab-

lishment of reliable methods to assess the interaction with TGase 2,

which can be done most conveniently in continuous kinetic assays.

Several assays have been published over the last decades to

determine TGase 2 activity, with only very few using the method of

fluorescence anisotropy. Measurement of fluorescence anisotropy

offers a better signal to noise ratio than other techniques, such as

those based solely on fluorescence emission and does not need

washing or separation of unbound fluorescent substance.

Here, we report a fluorescence anisotropy-based approach for the

determination of TGase 2’s transamidase activity, established and

validated by using fluorescein- and rhodamine B-labeled cadaverines

as acyl acceptor substrates. The synthesis of the cadaverine deriva-

tives has been accomplished in a solid-phase approach. To allow

efficient conjugation of the rhodamine B moiety, different linkers

providing secondary amine functions have been introduced between

the cadaverine and xanthenyl entities.

The increase in fluorescence anisotropy resulting from covalent

binding of the relatively small cadaverine derivatives to the much

larger acyl donor substrate N,N-dimethylated casein was followed

over time and enzyme activities were derived thereof. The assay was

found to be highly reproducible and shows no background signal in

the absence of the enzyme for all synthesized cadaverine derivatives.

After characterization of the enzyme–substrate interaction by deter-

mination of the Michaelis constants, Km, and the maximum velocities

of substrate conversion, Vmax, the assay was validated for screening of

non-covalent and covalent inhibitors by using the literature-known

substances GTP and iodoacetamide, respectively, as well as a recently

reported L-lysine acrylamide derivative.

Synthesis, 18F-labeling and radiopharmacological

characterization of a 30mer peptide as potential

radiotracer for PET imaging of claudin-4

Manuela Kuchar, Miriam Bader, Robert Wodtke,

Jens Lenk, Johanna Pufe, Ralf Bergmann, Cathleen Haase-Kohn,

Jörg Steinbach, Jens Pietzsch, Reik Löser

Helmholtz-Zentrum Dresden-Rossendorf, Institute

of Radiopharmaceutical Cancer Research, Bautzner Landstraße 400,

01328 Dresden, Germany

The cell surface receptor claudin-4 (Cld-4) represents a single-chain

protein containing four transmembrane domains and constitutes cell–
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cell contacts of the tight-junction type by engaging in homophilic

interactions. Cld-4 is upregulated in various tumors and represents a

promising target for both diagnosis and treatment of solid tumors of

epithelial origin. Therefore, the development of agents that allow

imaging of Cld-4 in vivo such as 18F-labeled compounds for positron

emission tomography (PET) appears to be attractive. A suitable ligand

to target Cld-4 in vivo seems to be the C-terminal peptidic fragment

of the C-terminal domain of the Clostridium perfringens enterotoxin

cCPE(290-319). This fragment is of 30 amino acids in length and has

the sequence SLDAGQYVLVMKANSSYSGNYPYSILFQKF corre-

sponding to positions 290-319 of cCPE.

The synthesis of cCPE(290–319) and analogues derived thereof,

such as N-terminally modified derivatives (fluorobenzoylated and

FITC-conjugated) and variants in which critical amino acids (Tyr 306

and Leu 315) have been replaced, was envisaged to be accomplished

by solid-phase peptide synthesis (SPPS). Among several approaches,

sequential SPPS using three pseudoproline-dipeptide building blocks

revealed to be the most efficient one to afford cCPE(290–319) and its

derivatives. The affinity of the furnished peptides to a soluble protein

construct that contains both extracellular loops of Cld-4 was studied

by surface plasmon resonance (SPR), which allowed determining a Kd

value of 1.4 lM for the N-terminally fluorobenzoylated cCPE(290-

319). Labeling of cCPE(290–319) with fluorine-18 was achieved on

solid phase using N-succinimidyl-4-[18F]fluorobenzoate ([18F]SFB)

and 4-[18F]fluorobenzoyl chloride as 18F-acylating agents. Most

advantageous results were obtained when [18F]SFB was reacted with

resin-bound cCPE(290–319) containing an N-terminal 6-aminohex-

anoic spacer. Stability assays in cell supernatants and plasma

indicated no degradation of the resulting radiotracer in these physi-

ological media. Cell binding of 18F-labeled cCPE(290–319) was

investigated using the HT29, A375 and A431 tumor cell lines. Time-

dependent binding of the radiolabeled peptide to the Cld-4-positive

A375 and A431 cells was observed, which was stronger than for the

Cld-4-negative HT29 cell line. These findings are in accordance with

results of confocal microscopy studies using FITC-conjugated

cCPE(290–319) and A431 cells. The in vivo behavior of 18F-labeled

cCPE(290–319) was studied in NMRI nu/nu mice and Wistar rats by

dynamic PET imaging and radiometabolite analyses, respectively.

These investigations have shown that 18F-labeled cCPE(290–319) is

subject to substantial liver uptake and rapid metabolic degradation

in vivo.

In conclusion, the synthesis and 18F-labeling of cCPE(290-319)

were successfully established. Its binding to Cld-4 in vitro and in

cellulo has been demonstrated. Initial radiopharmacological studies

suggest the limited suitability of this peptide in its current non-sta-

bilized form to target Cld-4 in vivo.

Solid-phase synthesis of selectively mono-

fluorobenzoylated polyamines for targeting

of transglutaminases and polyamine transporters

in tumours

R. Wodtke1, J. Steinbach1, J. Pietzsch1, M. Pietsch2, R. Löser1

1Helmholtz-Zentrum Dresden-Rossendorf, Institute

of Radiopharmaceutical Cancer Research, 01328 Dresden, Germany;
2Institute of Pharmacology, University Hospital Cologne, 50931

Köln, Germany

Transglutaminases and polyamine transporters are promising targets

for functional imaging of tumours. Therefore, our aim is to syn-

thesise polyamine-based radiotracers that allow the in vivo imaging

of the aforementioned targets by positron emission tomography

(PET). Labelling with the radionuclide fluorine-18 can be accom-

plished via attaching a [18F]fluorobenzoyl group with the prosthetic

labelling reagent N-succinimidyl-4-[18F]fluorobenzoate ([18F]SFB).

To access the required non- radioactive analogues, a solid-phase

synthesis was developed that enables selective fluorobenzoylation at

distinct amino groups of various polyamines (e.g. cadaverine,

spermidine, spermine) on the basis of a recently described synthetic

concept for the selective functionalisation of polyamines. The

established route can be directly applied to synthesise the 18F-la-

belled analogues.

The mono-fluorobenzoylated polyamines were obtained by solid-

phase synthesis of the corresponding oxopolyamines and subsequent

reduction of the amide bond with BH3-THF. By applying Dde and

Boc as orthogonal protecting groups and taking advantage of the

selective reaction of 2-acetyldimedone with primary amino groups

in the presence of secondary amines, the selective fluorobenzoyla-

tion (FBz) of different amino groups becomes possible.

Additionally, the selective mono-fluorobenzylation (FBn) of selected

diamines by reaction with 4-fluorobenzaldehyde and subsequent

reduction of the resulting imine using sodium triacetoxyborohydride

was performed. Based on the established methodology, the follow-

ing compounds among others were obtained in good yields: N-FBz-

cadaverine, N-FBn-cadaverine, N1-FBz- spermidine, N4-FBz-sper-

midine, N8-FBz-spermidine and N1-FBz-spermine. Furthermore, the

naturally occurring diamine cadaverine was conjugated to different

reporter groups such as biotin. The identity of the compounds was

confirmed by NMR spectroscopy and mass spectrometry. The

kinetic parameters towards transglutaminase 2-catalysed acyl trans-

fer were determined for selected compounds with an in-house

fluorimetric assay using the fluorogenic acyl donor Cbz–Glu(HMC)–

Gly–OH.

Transglutaminase 2 is involved in the inflammatory

response through mechanisms linked to NF-jB/HIF-1a

pathways

Riccardo Ientile, Monica Currò, Daniela Caccamo, Nadia Ferlazzo,

Chiara Gangemi, Agnese Gugliandolo

Department of Biomedical Sciences and Morpho-Functional Imaging,

University of Messina, Via C. Valeria, 98125, Messina, Italy

Transglutaminase 2 (TG2) plays an important role in the inflammatory

response. However, its underlying mechanisms are not fully under-

stood. High levels of TG2 have been associated with the constitutive

activation of nuclear factor kappa B (NF-jB), considered the main

regulator of inflammation (1,2). In this context, the receptor activator

of NF-jB ligand (RANKL) and receptor activator of NF-jB have

extensive functions in the regulation of cytokine secretion associated

with different pathological conditions. Here, we demonstrate that TG2

up-regulation and alterations of RANKL/OPG ratio occur in cultured

human periodontal fibroblasts under inflammatory conditions. We also

found a positive correlation between RANKL/OPG ratio and TG2

mRNA levels. To further characterize underlying mechanisms of

interaction between TG2 and NF-jB pathway we used monocytes

differentiated to macrophages by tetradecanoyl phorbol acetate (PMA)

treatment and provided evidence that TG2 inhibition reduced both NF-

jB activation and RANKL expression in THP-1 cells.

As hypoxia-inducible factor-1 (HIF-1) is a critical determinant

response to hypoxia and inflammation, we also detected HIF-1a
expression in PMA-stimulated THP-1 cells. The PMA-induced

increase in HIF-1a was associated with NF-jB activation and TG2

up-regulation. Treatment with TG2 inhibitors, such as R283, signifi-

cantly suppressed the activation of HIF-1a.
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Taken together, these results suggest that inflammatory response,

associated with up-regulation of HIF-1a through NF-jB pathway,

may be modulated by TG2 increases.
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Type II transglutaminase regulates epidermal cancer

cell epithelial–mesenchymal transition
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Type II transglutaminase (TG2) is a member of the transglu-

taminase family of proteins. TG2 is a multifunctional protein that

possesses calcium-dependent protein cross-linking and GTP-

binding/G-protein activities. TG2 has been described as a master

regulator of cancer stem cell survival and levels are highly ele-

vated in advanced disease. The cancer stem cell phenotype has

been tied to pathways regulating epithelial–mesenchymal transi-

tion (EMT). The idea that cancer stem cells possess self-renewal

suggests that may have superior tumor-forming and metastatic

potential. In the present study, we demonstrate that TG2 is nec-

essary for survival of epidermal cancer stem cells (ECS cells).

We show that TG2 is highly enriched in ECS cells and expression

is associated with high levels of other known stem cell markers

including Oct4 and Sox2. Expression is also associated with the

expression of EMT markers including Snail, Twist, Slug,

Vimentin and N-cadherin. Knockdown of TG2 reduces ECS cell

survival, ability to form spheroids, migration, invasion and

expression of stem cell and mesenchymal markers. Treatment

with NC9, a TG2 specific inhibitor, also reduces spheroid for-

mation and ECS cell migration. Of particular interest, TG2 is

capable of performing these functions independent of NFjB, a

known regulator of EMT. Treatment with TG2-shRNA or NC9

does not result in a reduction of NFjB expression, yet EMT and

stem cell markers are still reduced. These studies identify TG2 as

an important cancer therapy target in ECS cells.

Reactive oxygen species generation mediated by tissue

transglutaminase during uremic toxins induced

endothelial injury

Ya-Hsin Hsiao2, Pin-Tsen Lin1, CJ Lin2, and Thung S Lai1

1Graduate Institute of Biomedical Science, Mackay Medical College,

SanZhi District, Kidney Division, Mackay Memorial Hospital,

DanShui District, New Taipei City, Taiwan

In chronic kidney disease (CKD), metabolic changes and an impaired

urinary excretion of metabolites lead to the accumulation of uremic

toxins in the bodies. Among these, indoxyl sulfate (IS) and p-cresyl

sulfate (PCS) are two of the most studied uremic toxins that are

responsible for renal fibrotic response. However, the biological func-

tion and mechanism by which these toxins exert their toxicity are just

beginning to be understood. In addition, CKD patients have a higher

risk of overall and cardiovascular (CV) mortality than the general

population and the underlying mechanism(s) is just beginning to be

understood. In renal tubular cells, data suggest that PCS contributes to

the cellular injury by increasing the oxidative stress through the gen-

eration of reactive oxygen species (ROS). In endothelial cells, IS was

found to have more effects in inducing ROS production and decreasing

glutathione levels, whereas PCS had little effects. As tissue transglu-

taminase (TGM-2) is inducible by TGFb and inflammatory cytokines

which are frequently observed in CKD patients, and was postulated to

be involved in the activation of NOX-2 NADPH oxidase system, one

of the major pathways in generating intracellular ROS in endothelial

cells, we investigated the role of TGM-2 in uremic toxins-induced

injury using human umbilical vascular endothelial cells (HUVEC) as

the model system. In this model, the cell viability and expression of

TGM-2 was not significantly changed after being exposed up to

500 lM of IS or PCS for 24 h. However, ROS generation was

increased by twofold when exposed to C500 lM IS in as little as 3 h,

while similar concentrations of PCS had no effects even after being

exposed up to 24 h. When specific and non-specific TGM-2 inhibitors

including Z-DON and cystamine at concentrations of 40 and 50 lM,

respectively, were used during IS treatment, ROS generation was

reduced to a level that was 1.2-fold of untreated control cells. The data

indicated that TGM-2 is responsible for 80 % of ROS generation

during IS-induced injury. Most importantly, the generation of ROS

after exposure to IS was correlated with the activation of in situ

transglutaminase activity of TGM-2 which can be observed using

western blot assay using streptavidin-HRP to detect the incorporation

of biotinylated pentylamine (BP), the substrate of TGM-2. The data

demonstrated a role of TGM-2 during IS-induced ROS generation in

endothelial cells. This study suggest that inhibition of TGM-2’s

activity may protect endothelial cells from IS-induced endothelial

injury and the inhibitors of TGM-2 might be useful in reducing the

uremic toxins-induced cardiovascular risk in CKD patients.

Homoarginine concentrations in human and mouse

plasma samples measured by LC–MS/MS and ELISA:

a method comparison
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Heart Center Hamburg-Eppendorf, Germany;
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Abstract
Background: Homoarginine is a naturally occurring amino acid that

is derived from lysine and glycine, synthesized by L-arginine: glycine

amidinotransferase (AGAT). Several studies indicate an association

between low circulating homoarginine concentrations and cardio-

vascular (CV) disease, CV mortality, and all-cause mortality.

Homoarginine in biological samples is quantified by high-perfor-

mance liquid chromatography, gas chromatography, and liquid

chromatography, coupled to mass spectrometry, or by an enzyme-

linked immunosorbent assay (ELISA).
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Methods/aim: The aim of this study was to compare homoarginine

quantification by liquid chromatography–tandem mass spectrometry

(LC–MS/MS) with ELISA (DLD Diagnostika GmbH, Hamburg,

Germany). For LC–MS/MS quantification, a previously reported and

validated method was applied (Atzler et al. J Chromatogr B 2011).

Pearson’s regression coefficients and Bland–Altman plots were cal-

culated for comparison of methods.

Results: Plasma concentrations measured by LC–MS/MS were on

average 29 % higher than values obtained from ELISA. We investi-

gated Ne-trimethyllysine as a potential source for the higher

homoarginine concentrations, but evaluation of mass spectra indicated

no interference of Ne-trimethyllysine with homoarginine in our LC–MS/

MS setup. However, both methods show a linear correlation (r2 = 0.78)

for human plasma samples. Modifications of both assays enabled a more

sensitive quantification in mouse plasma samples with a similar corre-

lation between LC–MS/MS and ELISA (r2 = 0.76). The applicability

of both quantification methods is shown in (1) a case–control study of

acute coronary syndrome and (2) AGAT-deficient mice.

Conclusion: LC–MS/MS as well as ELISA is suitable for human and

mouse plasma, but different reference values for each method need to

be considered.

Homoarginine and basic amino acid derivatives

in patients with pathology of the left ventricular outflow

tract

Alexander A. Zhloba1,2, Tatiana F. Subbotina1,2,
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Tolstogo 6-8, Saint Petersburg, 197022 Russia;
2Federal North-West Medical Research Centre, ul. Akkuratova 2,
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E-mail: zhloba@mail.spbnit.ru

Homoarginine (Harg) forms mainly as a by-product in the creatine

biosynthesis pathway in arginine:glycine amidinotransferase (AGAT)

catalytic step or in the reactions of urea cycle. Reduced level of Harg,

elevated contents of asymmetric dimethylarginine (ADMA), and

symmetric dimethylarginine (SDMA) in blood are very often found in

groups of patients with high levels of mortality from cardiovascular

disease. Pathology of the left ventricular outflow tract (thoracic aortic

aneurysm) is one of the main causes of sudden death occurring

without marked manifestations of atherosclerosis and metabolic

abnormalities of carbohydrate and lipid metabolism. The aim of this

study was to determine the levels of Harg, ADMA, SDMA, and e-N-

trimethyllysine (TML) in patients with aneurysm N = 64, 60 (40–66)

years; median (10th–90th percentile) or aortic stenosis N = 47, 62

(49–73) years; and in the group donors N = 30, 55 (39–61) years.

Pyruvate and lactate concentrations were determined in plasma to test

the mitochondrial dysfunction. Other functional and routine bio-

chemical tests were applied to monitor dyslipidemia, obesity,

diabetes, and coronary heart disease. The concentrations of ADMA

and SDMA (p\ 0.0001 for all) were higher in patients than in

healthy individuals. According to obtained data, there is a strong

association between ascending aorta diameter and plasma ADMA

level. The levels HR and TML in patients were 1.60 (0.86–2.31) and

0.28 (0.17–0.51) lM, significantly lower (p\ 0.001) than in donors:

2.58 (1.33–4.17) and 0.49 (0.32–0.78) lM, respectively. Since TML

is a key metabolite formed in the mitochondria for subsequent syn-

thesis of carnitine, its plasma concentration may reflect the rate of

carnitine biosynthesis and the transportation of fatty acids in tissues.

Reduction of the TML level in the total patients’ group by 1.75 times

can be considered as one of the indicators of systemic mitochondrial

dysfunction, as well as the degree of methylation of lysine-rich pro-

teins (hypomethylation). Harg levels also dropped in the examined

patients by 1.61 times, probably indicating a decrease of AGAT

activity in tissues. Characterization of patients with impaired circu-

lation not only by endothelial dysfunction testing, but also by markers

of mitochondrial dysfunction is advisable to identify the levels of

Harg and possibly TML. This study was supported by the Russian

Foundation for Basic Research No. 15-04-02480.
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Abstract: Nalidixic acid is a good Gram-negative antibacterial drug,

but it showed resistance toward Gram-positive bacteria which in most

cases is a big problem. So any modification of the nalidixic acid

molecule by conjugation with other molecules that had been known to

have Gram-positive antibacterial activity may result in a new candi-

date that has activity against both Gram-negative and –positive

bacteria. Isatin is an endogenous molecule that has Gram-positive and

Gram-negative antibacterial and antifungal activity. This was done by

coupling of nalidixic acid with some amino acid esters, namely,

valine, leucine, isoleucine and phenyl alanine by the mixed anhydride

method. Hydrazinolysis of the amino acid ester conjugates give the

corresponding haydrazide, and then microwave-assisted condensation

with the isatin derivatives to give the corresponding Schiff bases in

short time, with less solvent, less cost, high yield and high purity. All

the compound structures were confirmed with elemental analysis and

different spectroscopic tools. Antimicrobial activity was evaluated

showing some promising candidates.

Keywods: Nalidixic acid, Amino acid conjugates, Isatin, Microwave,

Schiff bases and Gram-negative and -positive bacteria.

Epimerization of isoleucine in vanadium Schiff base

complexes: a new method for transformation

of stereoisomers of isoleucine
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Isoleucine belongs to the branched-chain amino acids and possesses

two stereogenic centers on alpha- and beta-carbon atoms resulting in

four possible stereoisomers. While L-isoleucine is dominating in bio-

logical systems and is proteinogenic; D-isoleucine, L-allo-isoleucine

and D-allo-isoleucine were found in organisms (including humans) in

trace amounts and their biological effects are being investigated. The
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formation mechanism of the latter three stereoisomers remains

unclear. Several recent studies proposed that the carbon skeleton of D-

allo-isoleucine originates from L-isoleucine and that the transforma-

tion may be catalyzed by an amino acid racemase, isoleucine

2-epimerase, found in Lactobacillus species. The artificial transfor-

mation of L-isoleucine into D-allo-isoleucine can be achieved by

several procedures involving multistep derivatization of the amino

acid and subsequent separation of the diastereomers. In addition, the

transformation of stereoisomers of isoleucine takes place sponta-

neously in nature on millions of years time scale, allowing geological

dating. Here, we present a novel vanadium-catalyzed non-enzymatic

transformation of stereoisomers of isoleucine by epimerization on the

alpha-carbon position involving vanadium Schiff base complexes with

the general formula NBu4[VO2(N-salicylidene-isoleucinato)]. The full

conversion of a single stereoisomer to the 1:1 mixture of the corre-

sponding epimers is achieved by refluxing the crystallization solution

of the chosen complex in a slightly basic solution within 2 h. Subse-

quent separation of the diastereomers may be driven by different

solubility of the complexes derived from the canonical and the allo

forms. Although the separation of the epimers needs to be improved

for isolating pure stereoisomers, this reaction expands significantly the

potential of vanadium-catalyzed asymmetric reactions.

Synthesis of indolyl quinazoline compounds using L-

tryptophan hydrazide in the presence of SBA-15-Pr-

SO3H and investigation of their biological activities

Vaezeh Fathi Vavsaria, Ghodsi Mohammadi Ziarania,

Sorour Ramezanpourb, Saeed Balalaie*,b
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Tryptophan is one of the essential amino acids in the human diet.

Many indole alkaloids and related natural substances are derived

from tryptophan. There are also some quinazolie alkaloids which

have indole moieties in their structure with various biological

activities, especially on the central nervous system (CNS). In

addition, (-)-asperlicin 1, (-)-fumiquinazoline 2 and (-)-fiscalin B

3 are some of the natural antibiotics-based indolyl quinazoline

moieties (Fig. 1).

Figure 1.

Combination of biologically active heterocyclic skeleton with amino

acids, peptides and/or pseudo peptides has a significant effect on their

biological properties. Herein, we used N-protected L-tryptophan

hydrazide 4 in multicomponent reaction with isatoic anhydride 5 and

aromatic aldehydes 6 to obtain indolyl quinazoline compound 7
(Scheme 1). The latter might have beneficial effects on CNS, since it

has serotonin-like structure with quinazoline moiety spontaneously.

In this synthesis, sulfonic acid functionalized SBA-15 (SBA-15-Pr-

SO3H), a hexagonal mesoporous silica, was used as an efficient solid

acid catalyst to gain the products in high yield and extra purity. In the

conference, the result of synthesis and their biological activities will

be presented.

Scheme 1

Synthesis of chiral amino alcohols and aldehydes

and their application for the synthesis of bioactive

peptides

Somayeh Ahadi*a, Saeed Balalaie*a, Sanaz Nasoohib,

Javid Ardestanib, Azam Oroujib
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Peptide C-terminal aldehydes (PAs) are of interest due to their

extended biological activities.

The functionalization of peptides and proteins by aldehyde groups

has become the subject of intensive research because of inhibition

properties of peptide aldehydes towards various enzymes. Further-

more, peptide aldehydes are of great interest for peptide backbone

modification or ligation reactions and they could also be used for the

synthesis of functionalized peptides. There are different methods to

access peptide aldehydes, but conversion of protected a-amino acids

to their corresponding N-protected amides and their reduction to a-

amino aldehydes is a usual pproach.

In continuation of our research in the synthesis of biologically active

opioid peptides, we report the synthesis of N-protected C-terminal

enkephalin aldehydes through synthesis of Leu-, Met-enkephalins and

their conversion to the desired Leu-, and Met-enkephalin aldehydes.

In the second approach, the peptides were synthesized using Leu-CHO

or Met-CHO. The structures of the desired peptides were confirmed

based on HR-MS–ESI. The opioid activity and interaction of the pep-

tides with enzymes were investigated.

In the conference, the details about the synthesis of the target

peptides and also their enzyme activity results will be explained.

Asymmetric synthesis of new enantiomerically enriched

a-amino acids

A.S. Saghyana,b, A.F. Mkrtchyana,b, S.G. Petrosyana,b, J.A. Yedoyanb,

A.M. Simonyana,b, A.V. Geolchanyana,b, P. Langerc, A.M. Petrosyanb

aScientific and Production Center ‘‘Armbiotechnology’’ NAS RA,

Yerevan, Armenia, e-mail: saghyan@ysu.am;
bYerevan State University, Yerevan, Armenia; cUniversity

of Rostock, Rostock, Germany

In the last 20 years, the use of enantiomerically enriched non-protein

a-amino acids containing unusual groups in the side chain, in various
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areas of medicine, pharmacy, biology, chemistry and biotechnology

has been actively developing [1].

This work is devoted to the development of asymmetric synthesis

effective methods for enantiomerically enriched (S)-a-amino acids,

not described in literature, containing different heterocyclic and

acetylenic groups in the side chain (Scheme).

NiII complexes of Schiff’s bases of dehydroalanine or propargyl-

glycine and chiral auxiliary (S)-2-N-(N0-benzylprolyl)aminoben-

zophenone were used as sources of chiral amino acids and dehy-

droamino acids synthones(1,2).

As a result, effective methods of asymmetric synthesis for novel

enantiomerically enriched derivatives of (S)-alanine (ee[ 97 %) and

(S)-propargylglycine (ee[ 80 %) were developed [2,3].
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Pitfalls in the synthesis of fluorescent methotrexate-

containing oligopeptide conjugates
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Academy of Sciences, Eötvös Loránd University, Budapest, Hungary;
bDepartment of Organic Chemistry, Eötvös Loránd University,
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Several methotrexate (MTX)-branched chain polypeptide conju-

gates with poly[L-lysine] backbone were synthesised and studied

for anti-cancer and/or anti-parasitic properties in the recent years in

our research group. These polymeric polypeptides contain short

oligopeptide side chains connected to the e-amino groups of the

poly[L-lysine] backbone. MTX was coupled covalently through its

glutamic acid moiety. Here, we report on the preparation of a

model peptide family for structure–activity experiments (e.g.

biodistribution, chemical stability, enzymatic degradation). These

peptides, correspond to the branched structure of the conjugates

containing also 5(6)-carboxyfluorescein (Cf) for fluorescent

labelling.
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MTX-polymer conjugate modelpeptide 

The peptides were synthesized with solid-phase methodology on

Rink-Amide MBHA resin, with Fmoc/tBu or Boc/Bzl strategy. In

some cases, Fmoc/Dde protection scheme or solution-phase coupling

was the only effective method for the preparation. Several side

reactions were identified:

(a) Unexpected cyclopeptide formation with the lactone-car-

boxylic group of the Cf was demonstrated, when Cf was attached to

the a-amino group of the Lys residue. (b) During HF cleavage, MTX

was demonstrated to form adducts with anisole and para-cresol

scavengers. (c) TMSOTf cleavage methodology was found inade-

quate due to the large number of side products formed.

In addition, we observed that peptides with Leu were insoluble

either in aqueous media or in acetic acid, if both Cf and MTX were

present. Critical synthetic pitfalls identified improved the production

strategy of these novel, complex peptide conjugates.

Acknowledgments: This work was supported by grant from the
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dation for the travel grant.

Sex peptide and the post-mating response in female

Drosophila suzukii
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Drosophila suzukii is a highly invasive species that causes extensive

damage to a wide range of berry and stone fruits. We have investigated

the locomotor behaviour of D. suzukii in a semi-natural environment

resembling a typical English summer and show that adult female D.

suzukii are at least fourfold more active during daylight hours than

adult males. This result was reproduced in several laboratory envi-

ronments and was shown to be a robust feature of mated, but not virgin

female flies. Both males and virgin females experience an afternoon

sleep period (siesta) between morning and evening periods of activity;

however in mated females the elevated daylight activity disrupts their

siesta, but not nighttime sleep. The mated female responds to the loss

of the siesta by reducing sleep latency. This response of females to

mating is similar to that elicited in female D. melanogaster by the male

sex peptide (SP). We used MALDI-mass spectrometry to identify the

SP of D. suszukii and to show that this peptide is transferred to the

female reproductive tract during copulation. We propose that the siesta

experienced by male and virgin female D. suzukii is an adaptation to

avoid unnecessary exposure to the afternoon sun, but that post-mated

females faced with the challenge of obtaining resources for egg
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production and finding oviposition sites take greater risks and that the

change in female behaviour is induced by the male SP.

This work was supported by the European Union’s seventh

framework programme for research, technological development and

demonstration under grant agreement number 613678 (DROPSA).

Insect neuropeptides: a basis for the design of a novel

group of insect control agents: the PK/PBAN family

as a case study

Miriam Altstein, Orna Ben Aziz and Michael Davidovitch

Department of Entomology, The Volcani Center, ARO, Bet Dagan,

50250, Israel

vinnie2@agri.gov.il

Insect neuropeptides (Nps) are prime targets in the search for novel

insecticides, since they regulate many physiological and behavioral

processes. Their blockers (antagonists) may disrupt and interfere with

the normal growth, development and behavior of insects, and can

yield, therefore, receptor-selective, insect-specific control agents. The

chemical nature of Nps enables them to be used as the basis for the

design of a generic group of non-toxic environment-friendly insect

control agents—an approach that has been applied to human Nps in

the pharmaceutical industry.

In the course of our research, we have developed a novel generic

strategy which enables development of simple and cost-effective Np

antagonist-based insecticide prototypes. The strategy, which is based

on a rational design approach of small molecule antagonists based on

a known Np agonist, was applied to one of the major insect Np

families the pyrokinin (PK)/pheromone biosynthesis activation neu-

ropeptide (PBAN) family, known to regulate many key functions in

insects (associated with mating, feeding, development and defense).

Currently, we have highly potent molecules which inhibit PK/PBAN-

mediated functions and are metabolically stable, highly bio-available

(through the cuticle and by feeding), environmentally stable and, most

important, simple in structure and cost-effective. In addition, two

receptors that mediate the PK/PBAN bioactivity have been cloned,

stably expressed in an insect cell line and characterized structurally

and functionally. The expressed receptors can be used as high-

throughput assay for discovery of insect control agents from various

libraries. Our achievements on the above issue will be presented.

Substrate and inhibitor specificity of kynurenine

monooxygenase and kynureninase

Robert S. Phillips1,2, Chandan Maitrani1, Osman F. Guner3,

Andrew D. Anderson2, Harvey G. Gentry2 and J. Phillip Bowen3

1Department of Chemistry, University of Georgia, Athens, Georgia

30602 USA;
2Department of Biochemistry and Molecular Biology, University

of Georgia, Athens, Georgia 30602 USA;
3Department of Pharmaceutical Sciences, Mercer University,

Atlanta, Georgia 30341 USA

The kynurenine pathway is the major route of tryptophan metabolism

in eukaryotes and some bacteria (Figure 1). Tryptophan is first

cleaved in the pyrrole ring by a heme-containing dioxygenase to give

N-formylkynurenine. Hydrolysis of the formyl group gives kynur-

enine, which undergoes hydroxylation at the 3-position catalyzed by

the flavoenzyme, kynurenine monooxygenase (KMO). 3-Hydrox-

ykynurenine is then cleaved to 3-hydroxyanthranilate and L-alanine

by kynureninase, a pyridoxal-50-phosphate-dependent enzyme. Fur-

ther metabolism of 3-hydroxyanthranilate by a non-heme dioxygenase

gives 2-amino-3-carboxymuconate semialdehyde, which can be

catabolized further to CO2 and NH3. However, a small portion

cyclizes to quinolinate, a precursor for NAD(P).

We have studied the substrate specificity of human kynureninase

and KMO from Cytophaga hutchisonii. The 3-OH of the substrate

forms an H-bond with Asn-333 in the active site of human

kynureninase (1). Substitution of the 3-OH with a halogen gives a

substrate for kynureninase (2), but an inhibitor for KMO. However,

kynurenines substituted at C-5 are good substrates for both

kynureninase (2) and KMO. These results may be useful in the design

of specific inhibitors of kynureninase and/or KMO that may be useful

in the treatment of neurodegenerative diseases (Figure 1. Shows the

kynurenine pathway).

1. Lima S, Kumar S, Gawandi V, Momany C, Phillips RS (2009)

Crystal structure of Homo sapiens kynureninase-3-hydroxyhippuric

acid complex: the molecular basis of kynureninase substrate speci-

ficity. J Med Chem 52:389–396.

2. Maitrani C, Phillips RS (2013) Substituents effects on activity of

kynureninase from Homo sapiens and Pseudomonas fluorescens.

Bioorg Med Chem 21:4670–4677.

Development of mimetic analogs of pyrokinin-like

neuropeptides to disrupt pest insect physiology/

behavior

Ronald J. Nachman1, Qirui Zhang2, David Denlinger2,

Hongbo Jiang3, and Yoonseong Park3

1Insect Neuropeptide Laboratory, Insect Control and Cotton Disease

Research Unit, Southern Plains Agricultural Research Center, U.S.

Department of Agriculture, College Station, TX 77845 USA;
2Department of Entomology, Ohio State University, Columbus,

OH 43210, USA;
3Department of Entomology, Kansas State University, Manhattan,

KS 66506, USA

Pyrokinin (FXPRLamide) neuropeptides regulate a variety of criti-

cal processes and behaviors in insects, though they are unsuitable as

tools to arthropod endocrinologists and/or as pest management
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agents due to sub-optimal biostability and/or bioavailability char-

acteristics. Peptidomimetic analogs can overcome these limitations

and can either over-activate or block critical neuropeptide-regulated

functions. Diapause hormone (DH), a sub-family of the pyrokinins,

terminates diapause in pupae of heliothine insects, important crop

pests. Insects enter diapause to escape the debilitating effects of

harsh climatic conditions (i.e., winter). Mimetic analogs of DH

prevent diapause in pupae that develop from larvae injected with

these agents, effectively inducing the pest insects to commit a form

of ‘ecological suicide’. Amphiphilic analogs of DH containing dif-

ferent hydrocarbon motifs proved to be topically active. Evaluation

of a series of pyrokinin analogs on an expressed DH receptor

(HzDHr) cloned from Helicoverpa zea led to the identification of

several superagonists, with greater efficacy than the native peptide;

as well as several novel analogs with antagonist activity. A series of

five PRXamide pyrokinin-like receptors from the red flour beetle

(Tribolium castaneum), including two that show strong affinity to

DH, were subjected to ligand–receptor specificity analysis using a

series of peptidomimetic ligands. The study identified biostable

mimetic analogs that demonstrate agonist properties selective for

one DH-like receptor over another, as well as selective antagonism

of the CAP2b receptor. The pyrokinin-like CAP2b class of peptides

demonstrates diuretic activity in insects, and mimetic agonists and

antagonists can disrupt the internal water balance critical to survival

of pest insects.

Neuropropeptide Semax activates adaptive immunity

after brain focal ischemia in rats

Liudmila V. Dergunova1,2, Ekaterina V. Medvedeva1,

Veronika G. Dmitrieva1, Vasily V. Stavchansky1,

Svetlana A. Limborska1,2, Nikolay F. Myasoedov1

1Institute of Molecular Genetics, RAS, Moscow, Russian Federation;
2Institute of Cerebrovascular Pathology and Stroke, Pirogov Russian

National Research Medical University, Moscow, Russian Federation

One of the most efficient drugs in cerebral stroke therapy is a

synthetic peptide Semax (Met-Glu-His-Phe-Pro-Gly-Pro), consist-

ing of a fragment of ACTH (4–7) and the C-terminal tripeptide

Pro-Gly-Pro. The molecular mechanisms of its neuroprotective

action remain still unknown. Transcriptome response of ischemized

brain cortex tissues to Semax in the male Wistar rats was inves-

tigated. Focal cerebral ischemia was induced by direct permanent

middle cerebral artery occlusion (pMCAO). Gene expression

alteration was analyzed in 24 h groups versus 3 h groups in

pMCAO and ‘‘pMCAO + Semax’’ groups with Illumina RatRef-12

Expression BeadChip. Data were analyzed by Ingenuity iReport

web-server. The changes in the expression levels for hundreds of

genes were observed. Semax treatment resulted in the increased

expression of 17 genes that belong to the major histocompatibility

complex. Also, the neuropeptide treatment was associated with

altered expression of genes related to the regulation of

immunoglobulin quantity. Totally, 30 genes related to the

immunoglobulin processes exhibited altered expression in response

to stroke, whereas the expression of 27 genes changed in response

to Semax treatment. Totally, 15 genes among two animal groups

overlapped and four of them (Cd74, Cxcl9, Pycard, Tyrobp) were

modulated by Semax more intensively than under ischemia only.

Thus, in conditions of rat brain focal ischemia, the action of Semax

influenced the expression of genes implicated in immune processes.

The data assume the involment of Semax in immune response

during ischemia.

Linking chimpanzee social bonds and cooperative

behaviour during stressors and non-stressors

with urinary oxytocin and glucocorticoid levels

Catherine Crockford, Tobias Deschner, Toni Ziegler,

Klaus Zuberbuehler, Roman Wittig

Social mammals can form close and enduring social bonds, where

dyads with close social bonds are those that engage in high rates of

cooperative behaviours. Maintaining social bonds leads to greater

reproductive success, health and longevity. However, underlying

mechanisms promoting this effect are still ambiguous, especially for

non-kin, non-sexual bonds. One possibility is that direct benefits are

derived from cooperative exchange, which may be emotionally rather

than cognitively mediated through oxytocin, a key neuropeptide in

social bonding. Another is that bond partners buffer the negative

effects of physical and psychological stress, where prolonged cortisol

release is associated with reduced fertility, health and longevity. We

investigated these possibilities in chimpanzees, known for their close

social bonds with non-kin. We examined their urinary glucocorticoid

and oxytocin levels following several cooperative events, including

those considered to be stressors (potentially dangerous encounters

with neighbouring chimpanzee communities or food competition

contexts), or relaxers (grooming interactions), and contrasted them

with socially neutral (resting, social feeding) situations. Our results

suggested that generally the combination of engaging in cooperative

behaviours with bond partners compared with non-bond partners,

rather than either factor alone, was associated with hormonal profiles

likely to facilitate both cooperation and stress reduction.

The vasopressin-deficient Brattleboro rat as a genetic

model of schizophrenia

Dóra Zelena

Hungarian Academy of Sciences, Institute of Experimental Medicine,

Budapest, Hungary

Besides a role in saltwater homeostasis, vasopressin plays a key role

in several brain functions like complex social behavior and memory.

As these are core symptoms of schizophrenia, it is not surprising that

low vasopressin levels can be found in schizophrenic subjects.

We aimed to confirm the role of vasopressin in schizophrenia

using a wide range of schizophrenia-like behavioral tests in sponta-

neous vasopressin-deficient Brattleboro strain and restoring the

alterations with antipsychotics.

The vasopressin-deficient animals revealed social deficits in social

avoidance and social discrimination tests and a memory decline not

only in social discrimination, but also in object recognition task.

Reduced prepulse inhibition was also detectable. Already during the

early postnatal period (7- to 8-day-old rats) the maternal separation-

induced ultrasound vocalization (30–50 kHz) was also reduced in

them as a sign of diminished communication. All of these distur-

bances was normalized after antipsychotic treatment (clozapine,

olanzapine, risperidone and aripiprazole), which confirmed the con-

nection with schizophrenia. As a possible background mechanism, we

found some alteration in histone acetylation (epigenetic landmark) in

the prefrontal brain region and hippocampus of vasopressin-deficient

animals.

All in all, vasopressin-deficient rat seems to be an appropriate

model of schizophrenia with prominent behavioral alterations. Influ-

encing the ultrasound vocalization in pups requires a small amount of

drug, which makes this model preferable for preclinical testing.
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Epigenetic changes due to lifelong vasopressin deficit may contribute

to the development of symptoms.

STAT3 controls IL6-dependent regulation of serotonin

transporter function and depression-like behavior

Eryan Kong, Sonja Sucic, Francisco J. Monje1, Giorgia Savalli,

Weifei Diao, Deeba Khan, Marianne Ronovsky, Maureen Cabatic,

Florian Koban, Michael Freissmuth and Daniela D. Pollak

Type of presentation: oral presentation

Experimental evidence suggests a role for the immune system in the

pathophysiology of depression. A specific involvement of the proin-

flammatory cytokine interleukin 6 (IL6) in both, patients suffering

from the disease and pertinent animal models, has been proposed.

However, it is not clear how IL6 impinges on neurotransmission and

thus contributes to depression. Here, we tested the hypothesis that

IL6-induced modulation of serotonergic neurotransmission through

the STAT3 signaling pathway contributes to the role of IL6 in

depression. The addition of IL6 to JAR cells, endogenously

expressing SERT, reduced SERT activity and downregulated SERT

mRNA and protein levels. Similarly, SERT expression was reduced

upon IL6 treatment in the mouse hippocampus. Conversely, hip-

pocampal tissue of IL6-KO mice contained elevated levels of SERT

and IL6-KO mice displayed a reduction in depression-like behavior

and blunted response to acute antidepressant treatment. STAT3 IL6

dependently associated with the SERT promoter and inhibition of

STAT3 blocked the effect of IL6 in vitro and modulated depression-

like behavior in vivo. These observations demonstrate that IL6

directly controls SERT levels and consequently serotonin reuptake

and identify STAT3-dependent regulation of SERT as conceivable

neurobiological substrate for the involvement of IL6 in depression.

Glutamatergic neurotransmission and memory

reactivation in the rat

Gabriel Roldán, Jorge Tovar-Dı́az, Jorge Rı́os

and Hilda Sánchez de Jesús

Department of Physiology, Faculty of Medicine, National

Autonomous University of Mexico, Mexico, Mexico

Conditioned odor aversion is the avoidance of a tasteless odored

solution (conditioned stimulus, CS) that was previously paired with

visceral malaise (unconditioned stimulus, US). This phenomenon has

been consistently observed in long-term memory (LTM) retention

tests (i.e., 48 h after acquisition) when the interstimuli interval (ISI),

i.e., CS–US delay, is shorter than 15 min. However, we recently

found a robust odor aversion in rats trained with longer ISI (up to

60 min), when tested in the short term (i.e., 4 h after acquisition),

indicating that rats are able to associate both stimuli and to form a

short-term aversive memory, but unable to consolidate it into an

LTM. Here, we report the presence of a short-term memory (STM) in

an additional condition in which no aversion had been detected in

LTM tests (i.e., low doses of LiCl). We also extended our research on

the effects of the short-term retrieval test upon the persistence of the

aversive memory in the long term for both conditions: long ISI and

low doses of LiCl. For comparison, groups trained with the same

doses of LiCl and long ISI were tested only in the long term. In the

STM test, a clear aversion was found in animals trained with LiCl

(0.15 M), 1.0 and 0.5 % BW, i.p., as well as using 5, 15, 30, and

60 min ISI. In the LTM tests, aversion was only detected using 2 %

BW LiCl or 5 and 15 min ISI. However, equally robust aversion was

found in the long-term test of those groups that were tested for STM

4 h after training. We concluded that short-term retrieval enhances

LTM consolidation by a reactivation-like effect of conditioned odor

aversion. Additionally, systemic administration of the NMDA

antagonist MK-801either before or after STM retrieval testing did not

have consistent effects on this memory reactivation. This suggests

that unlike acquisition of conditioned odor aversion, its memory

reactivation depends less on glutamatergic neurotransmission.

There is more to vasopressin than meets the eye

Mike Ludwig

Centre for Integrative Physiology, University of Edinburgh,

Edinburgh, UK,

The retina of mammals contains intrinsically photosensitive retinal

ganglion cells (RGCs) which mediate non-image-forming visual

functions such as pupillary light reflex and circadian photo entrain-

ment. Here, we show a population of vasopressin (VP) expressing

retinal ganglion cells (VP-RGCs) which is photosensitive, but does not

express either melanopsin or PACAP. Intravitreal injections of an

rAAV-expressing Venus (under the control of the VP promoter) show

that the vast majority of these cells project to the ventro-lateral core

part of the suprachiasmatic nucleus (SCN). Microdialysis data show an

increase in intra-SCN VP concentration in response to electrical

stimulation of the optic nerve or light stimulation of the eye. Further-

more, in response to these stimuli some SCN neurons showed an

excitatory response which was blocked by icv injection of a VP V1

receptor antagonist. Light-induced expression of the immediate early

gene product c-Fos during the dark period was strongly reduced by

prior administration of a VP V1 receptor antagonist or ablation of the

VP-RGCs. Our data suggest that activation of VP-RGC may mediate

light cues by releasing VP into the SCN to excite SCN neurons, altering

SCN activity and thus regulating neuroendocrine hormonal rhythms.

Role of thyroid hormone on the brain protein synthesis

in rats fed the ornithine

K. Tujioka1, T. Yamada2, H. Yokogoshi2, S. Akiduki3, Y. Hishida3

and K. Hayase4

1Faculty of Early Childhood Care and Education, Ohkagakuen

University, Toyoake, Japan;
2Department of Food and Nutritional Sciences, Chubu University,

Kasugai, Japan;
3Healthcare Products Development Center, KYOWA HAKKO BIO

CO., LTD., Tsukuba, Japan;
4Department of Home Economics, Aichi University of Education,

Kariya, Japan

The purpose of the present study was to determine whether the reg-

ulation of brain protein synthesis is mediated through changes in the

plasma concentration of thyroid hormone (T3) when dietary ornithine

treatment is manipulated in the PTU (6-propyl-2-thiouracil, thyroid

inhibitor)-treated or control rats. Experiment was done on four groups

of PTU-treated and control (24-week-old) male rats given 0 or 0.7 %

ornithine–HCl added to a 20 % casein diet. The fractional rates of

protein synthesis in the brains increased significantly with the 20 %

casein +0.7 % ornithine compared with the 20 % casein diet alone in

both PTU-treated and control groups. The ornithine supplementation

to the basal diet did not affect the plasma concentration of T3. In the

cerebral cortex and cerebellum, the RNA activity [g protein synthe-

sized/(g RNA�d)] significantly correlated with the fractional rates of
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protein synthesis. The RNA concentration (mg RNA/g protein) was

the same in each test group of brain regions. The results suggest that

the treatment with ornithine is likely to increase the rate of brain

protein synthesis not only in the control rats, but also in the PTU-

treated rats, and that the ornithine-induced increase in the brain

protein synthesis may not be mediated through changes in the thyroid

hormone. The RNA activity is at least partly related to the fractional

rate of brain protein synthesis.

Neuropeptides and maternal responsiveness

Arpád Dobolyi

MTA-ELTE NAP Laboratory of Molecular and Systems

Neurobiology, Institute of Biology, Eötvös Loránd University

and the Hungarian Academy of Sciences, Budapest, Hungary

Neuropeptides are released from synaptic vesicles in response to high-

frequency stimulation and exert long-lasting modulation of neuro-

transmission. Therefore, they are ideal regulators of slow reproductive

events including maternal adaptation of the central nervous system.

Indeed, oxytocin has long been suggested to initiate maternal

responsiveness independent of its secretion into the blood as a hor-

mone for milk ejection. The medial preoptic area is known to control

maternal behaviors as its lesion eliminates maternal care in rodents.

Recently, galanin neurons in the medial preoptic area were shown to

govern maternal responsiveness. In our previous microarray study, we

identified neuropeptides as a group of proteins overrepresented among

the changing genes in the maternal preoptic area. Some neuropeptides

including melanin-concentrating hormone increases in parallel with

the metabolic load exerted by lactation suggesting its function in the

elevated food-intake of mothers. In turn, the expression of kisspeptin

reduces as part of the regulatory network of lactational anestrous. We

also identified a peptide, amylin, which had previously not been

known to be present in the brain. Indeed, amylin shows a 25 times

increase in the maternal preoptic area and is not expressed anywhere

else in the brain as demonstrated by three independent techniques, RT-

PCR, in situ hybridization histochemistry, and immunolabeling.

Amylin level is minimal in the last day of pregnancy, increases

abruptly at parturition, and remains elevated until weaning. In addi-

tion, amylin is also induced in virgin female rats as they become

maternal during a sensitization procedure without lactation, suggesting

that amylin plays a role in maternal behavior or emotional adaptation.

To reveal the neuronal inputs received by amylin neurons, we injected

the retrograde tracer cholera toxin beta subunit into the medial pre-

optic area of mother rats. Among ascending projections, we identified

the posterior intralaminar complex (PIL) of the thalamus, which

contains tuberoinfundibular peptide of 39 residues (TIP39) expressing

neurons. Interestingly, TIP39 was also markedly elevated in rat dams

in this site, but not in the other thalamic site of its expression, the

periventricular gray of the thalamus. Furthermore, TIP39 neurons from

the PIL projected to and closely apposed amylin neurons, as well as

galanin and oxytocin neurons in the medial preoptic area. We actually

demonstrated that using electron microscopy, TIP39 terminals inner-

vate galanin and oxytocin neurons by forming synapses on their cell

bodies and proximal dendrites. Injecting a virus encoding a peptide

antagonist of the receptor of TIP39 eliminated pup–associates pref-

erence in a conditioned place preference test. These data suggest that

TIP39, amylin, oxytocin and galanin as well as the neurons that

express them may all contribute to the maintenance of maternal

responsiveness in the postpartum period providing a leading example

of the role of neuropeptides in behavioral adaptation of the brain.

