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with the goal they will be able to partially inhibit SERCA and also be imper-
vious to dephosphorylation. Insights to these issues will provide better para-
digms with which to design therapeutic mutants of PLN for treatment of
heart failure, and also demonstrate a model by which an enzyme can be
controlled through tuning the allosteric regulation of an inhibitor.

3304-Pos Board B32
Protein-Chromophore Interactions in Green Fluorescent Protein (GFP)
Studied by Split Protein Reconstitution
Luke M. Oltrogge, Steven G. Boxer.
Chemistry, Stanford University, Stanford, CA, USA.
We have utilized a split green fluorescent protein (GFP) system to generate
a range of semi-synthetic proteins to study the interaction of the
autocatalytically-formed chromophore with the protein environment. Using
circularly permuted GFP, the alpha helix containing the chromophore has
been relocated to the N-terminus and then removed by site-specific proteolysis
of an engineered loop region. Following denaturation and size exclusion chro-
matography purification, the truncated protein and the chromophore-bearing
peptide are separated. We previously showed that the truncated protein is
capable of re-forming a chromophore upon reconstitution with a synthetic pep-
tide. This work is extended to incorporate unnatural amino acids into the chro-
mophore for studying hydrogen bonding and proton transfer. An additional
application we have pursued is to use chromophore "transplantation" in order
to examine the spectroscopic effects of mutations that would ordinarily be
impossible due to the preclusion of chromophore formation. Arg96, in partic-
ular, is an interesting residue because of its major role in defining the electro-
static environment, however, its intolerance to mutation necessitates the use of
a split protein and complementation with a chromophore-containing peptide
harvested from a non-mutated donor. We use this scheme to investigate the ef-
fects that remodeling the electrostatics at this critical position have on the color
tuning and quantum yield of GFP.
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Side Chain Entropy in Enzymes and its Role in Catalysis
Asmit Bhowmick.
Chemical Engineering, UC Berkeley, Berkeley, CA, USA.
Directed Evolution is a popular biochemical engineering technique used to
improve, and in some cases alter the activity of enzymes. Althoughmany empir-
ical strategies have been developed to carry out directed evolution, it is still an
opaque process that could benefit frommore rational design. In this work, we try
to rationalize directed evolution based on the physical principles of thermody-
namics. Our model system is the Kemp Eliminase KE07, which was designed
computationally to catalyze the conversion of 5-nitrobenzisoxazole to cyano-
phenol, but showed poor activity in solution (kcat/KM ~12 M-1s-1). Seven
rounds of directed evolution lead to a 2 order of magnitude improvement in
kcat/KM but structural analysis could not explain why many of the mutations
were made. Using a sequential Monte Carlo technique we have been able to
calculate and identify systematic changes in the side chain entropy through
the 7 rounds of directed evolution. Our technique uses a realistic energy function
coupled with a rotamer library to estimate the important rotameric states. These
results suggest that the functional partitioning of structure (enthalpy) and statis-
tical fluctuations (entropy) that occurs at the side chain level could give us
important leads to predict further mutations. This work also provides further ev-
idence to start looking beyond the traditional structure-function paradigm and
incorporate entropic contributions for designing/improving enzymes.
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Rationalizing Directed Evolution through Protein Dynamics
Saurabh Belsare.
Joint Graduate Group in Bioengineering, University of California, Berkeley,
Berkeley, CA, USA.
Directed evolution is an experimental technique used to improve catalytic activity
of low performing enzymes. However, the underlying principles behind directed
evolution are not well understood. In addition to the structure of an enzyme,
recent studies have shown the dynamics of the enzyme to affect the catalytic ac-
tivity.We are analyzing the impact of protein dynamics on the catalytic activity of
an enzyme through certain dynamic metrics such as distance and velocity time
correlation functions. These metrics can give an insight into the coupling of mo-
tions of various residues with the active site. Recent efforts in directed evolution
have shown very promising results for artificially designed Kemp Eliminases, in
the form of a 200 fold increase in activity over seven rounds of directed evolution.
Dynamic metrics can be used to rationalize the mutations that occurred over the
rounds of directed evolution. These metrics can then be used as predictive tools,
to predict new potential targets for mutation, thus reducing the search space for
potential mutations by many orders of magnitude.
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Understanding the Structural Determinants for the Stability of Human
Fibroblast Growth Factor
Rachael A. Pellegrino, Rebecca Kerr, T.K.S. Kumar.
