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214-Pos How Dynamics Govern The Role
of Selectivity in PDZ Domain Protein
Interactions?

7. Nevin Gerekl, Ozlem KeskinZ, Banu Ozkan'

! Center for Biological Physics, Arizona State University, Tempe, AZ, USA
2 Department of Chemical and Biological Engineering, Koc University,
Istanbul Turkey

Board B46

We studied specificity and promiscuity of the most common protein-
protein interaction domain protein, PDZ domain using dynamic
approach. First we identify the dynamics driving class I and class II
peptide binding in PDZ domain proteins using a modified elastic
network model. In this model, we introduce specificity for each single
parameter constant using statistical potential and also modified net-
work that makes possible to include solvation effect implicitly. The
new elastic network model is shortly referred to as specific Gaussian
Network Model (s-GNM). s-GNM is successful to identify changes in
binding affinity upon mutation. Then we implement the binding
induced collective motion obtained from s-GNM into all-atom mo-
lecular conformational sampling methods. This multi-scale approach
enables us to compute the binding energy, free energy profiles and
pathways for conformational change of PDZ domain proteins.

215-Pos Cyanylation Of Active-site
Cysteines In Creatine Kinase Provides
Site-specific Infrared Probes Of Local
Structure And Dynamics

David M. Snead, Christopher Reynoso, Casey H. Londergan
Haverford College, Haverford, PA, USA

Board B47

Creatine kinase is an asymmetrical homodimer in solution, with a
reactive thiol group in each subunit. Reaction with 5,5'-dithiobis(2-

nitrobenzoic acid) (DTNB) followed by complete cyanolysis yields
an enzyme derivative with both active cysteine residues cyanylated,
while 2-nitro-5-thiocyanobenzoic acid (NTCB) instead selectively
cyanylates only one subunit. These reactions have been used to
generate two cyanylated creatine kinase derivatives. The cyanide
stretching modes absorb in the infrared at ca. 2160 cm™'; the
observed lineshapes were fit to pseudo-Voigt and multiple Gaussian
profiles to quantify the shapes of the absorption peaks. The differing
CN lineshapes in the two cyano-protein derivatives indicate a
difference in the local environments surrounding the two reactive
cysteines. These data also contain some of the first evidence that
introduction of thiocyanate into proteins generates a site-specific
infrared probe of both the local structural environment and of
dynamics due to local solvation.

216-Pos Protein dynamics of Rubisco
mutants from Chlamydomonas
Reinhardtii

Michiel Van Lun', David Van der Spoel?, Inger Andersson'

YSLU University, Uppsala, Sweden
2 Uppsala University, Uppsala, Sweden.

Board B48

Ribulose 1,5 bisphosphate carboxylase/oxygenase (Rubisco) is the
most abundant enzyme on earth and is responsible for incorporation
of atmospheric CO2 into the biosphere. It does this by converting its
substrate ribulose 1,5-bisphosphate to 3-phosphoglycerate. Rubisco
is arelatively inefficient catalyst because of its low turnover number
and its inherent oxygenase activity, which leads to a significant loss
of carbon to the atmosphere. Engineering this enzyme to improve
crop growth has been a long held research goal.

Studies on the dynamics of Rubisco enzyme and several of its
mutants reveal the origin of their different rates of catalysis. Despite
their structural similarity - the mutant structures are virtually the
same as wild type protein - they show clearly different dynamics,
influencing their enzymatic activity.

This study uses Molecular Dynamics calculations, combined
with Essential Dynamics analysis, to successfully show the origins
of the difference in catalitic efficiency and also provides a way to
look at the effects of single mutations without the need for wet lab
cloning and expression.

217-Pos On the Relationship between
Thermal Stability and Catalytic Power
of Enzymes

Maite Roca, Hanbin Liu, Benjamin Messer, Ariech Warshel
University of Southern California, Los Angeles, CA, USA.

Board B49

The possible relationship between the thermal stability and the
catalytic power of enzymes is of great current interest. Particularly,
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it has been suggested that thermophilic or hyperthermophilic (Tm)
enzymes have lower catalytic power at a given temperature than the
corresponding mesophilic (Ms) enzymes, because the thermophilic
enzymes are less flexible (assuming that flexibility and catalysis are
directly correlated). These suggestions presume that the reduced
dynamics of the thermophilic enzymes is the reason for their
reduced catalytic power. The present paper takes the specific case
of dihydrofolate reductase (DHFR) and explores the validity of the
above argument by simulation approaches. It is found that the Tm
enzymes have restricted motions in the direction of the folding
coordinate but this is not relevant to the chemical process since the
motions along the reaction coordinate are perpendicular to the
folding motions. Moreover, it is shown that the rate of the chemical
reaction is determined by the activation barrier and the correspond-
ing reorganization energy, rather than by dynamics or flexibility in
the ground state. In fact, as far as flexibility is concerned, we
conclude that the displacement along the reaction coordinate is
larger in the Tm than in the Ms and that the general trend in enzyme
catalysis is that the best catalyst has less motion during the reaction.
The relationship between thermal stability and catalysis appears to
reflect the fact that in order to obtain small reorganization energy itis
necessary to invest folding energy into the overall preorganization
process. Thus, the improved catalysts are less stable. This trend is
clearly observed in the present case.

218-Pos Modular Organization and
Dynamics of the Budding Yeast Polarity
Protein Network

juntao T. gao, Boris Robenstein, Stephanie Wai, Rong Li
Stowers Institute for Medical Research, Kansas City, MO, USA.

Board B50

More than 110 proteins which physically localize to the bud tip of
budding yeast have been identified to play a role in polarity
establishment. It is interesting to divide these proteins into groups
and study the dynamics of these proteins.

Based on the physical interaction data from Saccharomyces
Genome Database (SGD), we used a simulated annealing algorithm
for modulization to define 5 functional modules (Signaling module,
Transport module, endocytic module, Mitotic exit module and
Exocytosis module) in the interaction network formed by these
110 proteins. Every protein is assigned a universal role according to
its pattern of connections. Most proteins in the network are either
ultra-peripheral nodes or peripheral nodes. Cdc42p in the Signaling
module is a Connector Hub for the network, which means that it is
not only a hub inside its own module, it also connects some other
modules as a connector. This is consistent with Cdc42p’s key role in
polarity establishment.