Grant support: OTKA K100319 research grant and KTIA_-

NAP_B_13-2-2014-0004 Program.

Relationship of PHF6 hexapeptide motif and abnormal

sticky behaviour: complication in tau protein analysis

at peptide level

Lenka Hromadkova1,2,3, Rudolf Kupcik3, Barbora Jankovicova3,

Zuzana Bilkova3 and Daniela Ripova1

1Department of Neurobiology and AD Center, National Institute

of Mental Health, Czech Republic,
2Faculty of Science, Charles University in Prague, Czech Republic,
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Tau protein belongs to intrinsically disordered proteins. In Alzheimer

disease, tau undergoes modifications leading to the misfolding and

formation of paired helical filaments (PHF).

Our aim was to optimize the epitope extraction protocol enabling

identification of linear immunodominant epitopes using tau digested by

trypsin. Within the eluted fragments containing epitopes specifically

reactive with antibodies bound to solid phase, additionally fragment

299-HVPGGGSVQIVYKPVDLSK-317 was detected by mass spec-

trometry (MS). This fragment comprising minimal interaction motif

responsible for the PHF formation, hexapeptide PHF6 (306-VQIVYK-

311), distinctly complicated the MS spectra interpretation. The con-

ventional approaches to suppress the nonspecific sorption were not

effective to preclude or at least to reduce the ‘‘sticky’’ fragment sorption.

Therefore we carried out protein cleavage by two immobilized

enzymes. Chymotrypsin was selected as an additional protease due to

the specific cleavage site between Y310 and K311. This newly

introduced approach led to suppression of nonspecific sorption

without affecting specific epitope–antibody interactions in the epitope

extraction protocol.

Acknowledgments: This work was supported by the research project

GACR P304/12/G069, by the project ,,National Institute of Mental

Health (NIMH-CZ)‘‘, Grant number ED2.1.00/03.0078 and the

European Regional Development Fund, by EU project NADINE (No.

246513).

Dietary requirements of synthesizable amino acids

by animals

Zhenlong Wu4, Yongqing Hou2, Yulong Yin2,3, Sichao Jia1,

Shengdi Hu1, Zhaolai Dai4, Fenglai Wang4, Junjun Wang4,

Guoyao Wu1,2,3,4

1Department of Animal Science, Texas A&M University, College

Station, Texas 77843, USA;
2Hubei Collaborative Innovation Center for Animal Nutrition
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Science, Wuhan Polytechnic University, Wuhan 430023, China;
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Based on growth or nitrogen balance studies, amino acids had been

traditionally classified as nutritionally essential or nonessential for

mammals, birds and fish. Nutritionally essential AA (EAA) are

defined as either those AA whose carbon skeletons cannot be syn-

thesized de novo in animal cells or those that normally are

insufficiently synthesized de novo by the animal organism relative to

its needs for maintenance, growth, development, and health and

which must be provided in the diet to meet the requirements. In

contrast, nutritionally nonessential AA (NEAA) are those AA which
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can be synthesized de novo in adequate amounts by the animal

organism to meet the requirements for maintenance, growth, devel-

opment, and health and, therefore, need not be provided in the diet. It

was assumed that all the NEAA were synthesized sufficiently in the

body to meet the needs for maximal growth and optimal health.

However, careful analysis of the scientific literature reveals no

compelling evidence to support this assumption. NEAA (e.g., glu-

tamine, glutamate, proline, glycine, and arginine) play important roles

in regulating gene expression, cell signaling, metabolic pathways,

antioxidative responses, fertility, neurotransmission, and immunity.

Additionally, glutamate, glutamine, and aspartate are major metabolic

fuels for the small intestine to maintain its digestive function and

protect the integrity of the intestinal mucosa. Furthermore, rates of

NEAA metabolisms are dependent on species, developmental age,

and the environment. Emerging evidence shows that diets for animals

and humans must contain all NEAA for optimal survival, growth,

development, reproduction, immunity, and health, as well as optimal

efficiency of nutrient utilization. (The study was supported by NSFC

and USDA).

Effect of dietary L-glutamate on growth performance,

bacterial burden against Citrobacter freudii infection
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This study was conducted to determine the protective role of dietary

L-glutamate supplementation in mouse model with Citrobacter freudii

infection. A total of 120 female ICR mice were randomly allotted to

three treatments: (1) all mice were treated with basal diet (n = 40);

(2) all mice were treated with basal diet with dietary 1.0 % glutamate

supplementation (n = 40). Except group one, mice were challenged

by oral infections with 0.2 ml 5 9 108 CFU/ml Citrobacter freudii.

Body weight of each mouse was recorded every day. On day 7, 14, 21

and 28, ten mice from each group were killed; colon length, weight

and bacterial burden and mortality were calculated from each group.

There were no differences in growth performance and colon weight

among all the groups. On day 7 and 21 post-infection, dietary glu-

tamate supplementation increased colon length. On day 14 post-

infection, both Citrobacter freudii infection groups have an increased

colon length than the basal diet control group. On all time points,

bacterial burden in basal control group was significantly lower than

those in the other two infection groups (P\ 0.01). On day 7, 21 and

28 post-infections, dietary L-glutamate supplementation significantly

decreased bacterial burden compared to those in the basal diet

infection group (P\ 0.05). In conclusion, dietary L-glutamate sup-

plementation decreased bacterial burden and improved colon status.

This work was supported by Hunan Provincial Natural Science

Foundation of China (13JJ2034) and China Scholarship Council.

Effect of dietary tryptophan on the growth

performance in early-weaned piglets
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Ren, Shuai Chen, Wei Gao, Ruilin Huang, Yulong Yin
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Tryptophan (Trp), as a constitute body protein and an essential amino

acid, plays important roles in feed intake, growth performance and

immune responses. This study aims at evaluating the effects of different

dietary tryptophan level on growth performance and serum amino acids

level. 320 piglets, with similar body weight and weaned at 21 day, were

assigned randomly to one of the four treatments: (1) basal diet; (2) basal

diet +0.25 % Trp; (3) basal diet +0.5 % Trp; (4) basal diet +0.75 % Trp.

Each treatment has 8 replicates and 10 piglets per replicate. The piglets

were fed for 28 days. Body weight, feed intake and body weight were

recorded. On day 28, blood samples were collected into plastic

uncoated tubes for amino acid analysis by venipuncture. Compared

with basal diet treatment, all Trp treatments had a trend of increasing

feed intake (P[ 0.05). 0.5 % Trp supplementation increased average

daily gain and the feed efficiency significantly (P\ 0.05), while 0.25

and 0.75 % Trp supplementation showed a trend of increasing average

daily gain and feed efficiency (P[ 0.05). These results showed dietary

tryptophan supplementation may have a beneficial effect on feed intake

and feed efficiency in weaned piglets.

This work was supported by Hunan Provincial Natural Science

Foundation of China (13JJ2034) and China Scholarship Council.

Dietary supplementation with glycyrrhetinic acid (GA)

modulates ornithine decarboxylase activity, serum

amino acids level and growth performance in milk-fed

piglets

Shengping Wang1,3, Gang Liu1, Ping Kang2, Guiping Guan1,
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Observation and Experiment Station of Animal Nutrition and Feed

Science in South-Central China, Ministry of Agriculture, Hunan

Provincial Engineering Research Center for Healthy Livestock

and Poultry Production, Key Laboratory of Agro-ecological Processes

in Subtropical Region, Institute of Subtropical Agriculture, Chinese

Academy of Sciences, Changsha City, Hunan 410125, People’s

Republic of China;
2Hubei key Laboratory of Animal Nutrition and Feed Science, Wuhan

Polytechnic University, Wuhan City, Hubei 430023, People’s

Republic of China;
3Hunan Institute of Microbiology, Changsha City, Hunan 410009,
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Abstract: This study was conducted to test the hypothesis that dietary

supplementation with glycyrrhetinic acid (GA) may increase ornithine

decarboxylase (ODC) activity, serum amino acids level, and growth

performance in young pigs. Twenty piglets (Landrace 9 Yorkshire)

with similar BW (2.92 ± 0.10 kg) were obtained from five sows (4
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piglets/sow) and weaned at 7 days of age to a liquid milk-replacement

diet. After a 2-day period of adaptation, piglets were assigned ran-

domly to one of the four treatment groups, which received

supplementation with 0, 0.01, 0.02 or 0.04 % GA to the milk powder

for 12 days (1 piglet/pen; 5 pigs/treatment). BW was measured on

days 0, 5 and 12 for all treatments. The jejunum and serum samples

were obtained on day 12 from the control and 0.02 % GA treatment

groups. Dietary supplementation with 0.02 % GA resulted in the

highest ADG among all of the treatment groups (P\ 0.05). Com-

pared with the control, dietary supplementation with 0.02 % GA

increased feed intake by 14.8 % (P[ 0.05), ADG by 20 %

(P\ 0.05), decreased the feed:gain ratio by 3.4 % (P[ 0.05) and

increased the ODC activity in the jejunum on day 12 (P\ 0.05).

Compared with the control group, GA treatment group had an

increase in concentrations of threonine (P[ 0.05), lysine (P[ 0.05),

total measured AA (P[ 0.05) and arginine (P\ 0.05), but a decrease

in concentrations of serine (P\ 0.05) at day 12, an increase in

concentrations of lysine, methionine, proline and alanine (P\ 0.05),

a decrease in concentrations of phenylalanine, glutamic acid and

threonine at day 9 (P\ 0.05). The results shows a decreasing trend in

arginine concentration in the control group and GA treatment group

from day 9 to day 12, but compared with the GA treatment group, the

control group had a greater decrease, especially at day 12 (P\ 0.05).

These results suggest that GA increases ODC activity, modulates

serum amino acids level and enhances growth performance in milk-

fed piglets.

Keywords: Glycyrrhetinic acid, Pigs, Ornithine decarboxylase, Small

intestine.

This work was supported by the Hunan Provincial Natural Science

Foundation of China (13JJ2034) and China Scholarship Council.

Dietary regulation of intestinal nutrients sensing

by the different levels of arginine and glucose in white

cashmere goat

Xia Zhang, Haizhou Sun*, Dan Sang, Shengli Li, Chunhua Zhang,

Shuli Ling, Dan Shan, Xiaoping Ren

Institute for Animal Nutrition and Feed Research, Inner Mongolia

Academy of Agriculture and Animal Sciences, Hohhot, Inner

Mongolia, China

Abstract: Intestinal nutrient sensing is an important mechanism to

maintain the body’s homeostasis and which can be acted by several

nutrient substrates such as arginine and glucose. The objective of this

study is to examine the dietary regulation of intestinal nutrients

sensing by the different levels of arginine and glucose in white

cashmere goat byreal-time PCR, using chamber and western blot.

Twenty-seven goats with permanent rumen fistula and duodenal can-

nulas were assigned randomly into nine groups. The diet for the three

groups was: low nitrogen (CP: 10.5 %), low nitrogen +NCG (CP:

10.5 %) and high nitrogen (CP: 13.5 %). The experimental animals of

every diet group were perfused three different levels glucose in the

duodenum, and three glucose infusion dose was 0 g/d, 20 g/d and 40

g/d respectively. The results showed that with decrease in the diet

nitrogen levels, the mRNA expression of SGLT1 and the content of

VPG, PUN, citrulline, INS, GLP-1, GLP-2, GIP and CCK declined,

but the mRNA expression of SLC7A9 and SLC7A1 increased. Isc and

GT in the jejunum increased and the level of phosphorylation of

4EBP1 and PS6k7 in the jejunum decreased. Under the condition of

low nitrogen diet, NCG added in the diet could increase SLC7A9 and

SLC7A1 mRNA expression and increase the level of phosphorylation

of 4EBP1 and PS6k7, Isc and GT in the jejunum. After infusing 20 g/d

glucose in the duodenum, the mRNA expression of SGLT1, T1R1,

T1R2 and T1R3 in the low nitrogen group was higher than in the high

nitrogen group. Collectively, the low nitrogen which was added NCG

is more apparently. It means that by properly reducing the N level in

diets, and increasing the glucose and NCG, metabolism and intestinal

nutrients sensing could be promoted.

Keywords: Arginine, Glucose, Intestinal nutrients sensing, mTOR,

White cashmere goat.

Evaluation of chitosan/fructose model as an antioxidant

and antimicrobial agent for shelf life extension of beef

meat during freezing
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NRC, Giza, Egypt
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Abstract: In the present study, the combined effect of chitosan/

fructose Maillard reaction products (CF-MRPs) with different ratios

of fructose (1.0, 2.0 and 4 %) autoclaved for 15, 30 and 45 min at

140 ± 1 �C on shelf life extension of minced beef meat during frozen

storage was investigated. Antioxidant and antimicrobial properties of

chitosan–fructose complexes were tested. Antioxidant properties were

measured by the DPPH, b-carotene and ABTS methods. These three

methods showed the same profile of antioxidant activity. Chitosan

with 4 % fructose autoclaved for 45 min (CF9) seemed to have the

most effective antioxidant activity. It is indicated that browning

product exhibited antioxidant activity. For antimicrobial activity,

most chitosan–fructose complexes were more effective than chitosan.

Thus, MRPs derived from chitosan–sugar model system can be pro-

moted as a novel antioxidant to prevent lipid oxidation in food

system. Chitosan–sugar complex could be a potential alternative

natural product for synthetic food additive replacement and also meet

consumer safety requirement.

Key words: Chitosan/fructose system, Antioxidant activity, Antimi-

crobial activity, Fresh minced beef meat.

Phosphorus supplementation improved weight gain of

rats maintained on low protein diet

Rola Hammoud1, Mark Jabbour2, Ayman Tawil, Hala Ghattas3, Omar

Obeid1

1Department of Nutrition and Food Science;
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Corresponding author: oo01@aub.edu.lb

Background and aim: Inadequate dietary protein intake is known to

be associated with several adverse health effects including the

development of protein energy malnutrition (PEM). PEM contributes

to up to 50 % of childhood mortality in developing countries and is
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usually associated with electrolyte imbalance and low total body

phosphate. Recently, maternal protein restriction in rat was reported

to favor the development of metabolic syndrome in the offspring

during adulthood. Proteins are known to be important dietary sources

of phosphorus (P). However, the involvement of P in the outcomes of

low protein diets is not clear. The aim of this study was to dissect the

impact of dietary P manipulation of low protein diet on food intake

and weight gain of rats. Egg white protein was used for this purpose

since it is known to contain negligible amount of P and have all

essential amino acids.

Methods: Forty-nine male SpragueDawley (6 weeks old) rats were

randomly allocated to five groups and given isocaloric diets. Group 1

(control) with normal protein 20 % (from egg white), and 0.3 % P,

and four groups with low protein diet 10 % (from egg white) with

different levels of phosphorus: 0.015, 0.05, 0.1, and 0.3 %. The rats

were fed ad libitum for 9 weeks and their food intake and body weight

were monitored.

Food intake, weight gain and energy efficiency (EE) of rats over the

9-week period.

Results and conclusion: Food intake, weight gain and EE of low

protein groups were improved by the addition of P, in which that of

the 0.3 % P group resembles that of the control group. Body changes

in the low protein groups are mainly related to decreased P rather than

protein intakes. Therefore, the role of P in growth and development

requires further investigation, especially under conditions of low

protein intake.

Keywords: Phosphorus, Low protein diet, Food intake, Body weight,

Rats.

Identification of biomarkers associated with excess

L-lysine intake in a rat model

Chao Wu Xiao1,2, Carla Wood1, Jesse Bertinato1,3
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2Food Science and Nutrition, Department of Chemistry, Carleton

University, Ottawa, ON K1S 5B6, Canada;
3Department of Biochemistry, Microbiology and Immunology,
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L-Lysine (Lys) is one of the most popular amino acids supplemented

in foods and drinks. However, the potential adverse health effects of

excess Lys supplementation are not fully understood and the safe

upper limits of dietary Lys intake have not been established. The

objectives of this study were to examine the effects of dietary sup-

plementation with increasing amounts of Lys on growth, food intake

and various hematological and blood biochemical parameters in rats.

Male Sprague–Dawley rats, 10 weeks old, were randomly divided

into ten groups (8 rats/group) and fed diets containing either 7 % or

20 % casein and supplemented with either 0 % (control), 1.5, 3, 6 %

Lys or 6 % Lys+ 3 % arginine for 1 week. All rats were killed for the

collection of blood and tissue samples. The results showed that the

rats fed 7 % casein with addition of 1.5 % Lys had lower serum

albumin (Alb), leptin and higher LDL cholesterol than rats fed the

7 % casein control diet (p\ 0.05). Addition of 3 % Lys with 7 %

casein significantly reduced body weight gain (BWG), food intake,

serum Alb, alkaline phosphatase (ALP), prolactin, osteoprotegerin,

leptin and HDL cholesterol, and increased mean corpuscular hemo-

globin concentration (MCHC), blood urea nitrogen and pancreatic

peptide (PP) compared to the 7 % casein control diet (p\ 0.05).

Addition of 6 % Lys with 7 % casein caused remarkable BW loss

(p\ 0.001) and altered an additional 15 biomarkers measured. Sig-

nificant linear correlations were found between Lys intake and serum

ALP (R = -0.73), HDL (R = 0.70), PP (R = 0.60), BUN

(R = 0.59) and MCHC (R = 0.52) (p\ 0.001). Addition of 6 % Lys

in a 20 % casein diet markedly reduced BWG and food consumption

and altered 13 biomarkers. Overall, this study demonstrated that the

effects of Lys supplementation was modified by dietary protein levels,

and adverse effects of excess Lys intake at low dietary protein (7 %)

were noted with 1.5 % Lys supplement in rats. The blood levels of

MCHC, PP, ALP, HDL and BUN may be used as markers of Lys

excess.

�Gut microbiota and aminopeptidase activities: the

quest for the link between high-fat diets and

hypertension

Martı́nez-Canamero M1*, Hidalgo M1, Villarejo AB2, Segarra AB2,

Cobo A1, Ramı́rez-Sánchez M2, Prieto I2

1Unit of Microbiology, Department of Health Sciences, University

of Jaén, Jaén, Spain;
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of Jaén, Jaén, Spain

*Presenting author
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Abstract
It has been proposed that the type of fat in the diet possesses a

modulatory role in cardiovascular function. There is growing evi-

dence for a preventive role of extra virgin olive oil (EVOO) in

cardiovascular diseases. However, the involved mechanisms in this

effect are not yet totally understood. There is a local renin–an-

giotensin–aldosterone system in the kidney, which plays a major role

in the pathogeny of hypertension. In this system, Ang II is metabo-

lized to Ang III and this peptide to Ang IV by, respectively, glutamyl-

(GluAP) and alanyl- (AlaAP) aminopeptidase activities. The AT4

receptor for Ang IV has been identified as the insulin-regulated

aminopeptidase (IRAP), which is identical to cystinyl-aminopeptidase

(CysAP) and functionally associated with the GLUT4 glucose

transporter.

There is an increasing interest in the influence of the gut micro-

biota on physiological processes such as the control of blood pressure

through its modulation of vasoactive peptides. The microbiota may

have an influence on these processes through the generation of

metabolites, which enter the bloodstream via colonic absorption.

Therefore, there is an interaction between gut microbiota and blood

Control n = 10 P (0.015 %) n = 9 P (0.05 %) n = 10 P (0.1 %) n = 10 P (0.3 %) n = 10 Anova Pvalue

Food intake (g/day) 22.88 ± 2.163a 19.20 ± 2.361b 19.70 ± 1.635b 23.13 ± 1.339a 23.70 ± 2.446a 0.000

Weight gain (g/day) 4.758 ± 0.677a 1.896 ± 0.578d 2.651 ± 0.407c 4.036 ± 0.506b 4.344 ± 1.261ab 0.000

EE (g/100 kcal) 5.073 ± 0.599a 2.382 ± 0.875d 3.311 ± 0.560c 4.361̆ 0.497b 4.408 ± 1.139ab 0.000

* Results are expressed as mean ± SD. Values that do not share the same superscript are statistically significant
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pressure control, with its analysis being of particular interest to search

new strategies for the prevention of cardiovascular diseases.

We have recently demonstrated that the type of fat used in the diet

differentially affects blood pressure and other physiologic parameters

and also modifies selectively the profile of gut microbiota in com-

parison with a standard diet.

In the present study, we analyzed the influence on gut microbiota,

blood pressure levels and kidney aminopeptidase activities of two

high-fat diets: one of them enriched with EVOO and the other with

butter, which were compared with control mice fed a standard low-fat

diet. Results demonstrated that, in comparison with controls, the two

high-fat diets modified differently the profile of gut microbiota, but

only the diet enriched with butter increased blood pressure. In kidney,

while the diet enriched with butter decreased AlaAP and CysAP, the

diet enriched with EVOO increased GluAP activity. These results may

suggest an interaction between the type of diet, profile of gut micro-

biota, level of blood pressure and kidney aminopeptidase activities.

Acknowledgments: This work was supported by the Andalusian

Government (Consejerı́a de Economı́a, Innovación y Ciencia.

Proyecto de Excelencia Ref. AGR 6340 and Programa Operativo

FEDER Andalucı́a Ref. UJA2014/02_FT49).

Alpha-ketoglutarate lowers body weight and affects

intestinal immunity through intestinal microbiota
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Abstract: Alpha-ketoglutarate (AKG) is a keto acid synthesized by

deamination of glutamate and a critical intermediate in the tricar-

boxylic acid cycle. AKG shows beneficial effects on intestinal growth

and integrity. However, the function of AKG in the intestinal immune

system and microbiota is unknown. This study explores the effects of

AKG supplementation on mouse intestinal immunity and intestinal

microbiota. 120 female ICR mice were randomly assigned into four

groups: (1) basal diet + normal water, (2) basal diet + AKG supple-

mentation water (10 mg/ml), (3) basal diet + antibiotics-

supplemented water (1 g/L ampicillin; 450 mg/L streptomycin), (4)

basal diet + water supplemented with antibiotics and AKG (1 g/L

ampicillin; 450 mg/L streptomycin; 10 mg/ml). On day 14, all mice

were killed for the collection of ileum, luminal contents in the ileum

and feces. The water intake, food intake and body weight gain were

monitored during the whole experiment. The composition of the

intestinal microbiota in feces and liminal content of ileum was ana-

lyzed by 16S rDNA sequencing. The expression of the intestinal

proinflammatory cytokines and innate immune factors was analyzed

by RT- PCR. Compared with group 1, AKG supplementation lowered

body weight and influenced intestinal microbiota; however, AKG

supplementation had little effect on body weight in antibiotics-treated

mice. Group 2 AKG supplication inhibited the expression of Muc4 in

mouse ileum and promoted expression of mammalian defensins of the

alpha subfamily (including Cryptdin1, Crydin4, and Crytdin5)

compared with group 1. Meanwhile in antibiotic treatments, AKG

reduced the expression of Cryptdin 1 and Cryptdin 5. We concluded

that AKG affected body weight and intestinal immunity through

intestinal microbiota.

Keywords: Alpha-ketoglutarate, Intestinal immunity, Intestinal

microbiota.

Impact of prolonged leucine supplementation

on protein synthesis and lean growth in neonatal pigs

Teresa A. Davis, Daniel A. Columbus, Julia Steinhoff-Wagner,

Agus Suryawan, Marta L. Fiorotto, and Hanh V. Nguyen

USDA/ARS Children’s Nutrition Research Center, Department

of Pediatrics, Baylor College of Medicine, Houston, TX, 77030, USA

Most low birth weight infants experience extrauterine growth failure

due to insufficient nutrient intake. Leucine has been shown to have

anabolic properties in skeletal muscle. The objective of this study was

to determine if prolonged leucine supplementation increases lean

growth in neonatal pigs fed a restricted protein diet. Neonatal pigs (5-

day-old; n = 14–16/trt; 1.9 ± 0.3 kg BW) were fed by gastric

catheter a whey-based milk replacement diet with either a high pro-

tein (HP; 22.5 g/kg BW/day protein, 2.4 g/kg BW/day leucine) or

restricted protein (RP; 11.2 g/kg BW/day protein, 1.2 g/kg BW/day

leucine) content or RP supplemented with leucine to the same level as

in the HP diet (RPL). Pigs were fed 40 ml/kg BW per meal every 4 h

for 21 days. The mass of the longissimus dorsi (LD) and soleus

muscles was increased in the HP compared to RP group (P\ 0.05)

with LD in pigs fed the RPL intermediate to the RP- and HP-fed pigs.

Protein synthesis was increased in all muscles in response to a meal

(P\ 0.05) and was further increased in RPL and HP compared to the

RP group in LD muscle (P\ 0.05). Feeding also increased phos-

phorylation of 4EBP1 and S6K1 and formation of the active

eIF4G�eIF4E complex in LD (P\ 0.05) and the activation of these

mTOR signaling proteins was further enhanced in the RPL and HP

groups (P\ 0.05). There was no effect of diet on indices of protein

degradation signaling. Thus, when protein intake is chronically

restricted, the capacity for leucine supplementation to enhance muscle

protein accretion in neonatal pigs that are meal-fed protein-based

diets is limited. (Supported by NIH AR444474, NIH HD072891,

USDA NIFA 2013-67015-20438, and USDA/ARS 6250-51000-055).
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weaned piglets

Guiping Guan1,2, Xiao Luo1, Jinping Deng1, Gang Liu2*, Bie Tan2,

Hongbing Wang3, Wei Gao2, Fang Jun1, Tiejun Li2

1College of bioscience and biotechnology, Hunan Agricultural

University, Changsha, Hunan 410128, People’s Republic of China;
2Observation and Experiment Station of Animal Nutrition and Feed

Science in South-Central China, Ministry of Agriculture, Hunan

Provincial Engineering Research Center for Healthy Livestock

and Poultry Production, Key Laboratory of Agro-ecological Processes

in Subtropical Region, Institute of Subtropical Agriculture, Chinese

Academy of Sciences, Changsha City, Hunan 410125, People’s

Republic of China;
3Hunan Institute of Animal and Veterinary Science, Changsha,

Hunan, 410131, People’s Republic of China

*Corresponding author: liugang@isa.ac.cn

1642 14th International Congress on Amino Acids, Peptides and Proteins

123



Selenium (Se), as an essential trace element and a functional com-

ponent of the antioxidant defense system, is needed for the

maintenance of the immune functions. 40 21-day early-weaned piglets

with similar body weight were randomly assigned into four treatments,

with 10 replicates per treatment and 1 piglets per replicate. The control

treatment (T1) was fed with basic diet; the other treatment groups were

supplemented with 0.1 % (T2), 0.2 % (T3) and 0.3 % (T4) yeast

selenium in basal diets, respectively. On day 21, dietary yeast sele-

nium (T2, T3, and T4) increased (P\ 0.05) the average daily feed

intake (ADFI), average daily gain (ADG), and final body weight sig-

nificantly, and decreased the feed/gain ratio (P\ 0.05) significantly

compared with T1. Results indicated that compared to the control

group, T2 and T3 decreased (P\ 0.05) the activities of myeloperox-

idase (MPO) and the concentration of malondialdehyde (MDA) in the

plasma, as well as increased (P\ 0.05) the activities of catalase

(CAT) in the plasma. No significant difference was found in super-

oxide dismutase (SOD) among all the groups. On day 21, T2 and T3

increased serum concentrations of Ser, Lys and Arg (P\ 0.05) sig-

nificantly, whereas T1 had a trend of increasing Ser, Lys and Arg

(P[ 0.05) level. These findings indicate the beneficial effects of

dietary yeast selenium on growth performance and antioxidant status.

Impact of dietary protein level on digestive and immune

proteomics profiles of piglets’ intestine

Xianyong Ma1,2,3, Zhimei Tian1,2,3, Jian Zhang1,2,3,

Zongyong Jiang1,2,3

1Institute of Animal Science, Guangdong Academy of Agricultural

Sciences, Sudan, China;
2The Key Laboratory of Animal Nutrition and Feed Science (South

China) of Ministry of Agriculture, Guangzhou, China;
3State Key Laboratory of Livestock and Poultry Breeding,

Guangzhou 510640, People’s Republic of China)

Abstract: The objective of this research is to investigate the effect of

low dietary CP level with free AA supplementation on digestive and

immune proteomics profiles of piglets’ intestine. Eighteen piglets

(Duroc 9 Landrace 9 Yorkshire, female) were weaned at 28 days of

age, and the experiment began after a 7 days adaptation period when

the piglets were weighed to determine an initial mean body weight

(BW) (9.57 ± 0.64 kg, mean ± SD). Pigs were randomly assigned to

three different groups (6 pigs/treatment): 20 % CP group (control,

NRC 2012 requirements), 17 % CP group and 14 % CP group. Each of

the groups were fed diets with different levels of CP (14, 17 and 20 %),

but the same level of digestive energy and four amino acids: Lys, Met,

Thr, Try, respectively. All of the animals were housed individually in

cages and had free access to feed and drinking water at all times

throughout the experimental period. Blood and longissimus muscle

were collected immediately for experiment after pigs were killed.

Results: Compared with the control (20 % protein level), the average

daily feed intake, the average daily gain and gain feed ratio of the

17 % protein level did not decrease (P[ 0.05), but those of 14 %

protein level decreased (P\ 0.05). KEGG pathway analysis for the

proteomics profiles showed that, compared with the control, steroid

hormone biosynthesis, ribosome, alcoholism and chemical carcino-

genesis were down-regulated, while focal adhesion, PI3K-Akt

signaling pathway, phagosome, protein digestion and absorption,

ECM–receptor interaction, complement and coagulation cascades

were up-regulated in the 17 % protein group. Although the protein

digestion and absorption, ECM–receptor interaction and complement

and coagulation cascades were up-regulated, the protein export also

was up-regulated in the 14 % protein group, while alcoholism, insulin

signaling pathway, systemic lupus erythematosus, PPAR signaling

pathway, fat digestion and absorption and neuroactive ligand–

receptor interaction were down-regulated. Conclusion: the protein

level decreased from 20 to 17 %, the growth performance was not

affected, the protein digestion and absorption was increased and the

immune function was also improved, which implied that 17 % protein

level may be of benefit for nutrition absorption in pigs.

Control of cell signaling by O-GlcNAcylation, the sweet

counterpart of phosphorylation

Agata Steenackers, Steffi Baldini, Maı̈té Leturcq, Louis Masclef,

Moyira Aquino-Gil, Anne-Marie Mir, Marlène Mortuaire,

Annick Pierce, Anne-Sophie Vercoutter-Edouart,

Ikram El Yazidi-Belkoura and Tony Lefebvre

Lille 1 University, CNRS/UMR 8576, Unit of Structural

and Functional Glycobiology, Villeneuve d’Ascq, France

Post-translational modifications (PTM) are the ultimate element that

perfects the existence and the activity of proteins. Owing to PTM, no

fewer than 500 million biological activities arise from approximately

20,000 protein-coding genes in humans. PTM regulate protein func-

tions by promoting or preventing protein–protein interactions (theory

of ‘‘one partner–one function’’). The modification therefore re-local-

izes the protein, impacts on its expression or regulates enzyme activity

as shown recently for PFK1. Glycosylations is a large family of PTM

that includes O-GlcNAcylation and may be the simplest one from the

structural point of view. O-GlcNAcylation consists in the reversible

addition of a single N-acetylglucosamine to the hydroxyl groups of

serine and threonine of cytosolic and nuclear proteins. O-GlcNAcy-

lation processes are managed by a unique couple of enzymes, namely

OGT (O-GlcNAc transferase classified to the GT41 family in CAZy)

responsible for the transfer of the GlcNAc moiety and OGA (O-

GlcNAcase classified to the GH84 family in CAZy) that reverses the

reaction. Despite appearances, O-GlcNAcylation hides a very complex

regulation mode, such as phosphorylation with which O-GlcNAcyla-

tion could either compete or act in concert. In this way, O-

GlcNAcylation is part of signaling pathways which control the level of

the glycosylation and in turn O-GlcNAcylation interferes with the

regulation of the PI3K and MAPK pathways. Moreover, in response to

insulin, OGT is targeted to lipid microdomains in a PI3K-dependent

manner. O-GlcNAcylation levels intimately correlate with the nutri-

tional status of the cell due to the nature of the nucleotide–sugar,

UDP–GlcNAc, from which it comes from. Therefore, O-GlcNAcyla-

tion relays nutrient and energy status to cell homeostasis. Accordingly,

we recently proposed that b-catenin O-GlcNAcylation, which reduces

its proteasomal susceptibility, is responsible for epithelial tumorige-

nesis. Our in vivo experiments show that Ob/Ob mice, in comparison

with C57Bl6 mice, developed tumors few weeks after injection of

azoxymethane (AOM) and that mice fed a high-carbohydrate diet

exhibited higher amounts of b-catenin and O-GlcNAc compared with

mice placed on a standard diet. These results show that the rate of O-

GlcNAcylation correlates with availability of nutrients and could

explain how a nutritional imbalance interferes with colorectal cancer

emergence. We next investigated the influence of OGT on cancer cells

lines properties, such as proliferation, migration and aggregation. We

showed that OGT silencing decreased proliferation, migration and

adhesion of cancer cell lines such as HT29 and HCT116, but also of

the fetal non-cancer cell line CCD841CoN. In another set of studies,

we showed that O-GlcNAcylation is crucial for cell cycle progression.

OGT is required for quiescent cells to reach the G0/G1 transition,

notably glycosyltransferase is needed for cyclinD1 expression, and for

Xenopus laevis oocytes to mature in a process similar to G2/M tran-

sition. On the contrary, OGA activity correlates with G1/S transition.

The focus of this talk is to give precise examples in which OGT and O-

GlcNAcylation are pivotal elements for cell fundamental processes.
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O-GlcNAcylation and pre-replication: OGT interacts

with the MCM2-7 helicase complex in human somatic

cells

LETURCQ Maı̈té, MORTUAIRE Marlène, LEFEBVRE Tony,

VERCOUTTER-EDOUART Anne-Sophie

Unité de Glycobiologie Structurale et Fonctionnelle, UMR CNRS

n�8576, FraBio FR3688 CNRS, Université de Lille, Sciences et

Technologies, Villeneuve d’Ascq, France

Several works, including those of our laboratory, showed that a dis-

ruption of the dynamics of O-GlcNAcylation affects cell division. In

addition, the overexpression of O-GlcNAc transferase (OGT) and the

increase of its activity contribute to tumorigenesis by promoting

growth and invasion of cancer cells, both in in vitro and in vivo

models. We previously studied the importance of O-GlcNAcylation

during G0/G1 and G1/S transitions in human somatic cells and iden-

tified around 60 proteins for which differences in O-GlcNAcylation

status were observed between G1 and S phases. Among them, we

demonstrated that the mini chromosome maintenance proteins MCM2,

MCM3, MCM6 and MCM7 involved in the formation of the pre-

replicative complex are differentially O-GlcNAcylated between the

G1 and S phases. The aim of our present work is to decipher the role of

O-GlcNAcylation and OGT in the formation, the recruitment to the

chromatin and the helicase activity of the MCM2–7 complex in human

somatic cells. By co-immunoprecipitation approach and in situ prox-

imity ligation assay (PLA), we show that OGT interacts with some of

the MCM proteins. Furthermore, the extinction of the expression of

either OGT or OGA by RNA interference alters the localization of

certain subunits of the MCM2–7 complex between the soluble and

chromatin-bound fractions. Finally, we are currently studying the

crosstalk between phosphorylation and O-GlcNAcylation on the MCM

proteins by two-dimensional electrophoresis combined with Click-

chemistry labelling and western blotting. Overall, this study will bring

new elements to understand the role of OGT in the molecular mech-

anisms involved in the regulation of the initiation of DNA synthesis.

Role of O-GlcNAcylation in cell signaling

and pathophysiology

Tarik ISSAD

Institut Cochin, Université Paris Descartes, CNRS (UMR 8104)

Inserm, U1016, Paris, France. E-mail: tarik.issad@inserm.fr

O-GlcNAc glycosylation (O-GlcNAcylation) corresponds to the

addition of N-acetylglucosamine on serine and threonine residues of

cytosolic and nuclear proteins. O-GlcNAcylation is a dynamic post-

translational modification, analogous to phosphorylation, which reg-

ulates the stability, the activity or the sub-cellular localisation of

target proteins. This reversible modification depends on the avail-

ability of glucose and therefore constitutes a powerful mechanism

by which cellular activities are regulated according to the nutritional

environment of the cell. O-GlcNAcylation has been implicated in

important human pathologies including Alzheimer disease, type-2

diabetes and cancer. Only two enzymes, OGT and OGA, control the

O-GlcNAc level on proteins. Therefore, O-GlcNAcylations do not

organize in signaling cascades as observed for phosphorylations.

O-GlcNAcylations should rather be considered as a ‘‘rheostat’’ that

controls the intensity of the signals travelling through different

pathways according to the nutritional status of the cell. For instance,

OGT attenuates insulin signal by O-GlcNAcylation of proteins

involved in proximal and distal steps in the PI-3 kinase signaling

pathway. This negative feedback may be exacerbated when cells are

chronically exposed to elevated glucose concentrations and could

thereby contribute to alterations observed in diabetic patients. Thus,

we previously provided the first evidence that O-GlcNAcylation of

FoxO1 in liver cells stimulates its transcriptional activity, resulting

in increased expression of genes involved in glucose production by

the liver. More recently, we observed that O-GlcNAcylation of

FoxO1 occurs in pancreatic b-cells under hyperglycaemic condi-

tions, and this could contribute to the deleterious effects of

hyperglycaemia on b-cell pancreatic function, resulting in worsen-

ing of hyperglycaemia (glucotoxicity). In addition, several lines of

evidence indicate that O-GlcNAcylation in immune cells may also

participate in inflammatory processes associated with chronic

hyperglycaemia. Therefore, this post-translational modification

appears to play crucial roles in chronic diseases associated with

modern lifestyle.

Metabolic control of tumor growth by PKM2 O-

GlcNAcylation

Xiaoyong Yang

Section of Comparative Medicine, Department of Cellular

and Molecular Physiology, Yale University School of Medicine, 333

Cedar Street, New Haven, CT 06519, USA

Metabolism drives all biological processes, dysregulation of which

fuels a plethora of human diseases. This is largely achieved by

reprogramming gene expression in the metabolic network. However,

a major question in the field is how various posttranslational modi-

fications of metabolic enzymes contribute to metabolic alterations in

normal and disease states. Tumor cells divert a majority of glucose to

anabolic pathways to support rapid cell growth. A fraction of glucose

channelled into the hexosamine biosynthesis pathway enables the

dynamic post-translational modification of intracellular proteins by

O-linked b-N-acetylglucosamine (O-GlcNAc). O-GlcNAcase (OGA

or NCOAT) is a bifunctional enzyme harboring O-GlcNAc hydrolase

and cryptic lysine acetyltransferase activities. Here, we report that

OGA drives aerobic glycolysis and tumor growth by inhibiting

pyruvate kinase M2 (PKM2). PKM2 is dynamically O-GlcNAcylated

in response to glucose. Under nutrient-rich conditions, PKM2 is a

target of OGA acetyltransferase activity, which facilitates the

recruitment of O-GlcNAc transferase (OGT) to O-GlcNAcylate

PKM2. O-GlcNAcylation inhibits PKM2 enzymatic activity and

promotes tumor growth. These studies define PKM2 O-GlcNAcyla-

tion as a metabolic rheostat that regulates aerobic glycolysis, and

suggest that the crosstalk between various post-translational modifi-

cations on metabolic enzymes integrates metabolic cues to control

cell survival and proliferation.

Type of presentation: Invited talk.

Use of a cytotoxic HEXIM1 peptide in cancer therapy

Shu Hui Neo1, Qiao Jing Lew1, Ser Mei Koh2, Sheng-Hao Chao1

1Expression Engineering Group, Bioprocessing Technology Institute,

Agency for Science, Technology and Research (A*STAR), Singapore

138668, Singapore;
2Temasek Polytechnic, 21 Tampines Avenue 1, Singapore 529757,

Singapore

Correspondence: Sheng-Hao Chao jimmy_chao@bti.a-star.edu.sg

Abstract: Hexamethylene bisacetamide-inducible protein 1 (HEXIM1)

is best known as the inhibitor of positive transcription elongation factor b
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(P-TEFb) and is recently identified as a novel positive regulator of p53.

Our previous studies show that human double minute-2 protein ubiq-

uitinates the basic region (BR) of HEXIM1. The BR is also found to

mediate the binding of HEXIM1 to a nucleolar protein, nucleophosmin

(NPM), which is critical in ribosome biogenesis. Here, we report that the

treatment of cells with a fusion peptide, which comprises BR and a cell-

penetrating peptide, and triggers rapid cytotoxic effect independent of

p53. When fused with a breast cancer cell-targeting peptide, LTV, the

LTV–BR fusion peptide exhibits specific killing of breast cancer cells.

Unlike the commonly used cytotoxic peptide, KLA, BR peptide shows

minimal or no non-specific cell killing when it is not fused with any cell-

penetrating or cancer-targeting peptides. We find that HEXIM1 BR

peptide depolarizes mitochondrial membrane potential in minutes and its

cell-killing activity is unaffected by caspase inhibition, suggesting that

HEXIM1 peptide induces cell toxicity through a non-apoptotic mecha-

nism. Furthermore, we observed an accumulation of the internalized BR

peptide in the nucleoli of treated cells and an altered localization of

NPM. These results illustrate a novel mechanism by which the BR

peptide induces cell death by disrupting mitochondrial membrane

potential and sub-cellular localization of NPM, possibly leading to

inhibition of ATP generation and ribosome biosynthesis/protein trans-

lation, respectively. Taken together, we demonstrate the potential use of

HEXIM1 BR peptide as a novel therapeutic peptide against cancer.

Interactions of Galleria mellonella cecropin D-like

peptide with bacterial cells

Agnieszka Zdybicka-Barabas1, Bo _zena Pawlikowska-Pawlęga2,

Sylwia Stączek1, Aneta Sowa-Jasiłek1, Wiesław I. Gruszecki3,

Krzysztof Skrzypiec4, Ewaryst Mendyk4, Paweł Mak5,

Małgorzata Cytryńska1
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and Biotechnology, Maria Curie-Skłodowska University,

Akademicka 19 St., 20-033 Lublin, Poland;
2Department of Comparative Anatomy and Anthropology, Faculty

of Biology and Biotechnology, Maria Curie-Skłodowska University,

Akademicka 19 St., 20-033 Lublin, Poland;
3Department of Biophysics, Faculty of Mathematics, Physics,

and Informatics, Maria Curie-Skłodowska University, M.C.

Skłodowska Square 1, 20-031 Lublin, Poland;
4Analytical Laboratory, Faculty of Chemistry, Maria Curie-

Skłodowska University, M.C. Skłodowska Square 5, 20-031 Lublin,
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5Department of Analytical Biochemistry, Faculty of Biochemistry,

Biophysics, and Biotechnology, Jagiellonian University,

and Malopolska Centre of Biotechnology, Gronostajowa 7 St.,

30-387 Krakow, Poland

Antimicrobial peptides (AMPs) have been described as evolutionary

ancient weapons, which are produced by a wide variety of organisms

as part of an innate immune response. The secondary structures of

AMPs could allow dividing them into: (1) a-helical, (2) b-stranded

due to the presence of two or more disulphide bonds, (3) b-hairpin or

loop due to the presence of a single disulphide bond and/or cycliza-

tion of the peptide chain, and (4) extended. In hemolymph of the great

wax moth Galleria mellonella larvae, an impressive set of cationic

and anionic peptides differing in biochemical and antimicrobial

properties was reported. We purified and characterized eight G.

mellonela peptides, which appeared in larval hemolymph after

immune challenge, among which eas the cecropin D-like peptide.

Cecropins are one of the best-known a-helical cationic AMPs isolated

from insects; however, cecropin D family members have been

described only in Lepidoptera. Cecropins have an ability to kill or

neutralize Gram-negative and Gram-positive bacteria, fungi

(including yeasts), parasites, cancer cells, and even enveloped viruses

like HIV. It is known that a-helical peptides disrupt cell membrane,

which finally leads to bacterial death.

In the present study, we demonstrated that a 2.5 lM concentration

of G. mellonella (Gm) cecropin D-like peptide is enough to perforate

Escherichia coli JM83 cells. To provide more insight into the

antimicrobial action of Gm cecropin D-like peptide, the bacteria

incubated without and in the presence of the peptide were imaged

using atomic force microscopy (AFM) and transmission electron

microscopy (TEM). The cell surfaces of the peptide-treated bacteria

became rougher in comparison to the control cells and deep holes

were visible. The RMS roughness values of these cells after 60 min

incubation with the peptide increased considerably to 2.58 (±0.65) in

comparison with 1.78 (±0.46) calculated for the control ones. The

evident changes in the surface structure were accompanied by chan-

ges in the biophysical properties. The analysis of the images

suggested that treatment of the cells with the Gm cecropin-D-like

peptide decreased the cell turgor pressure, which was confirmed by

significantly decreased elasticity, reflected by the DMT (Derjaguin-

Muller-Toporov) modulus, ca. 3- and 2.5-fold after 30 and 60 min

incubation, respectively. In turn, the adhesive force between the AFM

tip and cell surface after 30 min incubation was almost unaffected,

but 60 min incubation was sufficient to decrease it ca. 2.6-fold. To

examine the direct effect of the Gm defense peptide on E. coli cell

morphology, the bacterial cells were observed by TEM. Microscopic

investigations of the cells treated with the Dm cecropin D-like peptide

for 60 min revealed many alterations of the structure of E. coli cells,

especially cell envelope damage and changes in the cytoplasm

appearance. The peptide induced disruption in the cell wall and

appearance of an enlarged periplasmatic space. Swollen cells with

clear cytoplasm that retained the shape were also observed. Moreover,

Fourier transform infrared (FTIR) spectroscopy was used to gain

detailed information on the type of conformational changes in Gm

cecropin D-like peptide induced by interactions with E. coli cells. The

results indicated that Gm cecropin D-like peptide binding to com-

ponents of the bacterial cell envelope is responsible for the anti-

E. coli JM83 activity of this a-helical AMP.

The work was financially supported by the Grant No. 2012/05/B/

NZ1/00033 from National Science Centre (Poland).

Structural characterization and antimicrobial activity

of innovative compounds: a novel strategy for in silico

peptides design
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Infectious diseases account for approximately 13.3 million deaths

worldwide each year. With the increasing emergence of multidrug-

resistant microorganisms, the demand for new and more effective

antimicrobial agents has never been more urgent and several strategies

have been so far used to develop novel antimicrobial peptide agents.

Recently it has been reported that different antimicrobial peptides

exhibit an immediate cytotoxic effect against cancer cells, selectively

causing a mitochondrial membrane damage and subsequent triggering
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apoptosis [1]. Therefore, it can be supposed that mitochondrial tar-

geting peptides could also display antimicrobial activity by binding

and disrupting the plasma membrane of bacterial cells.

In this context, two peptides named rNterC and rTM2C including

13 and 15 amino acids, respectively, were projected starting from

protein sequences which are known to bind or to be targeted to the

outer mitochondrial membrane. By site-directed mutation modeling

using wild-type sequences as scaffolds, the peptides were modified to

possibly increase antimicrobial potency taking into account several

important aspects specifically concerning the appropriate balance

among the total net charge, amphipathicity and hydrophobicity [2].

Usually, a large proportion of antimicrobial peptides are unstruc-

tured in aqueous solution but they adopt amphipathic a-helices when

bound to a phospholipid bilayer. However, in different solvents (such

as TFE) these peptides can change conformation if they have a ten-

dency to fold.

Aim of the study was to investigate the structural properties of the

two peptides and to evaluate their antimicrobial activity against Lis-

teria monocytogenes (NCTC 11994-HPA—London) using different

concentrations (10, 50, 100 lg/mL); for the assays we suspended a

lenticula of L. monocytogenes (4.3 9 103–2.1 9 104 UFC/lenticule

disc) and the growth of the microorganism was observed in two

different culture media: blood agar (Biolife-Italia) and ALOA med-

ium (Biolife-Italia). Results revealed that the highest concentration

produced the best antimicrobial activity for both peptides analyzed.

Specifically, at 100 lg/mL concentration, rTM2C efficiently inhib-

ited the growth of L. monocytogenes by 98.5 or 99.0 %, on blood agar

or ALOA medium, respectively, while at the same concentration

rNterC inhibited the growth of L. monocytogenes, by 94.7 or 95.5 %,

on the two culture media, respectively.

Finally, circular dichroism (CD) analyses performed in different

environment and temperature conditions revealed that rTM2C
assumed a a-helix structure in TFE 50 % which was stable until

50 �C and a combined a-helix/b-turn structure in 3 and 10 mM SDS

which remained stable until 90 �C. In contrast the rNterC peptide

showed CD spectra typical of a random-coil structure in all experi-

mental conditions investigated.