Chemistry and Biochemistry, University of Arkansas, Fayetteville, AR, USA.
Human fibroblast growth factor (FGF) is an important protein that plays a role
in morphogenesis, angiogenesis and wound healing. Because of these capabil-
ities this protein is of medical interest. Unfortunately the lack of stability of
FGF poses a problem to further research. Understanding the structure of FGF
at the atomic level is necessary for designing novel FGF variants with enhanced
stability and wound healing properties. The specific aim of this study is to test
and record the structural stability of FGF through a gradient of salt concentra-
tions. Through thermal denaturation, it was shown that the stability increased
slightly with the increased salt concentration. The structure of hFGF-1 has
been investigated using a variety of biophysical techniques such as trypsin
digestion and circular dichroism. To ensure that the structure was maintained,
N-15 enriched human fibroblast growth factor-1 was over expressed and puri-
fied. This sample will be used to test the structural stability of hFGF-1 by Het-
eronuclear Single Quantum Coherence (HSQC) using NMR spectroscopy. The
hope of this study is to identify key properties that will allow the optimization
of FGF stability. These data can then be used to develop novel mutants with
enhanced stability and wound healing properties.
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Is there a Beta-Peptide Equivalent of the Alpha-Helix?
Carsten Baldauf1, Franziska Schubert1, Kevin Pagel1, Stephan Warnke1,
Mariana Rossi1, Mario Salwiczek2, Beate Koksch3, Gert von Helden1,
Volker Blum1.
1Fritz-Haber-Institut der MPG, Berlin, Germany, 2CSIRO, Clayton,
Australia, 3Freie Universität Berlin, Berlin, Germany.
In organic chemistry, the concept of homologation describes the extension of a
carbon chain by one methylene unit. The application of this concept to peptides
gives rise to the class of b-peptides that feature an additional -CH2- unit in the
monomer backbone. The study of such non-natural peptides offers insight into
general folding mechanisms. The similarities to a-peptide structure combined
with stability against proteases makes such foldamers promising scaffolds with
possible applications in drug design.
With regards to such applications it is remarkable that until now no b-peptide
structure with the same H-bonding pattern as the a-helix was found. Hints for
this structure stem from a previous theoretical study [1] and from diffraction
experiments on Nylon-3 [2]. We compare the b-peptide Ac-b2hAla6-Lys(H

þ)
to the a-peptide Ac-Ala6-Lys(H

þ) which likely is helical in the gas phase
[3]. The gas phase represents a cleanroom environment to study the intrinsic
structural properties of peptides. We employ density-functional theory with
the PBE functional corrected for dispersion effects [4] to perform extensive
replica-exchange ab initio molecular dynamics simulations. We combine find-
ings from simulations with experimental fingerprints from ion-mobility mass-
spectrometry and vibrational spectroscopy.
As expected, the natural a-peptide Ac-Ala6-Lys(H

þ) is found to be mostly
a-helical at room temperature. For Ac-b2hAla6-Lys(H

þ) we find both helical
and non-helical conformers in the low-energy regime. However, the helical
conformations seem to be favored by vibrational entropy. The comparison
with experiment points clearly to a helical structure with a hydrogen bond
pattern i)iþ4 analogous to the a-helix in natural a-peptides.
[1] C. Baldauf, H.-J Hofmann, Helv. Chim. Acta, 2012, 95, 2348.
[2] J. M. Fernández-Santı́n et al.,Macromolecules 1987, 20, 62; F. López-Car-
rasquero et al., Macromol. Chem. Phys. 1995, 196, 253.
[3] M. F. Jarrold, PCCP, 2007, 9, 1659.
[4] A. Tkatchenko, M. Scheffler, PRL, 2009, 102, 073005.
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Novel Computational Methods to Design Protein-Protein Interactions
Alice Qinhua Zhou, Corey S. O’Hern, Lynne Regan.
Yale University, New Haven, CT, USA.
Despite the abundance of structural data, we still cannot accurately predict the
structural and energetic changes resulting from mutations at protein interfaces.