How does the dynamics of polarity proteins contribute to polarity
maintenance? We characterized the dynamics of 26 GFP-tagged
proteins in Signaling module and Transport module in a systematic
way, using iFRAP (inverse Fluorescence Recovery After Photo-
bleaching) and calibrated confocal microscopy. With Metamorph
and house-made programs, we quantified the iFRAP images sys-
tematically and obtained several parameters which quantify the
dynamics of these proteins. Based on these parameters, we set up

one model to describe and predict the dynamics of these polarity
proteins.

On average, the proteins in the Signaling module are more
dynamic than the proteins in Transport module. T-tests under both
equal and unequal variance assumption show that T-Half values for
these two modules are significantly different.

219-Pos Time-resolved Fluorescence
Anisotropy Decay Reveals Loop
Dynamics Of The Extra-cellular Domain
Of Human Tissue Factor

Agnese S. Minazzo, Reuben C. Darlington, J. B. Alexander
Ross

University of Montana, Missoula, MT, USA
Board B51

Vascular injury leads to exposure of Tissue Factor (TF), an intrinsic
membrane glycoprotein, to blood. Association between its extra-
cellular domain and factor Vlla, a circulating protease, results in
Vlla activation, initiating the coagulation cascade. We have been
investigating VIla activation at the molecular level by time-resolved
fluorescence anisotropy. Our previous studies have shown that
association between the extracellular, soluble domain of TF (sTF;
residues 1-219) and Vlla eliminates segmental flexibility in VIla.
The current studies report on dynamics of sTF residues 80-91,
which form a loop not resolved in the crystal structures of sTF or the
sTF:VIla complex. To determine the possible role of this loop in
Vlla activation, we substituted two residues in sSTF (E84 and T121)
with cysteine, introducing sites for thiol-specific probes. In the sTF:
VIla complex, T121 is distant from the catalytic domain of VlIla,
where no loops are present in sTF. Time-resolved fluorescence
anisotropy decay experiments of mutant T121C alone, or in com-
plex with VIla, showed two correlation times, one reflecting rapid,
sub-nanosecond probe motions and one reflecting global motions of
T121C alone or in complex with VIIa. The other residue, E84, is
located within the loop described above. Mutant E84C alone and in
complex with VIIa showed, in addition to the fast correlation time
due to probe motions, two longer correlation times: one is similar to
the times for global motions of mutant T121C when alone or in
complex with VIla; the other is intermediate between the times for
global motions and the times for rapid probe motions, and thus is
associated with loop motions. When sE84C is bound to Vlla, this
intermediate correlation time is slower. This indicates a decrease in
the loop mobility when sTF interacts with VIla.

220-Pos Model Cysteine-containing
Peptides Indicate Sensitivity of cysteine
vibrations to conformational
distribution, and specific side-chain
interactions

Matthew A. Stetz, Rachel A. Sennett, Casey H. Londergan
Haverford College, Haverford, PA, USA.
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Board B52

Model cysteine-containing peptides with established secondary
structures were analyzed by infrared spectroscopy to investigate
the utility of the SH stretching mode of cysteine and the CN
stretching mode of cyanylated cysteine to report local structure
and dynamics. In a helical peptide displaying a cooperative helix-
coil transition, a strategically placed cysteine reports the site-
specific conformational distribution. In a model beta-sheet peptide,
the cysteine bands respond to specific interactions with hydrogen
bonding partners on an opposing strand and report on the assembly
of the local folded structure. In each case, complex line shapes are
observed due to solvation and multiple contributing structures.
These model systems provide a baseline for the use of such cyste-
ine-based local vibrational probes in larger protein systems.

221-Pos Isotopic labeling of the GTPases
Ran and Rap for mechanistic studies by
trFTIR

Sven Brucker! , Bettina Warscheidz, Yan Suveyzdis ! , Carsten
Koettingl, Alfred Wittinghofer3, Klaus Gerwert'

! Department of Biophysics, Ruhr-University Bochum, Bochum, Germany
2 Medical Proteom-Center, Ruhr-University Bochum, Bochum, Germany

3 Max Planck Institute of Molekular Physiology, Dortmund, Germany.

Board B53

GTP-binding proteins of the Ras-superfamily function as switches
fore.g. signal cascades in cells. They cycle between the GDP bound
“OFF” state and the GTP bound “ON” state. The latter interacts with
effectors and transduces the signal. The intrinsic hydrolysis reaction
is very slow but it can be accelerated 10°-fold by GTPase activating
proteins (GAPs) [1].

To analyze the GAP-catalysed GTPase reaction mechanism of
Ran (nucleocytoplasmatc transport) and Rap (cell adhesion), time
resolved Fourier Transform Infrared spectroscopy (trFTIR) [2] was
applied. In order to gain information on the reaction mechanism it is
important to assign the bands in the spectra to individual groups
within the protein. This was achieved by incorporation of isotopic
labeled amino acids in the proteins using M9-media for overexpres-
sion in E. coli. The correct labeling was checked by mass spectro-
metric analysis. In cases of spreading of the label into other amino
acids or ineffective labeling, auxotroph E. coli strains were used [3].

Ras is activated by a GAP with an arginine-finger [4]. Opposed to
this RanGAP and RapGAP are using an asparagine-thumb [5, 6] to
activate GTP hydrolysis by Ran and Rap. Here we present compar-
isons of the GTPases Ras, Ran and Rap by means of isotopically
labeled proteins.

References
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222-Pos Dynamics Of Eco109i Studied by
Small-angle X-ray Scattering
Experiments and Molecular Dynamics
Simulations

Tomotaka Oroguchi, Mamoru Sato, Mitsunori Ikeguchi

Yokohama City University, Yokohama, Japan

Board B54

A knowledge of protein dynamics in solution and its hydration
structure is a prerequisite of understanding how proteins function.
The combination of small-angle X-ray scattering (SAXS) experi-
ments and molecular dynamics (MD) simulations can provide such
knowledge at an atomic resolution.

