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Local Conformational Preferences of Peptides Near Attached Cations:
Structure Determination by First-Principles Theory and IR-Spectroscopy
Carsten Baldauf1, Kevin Pagel1, Stephan Warnke1, Gert von Helden1,
Gerard Meijer1, Beate Koksch2, Volker Blum1, Matthias Scheffler1.
1Fritz-Haber-Institut der MPG, Berlin, Germany, 2Freie Universität Berlin,
Berlin, Germany.
In the transition from secondary to tertiary structure in peptides and proteins,
turns take a special role. They are the hinges that arrange the periodic secondary
structure elements (helices and strands) to the native fold. It is a known effect
that Liþ alters peptide backbone structure,[1] and we investigate this effect on
the structure and dynamics of turns for model peptides Ac-Ala-Ala-Pro-Ala-
NMe (AAPA) and Ac-Ala-Asp-Pro-Ala-NMe (ADPA) by theoretical confor-
mational predictions and experimental vibrational spectroscopy. On theory
side, accurate conformational predictions can not succeed without a trustworthy
description of the potential energy surface, but standard force fields lack this
detailed accuracy for the ion-peptide systems investigated. We show that accu-
rate predictions can be achieved by a first-principles approach (van der Waals
corrected density functional theory (DFT) in the PBE generalized gradient ap-
proximation[2]), and verify all our predictions by comparison to infrared spec-
troscopy in the same clean-room environment (spectra obtained in vacuo, using
the FELIX free-electron laser facility).
We predict canonical turn conformations for AAPA and ADPA alone. Liþ and
Naþ, by adsorbing to C=O groups, induce unusual backbone conformations and
prevent H bond formation. We show that accounting for finite-temperature free
energy contributions (harmonic approximation) is essential for a consistent
comparison between theoretically predicted conformers and experimental spec-
tra. The comparison suggests that multiple conformers coexist at finite temper-
ature, based on theoretically derived spectra including anharmonic effects for
individual conformers by ab initio Born-Oppenheimer molecular dynamics
(MD) simulations. Intriguingly, some of the predicted low-energy conformers
contribute less than others to the observed spectra. The same MD simulations
give insights into backbone motion patterns like peptide bond crankshaft
rotation.
[1] Seebach et al. Modern Synthetic Methods 7, 1 (1995).
[2] Tkatchenko, Scheffler, Phys. Rev. Lett. 102, 073005 (2009).
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Structural Analysis of Human Apolipoprotein E3 by Fluorescence
Spectroscopy, and Hydrogen/Deuterium Exchange Coupled to Mass
Spectrometry
Roy V. Hernandez1, Pankaj Dwivedi1, Arti Patel1, Sasidhar Nirudodhi2,
Mai Duong2, Claudia S. Maier2, Aishwarya Venkataraman1,
Vasanthy Narayanaswami1.
1California State University Long Beach, Long Beach, CA, USA,
2Oregon State University, Covallis, OR, USA.
Apolipoprotein E3 (apoE3) is an important anti-atherogenic protein that
helps maintain cholesterol levels in the brain and plasma. It is responsible
for binding and cellular uptake of plasma lipoproteins via the low-density
lipoprotein receptor family of proteins. It is a highly alpha-helical protein
that can exist in lipid-free and lipid-bound states. ApoE3 is composed of
two domains in lipid-free state: an N-terminal (NT) domain folded into
a 4-helix bundle and a C-terminal (CT) domain that mediates apoE3 oligo-
merization via inter-molecular helix-helix interactions. The objective of
this study is to understand the conformational organization of lipid-free
apoE in its oligomeric state. We employed chemical-induced denaturation
coupled to fluorescence spectroscopy of apoE bearing environmentally sensi-
tive fluorescent probes monitoring different helices in the two domains, to
obtain information regarding tertiary conformation. in a complementary ap-
proach, we also used hydrogen/deuterium exchange coupled to mass spec-
trometry (HDX-MS) to understand amide-backbone structural dynamics,
solvent accessibility, and helical contours of apoE3. Fluorescence intensity
and polarization studies indicate that the unfolding is likely initiated at the
C-terminal end of the protein, the CT domain unfolds prior to NT domain,
and that the NT domain forms a highly stable helix bundle. HDX/MS analysis
revealed that the amide backbone of the NT domain underwent limited ex-
change, with the exception of the first 14 residues at the N-terminal end, and,
those linking helices 2 and 3 (79-93), confirming the presence of a tight helix
bundle. In contrast, the CT domain revealed significantly higher HDX rates.