Moreover, preliminary studies by NMR spectroscopy suggested a

large number of inter-residue NH–NH contacts in rTM2C and an a-

helix structure at the C-terminal region even if the spectra were

acquired in a strong denaturing solvent such as DMSO.

1. Constance JE, Lim CS (2012) Targeting malignant mitochondria

with therapeutic peptides. Ther Deliv 3(8):961–979.

2. Lira F, Perez PS, Baranauskas JA, Nozawa SR (2013) Prediction of

antimicrobial activity of synthetic peptides by a decision tree model.

Appl Environ Microbiol 79(10):3156–3159.
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Abstract: Hyperphosphorylated Tau protein preparation, as the

marker of Alzheimer disease, was the purpose for the kinases

immobilizations. We focused on the immobilization of proline-di-

rected protein kinases: extracellular signal-regulated kinase (ERK2)

and glycogen synthase kinase 3b (GSK-3b).

Today, the carriers with immobilized enzymes as recoverable, stable

and specific catalysts are routinely applied in many fields of industry

and science, e.g. basic biochemical and pharmacological research.

Magnetic microparticle carriers bring the advantage of the non-

contaminating and very specific and sensitive reaction on their

substrates, peptides and proteins. Magnetic microparticles were used

for the kinase immobilization: BcMag�-Aldehyde, SeraMag-car-

boxyl, SIMAG-PGL, SIMAG-IDA-Co2+, and SIMAG-IDA-Ni2+.

Relevant methods of covalent immobilization, non-oriented and

oriented, were chosen and reaction conditions were optimized.

Phosphorylations of low molecular substrates followed by MALDI

MS analysis were used as detection system. Operational and storage

stabilities of kinase-superparamagnetic beads were observed. Both

the soluble and immobilized ERK2 and GSK-3b were applied for

recombinant tau protein phosphorylation. Tryptic phosphopeptides

enrichment was performed by ion-metal affinity chromatography

using TiO2 magnetic nanoparticles. The level and the position of

phosphorylation sites were identified using MALDI-LTQ-Orbitrap

MS.

Present results document very well the ability of ERK2- and GSK-

3b-superparamagnetic beads to phosphorylate the target peptides or

proteins with desired efficiency and specificity. The process of

phosphorylation can be better controlled; subsequent purification of

phosphorylated Tau can be omitted.

Acknowledgments: EU project NADINE No. 246513, research

project GACR P304/12/G069.

New synthetic cathelicidin peptides with anti-microbial
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The Gram-positive Staphylococcus aureus is a major human pathogen

[1, 2], and the increasing prevalence of methicillin-resistant S. aureus

(MRSA) in hospitals and communities, both human and animal has

led to a demand for new agents that could be used to decrease the

spread of this bacterium.

Anti-microbial peptides (AMPs) are essential components of

innate immunity in humans and other higher organisms, contributing

to our first line of defense against infection. The AMPs belonging to

the cathelicidin family are a large group of peptides ranging from 12

to 80 amino acid residues in length. LL-37 [3] is the 37-residue

human cathelicidin, which represents one of the most studied AMP

showing a broad-spectrum anti-microbial activity against Gram-neg-

ative and Gram-positive bacteria, including S. aureus [3]. However,

MRSA strains appear to be less sensitive to LL-37 [4], demonstrating

the need to identify more effective AMPs. Thus, we have developed

two synthetic cathelicidin peptides, hCath-D and NaCath-D, from

human and snake (Naja atra), respectively, and tested their anti-mi-

crobial activity against MRSA. The peptides were modified to

possibly increase antimicrobial potency taking into account the

appropriate balance among the total net charge, amphipathicity and

hydrophobicity. Interestingly, they showed a significant potential
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antimicrobial activity (Boman index: 3.0 and 2.54, GRAVY values:

0.22 and -1.58, total net charge: +5 and +8, for hCath-D and NaCath-
D, respectively), when submitted to the predictive tool available at the

Antimicrobial Peptide Database v2.34 (APD2; http://aps.unmc.edu/A

P/main.php).

In addition, using different concentrations (25, 50, 100 lM) of

both peptides in anti-microbial assays against MRSA (ATCC 33591),

it was demonstrated that only hCath-D was effective in killing the

tested strain using a concentration of 100 lM.

Hence, this peptide can be used in the development of new

pharmaceuticals research activities or in the food industry to increase

the shelf life of foods products.

1. Menzies BE, Kenoyer A (2005) Staphylococcus aureus infec-

tion of epidermal keratinocytes promotes expression of innate

antimicrobial peptides. Infect Immunity 73(8):5241–5244.

2. Lowy FD (1998) Staphylococcus aureus infections. N Engl J

Med 339(8):520–532.

3. Gennaro R, Scocchi M, Merluzzi L, Zanetti M (1998) Biolog-

ical characterization of a novel mammalian antimicrobial peptide.

Biochimica et Biophysica Acta 1425(2):361–368.

4. Ouhara K, Komatsuzawa H, Kawai T, Nishi H, Fujiwara T,

Fujiue Y, Kuwabara M, Sayama K, Hashimoto K, Sugai M (2008)

Increased resistance to cationic antimicrobial peptide LL-37 in

methicillin-resistant strains of Staphylococcus aureus. J Antimicrob

Chemother 61(6):1266–1269.

Chemical modifications of peptide sequences via S-

alkylation reaction performed on solid–solid phase
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Chemical derivatization of an individual amino acid is a commonly

used approach to manipulate and study protein and peptide thera-

peutics. In this regard, we have recently described a strategy for

performing postsynthetic peptide modifications via selective S-alky-

lation of a peptide sequence, under mild conditions, that requires only

the appropriate alkyl halide and activated molecular sieves to catalyze

the reaction. This approach was widely applied to various alkyl

groups.

The current work focuses on the alkylation of cysteine-con-

taining peptides anchored to the solid support. In other words, we

tried to tune the S-alkylation reaction parameters by performing

chemical modification on solid–solid phase. Indeed, in analogy with

previously reported studies, the solid molecular sieves are employed

as base to promote the S-alkylation. As we have previously dis-

cussed, the molecular sieves, activated by heating at 280 �C for 4 h

under vacuum in atmosphere of Ar, are supposed to capture the

proton of the sulfhydryl group. A broad range of peptide models

were synthesized, all containing one or more cysteine residues

protected with the acid-labile methoxytrityl group on their side

chain. The alkylation was performed by suspending the peptidyl-

resin in DMF, then the appropriate alkyl halide was added and the

stirring was kept at room temperature for 12 h. The reached yields

were quite high for most of the chosen alkyl groups. As an appli-

cation of this novel strategy, we have planned to synthesize

peptides reproducing natural sequences and containing specific

substituents on cysteine residues.

Cyclopropane pipecolic acids as templates for linear

and cyclic peptidomimetics
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Cyclopropane amino acids have been exploited to reduce conforma-

tional mobility in peptidomimetics.1 However, to our knowledge there

are no reports on Cyclopropane Pipecolic Acids (CPA) embodied in

peptides.

Employing as key steps Pd-catalyzed methoxycarbonylations and

OH-directed cyclopropanations, we managed to synthesize various

substituted CPAs2,3 and to use them to build linear and cyclic pep-

tidomimetics (figure 1)0.3
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We obtained two cyclic peptidomimetics bearing an RGD amino

acid sequence, which displayed nanomolar activity as antagonists for

the avb3 subfamily of integrins.3 This protein plays a critical role in

tumour-induced angiogenesis and metastasis, representing a potential

therapeutic target.

Thus, CPAs appear suitable for the generation of novel pep-

tidomimetics for drug discovery.

References:
1. Hanessian S, Auzzas L (2008) Acc Chem Res 41:1241–1251.

2. Occhiato EG, Casini A, Guarna A, Scarpi D (2011) Eur J Org

Chem 6544–6552.

3. Sernissi L, Petrović M, Scarpi D, Guarna A, Trabocchi A,

Bianchini F, Occhiato EG (2014) Chem Eur J 20:11187–11203.

The purification and characterisation of dipeptidyl

peptidase IV from sheep lung
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Abstract: In this study, dipeptidyl peptidase IV from sheep lung was

purified 370-fold with a yield of % 60 using ammonium sulfate

precipitation followed by DEAE-Sepharose, ConA-Sepharose 4B and
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Gly-Pro-EC-HA Sepabeads affinity chromatography. DPPIV identity

was confirmed by activity glycoprotein staining of non-denaturating

PAGE/SDS-PAGE gels and LC–MS/MS analysis of tryptic peptides.

Carbohydrate content of the enzyme was estimated as 18.9 %. The

unreactivity of purified DPPIV to CD26 antibodies indicated the

CD26 and lung DPPIV is unidentical. Molecular weight of the

enzyme purified from sheep lung was estimated to be about 180 kDa

by gel filtration and 90 kDa by SDS-PAGE suggesting that the native

enzyme is a dimeric form. Isoelectric focusing indicated a pI of

approximately 4.8–0.2. The optimum temperature and pH was 45 �C
and 7.4, respectively. KM and Vmax values for the hydrolysis of Gly-

Pro-pNA were 0.32 mM and 35.9 lmol/min/mg, respectively. Tem-

perature and pH stability of the DPPIV at 0–45 �C and pH 7.0–9.0

were defined as 100 and 94 %, respectively. Furthermore, the enzyme

maintained 88 % of its activity after storage at -80 �C for 8 weeks.

Lung DPPIV was inhibited by Hg+2, Zn+2 and Cd+2 ions and activated

by Mg+2 ions. Diprotin A (0.1 mM) was shown to inhibit the enzyme

activity at a ratio of 91 %. Using PMSF and 1–10 fenantroline in the

concentration range of 0.1–5.0 mM resulted in enzyme inhibition in a

concentration-dependent manner. However, c-mercaptoethanol and

DTT in the same concentration range had a slight effect on enzyme

activity. Among serine protease inhibitors, benzamidine and PABA

were effective only at high concentrations suggesting the substrate

affinity difference of trypsin-like serin proteases. The enzyme

hydrolysed natural and synthetic substrates containing proline at a

faster rate, while it slowly hydrolysed natural and synthetic substrates

containing alanine.

Keywords: Serine protease, Lung, Dipeptidyl peptidase IV, Purifi-

cation, Characterization.

Interactions of unique Galleria mellonella proline-rich

defense peptides with bacterial cells

Agnieszka Zdybicka-Barabas1, Sylwia Stączek1,

Aneta Sowa-Jasiłek1, Jerzy Wydrych2, Krzysztof Skrzypiec3,

Ewaryst Mendyk3, Paweł Mak4, Małgorzata Cytryńska1

1Department of Immunobiology, Faculty of Biology

and Biotechnology, Maria Curie-Skłodowska University,

Akademicka 19 St., 20-033 Lublin, Poland;
2Department of Comparative Anatomy and Anthropology, Faculty

of Biology and Biotechnology, Maria Curie-Skłodowska University,

Akademicka 19 St., 20-033 Lublin, Poland;
3Analytical Laboratory, Faculty of Chemistry, Maria Curie-

Skłodowska University, M.C. Skłodowska Square 5, 20-031 Lublin,

Poland;
4Department of Analytical Biochemistry, Faculty of Biochemistry,

Biophysics, and Biotechnology, Jagiellonian University,

and Malopolska Centre of Biotechnology, Gronostajowa 7 St., 30-387

Krakow, Poland

Antimicrobial peptides are key factors of humoral immune response

against invading pathogens in all living organisms, e.g. humans,

mammals, and insects. Proline-rich peptides (PRPs), originally iso-

lated from insects, are widely distributed in the animal kingdom. PRPs

contain a high proportion of proline residues (25 %) and hydrophobic

amino acids (40 %). Insect PRPs are divided into two subgroups, one

consisting of relatively short (18–20 amino acid-long) peptides and

one consisting of longer (32–34 amino acid-long) peptides. They kill

mostly Gram-negative bacteria with high efficiency. These peptides

appear to inhibit metabolic processes, such as replication, transcrip-

tion, protein synthesis or chaperone-assisted protein folding. The

hemolymph of bacteria-challenged Galleria mellonella (Gm) larvae

contains a great repertoire of antimicrobial peptides. Among them,

there are two cationic proline-rich peptides 1 and 2 with unique amino

acid sequence. Proline-rich peptide 1 (P1) consists of 37 aa and con-

tains 5 proline residues (13.5 %); its molecular mass is 4322.0 Da.

Proline-rich peptide 2 (P2) is a unique 42-mer peptide, which has 11

proline residues (26.2 %) and molecular mass 4927.6 Da.

It is assumed that PRPs affect essential cellular processes by

interacting with intracellular targets after penetrating across the

membrane layer; however, the mode of interaction of proline-rich

peptides with bacterial cells is not yet fully clarified. Taking this into

account, research on the effect of Gm proline-rich peptides 1 and 2 on

Gram-negative bacteria Escherichia coli JM83 has been undertaken.

The membrane perforation ability of these peptides was deter-

mined by measuring of b-galactosidase activity released from

damaged bacterial cells. Both P1 and P2 permeabilized bacterial

membrane, but the perforation level was 9 and 49 %, respectively,

when the bacteria were incubated with 10 lM concentration of the

peptides. To determine if these peptides could bind to E. coli JM83,

fluorescein isothiocyanate (FITC)-labelled P1 and P2 were used.

Fluorescence microscopy imaging of the bacteria after 15 min incu-

bation with FITC-P1 or FITC-P2 revealed the presence of green

fluorescing bacterial cells, indicating interaction of the peptides with

E. coli. Interestingly, P2 bound evenly to the cell surface, whereas

increased binding of P1 on the cell poles was detected. Atomic force

microscopy (AFM) imaging of E. coli treated with the peptides

demonstrated cells forming disordered structures in addition to the

damaged ones. AFM analysis revealed also alterations of nanome-

chanical properties of the bacterial cells. Upon P1 treatment, the RMS

roughness value and the elasticity of the bacteria decreased in com-

parison to the control ones. However, adhesion increased after 60 min

incubation, but after 45 min incubation of E. coli with P1 it was lower

than the control cells. The RMS roughness values of the P2-treated

bacteria increased compared to the control cells. In contrast, the

analysis revealed a decrease in elasticity and adhesion properties of

the cells after 45 min incubation with P2, but after 60 min incubation

P2 did not influence the adhesion and considerably increased the cell

elasticity. Our data suggested different mode of interaction of the two

unique G. mellonella proline-rich peptides with bacterial cells.

The work was financially supported by the Grant No. 2012/05/B/

NZ1/00033 from National Science Centre (Poland).

Synergy between host defense peptides with different

mechanisms of action

Pavel V. Panteleev, Ilia A. Bolosov, Sergey V. Balandin,

Tatiana V. Ovchinnikova

Shemyakin and Ovchinnikov Institute of Bioorganic Chemistry,

Russian Academy of Sciences, Miklukho-Maklaya str. 16/10, 117997

Moscow, Russia

Over the last years, a growing number of bacterial species have become

resistant to antimicrobial treatment due to improper use of antibiotics.

Host defense peptides (HDP) have received widespread attention as

possible alternatives to conventional drugs due to their rapid efficacy

against a broad range of multiresistant pathogens, the membranolytic

mode of action and the consequent low rate of resistance development.

However, their comparatively high toxicity against mammalian cells is

an obstacle in the way of development of therapeutics. To date a

number of studies of the synergy between conventional antibiotics and

the peptides have been reported. One major concern regarding the

utility of this approach is the tendency of conventional antibiotics to

induce resistance when administered in sublethal doses which is

common for synergic combinations. In contrast, there have been fewer

studies of a synergy between HDPs although this phenomenon con-

tributes to the explanation of the presence of substantial diversity of the

peptides in any anatomic site in the host.
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In this study, we examined the synergy between HDPs repre-

senting three main structural classes found in animals when using

their combinations against pathogenic bacteria Staphylococcus aur-

eus, Escherichia coli, or Pseudomonas aeruginosa. We tested a

variety of combinations of the peptides with different modes of action

including b-hairpin peptides arenicin and tachyplesin, the a-helical

acipensin (fragment of the histone H2A), and the extended-structure

molecules. The synergy was measured by microtiter dilution assay,

with the view of searching for a reduction in the minimum inhibitory

concentration (MIC) of each compound in the presence of the other.

The most pronounced effect was observed for the tachyplesin–aci-

pensin pair with a 16-fold decrease of the individual MIC values. One

possible explanation for this effect is based on increasing the mem-

brane permeability by the b-hairpin peptide that promotes

intracellular uptake and DNA binding of the histone-derived aci-

pensin. The obtained results suggest a potential medical application of

combinations of HDPs with different modes of action.

The work was supported by the grant of the President of the

Russian Federation for young Russian scientists (MK-6023.2014.4).

Solid phase synthesis of antifreeze glycopeptides

M. Urbańczyk1, J. Krzciuk-Gula1, N. Sewald2, R. Latajka1

1Department of Organic and Pharmaceutical Technology, Wrocław

University of Technology, Wyb. Wyspiańskiego 27, 50-370

Wrocław, Poland; 2Organic and Bioorganic Chemistry, Department

of Chemistry, Bielefeld University, Universitätsstrasse 25, 33615

Bielefeld, Germany

Antifreeze Glycopeptides (AFGPs) are a class of biological antifreeze

agents found in Arctic and Antarctic species of fish which enable

living at temperatures below the freezing point of the body fluids.

Antifreeze glycopeptides usually consist of 4–55 tripeptide units

alanine-alanine-threonine, glycosylated at the threonine side chains.

These unique compounds show the ability to regulate ice nucleation

and ice crystal growth. Due to their interesting properties AFGPs have

many potential applications (especially in food industry and cryop-

reservation of various organs, tissues, stem cells). Applying these

materials to biomedical and industrial purposes requires significant

amounts of AFGPs in a pure form and at reasonable costs. Gaining

AFGPs from natural sources is both expensive and labor-intensive.

Therefore, it is crucial to develop an efficient synthetic strategy to

produce a range of homogeneous and native AFGPs. Here, we present

the synthesis of a tripeptide AFGP analogues using solid phase pep-

tide synthesis approach which is a convenient method of obtaining

heavily glycosylated peptides.

Synthesis of bioactive peptides through multicomponent

reactions

Saeed Balalaiea,b

aPeptide Chemistry Research Center, K. N. Toosi University

of Technology, P. O. Box 15875-4416, Tehran, Iran;
bMedical Biology Research Center, Kermanshah University

of Medical Sciences, Kermanshah, Iran

E-mail: Balalaie@kntu.ac.ir

Multicomponent reactions (MCR) have become important tools in the

preparation of structurally diverse chemical libraries of drug-like

polyfunctional compounds. There is a continuous need for novel

reactions with high efficiency and selectivity in novel reaction media.

The importance of peptides as pharmaceuticals has increased signif-

icantly and peptide drugs have an essential role in pharmaceutical

market. In this way, finding of a suitable way for drug delivery and

modification of peptide structure is the subject of the recent resear-

ches. Now, some glycopeptides and nucleopeptides are introduced as

novel drugs.

During the past 6 years, we have been actively involved in the

using of multicomponent reaction to access modified peptides and

have developed a series of bioactive compounds. This lecture will

highlight some of our contributions to this area which contained:

(a) Ugi-4CR as an approach for the synthesis of some novel GnRH

analogues and investigation of their anti-cancer activity.

(b) Design and synthesis of novel fentanyl analogues based on

Ugi-4CR, and also functionalization of natural analgesic peptides.

(c) Synthesis of novel cyclopeptides through Ugi ligation/click

reaction to construct the cyclopeptides which have a triazole moiety

and also lipophilic moieties.

(d) Synthesis of azapeptides and combination of active hetero-

cyclic backbones with peptides.

Synthesis of aza-enkephalins using amino acids

hydrazides and comparison of their opioid activities

Sorour Ramezanpour*a, Sanaz Nasoohib, Saeed Balalaie*a,

Javid Ardestanib, Azam Oroojib

aPeptide Chemistry Research Center, K. N. Toosi University of

Technology, P. O. Box 15875-4416, Tehran, Iran, Fax: +98-21-

22853650, e-mail: Ramezanpour@kntu.ac.ir;
bDepartment of Pharmacology and Toxicology, School of Pharmacy,

Shahid Beheshti University of Medical Sciences, Tehran, Iran

Azapeptides are peptide analogues in which the R-CH moiety of one

or more amino acid residues in the peptide chain is replaced by a

nitrogen atom. This modification has been shown to induce ab-turn

geometry due to electronic repulsion between the adjacent nitrogen

lone pairs and/or the formation of intramolecular hydrogen bonds.

Aza-amino acids can thus be used to improve the stability and

bioavailability of peptide drugs and also for the designing of pro-

drugs. Our knowledge in the field of pain and analgesia has

significantly improved over the past decades enkephalin analogues, in

which the amide bonds were sequentially and systematically replaced

by a nitrogen atom.

We present application of synthesized hydrazides and amino acid

hydrazides in construction of azapeptide derivatives of enkephalin that

they might possess anti-pain activity. These azapeptide derivatives

seem to increase blood–brain barrier permeability and improve sta-

bility against carboxypeptidase enzyme. According to the experiment,

we found the anti-nociceptive properties comparable to the corre-

sponding index drugs. The details will be present in the conference.

Isolation and purification of antitumor and anti-aging

peptides from Spirulina platensis

Zhujun Wang, Qiaohui Zeng, Xuewu Zhang*

College of Light Industry and Food Science, South China University

of Technology, 381 Wushan Road, Guangzhou 510640, China

*Corresponding author, Tel: 86 20 87113848, Email:

snow_dance@sina.com

Abstract: Spirulina platensis is a multicellular edible blue-green

alga containing *60 % of proteins. In this study, S. platensis
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proteins were extracted by freeze-thawing and ultrasonication

methods, enzymatic hydrolysis (trypsin, pepsin, papain, alcalase,

chymotrypsin or their combinations) were performed on the pro-

teins; ultrafiltration and gel filtration chromatography were

employed to purify bioactive peptides, which were identified by

mass spectrometry (MALDI-TOF–MS/MS). Specifically, a fraction

from alcalase and papain digests of the proteins, D1, exhibited

antitumor activities on MCF-7,HepG-2 and A549 cancer cells, with

IC50 values of \31.25, 49.36 and 79.32 lg/mL, respectively, and

weak inhibition on normal cells L-02, 33.2 % at 500 lg/mL. In vivo

experiment confirmed the inhibitory effects of fraction D1 on HepG-

2 cancer cells, *30 % inhibition (*41 % for 5-FU at 20 mg/d.kg

body weight) after 13 days of gavage (200 mg/d.kg body weight) in

mice. It is noted that 5-FU remarkably decreased the body weight of

mice, but D1 almost had no influence on the body weight. After

hydrolysis with trypsin, pepsin and chymotrypsin, an 8-aa peptide

Tr1, after solid-phase synthesis, displayed antitumor activity on

colon cancer HT-29 cells with IC50 value as 99.88 lg/mL, and little

inhibition on normal cells L-02, 5.37 % at 500 lg/mL. Moreover, by

enzymatic hydrolysis (trypsin, pepsin or papain) and gel chro-

matography, 6 peptides (P1-P6) were obtained, which exhibited

anti-aging effects. For example, P1, P3 and P6 had ABTS free

radical scavenging activities, with IC50 values of 11.11, 11.07 and

8.48 lg/mL, respectively; P1 had DPPH free radical scavenging

activity, IC50 = 24.22 lg/mL; P6 displayed positive influences on

SOD (Superoxide Dismutase) and LDH (Lactic Dehydrogenase); P5

and P6 remarkably facilitated synthesis of collagen at the concen-

tration of 10–50 lg/mL. These results suggest the potential

applications of Spirulina platensis-derived peptides in functional

foods, biomedicine and cosmetics.

Keywords: Spirulina platensi, Enzymatic hydrolysis, Peptides,

Antitumor, Anti-aging

Possible mechanisms of amyloid formation:

determination of the size of folding nuclei of protofibrils

from the concentration dependence of the rate and lag-

time of their formation

Oxana V. Galzitskaya*, Nikita V. Dovidchenko, Olga M. Selivanova,

Maria Yu. Suvorina, Alexey K. Surin, Alexey V. Finkelstein

Institute of Protein Research, Russian Academy of Sciences,

Pushchino, Moscow Region, 142290, Russian Federation,

ogalzit@vega.protres.ru

In this work, a kinetic model of the process of formation of amyloid

protofibrils is suggested which allows calculation of the size of the

nuclei using only kinetic data. In addition to stage of primary

nucleation, which is believed to be present in many protein aggre-

gation processes, the given model includes both linear growth of

protofibrils (proceeding only at the cost of attaching of monomers to

the ends) and exponential growth of protofibrils at the cost of growth

from the surface, branching, and fragmentation with the secondary

nuclei. Theoretically, only the exponential growth is compatible with

the existence of a pronounced lag-period (which can take much more

time than the growth of aggregates themselves). According to our

theory, one can distinguish some mechanism of growth on the basis of

kinetic data. Thus, the small (\0.2) value of Lrel (the lag-time to the

growth time ratio) together with independence of Lrel on the total

concentration MP of protein in solution determines applicability of

the linear regime of growth, and in case of inapplicability of the latter,

consideration of the exponential mechanism of growth is required.

For insulin and LysPro insulin we have Lrel & 2–3, which means that

it is definitely an exponential growth scenario. One can roughly define

three types of possible mechanisms of exponential growth: growth

from the surface, bifurcation, and fragmentation. Despite the differ-

ence of the processes, in kinetic experiment, fragmentation and

bifurcation show a very similar behavior if the size of the secondary

nucleus is equal to zero.

Synthesis of novel RGD-containing peptides and aza-

peptides and comparison of their activities

Fatima Hamdan, Sorour Ramezanpour, Ali Nikbakht, Saeed Balalaie*

Peptide Chemistry Research Center, K. N. Toosi University of

Technology, P. O. Box 15875-4416, Tehran, Iran, E-mail:

Balalaie@kntu.ac.ir

Arginine-glycine-aspartic (RGD), is a cell adhesion motif displayed

on many extracellular matrix (ECM) and plasma proteins. RGD plays

an important role in cell recognition and also tumor therapy and tissue

engineering. Using RGD peptides have some advantages: (1) RGD is

much smaller as compared to monoclonal antibodies, and RGD

conjugates can have easier access to the tumor tissue; (2) the use of

RGD minimizes the risk of immune reactivity or pathogen transfer;

(3) simple and inexpensive synthesis, which facilitates translation into

the clinic; (4) the applications of RGD are much wider than folic acid.

Among tools for developing peptide mimics, azapeptides are one

of the best candidates which could be formed by the replacement of

one or more amino acids by aza-amino acid. They could induce turn

conformations in peptides with improved pharmacological properties

such as duration of action, potency, and/or selectivity has been

observed in aza-analogues.

Based on the extended biological activity of RGD, we decided to

synthesize novel RGD with the addition of some aza amino acids,

active heterocyclic skeletons to obtain novel aza-RGD peptides or

addition of some functionalized aza amino acids, D-amino acids, b-

amino acids, and we will show the details of the synthesis of the

compounds and also their biological activities.

Efficient and selective capture of avb3 integrin-

expressing cells on functionalized surfaces

Degardin, M., Thakar, D., Claron, M., Richter, R., Guerente, L,

Boturyn, D

Département de Chimie moléculaire (DCM), UMR CNRS-UJF 5250,

ICMG FR-2607, Université Joseph Fourier, Grenoble, France

Further progress in tissue engineering requires an accurate knowledge

of the cell response to their interactions with their surrounding

material. To properly seed cells on synthetic substrates through

immobilization of cell adhesion ligands on a surface, the study of the

interactions between the ligands and the substrate as well as their

influence on cell adhesion is of high interest. Supramolecular chem-

istry, allowing tunable molecular recognition, is particularly attractive

for the attachment of biomolecules to solid surfaces, which is a key

issue in nanotechnology.

Our group has developed a regioselectively addressable cyclode-

capeptide scaffold featuring, in a spatially controlled manner, two

independent functional domains using chemoselective ligations. The

structural feature allows a guest domain for the anchoring onto self-
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assembled monolayers b-cyclodextrin surface (b-CD SAM) and a

domain devoted to cell adhesion (RGD cell-adhesive ligands).1

Here, we describe the convergent synthesis of macromolecules

featuring both clustered guest motifs and clustered RGD cell-adhesive

ligands, achieved using chemoselective ligations (oxime, Huisgen

cycloaddition).2 The strength of the ligand interaction with the surface

is modulated by varying the chemical nature of the guest motifs

(ferrocenyl or adamantyl) and the valency. The ability of the obtained

bioconjugates for selective cell capture is demonstrated by charac-

terization of the supramolecular bioassemblies on b-CD SAM

substrates by Quartz Crystal Microbalance with Dissipation moni-

toring (QCM-D) and complementary optical and fluorescence

microscopy.

References
(1) Thakar, D.; Coche-Guérente, L.; Claron, M.; Wenk, C. H. F.;

Dejeu, J.; Dumy, P.; Labbé, P.; Boturyn, D. ChemBioChem 2014, 15,

377.

(2) Galibert, M.; Dumy, P.; Boturyn, D. Angewandte Chemie Inter-

national Edition 2009, 48, 2576.

Syntheses and structural changes of neurodegenerative

peptides caused by oxidative stress
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1Department of Chemistry of Natural Compounds, Faculty of Food

and Biochemical Technology, University of Chemistry

and Technology, Prague, Technická 5, 166 28 Prague 6, Czech
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Many physiological disorders including neurodegenerative diseases

are influenced by oxidative stress. Nitration of aromatic amino acids

can influence the role of important proteins. To better understand the

influence of nitration on biophysical functions, we propose selective

synthesis of nitrated peptides and proteins. We focused on 3-ni-

trotyrosine (H–Nit–OH). The use of Boc–Nit(Bzl)–OH, Fmoc–Nit–

OH and Fmoc–Nit(Trt)–OH was described in the literature. For

Fmoc–Nit(Trt)–OH, we have found that the described procedure does

not provide Fmoc–Nit(Trt)–OH but a mixture of Fmoc–Nit–OH and

Trt–OH. The tritylation did not lead to completion; attempts of

chromatographic purification using mobile phase with various bases

led to Trt cleavage. It appears that Nit(Trt) is more labile than

Tyr(Trt). We have investigated the synthesis of neurodegenerative

peptides using Fmoc–Nit–OH and Fmoc–Nit(Bzl)–OH. We have

introduced Nit to fragments of alpha-synuclein and prion proteins. We

have studied the system using HPLC, CD, IR, VCD, Raman, and

ROA techniques. The nitration influenced many parameters such as

solubility, hydrophobicity, and structure. In some cases, the nitration

led to higher structural order, whereas in other cases the molecule

organization was reduced.

This work was supported by the Czech Science Foundation (reg.

No. 14-00431S).

Preventive effect of ellagic acid on cognitive disorders

in two mouse models of oxidative stress (influenza

infection and scopolamine-induced dementia)
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Background: Studies from previous years demonstrated that natural

polyphenol ellagic acid (EA) combines various pharmacological

effects. Our unpublished data reveal significant improving effect of

EA on cognitive function of rodents.

Objectives: To study the mechanism of preventive effect of EA on

cognitive functions of mice under systemic oxidative stress.

Materials and methods: Male Albino ICR mice (18–20 g) were used

in two experimental models of oxidative stress: (1) influenza virus

infection (IVI) A/Achi/2/68 H3N2 and (2) Alzheimer’s disease

dementia (AD) via scopolamine treatment (1 mg kg i.p. 11 days).

Animals received EA (400 mg/rg b.w., per os, 11 days). Changes in

cognitive functions were studied using Step through test (for learning

and memory) and Holeboard test (for exploratory activity). Lipid

peroxidation and dopamine content in brain were also studied. Data

were analyzed using t test of Student–Fisher.

Results: Our experiments demonstrated significant preventive effect

of EA on the processes of learning and memory and exploratory

activity in mice under condition of experimental oxidative stress (both

IVI and AD). In mice with AD model, EA prevention of memory is

high (50 %). In IVI model, EA improving effect of EA is combined

with decreased lipid peroxidation in blood serum and liver in dose-

dependent manner. Brain dopamine content is significantly increased

in EA-treated animals.

Conclusion: EA significantly restored cognitive functions of animals

in conditions of systemic oxidative stress probably via its antioxidant

capacity as well as a model of dopamine metabolism in the brain.

Keywords: Ellagic acid, Oxidative stress, Cognition, Influenza viral

infection, Alzheimer’s disease.
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Preventive effects of the monoterpene Myrtenal

on Alzheimer’s disease progression on experimental

mouse model
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Abstract
Background: Alzheimer’s disease (AD) is type of dementia with

unclear pathogenesis at the moment. Recent studies revealed neuro-

protective potential of some natural products. Monoterpene myrtenal

combines in its effects both AO and anti-AChE activity. Our previous

unpublished data show its significant improving effect on cognitive

function of rodents.

Objectives: To evaluate protective effect of Myrtenal on progression

of cognitive disorders in dementia mice.

Materials and methods: Experimental model of dementia from AD

type was produced on male Albino ICR mice via scopolamine

treatment (1 mg/kg i.p.11 days). Animals were treated simultaneously

with myrtenal (20 mg/kgi.p.5 and 11 days). The changes in their

cognitive functions were evaluated using Step through test (learning

and memory) and Holeboard test (exploratory activity), as well as

AchE activity and lipid peroxidation in the brain. Correlations among

the results were analyzed in parallel with histological changes in the

brain. The effect of myrtenal was evaluated in comparison to referent

compounds: galanthamine (anti-AChE agent) and lipoic acid (an-

tioxidant). Data were analyzed using t test of Student–Fisher.

Results: Scopolamine-treated animals demonstrated severe memory

loss, accompanied by increased AchE activity and lipid peroxidation

as well as with degenerative changes in brain. Co-treatment with

Myrtenal of dementia mice produced a significant restoration of

cognitive function (with 33 %—comparable with the effects of both

referent compounds). The correlations among changed parameters

(cognitive, biochemical and histological) discover some new details

in preventive mechanisms of Myrtenal on AD progression.

Conclusion: Myrtenal can be promising pharmacological agent for

AD prevention with complex mechanism.

Keywords: Myrtenal, Alzheimer’s disease, Prevention, Lipoic acid

Free D-amino acids as physiologically active molecules

in skin

Yosuke Tojo1, Chieko Okamura1, Kayo Takase1, Masashi Mita1

and Kenji Hamase2

1Shiseido Research Center;
2Graduate School of Pharmaceutical Sciences, Kyushu University,
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Free D-amino acids such as D-serine (D-Ser) and D-aspartic acid (D-

Asp) have been clarified in recent years to be metabolically synthe-

sized in mammals, and their physiological functions have been

reported. In addition, the presence of the other free D-amino acids in

mammalian tissues has also been gradually reported. Concerning skin

tissues, studies on the presence of free D-amino acids and their

physiological functions were rare, despite that cutaneous amino acids

are well known to play essential physiological roles such as natural

moisturizing factors. Accordingly, we aimed in the present study to

clarify enantiomer-distinguished distribution of amino acids in skin

tissues as well as physiological functions of free D-amino acids.

Free D/L-amino acids in skin tissues were extracted from human

dermis, epidermis and stratum corneum, and the amino acids were

subsequently derivatized with 4-fluoro-7-nitro-2,1,3-benzoxadiazole.

The amino acid enantiomers were then analyzed using an automated

two-dimensional high-performance liquid chromatography system

employing a microbore-monolithic ODS column and a narrow bore-

enantioselective column[1]. As a result of the distribution study, D-Ser,

D-Asp, D-alanine (D-Ala), D-glutamic acid and D-proline (D-Pro) were

demonstrated to be present in human dermis and epidermis. In the

stratum corneum, the abovementioned D-amino acids except D-Pro

were determined, and the amounts of the D-amino acids were shown to

decrease with aging. In the meantime, the amount of epidermal D-Ala

was 25.9 ± 5.3 nmol/g (n = 5, mean ± SE). This amount is almost

equal to that in rat pancreas where specific localization of D-Ala was

reported. Therefore, we investigated effects of D-Ala on various pro-

tein productions of cultured epidermal keratinocytes. Consequently, D-

Ala dose-dependently promoted the production of laminine 332 which

is known to accelerate the recovery of basement membrane in skin.

The effect of L-Ala was approximately 1/5 compared with that of D-

Ala. Regarding the dermis, we focused on D-Asp because dermal

%D of free Asp (=D/(D + L) 9 100) was 2.6 ± 0.2 % (n = 5,

mean ± SE) which was the highest among those of the intrinsic D-

amino acids in the dermis. As a result of studies on physiological

functions of D-Asp using cultured dermal fibroblasts (FB), we found

that D-Asp promoted type-I collagen production of FB. Further, we

demonstrated that D-Asp accelerated construction of the collagen fiber

in three-dimensional culture of FB using a second-harmonic-genera-

tion microscopy technique (Ex. 800 nm, Em. 390–410 nm). Any

effects relating to the collagen production or the fiber construction

were not observed in control experiments using L-Asp.

In the present study, free D-amino acids, especially D-Ala and D-

Asp, were demonstrated to be physiologically active molecules

relating to the maintenance of basement membrane as well as con-

struction of dermal extracellular matrices. Further works such as a

supplementation of the D-amino acids to skin are expected for a novel

approach to anti-aging of skin.

Reference
[1] Tojo Y., et al., J. Chromatogr. B, 875 (2008) 174.

Safety assessment of two antimicrobial peptides

with food industry potential application: in vitro study
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Two peptides, rNterC and rTM2C, including 13 and 15 amino acids,

respectively, were designed from proteins which are known to bind or to

be targeted to outer mitochondrial membrane. These peptides were

modified to increase antimicrobial potential considering the appropriate

balance among their total net charge, amphipathicity and hydrophobicity.

These peptides were able to efficiently and selectively inhibit

Listeria monocytogenes (NCTC 11994-HPA—London) growth, an

important food-borne pathogen. Therefore, rNterC and rTM2C could

be proposed in food industry to increase the shelf life of very valuable

foods. In this study, we assessed the toxicity of rNterC and rTM2C in

a model of non-tumorigenic intestinal epithelial cells (IEC-6).

1652 14th International Congress on Amino Acids, Peptides and Proteins

123



Antiproliferative assay, performed at 24, 48 and 72 h, showed a weak

antiproliferative effect, in particular for rNterC, however, indicating

an IC50[ 40 lM for both peptides. The intestinal epithelium when

injured by various stimuli (e.g. normal digestion, toxic substances,

inflammation, oxidative stress) undergoes a wound healing process.

rNterC and rTM2C peptides induce a weak reduction in the restitution

process both in normal and inflammatory conditions (induced by

lipopolysaccharide from E.coli plus interferon c) in IEC-6 with an

IC50[ 40 lM for both peptides. Our data on IEC-6 cells indicate that

rNterC and rTM2C show only a weak antiproliferative activity and a

weak effect on migration rate in IEC-6. Between the two peptides, the

safer seems to be rTM2C that has the best antimicrobial activity

against L. monocytogenes, despite the evaluation of other parameters

will be necessary to further assess its safety.

Indoxyl sulphate, a tryptophan metabolite, affects

astrocyte response during neuroinflammation

Simona Adessoa, Tim Magnusb, Aldo Pintoa, Giuseppina Autorea

and Stefania Marzoccoa

aDepartment of Pharmacy, University of Salerno, Via Giovanni Paolo

II 132, I-84084, Fisciano, SA, Italy;
bDepartment of Neurology, University Medical Centre Hamburg-

Eppendorf, Martinistr. 52 D-20246 Hamburg, Germany

Indoxyl sulfate (IS) is a protein-bound uremic toxin derived from

dietary tryptophan metabolism. Tryptophan is metabolized into indole

by intestinal bacteria, after intestinal absorption is further converted

to IS in the liver and then excreted by kidneys. In patients with

impaired kidney function, such as chronic kidney disease (CKD), IS is

recognized as a uremic toxin that accumulates in the blood inducing

nephrotoxicity and impairing immune response. CKD is characterized

by various complications such as neurological dysfunction. Since

neuroinflammation has also been recognized to contribute to cogni-

tive complications, and because CKD patients are also affected by

immune dysfunction, we evaluated the effect of IS on C6 rat astroglial

cell line in inflammatory conditions.

IS, at uremic concentrations (60–15 lM), added for 1 h and then

simultaneously with lipopolysaccharide from E. coli (LPS; 1 lg/

ml) + Interferon c (IFN; 100U/ml) for 24 h, significantly increased

nitric oxide release in C6 cells at all tested concentrations. In the same

experimental conditions, IS induced also a significant increase in

inducible nitric oxide synthase and cyclooxygenase-2 expression, in

tumor necrosis factor-a levels and in nitrotyrosine formation in astro-

cytes. Moreover, IS induced also nuclear factor-kB activation and aryl

hydrocarbons receptor nuclear translocation in C6 cells in presence of

LPS + IFN, thus contributing to inflammatory response modulation. In

addition, wound healing assay indicated that IS caused also a reduction

in astrocytes migration during inflammation. These results indicate that

IS significantly affects astrocyte function increasing inflammatory

response during neuroinflammation, thus potentially contributing to

neurological complications observed in CKD.

Exploring the chemistry and pharmacological potential

of bioactive peptides from insects

Johannes Koehbach and Richard J. Clark

School of Biomedical Sciences, The University of Queensland, 4072,

St. Lucia, Australia

The variety of natural compounds still displays one of the largest

resources for the discovery of novel pharmaceutical lead compounds.

Over the recent years, peptides have attracted much interest in drug

development approaches. This is in large part due to advances in

analytical and synthetic chemistry that are encouraging to overcome

their major limitations such as poor stability and low oral bioavail-

ability. One class of bioactive peptides is antimicrobial peptides

(AMP) that have been identified in plants, invertebrates and verte-

brates, including human. AMPs have been shown to be able to

interact with biological membranes, but have been equally ascribed to

modulate immunity via intracellular targets. Their activity against a

range of microorganism, including relevant pathogens makes them

interesting molecules for the discovery of novel lead compounds.

Considering the sheer numbers of insect species (*4 million), one

of the largest groups of organisms on earth, and the vast variety of

ways they interact with their environment through chemistry it is clear

that they have significant potential as a source of new drug leads.

However, little is known about the peptide content of individual

species and its pharmaceutical potential.

Our aims are to discover and characterize novel bioactive pep-

tides, determine their three-dimensional structure and evaluate their

pharmacological activity. Further, we aim to synthesize optimized

peptide compounds, identify their molecular targets and determine

their potential as novel drug leads. To accomplish these goals we are

using a peptidomics workflow combining state-of-the-art mass spec-

trometry together with in silico mining. Identified peptides will then

be characterized using solution NMR and solid-phase peptide syn-

thesis will be used to obtain sufficient material for bioactivity studies.

Mechanism of the cholesterol-lowering effect of taurine
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Masanobu Sakonob), Shoko Nishizonoc), Masao Satod),

Katsumi Imaizumid), Nobuhiro Fukudae)

a)Department of Bioscience, Fukui Prefectural University, Fukui, Japan;
b)Department of Biochemistry and Applied Biosciences, University

of Miyazaki, Miyazaki, Japan;
c)Faculty of Biotechnology and Life Science, Sojo University,

Kumamoto, Japan;
d)Faculty of Agriculture, Kyushu University, Kyushu, Japan;
e)School of Education, Miyazaki International College, Miyazaki, Japan

Objective: The aim of the present study was to elucidate the mech-

anisms involved in the cholesterol-lowering effects of taurine.

Methods: Male Sprague–Dawley rats were fed a high-cholesterol diet

containing 0.5 % cholesterol and 0.15 % sodium cholate for 2 weeks

with or without 5 % taurine. Serum and hepatic cholesterol levels and

biliary bile acid levels were determined. In addition, the activity and

mRNA expression of enzymes responsible for cholesterol synthesis

and metabolism were determined in the liver.

Results: Dietary taurine significantly reduced serum and hepatic

cholesterol levels (p\ 0.01). The fecal excretion of total bile acids was

significantly increased in the taurine-treated rats, compared with that in

the untreated rats (p\ 0.05). Biliary bile acid levels were also

increased after taurine treatment. The increase in bile acid synthesis

was associated with a twofold increase in the enzymatic activity and

threefold increase in the mRNA expression of hepatic cholesterol 7a-

hydroxylase (CYP7A1), a rate-limiting enzyme for bile acid synthesis.

In addition, taurine supplementation significantly suppressed the

activity of two key enzymes, acyl-CoA:cholesterol acyltransferase

(p\ 0.01) and microsomal triglyceride-transfer protein (p\ 0.05),

which are responsible for cholesterol esterification and very low-den-

sity lipoprotein (VLDL) particle assembly, respectively, in the liver.

Conclusions: Taurine enhanced the synthesis and excretion of bile

acids and stimulated the conversion of cholesterol to bile acid by

increasing the expression and activity of CYP7A1. This resulted in
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the depletion of regulatory cholesterol pool of the liver and down-

regulation of cholesterol esterification and lipoprotein assembly for

VLDL secretion, leading to reduction in the serum and hepatic

cholesterol levels.

Tripeptide glutathione as redox regulator

for development of cancer cell drug resistance

Elena Kalinina, Nikolay N. Chernov, Marcel Basharov, Maria

Novichkova

Peoples’ Friendship University of Russia, Moscow, Russian

Federation

Tripeptide glutathione (GSH) plays the significant role in maintaining

cellular redox status by participating in thiol–disulfide exchange

which regulates a number of important cellular functions such as

proliferation, differentiation, apoptosis. The ratio of reduced glu-

tathione to its oxidized form (GSH/GSSG) is essential for cell

viability largely due to its role in redox-dependent regulation of gene

expression. The aim of our study was to determine the role of GSH/

GSSG ratio in regulation of expression of redox-dependent genes

(isoforms of glutaredoxin, thioredoxin, peroxiredoxin) which are

important for antioxidant defense under development of cancer cells

resistance to cisplatin (CDDP) possessed pro-oxidant action. Under

development of resistance of human erythroleukemia K562 and

ovarian carcinoma SKOV-3 cells to CDDP co-ordinative enhanced

expression of genes encoding glutathione synthetase (GS), heavy and

light subunits of c-glutamylcysteine synthetase (c-GCSH, c-GCSL, c-
GCS, respectively) was found in resistant cells in comparison with

wild cells. In addition, the growth of GSH/GSSG ratio as index of

cellular redox state, enhanced expression of redox-regulated genes of

isoforms of glutaredoxin (GLRX1, GLRX2), thioredoxin (TRX2),

peroxiredoxin (PRDX6) as well as elevated level of transcription

factor Nrf2 were observed in both types of resistant cells. We suggest

that mechanism of development of cancer cells resistance to CDDP

can include activation of GSH synthesis de novo owing to the increase

of expression of c-GCSH, c-GCSL and GS genes, redox-dependent

elevation of expression of GLRX1, GLRX2, TRX2, PRDX6 which are

co-ordinative regulated by redox-dependent transcription factor Nrf2

and elevated level of GSH/GSSG ratio.

Protein–Ligand Interactions: heme binding to proteins

with Therapeutic Potential

Elena Karnaukhova

Laboratory of Biochemistry and Vascular Biology, Division

of Hematology Research and Review, Center for Biologics

Evaluation and Research, Food and Drug Administration,

Silver Spring, MD, 20993, USA

Protein–ligand and, particularly, protein–drug interactions are cur-

rently considered in many important aspects, such as drug efficacy,

drug delivery, protein modifications, purity and safety of protein

therapeutics, and concomitant administration, to mention a few. This

presentation will focus on some therapeutic and analytical aspects of

heme binding to proteins with regards to native plasma proteins,

therapeutic proteins and heme-based therapeutics. As a prosthetic

group of hemoglobin, myoglobin, and several other hemoproteins,

heme is one of the most important and most abundant native ligands,

thus enabling various native hemoproteins to perform diverse bio-

logical functions. However, in its free form heme is intrinsically toxic

in vivo. Increased free heme in blood due to hemoglobin catabolism is

typical for hemolytic disorders. Exogenous sources of free heme

include stored red blood cell preparations and heme-based therapeu-

tics, such as Panhematin and Normosang that are used for the

treatment of porphyrias. Due to its potential toxicity, heme binding to

plasma proteins and determination of heme impurities in the protein

therapeutics derived from human blood are important safety issues.

Various aspects of heme–protein interactions will be discussed in this

presentation, including analytical assessment with a special emphasis

on protein-induced chirality.

Piezoelectric 3D polymeric micro/nanotube assemblies

as potential self-powering drug delivery platforms
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3Affiliated Hospital of Chengdu University, Chengdu 610081,

Sichuan, China; 4State Key Laboratory of Oral Diseases, West China
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Self-propelled micro/nanoscale machines have demonstrated consid-

erable potential for performing operations and tasks in on-demand

and targeted delivery of therapeutic payloads.