In this study, we carried out a 150-ns MD simulation of the DNA-
free form of EcoO109I, a type II restriction endonuclease, with
explicit water at 298 K. During the simulation, the two catalytic
domains fluctuated largely, and the cooperative motion between the
two-dimerization domains was observed. The average conforma-
tion is more open than the crystal structure, and the distance between
the two catalytic domains was large enough to bind DNA. The
SAXS profile calculated from trajectories of the MD simulation
including the scattering from explicit water molecules shows an
excellent agreement with the experimental SAXS profile. This
suggests that the open structures observed in the MD simulation
are consistent with the experimental solution structure.

223-Pos All-atom Molecular Dynamics
Simulations Of Hemoglobin Reveal The
Dynamic Nature Of The Low Oxygen
Affinity State

Takashi Yonetani, Monique Laberge
Univ. Pennsylvania, Philadelphia, PA, USA

Board B55

MD simulations performed on oxy- and deoxy HbA models in the
presence and absence and biphosphoglycerate (BPG) show high-
frequency (5S00MHz) fluctuations occur in helices E and F of oxy-
Hb, the amplitude of which is larger in the deoxy and BPG-bound
models. We propose that these amplitude variations can lower the
oxygen affinity via positive homotropic and negative heterotropic
allosteric effects, respectively, allowing Hb to reversibly modulate
the positions of the distal and proximal His relative to the heme Fe.
These changes in tertiary structure may result in reversible mod-
ulations of oxygen-affinity in both deoxy- and oxy-Hb with/without
BPG. We speculate that the free energy of BPG binding may be
stored as conformational entropy in the helical fluctuations of both
deoxy- and oxy-Hbs. In this view, the difference in conformational
entropy between deoxy- and oxy-Hbs corresponds to the free energy
of cooperativity during the oxygenation/deoxygenation process
rather than the free energy difference between the T- and R-
quaternary structures.

Despite a long and intense search, the nature and identity of the
low oxygen-affinity state has eluded experimental detection and
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sidetracked efforts to understand the molecular mechanism of
allostery of Hb. Our results reveal the dynamic nature of the low
oxygen-affinity state of Hb and we propose that oxygen- and
effector-binding lead to dynamic tertiary structural changes which
determine the oxygen-affinity, independent of Perutz’s T-/R-qua-
ternary switch. The identification of the dynamic nature of the low-
affinity state of Hb allows us to redefine the allosteric mechanism of
Hb as a Dynamic Allostery model that is consistent with the Monod-
Wyman-Changeux (MWC) model of an allosteric enzyme.
Supported by HL14508.

224-Pos Understanding The Different
Mechanical Strength Of Homologous
Proteins By 3D Modeling And Steered
Molecular Dynamics

George Genchev', Hongbin Li2, Hui Lu'

Y University of Illinois at Chicago, Chicago, IL, USA
2 University of British Columbia, Vancouver, BC, Canada.

Board B56

The mechanical properties of proteins are of crucial importance for
the living cell. Previous studies have shown several topology,
especially those including beta sheet patches along the pulling
direction, have strong mechanical resistance. However, for proteins
belong to the same topology, their mechanical resistance varies a lot
sometimes. We performed homology based tertiary structure pre-
diction and steered molecular dynamics simulation to investigate
the different mechanical resistance of these proteins.

Titin is a 3 mega-dalton protein functioning as a molecular spring.
It connecst the M-line and the Z-disk of the sarcomere. Titin consists
of a head to tail linear arrangement of immunoglobulin (Ig) and
fibronectin type III (fnIll) domains interconnected with linkage
sequences. We stretched this single Ig domain in solution with
constant velocity. The unfolding kinetics of 132 were examined to
find out why 132 has stronger forces than 127.

225-Pos Origins of the Nuclear
Localization of the Protein Ran in
Interphase Live Cells

Asmahan Abu-Arish', Petr Kalab2, Karsten Weisz, Joshua
Ngl, Cecile Fradin'

' McMaster University, Hamilton, ON, Canada
2 University of California, Berkeley, Berkeley, CA, USA.

Board B57

The small GTPase Ran is a key regulator of nuclear export and
import of macromolecules through the nuclear pore complex (NPC)
channel. To examine how Ran distribution and mobility contributes
to its nuclear localization and its role in nuclear transport, we
analyzed the behavior of EYFP-Ran fusion protein in HeLa cells
using several quantitative fluorescence techniques. Similar to the
endogenous Ran, on average 70% of EYFP-Ran localized to the

nucleus. The majority of EYFP-Ran were freely diffusing and a
smaller population of the protein displayed significantly slower
mobility, resulting in an overall average diffusion coefficient of 5
um?/s. In contrast to previous reports, we observed no immobile
fractions of EYFP-Ran in cells. The fraction of slower moving
EYFP-Ran was larger in nuclei, apparently due to multiple ligands
that are expected to bind the GTP-bound Tan prevailing in nuclei.
The subdiffusive mobility of Ran GTP may therefore contribute to
the nuclear retention of Ran. From the relative concentration o f
EYFP-Ran accumulating at the nuclear envelope we estimated that
in average ~300 endogenous Ran molecules are present around each
nuclear pore complex. The relatively long residence time of Ran at
the nuclear envelope (~20 ms) suggests that a significant fraction of
Ran maybe recruited to the nuclear membrane by interactions that
do not result in the transport of Ran through the NPC channel.

226-Pos How Well Can We Understand
Large-Scale Protein Motions Using
Elastic Network Modes?

Lei Yang, Guang Song, Robert L. Jernigan
lowa State University, Ames, IA, USA.

Board B58

We use a coarse-grained elastic network model (ENM) to study
conformational transitions to address the following questions: How
well can a conformational change be predicted by the mode
motions? Is there a way to improve the model to get better results?
To answer these questions, we use a dataset of 170 pairs having
“open” and “closed” structures from Database of Macromolecular
Movements (http://molmovdb.org/). Our results show that the con-
formational transitions fall into three categories:

1. the transitions that can be explained well by ENM;

2. the transitions that are not explained well by ENM, but the
results are significantly improved after considering the rigidity
of some residue clusters and modeling them accordingly; and

3. the intrinsic nature of these transitions, specifically the low
degree of collectivity, prevents their conformational changes
from being represented well with any ENM.