Our studies suggest that the two domains of apoEmay undergo independent con-
formational reorganization, a concept that bears significant relevance in terms of
apoE interaction with lipids and lipoproteins. NIH-HL096365 and TRDRP
17RT-0165.
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Biophysical and Biochemical Characterization of Acrolein-Modified
Apolipoprotein E
Tuyen Tran, Sea Kim, Ken Irvine, Tien Vu, Vasanthy Narayanaswami.
California State University, Long Beach, Long Beach, CA, USA.
Apolipoprotein E (apoE), an anti-atherogenic apolipoprotein, plays a significant
role in the metabolism of lipoproteins. It lowers plasma lipid levels by acting as
a ligand for low-density lipoprotein receptors (LDLr). ApoE mediates this
function via essential lysine residues that interact with the LDLr. Our prelim-
inary study shows that rats exposed to environmental tobacco smoke displayed
oxidative modification of apoE and dissociation of lipoprotein-bound apoE.
The objective of this project is to study the effect of oxidative stress (specifi-
cally acrolein) mediated in vitro modification on the structure and function
of recombinant rat apoE. SDS-PAGE and RP-HPLC confirmed that the protein
was purified to homogeneity with no signs of degradation. Acrolein modifica-
tion of apoE was confirmed by Western blot analysis. Circular dichroism and
fluorescence spectroscopy revealed that the secondary and tertiary structures
of acrolein-modified apoE were affected with significant difference in the over-
all fold of the modified protein. Modified apoE also demonstrated a decrease in
binding affinity for heparin and lipid binding ability. Lastly, the LDLr binding
ability of acrolein-modified apoE was significantly impaired. Overall, we con-
clude that acrolein disrupts the structural and functional integrity of apoE,
which is likely to affect its role in maintaining plasma cholesterol homeostasis.
Our data provide a molecular basis for the potential role of oxidative stress
mediated Modification of apoE in altering lipoprotein metabolism, with direct
implications in cardiovascular disease.
Funded by CSULB, TRDRP 17RT-0165 (VN), NIH HL096365 (VN), McNair
Scholar Program, CSU Long Beach (TT), NSF HRD-0802628 (TT), and
CSULB Women and Philanthropy scholarship (TT).
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Small Molecules CK-666 and CK-869 Block an Activating Conformational
Change to Inhibit Arp2/3 Complex
Byron Hetrick, Min Suk Han, Brad Nolen.
University of Oregon, Eugene, OR, USA.
Arp2/3 complex is a seven subunit assembly that nucleates actin filaments from
the sides of pre-existing filaments, creating branched actin networks. Recently
reported small molecule inhibitors of Arp2/3 complex, CK-666 and CK-869,
block its nucleation activity. While these inhibitors have the potential to be-
come powerful tools to investigate actin remodeling in vivo, it is currently
not known how they inhibit Arp2/3 complex. To determine the mechanism
of these inhibitors, we conducted biochemical/biophysical analysis and solved
the crystal structures of CK-666 and CK-869 bound to Arp2/3 complex.
Despite the fact that CK-869 and CK-666 bind to distinct sites on the complex,
both compounds function by blocking an activating conformational change
stimulated by dimeric VCA and two actin monomers. Chemical crosslinking,
analytical ultracentrifugation, and small angle x-ray scattering demonstrate
that this conformational change moves Arp2 and Arp3 together to adopt the
short pitch conformation, mimicking two consecutive actin subunits in an actin
filament and is hypothesized to form the nucleus for the daughter filament.
Analysis of the crystal structures shows that CK-666 binds to a pocket between
Arp3 and Arp2 formed only in the inactive conformation, stabilizing the inac-
tive state. in contrast, binding of CK-869 locks a surface loop in Arp3 in
a position, destabilizing the short pitch conformation. Neither inhibitor actively
dissociates preformed branches, nor significantly affects binding of ATP or
nucleation promoting factors to the complex or binding of Arp2/3 complex
to the sides or ends of actin filaments. Therefore, CK-666 and CK-869 block
a late step in the nucleation pathway by preventing a large-scale conformational
change. These results have important implications for understanding the
branching nucleation mechanism and will be critical in interpretation of the
affects of the inhibitors on Arp2/3 complex activity in vivo.
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HIV-1 Reverse Transcriptase Monomers Adopt Multiple Conformations
in Solution
James M. Seckler1, Jill Trewhella2,Mary D. Barkley1, Patrick L. Wintrode1.
1Case Western Reserve University, Cleveland, OH, USA,
2University of Sydney, Sydney, Australia.