Nevertheless, it is still challenging in fabricating the structurally

complex biomedical objects of this size and scaling down of the

familiar macroscopic principles of powering them in vivo. In this

study, graphene (Gr), a two-dimensional (2D) nanostructured carbon

material that can be exploited to achieve high drug loading of poorly

soluble drugs without compromising potency or efficiency, was well

dispersed in a biocompatible polymer, poly (vinylidene fluoride)

(PVDF), and then the binary composites were crystallized at pressure

with a piston–cylinder apparatus. After removing the amorphous parts

of the recovered samples by a delicate etching technique, unique one-

dimensional (1D) PVDF micro- and nanotubes with polar piezo-

electric crystalline structures were observed. The large-scale growth

of such micro/nanotubes was assigned to the synergistic action of

graphene and pressure. The size and morphology of the crystalline

polymeric micro/nanotubes were found to be very sensitive to the

crystallization conditions. By regulating crystallization temperature,

pressure and time, PVDF micro/nanotubes with folded- and extended-

chain lamellae as substructures were obtained, respectively. Particu-

larly, three-dimensional (3D) micro/nanotube assemblies, totally with

polar extended-chain lamellae as their substructures, were formed

under specific conditions. Combining the properties of graphene and

the in situ-formed piezoelectric nanostructures, the pressure-crystal-

lized hybrid composites may permit niche applications in self-

powering drug delivery by scavenging energy from their working

environments in living organisms.
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Fullerene and pressure co-mediated growth of novel

biodegradable crystalline polymeric scaffolds

for controlled and localized delivery of therapeutics
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The drug-releasing scaffolds based on biodegradable polymers

such as poly (lactic acid) (PLLA) show great promise in tissue

engineering.

Nevertheless, major challenges still lie in the design and fabrication

of customizable constructs with controllable pore structures, sufficient

mechanical properties and predictable degradation rate. In this study,

fullerene C60/PLLA composites were fabricated and then crystallized

at high pressure. The results showed that controllable growth of 3D

resorbable PLLA scaffolds, with crystalline alpha form and with

interconnected pores of high porosities, were achieved through a

fullerene and pressure co-induced phase transition. The pore size and

morphology, porosity and surface area, recognized as important

parameters for a tissue engineering scaffold, were easily mediated by

varying crystallization temperature, pressure and time, together with

the etching by a 1:2 water–methanol mixture containing 0.025 mol/L

of sodium hydroxide. Furthermore, the synergistic action of C60 and

pressure had a significant influence in crystalline morphology of

PLLA, which further mediated not only the macro- and microstruc-

tures of the formed scaffolds but also their degradation rate. The

in vitro data from a wide range of PH values suggested the intro-

duction of C60 followed by pressure treatment enhanced the

hydrolytic degradation of PLLA. With distinguishing features, the as-

crystallized PLLA scaffolds may permit niche application in tissues

such as muscle, tendon, ligament, intestine, bone and teeth for con-

trolled localized delivery of entrapped small molecule drugs.
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Identification and characterization of SDF-1a Variants

with Various Glycosaminoglycan-Binding Properties
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The stromal cell-derived factor 1a (SDF-1) belongs to the CXC

chemokines and interacts with its CXC-receptor 4 and 7. It is a reg-

ulator during the immune response, influences angiogenesis and

recruit tissue specific stem cells. Therefore, SDF-1 is an attractive

target for the regeneration of damaged tissue. Recent studies focus on

the development of hydrogels, which can be integrated in this type of

damaged tissue and improve wound healing. The aim of this study is

to generate a stable, long-term chemotactic gradient using immobi-

lized SDF-1 and variants, which leads to the recruitment of stem cells

and, therefore, to the regeneration of the affected tissue. The present

work focusses on the identification and characterization of SDF-1

variants with different glycosaminoglycan (GAG)-binding properties

to recruit different cell types that express the CXCR4.

Specific amino acids of SDF-1a for GAG binding were determined

by investigation of the interaction with different native and artificial

GAGs by use of 1H-15N-HSQC NMR spectroscopy.

Additionally, single amino acids were exchanged by mutations

based on NMR results. The migration and signaling assay demon-

strated that the single mutation does not influence the ability of the

SDF-1 to recruit specific cells and the G protein-coupled signaling by

the phospholipase C is not influenced.

To sum up, additional knowledge on the specific interaction of

SDF-1 with different GAGs could be achieved. The influence of the

GAG-binding site of the interaction of the SDF-1 with its CXCR4

could be characterized in more detail.

Prolyl-hydroxyproline, a collagen dipeptide, alters gene

expression in a co-culture of mouse skin cells
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Introduction: Prolyl-hydroxyproline (Pro-Hyp), a collagen-derived

dipeptide, has long been suggested to be the key peptide in the effects

of dietary collagen on the skin. Pro-Hyp is highly resistant to

intestinal peptidases and can be transported to the skin in its intact
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form. It was found that this peptide can stimulate cell growth of

mouse skin fibroblasts in vitro. Nevertheless, little is known about its

effects on gene expression in the skin. We used a co-culture system of

mouse skin cells to address the effects of Pro-Hyp on gene expression

changes.

Methods: Co-culture: primary mouse skin keratinocytes were over-

laid on top of a dermis equivalent (primary mouse skin fibroblasts in a

collagen gel). The co-culture was exposed to an air–liquid interface,

and a skin-like layer was formed. After 4 days, the basal medium was

replaced with fresh medium containing Pro-Hyp, proline, or

hydroxyproline (200 lM) for 24 h. The skin-like layer was then

separated from the dermis equivalent. Real-time RT-PCR was used to

determine mRNA level changes in the skin-like layer.

Monolayer culture: primary mouse skin keratinocytes were cultured

in a fibroblast-conditioned medium on a collagen-coated plate. After

four days, the medium was replaced with fresh medium containing

Pro-Hyp (200 lM) for 24 h. Real-time RT-PCR was used to deter-

mine mRNA level changes.

Results: The addition of Pro-Hyp up-regulated the mRNA levels of

Krtap16-7, Krtap15, Krtap14, and Krtap8-2 which code keratin-as-

sociated proteins in the skin-like layer of the co-culture. In contrast,

the amino acids did not significantly alter the expression levels of

these genes. In the monolayer culture, the addition of Pro-Hyp did not

induce the same changes as in the co-culture.

Conclusion: Our data demonstrate the regulatory effect of Pro-Hyp in

its intact form on gene expression in the co-culture of mouse skin

cells. The keratin-associated proteins are components of hair follicles

which play an important role in retaining temperature in the skin.

These proteins are produced in the growth phase of the hair cycle.

Therefore, the up-regulation of the Krtap genes by Pro-Hyp might

contribute to the effects of this collagen peptide in the skin as well as

in hair follicles.

Reduction of inflammatory state in CKD patients

during cholesterol lowering treatment is related

to oxidative stress decrease and taurine concentration

increase
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Tryptophan (Trp) degradation via indoleamine (2,3)-dioxygenase,

with consequent increased in kynurenine (Kyn) concentrations, has

been proposed as marker of immune system activation. We hypoth-

esized that cholesterol lowering treatment might directly affect IDO

activity in CKD, with consequent changes in the Kyn/Trp ratio. We

sought to address whether these effects were associated with changes

in markers of oxidative stress malondialdehyde (MDA) and allantoin/

uric acid ratio (All/UA) and taurine. Serum concentrations of Trp and

Kyn, oxidative stress indices (MDA) and All/UA ratio, and anti-ox-

idant amino acid taurine were measured in 30 CKD patients. Both

Kyn and Kyn/Trp ratio significantly decreased after cholesterol

lowering treatment, to values comparable with healthy controls after

1-year treatment (1.67 ± 0.62 vs 1.31 ± 0.51 lmol/L, p\ 0.0001

and 0.036 ± 0.016 vs 0.028 ± 0.012 p\ 0.0001, respectively). This

was paralleled by a significant decrease in MDA (218 ± 143 vs

176 ± 123 nmol/L, p\ 0.01) and All/UA ratio (1.47 ± 0.72 vs

1.19 ± 0.51, p\ 0.01) in CKD patients. Taurine concentration sig-

nificantly increased all over drug treatment from 51.1 ± 13.3 lmol/L

at baseline to 63.1 ± 16.4 lmol/L (p\ 0.001). The reduction of Kyn

concentrations and Kyn/Trp ratio during therapy was significantly

associated to the reduction in MDA concentrations (r = 0.965

p = 0.037 and r = 0.997 p = 0.003, respectively) and All/AU ratios

(r = 0.964 p = 0.036 and r = 0.998 p = 0.002 respectively). Ame-

lioration of both oxidative and inflammation status after cholesterol

lowering treatment in CKD might be mediated by restoration of anti-

oxidant taurine concentrations during therapy, suggesting that

improvement of both oxidative and inflammation status in CKD

patients could be explained, at least partly, by the cholesterol-low-

ering effects.

Incorporation of functionalized amino acids during cell-

free protein expression

Chris J. Easton, Samuel A. Fraser, Mantas Liutkus and Zhongqiang

Wang
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e-mail: easton@rsc.anu.edu.au

Dehydrogenation and hydroxylation of proteins are generally

assumed to involve post-translational free-radical modifications,

and such processes are typically associated with dysfunctional

proteins and disease states. However, using cell-free protein syn-

thesis, it has been found that hydroxy,1 dehydro and chloro2 amino

acids, prepared using radical processes, are readily mis-incorpo-

rated into proteins in place of the twenty normal amino acids.

Depending on the modification, it may or may not affect the protein

structure and function. These findings not only challenge our

understanding of the fidelity of protein biosynthesis, since the

biological machinery is sometimes unable to differentiate between

the hydroxy, dehydro and chloro amino acids and the normal amino

acids, but are also conceptually attractive because they involve

replacing the non-reactive side chains of aliphatic amino acids with

functionalized derivatives. The functionalized proteins provide new

tools for biotechnology, such as latent cleavage sites for peptide

synthesis.

PpiB-His6-Gly10- -Cl-Val-GRP-Gly GRP-G
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(2) Z. I. Watts, C. J. Easton, Peculiar stability of amino acids and

peptides from a radical perspective, J. Am. Chem. Soc. 2009, 131,

11323–11325; D. J. Stigers, Z. I. Watts, J. E. Hennessy, H.-K. Kim, R.

Martini, M. C. Taylor, K. Ozawa, J. W. Keillor, N. E. Dixon, C.
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acids during cell-free protein synthesis, Chem. Commun. 2011, 47,

1839–1841; I. N. Arthur, J. E. Hennessy, D. Padmakshan, D.
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unnatural amino acids during cell-free protein synthesis, Chem. Eur.

J. 2013, 19, 6824–6830.
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Cortico-limbic neuropeptidases after acute restraint

stress
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Abstract: Oxytocin, vasopressin as well as enkephalins are neu-

ropeptides involved in the stress response and in memory processes.

These neuropeptides are partially regulated by several neuropeptidase

activities such as oxytocinase/vasopressinase and enkephalinase

activities. The medial prefrontal cortex, amygdala and hippocampus

are brain areas involved in the stress response. These areas constitute a

circuit in which they interact with each other for such a response.

Therefore, in order to investigate the role of these neuropeptidases in

the response to stress, we analyzed the profile of regional distribution

of these enzymatic activities as well as their patterns of interaction into

this circuit after causing an acute restraint stress in adult male rats.

With regard to the regional study, while most activities showed a

preponderance of the amygdala on hippocampus and medial prefrontal

cortex, in both groups of control and stressed animals, enkephalinase

activity demonstrated a change after stress increasing in the hip-

pocampus and decreasing in the amygdala. The analysis of the

correlation study suggested that neuropeptidase activities are con-

nected with the functional status of this cortico-limbic circuit, changing

significantly the pattern observed in controls after acute restraint stress.

In controls, the suggested connection implied essentially a positive

interaction between medial prefrontal cortex and amygdala, without a

clear relationship between the other regions. In marked contrast, after

the applied stress, there was a highly significant change in the pattern of

interactions, activating a positive correlation between medial pre-

frontal cortex and hippocampus and between amygdala and

hippocampus and diminishing the interaction medial prefrontal cortex

versus amygdala observed in controls. The global analysis of interac-

tions between neuropeptidases and areas suggests a differential role for

oxytocinase/vasopressinase activity in the medial prefrontal cortex in

comparison with the rest of activities and areas. The present results

support a possible role for neuropeptidases and consequently for their

corresponding neuropeptidergic substrates vasopressin, oxytocin and

enkephalin in response to stress of the regions analyzed.

Acknowledgments: This work was supported in part by the Junta de

Andalucı́a through PAI CVI-221 (Peptides and Peptidases) and CTS

438 (Group for Neurological Diseases Research in Southern Spain)

and by the Junta de Andalucı́a through project no. P10-CVI6476.

Eiji Okamura and Masami Yokota Hirai

Abstract: L-Serine is essential for all living organisms because the

amino acid is used as precursors for other amino acids, phospholipids

and nucleic acids, which play key roles for cell proliferation and

maintenance. In plant, two serine biosynthesis pathways are revealed.

One is glycolate pathway which is originated from 2 molecules of

glycine generated by photorespiration. Another is phosphorylated

pathway which is originated from 3-phosphoglycerate, a biosynthetic

intermediate from Calvin cycle and glycolysis. The phosphorylated

pathway is regulated by a well-known feedback mechanism of a key

enzyme 3-phosphoglycerate dehydrogenase (PGDH). Therefore, the

regulation mechanism of PGDH activity is crucial for the flux regu-

lation of the pathway. Recently, physiological importance of the

phosphorylated pathway in Arabidopsis was revealed. The pathway is

strongly related to fixation of carbon dioxide and biosynthesis of

indole-3-acetate (IAA) and glucosinolates, secondary metabolites

derived mainly from tryptophan and methionine. Based on bio-

chemical analysis using Hill equation, we found that PGDH isozymes

are regulated via allosteric activation by aspartate family- and pyru-

vate family-amino acids in various plants. Furthermore, mutagenesis

experiments of PGDH isozymes indicated that these regulatory amino

acids bind to different binding sites on PGDH isozymes. Based on

these results, we suggest synergetic regulatory mechanisms of PGDH

by aspartate family- and pyruvate family-amino acids in plants.

Feedback regulation of methionine biosynthesis

mediated by ribosome stalling in Arabidopsis

Yui Yamashita, Yubun Ohashi, Seidai Takamatsu, Noriyuki Onoue,

Kyoko Morimoto, Yoko Tajima, Shiro Aono, Hitoshi Onouchi,

Satoshi Naito

Graduate School of Agriculture/Graduate School of Life Science,

Hokkaido University, Sapporo 060-8589, Japan

Cystathionine c-synthase (CGS) catalyzes the key step of methionine

biosynthesis in plants. In Arabidopsis, expression of the CGS1 gene is

negatively feedback-regulated by its mRNA degradation in response

to S-adenosyl-L-methionine (AdoMet), a direct metabolite of

methionine. Degradation of CGS1 mRNA depends on the translation

of CGS1 mRNA itself. This suggested that AdoMet-sensing occurs

during the translation of CGS1 mRNA. By in vitro translation system,

we have previously shown that AdoMet induces ribosome stalling at

the Ser-94 codon on CGS1 mRNA, which is followed by mRNA

cleavage at the vicinities of the stalled ribosomes.

The amino acid sequence of the MTO1 region, located several

codons upstream of the Ser-94 codon, is involved in this regulation by

acting in cis. The biochemical analyses of the AdoMet-stalled ribo-

some-nascent peptide complex showed that conformation changes

occur in the nascent peptide/ribosomal exit tunnel region. This sug-

gested that CGS1 nascent peptide including the MTO1 region changes

its conformation during AdoMet-induced ribosome stalling. Recent

data suggest involvement of the exit tunnel in the AdoMet-induced

ribosome stalling. The mechanism of AdoMet-sensing during CGS1

mRNA translation will be discussed in the context of nascent peptide-

mediated ribosome stalling.

Effects of cultivar practices on tryptophan levels

during grape ripening

Ruiz-Rodrı́guez1, A., Setyaningsih, W.1,2, Carrera, C.3, Palma, M.1

and Barroso, C.G.1
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2Department of Food and Agricultural Product Technology, Faculty

of Agricultural Technology, Gadjah Mada University, Jalan Flora,
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Different cultivar practices have been applied to vine to promote

specific components related to final wine flavor. Some of the cultivar

practices are related to vine stress, including leaf removal, grape

bunch removal and vegetable cover crops. Some nitrogen and sulfur

supplements have been also used directly to leaves during the last

stage of the ripening period. Main effects of the cultivar practices are

related to the final composition of organic acids, volatiles components

and phenolics. However, some effects on amino acids have been also

found. This paper specifically deals with the effects on tryptophan

level because it has strong effects in the evolution of several other

related compounds, including auxins and melatonin. Six different

cultivar practices were applied in three replicated forms in the same

vineyard. Evolution of tryptophan levels was determined starting just

after grape veraison till harvest date. In some cases, some specific

treatments were also evaluated after regular harvest. Results point out

the specific effect of vegetable cover crops and leaves removal to

promote higher levels of tryptophan in grapes.

Keywords: Tryptophan, Grapes, Ripening.

Acyl-CoA-binding proteins mediate stress tolerance

in plants

Mee-Len Chye

School of Biological Sciences, University of Hong Kong, Pokfulam

Road, Hong Kong

E-mail: mlchye@hkucc.hku.hk

Acyl-CoA-binding proteins (ACBPs) from the model plant Ara-

bidopsis have been recently reported to mediate stress tolerance. The

AtACBP protein family, which shows conservation at the acyl-CoA-

binding domain, is encoded by six genes (AtACBP1 to AtACBP6)

distributed across four classes in Arabidopsis thaliana. In the monocot,

rice, six genes also encode ACBPs; however, their distribution across

the four classes differs from Arabidopsis. Class I ACBPs consist of

small (*10 kDa) proteins, Class II ACBPs comprise of proteins with

ankyrin repeats, Class III ACBPs are large proteins[70 kDa and Class

IV ACBPs contain kelch motifs. The ankyrin repeats of Class II

ACBPs and the kelch motifs of Class IV ACBPs can potentially

facilitate protein–protein interactions. Experiments using acbp

mutants and transgenic Arabidopsis overexpressing AtACBPs have

shown that these proteins can mediate various forms of stress toler-

ance. Sometimes AtACBPs work together with their protein partners

which have also been identified as stress-related proteins. It has been

demonstrated that AtACBP1- and AtACBP2-overexpressors can bet-

ter withstand heavy metal/oxidative stress, AtACBP2-overexpressors

tolerate drought stress, AtACBP3-overexpressors are protected against

biotic stress and AtACBP6-overexpressors are freezing tolerant. The

ability of the acyl-CoA-binding domain of recombinant AtACBPs in

binding acyl-CoA esters has been tested using Lipidex assays as well

as in isothermal titration calorimetry. The lipid-binding properties of

AtACBPs provide explanation, to a certain extent, on their ability to

better withstand stress treatments as lipids form important components

of cellular membranes. Given that transgenic Arabidopsis overex-

pressing AtACBPs from the 35SCaMV promoter are conferred

enhanced tolerance to various stresses, these proteins show promise for

applications in agriculture and phytoremediation.

Funded by the Research Grants Council of Hong Kong

[HKU765813M].

Phosphorylation of monoamine transporters
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James D. Foster3, Marion Holy1, Gangsoo Jung2,
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3Department of Biochemistry and Molecular Biology, University
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The dopamine transporter (DAT) and the serotonin transporter (SERT)

mediate reuptake of dopamine (DA) and serotonin, respectively, from

the synaptic clefts to terminate monoaminergic signaling. The func-

tions of transporters are regulated by oligomerization, protein–protein

interactions and post-translational modification, such as phosphory-

lation. Previously, we found that phosphorylation at Thr53 in rat DAT

is involved in amphetamine-mediated DA efflux1. In this study,

interaction of protein phosphatase (PP) 1 and PP2A with mouse DAT

exclusively from the wild-type, but not knock-out (DAT-/-), striatum

by mass spectrometry (MS) was investigated. We further confirmed

PP1 and PP2A interactions with human DAT in heterologous cells by

Co-IP and identified DAT phosphorylation at Thr48 by MS analysis.

Thr48 phosphorylation is strongly enhanced by okadaic acid (OA), an

inhibitor of PP1/2A, determined by stable isotope labelling method in

MS-based quantitative proteomics. In addition, OA augmented phos-

phorylation in the N-terminus of SERT. These findings suggest that the

N-terminal phosphorylation status of transporters is orchestrated by

multiple kinases and phosphatases and further its specific implications

in modulation of transporters will be examined.

1. Foster JD*, Yang JW*, Moritz AE, Challasivakanaka S, Smith

MA, Holy M, Wilebski K, Sitte HH§, Vaughan RA§ (2012) Dopamine

transporter phosphorylation site threonine 53 regulates substrate

reuptake and amphetamine-stimulated efflux. J Biol Chem

287(35):29702–29712

Maternal immune activation epigenetically regulates

serotonin transporter levels in adult offspring

hippocampus

Sonali Reisinger1#, Eryan Kong1#, Deeba Khan1, Stefan Schulz1,

Marianne Ronovsky1, Maureen Cabatic1, and Daniela D. Pollak1

1Department of Neurophysiology and Neuropharmacology, Center

for Physiology and Pharmacology, Medical University of Vienna;
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Major depressive disorder (MDD) is one of the most debilitating

diseases worldwide, yet the pathological mechanisms underlying
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this common mental illness are poorly understood. Increasing evi-

dence points towards epigenetic mechanisms as central mediators

of the impact of environmental influences on gene expression and

consecutively brain structure and function and an involvement in

the pathogenesis of multifactorial neuropsychiatric disorders has

been proposed. Here we employed maternal immune activation

through the administration of Poly (I:C), mimicking gestational

infection, to investigate possible epigenetic dysregulations in a

mouse model of depression. The effects of MIA on molecular

participants of the epigenetic machinery with special focus on the

serotonin transporter (SERT) critically involved in the aetiology of

MDD and pharmacological antidepressant treatment. Deranged

hippocampal SERT expression at the mRNA and protein level,

associated with a distinct pattern of histone modifications at the

SERT promoter and paralleled by alterations in the global hip-

pocampal histone acetylation profile was observed in MIA

offspring. These findings support the notion that epigenetic mech-

anisms contribute to the environmental programming of brain

development and behaviour by embedding the impact of the early

life experiences on gene expression. A distinct hippocampal global

and gene-specific histone acetylation pattern is suggested to ingrain

the effects of MIA on SERT expression and depression-like beha-

viour later in life.

Functional regulation of amphetamine-induced efflux

by CaMKII

Harald H. Sitte1,2, Thomas Steinkellner1, Therese R. Montgomery1,3,

Tina Hofmaier1, Oliver Kudlacek1, Jae-Won Yang1, Gangsoo Jung5,

Gert Lubec5, Ulrik Gether4, Michael Freissmuth1, Daniela D. Pollak1
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Medical University of Vienna, Währingerstr. 13A, 1090 Vienna,

Austria;
2Center for Addiction Research and Science-AddRess, Medical

University Vienna, Waehringerstrasse 13A, 1090 Vienna, Austria;
3UCD Conway Institute of Biomolecular and Biomedical Research,

University College Dublin, Belfield, Dublin 4, Ireland;
4Molecular Neuropharmacology and Genetics Laboratory,

Department of Neuroscience and Pharmacology, Faculty of Health

and Medical Sciences, The Panum Institute, University

of Copenhagen, Denmark;
5Department of Pediatrics, Medical University of Vienna, Währinger

Gürtel 18, 1090, Vienna, Austria

Monoaminergic neurotransmission is terminated by reuptake of

extracellular dopamine (DA) or serotonin (5-HT) by the respective

high-affinity transporters (DAT, SERT). These transporters are major

molecular targets for psychostimulants such as cocaine and amphe-

tamines. Both drugs act as competitive uptake inhibitors when

competing with the physiological substrate for the uptake site.

However, amphetamines are more complex in their ability to induce

transport-mediated efflux. This reverse transport process is not a

simple back-diffusion reaction because it involves the activity of

different sets of kinases, including the calcium and calmodulin-de-

pendent kinase IIa (aCaMKII). The presentation will focus on the

recent developments and discuss the regulation of both DAT and also

SERT by aCaMKII. Furthermore, the in vivo importance of aCaMKII

modulation for amphetamine action at DAT and SERT will be

outlined.

Imaging the effects amphetamine in sensitization

and first-episode schizophrenia: a [11C]-(+)-PHNO

positron emission tomography study

Matthäus Willeit1,2, Ana Popovic1, Lucie Bartova1,

Nicole Praschak-Rieder1, Siegfried Kasper1, Lukas Nics3,

Markus Mitterhauser3, Wolfgang Wadsak3, Martin Bauer1,4

1Department of Biological Psychiatry, University Hospital

of Psychiatry and Psychotherapy, Medical University Vienna,

Währinger Gürtel 18-20, 1090 Vienna, Austria;
2Center for Addiction Research and Science-AddRess, Medical

University Vienna, Waehringerstrasse 13A, 1090 Vienna, Austria;
3Department of Nuclear Medicine, Department of Biomedical

Imaging and Image-guided Therapy, Medical University Vienna,

Währinger Gürtel 18-20, 1090 Vienna, Austria;
4Department of Clinical Pharmacology, Medical University Vienna,

Währinger Gürtel 18-20, 1090 Vienna, Austria

Patients with schizophrenia show increased behavioral sensitivity to

the effects of dopamine-transporter blocking or dopamine-releasing

agents. Repeated administration of amphetamines leads to increased

behavioral sensitivity to the drug, an effect that has been termed

sensitization. Patients with schizophrenia have thus been conceptu-

alized as being in a state of ‘natural’ sensitization toward the effects

of amphetamines. Release of endogenous dopamine in the living

human brain can indirectly be measured by imaging blocking of

radioligand binding to dopamine D2/3 receptors using positron emis-

sion tomography (PET). For this study, healthy subjects undergo

repeated administration of a small oral dose of d-amphetamine and

repeated PET scans. Patients with first-episode schizophrenia undergo

a single intake of d-amphetamine and two PET scans. Binding of the

dopamine D2/3 receptor agonist radioligand [11C]-(+)-PHNO is ana-

lyzed using simplified reference tissue models. Effects of repeated

amphetamine administration to healthy subjects on behavior and

dopamine release are compared to amphetamine effects in patients

with schizophrenia.

Sodium–potassium pump (Na, K-ATPase) is a target

of amyloid beta

Petrushanko I.Yu.1, Mitkeich V.A.1, Bogdanova A Yu.3,

Burnysheva K.M.1, Lakunina V. A.1, Dergousova E.A.2,

Ogunshola O.O.3, Lopina O.D.2, Makarov A.A.1

1Engelhardt Institute of Molecular Biology, Russian Academy

of Sciences, Vavilov St. 32, 119991 Moscow, Russia;
2Faculty of Biology, M.V. Lomonosov Moscow State University,

119234 Moscow, Russia;
3Institute of Veterinary Physiology, Vetsuisse Faculty, University

of Zurich, CH-8057 Zurich, Switzerland

Na, K-ATPase provides active transport of Na+ and K+ across plasma

membrane in all types of animal cells. Onset of the Alzheimer’s disease

(AD) is accompanied by decreasing Na, K-ATPase activity. Disruption

of ionic homeostasis leads to the changes of resting membrane

potential and excitable properties of neurons. It has been shown that

decrease in activity of Na, K-ATPase in postmortem samples of hip-

pocampus from transgenic mice and in the microsomal fraction of brain

tissue is correlated with the presence of beta-amyloid (Ab), which is
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the main component of amyloid plaques formed in AD. These findings

support a hypothesis that Ab can bind directly to Na, K-ATPase. At the

first step of the study, we used purified Na, K-ATPase preparation.

Applying Isothermal Titration Calorimetry, we have found thermo-

dynamic parameters of Na, K-ATPase interaction with Ab (1-42).

Dissociation constant (Kd) of the complex is equal to 4 lM, and the

binding is enthalpy driven. Evaluation of hydrolytic activity showed

that incubation of Na, K-ATPase with Ab (1-42) leads to inhibition of

the enzyme. At the next step, we have evaluated the effect of Ab (1-42)

on hydrolytic and transport activity of Na, K-ATPase in the cells of

neuroblastoma SH-SY-5Y. The cells were incubated with 10 lM of

Ab (1-42) over one hour. Treatment of cells with Ab (1-42) reduces

both hydrolytic and transport activity of Na, K-ATPase. The latter was

estimated from the ouabain-sensitive K+ (86Rb) influx. Rapid decline in

transport activity of Na, K-ATPase in intact cells, suggests that Ab (1-

42) binds to the extracellular part of the enzyme. To check the ability of

Ab (1-42) to enter into the SH-SY-5Y cells, they were treated with

10 lM Ab (1-42), labelled by fluorescein. Accumulation of Ab (1-42)

in the cells was observed only after 4 h of incubation. This demon-

strates that inhibition of Na, K-ATPase activity is associated with the

interaction of Ab (1-42) with the extracellular part of the protein

molecule. These findings help to explain early disruption of the action

potential of neuronal cells in the pathogenesis of AD.

Supported by Russian Science Foundation (grant #14-14-01152).

The C-terminus as a Folding Checkpoint in SLC6

Transporters

Michael Freissmuth, Institute of Pharmacology, Centre of Physiology

and Pharmacology, Medical University of Vienna, Währinger Str.

13a, A-1090 Vienna

In mammalian cells, essentially all integral membrane proteins are

synthesized in the endoplasmic reticulum (ER) and they have to be

exported from the ER via the secretory pathway to reach their final

destination. ER export is contingent on formation of COPII-coated

vesicles, where the inner coat layer is formed by the SEC23/SEC24

dimer. One of the four isoforms of SEC24 acts as the cargo receptor by

binding to short exposed motifs on the cytosolic side of client proteins.

Accordingly, there must be a proofreading mechanism, which prevents

premature export of unfolded or partially folded client membrane

proteins. We proposed a chaperone-COPII-exchange model for

transporters of the SLC6 family: this posits that a heat shock protein

(HSP) relay operates on the C-terminus of the transporter to assist the

folding of the transporter. This shields the SEC24 binding site and

precludes the premature recruitment of the SEC24 to the C-terminus.

The model makes several predictions, many of which have been ver-

ified using the serotonin transporter (SERT, SLC6A4), e.g.: (i) there is

HSP70 binding site in the C-terminus of SERT, which is adjacent to

the SEC24 binding motif. (ii) HSP701A binds to SERT, this binding is

restricted to SERT residing in the ER. (iii) Mutations within the

C-terminus impair folding of SERT. Individual mutants are stalled at

different stages within the folding trajectory. Accordingly, they are

complexed with different chaperones (HSP701A and HSP90b) and co-

chaperones (HOP, p23, CHIP). (iv) The folding defect of mutated

transporters can be corrected by inhibiting HSP701A and/or

HSP90b with pifithrin-l and 17-(dimethylaminoethylamino)-17-

demethoxygeldanamycin (DMAG), respectively. The relative efficacy

of these two compounds depends on the point, at which their folding

trajectory is stalled. (v) The C-terminus interacts with the first intra-

cellular loop via a salt bridge. This allows for sampling the folding

trajectory. Thus, the C-terminus can act as a folding sensor and

transmit the information to the HSP relay. Anterograde trafficking of

SLC6 transporters is of interest, because there are human diseases,

which arise from folding-deficient, ER-retained mutants. Notable

examples are infantile dystonia/parkinsonism and hyperekplexia/

startle disease, which are caused by mutations in the genes encoding

the dopamine transporter (DAT, SLC6A3) and the glycine transporter-

2 (GlyT2, SLC6A5), respectively. Based on our insights, strategies are

conceivable, which restore ER export of the mutated transporters.

These are being examined in Drosophila melanogaster.

Phosphorylation of voltage-gated Kv7.2 channels

regulates their PIP2 sensitivity
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Kv7 channels are a subfamily of voltage-gated K+ channels that play a

major role in the regulation of neuronal excitability. One important

factor in the function of these channels is PIP2, which is required for

gating. GPCRs govern Kv7 channels by determining the levels of

PIP2, on one hand, and via phosphorylation on the other hand. How-

ever, an interaction of these pathways has not been explored. By

applying liquid chromatography-coupled mass spectrometry to Kv7.2

immunoprecipitates of rat brain membranes and heterologous cells, we

located a cluster of phosphorylation sites in one of the PIP2-binding

domains. To evaluate the effect of phosphorylation on PIP2-mediated

Kv7.2 current regulation, we generated a quintuple alanine mutant of

according serines (S427/436/438/446/455; A5 mutant) to mimic a

dephosphorylated state. Activation of the voltage-sensitive phos-

phatase Dr-VSP was used to reduce PIP2 levels. Perforated patch-

clamp recordings showed that the Kv7.2 A5 mutant needed longer

VSP activation time for current inhibition than the wildtype (WT)

channels. In vitro phosphorylation assays with the purified C terminus

of Kv7.2 revealed that various kinases are able to phosphorylate these

5 serines. After treatment of cells expressing the WT Kv7.2 with

inhibitors of PKA, p38MAPK, CamKII and CDK5, activation of VSP

had to be significantly longer than in untreated controls in order to

achieve current inhibition. Our results reveal that the phosphorylation

status of residues located within the putative PIP2-binding domain

determines the phospholipid sensitivity of Kv7 channels.

Polyamine oxidase synthesis by blood lymphocytes

as the result of their stimulation of phytohemagglutinin

in the cerebral gliomas
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Tumor-associated inflammation stimulates the growth and progression

of the brain malignant gliomas. AQPeripheral blood lymphocytes play

an important role in tumor-associated inflammation by migrating in

inflammation and stimulating tumor cell proliferation and invasion

into surrounding healthy tissue. Polyamine oxidation enzymes—di-

amine oxidase(DAO) and polyamine oxidase (PAO)—are important

factors in the regulation of proliferative cell function during inflam-

mation, primarily of lymphocytes. The accumulation of polyamines in

the third stage of inflammation (proliferation and differentiation of

cells) is governed by these enzymes. One of the regulators of cellular

functions, in particular, the migration of blood cells and leukocyte

adhesion, is the degree of blood cells aggregation, which can be

considered as an indirect indicator of transmembrane potential. In this

work, we have used a new method of determining the degree of blood

cells aggregation based on the effect of surface plasmon resonance.

The aim of this work was to study the DAO and PAO activities in the

transformation process of lymphocytes in the blasts when exposed to

various concentrations of phytohemagglutinin with the ‘‘lymphocytes

blasttransformation reaction’’ test. The blood samples taken on an

empty stomach in patients with cerebral gliomas of varying degrees of

malignancy were the objects of the study. Phytohemagglutinin was

used within a concentration gradient from 10-1 to 10-5 times. Blood

cells (without serum) were pre-incubated with different concentrations

of the drug 20 min at a temperature of 37 �C. The original solution of

phytohemagglutinin was used as the control. Then nutrient medium

RPMI, antibiotics and cultured cells according to well-known ‘‘lym-

phocytes blasttransformation reaction’’ methods were added. A

cellular fraction of heparinized venous blood was used to determine

the degree of blood cells aggregation as a shift of the minimum of the

curve of the surface plasmon resonance in degrees. DAO and PAO

activities were determined by a spectrophotometric method. In the

group of healthy individuals, indicators of the degree of blood cells

aggregation and the DAO and PAO activities are within normal limits

with slight deviations depending on the dilution of phytohemagglu-

tinin. There is a significant reduction in the proliferative activity of

lymphocytes when the decrease in surface plasmon resonance is

observed. The DAO and PAO activities also reduced. There is an

increase in the level of DAO and PAO activities in the same time with

increasing surface resonance. Blasts remain reduced. The decrease in

surface plasmon resonance coincides with a decrease in the number of

blasts and DAO and PAO activities when there are gliomas with the II

stage of malignancy. The increase of surface plasmon resonance

coincides with a decrease in the number of blasts and an increase in

DAO and PAO activities in the oxidation of spermine. PAO activity in

the oxidation of spermidine, on the contrary, is decreased. The

decrease in surface plasmon resonance is accompanied by decreased

DAO and PAO activities and increased number of blasts when there

are gliomas with III stage of malignancy. Blasts decreases simulta-

neously with the decrease in DAO activity, and by increasing the PAO

activity, the level of performance of surface plasmon resonance raise.

The ratio between the level of reducing aggregation of blood cells and

the DAO and PAO activities under the influence of various dilutions of

phytohemagglutinin emphasizes the important role of transmembrane

potential in the proliferative activity of lymphocytes in inflammation

and tumor growth.

The antiproliferative and proapoptogenic effects

of aniline derivative copper (II) complex that activates

catabolism and inhibits the synthesis of polyamines

E. V. Neborak, S. P. Syatkin, N. A. Shevkun, A. S. Skorik

Peoples’ Friendship University of Russia (PFUR), Medical faculty,

Biochemistry dpt

As a result of prescreening on a cell-free assay system, a copper (II)

complex with aniline derivative 3-(2-fluoroaniline)-1-phenyl-

propanone-1 was selected. It showed an activating effect on the

oxidative deamination of polyamines and inhibitory effect on their

synthesis which indicates its potential carcinostatic properties. The

aim of the work was to test the selected active agent in vitro on tumor

cell cultures, as well as to study its effect on the readiness of the cells

for apoptosis. In cellular test system investigation, it was found that

its IC50 against melanoma cells MEL7, breast cancer MCF-7, and

prostate cancer PC3 was B10-4 M. On mononuclear leukocyte cells

it has been shown that under the action of the compound, the

expression level of the prototype death receptor CD95 increases,

which indicates an increased willingness to cell apoptosis as the latest

can be provoked by interaction of CD95 with its ligand. Thus, the

compound is sufficiently active in regard to its antiproliferative

activity. One can assume that one of the probable mechanisms of its

antiproliferative action is the start of programmed cell death. For a

more accurate conclusion, further detailed study is required.

The correlation between the influence of aniline

derivatives on oxidative deamination of polyamines

and their ionization constants

E. V. Neborak, S. P. Syatkin, N. A. Shevkun, A. S. Skorik

Peoples’ Friendship University of Russia (PFUR), Medical faculty,

Biochemistry dpt

The polyamine exchange being associated with the processes of cell

proliferation and differentiation can be used as a target for potential

antitumor agents. Reducing the intensity of oxidative deamination of

polyamines is in some cases a primary mechanism for polyamine

level increasing in the cell about the malignancy. Thus, it can be

regarded as an experimental index for the primary selection of

potential anticancer agents. The aim of our work was to study the

direct influence of 11 aniline derivatives with different substituents on

the aromatic ring, for which ionization constants were found by

spectrophotometric titration. Regenerating rat liver was used as a cell-

free test system. The results showed the following: Only substance A6

activated oxidative deamination putrescine. Increasing of oxidative

deamination rate of spermidine was observed on the background of

the substances A2, A5, and A6. Oxidative degradation of spermine

reliably activated 4 compounds: A9, A3, A4, and A8. The aminoxi-

dase activity value against the action of compounds from the group of

aniline derivatives correlates with their ionization constants in the

case of putrescine (R = -0,85, p = 0,002) and spermine (R = -

0,72, p = 0,019). This means that the more basic properties have

these substances, the greater is the degree of aminoxidase inhibition.

Diamine oxidase is a copper-containing enzyme. One of the possible

mechanisms of its activation by these structures is coordinating its

copper-containing active center with aniline derivatives behaving as

ligands. In the case of the spermine catabolism, further research is

needed to allow hypothesizing mechanism of inhibition.

Activators of polyamine oxidase as potential antitumor

agents

S. P. Syatkin, E. V. Neborak, R. I. Sokuev, N. A. Shevkun,

A. S. Skorik

Peoples’ Friendship University of Russia (PFUR), Medical faculty,

Biochemistry dpt

Our preliminary studies of polyamine metabolism in transplantable

hepatomas 27, 22a, 60, 61, 46, 48 and during diethylnitrosamine-
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induced hepatocarcinogenesis were aimed to investigate the mecha-

nisms of PA regulation in normal, malignant and regenerating liver.

Results demonstrate the difference between PA synthesis and cata-

bolism during the pathological proliferation compared to healthy

tissues. Accumulation and increased concentrations of PA observed

during cancer growth process are associated mostly with their cata-

bolism suppression but not only with the acceleration of biosynthesis

as in regenerating liver. Decreased rate of oxidative deamination of

PA in hepatocarcinogenesis is most likely to be the primary process,

while the increase of decarboxylation rate may be considered as the

result of the transformed hepatocytes’ dedifferentiation. Diamine

oxidase (DAO) and polyamine oxidases (PAO), which regulate the

PA levels, may have direct or mediated effects on the enhanced cell

proliferation and tumor growth. Enzyme activity of PAO in the early

stages of hepatic malignization can be down-regulated by the high

concentrations of PA (substrate inhibition) and vitamin B6 deficiency

(urgent regulation type). In the late phase of neoplastic transforma-

tion, the DAO activity may be genetically regulated by the

termination of apoenzyme synthesis (chronical regulation type).

Elimination of DAO and PAO activities in tumor cells may be the

defence against the toxic products of oxidation. Thus, the activators of

PA catabolic enzymes would have the cancerostatic potency. So, in

both acellular test-systems of tumor and regenerating tissue, bis-

(uracil) PA analogs have demonstrated not only inhibition of PA

synthesis, but also activation of PA catabolism. This is the probable

reason for the proliferation suppression of cancer (CaOv) cells growth

in culture. These results indicate that the stimulators of PA oxidative

deamination showed antitumor activity and may be used as potential

therapeutic agents. The investigations of the aberrant regulation of

polyamine metabolism in tumors made it possible to suppose that

inhibitors of the polyamines’ oxidative deamination could have the

carcinogenic properties. In contrast, compounds, which activate the

polyamine catabolism, may be potential antineoplastic agents. The

aim of our present study was the prediction of carcinogenic and

antiproliferative properties of the novel compounds. The objective

was to evaluate the influence of benzimidazole, azofluorene, dioxa-

boreninopyridine and aniline derivatives on the rate of putrescine,

spermidine and spermine oxidative deamination in the acellular

testing system of the high mitotic index tissue. We studied 32 com-

pounds. To sum up: (1) 7-amino pyrido[1,2-a]benzimidazole and

7-nitro pyrido[1,2-a]benzimidazole demonstrated 1.5-1.7 fold inhi-

bition of amino-oxidase activity in regenerating liver and can be

potential cancerogenic. 1-amino-9-phenylamino-4-azo fluorene and

1,4-diazoacetonaphtyleno[1.2-f]-fluorinanten were activators of

polyamine catabolism, thus can probably have antiproliferative

effects. (2) Aniline derivatives , especially 3-(4-iodine anilino)-1-

phenylpropane-1, activated the process of oxidative deamination and

may be considered as potential cancerostatics. (3) The repression of

amino-oxidase activity by all dioxaborenynopyridine derivatives

enables to consider them as potential tumorogenic due to the presence

of common 6-Methyl-4,8a-diphenyl perhydro[1,3,2]-dioxaborinino

[5,4-c]pyridine core structure.

Acknowledgments: This work was supported by Ministry of Edu-
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The influence of aniline derivatives, their copper

complexes and dioxaborininopyridine derivatives

on ornithine decarboxylase activity

S. P. Syatkin, E. V. Neborak, N. A. Shevkun, A. S. Skorik

Peoples’ Friendship University of Russia (PFUR), Medical faculty,

Biochemistry dpt

The biosynthesis of polyamines is one of mechanisms of their in-cell

concentration regulation, which in its turn is a regulating factor in

respect of cell growth and differentiation, especially in the case of

regenerative processes and tumor growth. The character of the action

on it of various substances gives talk about their potential carcino-

genic or carcinostatic properties. The effects of aniline derivatives

(group A), their copper complexes (group B) and dioxaborininopy-

ridine derivatives (group C) on the activity of the key enzyme of

polyamine biosynthesis—ornithine decarboxylase (ODC)—were

investigated. The experimental model served as a cell-free test system

derived from regenerating rat liver. Complex compounds were pre-

pared according to standard procedures by mixing alcoholic solutions

of aniline derivatives with copper chloride solution. All the com-

pounds of group A caused a significant decrease in ODC activity,

which is typical for carcinostatics. In the case of copper complexes,

no uniformity was observed. Significant inhibition of ODC activity

was indicated for the compounds B1, B4–B9. Activation of ODC was

observed on the background of B11. All the compounds of the group

C, except for the C7 and C8, caused a significant increase in the

activity of ODC, which is typical for carcinogens. Thus, in terms of

impact on the biosynthesis of polyamines, the substances of the first

group showed oncoprotective properties, the substances of the third

group had carcinogenic properties. In regard to the second group of

substances, it can be said that their biological effects are different.

Additional studies are necessary for the explanation of this fact.

Identification of structural targets in Polyamine oxidase

active site for the directed synthesis of polyamine

catabolism activators

S. P. Syatkin, N. A. Shevkun, E. V. Neborak, A. S. Skorik

Peoples’ Friendship University of Russia (PFUR), Medical faculty,

Biochemistry dpt

Polyamine oxidases (PAO), a FAD-containing enzyme is involved in

the biodegradation of polyamines, catalyzing their oxidative deami-

nation. Polyamine oxidation products—aminoaldehydes are cytotoxic

and have been considered as a cause of apoptotic cell death due to

their ability to act as the carbonyl agents, conjugate with proteins and

nuclear acids. The catalysis of polyamines by the oxidative deami-

nation is decreased or almost arrested in tumor cells. Thus, the

activators of polyamine catabolism are supposed to be potential

antineoplastic agents. The docking of polyamine-like compounds

with yeast PAO enzyme Fms1 was implemented to find out the key

structural parameters for directed chemical synthesis of novel anti-

cancer molecules. The modeling of aniline, azofluorene,

benzimidazole, and dioxaboreninopyridine derivatives interaction

with PAO was performed using Molegro Virtual Docker software

with flexibility in torsion angles of ligands. The lowest energy pose of

each compound was described by energies of ligand interaction with

different residues of enzyme. Decomposition of total docking score

into partial ligand-residue terms was performed using the ‘‘energy

inspector’’ tool embedded in MVD. Few critical atoms in the sphere

radius 12 Å of the PAO active center were identified: His67, Tyr450,

His191, Trp174, Gly487. The in vitro activity of about 40 compounds

among aniline, azofluorene, benzimidazole, and dioxaboreninopy-

ridine derivatives on the rate of putrescine, spermidine and spermine

oxidative deamination was evaluated in the acellular testing system of

the rat regenerating liver. Only azofluorene and aniline compounds

were activators of polyamine catabolism, especially 1-amino-9-

phenylamino-4-azofluorene, 1-amino-2-bromo-4-azofluorene-9, 3-(4-

iodine anilino)-1-phenylpropane-1, 3-(1-phenyl-2-fluoro aniline)-

propanone-1. The antiproliferative activity was examined in prostate
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cancer cell line PC-3 by vitality test with Alamar Blue. Results

enabled to construct a binary classification model for prediction of

potential influence of novel compounds on polyamine metabolism

and their possible anticancer properties from docking parameters.

Determined amino-acid residuals revealed the structural basis for the

design and synthesis of novel activators of polyamine catabolism as

potential antitumor agents.

Fluoro derivatives of (+)-usnic acid as the potential

exchange regulators of polyamines

R. I. Sokuev1, N. A. Sokueva2, S. P. Syatkin3

1Department of Bioorganic Chemistry PFUR, M-Maklaya st 16/10,

Moscow, Russia;
2Laboratory of Biotechnology of Institute of Bioorganic Chemistry,

Russian Academy of Sciences, M-Maklaya st 16/10, Moscow, Russia;
3Medical faculty, Biochemistry dpt, Peoples’ Friendship University

of Russia (PFUR), Moscow Russia

Polyamines (PA) can be a convenient experimental target in studying

the proliferative activity of cells. On the other hand, (+)-usnic acid is

a well-known bioactive substance. This work is devoted to obtaining

of fluoro derivatives of (+)-usnic acid. These derivatives are consid-

ered as the potential exchange regulators of polyamines. Chemical

modification of (+)-usnic acid was conducted according to scheme:

(+)-usnic acid + base + fluorinating agent =[fluorinated deriva-
tive of (+)-usnic acid. The influence of different process parameters

(e.g., humidity level of solvent) on the character of modifications was

examined. The reaction ability of hydroxyl groups of usnic acid was

studied. It was indicated that among the three OH groups of (+)-usnic

acid, only OH group in position 7 participates in the reactions with

perfluoroolefines.

