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of the type of interactions governing the homodimerization and antobody
complexation phenomena and the role that the membrane plays on that.
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Investigating Influenza a M2-Cholesterol Interactions by Oriented Sample
Magnetic Resonance
Matthew Elkins, Kathleen P. Howard.
Swarthmore College, Swarthmore, PA, USA.
The influenza A M2 protein is a homotetrameric membrane protein that is
vital to the viral life cycle. M2 has been shown to interact with cholesterol
to induce cell membrane curvature and scission in the production of new virus
particles. Previous work from our group used site-directed spin labeling elec-
tron paramagnetic resonance spectroscopy (SDSL-EPR) to probe the confor-
mation and dynamics of M2 constructs consisting of the transmembrane and
C-terminal domains, revealing multiple conformational states in a cholesterol-
modulated equilibrium. The observed conformational changes were proposed
to arise from both a direct M2-cholesterol interaction through an amino acid
consensus region in the C-terminal domain and indirectly through cholesterol-
induced changes to the bilayer environment.
We present work using lipid bicelles, which spontaneously orient in a magnetic
field, as a membrane alternative to detergent micelles and bilayered vesicles.
Nuclear magnetic resonance (NMR) and EPR were used to obtain new informa-
tion describing the specific M2-cholesterol interaction.
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New Insights into the Mechanism of Action of the Antimicrobial Peptide
Aurein 1.2. Isothermal Titration Calorimetry and Confocal Microscopy
Studies
Eduardo M. Cilli1, Esteban Nicolas Lorenzon1, Karin A. Riske2.
1Biochemistry, Institute of Chemistry, UNESP, Univ. Estadual Paulista,
Araraquara, Brazil, 2Biophysic, Universidade Federal de São
Paulo,UNIFESP, São Paulo, Brazil.
Aurein 1.2 is a short (13 residue) cationic antimicrobial peptide (AMP) from
the glandular skin secretions of Australian anurans of the Litoria genus. It
has been suggested that this peptide disrupts membranes in a detergent-like
manner. This peptide is considered too short to span the membrane and
may possibly lie on the membrane surface without pore formation. Here,
we use isothermal titration calorimetric (ITC) and phase-contrast microscopy
to study the interaction of AU with membrane mimetic composed of SOPC/
SOPG (95:5) and SOPC/SOPG (50:50). The hypothesis is that different mem-
brane composition may lead to different peptide membrane interaction and to
different mechanisms of action. ITC data showed an exothermic event at low
lipid/peptide ratio, which is stronger for large unilamellar vesicles (LUVs)
composed of SOPC/SOPG (50:50). These results showed that the affinity
of AU is higher for the most charged vesicles. Phase contrast microscopy
studies showed that AU solubilizes giant unilamellar vesicles (GUVs) con-
taining SOPC/SOPG (50:50), but form pores on SOPC/SOPG (95:5) GUVs.
These results showed that the mechanism of action of AU dependent on
the membrane composition, making pores on low charged membranes but
solubilizing the highest. It is according with the proposed in literature that
the detergent mechanism can be considered and extreme of the toroidal
pore mechanism.
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How Pegylation Stabilizes a Protein
Shu-Han Chao1, Joshua Price2, Aleksei Aksimentiev1, Martin Gruebele1.
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Protein PEGylation has been widely applied by the pharmaceutical industry for
making protein drugs with lower immunogenicity, longer circulatory half-life
and better bioactivity. However, the efficacy of PEGylation depends on param-
eters such as attachment site and chain length. Characterizing the relationship
between PEGylation pattern and protein stability would therefore be beneficial
to designing improved protein PEGylation. Although recent studies have
shown that site-specific PEGylation has impact on protein conformation stabil-
ity and folding rate, there is no clear consensus on how PEGylation stabilizes a
protein on the atomistic scale.
Through all-atom molecular dynamics simulation, we explored the interaction
between the attached PEG oligomer and a b-sheet protein WW domain. While
experiments showed clues that stabilizing effect could be attributed to specific
interactions between PEG and protein surface residues, a direct correlation
cannot be drawn from simulation results. The attached PEG oligomer was flex-
ible and undergoes rapid transitions between extending into the solvent and
collapsing onto the protein surface, on a 10 ns time scale. A mechanism
including water mediated interaction is therefore suggested.