HIV-1 reverse transcriptase (RT) is a key enzyme in HIV infection and an
important therapeutic target. The enzyme is an asymmetric heterodimer of
p66 and p51 subunits. Although each subunit has an N-terminal polymerase
domain with identical amino acid sequence (440 residues), in the heterodimer
the polymerase domain of p66 adopts an open conformation while that of p51 is
in a closed conformation. The p66 and p51 monomers are folded proteins of
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unknown structure that also form asymmetric homodimers, indicating that both
subunits can assume open and closed conformations. The linkage between con-
formational and binding equilibria is a key factor in the assembly of complex
biomolecular systems such as RT.
Comparison of hydrogen/deuterium exchange patterns indicates that the sec-
ondary structure of the polymerase domains of p66 and p51 monomers is
almost identical, but that both p66 and p51 are less structured as free monomers
than they are in the heterodimer. Small angle X-ray scattering (SAXS) was
employed to study the conformations of the monomers in solution. Scattering
curves were not well fit by monomeric structures derived from the crystal struc-
ture of the heterodimer. Better fits were obtained using rigid body modeling
and allowing the subdomains to rotate with respect to each other to optimize
fits to the scattering data. Multiple optimizations yielded ensembles of 500
structures per monomer. The p51 clusters could be grouped in 2 clusters of
closely related conformations; the p66 structures showed greater variability
with 20 conformational clusters. The 2 clusters for p51 resemble the closed
and open conformations seen in the crystal structure. The 20 clusters of p66
comprise a variety of open and closed conformations. This conformational het-
erogeneity is consistent with the conformational selection mechanism proposed
to explain the slow subunit binding and inhibitor binding kinetics.
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The Many Conformations of Epac2: A Cyclic-AMP Sensing Cellular
Regulator Studied Via Solution X-Ray Scattering (SAXS) & Hydrogen
Deuterium Exchange Mass Spectrometry
Mark A. White1, Xiaodong Cheng1, Tamara Tsalkova1, Feng C. Mei1,
Virgil L. Woods2, Sheng Li2, Tong Liu2, Donald K. Blumenthal3.
1UTMB, Galveston, TX, USA, 2University of California, San Diego,
La Jolla, CA, USA, 3University of Utah, Salt Lake City, UT, USA.
Epac2 is a guanine nucleotide exchange factor which is directly activated by
cAMP. According to the model of Epac activation, a localized ‘‘hinge’’ motion
is a major change in the Epac structure upon cAMP binding. in this study, we
test the functional importance of hinge bending for Epac activation by targeted
mutagenesis. We show that substitution of the conserved residue phenylalanine
435 by glycine facilitates the hinge bending, and is constitutively active, while
tryptophan, impedes the hinge motion and results in a dramatic decrease in
Epac2 catalytic activity. Structural parameters for wild type Epac and two of
its mutants determined by small-angle X-ray scattering (SAXS) further confirm
the importance of hinge motion in Epac activation. in addition, peptide amide
hydrogen/deuterium exchange mass spectrometry (DXMS) was used to probe
the solution structural and conformational dynamics of full length Epac2.
Our study also suggests that the side-chain size of the amino acid at the position
435 is a key to Epac functioning. It seems that phenylalanine at this position has
the optimal size to prevent ‘‘hinge’’ bending and keep Epac closed and inactive
in the absence of cAMP while still allowing the proper hinge motion for full
Epac activation in the presence of cAMP. The DXMS results also support
this mechanism in which cAMP-induced Epac2 activation is mediated by
a major hinge motion centered on the C-terminus of the second cAMP binding
domain. These results suggest that in addition to relieving the steric hindrance
imposed upon the catalytic lobe by the regulatory lobe, cAMP may also be an
allosteric modulator directly affecting the interaction between Epac2 and
RAP1.
Protein Dynamics I
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Single-Molecule Fluorescence Spectroscopy of the Structure and
Dynamics of the Spliceosomal Complex
Mira Prior1, Thomas Orth2, Peter Odenwaelder2, Ingo Gregor1,
Reinhard Luehrmann2, Joerg Enderlein1.
1Third Institute of Physics, Goettingen, Germany, 2Max Planck Institute for
Biophysical Chemistry, Goettingen, Germany.
The spliceosome is the cellular machinery responsible for removing
non-coding introns from precursor mRNA. During its catalytic action the spli-
ceosome undergoes compositional and conformational changes. We are inves-
tigating the conditions for recruitment and release of particular proteins during
the splicing steps. We determine how the changes occur (stepwise or in a cor-
related manner) and the roles of certain spliceosomal RNA helicases in the re-
structuring of the complex. The spectroscopic methods we use for investigating
the spliceosomal complex are Dual-Focus Fluorescence Correlation Spectro-
scopy (2fFCS) and Dual-Color-Fluorescence Cross-Correlation Spectroscopy
(2-color-FCCS). These methods allow for studying structural and dynamical
properties of proteins and small nuclear ribonucleoproteins (snRNPs).