The inadequacy of current computational approaches to the analysis and design
of protein-protein interactions has hampered the development of novel thera-
peutic and diagnostic agents. In this work, we apply a simple physical model
that includes only a minimal set of geometrical constraints, excluded volume,
and attractive van der Waals interactions to 1) rank the binding affinity of mu-
tants of tetratricopeptide repeat proteins with their cognate peptides, 2) rank the
energetics of binding of small designed proteins to the hydrophobic stem region
of the influenza hemagglutinin protein, and 3) predict the stability of T4 lyso-
zyme and staphylococcal nuclease mutants. This work will not only lead to a
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fundamental understanding of protein-protein interactions, but also to the
development of efficient computational methods to rationally design protein in-
terfaces with tunable specificity and affinity, and numerous applications in
biomedicine.
Funded by: NSF DMR-1006537 and PHY-1019147, the Raymond and Beverly
Sack- ler Institute for Biological, Physical and Engineering Sciences, and Ho-
ward Hughes Medical Institute (HHMI) International Research Fellowship.
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From Aminomutases to Ammonia Lyases: A Protein Engineering Study
Marcelo F. Masman, Matthew M. Heberling, Dick B. Janssen.
Biotransformation and Biocatalysis, University of Groningen, Groningen,
Netherlands.
Ammonia lyases and aminomutases are emerging as important enzymatic sys-
tems, not only in green synthetic routes to chiral amines, but also as potential
target for enzyme therapeutic for treating diseases such as phenylketonuria and
cancer (1). On the other hand, b-amino acids harbor many applications in their
free form and as building blocks of bioactive compounds (2, 3). Although, these
eco-friendly biocatalytic routes have been extensively explored, they are far
from optimal. The aim of this work is to engineer a phenylalanine aminomutase
(PAM) to acquire lyase properties for the efficient production of enantio-pure
b-Phe (key component of taxol (2)). Thus, this study was guided by molecular
modeling techniques to decipher which structural components functionally
separate PAM and the phenylalanine ammonia lyase (PAL). Despite the great
structural similarity of the active site of these enzymes, PAL is a-selective with
much faster deamination rates relative to PAM, which exhibits 50% a- and b-
regioselectivity (1, 4). Recent studies have implicated loop regions as key struc-
tural determinants between PAM and PAL (5). Here, we report novel insight
into the implications of the active-site loop residues of PAM, which influence
mutase/lyase activity. Several mutants were proposed, cloned, expressed and
characterized. Overall, this enzyme engineering work represents the first suc-
cessful attempt to convert a PAM to a PAL through strict mutase-to-lyase res-
idue mutations. Such a breakthrough may guide future investigations into the
functional determinants of these enzymes and possibly foster the engineering
of faster PAM variants used for the efficient synthesis of b-Phe.
1. Heberling, M.M., et al. 2013. Current Opinion in Chemical Biology.
2. Malik, S., et al. 2011. Process Biochemistry.
3. Liljeblad, A. et al. 2006. Tetrahedron.
4. Wu, B., et al. 2011. Angew. Chem. Int. Ed.
5. Bartsch, S., et al. 2013. ChemCatChem.
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Simple Rules Imposed on a Primitive Cubic Lattice Robustly Generate
Structures that Mimic Features of Real Proteins
Deniz Turgut1, Osman B. Okan1, Aravind Rammohan2, Angel E. Garcia1,
Rahmi Ozisik1.
1Materials Science and Engineering, Rensselaer Polytechnic Institute, Troy,
NY, USA, 2Corning Inc., Painted Post, NY, USA.
We introduce a set of simple and well-defined rules, which produce protein-like
networks when they are imposed on a primitive cubic lattice. The resulting arti-
ficial structures successfully mimic the geometric and topological features of
real proteins, and therefore, provide the opportunity to understand characteris-
tics of protein structures and lead to the creation of synthetic proteins. The pro-
posed method does not involve a chain-fitting step and does not require
individual set of reference structures.We start with a cubic lattice, whose lattice
sites contain beads representing protein residues. Many cubic lattices are
emptied up to 60% vacancy concentration by randomly removing beads while
maintaining a connected network of occupied sites. The maximum vacancy
concentration of 60% was obtained from first and second nearest neighbor
occupancies of real protein residues. A Reverse Monte-Carlo/Simulated
Annealing (RMC/SA) simulation that is constrained to fit the average radial
distribution function of residues of 278 proteins is then performed. Results indi-
cate that the RMC/SA procedure recovers the average radial distribution func-
tion without disturbing other structural properties such as bond orientational
order parameters and network topology. Based on various structural properties,
our results indicate that these artificially created structures closely resemble
real residue networks.
