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Molecular Basis for the Catalysis of B-Sheet Formation by Water-Non-
polar Interfaces

Ana Nikolic!, Stéphanie Baud?:!, Sarah Rauscher!, Régis Pomes!.

"Hospital for Sick Children, Toronto, ON, Canada, 2Université Champagne-
Ardennes, Reims, France.

Recent studies suggest that the toxicity of several neurodegenerative patholo-
gies such as Alzheimer’s and Parkinson’s diseases involves the interaction of
oligomeric aggregates of amyloidogenic proteins with the neuronal membrane.
We examine the physical and structural basis of peptide adsorption and aggre-
gation in a model membrane using molecular dynamics simulations. Blocked
amphipathic octapeptides with simple, repetitive sequences, (Gly-Ala), and
(Gly-Val)y, are used as models of B-sheet-forming polypeptide chains found
in the core of amyloid fibrils. Placed in aqueous solution in the presence of
an n-octane phase mimicking the nonpolar core of lipid membranes, the pep-
tides spontaneously partition at the octane-water interface. The adsorption of
nonpolar sidechains displaces the conformational equilibrium of the peptides
from a heterogeneous ensemble characterized by a high degree of structural dis-
order towards a more ordered ensemble favoring B-hairpins and elongated f3-
strands. Once adsorbed at the interface, peptides spontaneously aggregate
and rapidly evolve B-sheet structure on a 10-to100-ns time scale, while aggre-
gates of the same peptides in water remain amorphous. The catalysis of B-sheet
formation at the water-membrane interface results from the combination of the
hydrophobic effect and of reduced conformational entropy of the polypeptide
chain. While the former drives interfacial partition and displaces the conforma-
tional equilibrium of monomeric peptides, the planar interface further facili-
tates B-sheet organization by increasing peptide concentration and reducing
the dimensionality of self-assembly from three to two dimensions. These find-
ings have general implications to the formation of B-sheets on the surface of
globular proteins and to amyloid self-organization on the surface of biological
membranes.
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Oligomerisation, Fibrillation and Activity of Hen Lysozyme in Alkaline
Medium: A Concentration Dependent Investigation

Vijay K. Ravi, Nividh Chandra, Rajaram Swaminathan.

Indian Institute of Technology Guwahati, Guwahati, India.

Oligomerisation and fibrillation are hallmarks of protein misfolding diseases
like Alzheimer’s, Prion, Parkinson’s, systemic amyloidosis and so on. Hen egg-
white lysozyme (HEWL) which spontaneously aggregates at pH 12.2 under
room temperature as shown by us previously is an excellent model protein
for aggregation studies. The present work was focussed on investigating the
role of protein monomer concentration on the size and morphology of aggre-
gates. For this purpose we employed HEWL concentrations ranging from
120 pM to 300 nM. Our findings reveal that A) FRET efficiency between dan-
syl labelled HEWL and dabcyl labelled HEWL in the aggregate, monitored
over 12 hours was inversely proportional to HEWL monomer concentration
B) Size exclusion chromatography after 12 hours showed that while all aggre-
gates of 50 & 120 uM HEWL eluted much later, a small population of aggre-
gates from 10 uM HEWL eluted early through the void volume C) Binding of
ANS revealed fluorescence spectra that were gradually blue shifted and more
intense, over 12h, in the following order with aggregates of 120 > 50 >
3 uM, while for 300 nM, these spectra were fairly invariant in emission wave-
length and intensity over 12 hours. D) HEWL enzymatic activity decreased
almost uniformly with time in alkaline pH for all concentrations suggesting
a concentration independent early unfolding step E) AFM images showed
extensive fibrils in 3 & 0.3 uM HEWL within 12 hours but predominantly large
globular aggregates with 120 uM and 50 pM HEWL samples in the same
time period. The above results clearly suggest that size and morphology of
HEWL aggregates at alkaline pH are critically dependent on the initial mono-
mer concentration.

1313-Pos

The Addition of an Osmolyte, Trimethylamine N-Oxide Promotes
Secondary Structure Heterogeneity Among Amyloid Fibrils

Melissa J. Paulite, Nikhil Gunari, Gilbert C. Walker.

University of Toronto, Toronto, ON, Canada.