Abstract: Oral Presentation in the Polyamine Section

New insights into novel inhibitors against

deoxyhypusine hydroxylase from plasmodium

falciparum: compounds with an iron chelating potential

Imke von Koschitzkya+, Heike Gerhardtb+, Michael Lämmerhoferb,

Michal Kohoutc, Matthias Gehringerd, Stefan Lauferd, Mario Pinke,

Simone Schmitz-Spahnkee, Christina Strubef, Annette Kaisera*

aInstitute for Pharmacogenetics, Medical Research Centre, University

Duisburg-Essen Hufelandstrasse 55, 45147 Essen, Germany;
bInstitute of Pharmaceutical Sciences, Pharmaceutical (Bio)Analysis,
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Abstract: Deoxyhypusine hydroxylase (DOHH) is a dinuclear iron

enzyme required for hydroxylation of the aminobutyl side chain of

deoxyhypusine in eukaryotic translation initiation factor 5A (eIF-

5A), the second step in hypusine biosynthesis. DOHH has been

recently identified in Plasmodium. Both enzymes have very peculiar

features including a diiron centre in their active site. Structural

predictions based on the amino acid sequence of the active site in

comparison to the human enzyme show that four conserved histidine

and glutamate residues provide the coordination sites for chelating

the ferrous iron ions. Recently, we showed that P. vivax DOHH is

inhibited by zileuton (N-[1-(1-benzothien-2-yl)ethyl]-N-hydrox-

yurea), a drug that is known for inhibiting human 5-lipoxygenase(5-

LOX) by the complexation of ferrous iron. A novel discovery pro-

gram was launched to identify inhibitors of the P. falciparum DOHH

from the Malaria Box, consisting of 400 chemical compounds,

which are highly active in the erythrocytic stages of Malaria

infections. Selection for potential ligands of ferrous iron resulted in

three compounds from different scaffold classes namely the dia-

zonapthyl benzimidazole MMV666023 (Malaria Box plate A,

position A03), the bis-benzimidazole MMV007384 (plate A, posi-

tion B08), and a 1,2,5,-oxadiazole MMV 665805 (plate A, position

C03). As a proof of principle, a bioanalytical assay was performed

and the inhibition of hypusine biosynthesis was determined by GC–

MS. MMV 665805 exhibited the strongest inhibitory effect. The

results were in accordance with the preliminary quantum–mechan-

ical calculations suggesting the strongest iron complexation capacity

for MMV 665805 which might be a novel lead structure for inhi-

bitors of P. falciparum DOHH.

Mechanism of mitochondrial permeability transition

prevention or induction by spermine in mammalian

mitochondria

1Antonio Toninello, 1Silvia Grancara, 3Shinji Ohkubo,
3Eris Bidollari, 2Marcantonio Bragadin, 3Enzo Agostinelli
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Bassi 58 B, 35131, Padua, Italy;
2Department of Molecular Sciences and Nanosystems, ‘‘Ca’ Foscari’’
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of Biochemical Sciences ‘‘A. Rossi Fanelli’’, SAPIENZA University

of Rome and Institutes of Biology and Molecular Pathology,

Consiglio Nazionale delle Ricerche (CNR), P.le Aldo Moro 5, 00185

Roma, Italy

Mitochondria permeability transition (MPT) is a phenomenon

involved in apoptosis occurrence. MPT is induced by a complex

assembly of several proteins belonging to all the mitochondrial

compartments, leading to formation of the transition pore. This causes

a bioenergetic collapse, redox catastrophe and mitochondrial swelling

with outer membrane rupture and release of pro-apoptotic factors.

MPT is induced by supraphysiological [Ca2+] and by an oxidative

stress inducer. MPT is prevented by cyclosporin A, ADP and reducing

agents. Depending on its concentration, spermine is able to directly

induce MPT at low concentrations (3–5 lM), or protect at high

concentrations (50–100 lM) against MPT induced by other agents.

The proposed mechanism is related to the generation of reactive

oxygen species (ROS) by spermine or to a ROS scavenging effect

exhibited by the polyamine. The above observations have been

obtained in isolated mitochondria. Spermine added to tumor cells, in

the presence of bovine serum amine oxidase (BSAO), induces

apoptosis, by evidencing the presence of strongly swollen damaged

‘‘in situ’’ mitochondria. These results raise the question in what is the
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cause and the effect of apoptosis and mitochondrial damage. Mito-

chondria isolated from hepatoma cells treated with BSAO plus

spermine (50–100 lM) undergo MPT induction and release pro-

apoptotic factors, thus demonstrating that the primary event leading to

apoptosis is pore opening. In conclusion, these results demonstrate the

pathophysiological role exhibited by spermine at different concen-

trations in isolated or ‘‘in situ’’ mitochondria and in particular the

possible utilization of spermine together BSAO for therapeutic

interventions.

Inhibition of cellular proliferation and differentiation

by polyamine depletion

Guy Landau, Zippy Bercovich, Avichai Ran, Shirly Brener

and Chaim Kahana

Department of Molecular Genetics, the Weizmann Institute

of Science, Rehovot 76100, Israel

e-mail address: chaim.kahana@weizmann.ac.il

The polyamines spermidine, spermine and their diamine precursor

putrescine are naturally occurring polycations that are essential for

cellular proliferation and differentiation. Depletion of cellular

polyamines results in growth cessation that can be resumed upon re-

addition of polyamines to the growth medium of the arrested cells.

The tight association between polyamines and cellular proliferation

made the polyamine metabolic pathway an appealing therapeutic

target for treating hyperproliferative pathologies including cancer.

However, the mechanism by which polyamine depletion inhibits

cellular proliferation is mostly unknown. We set out to investigate the

molecular mechanism by which polyamine depletion causes growth

inhibition by investigating changes in translational and transcriptional

activity in the depleted cells. Our results demonstrated that translation

is inhibited at the initiation step and that this inhibition is accompa-

nied by transcriptional response that together suggest establishment of

stress response that is manifested through activating the PERK arm of

the UPR. While we demonstrate phosphorylation of eIF2a in the

polyamine depleted cells, we show that polyamine depletion cause

growth and translational cessation also in cells harboring a mutant

non-phosphorylated allal of eIF2a, suggesting that possible involve-

ment of additional stress mechanisms or the involvement of

polyamines in the initiation process. We also demonstrated that

polyamine depletion inhibits adipogenic and myogenic differentia-

tion. While polyamine depletion inhibits the expression of key

myogenic and adipogenic regulators, polyamines seem to play a key

role in the proliferative process of mitotic clonal expansion.

Can polyamines be used to combat cancer? New

therapeutic approaches

Enzo Agostinelli1, Carlos Barrero2, Eris Bidollari1, Shinji Ohkubo1,

Marla Xhani1, Antonio Toninello3 and Salim Merali2

1Department of Biochemical Sciences ‘‘Sapienza’’ University of

Rome, P.le A. Moro 5, 00185 Rome, Italy;
2Temple University School of Pharmacy 3307 N Broad Street Room

552 Philadelphia, PA 19140, USA;
3Department of Biomedical Sciences, University of Padua, via U.

Bassi 58/B, 35131 Padua, Italy, e-mail enzo.agostinelli@uniroma1.it

MTT assays showed that the cytotoxicity induced by bovine serum

amine oxidase (BSAO) and spermine (SPM) was enhanced in colon

adenocarcinomas (LoVo) and melanomas (M14) cell lines, by the pre-

treatment of tumour cells with anandamide (AEA), a natural endo-

cannabinoid. This compound sensitized both wild-type (WT) and

multi-drug resistance (MDR) cells to the subsequent exposure to SPM

metabolites. The sensitizing effect was higher on MDR cells than

wild-type ones in both cell lines. The results are supported by

Annexin V-FITC/PI assay. Pre-treatment with AEA increased the

percentage of apoptotic cells on both WT and MDR phenotypes. Flow

cytometry analyses showed that BSAO and spermine induced a

remarkable appearance of subG1 peak, on both cell lines, that was

even more increased when cells were pre-treated with AEA. In order

to obtain an unbiased global view on the effect of BSAO in tumor

cells, stable isotope labelling of amino acids in cell culture (SILAC)

proteomics approach was performed using prostate cancer (LnCaP)

cells treated for 1 h with and without BSAO. In total, 721 unique

proteins were identified of which 40 were differentially expressed by

more than 1.3 folds. The canonical pathways that exhibited the largest

differences between BSAO treated and untreated cells in the presence

of spermine include the mitochondrial dysfunction and eIF-2 signal-

ing. Interestingly, complex I was up-regulated, while complexes III

and IV and V were downregulated in cells treated with BSAO as

compared to untreated cells. We conclude that the mechanism of the

cytotoxicity of BSAO/SPM is partly related to mitochondrial dys-

function. To increase the stability of the enzyme and the release of

cytotoxic products, BSAO was conjugated on a new injectable

nanohydrogel (NHs), obtained by derivatizing hyaluronic acid (HA)

with cholesterol (CH). The HA-based NHs system is a useful con-

trolled delivery system for future therapeutic enzymes application.

Mapping the transglutaminase-2 interactome

in a model of chronic kidney disease

Elisabetta AM Verderio, Giulia Furini, Nina Schroeder,

Linghong Huang1, David Boocock, Timothy S. Johnson1

School of Science and Technology, Biomedical, Life and Health

Research Centre and John Van Gees cancer research Centre,

Nottingham Trent University, Nottingham, United Kingdom and
1Academic Nephrology Unit, Medical School, University

of Sheffield, United Kingdom

A significant feature of progressive kidney scarring is the release of

Transglutaminase-2 (TG2) by tubular epithelial cells into the sur-

rounding tubulo-interstitium, leading to increased deposition of

extracellular matrix (ECM) components, ECM stabilisation and

activation of Transforming Growth Factor beta-1. Therefore, con-

trolling TG2 externalisation could be a new strategy to limit fibrosis

progression. To identify the molecular partners of TG2 leading to its

export, we utilised the unilateral ureteric obstruction (UUO) murine

model of chronic kidney disease. TG2 immunoprecipitation from

whole kidney membrane preparations of WT and TG2-null diseased

mouse kidneys was coupled to quantitative proteomics by SWATH-

MS. Differences between WT and TG2-null precipitated proteins

were determined by a paired sample z-test. Among the plasma

membrane-associated proteins specifically interacting with TG2

(p B 0.05, n C 4) and uniquely expressed in the UUO model, a

predominance of cell adhesion, actin dynamics, redox regulation and

endosome-related proteins was revealed, by searching Gene Ontology

terms overrepresented in TG2 partners (p B 0.05) compared to ref-

erence proteomes. Protein interaction network analysis (STRING 9.1)

showed that a subnetwork of proteins responsible for endosomal

transport were associated with TG2 and formed significant ‘‘hubs’’

post UUO. Furthermore, the heparan sulphate (HS) proteoglycans

syndecan-4 and perlecan were specifically associated with TG2 in the
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UUO model. Our study shows that UUO induces association of TG2

with several endosomal proteins suggesting their involvement in TG2

trafficking during the progression of fibrosis.

Pathways for synthesis of polyamines and their roles

in conceptus development and pregnancy recognition

signaling in sheep

Fuller W. Bazer, Xiaoqiu Wang and Guoyao Wu

Department of Animal Science, Texas A&M University, College

Station Texas, 77843-2471, USA

Embryonic mortality, a major constraint to reproductive performance

in mammals, occurs during the peri-implantation period of pregnancy

in ungulates when conceptuses undergo morphological transitions

from spherical to tubular and filamentous forms prior to implantation.

Secretions from uterine epithelia and nutrients transported into the

uterine lumen include arginine, a nutritionally essential amino acid

for conceptus survival and development. Arginine increases 13-fold

in the ovine uterine lumen between Days 10 to 15 of pregnancy and is

metabolized to nitric oxide (NO) via NO synthase (NOS3) or

polyamines via ornithine decarboxylase (ODC1). Morpholino anti-

sense oligonucleotides (MAO) knockdown of translation of ODC1

mRNA in ovine conceptus trophectoderm resulted in half of the

conceptuses to be morphologically and functionally normal and one-

half being abnormal. Normal conceptuses increased expression of

arginine decarboxylase and agmatinase to compensate for loss of

ODC1 for synthesis of polyamines. We also determined effects of

arginine mediated by NOS and polyamines on ovine trophectoderm

cells (oTr1). Arginine (0.2 mM) increased (P\ 0.05) proliferation,

production of interferon tau (IFNT) and cellular protein. IFNT is the

pregnancy recognition signal in ruminants. Inhibitors of NOS3 (L-

NAME), ODC1 (DFMO) or L-NAME + DFMO decreased

(P\ 0.05) cell proliferation; however, arginine alone increased cell

proliferation 1.5-fold (P\ 0.05) over control medium suggesting that

arginine is a growth factor. Putrescine and NO stimulated prolifera-

tion via TSC2-MTOR signaling, but only putrescine increased

production of IFNT by oTr1 cells. Thus, arginine-derived polyamines

stimulate proliferation and IFNT production by oTr1 cells via the

TSC2-MTOR signaling pathways to enhance embryonic growth,

development and survival.

Erythrocyte polyamine determinations: their clinical

impact as specific predictors in cancer and in non-

cancer diseases
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After extrusion of its nucleus, the erythroblast becomes an erythro-

cyte. Macrophages present in the bone marrow will phagocytose this

nucleic material, and the erythrocyte becomes a transporter not only

of hemoglobin but also of polyamines. The circulating erythrocytes

will later be physiologically destroyed in the spleen by macrophages.

Interestingly, a partial splenectomy in tumor bearing animals reduces

tumor growth and metastases spreading. Erythrocytes contain the

major pool of blood polyamines, especially spermidine (Spd) and

spermine (Spm). Though intracellular Spd and Spm levels reflect

differences in uptake rather than in outward flux across the cell

membrane, the values of erythrocyte putrescine (Pt) appear to be the

resultant of influx and efflux. During experimental liver regeneration

but also in tumor-grafted animals, the erythrocyte Spd levels increase

in proportion to the intensity of the hyperplasic phase. In these

experimental models, the Spd/Spm ratio may be considered as a

circulating index of hyperplasia. Erythrocyte polyamine determina-

tions have revealed their clinical usefulness in patients suffering from

hepatocellular carcinoma, malignant glioma, bronchopulmonary

cancer, childhood acute lymphoblastic leukaemia, bone marrow

transplantation in children, prostatic carcinoma and non-cancer dis-

eases. Recently, the polyamine pathway has been incriminated in the

pathogenesis of Parkinson disease. Erythrocytes can no more be

considered as small circulating ‘‘polyamine bags’’. The bioamines

they transport may be used as clinical ‘‘markers’’ in various

pathologies, but also participate in the pathogenesis and in the

maintenance of many human diseases.

Biological background of polyamine-induced lifespan

extension

Kuniyasu Soda

Saitama Medical Center, Jichi Medical University, Saitama, Japan

Summary: Heathy foods and healthy dietary patterns have higher

concentrations of polyamines (spermine and spermidine). The

continuous intake of high-polyamine foods has been shown to

increase blood polyamine concentrations in mice and humans. And,

high-polyamine chow inhibited aging-associated pathological

changes of Jc1:ICR mice and extended their lifespan. Aging is

accompanied by decreased DNA methyltransferase (Dnmt) activi-

ties, increased expressions of leukocyte function-associated antigen

1 (LFA-1) on immune cells, and an enhanced abnormal methylation

status (increased methylation and demethylation) of DNA.

Increased LFA-1 expression indicates pro-inflammatory status, and

abnormal DNA methylation is one of the major pathogenesis of

aging-associated diseases. In vitro experiments using Jurkat cells

have shown that polyamine deficiency decreased Dnmt activities,

increased LFA-1 expressions associated with the increased

demethylation of LFA-1 promoter areas (ITGAL), and enhanced

abnormal methylation of entire genes, whereas supplementation

with spermine (which has powerful biological activities) reverses

such changes. Moreover, the abnormal methylation status and the

aging-associated increase in LFA-1 expressions observed in aged

mice fed normal chow was not observed in age-matched mice fed

high-polyamine chow. These findings indicated that the aging-as-

sociated enhancement of abnormal DNA methylation is inhibited by

polyamines. Unlike lower organisms with short lifespans, mammals

have long lifespans and complicated neurological, metabolic, and

immunological functions which are mutually related. Polyamines

seem to exert their biological activities by affecting the expressions

of many genes via the control of the methylation status of promoter

areas.
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Benextramine derivatives as probes to target human

monoamine oxidases

Maria Luisa Di Paolo1, Andrea Milelli2, Giorgio Cozza3,

Monica Rossetto1, Michela Rosini4, and Anna Minarini4

1Department of Molecular Medicine, University of Padova, Padova,

Italy, marialuisa.dipaolo@unipd.it;
2Department for Life Quality Studies, University of Bologna, Rimini

Campus, Rimini, Italy;
3Department of Biomedical Sciences, University of Padova, Padova,

Italy;
4Department of Pharmaceutical Sciences, Alma Mater Studiorum-

University of Bologna, Bologna, Italy

Benextramine is an ‘‘old’’ tetraamine disulfide acting as irreversible

a-adrenergic antagonist, able to recognize additional targets, such as

nicotinic and muscarinic receptors and acetylcholinesterase enzyme,

all involved in neurodegeneration. Thanks to its disulfide moiety,

benextramine can react with Cys residues of receptors and enzymes

leading to a covalent bond resulting in irreversible alterations of the

biological activity of the protein target. Benextramine also behaves as

competitive M2 muscarinic receptors antagonist and reversible AChE

inhibitor. Using benextramine as ‘‘template’’, various polyamine

analogues were designed to improve selectivity and activity towards

the multiple targets, besides the cholinergic system, involved in

neurodegeneration (Melchiorre et al., Med Res Rev. 2003; 23: 200).

Monoamine oxidases (MAO) are well-known targets in neurodegen-

erative diseases and both isoforms contain Cys residues important for

their catalytic activity (Hubalek et al., JBC 2003, 278:28612). On

these bases, we studied the effect of some benextramine derivatives

on these potential novel targets. Most of the tested compounds were

foundto be able to inactivate both MAO isoforms. In particular,

increasing the length of the methylene chains between the nitrogen

atoms of the polyamine scaffold increased the inactivation constant

and the presence of the catechol moiety on the terminal nitrogen

atoms increased the selectivity towards MAO B. In the case of MAO

A, inactivation was found irreversible. Further studies are in progress

to elucidate the binding mode of these compounds to MAOs, with the

aim to modify their structure in order to improve their affinity and

selectivity for potential application in neurodegenerative diseases.

Understanding the role of the hypusine-containing

protein eIF5A in translation

Valentini, S. R

School of Pharmaceutical Sciences, São Paulo State University-

UNESP, Araraquara-SP, Brazil

The eukaryotic translation factor 5A (eIF5A) undergoes hypusination,

a unique and essential posttranslational modification in which the

polyamine spermidine is required. Although eIF5A has been exten-

sively involved in several cellular processes and pathologies, almost

all of these functional correlations can be seen as a result of its loss of

function in translation. The role of eIF5A in translation was

strengthened by the genetic and functional interaction between eIF5A

and the eukaryotic elongation factor 2 (eEF2). To further understand

this relationship, we have investigated the influence of these factors on

their ribosome binding. The data obtained revealed that both factors

are not able to bind to the same ribosome at the same time and they can

replace one another in the pre-assembled ribosome 80S, suggesting an

anti-cooperative ribosome binding effect. Moreover, the addition of

eEF2 decreases the affinity of eIF5A to the 80S ribosome. Addition-

ally, conditional eIF5A yeast mutants display reduced binding affinity

to the ribosome, and this is probably the cause of their defects in

growth and protein synthesis. Finally, to further investigate the cellular

function of eIF5A, we have performed high-throughput genetic

interaction studies using the Synthetic Genetic Array (SGA) analysis.

The results obtained so far revealed interesting synthetic genetic

interactions, e.g. with genes encoding proteins involved in cell cycle

and cytoskeleton organization, which are in agreement with a role for

eIF5A in the translation of a specific mRNA subset.

‘‘Role of Polyamines and EGFR Signaling

in Helicobacter pylori Infection and Gastric

Carcinogenesis: Targets for Intervention’’

J. Carolina Sierra1, Dana M. Hardbower1,2, Mohammad Asim1,

Daniel P. Barry1, Alberto G. Delgado1, Douglas R. Morgan1,

M. Blanca Piazuelo1, and Keith T. Wilson1,2,3,4

1Division of Gastroenterology, Department of Medicine;
2Department of Pathology, Microbiology and Immunology;
3Department of Cancer Biology, Vanderbilt University Medical

Center, Nashville, TN, USA;
4Veterans Affairs Tennessee Valley Health Care System, Nashville,

TN, USA

H. pylori (Hp)-associated gastric cancer is the third leading cause of

cancer deaths worldwide. We have implicated in gastric carcino-

genesis both ornithine decarboxylase (ODC), the rate-limiting

enzyme for polyamine synthesis, and spermine oxidase (SMOX) that

generates oxidative stress from metabolism of spermine. Our data

show that Hp-induced phosphorylation of epidermal growth factor

receptor (EGFR) increases SMOX and DNA damage in gastric

epithelial cells (GEC) and pro-inflammatory responses in macro-

phages. Inhibition of ODC with a-difluoromethylornithine (DFMO)

or shRNA knockdown reduces Hp-induced DNA damage in GEC. We

investigated interactions of polyamines and pEGFR during Hp

infection of Mongolian gerbils for 8 or 12 weeks. Animals recei-

ved ± DFMO in the drinking water and ± the EGFR inhibitor,

gefitinib, in the diet. Gastric cancer was reduced with either treatment,

but the effect was stronger with DFMO. There was no additive effect

with combined treatment. DFMO or gefitinib reduced levels of c-
H2AX, a marker of DNA damage, in gerbils where carcinoma/dys-

plasia was prevented. Hp output strains from DFMO-treated, but not

gefitinib-treated gerbils had decreased ability to translocate the

oncogenic virulence factor CagA into GEC, and to induce pro-in-

flammatory/pro-tumorigenic IL-8. However, NF-jB activation was

decreased with strains from either DFMO or gefitinib-treated gerbils.

In vitro pretreatment of GEC with DFMO or gefitinib decreased Hp-

stimulated pro-inflammatory cytokine production. Gefitinib also

decreased Hp-induced ODC in macrophages. Inhibition of both EGFR

signaling and ODC may have a potential role in the chemoprevention

of gastric cancer, but depletion of polyamines by DFMO has the

additional benefit of attenuating virulence of Hp.

RNAseq reveals polyamine signaling in relation

to tomato fruit development and ripening

Kexin Wang1, Autar K Mattoo2 and Avtar K Handa1*

1Department of Horticulture and Landscape Architecture, Purdue

University, West Lafayette, IN 47906 USA;
2Sustainable Agricultural Systems Laboratory, USDA-ARS,

Beltsville Agricultural Research Center, Beltsville, MD 20705, USA
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Signaling between polyamines (PAs) and the classical plant hormones

in regulating free and bound forms of hormones was previously sum-

marized [Anwar et al. (2015), In: Kusano and Suzuki (eds) Polyamines,

DOI 10.1007/978-4-431-55212-3_22)]. RNAseq analysis of wild-type

(WT) fruit and those of transgenic tomato line SlE8:ySpdSyn, which

accumulates high levels of spermidine (Spd) and spermine (Spm), has

further demonstrated that Spd/Spm differentially regulate a wide range

of genes including those that encode for the biosynthesis and signaling

of plant hormones. The GO evaluation revealed that the differentially

expressed genes represented myriad of biochemical and developmental

functions. In the transgenic tomato, along with abundance of mat and

ACS transcripts, ETR (ethylene receptor) transcripts also increased.

Similarly, higher jasmonate-zim-domain protein transcripts accumu-

lated in transgenic fruit, overriding effect of higher AOC and

lipoxygenase transcripts. Both IAA and GA effects in fruit appeared to

be further potentiated by higher PA levels. PAs likely negate cytokinin

signaling. A similar negative trend was seen for ABA—PAs enhancing

transcripts of the regulatory component of ABA receptor and PP2C

with a decrease in KAT1 transcripts. Accumulation of the BZR1 and

TGA (TGA transcription factor) transcripts in transgenic compared to

WT fruits suggests a role(s) for PAs in brassinosteroids and salicylic

acid signaling pathways. Additional research is needed to establish PA

crosstalk with different plant hormones. Implications of these results in

plant growth and development, particularly fruit development, will be

discussed. Supported by USDA-NIFA 2012-67017-30159 (AKH).

Synthesis of biologically active analogues of spermine

and spermidine

Maxim Khomutov�, Tuomo A. Keinänen�, Mervi T. Hyvönen�,

Leena Alhonen�, Jouko Vepsäläinen�, Alex R. Khomutov�*

�Engelhardt Institute of Molecular Biology, Russian Academy

of Sciences, Moscow, Russia;
�School of Pharmacy, University of Eastern Finland, Biocenter

Kuopio, Kuopio, Finland

*e-mail: alexkhom@list.ru

Biogenic polyamines spermine and spermidine are present in mM-

microM concentrations in all living cells and involved in the regu-

lation of many vitally important metabolic transformations. Spermine

and spermidine analogues are useful tools to study cellular functions

of polyamines, as well as the enzymes of their metabolism. Different

synthetic strategies being suitable for the synthesis of biologically

active polyamine analogues will be discussed. Special attention will

be paid to C-methylated derivatives of spermine and spermidine; the

biological activity can be regulated by moving methyl group along the

polyamine backbone and/or changing the stereospecificity of chiral

center [1]. A possibility for the introduction of methyl group into the

drugs of polyamine nature to regulate/improve their metabolic sta-

bility will be discussed.

1. Keinänen TA, Hyvönen MT, Alhonen L, Vepsäläinen J, Khomutov

AR (2014) Selective regulation of polyamine metabolism with methy-

lated polyamine analogues. Review. Amino Acids 46(3):605–620.

The research was supported by grants from Russian Science

Foundation, project 14-14-01099 (MK&ARK), the Academy of Fin-

land, project 266196 (MTH&LA), and by the strategic funding from

University of Eastern Finland (TAK&JV).

Bovine serum amine oxidase and chromate-modified

iron oxide nanoparticles for polyamine biosensing

Massimiliano Magroa,b, Emanuela Bonaiutoa, Davide Baratellaa,

Elisabetta Sconcerlea, Milo Terzoa, Petr Jakubecb, Giovanni Miottoc,d,

Alberto Maconee, Enzo Agostinellie,f, Jiri Tucekb, Radek Zborilb

and Fabio Vianelloa,b*

aDepartment of Comparative Biomedicine and Food Science,

University of Padua, Italy;
bRegional Centre of Advanced Technologies and Materials,

Department of Physical Chemistry and Experimental Physics, Faculty

of Science, Palacky University, 17. listopadu 1192/12, 771 46

Olomouc, Czech Republic;
cDepartment of Molecular Medicine, University of Padua, Italy;
dProteomic Center of Padova University, VIMM and Padova

University Hospital, Padova, Italy;
eIstituto Pasteur-Fondazione Cenci Bolognetti, Department

of Biochemical Sciences ‘‘A. Rossi Fanelli’’, SAPIENZA University

of Rome, Rome, Italy; fCNR, Institute Biology and Molecular

Pathology, Rome, Italy

Surface active maghemite nanoparticles (SAMNs) represent a new

class of naked maghemite nanoparticles, characterized by peculiar

surface properties. A novel hybrid nanomaterial based on SAMNs

was developed by coating nanoparticle surface with bichromate,

leading to a SAMN@Cr2O7 core–shell nanoconjugate. Electrochem-

ical impedance spectroscopy, cyclic voltammetry, and

chronoamperometry showed lower charge transfer resistances, higher

capacitive currents, better electrochemical performances, as well as

more reversible electrochemical behavior with respect to bare

SAMNs. Bichromate shell enhanced SAMN electrocatalytic proper-

ties toward hydrogen peroxide reduction at neutral pH. Furthermore,

bovine serum amino oxidase (BSAO) was immobilized on the surface

of SAMN@Cr2O7 by self-assembly, leading to a magnetic drivable

nanocatalyst for polyamine oxidation (SAMN@Cr2O7-BSAO). The

hybrid bio-nanomaterial was kinetically characterized and compared

with the native enzyme. Immobilized BSAO showed a catalytic

constant of about 10.2 % with respect to the native enzyme, while the

Michaelis constant, Km, was about 3.7 times higher upon enzyme

immobilization. Correspondingly, the binding process led to a 2.4 fold

decrease of BSAO catalytic efficiency, kcat/Km. The immobilized

enzyme (SAMN@Cr2O7-BSAO) was exploited, in a simple carbon

paste electrode configuration, for the development of a new

reagentless electrochemical biosensor for polyamines.

Keywords: c-Fe2O3, Hybrid nanomaterial, Electrocatalysis, Bovine

serum amine oxidase, Bichromate, Polyamine biosensor.

Use of polyamine to synthesize fluorescent carbon

quantum dots as bactericide and transfection reagents

Han-Jia Lin, Yu-Jia Li and Chih-Ching Huang

Department of Bioscience and Biotechnology, National Taiwan

Ocean University, Keelung, Taiwan

Abstract: We developed two strategies to prepare fluorescent carbon

quantum dots from natural polyamines. In the first work, the fluo-

rescent carbon quantum dots (CQDs) were synthesized by pyrolysis

of ammonium citrate in the solid state and then modified with
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spermidine by a simple heat treatment at different temperatures. We

observed that the spermidine–CQDs possess positive surface charge

and have the ability to inhibit bacterial growth of many species such

as Escherichia coli, Staphylococcus aureus, and Proteusbacillus

vulgaris. In vitro studies and the in vivo studies of the antibacterial

activity of Spd–CQDs in media and mouse, respectively, revealed

promising outcome that is comparable or better than other commer-

cial antimicrobial agents. In the second work, CQD was directly

synthesized by pyrolysis of polyamines at different temperatures.

Such kind of CQD also possesses positive surface charge and low

cytotoxicity. Further, we found polyamine CQD was able to bind

DNA and facilitate DNA transfection into mammalian cells. This

study reveals that using natural polyamines as ingredients to syn-

thesize CQD opens up new materials with a wide range of properties

for bioimaging, bactericide, and transfection applications.

Design, synthesis, and biological evaluation

of lipopolyamines, especially spermine conjugates

as non-viral pDNA delivery vectors

Ian S. Blagbrough

Department of Pharmacy and Pharmacology, University of Bath, Bath

BA2 7AY, UK

Our research is into the design, synthesis, and biological evaluation of

lipopolyamines. In particular, into spermine conjugates for use as

non-viral pDNA delivery vectors where we aim to achieve efficient

gene delivery and low cellular toxicity in target cells using cationic

lipids at minimal ammonium (N)/phosphate (P) ratios. Genes (plas-

mid DNA) are now available as drugs, but they need efficient vectors

for delivery. Barriers to gene therapy, e.g., endocytosis, endosome

escape, and transcription and translation, are now largely understood

and overcome. The remaining major obstacles in gene delivery are in

nuclear trafficking which limits the rational design of efficient non-

viral vectors. We use lipopolyamines to package pDNA by self-

assembly for cellular uptake by endocytosis, where the DNA is

condensed in a packaging mechanism mimicking nuclear histones and

spermidine and spermine polyamines. Cholesteryl carbamate and

N4,N9-di-fatty acid spermine polyamine amide conjugates were pre-

pared, purified, and used to condense pDNA into lipoplexes. Efficient

delivery of pEGFP was achieved in hard to transfect human primary

skin FEK4 fibroblast cells and in a human cervix carcinoma, HeLa-

derived and transformed cell line (HtTA), best achieved with LinOS,

an unsymmetrical spermine conjugate of both linoleic and oleic acids

which also showed high cell survival (MTT assay). These results

show that N4,N9-di-fatty acid conjugates of spermine with C18 chain-

length are excellent non-viral vectors for pDNA-mediated gene

delivery. LinOS more than delivers as an efficient, non-toxic, non-

viral vector. Such lipopolyamine vectors will have the potential as

medicines for gene therapy in a variety of difficult-to-treat diseases.

Design, synthesis, and biological evaluation of N4,N9-di-

fatty acid conjugates of spermine as non-viral siRNA

delivery vectors

Abdelkader A. Metwally and Ian S. Blagbrough*

Department of Pharmacy and Pharmacology, University of Bath, Bath

BA2 7AY, UK

We aim to achieve quantitative gene silencing by siRNA delivery

using fatty acid conjugates of spermine as non-viral vectors

formulated for low cellular toxicity. N4,N9-Di-fatty acid (erucic,

lauric, linoleic, oleic, and stearic) spermine conjugates were pre-

pared, purified, and used to condense siRNA into lipoplexes of

particle size (DLS) 132–575 nm with zeta-potentials (elec-

trophoretic mobility) from +28 to +50 mV. After FACS gating a

healthy cell population, siRNA delivery did not relate directly to

gene silencing efficiency as N4,N9-dierucoyl spermine resulted in

higher siRNA delivery (ninefold) compared to N4,N9-dioleoyl

spermine, but stably expressed green fluorescent protein (GFP) was

knocked-down quantitatively (HeLa cells, 48 h post transfection)

with the latter as the delivery vector in the presence of 10 % fetal

calf serum (FCS) in DMEM. Unsaturated fatty acid lipopolyamine

conjugates are more efficient delivery vectors than saturated fatty

acid amides. The unsymmetrical conjugate LinOS, spermine

bearing both a linoleoyl, and an oleoyl side-chain, gave quantita-

tive silencing and 92 % cell survival in the alamarBlue� cell

viability assay. These results show that N4,N9-di-fatty acid conju-

gates of spermine with C18 chain-length are excellent non-viral

vectors for siRNA-mediated gene silencing. LinOS more than

delivers as an efficient, non-toxic, non-viral vector for siRNA gene

silencing in HeLa cells stably expressing GFP even in the presence

of FCS. Such lipopolyamine non-viral vectors can achieve quan-

titative gene silencing with sequence-specific gene knock-down

that will have potential as medicines in a variety of difficult-to-

treat diseases.

We thank the Egyptian Government for a fully funded studentship

to AAM.

Development and properties of pectin/spermidine

hydrocolloid films

M. Esposito, P. Di Pierro, L. Mariniello, and R. Porta

Department of Chemical Sciences, University of Naples ‘‘Federico

II’’, Complesso Universitario di Montesantangelo, via Cintia, 80126

Naples, Italy

Low-methoxyl pectins (PEC) are able to produce hydrogels as a

consequence of carboxyl group interaction with positively charged

ions such as Ca2+. PEC are also able to electrostatically bind both

low and high molecular weight polycations (i.e. polyamines or

positively charged proteins) which are useful in structuring

hydrocolloid materials like biodegradable and/or edible films

(Perez Espitia et al., Food Hydrocoll. 35, 287, 2014). In this

respect, we considered the possibility of using spermidine (SPD)

as a bridge between the carboxyl groups of PEC chains to modify

the properties of PEC-based films. To assess SPD capacity of

interaction and define the best complexation experimental condi-

tions useful to generate a PEC/SPD binding, we performed

preliminary titration studies of PEC/SPD mixtures by following

both pH variation (potentiometric titration) and macromolecular

assembly (turbidometric measurement at 600 nm). Starting from a

PEC/SPD ratio of 10:1, we observed the typical inflection point of

the amino group (pKa about 9.0) and a significant reduction of the

tritated carboxyl groups (highlighted by the displacement of

inflection point from pH 4.6 to 4.0 and from the reduction of the

consumed equivalents) induced by the interactions of PEC car-

boxyl groups with SPD amino reactive moieties. This

phenomenon appeared highest at PEC/SPD ratio of 2:1 (w/w).

However, the turbidimetric titration indicated that the whole for-

mation of complexes occurred using a 2:1 PEC/SPD ratio at a

complexation pH of about 8.0. Therefore, we prepared and char-

acterized PEC/SPD films obtained at pH 7.5 using different PEC/

SPD ratios.
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Role of spermine oxidase in modulation of glutamate

receptors and transporters during excitotoxic stress

Pietropaoli S1, Leonetti A1, Maura G2, Marcoli M2, Cervetto C2,

D’Amelio M3, Berretta N3, Mariottini P1, Cervelli M1

1Department of Science, University of Roma Tre, Rome, Italy;
2Department of Pharmacy, University of Genova, Genova, Italy; 3

Department of Experimental Neurosciences, IRCCS Fondazione

Santa Lucia, Rome, Italy

Abstract: Discovering molecular mechanisms involved in neu-

rodegeneration is very important for both early diagnosis and proper

treatment. Polyamines (PAs) are polycationic molecules essential for

cell growth, proliferation, regeneration, and differentiation. They

play an important role in cancerous cells proliferation, and the

functional role of PAs in normal and diseased brain is under active

research. In this study, a Dach-SMO mouse genetic model overex-

pressing Spermine oxidase (SMO) specifically in neocortex provides

novel evidences of the complex and critical functions carried out by

SMO and Spermine (Spm) in mammalian brain. SMO is an

important enzyme involved in PAs metabolism; it oxidases Spm-

producing Spermidine (Spd), hydrogen peroxide, and 3-amino-

propanal (3-AP). Physiological and molecular analyses, performed

in normal and excitotoxic conditions, showed an increased sensi-

tivity of this transgenic model to epileptic stimuli caused by a

complex intercellular pathway triggered by SMO overexpression and

its reaction products in neocortical neurons. The production of H2O2

and 3-AP, derived from Spm oxidation, together with direct effects

of Spm on AMPA and KA receptors, are synergistically involved in

ROS increase and ultimately in neuronal degeneration and death.

SMO enzyme can be considered one of the most important H2O2

producers in the brain, and the transgenic Dach-SMO mice represent

a useful genetic model for studying brain pathologies such as epi-

lepsy, Alzheimer’s disease, and other forms of dementia. Both

neurons and glial cells resulted to be involved in this increased

sensitivity model showing different levels of expression and activity

in receptors and transporters implicated in glutamate response in

synaptic transmission.

Synthesis of polyamines from L-proline in the porcine

placenta and neonatal enterocytes

Guoyao Wu1-4, Fuller W. Bazer1, Xiaoqiu Wang1,

Gregory A. Johnson2, Yongqing Hou3, Zhaolai Dai4, Junjun Wang4,

Zhenlong Wu4

1Departments of Animal Science, Texas A&M University, College

Station, Texas, USA;
2Veterinary Integrative Biosciences, Texas A&M University, College

Station, Texas 77843, USA;
3Hubei Collaborative Innovation Center for Animal Nutrition

and Feed Safety, Hubei Key Laboratory of Animal Nutrition and Feed

Science, Wuhan Polytechnic University, Wuhan 430023, China;
4State Key Laboratory of Animal Nutrition, China Agricultural

University, Beijing, 100193, China

Polyamines (putrescine, spermidine, and spermine) play crucial roles

in regulating gene expression, signal transduction, ion channel func-

tion, DNA and protein synthesis, as well as cell proliferation and

differentiation. Physiological levels of polyamines are also scav-

engers of reactive oxygen species, thereby protecting DNA, proteins,

and lipids from oxidative damage. Thus, there is much evidence that

polyamines are key regulators of angiogenesis, early mammalian

embryogenesis, placental and fetal growth, as well as growth and

remodeling of the neonatal small intestine. Classic textbooks describe

only the arginase pathway for synthesis of polyamines in animals,

wherein arginine is hydrolyzed by arginase to form ornithine which is

decarboxylated by ornithine decarboxylase (ODC1) to yield putres-

cine. However, we found that neither porcine placentae throughout

the entirety of gestation nor porcine neonatal enterocytes during the

suckling period contain arginase activity or produce ornithine from

arginine. In contrast, both porcine placentae and porcine enterocytes

express high levels of mitochondrial proline oxidase to oxidize pro-

line to generate pyrroline-5-carboxylate which is subsequently

converted into ornithine by mitochondrial ornithine aminotransferase.

Ornithine is transported out of the mitochondria into the cytoplasm

where it is decarboxylated by ODC1 to yield putrescine. Putrescine is

then utilized to produce spermidine and spermine by spermidine and

spermine synthases, respectively. Collectively, results of our studies

demonstrated polyamine synthesis from proline in porcine placentae

and enterocytes, both of which lack arginase, but grow rapidly. This

new knowledge will help in development of novel means to enhance

placental and fetal growth, as well as intestinal growth and adaptation

in mammalian neonates.

Mapping the transglutaminase-2 interactome

in a model of chronic kidney disease

Elisabetta AM Verderio, Giulia Furini, Nina Schroeder,

Linghong Huang1, David Boocock, Timothy S. Johnson1

School of Science and Technology, Biomedical, Life and Health

Research Centre and John Van Gees cancer research Centre,

Nottingham Trent University, Nottingham, UK;
1Academic Nephrology Unit, Medical School, University

of Sheffield, Sheffield, UK

Increased synthesis and export of Transglutaminase 2 (TG2) by

tubular epithelial cells into the surrounding tubulo-interstitium is a

significant feature of progressive kidney scarring. Once outside the

cell, TG2 accelerates the deposition of available extracellular matrix

(ECM) components and confers ECM-resistance to proteases. Fur-

ther, TG2 enhances TGF-beta1 activation. Clinical development of

anti-TG2 therapy is hampered by limited understanding of its unique

unconventional export mechanism which may be targeted to control

extracellular TG2. In this study, we report a comprehensive and

unbiased analysis of the membrane interactome of TG2 in kidneys

subjected to unilateral ureteric obstruction (UUO), a murine model of

chronic kidney disease. 12 TG2-null and WT inbred C57BL/6J mice

were subjected to UUO of the left kidney or a sham operation, and

harvested at 21 days post-surgery. UUO kidneys were positive to

alpha-SMA and displayed a significantly higher level of active TGF-

beta1. To identify TG2-associated proteins, we combined TG2

immunoprecipitation from whole kidney membrane preparations of

WT and TG2-null kidneys (employed as background controls) with

quantitative proteomics by SWATH-MS. To avoid bias from indi-

vidual donors and to achieve generalizable results, we performed 5

independent experiments, each based on a lysate of 2 kidneys, and

employed only male mice. Differences between WT and TG2-null

precipitated proteins were established by a paired sample z-test.

Ribosomal, nuclear, and mitochondrial proteins were subtracted from

the protein list. 205 membrane-associated proteins specifically inter-

acting with TG2 were identified (p B 0.05, n C 4), of which 95 were

specifically expressed in the UUO model. Gene Ontology (GO) terms

overrepresented in TG2 partners (p B 0.05) compared to references

proteomes revealed a predominance of cell adhesion, actin dynamics,

redox regulation, and a considerable number of endosome-related

proteins. Protein interaction network analysis among the TG2 mem-

brane partners were investigated using STRING 9.1 (confidence
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0.35). A subnetwork of proteins (Clathrin, Adaptor protein 2, Dyn-

actin, and Sorting Nexin proteins) responsible for endosomal

transport was associated with TG2 and formed significant ‘‘hubs’’

post UUO. Furthermore, the heparan sulphate (HS) proteoglycans

syndecan-4 and perlecan were specifically associated with TG2 in the

UUO model. Our study shows that UUO induces association of TG2

with endosomal trafficking proteins suggesting their involvement in

TG2 trafficking during the progression of fibrosis.

Use of polyamine to synthesize flurorescent carbon

quantum dots as bactericide and transfection reagents

Han-Jia Lin, Yu-Jia Li and Chih-Ching Huang

Department of Bioscience and Biotechnology, National Taiwan

Ocean University, Keelung, Taiwan

Abstract: We developed two strategies to prepare fluorescent carbon

quantum dots from natural polyamines. In the first work, the fluo-

rescent carbon quantum dots (CQDs) were synthesized by pyrolysis

of ammonium citrate in the solid state and then modified with sper-

midine by a simple heat treatment at different temperatures. We

observed the spermidine-CQDs possess positive surface charge and

have the ability to inhibit bacterial growth of many species such as

Escherichia coli, Staphylococcus aureus and Proteusbacillus vul-

garis. In vitro and in vivo studies also revealed that the antibacterial

activity of our Spd–CQDs is comparable or even better than other

commercial antimicrobial agents. In the second work, CQD was

directly synthesized by pyrolysis of polyamines at different temper-

atures. Such kind of CQD also possess positive surface charge and

low cytotoxicity. Further, we found polyamine CQD was able to bind

DNA and facilitate DNA transfection into mammalian cells. This

study showed that using natural polyamines as ingredients to syn-

thesize CQD brings up new materials with a wide range of properties

for bioimaging, bactericide and transfection applications

Understanding the role of the hypusine-containing

protein eIF5A in translation

Valentini, S. R

School of Pharmaceutical Sciences, São Paulo State University-

UNESP, Araraquara-SP, Brazil

The eukaryotic translation factor 5A (eIF5A) undergoes hypusination,

a unique and essential posttranslational modification in which the

polyamine spermidine is required. Although eIF5A has been exten-

sively involved in several cellular processes and pathologies, almost

all of these functional correlations can be seen as a result of its loss of

function in translation. The role of eIF5A in translation was

strengthened by the genetic and functional interaction between eIF5A

and the eukaryotic elongation factor 2 (eEF2). To further understand

this relationship, we have investigated the influence of these factors

on their ribosome binding. The data obtained revealed that both

factors are not able to bind to the same ribosome at the same time and

they can replace one another in the pre-assembled ribosome 80S,

suggesting an anti-cooperative ribosome binding effect. Moreover,

the addition of eEF2 decreases the affinity of eIF5A to the 80S

ribosome. Additionally, conditional eIF5A yeast mutants display

reduced binding affinity to the ribosome, and this is probably the

cause of their defects in growth and protein synthesis. Finally, to

further investigate the cellular function of eIF5A, we have performed

high-throughput genetic interaction studies using the Synthetic

Genetic Array (SGA) analysis. The results obtained so far revealed

interesting synthetic genetic interactions, e.g. with genes encoding

proteins involved in cell cycle and cytoskeleton organization, which

are in agreement with a role for eIF5A in the translation of a specific

mRNA subset.

Pathways for Synthesis of Polyamines and Their Roles

in Conceptus Development and Pregnancy Recognition

Signaling in Sheep

Fuller W. Bazer, Xiaoqiu Wang and Guoyao Wu

Department of Animal Science, Texas A&M University, College

Station, Texas, 77843-2471, USA

Embryonic mortality, a major constraint to reproductive performance

in mammals, occurs during the peri-implantation period of pregnancy

in ungulates when conceptuses undergo morphological transitions

from spherical to tubular and filamentous forms prior to implantation.

Secretions from uterine epithelia and nutrients transported into the

uterine lumen include arginine, a nutritionally essential amino acid

for conceptus survival and development. Arginine increases 13-fold

in the ovine uterine lumen between Days 10 and 15 of pregnancy and

is metabolized to nitric oxide (NO) via NO synthase (NOS3) or

polyamines via ornithine decarboxylase (ODC1). Morpholino anti-

sense oligonucleotides (MAO) knockdown of translation of ODC1

mRNA in ovine conceptus trophectoderm resulted in half of the

conceptuses to be morphologically and functionally normal and one-

half being abnormal. Normal conceptuses increased expression of

arginine decarboxylase and agmatinase to compensate for loss of

ODC1 for synthesis of polyamines. We also determined effects of

arginine mediated by NOS and polyamines on ovine trophectoderm

cells (oTr1). Arginine (0.2 mM) increased (P\ 0.05) proliferation,

production of interferon tau (IFNT) and cellular protein. IFNT is the

pregnancy recognition signal in ruminants. Inhibitors of NOS3 (L-

NAME), ODC1 (DFMO) or L-NAME + DFMO decreased

(P\ 0.05) cell proliferation; however, arginine alone increased cell

proliferation 1.5-fold (P\ 0.05) over control medium suggesting that

arginine is a growth factor. Putrescine and NO stimulated prolifera-

tion via TSC2-MTOR signaling, but only putrescine increased

production of IFNT by oTr1 cells. Thus, arginine-derived polyamines

stimulate proliferation and IFNT production by oTr1 cells via the

TSC2-MTOR signaling pathways to enhance embryonic growth,

development and survival.

Role of spermine oxidase in modulation of glutamate

receptors and transporters during excitotoxic stress

Pietropaoli S1, Leonetti A1, Maura G2, Marcoli M2, Cervetto C2,

D’Amelio M3, Berretta N3, Mariottini P1, Cervelli M1

1Department of Science, University of Roma Tre, Rome, Italy;
2 Department of Pharmacy, University of Genova, Genova, Italy;
3 Department of Experimental Neurosciences, IRCCS Fondazione

Santa Lucia, Rome, Italy

Abstract: Discovering molecular mechanisms involved in neurode-

generation is very important for both early diagnosis and proper

treatment. Polyamines (PAs) are polycathionic molecules essential for

cell growth, proliferation, regeneration, and differentiation. They play

an important role in cancerous cells proliferation and the functional

role of PAs in normal and diseased brain is under active research. In
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this study a Dach-SMO mouse genetic model overexpressing Sper-

mine oxidase (SMO) specifically in neocortex, provides novel

evidences of the complex and critical functions carried out by SMO

and Spermine (Spm) in mammalian brain. SMO is an important

enzyme involved in PAs metabolism; it oxidases Spm producing

Spermidine (Spd), hydrogen peroxide and 3-aminopropanal (3-AP).

Physiological and molecular analyses, performed in normal and

excitotoxic conditions, showed an increased sensitivity of this trans-

genic model to epileptic stimuli caused by a complex intercellular

pathway triggered by SMO overexpression and its reaction products

in neocortical neurons. The production of H2O2 and 3-AP, derived

from Spm oxidation, together with direct effects of Spm on AMPA

and KA receptors, are synergistically involved in ROS increase and

ultimately in neuronal degeneration and death. SMO enzyme can be

considered one of the most important H2O2 producers in the brain and

the transgenic Dach-SMO mice represent a useful genetic model for

studying brain pathologies such as epilepsy, Alzheimer’s disease and

other forms of dementia. Both neurons and glial cells resulted to be

involved in this increased sensitivity model showing different levels

of expression and activity in receptors and transporters implicated in

glutamate response in synaptic transmission.