The results thus indicate that the applicability of ENM for
explaining conformational changes is not limited by the size of the
protein or even the scale of the conformational change. Instead, it
depends strongly on how collective the transition is.

227-Pos Rigid Body Analysis of A.
Aeolicus Argonaute

Thomas T. Joseph'?, Roman Osman'

" Mount Sinai School of Medicine, New York, NY, USA
2 New York University, New York, NY, USA.

Board B59

Members of the Argonaute family of proteins have been implicated
as the primary effectors in the RNA interference pathway, in which
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genes are silenced post-transcriptionally by inactivating mRNA on a
sequence-specific basis. An Argonaute protein complexed to a short
template RNA strand serves as the minimal RNA Induced Silencing
Complex (RISC). Argonaute proteins tend to have a large, globular
structure with many physical degrees of freedom because each atom
can move in three dimensions. Consequently, a full description of
the dynamics of the structure is of high complexity. We construct a
simplified description of the dynamics of two Argonaute proteins
(from Aquifex aeolicus and Pyrococcus furiosus respectively) by
analyzing a trajectory of the molecule’s fluctuations generated by
the method of molecular dynamics. The protein is partitioned, in a
hierarchical manner, into several distinct domains which are defined
by their collective essential modes of motion as well as the pairwise
proximity of their component atoms. This reduced representation
can then provide a framework for comparing the dynamics of the
proteins. Notably, the scope of this work is not limited to Argonaute.
Our methodology provides a framework for creating a simplified
rationalization of complex protein motions.

228-Pos A Normal Mode and Molecular
Dynamics study of the Chaperonin
Folding Machine

Lars Skjerven', Knut Teigen', Aurora Martinez', Nathalie
Reuter”

! University of Bergen, Bergen, Norway
2 Bergen Center for Computational Science, Bergen, Norway.

Board B60

Most proteins are highly dynamic, and often large-amplitude de-
formations are crucial for their function. Information regarding
protein dynamics is thus required to establish the important link
between structure and function. A wide range of studies in recent
years has shown that these large-amplitude motions can be well
predicted by simplified normal mode analysis (NMA), especially for
supra molecular complexes. Another method is the principal com-
ponent analysis (PCA) of molecular dynamics (MD) trajectories. To
predict such global motions in multimeric protein complexes it has
been standard practice to perform NMA on the monomeric forms.
This procedure is expected to yield the higher frequency modes of
the multimeric complex. These modes are informative, but in many
cases constraints, which might be important for the monomeric
dynamics, are left out. We have developed a strategy to investigate
the monomeric dynamics in a multimeric scale. In other words; can
we find the normal modes from the monomeric calculation in the
multimeric set of modes, and in which frequency range? And, which
type of monomeric modes are the most energetically favorable in the
multimeric scale?

In order to answer these questions we have chosen the well
studied chaperonin GroEL-GroES complex. This is a multimeric
molecular machine that assists in the folding of a wide range of
substrate proteins. To carry out its work, the protein subunits
undergo large conformational changes. We present here a study of
the dynamics of this protein complex which consists of ~110.000
atoms. NMA on different units of the macromolecule and a principal
component analysis of a 50 ns-MD simulation have been performed.

Different approaches have been used to analyze the global motions
within the complex and the results will be comparatively discussed.

229-Pos Solvent Viscosity and Peptide
Helix Enantiomerization Dynamics

Matthew A. Kubasik, Caitlin Quinn
Fairfield University, Fairfield, CT, USA.

Board B61

We have used '*C dynamic NMR spectroscopy to determine rate
constants for the conformational dynamics of a 3;o-helical hexame-
ric peptide, Z-(Aib)s-OtBu (Aib = residue of o-aminoisobutyric
acid). Because the strongly helix-promoting Aib residue is achiral,
oligomers of Aib will form left- and right-handed helices with equal
probability. Furthermore, these helices interconvert, through a large
number of single bond rotations, between left- and right-handed
helical forms on a timescale that is measurable via '>C dynamic
NMR. We have measured rate constants for this interconversion in a
series of solvents of varying viscosities, including small, 1-, 2-, and
4-carbon alcohols, measured at temperatures between ~ 3°C and ~
43 °C. We have observed that the solvent viscosity limits the rate of
the conformational dynamics of this peptide in a 1/, fashion,
consistent with Kramers’ diffusional model of reaction dynamics
in a viscous medium. The interpretation of the measured rate
constants will be considered within Kramers’ theory and alternative
theories of condensed-phase conformational dynamics.

230-Pos Allosteric Communication in a
Homotetramer: The Inside Story

C. Tie, G. D. Reinhart
Texas A&M Univ, College Station, TX, USA.

Board B62

EcPFK is a homotetrameric enzyme with a single active site and a
single allosteric site per subunits. It has 28 potential site-site
interactions, 16 heterotropic interactions and 12 homotropic inter-
actions. These interactions in turn derive from multiple copies of 6
potentially unique homotropic interactions and 4 potentially unique
heterotropic interactions. The four heterotropic interactions are
named by the distance between one active site and one allosteric
site, 231&, 3OA, 33A, and 45A. Making hybrid tetramers of ECPFK is
able to dissect a single heterotropic interaction. Four heterotropic
interactions were isolated by this manner and shown that in sum they
can account for all the heterotropic interactions in the wild type
enzyme. Moreover, each interaction has a unique magnitude, and its
relative contribution to the total is different for both MgADP
activation and PEP inhibition. The 23A interaction has the highest
contribution for inhibition. The 33A interaction is the strongest one
for activation. The hybrid method has been modified to remove the
single trptophan in the mutated subunits so that the trptophan
remaining in the native subunit involved in a single heterotropic
interaction. By doing mutagenesis on conservative phenylalanine or
tyrosine, the trptophan has been placed in various positions in
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EcPFK. Each tryptophan is a fluorescence probe that can monitor
the response to ligand binding by doing steady-state anisotropy
experiment. The results suggest that the 23A allosteric interaction
involves the perturbation of side-chain dynamics both near and quite
far away from the respective ligand binding sites.