We demonstrated that secondary structure heterogeneity was observed among
mature amyloid fibrils synthesized by the addition of an osmolyte, called trime-
thylamine N-oxide (TMAO) by promoting the formation of anti-parallel
B-sheet structure along with parallel B-sheet structure. In regards to amyloid
fibrils formed in the absence of TMAO, only parallel B-sheet secondary struc-
ture was observed. This structural effect was observed regardless of pH. The
amyloid fibrils were investigated via Fourier-transform infrared spectroscopy
and near-field microscopy, and the characterized by circular dichroism and

UV-Vis spectroscopy. Using FTIR spectroscopy, the peak observed at 1630cm '

indicates the presence of parallel and/or anti-parallel B-sheet structure and
a peak at 1692 cm ! denotes the presence of anti-parallel B-sheet structure.
This latter peak, which appears only in the TMAO-containing fibril solutions,
indicates that TMAO promotes anti-parallel B-sheet fibrils in solution.
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Structural and Functional Analysis of Amyloid Fibril Formation by Two
Closely Related Light Chains

Douglas Martin, Marina Ramirez-Alvarado.

College of Medicine, Mayo Clinic, Rochester, MN, USA.

Light chain amyloidosis (AL) is a hematological disorder in which a clonal
population of B cells expands and secretes enormous amounts of immunoglob-
ulin light chain protein. These light chains misfold and aggregate into amyloid
fibrils, leading to organ dysfunction and death. In AL the sequence of the light
chain is unique for each individual, giving rise to a highly variable course of
disease. We are studying two proteins, designated AL09 and AL103, derived
from the kI O18:08 germline that are highly similar in sequence, yet had sig-
nificant differences in the disease phenotype. We have studied the in vitro ki-
netics of fibril formation and the structure of the resulting fibrils in order to ex-
plain this phenomenon.

We have begun by undertaking a systematic study of different solution proper-
ties and co-solutes that may affect fibril formation in these two proteins. We
find that even though the proteins have similar thermodynamic properties, their
fibril formation behavior is very different. AL09 readily forms fibrils under vir-
tually every condition studied, while AL103 forms fibrils both more slowly and
under fewer conditions. We have also explored the potential role of different
glycosaminoglycans (GAGs) in the fibril formation process, specifically look-
ing at the role of the size and charge of the GAG molecules. Furthermore, we
have analyzed fibrils formed by these two disease proteins using limited prote-
olysis and mass spectrometry and have determined that in spite of their differ-
ent phenotype the fibrils share a significant portion of their amyloid-forming
core residues. Further structural studies are ongoing to determine how proteins
with such different fibril formation kinetics can share a common amyloid struc-
ture.

Funding by AHA SDG 06 3007N, NIH GM071514, and NIH F30DK082169
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Instantaneous Fibril Formation of a-Synuclein by Lateral Association of
the Preformed Oligomeric Granules

Dackyun Lee, Jung-Ho Lee, Ghibom Bhak, Sang-Gil Lee, Seung R. Paik.
Seoul National University, Seoul, Republic of Korea.

Elucidation of underlying mechanism of amyloidogenesis is a central issue not
only for developing prophylactic and therapeutic means against amyloid-re-
lated diseases including Parkinson’s and Alzheimer’s diseases, but also for uti-
lizing protein fibrils as nanomaterials for future nanobiotechnology. While the
nucleation-dependent fibrillation is the prevailing notion to illustrate the amy-
loid fibril formation, we demonstrate an alternative mechanism of amyloido-
genesis with a-synuclein, a pathological component of Parkinson’s disease,
in which the amyloid fibrils are formed via lateral association of the preformed
oligomeric species of a-synuclein by acting as an assembling unit. Homoge-
neous oligomeric granules of a-synuclein were isolated in the middle of the
lag period during the fibrillation kinetics. In the presence of an organic solvent
of hexane, the granules instantaneously turned into the fibrillar structures which
are indistinguishable from the amyloid fibrils obtained without the hexane
treatment. Moreover, accelerated fibril formation of a-synuclein was also ob-
served by imposing shear force on the granular structures by either centrifugal
filtration or rheometer. Both organic solvent and physical influence might cause
granules to experience structural rearrangement, resulting in the granular as-
sembly into amyloid fibrils. As consequence, we propose a double-concerted
fibrillation model to explain the in vitro fibrillation of a-synuclein, in which
two consecutive associations of monomers and subsequent oligomeric granules
are responsible for the eventual amyloid fibril formation.
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New Fluorescent Probe for Continuous Monitoring of Alpha-Synuclein
Aggregation

Dmytro A. Yushchenko!, Jonathan A. Fauerbach?,

Alexander P. Demchenko?, Elizabeth Jares-Erijman2, Thomas M. Jovin!.
"MPI for Biophysical Chemistry, Goettingen, Germany, “Departamento de
Quimica Organica, Universidad de Buenos Aires, Buenos Aires, Argentina,
3Palladin Institute of Biochemistry, Kiev, Ukraine.