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Understanding the Structural Determinants of the Extreme Thermal
Stability of Rubredoxin
Karina Sanders, Srinivas Jayanthi, T.K.S. Kumar.
Department of Chemistry and Biochemistry, University of Arkansas,
Fayetteville, AR, USA.
Rubredoxins are a class of redox-active, iron-sulfur proteins found in strict an-
aerobes. These 6-7 kDa proteins remain stable at very high temperatures. Rd
functions as part of the oxygen detoxification system with a melting tempera-
ture near to 200�C. Rd structure consists of a three-stranded b-sheet, a hydro-
phobic core, a middle loop, and a hydrophilic tail. The b-strands are joined by
two iron-coordinating loops each containing two Cys residues, which are li-
ganded to an iron ion to form a tetrahedral iron-sulfur complex. In the present
study, Rd gene from Pyrococcus furiosus was successfully cloned into pET22b,
E.coli expression vector and the recombinant Rd was successfully purified to
homogeneity. While structural information about Rd is known, this study
aims to gain a more comprehensive understanding of the structural stability
through various biochemical and biophysical studies under different experi-
mental conditions such as change in pH, metal and ionic strength. The details
of these results will be discussed in depth.
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Stabilization Effects of Disulfide Bonds and Dimerization on Cxcl7
Christopher Singer1, Charles Herring1, Elena Ermakova2,
Bulat Khairutdinov2, Yuri Zuev2, Donald Jacobs1, Irina Nesmelova1.
1Physics and Optical Science, UNC Charlotte, Charlotte, NC, USA, 2Kazan
Institute of Biochemistry and Biophysics, Kazan, Russian Federation.
Chemokines are a family of small signaling proteins that are responsible for an
array of biological processes ranging from the chemotaxis of leukocytes to
more general homeostatic activities. The oligomerization of chemokines within
the human biological system may lead to the biological activity different from
that of the chemokine monomer. Here, we use a combination of computational
(Anisotropic Network Model (ANM), molecular dynamics (MD) simulations,
minimal Distance Constraint Model (mDCM) and experimental (Circular Di-
chroism (CD) and Nuclear Magnetic Resonance (NMR) spectroscopy) methods
to assess the dynamics and stability of CXCL7 monomer and dimer, one the
most abundant platelet chemokines. Using this combined approach, we
analyzed effects of oligomerization and disulfide bonds on the stability/flexi-
bility and mechanical coupling of different secondary structure elements within
the CXCL7. The data is discussed in terms of the biological function of chemo-
kines. Through these models we have shown a large variation in how disulfide
bonds affect the stability of CXCL7. The ANM model suggests that the disul-
fide bonds Cys5-Cys31 shows large fluctuations in protein motion while Cys7-
Cys47 shows much lower fluctuations due to the location of Cys47 within the
beta sheet structure. The mDCM has shown that the heat capacity of the dimer
form is more than twice that of the monomer forms, suggesting a higher degree
of cooperativity of folded-unfolding transition in the dimer. Likewise the
higher energy barrier suggests that dimerization has a stabilizing effect on
the protein. Surprisingly we also saw that the removal of Cys7-Cys47 disulfide
bond does not increase the flexibility at Cys31 or Cys47 however we do see
global flexibility changes suggesting long-range constraint network changes
due to the existence of these disulfide bonds.
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Effects of Tryptophan Mutation on the Thermal Stability and Catalytic
Activity of Cold-Adapted Esterase At Ambient Temperatures
Sei-Heon Jang, Jerusha Boyineni, Junyoung Kim, ChangWoo Lee.
Department of Biomedical Science, Daegu University, Gyeongsan, Korea,
Republic of.