Proline oxidase–adipose triglyceride lipase pathway

restrains adipose cell death and tissue inflammation

Daniele Lettieri Barbato*, Katia Aquilano*, Giuseppe Tatulli^,

Maria Rosa Ciriolo*

*Department of Biology, University of Rome Tor Vergata, Rome,

Italy;

^Università Telematica di Roma San Raffaele, Rome, Italy

Increased visceral adiposity during ageing is related to a severe

inflammatory state. Expanded visceral adipose tissue (AT) has reduced

blood vessels density leading to hypoxia and limited nutrient delivery

to resident adipocytes. The lack of an adaptive response of adipocytes

to such hostile microenvironment is causative of death and production

of inflammatory cytokines. We show that adipocyte adaptation to

hypovascularization involves a mitochondrial production of ROS via

proline oxidase (POX), which in turn induces the FoxO1-dependent

transcription of Adipose Triglyceride Lipase (ATGL) with consequent

liberation of fatty acids (FAs) from stored triglycerides. To confirm

this, POX lacking adipocytes show abortive response to nutrient

shortage displaying a restrained up-regulation of FoxO1/ATGL axis.

Triglycerides-derived FAs participate in signal transduction promot-

ing the expression of genes related to mitochondrial oxidative

metabolism thus setting a metabolic switch towards lipid utilization

and maintenance of adequate ATP levels. Our data provide compelling

evidence for a previously unrecognized crosstalk between amino acid

and lipid catabolism, with the ROS produced by POX functioning as

the upstream signalling molecules impinging the ATGL-mediated

expression of oxidative genes thus limiting energetic failure.

Impaired insulin-/IGF1-signaling extends life span

by promoting mitochondrial L-proline catabolism

Kim Zarse1, Michael Ristow1

1Energy Metabolism Laboratory, Swiss Federal Institute

of Technology (ETH) Zurich, Schwerzenbach/Zürich, CH 8603,

Switzerland

In mammals, altered insulin and insulin-like growth-factor 1 signaling

(IIS) are linked to several chronic diseases, including type 2 diabetes,

cancer and neurodegeneration, whereas in the well-characterized

model organism C. elegans, reduced IIS due to impaired expression of

daf-2, the orthologue of the mammalian insulin-/IGF-1-receptors,

extends life expectancy by more than two-fold. Here we show that

acute daf-2 impairment reduces glucose availability in C. elegans

which causes a transient energy deficit and a compensatory induction

of mitochondrial non-glucose metabolism to promote stress resistance

and to increase longevity by generation of a transient production of

reactive oxygen species (ROS). By transcriptome analyses of three

models of IIS, namely daf-2-impaired C. elegans, as well as mam-

malian fibroblasts either homozygously deficient for the insulin

receptor substrate 1 (IRS1) or heterozygously deficient for the insulin

receptor (IR±), we identified mitochondrial proline catabolism to be

uniformly upregulated in these models. Impairment of proline cata-

bolism by knock-down of B0513.5, the C. elegans orthologue of

proline dehydrogenase, in nematodes abolishes induction of mito-

chondrial metabolism as well as ROS production and impairs the life

span extending capacity of IIS. In addition, supplementation of proline

as well as overexpression of undisclosed enzymes that control proline

metabolism extends the life span of C. elegans. Together, consistent

with the concept of mitochondrial hormesis (mitohormesis), these

findings indicate that impaired IIS reduces glucose metabolism and

induces proline catabolism in a compensatory manner to induce a

transient ROS signal which causes an adaptive response and culmi-

nates in increased stress resistance and extended life span.

Proline oxidation plays a sensory–regulatory role

during the transition to quiescence in nutrient-starved

phytoplankton

Rokitta, Sebastian D.1, Von Dassow, Peter2, Rost, Björn1, John, Uwe1

1Alfred-Wegener-Institute, Helmholtz-Centre for Polar and Marine

Research, Am Handelshafen 12, 27570 Bremerhaven, Germany;
2Pontificia Universidad Católica de Chile, Facultad de Ciencias

Biológicas, Edificio Nuevo No 210, Santiago, Chile

In the context of biological oceanography, we investigate the

responses of phytoplankton towards changing environmental

parameters to understand the biogeochemical consequences of

climate change. It is a common knowledge that nutrient-deprived

phytoplankton stop growing and ‘wait’ for the environmental

conditions to become more favorable again. However, little is

known about the involved molecular processes that trigger and

coordinate this behaviour. We have used microarrays to assess

the gene expression of the cosmopolitan microalgae Emiliania

huxleyi in response to starvation in Nitrogen and Phosphorus.

Under nutrient starvation, Emiliania shuts down the cellular

growth apparatus as well the primary plastid functions, i.e.

photosynthesis and nitrate assimilation. The cells apparently

readjust their lipid metabolism and mitochondrial traffic to

maintain efficient ATP Synthesis at reduced cellular carbon

throughput. In both starvation scenarios, we observed strong

indications for increased amino acid oxidation, as well as

prominent induction of polyamine biosynthetic pathways and

proline oxidase. These interacting pathways appear to constitute a

sensory–regulatory system that monitors and backs up cellular

budgets of Nitrogen. It can be further concluded that the

molecular decision processes that regulate cell growth versus

quiescence or senescence are highly conserved across wide parts

of the eukaryotic ‘tree of life’.
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Structural and conformational preferences of antifreeze

glycopeptides

J. Góra1, T. Andruniów2, R. Latajka1, N. Sewald3

1Department of Pharmaceutical and Organic Chemistry, Wrocław

University of Technology, Wrocław, Poland;
2Advanced Materials Engineeringand Modelling Group, Wrocław

University of Technology, Wybrze _ze Wyspiańskiego 27, 50370,

Wrocław, Poland;
3Organic and Bioorganic Chemistry, Department of Chemistry,

Bielefeld University, Universitätsstrasse 25, 33615 Bielefeld,

Germany

Biological antifreezes are a divergent group of proteins and peptides

found in arctic and antarctic fish, as well as insects, plants and

amphibians. These unique cryoprotectants inhibit the growth of ice,

which enables the survival of a variety of organisms in extreme cli-

mate conditions, where sub-zero temperatures are encountered on a

daily basis. Following this strategy, several fish species produce

antifreeze glycopepties (AFGPs), which allows them to endure the

harshness of polar and subpolar oceans. Typically, AFGPs are com-

posed of 4–55 tripeptide units (Ala-Ala-Thr), in which the secondary

hydroxyl group of threonine is glycosylated with b-D-galactosyl-(1,3)-

a-D-N-acetylgalactosamine. Despite their discovery in the 1960s, the

adsorption mechanism of AFGPs, which underlies their ability to

hinder ice growth, is not fully defined. Recently, the growing need for

non-toxic and highly effective cryoprotectants for the medical,

pharmaceutical, agricultural and food industries has spurred the

research in the field of antifreeze glycopeptides. Evidence suggests

that the conformational and structural preferences of those molecules

may play a pivotal role in their antifreeze activity. In our research, we

utilize the nuclear magnetic resonance spectroscopy, as well as

computational methods (molecular dynamics, ab initio calculations)

in order to thoroughly study those preferences. The results will allow

us to create a reliable framework for prediction of antifreeze gly-

copeptide structure.

Proteomic study to develop biomarkers related to MRI

findings of myxofibrosarcoma

Kazutaka Kikuta1,2,4, Daisuke Kubota1, Hideo Morioka2,

Masaya Nakamura2, Morio Matsumoto2, Akihiko Yoshida3,

Hirokazu Chuman4, Akira Kawai4, Tadashi Kondo1

1Division of Rare Cancer Research, National Cancer Center Research

Institute, Tokyo, Japan;
2Department of Orthopedic Surgery, Keio University School

of Medicine, Tokyo, Japan;
3Division of Diagnosis Pathology, National Cancer Center Hospital,

Tokyo, Japan;
4Division of Orthopedic Surgery, National Cancer Center Hospital,

Tokyo, Japan, Contact: kkikuta922@gmail.com

Backgrounds: Myxofibrosarcoma (MFS) is a rare malignancy with a

relatively high prevalence in the elderly. MFS is characterized by

high invasive activity and high local recurrence rate after surgery.

Clinically, high invasive activity of MFS is evaluated by MRI. The

surgical operation is the only curative treatments for MFS. However,

recurrence after surgery was observed in up to 50–60 % cases, and

there is no effective treatment for the recurrent cases. Elucidation of

the proteomic backgrounds of the extremely high invasive activity of

MFS cells has been required to improve clinical outcomes of MFS.

Methods: This study included 11 MFS cases; 6 cases had invasion on

MRI imaging, and 5 did not. The frozen samples of these MFS cases

were subjected to two-dimensional difference gel electrophoresis

(2D-DIGE), and the proteins associated with invasion were identified

by LC–MS/MS. The associations of their expression levels with

invasion were confirmed by immunohistochemistry.

Results: The protein expression profiles consisting of 3,453 protein

spots were created by 2D-DIGE. We found that the expression levels

of 47 unique proteins were associated with invasion. These included

cell motility regulators, cytoskeleton organizers, and cell cycle reg-

ulators. Literature mining revealed that they were reported in physical

events such as the development, and tumor invasion in the other

malignancies but not in MFS until our study. Immunohistochemical

validation revealed the associations of several proteins with invasion

of MFS, suggesting their possible clinical applications.

Conclusion: The proteins for invasion in MFS were identified by

proteomics. Further elucidation of the expression of these proteins

will lead to novel treatment strategies and improve the prognosis of

MFS.

Integrated omics study and meta-analysis for sarcomas;

prognostic biomarker candidate, promyelocytic

leukemia, in gastrointestinal stromal tumor

Tadashi Kondo

Division of Rare Cancer Research, National Cancer Center, Singapore

Biomarkers for novel therapeutic strategy have been required in sar-

comas. The samples for biomarker study such as frozen tissues are

limited in sarcomas, because of their low incidence. To approach to

this issue, we employed integrated omics study and meta-analysis for

biomarker study. We examined gastrointestinal stromal tumor (GIST),

which is sarcomas in gastrointestinal tract. GISTs of the small intestine

(I-GISTs) generally have poorer prognosis than those of the stomach

(S-GISTs), and the proteins responsible for the malignancy in I-GISTs

may be potential prognostic biomarkers. We generated protein

expression profiles for 4 cases each of surgically resected I-GISTs and

S-GISTs by mass spectrometry. For proteins with differential

expressions, meta-analysis of mRNA expression was achieved in 9

I-GISTs and 23 S-GISTs. We found that promyelocytic leukemia

(PML), a tumor suppressor gene, was significantly down-regulated in

I-GISTs at both the protein and mRNA levels. Immunohistochemistry

of 254 additional cases showed that PML-negative cases were sig-

nificantly frequent in the I-GIST group. The 5-year recurrence-free

survival rate was significantly lower in the PML-negative than in the

PML-positive cases. Multivariate analysis revealed that down-regu-

lation of PML was an independent unfavorable prognostic factor. Our

study indicated the potential utility of PML as a prognostic biomarker

in GIST patients. Similar omics study and meta-analysis can be per-

formed for the other sarcomas with rare incidence.

Cold vaporization of tissue with a pico-second infrared

laser for protein species extraction

Hartmut Schlüter1, Marcel Kwiatkowski1, Marcus Wurlitzer1,

Refat Nimer1, Hannes Petersen1, Sebastian Kruber2, Dwayne Miller2

1Mass Spectrometric Proteomics, Institute of Clinical Chemistry

and Laboratory Medicine, University Medical Center Hamburg-

Eppendorf, Martinistr. 52, 20246 Hamburg, Germany;
2Max Planck Institute for the Structure and Dynamics of Matter, Bldg.

99 (CFEL) Luruper Chaussee 149, 22761 Hamburg, Germany
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Protein extraction from tissues is a critical step within proteomics

workflows. Since cellular compartments are destroyed during con-

ventional mechanical homogenization, diverse enzymes are released,

which can degrade and convert other proteins. As a result during

mechanical homogenization, the original composition of species is

changed in vitro giving a false view on the proteome. With the pico-

second infrared laser (PIRL), tissue can be vaporized in seconds by

quantum mechanical homogenization. In the nearly homogenous tis-

sue-aerosol, the proteins are dissolved. We hypothesize that the

protein species composition extracted from tissue by PIRL is more

close to the original in vivo composition. For proving this hypothesis,

we analyzed and compared the protein species composition yielded

by classical protein extraction and by PIRL extraction by elec-

trophoretic and mass spectrometric approaches. SDS-PAGE showed

similar but not congruent patterns. The pattern of the two-dimensional

electrophoresis showed more clearly the significant differences,

which can be interpreted as increased proteolysis under classical

conditions. In addition, the overall yield of protein species in the

PIRL extract is larger. In summary, the data demonstrate that under

PIRL extraction, less enzymatic degradation occurs compared to

classical extraction. It can be assumed that by PIRL extraction of

proteins from tissues, a more reliable view to the original in vivo

composition of protein species is possible.

Proteomics I

Proteomic profiling of muscular dystrophy

Kay Ohlendieck

Department of Biology, Maynooth University, National University

of Ireland, Maynooth, Co. Kildare, Ireland

X-linked muscular dystrophy is characterized by primary abnormali-

ties in the dystrophin gene and presents the most frequently inherited

neuromuscular disease of childhood. An established animal model of

Duchenne muscular dystrophy is the mdx mouse. An interesting

pathobiochemical feature of the dystrophic mouse is the greatly

varying severity of dystrophic changes in different subtypes of muscle

despite the same genetic abnormality. Extraocular fibres and certain

distal muscle groups are only mildly affected, while the mdx dia-

phragm and the aged heart exhibit extensive necrosis and fibrosis. In

order to better understand the divergent secondary alterations in dif-

ferent muscle types, comparative mass spectrometry-based proteomics

was used to determine global changes in soleus, extensor digitorum

longus, flexor digitorum brevis, interosseus, extraocular, diaphragm

and heart muscle from the mdx mouse model of dystrophinopathy.

Individual types of contractile tissues that lack the membrane

cytoskeletal protein dystrophin showed considerable differences in

their expression patterns of key muscle proteins. Mildly dystrophic

fibres exhibited only minor changes. In contrast, the highly necrotic

mdx diaphragm was shown to have lower levels of key calcium-reg-

ulatory proteins, an increased concentration of collagen and related

components of the extracellular matrix and disturbed amounts of

proteins involved in the excitation–contraction–relaxation cycle,

muscle energy metabolism and the cellular stress response. Findings

from proteomic screening studies were verified by immunoblotting

surveys and immunofluorescence microscopy. Newly identified pro-

teins with a greatly altered concentration in dystrophic muscles may be

useful biomarker candidates for the improved design of predictive,

diagnostic, prognostic and therapy monitoring approaches.

Computational analysis of promiscuous drug protein

target spectra

Uwe Rix1,2, Marküs Müllner1,3, Keiryn L. Bennett1, Giulio Superti-

Furga1, Sebastian Nijman1,3, Jacques Colinge1,4

1CeMM Research Center for Molecular Medicine of the Austrian

Academy of Sciences, Vienna, Austria;
2Moffitt Cancer Center, Tampa, Florida, USA;
3Ludwig Cancer Research, University of Oxford, Oxford, UK;
4University of Montpellier, Institut de Recherche en Cancérologie de

Montpellier, Institut régional du Cancer de Montpellier, Montpellier,

France

Continuous developments in the field of chemical proteomics provide

the scientific community with unprecedented tools to understand

drugs. Still, some compounds such as tyrosine kinase inhibitors

interact with a rather large number of proteins thus making the

interpretation of their target spectra an exciting computational chal-

lenge (Rix et al., PLoS One, 2013). In a recent paper (Müllner et al.,

Mol Syst Biol, 2015), we introduced a new computational method to

identify targets likely to induce drug response from chemical pro-

teomic data. This was demonstrated with midostaurin, a kinase

inhibitor that we identified as specifically toxic to basal-like cells

representing triple-negative breast cancer cells.

Simultaneous determination of electrophoretic

and dielectrophoretic mobilities of human red blood

cells

Xiuzhen Zhu1, Yi Chen*,1,2

1Key Laboratory of Analytical Chemistry for Living Biosystems,

Institute of Chemistry, Chinese Academy of Sciences, Beijing

100190, China;
2Beijing National Laboratory for Molecular Science, Beijing 100190,

China

Abstract: Electrophoresis and dielectrophoresis of cells can reveal

many distinct cellular properties but are often conducted separately.

Herein a simultaneous strategy was proposed, and a simple method

was established by making cells migrate through a cross channel

under a micro video for real-time observation. The experiment can be

performed within 0.044–1 s. In combination with digital calculation

based on electromagnetic theory, the method was validated to be

applicable to the determination of electrophoretic and dielec-

trophoretic mobilities, lEP and lDEP, of human blood erythrocytes,

giving lEP = -(0.87 ± 0.16) 9 10-4 cm2 V-1 s-1 and lDEP = -

(4.5 ± 1.3) 9 10-8 cm4 V-2 s-1 by vector decomposition, or lEP

= -(0.89 ± 0.14) 9 10-4 cm2 V-1 s-1 and lDEP = -(4.6 ± 1.2)

9 10-8 cm4 V-2 s-1 by least squares fitting, all agreeing with the

published data. Hydrodynamic and electroosmotic flows were elimi-

nated for better measurement. It was found that the location of cells

had a serious impact on the measurement precision, and the upstream

of the cross channel along the electric field was chosen for precise
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measurement. The method is also extendable to the study of other

cells and particles.

Cryo-slicing BN-MS: a novel technology for high-

resolution complexome profiling

C. S. Müller1, W. Bildl1, A. Haupt1, L. Ellenrieder2, T. Becker2,3,

C. Hunte2,3, B. Fakler1,3, and U. Schulte1,3,4,#

1Institute of Physiology, University of Freiburg, Hermann-Herder-Str.

7, 79104 Freiburg, Germany;
2Institute for Biochemistry and Molecular Biology, Stefan-Meier-Str.

17, 79104 Freiburg, Germany;
3Center for Biological Signaling Studies (BIOSS), Albertstr. 10,

79104 Freiburg, Germany;
4Logopharm GmbH, Schlossstr. 14, 79232 March-Buchheim,

Germany

Abstract: Blue-native gel electrophoresis (BN) is a powerful method

for protein separation. Combined with liquid chromatography–tandem

mass spectrometry (LC–MS/MS), it enables large-scale identification

of protein complexes and their subunits. Current BN–MS approaches,

however, are limited in size resolution, comprehensiveness, and

quantification. Here we present a new methodology combining defined

sub-millimeter slicing of BN gels by a cryo-microtome with high-

performance LC–MS/MS and label-free quantification of protein

amounts. Application of this cryo-slicing BN–MS approach (csBN-

MS) to mitochondria from rat brain demonstrated a high degree of

comprehensiveness, accuracy, and size resolution. The technique

provided abundance-mass profiles for 774 mitochondrial proteins

including all canonical subunits of the oxidative respiratory chain

assembled into 13 distinct (super-)complexes. Moreover, the data

revealed COX7R as a constitutive subunit of distinct super-complexes

and identified novel assemblies of VDACs/porins and TOM proteins.

Together, csBN–MS enables quantitative profiling of complexomes

with resolution close to the limits of native gel electrophoresis.

Potential antioxidant peptides released after simulated

gastro-intestinal digestion of Stracchino soft cheese

Simona Adesso, Giovanni Ventre, Eduardo Sommella,

Giacomo Pepe, Francesco Pagano, Francesca Sansone,

Giuseppina Autore, Pietro Campiglia and Stefania Marzocco

Department of Pharmacy, University of Salerno, Via Giovanni Paolo

II 132, I-84084, Fisciano (SA), Italy

As life expectation increases, age-related pathologies become more

frequent, and thus the search for new compounds, with natural origin,

possessing antioxidant and anti-inflammatory is expanding. Numer-

ous evidences have demonstrated that milk proteins are a source of

bioactive encrypted peptides. In order to exert their activity, these

peptides should survive during digestion; we carried out an in vitro

multistep gastro-intestinal digestion of Stracchino soft cheese. Con-

sidering the importance of oxidative stress conditions in many

diseases, the obtained peptides were fractionated by preparative liquid

chromatography and subsequently evaluated their antioxidant poten-

tial. The effect of each fraction (250–10 lg/ml) was evaluated in

inflammatory and oxidative stress conditions in intestinal epithelial

cells (IEC-6). The fractions added to IEC-6 cells, 1 h before and

simultaneously to pro-inflammatory stimulus (Lipopolysaccharide

from E. coli 10 lg/ml + Interferon c 10 U/ml) for 24 h, significantly

inhibited the release of reactive oxygen species (ROS), evaluated by

flow cytometry. Among tested fractions, during inflammatory con-

ditions, fraction number two exerted the highest effect in inhibiting

ROS release in IEC-6. Fraction number two showed the highest

antioxidant potential also when cells were treated with hydrogen

peroxide (1 mM) as pro-oxidant agent. Nrf2 is an important regulator

of cellular resistance to oxidants and, among tested fractions, fraction

number two showed the stronger effect in activating Nrf2. Antipro-

liferative assay, evaluated by MTT test, indicated that the tested

fractions did not affect IEC-6 proliferation. Peptide sequences of

fraction two were determined by LC–MS/MS, identified peptides

belong to beta casein, in particular most intense peak possessed

sequence EAMAPK.

Thiol-based redox regulation of aldehyde

dehydrogenase

Małgorzata Iciek, Magdalena Górny, Anna Bilska-Wilkosz,

Danuta Kowalczyk-Pachel, Lidia Włodek

Chair of Medical Biochemistry, Jagiellonian University,

Medical College 7, Kopernika St., 31-034 Kraków, Poland

The sulfhydryl group of cysteine in proteins is very susceptible to

oxidative modifications, including S-nitrosylation, S-thiolation, and

S-sulfhydration. The first reports describing the process of

S-sulfhydration came out in 2009 and since that time many proteins

have been observed to be modified through this process. Aldehyde

dehydrogenase (ALDH) has in its catalytic center three residues of

cysteine. The aim of the present study was to examine whether the

activity of aldehyde dehydrogenase can be regulated by the

S-sulfhydration process. The studies were performed using yeast

ALDH. Samples of the enzyme were incubated with various

S-sulfhydrating species: Na2S, GSSH, diallyl trisulfide (DATS), and

K2Sx. The activity of the enzyme was measured immediately after

incubation by recording the increase in an absorbance at 340 nm

derived from NADH. All tested compounds except for Na2S alone

produced an inhibitory effect on the activity of ALDH. Moreover,

dithiothreitolwhen added to the incubation mixture restored the

inhibited activity of the yeast enzyme. Similar effects of S-sulfhy-

drating species on the ALDH activity were observed in the

experiment performed on the rat liver homogenate. The obtained

results clearly demonstrated that aldehyde dehydrogenase activity

could be regulated by S-sulfhydration, and in this case, the addition

of a sulfane sulfur atom to the key Cys residue led to the inhibition

of the enzyme. The results also suggest that not H2S but polysulfides

(DATS, K2Sx) or hydropersulfides (GSSH) were the oxidizing spe-

cies responsible for S-sulfhydration. This is the first study reporting

the regulation of ALDH activity via S-sulfhydration.

Acknowledgments: The study was supported partially by the

National Science Centre, Kraków, Poland, Grant No. 2011/01/B/NZ4/

01675.

Characterisation of peroxynitrous acid mediated

damage to extracellular proteins and its consequences

Michael J. Davies

Department of Biomedical Sciences, University of Copenhagen,

Copenhagen, Denmark

Background: The extracellular matrix (ECM) is critical to the

function and mechanical properties of tissues. Matrix components,

including laminin, perlecan, collagen and fibronectin both maintain
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tissue structure, and interact with growth factors and proteins to

regulate cell adhesion, proliferation and migration. These interactions

are perturbed in some pathologies, including cardiovascular disease

(atherosclerosis), with this has been postulated to via the formation of

oxidants including peroxynitrous acid (ONOOH) by activated white

cells.

Hypothesis: The exposure of ECM proteins to oxidants results in

changes to structure, function and cell adhesion.

Results: We have demonstrated co-localization of 3-nitrotyrosine (a

product of tyrosine damage by ONOOH) and laminin in human

atherosclerotic lesions. ONOOH-induced damage to isolated purified

murine laminin-111 and ECM extracts was examined. Exposure of

laminin-111 to ONOOH resulted in dose-dependent loss of protein

tyrosine and tryptophan residues, and formation of 3-nitrotyrosine,

6-nitrotryptophan and the cross-linked material di-tyrosine, as well as

formation of aggregates and fragments. This damage was detected

with molar ratios of target and oxidant as low as 1:1. This damage

was modulated by bicarbonate, a known modifier of ONOOH reac-

tions. Endothelial cell adhesion to laminin-111 and ECM mixtures,

exposed to[10 lM ONOOH, was decreased by up to 25 % compared

to controls.

Conclusions: These data indicate that laminin is readily modified by

ONOOH, with this resulting in structural and functional changes.

These modifications, and the resulting compromised cell–matrix

interactions, may contribute to endothelial cell dysfunction, a weak-

ening of ECM structure, and an increased propensity of

atherosclerotic lesions to rupture.

Redox reactions of thiols in proteins: selective hydrogen

transfer mechanisms and formation of D-amino acids

Christian Schöneich

Department of Pharmaceutical Chemistry, University of Kansas,

Lawrence, KS 66047, USA

Protein oxidation is a hallmark of oxidative stress and aging. It is

also of increasing concern to the biotechnology industry, where the

development of efficacious and safe protein therapeutics requires

potent molecules with no or minimal immunogenicity. Frequently,

protein oxidation is the result of free radical reactions, where these

radicals are generated by enzymes, metabolic processes, environ-

mental stress, or, in the case of protein formulations, the

decomposition of formulation constituents. The pathways of pro-

tein oxidation by free radical reactions are complex, and often

initial target sites on proteins are not the sites where the ultimate

damage accrues, i.e., the result of radical transfer processes along

the protein. In proteins, thiols represent primary targets of oxida-

tion, generating one- and two-electron oxidation intermediates and

products. Specifically, the one-electron oxidation generates thiyl

radicals (RS�), which are at the origin of a manifold of radical

reactions in proteins, and may trigger the ultimate oxidation of

neighboring amino acids. We will present detailed mechanistic

information on selective radical reactions of amino acids, peptides,

and proteins induced by thiyl radicals, the contribution of kinetic

and thermodynamic parameters on the selectivity of these reac-

tions, and the effects of sequence, structure, and the environment.

Protein examples will include GAPDH, various antibodies, and

SERCA1a. Specific emphasis will be placed on the radical-induced

formation of D-amino acids in selected sequences, and on the

potential consequences for protein structure, activity, and

immunogenicity.

4-Hydroxynonenal in Parkinson’s disease

Miletic Ja, Ilic Tb, Stefanovic Aa, Miljkovic Ma, Stojanov Ma

aDepartmen of Medical Biochemistry, Faculty of Pharmacy,

University of Belgrade, Belgrade, Serbia;
bDepartmen of Neurology, Military Medical Academy, Belgrade,

Serbia

Parkinson’s disease (PD) is the second most abundant neurodegen-

erative movement disorder with a critical role of oxidative stress (OS)

in its etiopathogenesis. Clinical symptoms of the disease include

rigidity, resting tremor, bradykinesia and postural instability. Patho-

logically PD is characterized by loss of dopaminergic neurons from

substantia nigra with the presence of protein inclusions called Lewy

bodies. Oxidative stress and mitochondrial respiratory failure have

been implicated as the major contributors to nigral cell death. The

brain is rich in phospholipids and polyunsaturated free fatty acids

(PUFAs), both of which are highly susceptible to oxidants producing

reactive oxygen species (ROS). ROS induce lipid per oxidation

generating highly reactive aldehydes witch act as ‘toxic second

messengers’ increasing the injurious of free radicals. One of the most

abundant and highly toxic peroxidation products is 4-hydroxynonenal

(HNE). HNE is a potent modulator of different cell processes such as

oxidative stress signaling, cell proliferation, transformation and cell

death. This study aimed at monitoring the HNE concentration changes

in PD patients and sex–age-matched healthy control subjects. HNE

levels were higher in patients than in the control group. We found a

statistically significant increment in HNE of patients with Parkinson’s

disease on therapy compared to untreated patients. This opens a

question whether methyldopa itself generates free radicals. That will

be subject of our future investigations.

Serum concentrations of 3-hydroxyisobutyrate and 3-

hydroxy-3-methylbutyrate as BCAA metabolites

in endurance exercise

Teruo Miyazaki1, Keisuke Ishikura2, Akira Honda1, Song-Gyu Ra2,

Hajime Ohmori2, Yasushi Matsuzaki1

1Tokyo Medical University Ibaraki Medical Center, Ami, Japan;
2University of Tsukuba, Tsukuba, Japan

Abstract: In endurance exercise, branched-chain amino acids

(BCAA) are catabolized into acetyl-CoA and succinyl-CoA in the

mitochondrion of human skeletal muscle for energy production.

Therefore, BCAA supplementation has been paid attention for exer-

cise performance. Furthermore, BCAA has also been reported to

attenuate exercise-induced muscle damage and pain. In valine cata-

bolism, a small molecule 3-hydroxyisobutyrate (3HIB) is produced

and is released from the mitochondrion to extracellular circulating

fluid. In addition, approximately 5 % of alpha-ketoisocaproate that is

an intermediate of leucine is transferred to the cytoplasm and is

metabolized to 3-hydroxy-3-methylbutyrate (3HMB) that has some

positive effects on muscle protein synthesis and muscle damage

inhibition. Therefore, it is a possibility that 3HIB and 3HMB as valine

and leucine metabolites would be biomarkers of the BCAA catabolism

in human skeletal muscle. The present study evaluated a hypothesis

that blood levels of 3HIB and 3HMB might be increased by endurance

exercise with BCAA supplementation. Serum 3HIB and 3HMB con-

centrations increased significantly immediately after a full-marathon

race compared to those before the race, and then, recovered to the

respective basal levels after 1 day. Furthermore, BCAA
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supplementation increased significantly both 3HIB and 3HMB con-

centrations in serum immediately after the race and after the 1st day. In

the present study, the increased catabolism of BCAAs by endurance

exercise and BCAA supplementation could be confirmed in human by

measuring of serum levels of 3HIB and 3HMB as BCAA metabolites.

Nitrogen sources affect patterns of amino acid

utilization in pig small-intestinal bacteria

Zhaolai Dai1, Zhenlong Wu1, Weiyun Zhu2, Guoyao Wu1,3

1State Key Laboratory of Animal Nutrition, China Agricultural

University, Beijing, 100193, China;
2Laboratory of Gastrointestinal Microbiology, Nanjing Agricultural

University, Nanjing, 210095, China;
3Department of Animal Science, Texas A&M University, College

Station, Texas 77843, USA

This study was conducted to determine whether patterns of amino

acid (AA) utilization in small-intestinal bacteria are affected by

nitrogen sources. Freshly luminal contents from the jejunum or ileum

of 20 kg Duroc 9 Landrace 9 Yorkshire pigs were processed and

inoculated into semi-defined media containing 5.5 g/L casein or soy

protein hydrolysates as major nitrogen sources. After 24 h of incu-

bation, samples were taken and subsequent subcultures were carried

out twice (24 h for each time). Free AA and peptide-bound AA in the

cultures were determined to calculate the rates of AA utilization.

Results showed that free AA comprised[97 % total AA in casein or

soy protein hydrolysates. Concentrations of arginine, histidine, leu-

cine, lysine, methionine, phenylalanine and tryptophan (expressed as

nmol/mL in media) were higher in casein hydrolysates than in soy

protein hydrolysates, while the concentration of glycine (expressed as

nmol/mL in media) was higher in soy protein hydrolysates than in

casein hydrolysates. When casein hydrolysates were used as the

nitrogen source, bacteria from both the jejunum and ileum utilized

more arginine, lysine and tryptophan. Similar observations were

obtained after two times of subculture. However, the analysis of

peptide-bound (mainly bacterial protein) AA showed that the amounts

of arginine, leucine and lysine in the protein of jejunal and ileal

bacteria (expressed as nmol/mg bacteria) were higher when cultured

with soy protein hydrolysates than with casein protein hydrolysates.

Interestingly, the amount of glycine was higher in the protein of

jejunal and ileal bacteria (expressed as nmol/mg bacteria) when cul-

tured with casein protein hydrolysates than with soy protein

hydrolysates. These results indicate different patterns of AA utiliza-

tion in pig small-intestinal bacteria incubated with casein

hydrolysates versus soy protein hydrolysates as the nitrogen source.

Our findings will also help to develop new strategies for optimizing

the utilization of dietary AA by pigs fed different sources of protein.

Effects of low dietary protein on the metabolites

and microbial communities in the caecum of growing

pigs

Zhen Luo, Chenbo Li, Suqin Hang, Yanfen Cheng* and Weiyun Zhu

Jiangsu Key Laboratory of Gastrointestinal Nutrition and Animal

Health, Laboratory of Gastrointestinal Microbiology, College

of Animal Science and Technology, Nanjing Agricultural University,

Nanjing, Jiangsu 210095, People’s Republic of China

*Corresponding Author: Yanfen Cheng, E-mail: yanfencheng@njau.ed

u.cn; Phone: +86 25 84395523; Fax: +86 2584395314.

Abstract: The experiments were conducted to identify the fer-

mentable metabolites including ammonia N, microbial protein,

biogenic amines and short chain fatty acids (SCFAs) and population

in the caecum of growing pigs fed with corn–soybean meal diets

containing 12 % (LP) and 18 % (NP) protein levels. A total of 12

growing pigs (body weight 30.0 ± 1.0 kg) were randomly assigned to

the two groups. Each pig was housed individually. The experiment

lasted 30 days until slaughter and fresh digesta and mucosa of caecum

were sampled. Results showed that compared with the NP group, the

concentrations of ammonia (N) (P\ 0.05), microbial protein

(P\ 0.05) and acetate (P\ 0.05) decreased significantly, while

putrescine and the ratio of butyrate to total SCFAs increased

(P\ 0.05) significantly in the LP group. DGGE analysis showed that

there was no difference on microbial diversity of both digesta and

mucosa (P[ 0.05). The similarity of caecal digesta microbiota

between LP and NP groups was only 37 %, while those from caecal

mucosa samples were higher than 89.8 %. Meanwhile, the amounts of

Clostridium cluster IV (P\ 0.05) were significantly higher in caecal

digesta of the LP group, but no significant difference of microbial

communities (P[ 0.05) was observed in mucosa. In conclusion, the

caecal fermentable metabolites of protein decreased and microbial

communities in digesta were influenced in pigs fed with LP diet,

while microbial population were unaffected in mucosa . The low-

protein diet showed a positive effect on the health of growing pigs.

Keywords: Low-protein diet, Caecum, Metabolites, Microbial

communities.

Gut microbiota and metabolites in response to low-

protein diets in growing pigs

Xianglong Meng1, Xiuying Zhao1, Yihan Xian, Suqin Hang*,

Weiyun Zhu

Jiangsu Key Laboratory of Gastrointestinal Nutrition and Animal

Health, Laboratory of Gastrointestinal Microbiology, College

of Animal Science and Technology, Nanjing Agricultural University,

Nanjing, Jiangsu 210095, People’s Republic of China

* Corresponding Author: Suqin Hang, Phone: +86 25 84395037. Fax:

+86 25 84395314. E-mail: suqinhang69@njau.edu.cn

Abstract: Feeding low-protein diet is a sufficient strategy due to the

deficiency of feeding protein resources and low ratio of nitrogen

utilization in pigs. The microbiota is a vital part of the gut and

influences the metabolism of dietary nutrients. However, study on the

effect of low-protein diets on gut microbial communities and

microbial metabolites in growing pigs is limited. In this study,

eighteen growing pigs (9.58 ± 0.60 kg) were allocated to three diets

(14, 17 and 20 % crude protein in the diet supplemented with lysine,

methionine, threonine and tryptophan to meet the NRC requirement)

in a completely randomized design to investigate the effect of

reduction of dietary protein content on the metabolites and microbial

communities in colon contents. After a 45-day experimental period,

the bacterial composition in colon contents was determined by

pyrosequencing analysis of the V3–V4 region of bacterial 16S rRNA.

The microbial metabolites, such as ammonia nitrogen (NH3-N),

volatile fatty acids (VFAs) and biogenic amines were, respectively,

measured by indophenol method, gas chromatography and high-per-

formance liquid chromatography. Results showed that a total of 13

phyla were distributed amongst all pigs on three diets. The bacterial

communities were dominated by phyla of Firmicutes, Spirochaeta,

Tenericutes, Bacteroidetes and Actinobacteria regardless of dietary

protein content. At the genus level, the sequences were assigned to

153 different genera. Reduction of crude protein content linearly

increased the relative abundance of Rhizobium (P = 0.002),
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Enhydrobacter (P = 0.024), Micromonospora (P = 0.016) and

Klebsiella (P = 0.016). A significance of quadratic effect of

decreasing the dietary protein content was detected for Marvin-

bryantia (P = 0.002), Clostridium (P = 0.014) and Weissella

(P = 0.016). Overall, at the species level, among the total of 781 16S

operational taxonomic units (OTUs) detected in this study, 14 OTUs

were significantly affected by the decrease of dietary crude protein

content. For example, the relative abundance of OTU49 (Family:

Ruminococcaceae) (P = 0.012), OTU124 (Eubacterium coprostano-

ligenes) (P = 0.019) and OTU574 (Clostridium botulinum)

(P = 0.049) were linearly decreased, while OTU564 (Moraxella

osloensis) (P = 0.024), OTU622 (Agrobacterium tumefaciens)

(P = 0.002) and OTU763 (Klebsiella variicola) (P = 0.016) were

linearly increased with the decreased dietary protein content.

Reduction of protein content of the diets linearly decreased the con-

centration of putrescine (P = 0.009), spermidine (P = 0.012) and

spermine (P = 0.004) in colon contents. The trend towards signifi-

cance effect of the crude protein content in diets on the concentration

of isobutyrate (P = 0.063), total branched-chain VFAs (P = 0.073),

NH3-N (P = 0.075) were detected. Further, our results showed that

the concentrations of metabolites were significantly related to some

certain genera and species of Bacteroidetes and Firmicutes in the

colon contents. Our findings revealed a significant shift in the struc-

ture of microbiota and metabolites in response to the decrease of

dietary crude protein in growing pigs. It indicates that gut microbiota

may exert an important effect on nitrogen utilization in growing pigs

which needs further study.

Keywords: Low-protein diets, Microbial communities, Microbial

metabolites, Colon, Growing pigs.

High-protein diet alters colonic microbiota composition

and metabolism and results in epithelial transcriptomic

change in rats

Chunlong Mu1,Yuxiang Yang1, Zhen Luo, Weiyun Zhu*

Jiangsu Key Laboratory of Gastrointestinal Nutrition and Animal

Health, Laboratory of Gastrointestinal Microbiology, College

of Animal Science and Technology, Nanjing Agricultural University,

Nanjing, Jiangsu 210095, People’s Republic of China

* Corresponding author: Weiyun Zhu, Phone: +86 25 84395523. Fax:

+86 25 84395314. E-mail: zhuweiyun@njau.edu.cn

Abstract: Increase of fecal hazardous compounds and decrease of

butyrate-producing bacteria have been implicated to be detrimental to

colonic health during weight loss by high-protein low-carbohydrate

diet (HPLC) in human. The doubt remains that whether the change of

luminal microbiota and metabolites were paralleled with the alteration

of colonic function in vivo. Hence we investigated the influence of

HPLC diet on microbiota, microbial metabolism, and colonic gene

transcription in rats during 6 weeks. The dynamic alterations of the

microbiota were reflected by the significant decrease of fecal acetate,

propionate, butyrate, Akkermansia muciniphila, and increase of

Escherichia coli after HPLC feeding. The colonic microbiota was

characterized by the increased Escherichia/Shigella, Bacteroides,

Lactobacillus, Enterococcus, Streptococcus, and decreased Ru-

minococcus and Akkermansia. Several OTUs, including E. coli/

Shigella flexneri, Bacteroides vulgatus, Enterococcus faecium

increased, while Ruminococcus bromii and OTUs within Roseburia,

Faecalibacterium (Faecalibacterium prausnitzii-like) decreased in

HPLC group. Increase of cadaverine, spermidine, sulfide and decrease

of butyrate indicated distinct microbial fermentation pattern in colon

of HPLC rats from control group. Transcriptome analysis identified

the upregulation of chemotaxis, TNF-a signal process, antigen pre-

sentation, apoptosis, glutathione S-transferase activity and

downregulation of innate immune, O-linked glycosylation of mucin,

oxidative phosphorylation. Correlation of host transcriptomes,

microbial metabolites, and microbiota composition revealed associ-

ations between Escherichia/Shigella and Akkermansia, and

differential expression of genes involved in chemotaxis and mucin

glycosylation. These findings suggested that HPLC diet altered the

microbial community, shifted the metabolic profile, and affected the

host response in rats, providing further insights into understanding the

diet-microbiota-host axis under HPLC diet.

Keywords: High-protein low carbohydrate, Microbiota, Metabolism,

Transcriptome, Colon.

Changes in gut microbiota induced by early antibiotic

intervention modifies intestinal luminal amino acid

metabolism in piglets

Kaifan Yu, Chunlong Mu, Yuxiang Yang, Miao Yu, Yong Su,

Weiyun Zhu*

Jiangsu Key Laboratory of Gastrointestinal Nutrition and Animal

Health, Laboratory of Gastrointestinal Microbiology, College

of Animal Science and Technology, Nanjing Agricultural University,

Nanjing, Jiangsu 210095, People’s Republic of China

* Corresponding author: Weiyun Zhu, Phone: +86 25 84395523. Fax:

+86 25 84395314. E-mail: zhuweiyun@njau.edu.cn

Abstract: Gut microbiota plays an important role in the metabolism

of dietary protein and amino acids in the gastrointestinal tract. In this

study, we investigated the influence of the intestinal microbiota

change induced by an antibiotic treatment on the intestinal luminal

metabolome in piglets. Sixteen piglets were fed diets with (Ant) or

without antibiotics (Con) from postnatal day 7 to day 42. Jejunal and

ileal contents were obtained for microbiota and metabolome analysis.

With the bacterial composition altered, the intestinal luminal meta-

bolome measured by gas chromatography–mass spectrometry (GC–

MS) were changed by early antibiotic intervention. The patterns of

metabolites by principal component analysis showed a remarkable

difference in the jejunal and ileal luminal metabolome between Ant

and Con pigs. GC–MS indentified 77 metabolites from the intestinal

luminal metabolome and 18 metabolites from the jejunum and 15

metabolites from the ileum showed significant differences in the

concentrations between Ant and Con pigs (P\ 0.05). The 18 dif-

ferential metabolites in the jejunum were mainly classified into amino

acid metabolism by pathway analysis, whereas the 15 differential

metabolites in the ileum were mainly assigned into lipid and carbo-

hydrate metabolism. The metabolite set enrichment analysis showed

that Protein biosynthesis, Ammonia recycling, Glutathione metabo-

lism and Glycine, serine and threonine metabolism were enriched in

the jejunum, and Insulin signaling, Alpha linolenic acid and linoleic

acid metabolism, Galactose metabolism, and Glucose–alanine cycle

were enriched in the ileum induced by antibiotic intervention. These

indicate that intestinal microbiota has different effects on the jejunal

and ileal luminal metabolome, which influences amino acid meta-

bolism in the jejunum but lipid and carbohydrate metabolism in the

ileum. A comprehensive understanding of intestinal luminal meta-

bolome is critical for clarifying host-gut microbiota interactions.

Key words: Amino acid metabolism, Gut microbiota, Antibiotic,

Small intestine, Piglets
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Effects of early antibiotic intervention on growth

performance and fecal fermentation profile in pigs

under different protein level diets

Miao Yu, Chuanjian Zhang, Yuxiang Yang, Chunlong Mu, Yong Su,

Kaifan Yu, Weiyun Zhu*

Jiangsu Key Laboratory of Gastrointestinal Nutrition and Animal

Health, Laboratory of Gastrointestinal Microbiology, College

of Animal Science and Technology, Nanjing Agricultural University,

Nanjing, Jiangsu 210095, People’s Republic of China

* Corresponding author: Weiyun Zhu, Phone: +86 25 84395523. Fax:

+86 25 84395314. E-mail: zhuweiyun@njau.edu.cn

Abstract: This study aimed to determine the effects of early

antibiotic intervention on later growth performance and fecal fer-

mentation end-products of pigs under different CP level diets.

Eighteen litters of crossbred newborn piglets were randomly

allocated into 2 groups each with 9 litters and fed from postnatal d

(PND) 7–42 either a commercial creep feed without any antibiotic

(Con) or commercial creep feed + antibiotic (Ant). On day 42, the

pigs of Con or Ant groups were further randomly assigned to

provide a normal or low level of CP diet on the basis of BW,

respectively, which generated 4 groups, each with 5 pen replicates

and 9 pigs per pen. At PND 77 and 185, 5 pigs per group were

slaughtered for organ weight analysis. Results showed that low-CP

diet decreased (P\ 0.05) ADG compared with normal-CP diet

during the whole period, but early antibiotic treatment improved

(P\ 0.05) the ADG under low-CP diet. Similarly, antibiotic

treatment increased (P\ 0.05) apparent digestibility of CP under

different CP diets at PND 77, whereas low-CP diets decreased

(P\ 0.05) apparent digestibility of CP and ether extract. At PND

77, early antibiotic treatment increased (P\ 0.05) the concentra-

tions of total protein, albumin, globulin, AST, glucose,

triglyceride, HDLC, LDLC, gastrin, growth hormone, glucagon,

and insulin under low-CP diet, but only increased AST, glucose,

and gastrin under normal-CP diet. Low-CP diet decreased

(P\ 0.05) AST, urea N, LDLC, gastrin, and insulin concentra-

tions. Meanwhile, the concentrations of glucose, urea N,

triglyceride, HDLC, growth hormone, and glucagon also decreased

(P\ 0.05) by low-CP diet at PND 185. Pigs previously fed

antibioticreduced cadaverine concentration under low- or normal-

CP diet at PND 77, but improved (P\ 0.05) skatole concentration

under low-CP diet. At PND 185, early antibiotic usage improved

(P\ 0.05) putrescine concentration under low-CP diet, whereas

decreased (P\ 0.05) under normal-CP diet. The concentration of

cadaverine was increased (P\ 0.05) by antibiotic usage under

normal-CP diet. Furthermore, low-CP diets reduced (P\ 0.05)

fecal methylamine, tryptamine, cadaverine, tyramine, p-cresol,

indole, and skatole concentrations at PND 77, and also decreased

(P\ 0.05) acetate, propionate, total SCFA, mainly amines, and

phenol content at PND 185, whereas increased (P\ 0.05) p-cresol

concentrations. These results indicate that low-CP diet decreased

ADG, serum biochemical indexes, and hormone levels, whereas

early antibiotic treatment increased ADG, serum biochemical

indexes, and hormone levels under low-CP diet. Meanwhile, the

concentrations of potentially harmful fermentation end-products

were improved under normal-CP diet, but early antibiotics have

different effects on fermentation end-products under different CP

level diets.

Keywords: Antibiotic, Low-CP diet, Growth performance, Fermen-

tation end-products, Pigs.

Effects of a low-protein diet on the bacterial

composition and fermentation profile in the colon

of weaned piglets

Yizhi Zhu1, Yanfen Cheng*, Jing Wang1, Suqing Hang1,

Weiyun Zhu1
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* Corresponding author: Yanfen Cheng, Phone: +86 025 84395523.
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Abstract: The aim of this study was to assess the effects of a low-

protein diet on the bacterial composition and fermentation profile in

the colon of piglets. Thirty-six weaned piglets were selected and

randomly assigned to different diets: (1) a standard protein diet

(SPD), of which the crude protein (CP) was 20 %; (2) a low crude

protein diet (LPD), of which the CP was 16 %. Six piglets from each

dietary treatment were randomly selected to be slaughtered and

sampled on day 10, day 25, and day 45, respectively. Colonic digesta

was collected and the bacterial community profiles were analyzed by

denaturing gradient gel electrophoresis and selected bacterial groups

were quantified by real-time PCR. Concentrations of short chain fatty

acids (SCFA), ammonia, and microbial crude protein were deter-

mined to evaluate the fermentation profile in the colon. Results show

that the LPD did not change the abundance of the total bacteria and

the Firmicutes, but decreased the abundance of Clostridium IV and

the Clostridium XIVa on day 10, enriched the Bacteroidetes on day 25

and day 45. The Escherichia spp. was also found to be elevated on

day 45. However, the SHANNON index was unaffected by dietary

protein, while the band similarity coefficient between the LPD and

SPD group was higher on day 25 and day 45 than that on day 10.The

microbial crude protein and the concentration of ammonia were both

decreased in the LPD group on day 10 and ammonia tended to be

lower on day 25. The LPD did not affect the SCFA profiles but

increased the ratio of acetate to short chain fatty acids (acetate/SCFA)

on day 45. In conclusion, feeding piglets with a low-protein diet

ameliorated the protein fermentation in the colon in the initial period

by inhibiting the Clostridium IV and Clostridium XIVa.