Supported by grants from the NIH (GM033216) and the Welch
Foundation (A1543).

231-Pos Characterization of
Phenylalanine Based Short Peptides at
Varying pHs, Temperatures, and
Concentrations via Electronic Circular
Dichroism and Absorption Spectroscopy

Isabelle C. Dragomirl, Reinhard Schweitzer-Stennerl,
Jonathan D. Hirstz, Gnanasekaran Ramachandran?

! Drexel University, Philadelphia, PA, USA
2 University of Nottingham, University Park Nottingham, United Kingdom.

Board B63

Previously it was shown that phenylalanine based short peptides
form nanotubes, spheres and gels in water. In order to elucidate the
underlying aggregation process, we investigated diphenylalanine
(FF), glycine-phenylalanine-glycine (GFG), and alanine-phenylal-
anine-alanine (AFA) by electronic circular dichroism and absorp-
tion spectroscopy. Our data indicate the presence of a weak absorp-
tion band at 230 nm, which exhibits a rather strong positive Cotton
effect. Based on preliminary time-dependent DFT calculations we
currently assign it to a backbone — F charge-transfer transition. Its
rotational strength is temperature and pH dependent. At neutral pH,
with varying temperatures (5°C to 95°C), the phenylalanine group
rotates and produces a positive cotton band at low temperatures, a
couplet at intermediate temperatures, and a negative cotton effect at
high temperatures. This effect is reduced at acidic pH, the positive
cotton band only decreasing in magnitude with increasing temper-
ature. Lastly, our measurements capture the change in the circular
dichroism signal of the peptides studied with increasing concentra-
tions. These changes are caused by aggregation present at higher
concentrations.

232-Pos Determination of the Role of
Reduced Steric Hindrance in Mediating
the Activation Barriers to H/D Exchange
in an Eight-Residue Hydrophobic,
Helical Peptide

Matthew A. Cocchiola, Anthony E. Getschman, Adrienne P.
Loh

University of Wisconsin - La Crosse, La Crosse, WI, USA.

Board B64

The physical characteristics of amino acids play critical roles in
determining protein structure and flexibility. The o, a-dialkylated
amino acid o-methylalanine (Aib) is notable for stabilizing helical

structures as a result of its significant sidechain steric hindrance.
One measure of flexibility in structures such as helices is the strength
of hydrogen bonds between amino acids. We are investigating the
effects of steric hindrance on flexibility by preparing a series of
octameric peptides composed mainly of Aib but with strategically
placed alanine residues, and analyzing the strengths of the hydrogen
bonds by 'H NMR. The pseudo-first order kinetics for the exchange
of amide protons with methanol deuterons are measured for each
amide at various temperatures. The activation energy for the ex-
change reaction corresponding to each proton is used to determine
which protons are more exposed to the solvent. More exposed
protons are an indication of weaker hydrogen bonding, and thus
greater helix flexibility. Previous results on a peptide with two
contiguously placed Alaresidues (AA45) indicate that the reduction
in steric hindrance at the Ala-Ala site results in a significant local
perturbation of the helical structure and flexibility. In this study, we
have prepared a similar peptide, but with two central Ala residues
separated by one full helical turn (AA36). The results on this peptide
should shed light on the long or short range effects of steric
hindrance on helix structure and flexibility.

233-Pos Imaging Htt protein aggregation
in cells by fluctuation analysis

Giulia Ossato', Elisa Frasnelli', Luca Lanzano?, Michelle
Digmanl, J Lawrence Marsh', Enrico Gratton'

" University of California, Irvine, CA, USA
2 University of Catania, Catania, Italy.

Board B65

The aggregation of the huntingtin protein is thought to influence
Huntington’s disease pathogenesis. We performed experiments in
transfected COS 7 cells using human Htt exon 1 with varying lengths
of polyglutamine fused to GFP (Httex1 97QP-GFP, Httex1 46Qp-
GFP, Httex1 25QP-GFP). Expression of the Htt protein with differ-
ent glutamine lengths results in the formation of visible fibrils in
cytosol and in the nucleus. The macroscopic formation of large
aggregates depends on the glutamine sequence lengths. Using N&B
fluctuation spectroscopy analysis performed simultaneously on the
entire cell, we followed the kinetics of aggregate formation. In this
analysis the size of the aggregates is deduced from the brightness (B)
map. This map shows different aggregate sizes in the cytosol and in
the nucleus. In a first phase, large aggregates and fibrils appear in the
cytosol followed by aggregation in the nucleus. After several hours,
the apparent size of aggregates in the nucleus surpasses the size of
the aggregates in the cytosol. At this point in the cell cycle, a very
large immobile aggregate forms in the cytosol. In the presence of
this large “solid like” aggregate, the overall fluorescence intensity as
well as the size of aggregates decreases in the rest of the cytosol.
After some time, the intensity and the size of aggregates also
decrease in the nucleus. It seems that the very large aggregate
accumulates most of the cellular protein. The apparent lag time of
the changes in the nucleus with respect to the cytosol indicates a
barrier for the transport of the protein in and out of the nucleus. Our
findings suggest a model for a dynamic sequence of phases of Htt
fibril formation in living cells.

Supported by the Cell Migration Consortium PHSSUBUVGC
10641 (MD, AFH, EG), NIH-P41 P41-RRO3155 (EG).
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234-Pos The Role Of Amino Acids In The
Reaction Mechanism Of Ras By trFTIR
And Isotopic Labeling

Angela Ka]lenbachl, Bettina Warscheidz, Yan Suveyzdisl,
Carsten Kéttingl, Gerwert Klaus', Alfred Wittinghofer3

' Ruhr-University Bochum, Department of Biophysics, Bochum, Germany
2 Ruhr-University Bochum, med. Proteom-Center, Bochum, Germany

3 MPI of molecular physiology, Dortmund, Germany.

Board B66

The small GTPase Ras plays an important role in the signal
transduction of cellular processes during proliferation and differ-
entiation. These are controlled by the switch from the active GTP
bound form to the inactive GDP bound form of Ras, which can be
catalyzed by GTPase activating proteins (GAPs). Ras is the proto-
type for the superfamily of GTPases. As an oncogenic protein
mutations can induce cancer. [1, 2]