The aggregation of the presynaptic protein alpha-synuclein (AS), associated
with Parkinson’s disease, results in fibrils with a cross-beta-amyloid structure.
Thioflavin T (ThT) is widely used for the identification and quantification of
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such amyloid fibrils in vitro. However, it exhibits poor sensitivity and reproduc-
ibility, requires sampling, and is insensitive to the early stages of aggregation.
We introduced a new sensor molecule for the continuous monitoring of AS ag-
gregation, denoted AS-140HC, consisting of the AS mutant (A140C, C-termi-
nus) labeled with the 3-hydroxychromone dye MFC!'). MFC exhibits two fluo-
rescence bands (N* and T*) arising from Excited State Intramolecular Proton
Transfer (ESIPT)™). The intensity ratio of (It+/Ix+) reflects the microenviron-
ment of the probe. Addition of AS-140HC in the range of 0.5-5% to wild type
AS allows the monitoring of aggregation via the strong increase of Ip«/In«
(panel A), which occurs at a much earlier stage of aggregation than the ThT re-
sponse (panel B). See also refs [3-6].
[1] manuscript in preparation; [2]
Demchenko et al., Biophys J., 2009,
3461; [3] poster Fauerbach et al.; [4]
poster Shvadchak et al.; [5] Caarls
et al., J. Fluor, 2009, DOI 10.1007/
$10895-009-0536-1; [6] Celej et al.,
Biochemistry 2009, 7465.
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Characterization of Alpha-Synuclein Early Aggregates by Atomic Force
Microscopy

Jonathan Fauerbach!, Dmytro Yushchenko?, Alexander Demchenko?,
Thomas M. Jovin?, Elizabeth A. Jares-Erijman!.

'Departamento de Quimica Organica, Facultad de Ciencias Exactas y
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Argentina, *Laboratory of Cellular Dynamics, Max Planck Institute for
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alpha-synuclein (AS) is a key player in the development of Parkinson’s dis-
ease. Neither the mechanism of its aggregation nor its role in neurotoxicity
have been established as yet. However, it has been proposed that early oligo-
meric species may be the most cytotoxic [,

Through the use of a covalently attached dual fluorescent emission ESIPT
dye 1 we are able to monitor continuously the entire aggregation process
in vitro 1, Examination of samples by AFM has revealed a new pantheon of
supramolecular species varying greatly in size and form. We identify a progres-
sion of structures starting from the unstructured monomer and proceeding
through (i) spherical microaggregates (“‘fuzzy balls’); (ii) concatenated linear
beaded fibrils (“fuzzy fibrils”); (iii) ring-like assemblies; (iv) circular “plat-
forms” supporting nascent fibers

[“acunas” = amyloid cunas (Span- o: O .
ish for cradle)]; and (v) terminal am- ‘ et
yloid fibers. . @

1] AL Fink, Acc. Chem. Res., 2006, e

39, 628-634 V.N.Uversky, Curr. M990 W-”
Prot. Peptide Sci., 2008, 9,507-540. oy &8 ™ &hooo

21 v v.Shynkar et al., J. Phys. . ] . :
Chem. A., 2004, 108, 8151-8159. A crriieiniiol |
13) Manuscripts in preparation; poster
Yushchenko et al.
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Sickle Hemoglobin Fiber Kinetics Revealed by Optical Pattern Generation
Zenghui Liu, Alexey Aprelev, Mikhail Zakharov, Frank A. Ferrone.

Drexel University, Philadelphia, PA, USA.

Sickle hemoglobin (HbS), a mutant of normal adult hemoglobin (HbA), will
polymerize at concentrations above a well-defined solubility. HbS polymeriza-
tion occurs by a double nucleation mechanism. A fundamental element of the
mechanism is the growth of individual fibers, whose diameter (20 nm) pre-
cludes direct optical visualization. We have developed a photolytic method
to measure the HbS fiber growth speed in HbS carbon monoxide derivative
(COHDS) solutions. The idea of this method is that a single fiber entering a re-
gion of concentrated deoxyHbS will generate large numbers of additional fibers
by heterogeneous nucleation, allowing the presence of the first fiber to be in-
ferred even if it is not directly observed optically. We implement this method
by projecting an optical pattern consisting of three parts: a large incubation cir-
cle, a small detection area, and a thin channel connecting the two. The connect-
ing channel is turned on for just a short time; only if fiber growth is fast enough
will the detection circle polymerize. Our fiber growth rates obtained from pure
HbS, HbS/HbA mixtures, and partial photolysis of HbS validate a simple
growth rate equation including any non-polymerizing species in the activity co-
efficient calculation. The monomer on-rate is determined to be 82 =2 /mM/Sec.
The monomer off-rate is 751 + 79 molecules/sec in agreement with earlier DIC
observations of 850 = 170 molecules/sec. The method predicts a solubility of

16.0 £ 1.1 g/dl in good agreement with 17.2 g/dl from sedimentation methods.
The preceding values are for 25°C. Our measurements also rationalize the ob-
served growth rate of the dense mass of fibers that grows more slowly along the
channel and which can be visualized directly. Future uses of this method in-
clude HbS fiber bending and HbS solution fluctuations.
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Do Different Ligands Produce Different Effects in Sickle Hemoglobin
Polymer Growth?