Keywords: Low-protein diet, Piglets, Colon, Microbiota, Metabolites

Excessive levels of L-cysteine activate endoplasmic

reticulum stress in intestinal porcine epithelial cells

Yun Ji1, Zhenlong Wu1, Zhaolai Dai1, Kaiji Sun1, Qing Zhang1,

and Guoyao Wu1,2

1State Key Laboratory of Animal Nutrition, China Agricultural

University, Beijing, China, 100193;
2Department of Animal Science, Texas A&M University, College

Station, TX, 77843, USA

*Corresponding author: bio2046@hotmail.com (Z. L. Wu)

Elevated plasma cysteine is associated with increased risks for multiple

disorders, such as preeclampsia, premature delivery, low birth weight

and cardiovascular disease, Alzheimer’s disease, and Parkinson’s dis-

ease. However, the underlying mechanism remains elusive. This study

was conducted with an intestinal epithelial cell line (IPEC-1), isolated

from the jejunum of a newborn piglets, to test the hypothesis that

excessive L-cysteine activates endoplasmic reticulum stress signaling.
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IPEC-1 cells were cultured with DMEM/F-12 medium in the absence or

presence of L-cysteine (2.5, 5.0, or 10 mmol/L). Cell viability, mor-

phologic alterations, mRNA expression for genes involved in ER stress,

protein abundances for GRP78, CHOP, eIF2a, ERK1/2, p38 MAPK,

and JNK1/2 were determined. Our results showed that high levels of L-

cysteine (5–10 mM) resulted in extensive formation of cytoplasmic

vacuoles and reduced cell viability in IPEC-1 cells. Excessive L-cysteine

promoted mRNA expression of endoplasmic reticulum (ER) stress-re-

lated gene (spliced X-box-binding protein 1 (XBP1s), heat shock

70 kDa protein 5 (HSPA5), and DNA damage-inducible transcript 3

(DDIT3)) (P\ 0.05). In addition, the protein abundance of DDIT3 and

the phosphorylation levels of eukaryotic initiation factor 2a (eIF2a)

were significantly up-regulated. These findings suggest that excess L-

cysteine-induced cell death is associated with activation of ER stress

signaling in intestinal porcine epithelial cells.

Glycine inhibits protein degradation in mouse myoblast

cell C2C12

Kaiji Sun1, Zhenlong Wu1,*, Yun Ji1, Zhaolai Dai1, Qing Zhang1,

and Guoyao Wu1,2
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In higher eukaryotes, skeletal muscle is one of the most important sites

for the control of intracellular protein turnover, which is an essential

process for maintaining tissue integrity, growth, as well as functional-

ity. Our recent study showed that glycine, a conditionally essential

amino acid for young pigs, is critical to support their optimum growth

and health. It remains elusive whether glycine modulates protein

degradation signaling and contributes to the regulation of protein

turnover in muscle cells. In this study, mouse myoblast cells (C2C12)

isolated from the thigh muscle of the C3H mouse were cultured in the

absence or presence of different concentrations of glycine. Cell pro-

liferation and the mRNA levels of genes involved in protein degradation

were determined. The data indicated that 0.25 mmol/L glycine pro-

moted (P\ 0.01) cell growth, as compared with the absence of glycine.

The mRNA levels of muscle-specific ubiquitin ligases (Atrogin-1 and

MuRF1) were reduced (P\ 0.01) by glycine. Furthermore, we found

that PI3K/AKT inhibitor LY294002 blocked the downregulation of

MuRF1, but had no effect on the mRNA level of Atrogin-1. These

results suggest that glycine inhibits protein degradation by reducing the

mRNA level of genes involved in protein degradation, thus contributing

to increases in net protein synthesis and growth of muscle cells.

L-Leucine depletion sensitizes intestinal epithelial cells

to tunicamycin-induced cell death

Yun Ji1, Zhenlong Wu1,*, Kaiji Sun1, Zhaolai Dai1, Bin Wang1, Qing

Zhang1, and Guoyao Wu1,2

1State Key Laboratory of Animal Nutrition, China Agricultural

University, Beijing, 100193, China;
2Department of Animal Science, Texas A&M University, College
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*Corresponding author: bio2046@hotmail.com (Z. L. Wu)

Intestinal epithelial cells are constantly exposed to food antigens,

xenobiotics, toxicants, and intestinal microorganism, which may

affect the biological activity of endoplasmic reticulum (ER).

Dysfunction of ER activates unfold protein response and contributes

to multiple intestinal disorders, including intestinal bowel diseases.

Recent studies indicate that branched-chain amino acid (BCAA) can

function as a signaling nutrient in various metabolic pathways. It is

unknown whether L-leucine deprivation affects ER stress-associated

cell death in enterocytes. To test this hypothesis, intestinal epithelial

cells (IEC-6) cultured with complete or leucine-deprived medium

were treated with tunicamycin (1 lg/mL) to induce ER stress. Cell

viability, quantitative real-time PCR, and Western blot analysis were

performed to determined cell death, transcriptional expression, and

protein levels of genes involved in ER stress. Our results showed that

tunicamycin induced cell death as evidenced by increased mRNA

levels of LC3-II/LC3-I, increased phosphorylation levels of c-Jun

N-terminal kinase (JNK), and decreased protein abundance of Bcl-2.

Importantly, the tunicamycin-induced cell death was markedly

enhanced by L-leucine deprivation, as compared with the absence of

leucine. Collectively, these results indicate that L-leucine depletion

sensitize ER stress-induced cell death in intestinal epithelial cells.

Provision of sufficient L-Leucine is likely an effective nutritional

strategy to maintain intestinal mucosal barrier function by reducing

the death of epithelial cells.

N-Acetylcysteine stimulates protein synthesis

in enterocytes independently of glutathione availability
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Wanjin Ouyang1, Di Zhao1, Binying Ding1, Yulan Liu1,

Guoyao Wu1,2
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Safety, Wuhan Polytechnic University, Wuhan 430023, China;
2Department of Animal Science, Texas A&M University, College
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*Corresponding author: Dr. Yongqing Hou (houyq@aliyun.com)

Abstract: N-acetylcysteine (NAC) has been used to treat gastroin-

testinal diseases. However, the underlying mechanisms are not fully

understood. This study tested the hypothesis that NAC enhances

enterocyte growth and protein synthesis independently of cellular

glutathione (GSH, the reduced form of glutathione). Intestinal porcine

epithelial cells (IPEC-1) were cultured for 3 days in Dulbecco’s

modified Eagle medium containing 0 or 100 lM NAC. To determine

the role of GSH on regulation of NAC on cell growth and protein

synthesis, additional experiments were conducted using different

culture media containing 100 lM GSH, 100 lM GSH ethyl ester

(GSHee), or/and a GSH-depletion agent (diethylmaleate, DEM;

10 lM), a GSH-synthesis inhibitor (buthionine sulfoximine, BSO;

20 lM). NAC increased (P\ 0.05) cell proliferation, GSH concen-

tration, and protein synthesis and inhibited (P\ 0.05) proteolysis.

Interestingly, GSHee enhanced (P\ 0.05) cell proliferation and GSH

concentration without affecting protein synthesis and inhibited

(P\ 0.05) proteolysis. Conversely, BSO or DEM reduced (P\ 0.05)

cell proliferation and GSH concentration without affecting protein

synthesis but promoted protein degradation. NAC augmented

(P\ 0.05) the abundances of total mTOR, phosphorylated mTOR,

and phosphorylated 70S6 kinase proteins in cells. NAC also increased

(P\ 0.05) mRNA levels for mTOR and p70S6 kinase. These results

indicate that NAC upregulates expression and activation of mTOR

signaling proteins to stimulate protein synthesis in enterocytes inde-

pendently of GSH. Our novel findings provide a new mechanism for

beneficial actions of NAC in cells.

Keywords: N-Acetylcysteine, Intestinal cells, Glutathione, mTOR,

Protein synthesis.
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on cell signaling and energy metabolism in skeletal

muscle of lipopolysaccharide-challenged piglets
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Abstract: Growth of skeletal muscle is impaired markedly under

inflammatory conditions. The underlying mechanisms remain largely

unknown. This study was conducted to determine the effects of dietary

supplementation witha-ketoglutarate (AKG) on cell signaling and energy

metabolism in skeletal muscle of piglets challenged with lipopolysac-

charide (LPS). Twenty-four piglets were assigned randomly to the

control, LPS, or LPS + AKG group. Piglets in the control and LPS groups

were fed a corn- and soybean meal-based diet, whereas piglets in the

LPS + AKG group were fed the basal diet supplemented with 1 % AKG.

On days 10, 12, 14, and 16 of the trial, piglets in the LPS and LPS + AKG

groups received intraperitoneal administration of LPS (80 lg/kg BW),

whereas piglets in the control group received the same volume of saline.

On day 16 of the trial, blood samples were collected 3 h after LPS or

saline injection. Twenty-four hours post-administration of LPS or saline

(On day 17 of the trial), piglets were killed to obtain gastrocnemius

samples for analysis. LPS challenge dramatically increased (P\ 0.05)

plasma concentrations of globin and TNF-a, while decreasing (P\ 0.05)

those for glucose, insulin, IGF-I and EGF, as well as the ratio of albumin

to globin. LPS challenge also decreased (P\ 0.05): (1) the concentra-

tions of ATP, ADP, and total adenine nucleotides (TAN), (2) the ratios of

phosphorylated mTOR to total mTOR, and (3) the ratio of phosphorylated

p70S6K to total p70S6K in gastrocnemius, while increasing (P\ 0.05)

the intramuscular concentration of AMP and the ratio of AMP to ATP.

These adverse effects of LPS were ameliorated (P\ 0.05) by AKG

supplementation. Moreover, AKG prevented the LPS-induced increase in

the abundance of phosphorylated ACC protein in gastrocnemius. Col-

lectively, these results indicate that dietary supplementation with AKG is

beneficial for improving skeletal muscle growth and energy status in LPS-

challenged piglets through enhancing mTOR signaling activity and

reducing ACC phosphorylation.

Keywords: a-Ketoglutarate, Piglets, Lipopolysaccharide, Gastrocnemius.
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with lipopolysaccharide
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Abstract: This study was conducted with a lipopolysaccharide (LPS)-

challenged piglet model to determine the effects of N-acetylcysteine

(NAC) on energy status in the small intestine, liver and skeletal muscle

of piglets. Eighteen piglets were assigned randomly into the control,

LPS, or LPS + NAC group. The control and LPS groups were fed a

corn- and soybean meal-based diet, and the LPS + NAC group was fed

the basal diet + 500 mg/kg NAC. On days 10, 13 and 20 of the trial,

piglets in the LPS and LPS + NAC groups received intraperitoneal

administration of LPS (100 lg/kg body weight), whereas piglets in the

control group received the same volume of saline. On day 20 of the

trial, blood samples were collected 3 h after LPS or saline injection. On

day 21 of the trial, piglets were sacrificed to obtain the intestinal

mucosa, liver and gastrocnemius for biochemical analysis. Compared

with the control group, LPS challenge reduced (P\ 0.05): (1) the

concentrations of ATP and adenylate energy charge (AEC) in the

small-intestinal mucosa, liver and gastrocnemius; (2) the concentra-

tions of ADP in the liver and total adenine nucleotides (TAN) in

gastrocnemius, while increasing (P\ 0.05) the concentrations of AMP

and the ratio of AMP to ATP in the small-intestinal mucosa, liver and

gastrocnemius. These adverse effects of LPS were attenuated

(P\ 0.05) by NAC supplementation. Moreover, NAC prevented the

LPS-induced increase in the ratio of p-AMPK to AMPK (AMP-acti-

vated protein kinase) in the jejunal mucosa and gastrocnemius.

Collectively, these novel results indicate that dietary NAC supple-

mentation improves energy status in major tissues of protein

metabolism in LPS-challenged piglets via inhibiting AMPK activation.

Keywords: N-Acetylcysteine, Energy status, Piglets,

Lipopolysaccharide.

1. Alanyl-glutamine but not glycyl-glutamine improved
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substitution in vitro
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The synthetic dipeptides alanyl-glutamine (Ala-Gln) and glycyl-

glutamine (Gly-Gln) are used as glutamine substitution to provide

energy source in the gastrointestinal tract due to their high solubility

and stability. This study aimed to investigate the effects of Ala-Gln

and Gly-Gln on mitochondrial respiration and protein turnover of

enterocytes. Intestinal porcine epithelial cells (IPEC-J2) were cul-

tured for 2 days in Gln-free Dulbecco’s modified Eagle’s-F12 Ham

medium (DMEM-F12) containing 2.5 mM Gln, Ala-Gln or Gly-Gln.

Results from 5-ethynyl-20-deoxyuridine (Edu) incorporation and

flow cytometry analysis indicated that there were no differences in

proliferation between Gln- and Ala-Gln-treated cells (P[ 0.05),

whereas the percentages of Edu-positive cells and cells in the

S-phase in Gly-Gln treatment were lower than those of Gln and Ala-

Gln treatments (P\ 0.05). The results of mitochondrial respiration

measurement showed that Ala-Gln treatment increased but Gly-Gln
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treatment decreased the basal respiration and adenosine triphosphate

(ATP) production, compared with Gln treatment (P\ 0.05). Con-

sistent with the data on cell proliferation, there were no differences

in protein turnover between Gln- and Ala-Gln-treated cells

(P[ 0.05), but Gly-Gln treatment reduced protein synthesis and

increased protein degradation (P\ 0.05). In addition, Ala-Gln

treatment increased relative protein levels for phosphorylated

mTOR and phosphorylated 4EBP1 but Gly-Gln treatment decreased

mTOR, phosphorylated mTOR and S6K1 compared with those of

Gln treatment (P\ 0.05). However, the UBE3A mRNA expression

in Gly-Gln-treated cells was higher than that of Gln-and Ala-Gln-

treated cells (P\ 0.05). These results indicate that Ala-Gln has the

same effect on cell proliferation, mitochondrial bioenergetics and

protein turnover as Gln in porcine intestinal epithelial cells in vitro

and can be substituted glutamine as energy and protein sources in

the gastrointestinal tract.

Keywords Glutamine, Dipeptide, Mitochondrial bioenergetics, Pro-

tein turnover, Enterocyte.
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The intestinal mucosa is vulnerable to oxidative stress in piglets

and N-acetyl-L-cysteine (NAC) has been widely used to prevent

oxidative stress. The objective of this study was to evaluate the

protective effects of NAC on H2O2-induced oxidative damage in

porcine intestinal epithelial cell. Intestinal porcine epithelial cells

(IPEC-J2) were cultured for 48 h in the basal medium supple-

mented with 0 or 800 lM NAC and treated with 0 or 100 lM H2O2

for 4 h at the end of 24 h. The DNA synthesis, cell cycle and

apoptosis, mitochondrial ROS production, mitochondrial respira-

tion were determined using 5-ethynyl-20-deoxyuridine (Edu)

incorporation, flow cytometry analysis, dihydroethidium probe, and

XF-24 Extracellular Flux Analyzer, respectively. The results

showed that H2O2 inhibited cell proliferation, induced apoptosis

and mitochondrial ROS production, and decreased the basal res-

piration, proton leak, maximal respiration, spare respiratory

capacity, and ATP production (P\ 0.05). However, NAC supple-

mentation remarkably decreased mitochondrial ROS production

and increased the percentages of Edu-positive cells, basal respira-

tion, maximal respiration, and ATP production in H2O2-treated

IPEC-J2 cells (P\ 0.05). These findings showed that NAC can

improve mitochondrial bioenergetics and alleviate oxidative dam-

age in enterocyte of piglets.

Keywords N-acetyl-L-cysteine, Mitochondrial bioenergetics, Oxida-

tive stress, Enterocyte
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PCV2 is highly pathogenic; however, its effect on serum amino acids

profile is unknown. This study was conducted to explore the profile of

amino acids in the serum in porcine circovirus type 2 (PCV2)-infected

mice. The serum levels of amino acids were detected with isotope

dilution liquid chromatography–mass spectrometry methods at 3, 7,

10, and 14 days post infection (DPI). Meanwhile, the expression of

seven amino acids transporters (SLC6A14, SLC6A20, SLC7A5,

SLC7A6, SLC7A7, SLC7A8, SLC7A9) in the jejunum was analyzed

by reverse transcription polymerase chain reaction (RT-PCR) at 3 and

7 DPI. Serum PCV2 load was also analyzed by quantitative PCR at 3,

7, 10, and 14 DPI. Serum levels of most amino acids, such as Pro,

Orn, and Met, significantly (P\ 0.05) increased at 3 DPI. However,

most amino acids, including Asp, Sar, Arg, Hyl, Pro, Lys, Val, Ile,

and Leu, significantly (P\ 0.05) decreased at 7 DPI. There was no

significant difference for most amino acids at 10 and 14 DPI. PCV2

infection significantly (P\ 0.05) decreased expression of SLC7A5

and SLC7A6 at 7 DPI. In conclusion, PCV2 infection affects the

profile of amino acids in the serum and the expression of amino acids

transporters in the intestine.

Keywords Porcine circovirus type 2, Amino acid, Amino acid

transporter, Isotope dilution liquid chromatography–mass spectrom-

etry methods.
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This study was conducted to test the hypothesis that dietary protein

intake regulates AA profiles in blood and muscle, as well as mRNA

levels for key receptors and transporters for AA in skeletal muscle.

Forty-eight barrows of both purebred Bama mini-pigs (fatty geno-

type) and Landrace pigs (lean genotype) were randomly assigned to

one of the two dietary treatments (low- or adequate-protein diet), with

24 individually fed pigs per treatment group. Pigs were fed between

5 weeks of age and market weight. During this period, samples of

blood and skeletal muscles were collected at nursery, growing, and

finishing phases. Our data showed that the majority of free AA

decreased in plasma and increased in muscles, and pig-strain inter-

acted with growth stage as regard to AA pool. Dietary protein level

affected the mRNA levels of genes related to AA receptors and

transporters in longissimus dorsi and biceps femoris muscles in a

genotype-dependent manner. Specifically, low-protein diet upregu-

lated (P\ 0.05) mRNA levels for T1R1/T1R3, but high-protein diet

enhanced (P\ 0.05) mRNA levels for PAT1, PAT2, and ASCT2, as

well as neutral AA uptake in muscle. Bama mini-pigs exhibited

elevated (P\ 0.05) mRNA levels for LAT1, SNAT2, and EAAC1,

while decreasing (P\ 0.05) the mRNA level for PepT1, when

compared with the Landrace pigs. Additionally, developmental stage

affected mRNA levels for most AA receptors and transporters, as well

as concentrations of free AA in muscles. Collectively, these findings

indicated that adequate provision of dietary AA plays an important

role in regulating the expression of key receptors and transporters of

AA in skeletal muscle in a genotype- and tissue-specific manner.

Keywords Bama mini-pig, Dietary protein, Skeletal muscle, AA

transporter, AA receptor

5. Roles of dietary amino acids in intestinal

B-lymphocyte homing

Wenkai Ren1,2, Gang Liu1, Yulong Yin1,*

1Observation and Experiment Station of Animal Nutrition and Feed

Science in South-Central China, Ministry of Agriculture; Hunan

Provincial Engineering Research Center for Healthy Livestock

and Poultry Production; Key Laboratory of Agro-ecological Processes

in Subtropical Region, Institute of Subtropical Agriculture, Chinese

Academy of Sciences; Changsha, Hunan 410125, China;
2University of the Chinese Academy of Sciences; Beijing 10008,

China

*Corresponding author: yinyulong@isa.ac.cn

Secretory immunoglobulin A (SIgA) is a non-inflammatory antibody

that is secreted by plasma B cells. SIgA has a critical role in intestinal

health by neutralizing pathogens in the lumen of the intestine to shield

intestinal surfaces. The content of SIgA in the intestine depends on

the numbers of IgA-producing plasma B cells in the intestine. To

home to the intestine, B cells need to express the gut-homing

receptors (CCR9 and integrin a4b7) on the cell membrane. Various

nutrients (i.e. retinoic acid, a vitamin A metabolite) enhance the

expression of integrin a4b7 and CCR9 on B cells. There is growing

evidence that dietary supplementation with amino acids (i.e. L-glu-

tamine and L-arginine) enhances the intestinal SIgA contents in

various models. Also, it has been found that L-glutamine or L-arginine

supplementation increases the number of IgA-producing plasma B

cells in the intestine. These compelling findings indicate that dietary

L-glutamine or L-arginine, or other amino acids, can regulate the

expression of gut-homing receptors and the gut homing of

lymphocytes.

Keywords SIgA, Glutamine, Arginine, Gut homing
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This study was conducted to investigate the effects of different dietary

protein sources on the dynamic changes in the apparent digestibility

of crude protein (CP), gross energy (GE), gross ash (GA) and amino

acids (AAs) in different parts of porcine gastrointestinal tract.

Twenty-four young pigs (18 kg body weight) were assigned randomly

into 4 treatments (6 pigs/treatment), representing supplementation

with four types of diets including fish meal (FM), soybean meal

(SBM), rapeseed meal (RSM) and cottonseed meal (CSM), respec-

tively. Pigs were slaughtered and the digesta samples were collected

for 1 h, 4 h, 8 h after feeding. The results showed that there were no

significant differences (P[ 0.05) in the apparent digestibility of CP,

GE and GA in cecun, proximal colon, distal colon at 1, 4, 8 h, but

significant differences (P\ 0.05) in stomach, duodenum, proximal

jejunum, distal jejunum and ileum as well as significant differences at

1, 4, 8 h were observed. The digestibilities of CP and GE in CSM-

based diet and the digestibility of GA in FM-based diet were the

highest (P\ 0.05). The digestibilities of total AAs significantly

influenced by diets, time and gastrointestinal segments and that were

increased linearly from the stomach to the ileum along the tract, and

the highest in FM treatment and the lowest in RSM treatment

(P\ 0.05); increased from 1 to 4 h then decreased remarkably at 8 h

in the four detected segments of tracts. In the proximal jejunum,

digestibilities of total AAs were higher in CSM and RSM treatments

but lower in FM and SBM treatments which showed an obviously

opposite trend in the distal jejunum. These findings suggest that CSM

and RSM maybe can be substituted for FM and SBM as a protein

source for pigs. Collectively, these findings indicated that the

dynamic degestive profile differed among each segment of the gas-

trointestine response to different dietary protein sources, which

should help to explore and utilize unconventional protein sources.

Keywords: Protein Sources, Apparent Digestibility, Crude protein,

Gross Energy, Gross Ash, Amino acids.
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Enterotoxigenic Escherichia coli (ETEC) is a major cause of about

300,000-5000 deaths in children under the age of 5 each year and the

leading causes of diarrhea in neonatal and young pigs. This study was

conducted to evaluate the protective role of dietary arginine supple-

mentation in a mouse model with Enterotoxigenic E. coli infection.

100 female ICR (Institute for Cancer Research) mice were randomly

divided into five groups: (1) all mice were treated with basal diet

(n = 20); (2) all mice were treated with basal diet (n = 20); (3) all

mice were treated with dietary 0.4 % arginine supplementation

(0.4 % Arg + basal diet) (n = 20); (4) all mice were treated with

dietary 0.8 % arginine supplementation (0.8 % Arg + basal diet)

(n = 20); (5) all mice were treated with dietary 1.5 % arginine sup-

plementation (1.5 % Arg + basal diet) (n = 20). At day 7, except

group one, mice were challenged by oral infections with 5 9 108

E. coli SEC 470. All mice were killed to collect duodenum, jejunum

and ileum at 24 h post infection. Bacterial burden, mortality and SIgA

were analyzed from each group. In the basal diet group, 6 out of 20

mice died, whereas dietary 0.4 % arginine supplementation excised

total protection, resulting in significantly decreased mortality com-

pared to those with basal diet (P\ 0.05). Meanwhile, 1 out of 20, 2

out of 20 mice died in 0.8, 1.5 % arginine supplementation group,

respectively. Compared with basal diet, three different doses of

arginine groups significantly (P\ 0.05) decreased the bacterial bur-

den in duodenum and jejunum. Meanwhile, compared with basal diet

group, all arginine groups ETEC infection significantly (P\ 0.05)

increased the expression of SIgA in the jejunum. In conclusion,

dietary arginine supplementation protects ETEC-infected mice by

modulating the immune response and lowering the bacterial burden.

This work was supported by Hunan Provincial Natural Science

Foundation of China (13JJ2034) and China Scholarship Council.

Effects of uridine monophosphate feeding on hormone

receptors expression in hypothalamus and taste bulb

of tongue in weaned piglets
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Abstract: Uridine monophosphate (UMP), also known as 50-uridylic

acid, is a nucleotide that is used as a monomer in RNA, but also a

flavor-enhancing compound in diets. However, little was known about

the effects of dietary UMP on receptors of appetite-regulating hor-

mone and tongue taste bulbs in pigs. In order to demonstrate whether

UMP causes changes in taste bulbs and hormonal receptors expres-

sion in hypothalamus in weaned piglets, total of 18

duroc 9 landrace 9 big white pig were given diets with 0, 0.07 or

0.14 % of UMP (n = 6), ad libitum for 4 weeks. Feed intake and

body weight were measured weekly. Wet brain weight was also

measured and hypothalamus samples were taken at the end of

experiment for qPCR determination. Tongues were isolated and fixed

in formaldehyde solution. The results showed that feed intake and

body weight was increased in pigs fed 0.07 % UMP on first week.

Wet weight of brains were changed by UMP supplement (P = 0.038).

No effect on wet weight of hippocampus was observed. In hypotha-

lamus, gene expressions of ghrelin precursor (GHRL) and insulin

receptor substrate 1 (IRS1) were altered by supplement of 0.07 %

UMP (P\ 0.05). No change on taste bulbs was observed unless

increase trend on amount of fungiform bulb in anterior tongue of pigs

fed with 0.14 % UMP diet (P = 0.0586). Densities of fungiform

bulbs in anterior tongue of pigs fed UMP diets were higher, measured

by regular paraffin section. From these findings, we conclude that

diets supplement with UMP affect the amount of taste bulbs and

appetite by regulating hormone receptors gene expression in

hypothalamus in weaned piglets.

Keywords: Uridine monophosphate, Weaned piglets, Appetite, Taste

bulb.
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of weanling piglets
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Abstract: Uridine monophosphate (UMP) is the richest nucleotide in

milk of sows; however, it is limited in stater feeds when compared to

sow milk on lactation day 21. To evaluate the effects of adding UMP

to starter diets for weanling piglets on growth performance and amino

acids contents, 48 piglets (Landrace 9 Large White 9 Duroc) were

weaned at 21 ± 1 day of age and randomly assigned into 2 groups:

The control group and UMP group, and fed one of the following diets

respectively for 14 days: a conventional starter diet (CSD) and

CSD + UMP (0.07 %). Six piglets from each treatment group were

sacrificed on d 14. Growth performance, serum physiological and

biochemical indexes, plasma amino acids, and liver amino acids were

measured to determine the effects of UMP supplementation. The

results showed that there are significant increases in ADFI (P\ 0.05)

and ADG (P\ 0.01), and F:G (P\ 0.01) in UMP group was lower

than the control group. Meanwhile, UMP diets decreased diar-

rhea frequency markedly (23.26 vs 9.17 %, P\ 0.05). As for the

blood physiological and biochemical indexes, the serum urea was

lower in UMP than the control group (3.90 vs 2.88 g/100 mL). In

addition, the plasma essential amino acids (EAA) between the two

treatments had no significant difference. While, about non-essential
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amino acids (NEAA), Glu (P = 0.075) in UMP group had a

decreased tendency and Orn (P = 0.017) was decreased significantly

when compared to the control group. Interestingly, NEAA in the liver,

there were no significant difference between the two treatments.

However, Val (P = 0.025) and Met (P = 0.023) as EAA in the liver

were largely lower than the control group. In conclusion, UMP sup-

plementation during the immediate post-weaning may have a positive

influence on amino acids metabolism and improve growth

performance.

Keywords: Uridine monophosphate, Amino acids, Growth perfor-

mance, Weanling piglets.

Dietary supplementation with yeast extract at different

times affected growth performance and plasma amino

acids of growing pigs
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CVI-221 (Peptides and Peptidases: Yeast extract (YE) is rich in

amino acids and nucleotides, which offer important nutritional

implications for both humans and livestock. Nucleotides in the liver

metabolized rhythmicity. To evaluate the effects of feeding YE at

different times on growth performance and plasma amino acids of

pigs, 36 pigs (23 ± 1 kg of weight, 63 ± 1 day of age, Lan-

drace 9 Large White 9 Duroc) were randomly assigned into three

groups: the control group, YE-B group, and B-YE groups, with 6

replicates in each group, two pigs per replicate. All the pigs were fed

at 6:00, 10:00, 14:00, and 18:00. The pigs from the control group

were fed with basal diets +0.5 %YE throughout the day, YE-B group

with basal diets +1 % YE at 6:00 and 10:00, and basal diets at 14:00

and 18:00, while B-YE group with basal diets at 6:00 and 10:00, and

basal diets +1 %YE at 14:00 and 18:00. Meanwhile, the three group

pigs got equal amount of feed. On day 28, six pigs from each treat-

ment group were chose for plasma samples and then sacrificed.

Plasma biochemical indexes, amino acids, and liver amino acids

contents were measured. The results showed that F:G in the YE-B

group decreased significantly compared with the control group

(P = 0.047) and decreased by 5.9 % than the B-YE group

(P[ 0.05). As for the biochemical indexes, GLB in the B-YE group

significantly decreased (P\ 0.05) and TP in the B-YE group had a

decreased tendency (P = 0.06) when compared with the YE-B group.

Compared with the control group, Met (P = 0.006) and Ile

(P = 0.034) contents in B-YE group were significantly increased, and

Phe in the B-YE group had an increased tendency (P = 0.078).

Meanwhile, Ile in the YE-B group was lower than the B-YE group

(P = 0.046). Furthermore, in the liver EAA, Val (P = 0.015) and

Met (P = 0.014) in the B-YE group and YE-B group were both lower

than the control group. Compared with the B-YE group, Cit in the

YE-B group decreased markedly (P = 0.049). The experiment can be

summarized that feeding basal diets +1 %YE in the morning had a

positive influence on growth performance for pigs, and feeding YE at

different times may effect the metabolism of amino acids.

Keywords: Yeast extract, Amino acids, Nucleotides, Pigs.

Cystathionine affects cysteine/cystine levels in brain

cancer cells

Halina Jurkowska, Maria Wróbel

Chair of Medical Biochemistry, Jagiellonian University Medical

College, Kraków, Poland

The transsulfuration pathway allows for the interconversion of

homocysteine and cysteine with the intermediary formation of cys-

tathionine, which may be used in superoxide radicals scavenging,

blocking the tissue injury by the nucleoside antibiotic tunicamycin

inducing endoplasmic reticulum stress, and can inhibit the apoptosis

of U937 monocytic cells and HepG2 hepatoma cells through pre-

venting the excretion of glutathione. Both cystathionine and cysteine

are also the substrates for H2S synthesis by cystathionine b-synthase,

the predominant H2S-generating enzyme in the brain. We studied the

effect of cystathionine on cysteine/cystine levels and proliferation of

human astrocytoma (U373) cells. The cells were cultured in DMEM

supplemented with 0.25, 0.5 and 1 mM cystathionine for 24, 48 and

72 h. The RP-HPLC method was used for the determination of cys-

teine, cystine and cystathionine levels in astrocytoma cells. As

compared to cells cultured in DMEM without cystathionine, the

addition of cystathionine resulted in the increase of the intracellular

cystathionine levels in a concentration-dependent manner. The levels

of cystathionine detected after 24 h were higher than after 48 and

72 h. During the first 24 h of the culture, cysteine and cystine levels

in the U373 cells were significantly decreased in the presence of 0.5

and 1 mM cystathionine compared to untreated cells (about 20–40 %

of reduction). However, in the U373 cells treated with 0.5 and 1 mM

cystathionine for 48 and 72 h, a reduction of intracellular cys-

tathionine level with culture duration was associated with increased

cysteine and cystine levels (about 20–40 % of the control) and

stimulation of cell proliferation (about 7 % for 48 h and about 14 %

for 72 h). Our data indicate that an elevated level of cystathionine

results in the increased cysteine/cystine levels and increased cell

proliferation. Further investigations are required to elucidate the

decrease of intracellular cysteine/cystine levels observed during the

first 24 h of culture duration.

Changes in sulfur metabolism caused by lead, mercury,

and cadmium ions in frog tissues

Maria Wróbel, Marta Kaczor-Kamińska

Chair of Medical Biochemistry, Jagiellonian University Medical

College, Krakow, Poland

Many heavy metal ions-related pathologies result from an oxidation

of cellular components due to diminished levels of available antiox-

idant reserves in the body—mainly glutathione, and from changes of

the activity of enzymes having antioxidant properties caused by

competition of heavy metal ions with divalent cations, such as copper

or zinc, in active sites of these enzymes. Cysteine, a substrate for

glutathione synthesis, may undergo anaerobic desulfuration resulting

in sulfane sulfur-containing compounds formation. Sulfane sulfur-

containing compounds can play a role in the regulation of sulfur

metabolism and can have antioxidant properties. The aim of the study

was to investigate changes in cysteine desulfuration in selected tissues

of Pelophylax ridibundus, Xenopus laevis, and Xenopus tropicalis

exposed to lead (28 mg/l), mercury (1.353 mg/l), and cadmium

(40 mg/l) during 10 days. In homogenates of liver, kidney, heart,

testicles, brain, and skeletal muscle of the control animals and animals

exposed to heavy metal ions, the level of sulfane sulfur, the expres-

sion, and the specific activity of rhodanese (TST),
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3-mercaptopyruvate sulfurtransferase (MPST) and cystathionine c-
lyase (CTH) were determined. Simultaneously, the level of reduced

(GSH) and oxidized (GSSG) glutathione, cysteine and cysteine, and

expression of genes encoding selected antioxidative enzymes (cyto-

plasmic and mitochondrial superoxide dismutase, catalase,

glutathione peroxidase, and thioredoxin reductase) were determined

to verify whether exposition to heavy metal ions resulted in oxidative

stress in animal tissues. In all the examined tissues, the level of the

final product of lipid peroxidation—malondialdehyde (MDA)—was

also determined. Based on the results, it should be noted that lead,

mercury, and cadmium ions induce oxidative stress in all the exam-

ined tissues. Changes in the activity and/or expression of TST, MPST

and CTH were also observed. Changes in their activity can result from

modifications (oxidation, binding heavy metal ions) of sulphydryl

groups located in the active centers of the enzymes or from changes in

expression of genes encoding these enzymes. Changes found in gene

expression, in response to oxidative stress, confirmed a role and

significance of sulfurtransferases and/or sulfane sulfur in antioxida-

tive processes.

14th International Congress on Amino Acids, Peptides

and Proteins Redox regulation of a multifunctional

enzyme, 3-mercaptopyruvate sulfurtransferase

Noriyuki Nagahara1, Masatoshi Nagano2, Takaaki Ito3,

Hidenori Suzuki2

1Isotope Res. Center, Nippon Med. Sch., Tokyo, Japan

(noriyuki@nms.ac.jp);
2Department of Pharmacol., Nippon Med. Sch., Tokyo, Japan;
3 Department of Pathol. Experi. Med., Grad. Sch. of Med. Sci.,

Kumamoto Univ., Kumamoto, Japan

A multifunctional enzyme, 3-mercaptopyruvate sulfurtransferase

(MST) catalyzes the transsulfuration reaction of 3-mercaptopyru-

vate or thiosulfate to thiol-containing compounds or cyanide as a

cysteine-catabolizing enzyme. During the catalytic process, per-

sulfide is formed at the catalytic site of the cysteine residue as a

reaction intermediate and a sulfur-acceptor substrate donates the

outer sulfur of the persulfide to form a new persulfide molecule.

MST also serves as an antioxidative protein to maintain micro-

environmental redox homeostasis. Recently, MST has been

reported to form hydrogen sulfide and polysulfides. Finally, we

advocate a possibility that MST also produces sulfur oxides in the

redox cycle of the stable reaction intermediate. The enzyme is

regulated by redox changes via two redox-sensing molecular

switches consisting redox-active cysteine residues. The catalytic

cysteine serves as a switch in itself. Under oxidizing conditions, a

cysteine-sulfenate is formed resulting in inhibition of catalytic

activity. Thioredoxin reduces the sulfenate to restore the activity,

but glutathione cannot do. The other switch involves cysteine

residues on the surface of the enzyme. Under oxidizing conditions,

dimer, an inactive form, is formed via the intermolecular disulfide

bond. On the other hand, under reducing conditions, monomer, an

active form, is increased. Thioredoxin reduces the disulfide bond

more effectively than dithiothreitol. We produced MST-knockout

mice as a disease model of mercaptolactate-cysteine disulfiduria.

They showed anxiety-like behavior, and 5HT type2A receptor

density was increased in hippocampus. However, the relationship

of MST defect to this pathogenic mechanism has not been iden-

tified yet.

Vascular regulatory roles of hydrogen sulfide:

cooperative interactions between hydrogen sulfide

and nitric oxide

Csaba Szabo M.D., Ph.D

Professor Department of Anesthesiology, The University of Texas

Medical Branch, 601 Harborside Drive, Building 21, Room 3.202D,

Galveston, TX 77555, USA

Vasodilatation is one of the earliest recognized biological actions

of the gaseous biological mediator hydrogen sulfide (H2S). Another

important action of H2S is the stimulation of angiogenesis (pro-

motion of the growth of new blood vessels). These responses are

apparent in various in vitro experimental systems, as well as in

animal models in vivo. The responses show significant regional

differences, with the vascular relaxant effects being most pro-

nounced in microvessels. The underlying pathways are multiple

and range from the activation (opening) of KATP channels to the

stimulation of the guanylyl cyclase/cGMP pathway in the vascular

smooth muscle cells. This talk will overview the vasodilatory and

angiogenic roles of H2S, and will present all of the known bio-

chemical mechanisms involved in these responses. Special

emphasis will be made to the role of H2S produced by 3-mercap-

topyruvate sulfurtransferase (3-MST), which (in addition to

cystathionine-beta synthase [CBS] and cystathionine-gamma-lyase

[CSE]) emerges as a third major biological source of H2S.

Importantly, a significant portion of the vasodilatory and angio-

genic effects of H2S occurs in concert with the similar roles of

nitric oxide (NO). These cooperative interactions include (a) H2S-

induced release of NO from the various ‘NO stores’ such as nitrite;

(b) H2S-mediated activation of the endothelial isoform of NO

synthase (eNOS) through modulation of the PI3 kinase pathway;

(c) direct effects of H2S on eNOS by sulfhydration and modulation

of its dimeric/monomeric state and (d) H2S-mediated inhibition of

cGMP phosphodiesterase activity, thereby enhancing the biological

half-life of NO. As a result of these interactions, the biological

effects of H2S are often diminished in systems where eNOS

activity is diminished; an observation that has important patho-

physiological implications.

Trimethylglycine (betaine) accentuates cisplatin-

induced hepatotoxicity by suppressing oxidative stress

and inflammation and down-regulation of nuclear

factor kappa and caspase-3 in experimental rats

Hagar, H1; El Medany, A1, and El Medany, G2

1Department of Pharmacology, King Saud University, Riyadh,

Saudi Arabia;
2Department of Anatomy, College of Medicine and King Khalid

University Hospital, King Saud University, Riyadh, Saudi Arabia;

hananhhagar@yahoo.com

Oral presentation
Introduction: Cisplatin is widely used in the treatment of solid

tumors but its full clinical utility is limited to its adverse effects as

hepatotoxicity. The aim is to investigate the effect of trimethylglycine

supplementation on cisplatin-induced hepatotoxicity.

Materials and methods: Animals were allocated into four groups;

(1) saline control group; (2) cisplatin group in which rats were
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injected with a single intraperitoneal injection of cisplatin (7 mg/kg);

(3) trimethylglycine group, in which trimethylglycine was given at a

dose of (250 mg/kg/day) orally via gavage for 21 days; (4) cis-

platin + trimethylglycine group in which trimethylglycine was given

orally via gavage for 21 days prior to cisplatin injection and daily for

5 days after cisplatin.

Results: Cisplatin injection deteriorated the liver functions as

reflected by elevated alanine aminotransferase (ALT) and aspartate

aminotransferase (AST) levels. Cisplatin increased hepatic lipid

peroxides measured as thiobarbituric acid-reactive substances

(TBARS), and reduced the concentrations of reduced glutathione,

glutathione peroxidase, catalase and superoxide dismutase in hepatic

tissues. Expressions of nuclear factor-kappa B (NF-jB) and the

apoptotic marker, caspase-3 were up-regulated in hepatic tissues of

cisplatin-treated rats. Cisplatin increased the hepatic concentrations of

inflammatory mediators: nitrite and tumor necrosis factor-a (TNF- a).

Hisopathological changes were observed in cisplatin group.

Trimethylglycine pre-treatment protected against deterioration in

liver functions abrogated the decline in antioxidants and suppressed

the increase in TBARS, nitrite and TNF-a concentrations. Moreover,

trimethylglycine inhibited NF-jB and caspase-3 activation and

improved the histological changes induced by cisplatin.

Conclusions: The protective mechanisms of trimethylglycine in cis-

platin-induced hepatic injury may be related to the attenuation of

oxidative stress, along with the inhibition of inflammatory respon-

se and apoptosis.

Plasma methionine and S-adenosylmethionine are

potential biomarkers to determine tolerable upper

intake level of methionine

Ryosei Sakai, Sakino Toue, Keigi Chin, Riho Kodama,

Michiko Amao, Yasuko Kawamata, Akiko Watanabe, Tadashi Miwa,

Miro Smriga, Takeshi Kimura

Ajinomoto Co., Inc., 1-15-1 Kyobashi, Tokyo, 14-8315, Japan

Although many animal studies have reported that dietary excess of

methionine causes toxic changes including growth suppression and

hemolytic anemia, the biochemical mechanism and biomarkers for

methionine toxicity have not been well elucidated. The present study

identified ‘‘toxic metabolites’’ or biomarker metabolites of toxicity in

rats fed excessive methionine. Since our previous study has shown

relation of plasma homocysteine with toxic changes caused by

excessive intake of methionine, effects of 2-week of homocysteine

feeding were studied to compare to those of equimolar methionine.

Feeding of supplemental methionine (1.2 or 2.4 %) significantly

increased splenic non-heme iron content, an indicator for splenic

hemolysis, while feeding of homocysteine (1.1 or 2.2 %) did not.

However, 3.8 % betaine addition in combination with 2.2 % of

homocysteine promoted remethylation of homocysteine to methionine

and increased splenic non-hem iron significantly, indicating that

homocysteine is not a direct causative of methionine toxicity. Ele-

vations of hepatic methionine and S-adenosylmethionine (SAM)

coincident with the toxic change, but not S-adenosylhomocysteine

(SAH) and homocysteine, suggested that methionine and SAM are

involved in methionine toxicity. Product-to-precursor ratios of

methionine metabolites in the liver in rats fed graded doses of addi-

tional methionine (0, 0.3, 0.6, 0.9, 1.2, 2.4 %) for 2 weeks suggested

metabolic process from SAM to SAH would be saturated at 0.9 % or

more of additional methionine. Accumulations of methionine and

SAM in the plasma were also evident at 0.9 % or more of additional

methionine feeding. These results appeared to indicate that 0.9 % of

additional methionine was excessive. Indeed, 4-week multi-dose (0,

0.1, 0.3, 0.9, 2.7 %) toxicity study of methionine documented that

NOAEL and LOAEL of methionine were 0.3 and 0.9 %, respectively.

These results suggested that plasma methionine and SAM are

potential biomarkers for methionine toxicity and that they might be

useful to determine safe intake level and tolerable upper intake level

of methionine.

Antimicrobial activity and protease stability of short

cationic peptides containing arginine mimetics

Nikolay Dimitrov1, Tatyana Dzimbova1, Galina Radeva1,

Negrin Negrev2, Tamara Pajpanova1,*

1Institute of Molecular Biology ‘‘Roumen Tsanev’’, Bulgarian

Academy of Sciences, Acad. G. Bonchev str., block 21, Sofia 1113,

Bulgaria;
2Medical University of Varna ‘‘Prof. Dr. Paraskev Stoyanov’’, Faculty

of Pharmacy, 55 Marin Drinov str., Varna 9002, Bulgaria

The emergence of multidrug-resistant (MDR) pathogens underscores

the need for new antimicrobial agents to overcome the resistance

mechanisms of these organisms. Antimicrobial peptides (AMPs) have

been intensely investigated in the last 3 decades as a potential source

of complementary antimicrobial agents with a lower propensity to

select for drug resistance phenotypes than that of current antimicro-

bials. Most AMPs are cationic peptides that assume a specific

amphipathic conformation, either in the presence of bacterial mem-

branes (amphipathic a-helical peptides, e.g., cathelicidins and

magainins or constitutively (cyclic and b-sheet AMPs, e.g., the

defensins, stabilized by disulfide bridges. Cationic charge and

hydrophobicity are two basic determinants of cell selectivity, which

modulate the peptides’ electrostatic interactions with the lipid head

group and partitioning into the lipid bilayer, respectively. The bovine

cationic dodecapeptide bactenecin (also called dodecapeptide) is one

of the smallest naturally occurring cationic antimicrobial peptide. A

linear variant, Bac2A (RLARIVVIRVAR-NH2), in which the cys-

teine residues were replaced with alanines, showed similar activity

against Gram-negative bacteria but improved activity against Gram-

positive bacteria. The features of Bac2A, namely small size, linearity,

and activity against both Gram-positive and Gram-negative bacteria,

make this peptide an ideal lead structure to develop new antimicrobial

drugs. On the basis of these data, we designed and prepared new

Bac2A derivatives. In order to identify compounds with a good

antimicrobial profile, we synthesized two series of short fragments of

Bac2A containing arginine analogs and several amino acids (such

as halogenated L/D-tryptophan, L/D-tyrosine, and L/D-phenylala-

nine), respectively, in order to confer both lipophilic properties and

positive-charged portions. Their purity characterized by RP-HPLC

and capillary electrophoresis was 87–94 %. The peptides also

showed modest increases in protease resistance, relative to the

parent peptide. The antibacterial activity of synthesized peptides

was studied by a disc diffusion assay and by minimum inhibitory

concentration (MIC) against selected Gram-negative and Gram-

positive bacteria.
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Synthesis, analysis, and cytotoxic effects of novel

SMAC-based peptides
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Apoptotic cell death is an essential mechanism for maintaining

homeostasis and normal development of multicellular organisms.

Inappropriate regulation of apoptotic pathways can lead to severe

pathological consequences, including cancer, inflammation, and neu-

rological conditions. One hallmark of cancer cells is a compromised

ability to undergo apoptosis. Targeting critical apoptosis regulators in

order to promote apoptosis in cancer cells is thus a promising strategy

for the development of new classes of anticancer drugs. Smac protein

is a pro-apoptotic protein that functions as an endogenous inhibitor of

IAP proteins (XIAP, cIAPs) and thus reactivates caspases and apop-

tosis. Smac exerts its activity through direct interaction that involves

the AVPI tetrapeptide of Smac and a well-defined groove on the

surface of these IAP proteins. The structural information as well as

inverse correlated levels of Smac and IAPs proteins in cancer cells

prompted the design of AVPI-mimetics and Smac-mimetics as agents

evading apoptosis block. Regarding the data and experience with other

cytotoxic compounds, our group devoted efforts in design AVPI-

mimetics. We synthesized AVPI-tetrapeptide analogs as we included

D-Pro and L-Hyp instead of proline itself. Recently, we have focused

on the synthesis, structure, and properties of AVPI-RGD hybrids,

which are derivatives of AVPI with RGD analogs. RGD is a peptide

that is known to interact with specific overexpressed proteins on the

membrane of cancer cells. Since AVPI derivatives and RGD peptides

possess useful characteristics, the combination of the two functional-

ities will result in the generation of compounds with structural and

biological properties of great interest. Currently, we are running cell

viability assay (MTT test) and apoptosis assay (Comet assay) in order

to determine the biological effects of the synthesized mimetics.
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Synthesis, analysis and cytotoxic effects of new RGD-

mimetics
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Among the peptide family, short peptides are very appealing for drug

discovery and development because of their cost-effectiveness, pos-

sibility of oral administration, and simplicity to perform molecular

structural and quantitative structure–activity studies. Small peptides

are under development as possible anti-tumour agents as well. Argi-

nine–Glycine–Aspartic acid (RGD) is the specific recognition site of

integrins with theirs ligands, and regulates cell–cell and cell–extra-

cellular matrix interactions. The RGD motif can be combined with

integrins overexpressed on the tumour neovasculature and tumour

cells with a certain affinity, becoming the new target for imaging

agents, and drugs, and gene delivery for tumour treatment. RGD

peptides conjugated with different cytostatic agents are likely to

exhibit an anti-tumour and anti-angiogenic synergetic effect. During

the last few years, a number of RGD-cytotoxic drugs were developed

and showed promising activities in vitro and in vivo. Despite the few

RGD analogues being approved for clinical use, development of

orally active RGD peptidomimetics have been significantly hindered

because of low bioavailabilities. This is largely due to the metabolic

lability of this class of compounds in the presence of proteases and

peptidases and because of their high polarity and charge. Following

our long-term program for the design of biologically active peptides

based on the non-protein amino acids, some short RGD-mimetics

have been synthesized and their cytotoxic potentials were studied [1].