The cold-adapted enzymes display high catalytic activity at low temperatures
due to their flexible structure. But, they are susceptible to denaturation by
heat at ambient temperatures compared with their mesophilic or thermophilic
counterparts. The extracellular esterase, EstK, from cold-adapted Pseudomonas
mandelii contains 5Trp residues, whereas its thermophilic homologs EstE1 and
AFEST have 2 Trp residues. In this study, the effects of Trp to Phe mutation on
the thermal stability and catalytic activity of EstK were investigated. Among 5
Trp residues, W208 contributed to maintaining the thermal stability and an
intact conformation of the enzyme. The intramolecular interactions surround-
ing W208 were also important to maintain the stability and activity of the
enzyme. Three additional mutants, W208A, W208K, and W208Y, were gener-
ated, and, interestingly, the mutant W208Y showed an 18-fold increase in activ-
ity at 20�C and a 12-fold increase at 40�C, compared with the wild-type
enzyme. Furthermore, W208Y was resistant to heat treatment at the catalytic
site and had enhanced a-helical contents at 40�C, suggesting that the catalytic
site of W208Y was stabilized upon substrate binding, while the other parts
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gained increased flexibility. In summary, the weak thermal stability of cold-
adapted enzymes can be enhanced by substitutions such as W208Y, which
confer the stability on the catalytic site at ambient temperatures.
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Thermodynamic Stability of an Aging Proteome
Adam M.R. Graff, Michael Hazoglou, Ken A. Dill.
Laufer Center for Physical & Quantitative Biology, Stony Brook University,
Stony Brook, NY, USA.
How much oxidative damage can a proteome withstand before a critical
threshold is reached? What defines this threshold? The accumulation of
oxidized protein is a universal feature of an aging organism, however a quan-
titative understanding of the effects of physiological levels of oxidation on pro-
teome stability is lacking.
Taking advantage of a growing body of data on length, charge, and stability dis-
tributions of entire proteomes, we develop a first-principles thermodynamic
model of the effects of oxidation on the stability of proteins within an aging
cell. By determining the equilibrium fraction of unfolded protein as a function
of both oxidative stress and temperature, we predict that a small subset of pro-
teins is largely responsible for straining an organism’s protein homeostasis ma-
chinery. Furthermore, by looking at functional enrichment within this subset,
we identify the protein classes that are expected to be the most sensitive to
oxidation-induced destabilization.
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Investigation of Smart Responses of Human Serum Albumin in Fever
Condition: An In Vitro Approach
Mostafa Rezaei-Tavirani, Reza Vafaei, Mona Zamanian-Azodi.
Proteomics Research Center, Shahid Beheshti University of Medical
Sciences, Tehran, Iran, Islamic Republic of.
Human body core temperature is regulated at about 37�C by physiological ad-
aptations. Increase of body temperature to 42�C has great effects on all system-
atic functions. These alterations ultimately can lead to fatal consequences.
Biological responses of human body proteins to fever condition is astonishing,
especially those with significant role in body homeostasis regulation such as
human serum albumin. In this research, structural and functional changes of hu-
man serum albumin by temperature increment up to 42 �C are studied via fluo-
rescence spectroscopy, circular dichroism (CD), UV spectroscopy, and pH
metery methods. In addition, Coamoxyclave, Acetaminophen and Fluoxetine
were used as potential probes for determining these fine structural and func-
tional changes.
The findings refer to less carrier activity and structural alterations of albumin
accompanied by homeostatic mechanism activations such as salt and solutes
exertion (osmotic) adjustments. Importance of this characteristic aspect of al-
bumin can be considered in treatment of fever by chemical drugs. In conclu-
sion, albumin plays crucial role as a smart molecule in stabilizing body
temperature by its fine conformational modifications.
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Characterization of FGF-1 Mutant, K126D
Taylor Ghahremani.
University of Arkansas, Fayetteville, AR, USA.
Fibroblast Growth Factor-1 is a 16 kiloDalton heparin-binding protein whose
function involves signaling cells for responses such as cell growth, differentia-
tion, endurance, and response to trauma. FGF-1 also has restorative effects like
wound healing, angiogenesis, and nerve repair. Wild type FGF-1 has a short
half-life in vivo, and denatures at physiological temperature. Due to its insta-
bility and potential for therapeutics, a more stable form of FGF-1 is desirable.
The purpose of the research study is to characterize the FGF-1 mutant, K126D
using a series of techniques like CD, Fluorescence Spectroscopy, Differential
Scanning Calorimetry, thermal denaturation, NMR spectroscopy, trypsin diges-
tion, and ANS titration. These techniques will be used to assess the degree of
stability of K126D as compared to wild type FGF-1. In addition, cell prolifer-
ation assays will be performed to determine how the mutation affects the activ-
ity of FGF-1.