To analyze the reaction mechanism time-resolved Fourier-trans-
form infrared (trFTIR) difference spectroscopy was applied [3]. To
start a controlled GTPase reaction caged-pHP-GTP was photolysed
by laser irradiation. In order to obtain information the reaction
mechanism, the absorptions have to the assigned to individual
groups within the protein. For this, isotopically labeled amino acids
were integrated during the expression in E. coli into Ras [4]. Most of
the important amino acids in Ras were successfully labeled. First
assignments were done for threonine and tyrosine. The C=0
backbone vibration at 1689 cm-1 of Thr35 can be used as a marker
band of switch I [5]. Further, the GAP of Ras (NF1) was successfully
labeled. Here we could assign the aborption of the important Arg-
finger and characterized details for the catalyzed reaction mecha-
nism. The “off’-conformation of Ras is only obtained after the Pi-
release.
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235-Pos Normal Mode Directed
Exploration of Conformation Space as a
Tool for Studying Macromolecular
Interactions
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Protein structures are frequently represented near an equilibrium by

a single set of coordinates (e.g. from x-ray crystallography). This is
an effective way to visualize the conformational shape and identify

the internal structural linkages. In order to study the interactions
between a protein and another (macro)molecule it is necessary to
consider an ensemble of accessible states. Sampling techniques,
pathway simulations and experimental methods have all been
employed, but often are limited by computational requirements or
experimental resolution. A new exploration method, based on
cluster normal mode analysis (c(NMA), is presented. This method,
called cNMA Search, is used to populate conformational space
around HIV protease.

The cNMA method effectively captures the low frequency modes
that are most relevant to large structure motions. cNMA Search
allows conformational change along each mode’s axis to produce a
first level ensemble. Each of these conformations is then used in a
similar fashion to produce a second level ensemble. The continued
iteration of this procedure yields a set of conformations distributed
around the original equilibrium structure.

Each structure in the final ensemble is defined by a sequence of
mode shapes. The corresponding series of structures spanning
across the ensemble levels is equivalent to a guided extrapolation
of the original equilibrium structure. Since each step in this extrap-
olation follows a mode shape relevant to the current conformation,
the pathway restricts itself to an exploration of the accessible
subspace of the entire conformation space, whereas pure sampling
methods may interrogate inaccessible regions.

Following the presentation of cNMA Search, the HIV protease
conformation set is analyzed. The distribution of conformations is
compared to that of NMR ensembles. The conformations are also
classified by geometric features.

236-Pos Helical Peptide Conformational
Excursions Measured by H/D Exchange

Matthew A. Kubasik, M. Guildford
Fairfield University, Fairfield, CT, USA.
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We have characterized the conformational propensities of short
oligomers of a-aminoisobutyric acid (Aib) via hydrogen/deuterium
(H/D) exchange kinetics in methanol solvent. The Aib residue has
geminal methyl side chains which restrict the conformation of this
residue to the helical region of the Ramachandran map. Small
differences in ¢, [y angles result in distinct intramolecular hydrogen
bonding patterns: 1/i+3 (3¢ helix) and i/i+4 (o-helix). These two
hydrogen bonding patterns may be distinguished, in principle, via
H/D exchange experiments. For a tetramer of Aib C-terminated by a
tert-butyl ester, we have observed only two classes of exchange
rates, suggestive of two limiting classes of amide hydrogen atoms
found within the peptide: intramolecularly hydrogen-bound and
solvent-exposed. In contrast, a tetramer C-terminated by B-alanyl-
OtBu displays an amide with an intermediate exchange rate, sug-
gesting that excursions of this tetramer to an o-helical form exposes
an amide hydrogen to exchange. 2-D NMR assignment of the amide
hydrogen atoms confirm that the hydrogen with an intermediate
exchange rate is indeed the proton that is solvent exposed in an o-
helix but not in a 3¢ helix. Results for tetramers and octamers of Aib
with varying C-terminal protecting groups implicated in the o-/31,
helix equilibrium will be discussed.
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237-Pos Monitoring The C Terminal
Loop In Inosine Monophosphate
Dehydrogenase (IMPDH) Using
Fluorescence Correlation Spectroscopy

Xiaomin Fang, Lizbeth Hedstrom, Anne Gershenson
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Inosine monophosphate dehydrogenase (IMPDH) catalyzes the
oxidation of inosine monophosphate (IMP) to xanthosine monopho-
sphate (XMP), a required step in de novo guanine nucleotide
biosynthesis. X-ray crystal structures of the IMPDH homotetramer
reveal that the C terminal loop of one monomer interacts with the
active site of an adjacent monomer. These interactions, as well as the
flexibility of the C terminal loop, are dependent on what substrates,
cofactors and/or inhibitors are bound in the active site. Models of
IMPDH activity, therefore, suggest that loop motions play a critical
role in catalysis. In order to directly monitor the role of loop motions
in the IMPDH catalytic cycle, we have added a 12 residue “Q tag” to
the C terminus of IMPDH from the parasite Trichomonas foetus.
The Q tag is recognized by the enzyme transglutaminase and can be
specifically labeled with cadaverine derivatized fluorescent dyes.
Changes in the dynamics of labeled C terminal loops are monitored
in real time using fluorescence correlation spectroscopy (FCS), and
FCS experiments reveal substrate dependent changes in the dynam-
ics of the C terminal loop supporting existing models for IMPDH
activity.