This communication reports synthesis and biological activity of new

RGD mimetics, containing the sequence Xaa-GD, where Xaa is Arg-

mimetic (Agb or Agp) with a view to improve the stability and

cytotoxic activity. Synthesis was performed by the conventional and

manual stepwise Fmoc/tBu solid-phase methods. Their purity char-

acterized by RP-HPLC and capillary electrophoresis was 87–94 %.

All the compounds were evaluated in vitro for their cytotoxic activ-

ities on non-tumour 3T3 cells and tumour cell lines HepG2.

1. Balacheva A, Iliev I, Detcheva R, Dzimbova T, Pajpanova T,

Golovinsky E (2012) In vitro assessment of the cytotoxic effects of

novel RGD analogues. BioDiscovery 4:1–6.
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Somatostatin (SST-14 H2N-Ala-Gly-c(Cys-Lys-Asn-Phe-Phe-

Trp-Lys-Thr-Phe-Thr-Ser-Cys)-COOH) is a hormonal cyclopeptide

produced by neuroendocrine neurons of the hypothalamus, gastroin-

testinal, immune cells, as well as by certain tumours. It has a broad

range of biological action that includes inhibition of growth hormone

(GH), insulin, and glucagon and other hormone secretions, suppres-

sion of gastric and pancreatic exocrine secretion, gut motility, cell

proliferation and also plays a role as a neurotransmitter.

Some modified octapeptide analogues of somatostatin with the

following structure D-Phe-c(Cys-Phe-D-Trp-Xxx-Yyy-Cys)-Thr-

NH2, where Xxx is Lys or Orn and Yyy is Aib (a-aminoisobutyric

acid), Ac5c (1-aminocyclopentanecarboxylic acid) or Ac6c (1-amino

cyclohexane carboxylic acid) have been synthesized [1].

We evaluate cytotoxic potential of the parent compound and new

analogues in cultured non-tumour Lep-3 cells and panel of tumour

HepG2; HT-29; MDA-MB-23 and HeLa cell lines by the MTT assay

also. The new synthesized analogues have shown improved growth-

inhibitory effects on HT-29 cells.
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The purpose of this study was to evaluate the stability of the new

synthesized analogues in different values of pH, available physio-

logically. Both the analogues have shown significant stability and

kipped 90 % of their outcome concentration in different pH values.

Reference
Svetlana Staykova, Diana Wesselinova, Lyubomir Vezenkov, Emilia

Naydenova. (2015) Synthesis and in vitro antitumor activity of new

octapeptide analogs of somatostatin containing unnatural amino acids

Amino Acids, 47(5):1007–1013.

Docking studies of novel neurotensin(8–13) analogues

Tatyana Dzimbova*, Tamara Pajpanova

Institute of Molecular Biology ‘‘Roumen Tsanev’’, Bulgarian

Academy of Sciences, Acad. G. Bonchev str., block 21, Sofia 1113,

Bulgaria

Neurotensin (NT) is a neurohormone and/or neuromodulator con-

taining 13 amino acid residues. The neurotensin receptors (NTR) are

transmembrane receptors that bind neurotensin. The active fragment

of neurotensin is 8–13 (RRPYIL). The main drawback in the use of

NT or any other endogenous peptide as a drug is extremely short half-

life as a result of their rapid degradation by the action of peptidases.

To overcome this problem, various neurotensin analogues were syn-

thesized, which include linear peptides, cyclic peptides and non-

peptide molecules. Chemical modification of the native peptide,

however, may result in a radical change in receptor affinity and

specificity. The purpose of this work is using computational methods

to identify interactions between neurotensin and neurotensin receptor

analogues (NTR1) and to establish the relationship between structure

and action. Analysing the results of docking is apparent that the tested

analogues of neurotensin bind in the active site of the receptor, but

significantly weaker than NT. Replacement of arginine residue in the

second position with canavanine strongly increases the total energy of

the ligand–receptor complex; therefore, it is more unstable than the

complex NT/NTR1.

Analgesic activity of new RGD analogues
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Peptides containing unnatural amino acids are used in a multitude of

applications including structure–activity studies, diagnostics, and new

drug discovery, improvements in bioavailability, molecular markers,

and biologically active pharmaceuticals. The RGD sequence is pre-

sent in many extracellular matrix proteins and intracellular proteins,

including caspases. Synthetic RGD peptides may affect adhesion,

migration and tumour metastasis, or directly induce apoptosis. In an

effort to improve the antitumor activity of the RGD molecule, several

RGD peptides were synthesized, and their cytotoxic properties were

analysed in vitro [1]. Next, we assumed that such oligopeptides

containing arginine residue are able to induce analgesia, given that

arginine exert modulating effects on pain transduction. The purpose

of this study was to investigate the possible analgesic effects of

several synthesized RGD analogues (RGD methyl ester, AgbGD,

AgpGD) and their interactions with the l-opioid receptor. The anal-

gesic activity was evaluated and compared with the parent peptide in

male Wistar rats (120–150 g). All peptides were intraperitoneally

(i.p.) administrated at a dose 1 mg/kg. The involvement of the opioid

receptors was demonstrated using a non-selective opioid receptor

antagonist naloxone (at a dose 1 mg/kg, i.p.). Nociception was

measured by paw-pressure test. According to the obtained results, the

new analogues elicited antinociceptive effects. The incorporation of

arginine mimetics in RGD molecule leads to alteration in analgesic

activity of the parent molecule. The involvement of the opioid

receptors in such effect was proved.

1. Balacheva A, Iliev I, Detcheva R, Dzimbova T, Pajpanova T,

Golovinsky E (2012) In vitro assessment of the cytotoxic effects of

novel RGD analogues. BioDiscovery 4:1–6.

Hyperammonemia decreases branched-chain amino

acid concentration in blood plasma and enhances their

catabolism in skeletal muscle
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It has been proposed that enhanced ammonia detoxification to glu-

tamine (GLN) is the main cause of decreased concentrations of

branched-chain amino acids (BCAA; valine, leucine and isoleucine)

in blood plasma and that the decreased BCAA levels are important

pathogenic factor in encephalopathy and protein-energy malnutrition

development in liver disease. Two separate experiments were per-

formed using Wistar rats in which the effects of hyperammonemia on

GLN, BCAA and protein metabolism were evaluated. In the first,

in vivo study, the hyperammonemia was induced by infusion of

ammonium acetate/bicarbonate mixture and parameters of protein and

leucine metabolism were measured using L-[1-14C] leucine infusion.

In the second, in vitro study, soleus muscle (SOL, slow-twitch, red

muscle) and extensor digitorum longus (EDL, fast-twitch, white

muscle) were incubated in a medium with or without 0.5 mM

ammonia. We measured the exchange of amino acids between the

muscle and the medium, amino acid concentrations in muscle, leucine

oxidation, total and myofibrillar proteolysis and protein synthesis.

Ammonia infusion increased ammonia and GLN and decreased

BCAA and alanine levels in blood plasma, increased leucine oxida-

tion and decreased protein synthesis in skeletal muscle. Under in vitro

conditions, hyperammonemia increased GLN concentration and leu-

cine oxidation in muscles and enhanced GLN and decreased BCAA

release from muscles to incubation medium. The effects were more

pronounced in EDL. The results indicate that hyperammonemia

directly activates the BCAA metabolism in skeletal muscle and that

the cause of decreased plasma BCAA levels observed in liver cir-

rhosis is hyperammonemia.

Supported by PRVOUK P37/02.
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Tissue distribution of cystinyl aminopeptidase (CysAP/

IRAP) activity in control and captopril-treated WKY

and SHR. Its relationship with blood pressure, water

balance and plasma glucose

Prieto I1, Villarejo AB1, Segarra AB1, Hernández J1,*,

Wangensteen R1, Banegas I1, de Gasparo M2, Vanderheyden P3,

Zorad S4, Ramı́rez-Sánchez M1

1Unit of Physiology, Department of Health Sciences, University

of Jaén, Spain;
2Cardiovascular and Metabolic Syndrome Adviser, Rue es Planches

5, 2842 Rossemaison, Switzerland;
3Department of Molecular and Biochemical Pharmacology, Vrije

Universiteit Brussel, 1050 Brussels, Belgium;
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Abstract: Cystinyl aminopeptidase activity (CysAP) is involved in a

diversity of functions such as blood pressure (BP) control, water

balance (WB), glucose homeostasis and cognitive processes. In

addition, CysAP has a close functional relationship with the renin–

angiotensin aldosterone system (RAAS). It was characterized as the

high-affinity Angiotensin IV binding site i.e. AT4 receptor. Marked

differences in the pattern of CysAP activities depending on the origin

of the sample analyzed, such as plasma or the soluble (Sol) or

membrane-bound (MB) fraction from tissue homogenates, were

observed. There are studies providing the local regional distribution

of CysAP in selected tissues such as the central nervous system or

kidney. However, so far, no comprehensive analysis has been per-

formed evaluating the inter-tissue distribution and differentiating the

subcellular origin of the sample. To examine this subject, we analyzed

plasma activity and tissue distribution of Sol and MB CysAP in SHR

and WKY. We also searched for a possible association of CysAP with

WB, BP and plasma glucose (PGLU) under basal conditions. Fur-

thermore, the effect of ACE inhibition by captopril treatment on the

CysAP levels was investigated. Sol or MB activities were generally

higher in SHR compared to WKY notably in hypothalamus and

kidney (particularly renal medulla) than in the other tissues with

exception of adrenals. The effect of captopril on CysAP was variable

mainly decreasing CysAP in SHR, whereas it increased in WKY.

Except for Sol CysAP in WKY, captopril reduced CysAP in renal

medulla. The distribution of Sol CysAP was more homogeneous

among tissues of WKY than in SHR. Furthermore, the distribution of

MB CysAP was more heterogeneous than Sol CysAP in both WKY

and SHR. The majority of the significant correlations between the

activities detected in the different tissues and the measured clinically

relevant parameters (BP, WB, PGLU) were observed mostly in

hypothalamus and renal medulla. These correlations were mainly

positive in control groups and essentially negative in the captopril-

treated groups. These results suggest significant functional differences

among plasma, Sol or MB activities and support a particular role of

hypothalamus, renal medulla and renal cortex CysAP in glucose

metabolism, aqueous balance and/or blood pressure control. Since

important differences between WKY and SHR and after captopril

treatment were observed in the present study, a direct relationship

between the activity of CysAP and the functional status of RAAS may

also be hypothesized.

Acknowledgements: This work was supported by the Ministry of

Science and Innovation through project no. SAF 2008 04685 C02 01.

Interaction of Leptin and GABAB-agonist

and antagonist on thermoregulation

Krassimira S. Yakimova and Milen H. Hristov

Department of Pharmacology and Toxicology, Faculty of Medicine,

Medical University of Sofia, Bulgaria

Effects of the obese gene peptide leptin have been widely recognized

and studied currently, as well as leptin interaction with other neuro-

modulators or neurotransmitters. The present study was set to

determine the effects of leptin, GABAB-agonist baclofen and

GABAB-antagonist CGP35348, applied separately or in combina-

tions, on thermoregulation of male Wistar rats. In vivo experiments

were made by intraperitoneal (i.p.) administration of substances. The

core body temperature of rats was measured by thermistor probes

(TX8) and monitored on multichannel recorder Iso-Thermex 16.

In vitro experiments were made on neurons from the preoptic area/

anterior hypothalamus (PO/AH) by conventional electrophysiological

equipment (set up), using rat brain slice preparations. In vivo separate

injection of leptin as well as of GABAB-antagonist CGP35348 pro-

duced significant hyperthermia in rats while the GABAB-agonist

baclofen caused a decrease in the core body temperature. The prob-

able synergy between the hyperthermic effects of leptin and GABAB-

antagonist CGP35348 did not occurr. On the contrary, effect of this

combination was significantly lower compared to the result of sepa-

rate administration of substances. When leptin was applied just prior

GABAB-agonist baclofen neither one of their separate effects

appeared. In vivo effects determined were in correlation with in vitro

changes of firing rate observed in PO/AH neurons. Leptin increased

dose-dependently firing rate of PO/AH neurons. The effect of leptin

and GABAB-antagonist combination on firing rate was significantly

lower compared to the result of their separate administration. Neither

effect of leptin nor of GABAB-agonist baclofen appeared when

applied in combination on PO/AH neurons. The data from this study

provide a new point of view concerning the interactions of neuro-

modulatory acting peptides and GABAergic neurotransmission on the

level of central temperature controller—the neurons of the PO/AH.

A Protective Role of L-Arginine on the Intestine
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Abstract: This study was conducted to investigate the effects of

supplementary L-arginine (Arg) on piglets fed Deoxynivalenol

(DON)-contaminated feed. Eighteen weaning pigs (28-day-old Lan-

drace 9 Yorkshire) were divided into 3 groups randomly. Arginine

(Arg) groups fed 1.0 % Arg on a 7-day period for immune-fortifica-

tion while control and toxic group fed basal diet. Then the toxic group

and Arg group (continually fed with Arg for fortification as before)

fed 6 mg/kg DON-contaminated diet 7 days later. The control group
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fed with DON-free diet at same time. Voluntary feed intake for

21 days and consequently, DON caused obvious damages to piglets of

toxic group. However, clinic parameters, like intestinal morphology,

the amino acids concentrations in the serum, jejunum and ileum were

notably (P\ 0.05) improved by the supplementary Arg. Furthermore,

the mRNA levels of y + L amino acid transporter 1, cationic amino

acid transporter, excitatory amino acid carrier type 1 that down-reg-

ulated in the jejunum of toxic group increased (P\ 0.05) in the Arg

group. In conclusion, Arg plays a protective role in the small intestine

to alleviate the adverse effects of DON.

Keywords: Deoxynivalenol, Arginine, Intestinal function, Amino

Acids transporter.
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Ionotropic glutamate receptors (iGluRs) play a pivotal role in higher

brain functions such as learning and memory by mediating the

majority of fast excitatory neurotransmission in the mammalian

central nervous system. iGluR is also thought to be fully or partly

involved in nociception and closely related to brain disorders such as

Alzheimer and Parkinson diseases. Structurally, iGluR is composed of

four subunits assembling as homomers or heteromers to form the

ionchannel. The neurotransmitter, such as glutamic acid, generally

binds to the ligand-binding domain (LBD) of iGluR and causes

structural change of the transmembrane domain. It has been of par-

ticular interest to develop selective and specific ligands for iGluR as a

drug candidate to treat neuronal diseases mentioned above, and many

modulators have been reported and investigated for clinical trials. In

2008, we synthetically constructed compound collection of artificial

glutamate analogs which are structurally inspired by excitatory amino

acids such as dysiherbaine and kainic acid. In vitro and in vivo

evaluations have identified some biologically interesting compounds

including IKM-159. IKM-159 weakly inhibits AMPA-type iGluR

with some selectivity to GluA2 and GluA4 subunit proteins. Struc-

tural study of the complex indicated the unique interactions with

GluA2 LBD. To develop more potent and/or selective modulators for

iGluRs, we further studied diverted synthesis of IKM-159 analogs.

Here we report our recent progress on these synthetic studies.

Synthesis of C-terminal octapeptide B23–30 of B-chain

human insulin by classical peptide method to be used

in semisynthesis of human insulin iodinated at tyrosine B16

Mohamed Ali Zewail

Peptide Chemistry Department, National Research Center

C-Terminal protected octapeptide B23–30 of the B-chain human

insulin (benzyloxycarbonyl-glycyl-phenylalanyl–phenylalanyl-O-t-

butyltyrosyl-O-t-butyl-threonyl-prolyl-N-methylsulphonylethyloxy-

carbonyllyzyl-O-t-butylthreonyl-t-butyl ester) was synthesized by the

stepwise peptide synthesis, using DCC and 1-hydroxybenztriazole as

a condensing agent for fragment condensation of B29–B30 with B27–

B28 dipeptides and B23–B26 with B27–B30. Cleavage of benzyloxy-

carbonyl groups from N-terminal and coupling with DOP B1–B22,

iodinated at Tyrosine B16 and then combined to natural A-chain

giving Human insulin iodinated at Tyrosine B16 selectively.

Keywords: Peptide synthesis, Human insulin, Iodinated tyrosine,

N-Methyl sulphonyl ethloxycarbonyl, DOP B-chain.

Icosahedral chart of the 20 commonly occurring amino

acids

Peter R, Bahn
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The 20 commonly occurring amino acids are Alanine, Arginine,

Asparagine, Aspartic Acid, Cysteine, Glutamine, Glutamic Acid,

Glycine, Histidine, Isoleucine, Leucine, Lysine, Methionine, Pheny-

lalanine, Proline, Serine, Threonine, Tryptophan, Tyrosine, and

Valine. The corresponding 3-letter symbols of the amino acids are

Ala, Arg, Asn, Asp, Cys, Gln, Glu, Gly, His, Ile, Leu, Lys, Met, Phe,

Pro, Ser, Thr, Trp, Tyr, and Val. The corresponding 1-letter symbols

of the amino acids are: A, R, N, D, C, Q, E, G, H, I, L, K, M, F, P, S,

T, W, Y, and V. A Platonic polyhedron is a polyhedron with con-

gruent faces and the same number of faces meeting at each vertex.

The 5 Platonic polyhedrons are the Tetrahedron with 4 faces, the

Cube with 6 faces, the Octahedron with 8 faces, the Dodecahedron

with 12 faces, and the Icosahedron with 20 faces. Since there are 20

commonly occurring amino acids and there are 20 faces to an

icosahedron, a useful heuristic device for learning and remembering

the chemical structures, the names, the 3-letter symbols, and the

1-letter symbols of the amino acids can be constructed by placing the

chemical structure, the 3-letter symbol, and the 1-letter symbol for

each amino acid on a single face of an icosahedron. The United States

Design Patent Number US D721,005 S, by the author, entitled

ICOSHEDRAL CHART OF THE 20 COMMONLY OCCURRING

AMINO ACIDS shows what such an icosahedron with the chemical

structure, 3-letter symbol, and 1-letter symbol, for each amino acid on

each face of such an icosahedron would look like from front, right,

left, top, and bottom views. Design Patent US D721,005 S also

contains two cut-and-assemble half-patterns which can be cut out and

assembled to make the icosahedron shown in the design patent. Once

the icosahedron is assembled, it can be tossed at random like a

20-sided dice to generate random amino acid sequences. For example,

one such random amino acid sequence that is 100 amino acids long,

which was generated by randomly tossing the icosahedron is

KWLLTEKSTPSEKWIEDGRTVCLFMPHAMNHKGRESYCGYCY

NIMTSKETRECGGKNPQARDKGKKNNMCHFSLCRWYQSMNH

HWNGIRFREERGVGED.

Limitation of proteolysis in soils of forests and other

types of ecosystems by diffusion of substrate
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Proteinaceous materials are hypothesised to represent approximately

40 % of total nitrogen in soils. Proteolytic enzymes depolymerize

proteins into amino acids that serve as a source of carbon and nitrogen
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for soil-dwelling microorganisms. Proteolysis is generally considered

to be the rate-limiting step in mineralization of nitrogen in soils.

Methods developed for measurement of proteolysis in soils may differ

in the type of substrate, incubation conditions and analytical proce-

dures. Measurements of proteolysis are usually performed in soil

slurries to reduce substrate diffusion limitation. Knowledge on limi-

tation of proteolysis in soils of forests and other types of ecosystems

by diffusion of substrate will be presented.

Amino acids in root exudates of Ambrosia artemisiifolia

Barbora Hohnová1, Dana Moravcová1, Jindřich Figala2, Samuel
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Republic

Amino acids are generally second or third most abundant class of

low-molecular-weight organic compounds released from plant roots

by passive diffusion into the rhizosphere; intense amino acid exuda-

tion was proposed at root tips and legume nodules. Amino acids

released from plant roots serve as a source of carbon and nitrogen for

soil-dwelling microorganisms and may play different roles in the

rhizosphere including chemotaxis of rhizosphere-colonizing bacteria,

alteration of pseudomonad biology, modulation of genes involved in

sporulation in Bacillus subtilis, synthesis and regulation of the activity

of auxin phytohormones, protection from pathogens, formation of

biofilm by rhizosphere-dwelling bacteria and its disassembly or

allelopathy. Knowledge on exudation of amino acids by roots of

invasive Ambrosia artemisiifolia (Asteraceae) will be presented.
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Phosphomonoesterases are a group of relatively non-specific phos-

phohydrolases that catalyse degradation of a wide variety of

phosphomonoesters. Extracellular acid phosphomonoesterase in soils

is produced by bacteria, fungi and plant roots and its potential and not

real activity is measured; assay conditions such as concentration of

substrate, temperature, pH etc., can affect the measured activities. A

study of limitation of activity of extracellular acid phosphomo-

noesterase in soils by diffusion of substrate was conducted. Soil

samples were collected under Norway spruce stands located at dif-

ferent altitudes and under beech stand. Knowledge on limitation of

activity of extracellular acid phosphomonoesterase in organic and

mineral soils of forest ecosystems by diffusion of substrate will be

presented.
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1Department of Civil Engineering, School of Civil Engineering,

Campus of Fuentenueva, University of Granada, s/n, 18071, Granada,

Spain;
2Institute of Water Research, University of Granada, C/Ramon y

Cajal 4, 18071, Granada, Spain

*Corresponding author; Department of Civil Engineering, School of

Engineering, University of Granada, Spain; Tel: (+34) 958 244170;

email: agon@ugr.es

Abstract: Biotechnological applications of autotrophic nitrogen

removal technologies for the treatment of digested sludge liquor

have proliferated during the last decade. Four partial bench-scale

nitritation biofilters were fed continuously with synthetic anaerobic

digester supernatant containing four different concentrations of

methionine (0, 100, 300 and 500 mg/L) in order to evaluate the

effect of this amino acid on the performance and bacterial com-

munity structure of this biological system. Synthetic anaerobic

digester supernatant containing 100 mg/L methionine reduced

(60 %) the biotransformation of ammonia to nitrite, while con-

centrations of 300 and 500 mg/L completely inhibited this

biological process. Moreover, with respect to the no-methionine

scenario, addition of the amino acid promoted an increase of 30,

65 and 230 % of total bacterial biomass within the system when

the digester sludge liquor was amended with 100, 300 and 500 mg/

L methionine, respectively. Also, tag-pyrosequencing studies

showed that the presence of methionine affected the bacterial

community in the bioreactors, causing a virtual disappearance of

the ammonium oxidizing bacteria such as Nitrosomonas. However,

significant increases in the heterotrophic microbiota were observed

including as more representative genera to Lysobacter and Mi-

cavibrio. In conclusion, the presence of high concentrations of

methionine in the anaerobic digester supernatant, which can be

treated in autotrophic nitrogen removal technologies, may repre-

sent a negative factor in the performance of these systems and

therefore this amino acid must be removed from these influents

before its treatment.
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Quantitative proteomics reveals protein kinases

and phosphatases in the individual phases of contextual

fear conditioning in the C57BL/6 J mouse

Roman Smidak1, Rupert Mayer2, Christopher Gerner2, Oliver Stork3,

Diana Mechtcheriakova3, Gert Lubec 1 and Lin Li1

1Department of Pediatrics, Medical University of Vienna, 1090

Vienna, Austria;
2Institute of Analytical Chemistry, University of Vienna, Vienna,

Austria;
3Department of Pathophysiology and Allergy Research, Medical

University of Vienna, Währinger Gürtel 18-20, A-1090, Vienna,

Austria

A series of protein kinases and phosphatases have been linked to

contextual fear conditioning (cFC) but information is mainly derived

from immunochemical studies. It was, therefore, decided to use a

high-throughput quantitative proteomics approach to concomitantly

determine protein kinases and phosphatases in hippocampi of mice in

the individual phases of cFC. The C57BL/6J mice were divided into

four groups in the cFC paradigm: mice with foot shock only (con-

trols), acquisition, consolidation, and retrieval phase. Hippocampal

proteins were in-solution digested and used for label-free quantitative

proteomics studies using LC-MSMS. Several members of kinase/

phosphatase signaling modules of mitogen-activated protein kinase

(MAP3K10, RAF1, KSR2), Ca2+/calmodulin-dependent protein

kinase (CaMKIIa, DAPK1), protein kinase C (PRKCD), and subunits

of protein phosphatases 1, 2A, 2B(3), 2C were identified in our study.

Next, tyrosine protein kinases ABL1, SgK223, LYN; receptor tyr-

osine kinases IGF1R and NTRK3; serine/threonine kinases STK3,

STK25, CDK4, VRK1, WNK1, and CDKL3; and kinase ADCK1

were significantly different from foot shock controls as well as

receptor-type tyrosine protein phosphatase F (PTPRF), tyrosine pro-

tein phosphatases DNAJC6, UBASH3B, and ACP1, and protein

phosphatase SSH2. The finding that levels of 32 out of 323 identified

protein kinases or -phosphatases/subunits were modulated in cFC

significantly extends knowledge on hippocampal signaling and rep-

resents a major step forward in the analysis of signaling molecule

networks.

Quantitative, high-resolution localization of ionotropic

glutamate receptors in the hippocampal CA1 area

Ryuichi Shigemoto, IST Austria

AMPA-type and NMDA-type glutamate receptors are major exci-

tatory ionotropic receptors in hippocampal pyramidal cell synapses.

Using quantitative SDS-digested freeze-fracture replica labeling, we

investigated synaptic and extrasynaptic localization of GluA1-4

(panAMPA), GluA1, GluA2 subunits of AMPA receptors, and NR1,

NR2A, and NR2B subunits of NMDA receptors in mouse CA1

pyramidal cells. Immunogold labeling for both GluA1 and GluA2

subunits were extensively observed not only in spine synapses of

CA1 pyramidal cells but also in extrasynaptic sites throughout the

dendritic membrane with density of up to 20 % of that in synaptic

sites. The number of synaptic AMPA receptors was positively cor-

related with the size of IMP clusters, which represents postsynaptic

density area. The synaptic as well as extrasynaptic receptors often

made clusters with similar local density. In GluA1 knockout mice,

the extrasynaptic AMPA receptors were mostly gone indicating that

GluA1-containing AMPA receptors constitute the extrasynaptic

receptors in pyramidal cells. In contrast with AMPA receptor sub-

units, NMDA receptor subunits were mostly observed in synaptic

sites with much lower density in extrasynaptic sites. Although the

number of NR1 and NR2A subunits positively correlated with IMP

cluster size, number of NR2B had no correlation with the size of

synapse. This difference causes distinct NR2A/NR2B ratios between

small synapses on thin spines and large synapses on mushroom

spines, which may result in preferential induction of long-term

potentiation in small synapses.

Analysis of pre- and postsynaptic brain receptors,

transporters and channels by mass spectrometry

Fernando J. Sialana1,2, Peter Gulyassy3, Peter Májek2, Viktor Kis4,

Elena L. Rudashevskaya5, André C. Müller2, Keiryn L. Bennett2,§,

Gert Lubec1,§

1Department of Pediatrics, Medical University of Vienna, Austria;
2CeMM Research Center for Molecular Medicine of the Austrian

Academy of Sciences, Austria;
3Laboratory of Proteomics, Institute of Biology, Eötvös Loránd

University, Budapest, Hungary;
4Department of Anatomy, Cell and Developmental Biology, Eötvös

Loránd University, Budapest, Hungary;
5Institute of Medical Chemistry, Medical University of Vienna,

Vienna, Austria

fsialana@cemm.oeaw.ac.at

Receptors, transporters and channels (RTCs) are the key elements in

the synaptic membranes. Nonetheless, mass spectrometry-based

proteomics studies on the analyses, quantitation and the presynaptic

or postsynaptic localisation of the RTCs are limited. Determining the

site and level of RTCs in synaptic membranes is essential as RTCs

may have different functions when differentially segregated. Synap-

tosomes from rat cortical tissue were isolated, pre- and postsynaptic

membranes were enriched, enzymatically digested, modified by

stable-isotope peptide labelling and analysed by liquid chromatogra-

phy mass spectrometry. A total of 4784 synaptic proteins were

identified including 274 receptors, 394 transporters/channels and 1377

transmembrane proteins. Of these, 1,781 are potential drug targets and

834 are linked to brain disorders/diseases. These findings not only

provide an unprecedented resource and analytical tool for neurolog-

ical RTCs, but also enable a deeper interpretation of previous work

and provide a solid foundation for future design of studies in neuro-

chemistry and neuropharmacology.

Involvement of intra-coerulear galanin

in the pathophysiology and pharmacotherapy

of depression

Simone B. Sartori1, Anupam Sah1, Daniela Beiderbeck2,

Inga D. Neumann2, Rainer Landgraf3, Nicolas Singewald1

1Department of Pharmacology and Toxicology, Institute of Pharmacy

and Centre for Molecular Biosciences Innsbruck (CMBI), Leopold–

Franzens–University of Innsbruck, Innsbruck, Austria;
2Department of Behavioral and Molecular Neurobiology, University

of Regensburg, Regensburg, Germany;
3Max-Planck Institute of Psychiatry, Munich, Germany

Our knowledge about central changes underlying depressive disorders

is still incomplete. While disturbances in monoaminergic neuro-

transmission are clearly involved, increasing evidence also proposes a

role of the neuropeptide system galanin in the pathophysiology and
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treatment of depression. Here, we investigated whether transcriptional

processes of galanin are affected by depression-like behaviour. The

abundance of galanin mRNA was increased in the paraventricular

hypothalamus, the central amygdala and the locus coeruleus (LC), but

not in the dorsal raphe of HAB rats characterised by high trait anx-

iety- and depression-related behaviour as compared with their low

anxiety/depression LAB counterparts. Conversely, long-term

(42 days, p.o.) treatment with desipramine, paroxetine or tranyl-

cypromine caused a general reduction in galanin mRNA expression in

the LC of unselected rats indicating a common response to antide-

pressant pharmacotherapy. This collective modulation of galanin

mRNA in the LC by the antidepressants is opposite of the finding in

the HAB model suggesting that altered coerulear galanin may be

associated with depression-related behaviour. To provide functional

evidence of a role of coerulear galanin in trait anxiety/depression, we

demonstrate that local microinfusion of galanin, but not of the galanin

receptor 2 agonist M1145, caused a pronounced increase in the

immobility of LAB rats displayed in the forced swim test indicating

enhanced depression-like behaviour. In contrast, the enhanced

immobility of HAB rats was reduced by the unselective galanin

receptor antagonist M35 applied either intra-LC or icv. Collectively,

the present data suggest that HAB subjects represent a valuable model

organism for studying the role of galanin in depression-related

behaviour.

Intestinal depletion of NaPi-IIb/Slc34a2 in mice: renal

and hormonal adaptation

Nati Hernando, Kumar Myakala, Fabia Simona, Thomas Knöpfel,

Linto Thomas, Heini Murer, Carsten A Wagner and Jürg Biber

Institute of Physiology, University Zurich-Irchel

Secondary active transport of phosphate (Pi) across epithelial cells is

mediated by two families of Na+-coupled Pi cotransporters, namely

Slc20 and Slc34. The Slc34 family consists of three members: NaPi-

IIa, NaPi-IIb, and NaPi-IIc. NaPi-IIa and NaPi-IIc are particularly

abundant in kidney, whereas NaPi-IIb is widely expressed, with

intestine, lung, and testis among the organs with highest mRNA

levels. In humans, mutations in NaPi-IIb associate with pulmonary

alveolar microlithiasis and testicular microlithiasis. The intestinal

expression of NaPi-IIb in mice is restricted to the ileum, where the

cotransporter localizes specifically at brush border membrane (BBM).

Its abundance is regulated by vitamin D3 and dietary Pi. Constitutive

full ablation of NaPi-IIb is embryonically lethal, whereas the global

but inducible removal of the transporter leads to intestinal loss of Pi

and lung calcifications. We have generated a constitutive but

intestinal-specific NaPi-IIb-deficient mouse model, by crossing

floxed-NaPi-IIb pups with villin-Cre mice. The offspring retains

expression of NaPi-IIb in lungs and testis, whereas the cotransporter

is not detected in the intestinal epithelia. This constitutive intestinal

ablation of NaPi-IIb results in viable and fertile pups, with normal

growth. Homozygous mice are characterized by fecal wasting of Pi

and complete absence of Na/Pi cotransport activity in BBM vesicles

(BBMV) isolated from ileum. In contrast, the urinary excretion of Pi

is reduced in these animals. The plasma levels of Pi are similar in

wild-type and NaPi-IIb-deficient mice, suggesting that the renal

retention of Pi fully compensates for the intestinal loss. In females,

the reduced phosphaturia associates with higher expression of NaPi-

IIa and higher Na/Pi cotransport activity in renal BBMV, as well as

with reduced plasma levels of intact FGF-23. A similar trend is found

in males. Thus, NaPi-IIb is the only luminal Na+-dependent Pi

transporter in the murine ileum and its absence is fully compensated

in adult females by a mechanism involving the bone–kidney axis.

Cortico-limbic neuropeptidases after acute restraint

stress

Joaquı́n Hernández1, Ana B. Segarra1, Isabel Prieto1,

Rosemary Wangensteen1, Marc de Gasparo2, Ana B. Villarejo1,

Inmaculada Banegas1, Justo Cobo3, and Manuel Ramı́rez-Sánchez1,*

1Unit of Physiology, Department of Health Sciences, University

of Jaén, Spain;
2Cardiovascular and Metabolic Syndrome Adviser, Rue es Planches

5, 2842 Rossemaison, Switzerland;
3Department of Inorganic and Organic Chemistry, University of Jaen,
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*Presenting author

14th ICAPP

Section of Neuroscience

Abstract: Oxytocin, vasopressin as well as enkephalins are neu-

ropeptides involved in the stress response and in memory processes.

These neuropeptides are partially regulated by several neuropepti-

dase activities such as oxytocinase/vasopressinase and enkephalinase

activities. The medial prefrontal cortex, amygdala, and hippocampus

are brain areas involved in the stress response. These areas consti-

tute a circuit in which they interact with each other for such a

response. Therefore, in order to investigate the role of these neu-

ropeptidases in the response to stress, we analyzed the profile of

regional distribution of these enzymatic activities as well as their

patterns of interaction into this circuit after causing an acute

restraint stress in adult male rats. With regard to the regional study,

while most activities showed a preponderance of the amygdala on

hippocampus and medial prefrontal cortex, in both groups of control

and stressed animals, enkephalinase activity demonstrated a change

after stress increasing in hippocampus and decreasing in amygdala.

The analysis of the correlation study suggested that neuropeptidase

activities are connected with the functional status of this cortico-

limbic circuit, changing significantly the pattern observed in controls

after acute restraint stress. In controls, the suggested connection

implied essentially a positive interaction between medial prefrontal

cortex and amygdala, without a clear relationship between the other

regions. In marked contrast, after the applied stress, there was a

highly significant change in the pattern of interactions, activating a

positive correlation between medial prefrontal cortex and hip-

pocampus and between amygdala and hippocampus and diminishing

the interaction medial prefrontal cortex versus amygdala observed in

controls. The global analysis of interactions between neuropepti-

dases and areas suggests a differential role for

oxytocinase/vasopressinase activity in the medial prefrontal cortex

in comparison with the rest of activities and areas. The present

results support a possible role for neuropeptidases and consequently

for their corresponding neuropeptidergic substrates vasopressin,

oxytocin, and enkephalin in response to stress of the regions

analyzed.
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Expression and Characterization of Alanine Racemase

from the Green Alga Chlamydomonas reinhardtii

Yuki HIRATO1, Minoru TANIGAWA1, Mayumi ODA1,

Katsushi NISHIMURA1,2

1Department of Materials and Applied Chemistry, College of Science

and Technology, Nihon University;
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College, Nihon University

The unicellular green alga Chlamydomonas reinhardtii has served as

a model system to study many fundamental biological processes. We

demonstrated that D-Ala has no inhibitory effect on cell growth, and

alanine racemase activity was exhibited by Chlamydomonas rein-

hardtii1). The amino acid sequence deduced from a hypothetical

alanine racemase gene of C. reinhardtii showed few similarities to

those for reported pyridoxal 50-phosphate depending enzymes, sug-

gesting that the gene product has a novel protein structure. We here

report expression and enzymatic characterization of the product of

putative alanine racemase gene in order to crystalize it for confor-

mational analysis. A modified alanine racemase gene (alr’) whose

codons were optimized for E. coli was synthesized and used to

construct pET41b/alr’ and to transform BL21 (DE3). SDS-PAGE of

the crude extract revealed that the gene product was overexpressed.

The N-terminal sequence of the protein with 45-kDa-molecular mass

was MRALVSKARLAH and corresponded to the amino acid

sequence deduced from the hypothetical alanine racemase gene. The

gene product was purified to electrophoretic homogeneity from the

recombinant cells. Amino acid racemase activity was assayed with

D- and L-Ala, L-Thr, L-Pro and L-Asp as substrates. The result

indicated that the enzyme was highly specific for D- and L-Ala.

Alanine racemase activity for L-Ala was 38.1 nmol min-1 mg-1,

and Km value was 12.0 mM. Activity of threonine aldolase was also

assayed using alcohol dehydrogenase. The activity of D-threonine

aldolase was detected, and the enzyme exhibited activity of

296 nmol min-1 mg-1, whereas no activity of L-threonine aldolase

was detected.

1. Nishimura et al. (2007) Amino Acids, 32:59–62

Structure-based computational design of HMGR/

HDAC dual-action drugs for prevention and treatment

of cancers and their metastasis

Jung-Hsin Lin1,2,3,, Ting-Rong Chern1, Jhih-Bin Chen4,

Tzu-Tang Wei5, Ching-Chow Chen5 and Jim-Min Fang4
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Statins are HMG-CoA reductase (HMGR) inhibitors and are broadly

used for the control of hypercholesterolemia. In 2007, we discovered

that statins are also inhibitors of histone deacetylase (HDAC)1, which

provided the epigenetic basis for the beneficiary effects of statins for

cancer inhibition and prevention. Recent evidences further indicated

that the HDAC inhibitors and statins exhibited significant synergistic

efficacy against cancer cell line. We proceeded to design single agents

that concurrently modulate the activities of HDAC and HMGR, also

known as ‘‘designed multiple ligand (DML)’’ in drug discovery. With

the structural information from crystal complexes of HDAC and

HMGR, three generations of DML using the ‘‘conjugation’’, ‘‘merg-

ing’’ and ‘‘fusion’’ strategies were designed and evaluated by

molecular docking. The first generation, ‘‘conjugation’’, was designed

by simply linking HDACi and HMGRi with different lengths of carbon

linker. The optimal length of linker was determined by molecular

docking followed by consensus scoring. To reduce the molecular

weights, the second and third generations of compounds were designed

by increasing the degree of overlapping among the pharmacophores of

HMGRi and HDACi. All generations of compounds exhibited potent

inhibitory activities against HDAC and HMGR with IC50 values in the

nanomolar range. These compounds also effectively reduced the

HMGR activity as well as promoted the acetylation of histone and

tubulin in cancer cells, and were not toxic to normal cells. Our new

compounds achieve several hundred folds increase of activity in the

protein assays compared to the original statin compounds.2

1. Yi-Chu Lin, Jung-Hsin Lin, Chia-Wei Chou, Yu-Fan Chang, Shu-

Hao Yeh, and Ching-Chow Chen (2008) Statins increase p21 through

inhibition of histone deacetylase activity and release of promoter-

associated HDAC1/2. Cancer Res 68:2375–2383

2. Jhih-Bin Chen, Ting-Rong Chern, Tzu-Tang Wei, Ching-Chow

Chen, Jung-Hsin Lin*, and Jim-Min Fang* (2013) Design and syn-

thesis of dual-action inhibitors targeting histone deacetylases and

HMG-CoA reductase for cancer treatment. J Med Chem 56:3645–3655

The effect of charge state of arginine on heat-induced

protein aggregation
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Protein aggregation is a common problem during purification,

refolding, heat-treatment and storage in biotechnological and phar-

maceutical fields. Arginine (Arg) is one of the most effective

additives in suppressing protein aggregation. In order to understand

the molecular mechanism of Arg as an aggregation suppressor, we

investigated the effects of charged state of Arg on protein aggrega-

tion. Lysozyme at 1.0 mg/ml was heated at 90 �C in 50 mM Na-

phosphate and glycine buffer (pH 7.0–10.0), resulting in denaturation

followed by aggregation of the protein. The aggregation process was

followed by turbidity measurement. At neutral pH, Arg dramatically

suppressed protein aggregation, whereas at and above pH 9.0, the

suppression effect disappeared. This pH corresponds to the pK of

Arg’s a-amino group, suggesting its involvement in suppressive effect

of Arg. This was confirmed by testing aggregation suppression effects

of acetylarginine, which showed weaker effects on protein aggrega-

tion than Arg at neutral pH. These results suggest that the positive

charge of the a-amino group on Arg plays an important role in sup-

pression of heat-induced protein aggregation. These findings provide

a new insight into the mechanism of aggregation suppression effects

of Arg.
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Synthetic glycopeptides with unnatural linkages can be used as probes

for biochemical studies. Efficient accesses to these new glycopeptidic

constructions of interest in the peptide and carbohydrate fields were

recently developed in our group. Our approach was based on anomeric

sugar olefins (commonly named exo-glycals)[1] which proved valuable

substrates in the well-known Michael addition reaction. Nucleophilic

addition of nitronate anion on these sugar olefins opened the way to

new anomeric c-glycoamino acids used as building blocks for glyco-

foldamers and multivalent platforms synthesis.[2] An efficient sugar-

peptide ligation method was also developed by hydro-thiolation of

exo-glycals with cysteine and cysteine-containing peptides [3].

Both approaches will be presented and their scopes and limitations

discussed.

1. Pellegrini-Moı̈se N, Richard M, Chapleur Y (2014) Carbohydr.

Chem. In: Rauter P, Lindhorst TK, Queneau Y (eds) 40:99–117.

2. Richard M, Felten A-S, Didierjean C, Ruiz-Lopez M, Chapleur Y,

Pellegrini-Moı̈se N (2014) Eur. J. Org. Chem. 7364–7376.

3. Richard M, Didierjean C, Chapleur Y, Pellegrini-Moı̈se N (2015)

Eur. J. Org. Chem. 2632–2645.

Post-translational modifications of clock proteins

bolster circadian rhythms

Yoshitaka Fukada

Graduate School of Science, The University of Tokyo, Japan

Circadian rhythms with a period of *24 h are generated by an

internal timekeeping mechanism referred to as circadian clock. The

mammalian clocks are driven by a transcription–translation-based

negative feedback loop, in which CRY1/2 repressor proteins are

finely regulated by posttranslational modifications for temporally

coordinated transcription rhythms of clock genes. We previously

reported a posttranslational mechanism regulating the stability of

CRY2 protein. The priming phosphorylation of CRY2 at Ser557

allows subsequent phosphorylation at Ser553 and the two-step

phosphorylation of CRY2 leads to its proteasomal degradation

(Kurabayashi et al., MCB, 2010; Hirano et al., MCB, 2014). On the

other hand, FBXL3, an F-box-type E3 ligase, ubiquitinates CRYs and

mediates their degradation. We found that its closely related paralog,

FBXL21, also ubiquitinates CRYs. Fbxl21 null mice exhibited normal

periodicity of behavioral rhythms (tau: 23.9 h), while an extremely

long period phenotype of Fbxl3 null mice (tau: 27.7 h) was largely

attenuated in Fbxl3/Fbxl21 double-knockout mice (tau: 25.6 h).

Intriguingly, the double knockout destabilized the behavioral rhythms

in DD and sometimes elicited arrhythmic behaviors. Surprisingly,

FBXL21 stabilized CRY proteins and antagonized the destabilizing

action of FBXL3 by conjugating a polyubiquitin chain(s) different

from those formed by FBXL3 (Hirano et al. & Yoo et al., Cell, 2013).

These observations emphasize the physiological importance of

antagonizing actions between FBXL21 and FBXL3 on CRYs pro-

viding stable oscillation of the circadian clock. Collectively

posttranslational modifications of clock proteins play essential roles

in timekeeping of the circadian circuits.

Therapeutic proteins and peptides: recent advances

in the research and development for hereditary

angioedema

Elena Karnaukhova

Laboratory of Biochemistry and Vascular Biology, Division

of Hematology Research and Review, Center for Biologics

Evaluation and Research, Food and Drug Administration,

Silver Spring, MD, 20993, USA

Human plasma proteome is an exceptional source of native proteins

that are essential for understanding molecular basis of many diseases.

Collected human plasma remains the major source of a wide range of

therapeutic products for treatment and/or prevention of various clin-

ical conditions, many of which are caused by a protein deficiency. In

addition to albumin products, fractionation of human plasma yields

immunoglobulins, alpha-1-antitrypsin, antithrombin, factors VIII and

IX, C1-esterase inhibitor, and several other therapeutic proteins.

During the last two decades, recombinant technologies and transgenic

animal platform greatly contributed to the field and dramatically

extended the therapeutic options now available for many serious

diseases. This presentation will focus on recent advances in the

research and development for hereditary angioedema (HAE), a rare

potentially life-threatening disorder associated with a deficiency of

functional C1-esterase inhibitor. Until recently, in the United States

only fresh-frozen plasma, attenuated androgens or plasmin inhibitors

were used to provide relief during acute attacks, but no HAE-targeted

therapy was available. Since 2008, when first plasma-derived C1-

esterase inhibitor concentrate was approved by the US Food and Drug

Administration, several HAE-specific therapies have been developed.

Current understanding of HAE mechanism(s) and recent therapeutic

interventions will be discussed in this presentation, as well as some

research approaches to enhance currently available HAE therapies.

Regulation and physiological function of cationic amino

acid transporters

Ellen Closs, Alice Habermeier, Julia Bender-Sigel

and Jean-Paul Boissel

University Medical Center of the Johannes Gutenberg

University Mainz
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Cationic amino acids (CAA), such as arginine, lysine, and

ornithine, share the same transport proteins. Most mammalian

cells express two types of CAA transport proteins, mediating

activities of the so-called systems y+ (specific for CAA) and y+

L (CAA and neutral AA), respectively. Although only distantly

related, the two transporter types belong to the same gene fam-

ily: SLC7. The family members SLC7A1-A3 correspond to the

CAT proteins (CAT for CAA transporter) mediating system y+

activity. They seem to be the major entry path for CAA in most

cells. SLC7A4 and A14 have also been attributed to the CAT-

subfamily. Their function remains, however, elusive to date.

Besides providing cells with CAA for protein synthesis and

energy supply, CATs seem to be involved in important signal

pathways such as nitric oxide, mTor, and neurotransmission.

CAT-1 and CAT-2 are extensively regulated on the level of both

transcription and translation. In addition, protein kinase C and

small G proteins regulate the location of these transporters in the

plasma membrane. SLC7A6 and 7 encode for system y+ L

transporter y+ LAT2 and 1, respectively. They catalyze the

exchange of CAA against NAA plus Na+ and thus seem to be

rather CAA exporters under physiological conditions. One of

their functions in endothelial cells may be the export of CAA

derivatives such as the nitric oxide synthase (NOS) inhibitor

asymmetrical dimethyl arginine (ADMA). ADMA is an inde-

pendent risk factor for cardiovascular disease. There is

increasing evidence that accumulation of ADMA leads to

endothelial dysfunction through inhibition of endothelial NOS.

Reduced activity of y+ LATs may thus contribute to endothelial

dysfunction.

Proline methanologues: Design, Synthesis, Oligomeric

Structures, and Potential Applications in Medicinal

Chemistry

Stephen Hanessian

Department of Chemistry, University of Montreal, Montreal, QC,

Canada

Proline plays a prominent role as a component of mammalian proteins.

It is a unique ‘‘cyclic’’ amino acid which forms tertiary amide bonds

resulting in cis–trans isomerism in proline-containing peptides. It is also

an important constituent of b-turns and reversed b-turns. Introducing

substituents on the proline ring results in conformational preferences

that have relevance in its susceptibility to enzymatic degradation.

Attaching rings of different sizes to the proline backbone leads to

bicyclic variants as peptidomimetics and to azabicyclic carboxylic acids

and related derivatives as components of drugs for cardiovascular dis-

eases among others. 4,5-Methanoprolines are particularly interesting

proline methanologues because the fusion of the cyclopropane unit

results in the flattening of the proline ring depending on the stereo-

chemistry of the ring junctions. We shall discuss the synthesis,

conformational properties, and oligomeric structures of cis- and trans-

4,5-methano-L-prolines and applications in the design of potential drug

prototypes. The first synthesis of cis- and trans-4,5-methanoprolines and

their ring flattening effect were reported from our laboratory (Angew.

Chem. Int. Ed. 1997, 36, 1881). Since then, these conformationally

constrained methanologues have found extensive applications in

medicinal chemistry and as components of marketed drugs.
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