2-color-FCCS in combination with 2fFCS enables the observation of protein-
protein interactions and the determination of dissociation constants for
protein-protein and protein-mRNA bindings which could not be resolved
with standard biochemical methods.
First, we focus on the B to Bact transition followed by the LSm ring proteins
LSm4 and LSm7. With 2-color-FCCS and 2fFCS, we determine how both pro-
teins are released from the complex and their molecular size by measuring their
diffusion coefficients.
Second, we observed the thermally-stable splicing factor Cwc25. We could
determine, under which conditions it binds to the complex, when it is released
and the conditions for stable binding of Cwc25 to the spliceosome. By measur-
ing several mutants we could answer the question whether Cwc25 is released
before or during the second catalytic step.
Third, we focused on the proteins of the snRNP U2 complex. It is a highly
debated question, when the U2 subunit is released from the complex and
whether the U2 proteins are released at different stages of the splice cycle.
We monitored the sequential release of different U2 proteins (Prp21, Cus1)
during the first and second catalytic step.
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Dynamics of Mitochondria in Adult Rat Cardiomyocytes
Marcela A. Gonzalez-Granillo1, Minna Karu-Varikmaa2, Yves Usson1,
Alexeı̈ Grichine1, Rita Guzun1, François Boucher1, Valdur Saks1.
1Joseph Fourier University, Saint Martin d’Hères, France,
2National Institute of Chemical Physics and Biophysics, Tallin, Estonia.
It is becoming clear that the structure of the cell is important for the organiza-
tion and energy metabolism of cells. Previous studies in our lab showed how
mitochondria in adult cardiomyocytes are arranged regularly within Intracellu-
lar Energetic Units in a longitudinal lattice at the level of A-band between the
myofibrils and located within the limits of the sarcomers (Biochim Biophys
Acta, 2010, 1797: 678-97). in the present study the mitochondrial position
and dynamics were studied in adult rat cardiomyocytes in which Z-lines
were labelled by fluorescent a-actinin. Fast scanning of intact adult cardiomyo-
cytes by transfected GFP-a-actinin was carried out using a line scanning LSM7
LIVE and LSM710 confocal microscope. The results show that cytoskeletal
proteins position each mitochondrion in a specific area and make fusion and fis-
sion physically unfeasible processes. The fast and simultaneous line scanning
in two fluorescent channels synchronized with the piezo stage axial displace-
ments allow rapid 3D imaging of the mitochondrial dynamics referenced to
the structural elements of sarcomers. The on-going research work aims at cap-
turing dynamic behaviour of both intra- and extra-mitochondrial regulatory
proteins in correlative manner.
This study was performed in the framework of ANR project SYBECAR,
France.
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Measuring Actin Flow in Cell Protrusion in 3D
Chi-Li Chiu, Jose S. Aguilar, Michelle A. Digman, Enrico Gratton.
University of California, Irvine, Irvine, CA, USA.
Cells generate forces through the cytoskeleton that are transmitted to the extra-
cellular matrix via cell adhesion in order to adhere and migrate. Though cellular
force generation has been studied in detail in 2D environment, less is known
about cytoskeleton dynamics of cells embedded in natural 3D matrices.
Fluorescent Speckle Microscopy (FSM) has been used to capture high-
resolution images of actin turnover dynamics within living cells in 2D. How-
ever, this method is not applicable when cells are in 3D environment due to
lower resolution and signal level.
In this work we developed a new method to capture actin flow in 3D with high
spatial-temporal resolution. Modulation tracking and correlation spectroscopy
techniques were combined to show the directional flow of actin in 3D live cell.
MDA-MB 231 cells with actin-GFP expression were cultured in type I colla-
gen. The laser bin was oscillating back and forth at nearby two cross sections
on cell protrusion, while scanning in orbit manner at each plane. The orbit ra-
dius was modulated in order to detect actin flow in the center of the protrusion.
The intensity carpets from two positions were then cross-correlated.
We found that actin in cell protrusion in 3D is relatively stable. Most of the
measurement showed no correlation of two positions while some showed direc-
tional flow near protrusion surface. The actin flow rate of cell protrusion in 3D
measured using this method is in the order of seconds, which is comparable to
2D results using FSM.
With this method, we are able to visualize and quantify actin flow in 3Dwithout
the need of special speckle vectors and with high spatial-temporal resolution.
Grant Acknowledgement:
This work was supported by grants P41-RRO3155 and P50-GM076516.
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