238-Pos Auto-inhibition In The Multi-
domain Protein Pickl Revealed By
Dynamic Models Of Its Quaternary
Structure

Daniel S. Han, Harel Weinstein
Weill Medical College of Cornell University, New York, NY, USA.
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PICK1 (protein interacting with C kinase 1) is a two-domain protein
involved in membrane protein trafficking. Its N-terminal domain is a
PDZ that binds to the C-termini of proteins in a sequence specific
manner, and its C-terminal domain belongs to the BAR family. The
cellular localization of PICKI is determined by the interaction
between its BAR domain dimer and phospholipid membranes, but
only after the BAR domains are freed from the inhibitory effect of
their cognate PICK1-PDZ domains. To reveal the structural context
of the PICK1 auto-inhibition mechanism, we developed a model of a
PICK1 dimer complex with protein-protein docking tools starting
from the crystal structure of the PICK1-PDZ and a homology model
of the BAR domain. In this multi-domain model of PICK1, two PDZ
domains occlude the lipid binding surface of the BAR dimer. To
explore the role of PDZ ligand binding on the stability of this multi-
domain complex, we studied the behavior of the PICK1-PDZ
domain in isolation, in its dimeric complex with the other PICK1
domains, and/or bound to a ligand with several molecular dynamics

simulations. Residues near the ligand binding site were found to be
dynamically coupled to the residues forming the complex interface.
Moreover, ligand binding changed the dynamics of the interaction
between the PDZ domain and the BAR dimer. Thus, there is an
entropic cost for the PDZ/BAR complex formation, which is
enhanced when the PDZ domain binds a C-terminal peptide from
the dopamine transporter, but not one corresponding to PKC-alpha.
These differences correspond to the physiological selectivity of the
PICK1 protein, suggesting that allosteric changes in the PICK1-
PDZ can contribute to the release of the auto-inhibition of the
PICK1-BAR domain and determine the physiological function of
the protein.

239-Pos Enthalpic And Entropic Stages
In a-helical Peptide Unfolding, From
Laser T-jump/uv Raman Spectroscopy

Gurusamy Balakrishnan', Ying Hu', Gretchen M. Bender?,
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In this work we report application of a novel kHz repetition rate
solid-state tunable NIR (pump) and deep UV Raman (probe) laser
system to study the dynamics of helix unfolding in Ac-GSPEA;.
KA4KA4-CO-D-Arg-CONH,, a peptide designed for helix stabili-
zation in aqueous solution. Its T-dependent UV resonance Raman
(UVRR) spectra, excited at 197 nm for optimal enhancement of
amide vibrations, were decomposed into variable contributions
from helix and coil spectra. The helix fractions derived from the
UVRR spectra and from far UV CD spectra were coincident at low
T, but deviated increasingly at high T, the UVRR curve giving higher
helix content. This difference is consistent with the greater sensi-
tivity of UVRR spectra to local conformation than CD. After a laser-
induced T-jump the UVRR-determined helix fractions defined
mono-exponential decays, with time-constants of ~120 ns, inde-
pendent of the final T (T; =18 to 61°C), provided the initial T (T;)
was held constant (6°C). However, there was also a prompt loss of
helicity, whose amplitude increased with increasing Ty, thereby
defining an initial enthalpic phase, distinct from the subsequent
entropic phase. These phases are attributed to disruption of H-bonds
followed by reorientation of peptide links, as the chain is extended.
When T; was raised in parallel with Ty (10°C T-jumps), the prompt
phase merged into an accelerating slow phase, an effect attributable
to the shifting distribution of initial helix lengths. Even greater
acceleration with rising T; has been reported in T-jump experiments
monitored by IR and fluorescence spectroscopies. This difference is
attributable to the longer range character of these probes, whose
responses are therefore more strongly weighted toward the H-bond-
breaking enthalpic process.
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240-Pos Towards Quantitative
Characterization of Interaction Energies
in Cells

Jesse Placone, Edwin Li, Mikhail Merzlyakov, Kalina
Hristova

Johns Hopkins University, Baltimore, MD, USA.
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Interest in protein-protein interactions is continually increasing due
to the number of disorders and medical conditions caused by
variations in these interactions. Characterization of these interac-
tions can be obtained through a variety of techniques, through which
the oligomeric state, stoichiometry ratio, equilibrium constants and
kinetic rate constants can be determined. Forster resonance energy
transfer (FRET) is one method used in studying protein-protein
interactions. FRET is based upon the energy transfer from a donor to
an acceptor, which is dependent upon the distance between the two.
The length scale is between 1 to 10 nm which is approximately the
same as that for protein-protein interactions; therefore, FRET is
capable of yielding important information when fluorophores are
attached to the proteins of interest. Here we made use of a FRET
pair, an acceptor (mCherry) and donor (e YFP) fluorescent protein,
to show that we could obtain the FRET efficiency (E) from the FRET
observed in a confocal microscope. In addition, we showed how to
determine the concentrations of the acceptor and donor. This is
important because in a cellular system, protein levels cannot be
tightly regulated; therefore, it is necessary to know the exact protein
concentrations for quantitative measurements. Once the FRET
efficiency and the concentrations are determined, the disassociation
constant (Kd) for the protein interactions can be determined. The
new insight into the protein-protein interaction could aid in drug
design to correct problems caused by improper protein interactions.
Supported by NSF MCB 0718841

241-Pos The Conformational Dynamics
of HIV-1 Reverse Transcriptase
Revealed by Hydrogen/Deuterium
Exchange and Mass Spectrometry
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HIV-1 reverse transcriptase is an essential enzyme in the HIV
lifecycle and a popular target for drug design. While there are
numerous crystal structures of reverse transcriptase (RT) bound to
various ligands and inhibitors, there is little experimental informa-
tion on the conformational dynamics of RT in solution, even though
dynamics are believed to play an important role in function. We
studied the dynamics of RT using hydrogen/deuterium exchange
and mass spectrometry. RT consists of a 66 kD subunit (p66) and a
51 kD subunit (p51), each of which is composed of multiple sub-
domains. While various crystal structures indicate that the fingers
and thumb subdomains and RNase H domain of the p66 subunit can
assume different orientations, H/D exchange indicates that the

secondary structure within these sub-domains is stable. An impor-
tant exception is the small beta-sheet K in p66 that lies at the base of
the thumb domain. This beta sheet is highly flexible and marginally
stable. Several residues in this region form contacts with non-
nucleoside inhibitors bound to RT. Thumb domain motions are
thought to play an important role in the RT replication cycle, and we
suggest that the high degree of flexibility seen in beta sheet K
facilitates thumb domain mobility. Despite the fact that the p51
subunit has a more compact tertiary structure than the p66 subunit, it
shows similar rates of H/D exchange. Additionally, we find that
several regions of the RNAse H domain are highly flexible despite
containing significant secondary structure, which is consistent with
an earlier NMR study of the isolated RNAse H domain.