Donna Yosmanovich, Alexey Aprelev, Maria Rotter, Frank A. Ferrone.
Drexel University, Philadelphia, PA, USA.

Sickle Hemoglobin (HbS) is a variant of human hemoglobin with a point mu-
tation on two subunits. This mutation causes HbS molecules to grow into poly-
mers when the ligands it transports are released it and changes conformation
from an R (relaxed) state to a T (tense) state. The polymer mass that grows in-
side a red blood cell can cause it to become too rigid to deform to pass through
tight capillaries. This causes vaso occlusion and is one of many side effects of
sickle cell disease. Polymer growth can be measured by fully photolyzing an
HbS sample with a laser, thereby causing the solution molecules to release
all their ligands and switch into a T-state. However, in vivo, the partial pressure
of oxygen rarely falls below 50% which makes the Hb a combination of fully,
partially and un-liganded species. Equilibrium and kinetic measurements were
done previously on fractional 02, CO and NO species, although a complete sys-
tematic comparison has never been conducted to quantify all of the differing
data. A comparison of previous data along with new kinetic results will be pre-
sented. Partially ligated crystal protein structures will also be employed to ra-
tionalize the results.

1320-Pos

Light Scattering Measurements of Hemoglobin Critical Fluctuation and
the Energy Landscape For Polymerization

Yihua Wang!, Alexey Aprelev!, Suzanna Kwong2, Robin W. Briehl2,
Antonio Emanuele3, Frank A. Ferrone!.

'Drexel University, Philadelphia, PA, USA, *Albert Einstein College of
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We have developed a novel method for measuring light scattering to observe
critical fluctuations in hemoglobin (Hb) solutions. A small rectangular cell
(0.2 x 4.0 x 30 mm) is filled with 24 pL of Hb solution. An optical fiber
with outer diameter of 125 pm (62.5 pm core) is sealed into the cell in contact
with the solution, and light scattering is measured at 90°. The flat faces of the
cell permit measuring absorbance spectra to ensure sample integrity. The scat-
tering source is a 785 nm laser diode that delivers 1.5 mW to the sample. Scat-
tered light is detected by a Hamamatsu GaAs(Cs) PMT via a LWD microscope
objective. Measured scattered light intensity agrees (= 10%) with scattered in-
tensity expected from Hb fluctuations. Sample temperature is controlled by
a thermoelectric stage and raised in a series of user-controlled steps. Temper-
ature may be conveniently returned to prior values to insure reversibility. As-
suming that the divergence in scattering that is observed signifies a spinodal, all
our measured experiments agree with published spinodals for deoxyHbS, and
deoxyHbA. In addition we have obtained data for COHbA, and cross-linked de-
oxyHbA. Spinodal lines for COHbA and deoxyHbA are essentially indistin-
guishable, despite differences in quaternary structure. Spinodal lines for
cross-linked deoxyHbA and regular deoxyHbA coincide at high ¢ values, but
differ significantly at lower ones. In conclusion, changes of quaternary structure
cause alterations to spinodal lines when polymerization is possible. This kind of
data can be used to explore free energy landscapes having features inaccessible
to techniques based on equilibrium thermodynamic properties.
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Sickle Cell Occlusion in Microchannels

Alexey Aprelev, William Stephenson, Hongseok (Moses) Noh,

Frank A. Ferrone.

Drexel University, Philadelphia, PA, USA.

Sickle Cell disease is the result of a genetic mutation on the surface of the he-
moglobin molecule that makes it capable of polymerization upon deoxygen-
ation. Such polymerization leads to impaired circulation and tissue damage
due to the rigidity of the polymer mass. A powerful method for studying the
reaction is to replace the physiological ligand (oxygen) by CO, which can be
readily and reversibly photolyzed by a strong light source such as a laser.
This provides a means of initiating and sustaining the reaction for as long as
desired, followed by full reversal once the light is turned off. This method
has been used with both solutions and cells. Here we have coupled the method
to a microfluidic system to observe directly how photolytically sickled cells oc-
clude small channels, of width ranging from 2 to 10 pm. Because the thickness
of the channels is 2 to 5 um, it is completely spanned by the red cell. This fixed
path length permits microspectrophotometry of the cell to determine the internal