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Inferring Protein Structures from Sparse and Ambiguous Data
Justin L. MacCallum, Alberto Perez, Kenneth A. Dill.
Laufer Center for Physical and Quantitative Biology, Stony Brook, Stony
Brook, NY, USA.
We have developed a new computational framework called MeLD: Modeling
with Limited Data. MeLD is an integrative modeling approach that combines
physical modeling and statistical mechanics with data from experiment and
bioinformatics. The approach is tailored to deal with data with the following
properties: (1) the data is sparse, where there may be little to no information
about some part of the structure; (2) the information is often ambiguous and
not totally reliable. I will present several applications of MeLD, including suc-
cessful structure determination from sparsely-labeled NMR data and EPR data,
accurate structures predicted from evolutionarily inferred contacts, and the cor-
rect prediction of the binding mode of an intrinsically disordered protein based
on site-directed mutagenesis data.
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Simulation Study of Soluble Toxic Oligomeric Structures of Amyloid-Beta
Sukanya Sasmal1, Timothy Balmorez2, K. Aurelia Ball3, Teresa Head-
Gordon4.
1Department of Chemical and Biomolecular Engineering, University of
California, Berkeley, Berkeley, CA, USA, 2Chemical Biology, University of
California, Berkeley, Berkeley, CA, USA, 3Graduate Group in Biophysics,
University of California, Berkeley, Berkeley, CA, USA, 4Department of
Chemistry, Bioengineering and Chemical and Biomolecular Engineering,
University of California, Berkeley, Berkeley, CA, USA.
Although early attention has focused on toxicity of amyloid plaques as the
cause of Alzheimer’s disease (AD), there is stronger evidence that soluble
Ab oligomers, and more recently pre-fibrillar oligomers, show better correla-
tion with AD symptoms than do the insoluble fibrillar states exhibited at the
completion of the amyloid cascade. In recent work a new oligomeric Ab
form known as the "globulomer" was found to inhibit calcium uptake by
neuronal cells and to contribute to memory loss in lab animals. At present
we have no knowledge of the globulomer structure, nor a smaller species
known as the pre-globulomer, which is usually a necessary first step in the
design of small molecule drug therapeutics. We will present our hypothesis
about the structural ensembles of these two oligomeric forms based on molec-
ular dynamics simulations and calculation of NMR observables and amide ex-
change data.
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Computer Simulations for Predicting Membrane Protein Structures with
the Replica-Exchange Methods and Implicit Membrane Model of a
Restricted Configurational Space
Ryo Urano, Yuko Okamoto.
Nagoya University, Nagoya, Aichi, Japan.
The structures of membrane proteins are necessary to examine the functions
and the mechanisms. The determination of membrane proteins takes a long
time yet despite the development of experimental techniques. Thus, we
have developed simulation methods for predicting alpha-helical membrane
proteins. For the purpose, replica-exchange methods (REM) and a particular
implicit membrane model are used. Distortions and kinked helix structures in
transmembrane helices are frequently observed as a characteristic appearance
of experimental membrane protein structures. Concerted rotation of torsion
angles and dihedral angle of main chains in Monte Carlo move sets are
implemented for including the distortions. Our implicit membrane model is
to mimic the sampled configuration during native folding of membrane
proteins after inserted membrane environment. We applied this method to

bacteriorhodopsin, which has seven dis-
torted transmembrane helices. From the
random ideal helix configuration, we ob-
tained local-minimum free energy states
by REM simulations and principal compo-
nent analysis. The RMSD value of whole
backbone atoms from the PDB structure
is 2.5 angstroms. The RMSD values in
each helix structure about distortions are
also less than about 1.5 angstroms.
3315-Pos Board B43
Toward a Global View of the Conformational Landscape of the Human
Kinome
Daniel L. Parton1, Diwakar Shukla2, Yutong Zhao2, Vijay S. Pande2,
John D. Chodera1.
1Memorial Sloan-Kettering Cancer Center, New York, NY, USA, 2Stanford
University, Stanford, CA, USA.
The human genome contains about 500 protein kinases, which play a central
role in the regulation of the majority of cellular pathways. Mutations in kinase
genes - often resulting in dysregulation of their phosphotransferase activity -
are a frequent cause of disease, including many types of cancer. Kinases are
especially flexible proteins, and undergo significant conformational changes
during their catalytic and regulatory cycles. This conformational heterogeneity
is also of fundamental importance in determining the binding affinity and
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