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Biophysical Characterization of Therapeutic Proteins for Early Prediction
of Manufacturability
Nesrine Chakroun, David Hilton, Paul A. Daldy.
Biochemical Engineering, University College London, London, United
Kingdom.
Biopharmaceuticals or therapeutically relevant proteins have become one of
the fastest growing parts of the pharmaceutical industry. These innovative
molecules are much more complex than conventional drugs and their process-
ing is much more demanding. Assessing, at a very early stage in the develop-
ment process, the ease of manufacture (the manufacturability) would allow
the candidates proteins to be ranked and thus help controlling the cost-
effectiveness of new drugs. Our research project aims to identify critical
properties of protein candidates allowing the prediction of their behaviour
in large-scale bioprocesses. Our multidisciplinary approach combines compu-
tational analysis (Molecular Dynamics simulations), the pilot-scale produc-
tion and the biophysical characterization of a set of Fragment antibody
(Fab) mutants.
This allowed the identification of regions of unstable structure helping to pre-
dict the stability of Fab candidates prior to experiments. Extensive aggrega-
tion kinetics were measured at a wide range of temperature, pH and ionic
strength allowing the determination of a model for Fab aggregation and the
development of a rapid micro-scale Fragment antibody aggregation screening
method.
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The Heat Released by a Chemical Reaction Locally Enhanced the Enzyme
Diffusion
Clement Riedel, Christian W.A. Wilson, Kambiz Hamadani,
Kostas Tsekouras, Susan Marqusee, Steve Presse, Carlos Bustamante.
University of California in Berkeley, Berkeley, CA, USA.
It has been one hundred years since Michaelis and Menten characterized
the substrate concentration dependence of an enzyme-catalyzed reaction. In
the intervening years, detailed catalytic mechanisms have been established
for many different enzyme families, and it has been well established that
enzymes increase reaction rates by lowering the activation energy of chem-
ical processes. Although some enzymes are known to form transient covalent
structures with their substrates, it is generally accepted that they are unaf-
fected by the reaction process. Recently, it has been shown that the diffu-
sivity of enzymes increases in a substrate-dependent manner during
catalysis. Although this observation has been reported and characterized
for several different systems, the precise origin of this phenomenon is
unknown.
In this presentation we quantitatively demonstrate the mechanistic link between
enhanced diffusion and the heat released in the reaction using single molecule
fluorescence correlation spectroscopy data analyzed within the framework of a
stochastic theory. We show that the magnitude of the diffusion change is pro-
portional to the enthalpy of the reaction. This study offers a novel perspective
on the effect of chemical reactions on their catalysts and suggests future exper-
iments to explore how the local heat released at each turnover affect an enzy-
me’s internal degrees of freedom.

3386-Pos Board B114
Lipid Disequilibrium Destabilized a Subset of Membrane Proteins
Guillaume Thibault.
School of Biological Sciences and Lee Kong Chian School of Medicine,
Nanyang Technological University, Singapore, Singapore.
Hundreds of distinct lipids, of varying concentrations, assemble to form
biological membranes. The most abundant, phospholipids, varies according
to head group structures, acyl chain length and double bounds. In eukaryotes,
lipid compositions can differ widely among organelles. In most cases, the
biological significance of these differences remains unclear. However, links
between disease states and lipid disequilibrium have been proposed. It
was reported by several groups that change in the ratio of the most two abun-
dant phospholipids, phosphatidylcholine/phosphatidylethanolamine (PC/PE),
might cause non-alcoholic fatty liver disease (NAFLD). Recently, we re-
ported on how budding yeast cells respond to and cope with PC/PE disequi-
librium. Using lipidomic, genomic, and proteomic technologies, the data
revealed that the adaptive cells responded by remodeling the protein homeo-
stasis network without restoring lipid composition. We termed this process
the membrane stress response (MSR). Interestingly, we observed that some
transmembrane proteins (TP) were strongly up- and down-regulated at the
genomic and proteomic levels, respectively. Diverse candidate proteins
were analyzed from normal and mutant cells to characterize their stability.
Results suggest the stability of certain mature TP is affected from lipid imbal-
ance. Furthermore, premature degradation of the candidates directly affects
ER functions such as protein translocation and degradation if not for the inter-
vention of the MSR.
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