242-Pos Exact Low-Force Kinetics from
High-Force Single-Molecule Unfolding
Events

Jeremiah Nummela, Ioan Andricioaei
University of Michigan, Ann Arbor, M1, USA.
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Mechanical forces play a key role in crucial cellular processes
involving force-bearing biomolecules, as well as in novel single-
molecule pulling experiments. We present an exact method that
enables one to extrapolate, to low (or zero) forces, entire time-
correlation functions and kinetic rate constants from the conforma-
tional dynamics either simulated numerically or measured experi-
mentally at a single, relatively higher, external force. The method
has two-fold relevance:

(1) to extrapolate the kinetics at physiological force conditions
from molecular dynamics trajectories generated at higher
forces that accelerate conformational transitions, and

(ii) to extrapolate unfolding rates from experimental force-exten-
sion single-molecule curves.

The theoretical formalism, based on stochastic path integral
weights of Langevin trajectories, is presented for the constant-force,
constant loading rate and constant-velocity modes of the pulling
experiments. For

(1) applications are described for simulating the conformational
isomerization of alanine dipeptide, and for
(i1) the single-molecule pulling of RNA is considered.
The ability to assign a weight to each trace in the single-molecule
data also suggests a means to quantitatively compare unfolding
pathways under different conditions.

243-Pos Perturbation-based Markovian
Transmission Model for the Dynamics of
GroEL-GroES

Hsiao-Mei Lu, Jie Liang
University of Illinois, Chicago, IL, USA.
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The study of the dynamics of a complex system is an important
problem that includes large macromolecular complexes, molecular
interaction networks, and cell functional modules. Large macromo-
lecular complexes in cellular machinery can be modeled as a
connected network, as in the elastic or Gaussian network models
as demonstrated by Bahar and colleagues. Here we propose the
Perturbation-based Markovian Transmission Model for studying
the dynamics of signal transmission in macromolecular machinery.
The initial perturbation is transmitted by Markovian processes,
where the dynamics of the probability flow is analytically solved
using the master equation. Due to the large size of macromolecular
complexes, it is very difficult to obtain analytical time-dependent
Markovian dynamics of all atoms from the first perturbation until
stationary state. To overcome it, we decrease the level of complexity
of the transition matrix using Krylov subspace method. This method
is equivalent to integrating all eigen modes, and we show it can
provide a globally accurate solution to the dynamics problem of
signal transmission for very large macromolecular complexes with
reasonable computational time. We studied the dynamics of the
GroEL-GroES chaperone system by applying uniform perturbation
to all residues of the X-ray structure. We predicted a set of pivot,
messenger, and effector residues, each with distinct dynamic be-
havior. We also identified key residues involved in the multiple salt-
bridge switches important for the allosteric transition in GroEL. Our
predictions are in agreement with published experimental data and
with the results of computer simulations that used different meth-
odologies. We also studied a selective perturbation on the surface of
ATP binding pocket and predicted the path of maximal probability
flow of the signal. It demonstrated clear advantages in studying
dynamic behavior of large systems, such as virus capsid, ribosome,
or large allosteric proteins.

244-Pos Improvements In Mixing Time
And Mixing Uniformity In Devices
Designed For Studies Of Protein Folding
Kinetics

Shuhuai Yao, Olgica Bakajin
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Using a microfluidic laminar flow mixer designed for studies of
protein folding kinetics, we demonstrate a mixing time of 1 £ 1 ps
with sample consumption on the order of femtomoles. We recognize
two limitations of previously proposed designs:

1. size and shape of the mixing region, which limits mixing
uniformity and

2. the formation of Dean vortices at high flow rates, which limits
the mixing time.

We address these limitations by using as narrow a shape-opti-
mized nozzle and by reducing the bend of the side-channel stream-
lines. The final design, which combines both of these features,
achieves the best performance. We quantified the mixing perfor-
mance of the different designs by numerical simulation of coupled
Navier-Stokes and convection-diffusion equations, and experiments

using fluorescence resonance energy-transfer (FRET)-labeled
DNA. These mixers are currently being used for measurements of
protein folding kinetics using FRET & tryptophan fluorescence.

244.01-Pos Characterization Of Protein
Breathing Using Coordinated WAXS
And NSE
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In aqueous solution some proteins undergo large-scale rigid body
movement of secondary structures, subunits or domains - referred to
as protein ‘breathing’ - that define a native-state ensemble of
structures. These motions increase with decreasing protein concen-
tration or increasing temperature. They are sensitive to the nature
and concentration of solutes and other proteins and appear to be
characteristic of individual proteins. We are using a combination of
wide angle x-ray scattering (WAXS), neutron spin echo (NSE)
spectroscopy and computational modeling to determine the spatial
and temporal scales of these fluctuations including the size of the
rigid bodies undergoing these motions; the spatial scale of these
motions and the decay rates of the fluctuations.

Concentration-dependent intensity changes in WAXS data have
been interpreted in terms of the increase in spatial scale of motion
with decreasing concentration. Compared to reference structures at
high concentration, hemoglobin in dilute solution undergoes fluctua-
tions in which structural features of characteristic length 10 A exhibit
relative motions of ~1.2 A. Myoglobin exhibits similar behavior.

NSE data collected to high Q values from solutions of hemoglo-
bin also suggest relative motions of structural features with char-
acteristic lengths of 10-20 A. Collection of data at lower concen-
trations will be carried out in order to correlate trends with those
seen in the WAXS data.

These experiments are being used to construct a comprehensive
description of the spatial and temporal properties of the slow,
correlated motions that make up the native state ensemble of a
protein in solution.

Physical Chemistry

245-Pos Do Zwitterions Contribute to the
Ionic Strength of a Solution?

Earle Stellwagen, Jason D. Prantner, Nancy C. Stellwagen
University of lowa, Iowa City, IA, USA.
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The question of whether zwitterions contribute to the ionic strength
of a solution has been a topic of much confusion over the years.
Some authors have assumed that zwitterions do not contribute to
ionic strength, while others have assumed the opposite. We have
used free solution capillary electrophoresis to answer this question.



