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dipoles, etc.) dominate chemical activity, hence solution properties. Protein
charge can be determined accurately using a combination of electrophoretic
and hydrodynamic measurements. It is essential to measure charge since calcu-
lated values (e.g., from isoelectric point determinations) may be in serious er-
ror. Monoclonal IgGs (mAbs) provide an important example where charge
must be measured. Charge determinations for 11 different mAbs in 100 mM
KCl at pH 6.0 show that calculated values overestimate the charge by ~17,
with the discrepancy increasing to ~50 at pH 5.0. The mechanisms underlying
charge suppression are unclear. There is nothing obvious in IgG structure (e.g.,
buried side chains, H-bonding, clustered charged side chains) that would ac-
count for the suppressed charge. It seems likely that weak ion binding (either
site or territorial) by IgGs may occur since changing the solvent ionic strength
and ion composition influence charge suppression beyond their Debye-Hückel
effects. The unusual charge properties of IgGs may have both in vivo and
in vitro significance. In vivo, charge suppression may provide a ‘‘buffer’’
that allows high plasma concentrations of IgGs with different amino acid com-
positions. Charge also may be important in Fc receptor binding of IgGs. Anal-
ysis of isolated Fc and Fab fragments reveals that the Fc fragment charge is less
than þ1 at pH 6.0, where the calculated charge is þ9. In vitro, IgG charge cor-
relates with increased solubility and reduced solution viscosity, properties that
are important in drug formulation.
Funding: Biomolecular Interactions Technology Center, Center to Advance
Molecular Interaction Science

1085-Plat
A Near Atomic Resolution Model of the Microvillus and the Organization
of the Brush Border
Jeffrey W. Brown, C. James McKnight.
Boston University School of Medicine, Boston, MA, USA.
Microvilli are ~1-mm long finger-like projections present on the apical surfaces
of certain, specialized absorptive epithelial cells. A highly symmetric hexagonal
array of thousands of these structures form the brush border, which in addition to
providing a significant increase in surface area also serves a barrier function
against invading pathogens. Here, for the first time, we present an atomic model
of the protein cytoskeleton responsible for this dramatic cellular morphology.
This model incorporates spectroscopic, crystallographic, and microscopic data
reported by several groups over the last 30 years into a single cohesive macromo-
lecular complex composed of actin, fimbrin, villin, brush border myosin
(Myo1A), calmodulin, and brush border spectrin. The biological, biochemical,
and biophysical implications stemming from this model will be discussed.

1086-Plat
Structural Study And Modeling Of The Influenza Viral Ns1 Protein
Chang-Shung Tung.
Los Alamos National Laboratory, Los Alamos, NM, USA.
The influenza NS1 protein is an intriguing molecule that performs a large num-
ber of functions and interacts with different types of molecules including pro-
teins and nucleic acids. The N-terminal domain and the C-terminal domain
structures of the molecule have been solved and both domain structures exist
in a dimeric arrangement. Based on docking studies and using a loop-modeling
algorithm developed in our laboratory, we have developed structural models for
the NS1 dimeric complex. These models are compared to each other and to the
Bornholdt & Prasad model. The bindings of both the double-stranded nucleic
acid molecule and the single-stranded poly(A) mRNA to the NS1 protein are
investigated. The relative small interface surface areas for the dimeric complex
are consistent with the conservation of the domain structure during the dimer-
ization process. Structurally, considering the NS1 protein as a two-domains sig-
naling molecule is discussed. While there is a lack of sequence homology, there
exist similarities between the domain structures of the NS1 protein and other
signaling molecules.

Platform T: Ion Motive ATPases

1087-Plat
Cryoelectron Microscopy of an ATP-dependent Cu pump from Archaeo-
globus fulgidis
David L. Stokes1,2, Chen-Chou Wu1.
1NYU School of Medicine, New York, NY, USA, 2New York Structural
Biology Center, New York, NY, USA.
CopA is an ATP-dependent Cu pump that belongs to the P1 subfamily of P-type
ATPases. This subfamily shares core catalytic domains with other members of
the family, such as Ca-ATPase and Na,K-ATPase, for which the X-ray crystal
structures have been determined. Members of the P1 family are characterized
by extended N-termini, which contain tandem repeats of metal binding domains
(MBD). Compared to other P-type ATPases, P1 pumps have two extra trans-
membrane helices near the N-terminus and truncation of four C-terminal trans-
membrane helices. CopA from Archaeoglobus fulgidis is an unusual P1 pump
because, in addition to the N-terminal MBD, it also has a C-terminal MBD. Al-
though there is some uncertainty about their precise function, MBDs have been
proposed to participate in regulation, in targeting, and in transfer of Cu to the
transport sites. To study the structural disposition of the MBDs, we have ex-
pressed constructs of CopA with truncation of the N-terminus and the C-termi-
nus either individually or together. We have used cryoelectron microscopy and
helical reconstruction to determine structures of these constructs. Comparison
of the double truncation with the C-terminal truncation revealed the location of
the N-terminal domain. We constructed an atomic model by fitting X-ray crys-
tal structures of relevant fragments into our map, which suggests a regulatory
role for the N-terminal domain. By imaging somewhat wider tubular crystals
with better order, we have been able to determine the structure of the C-termi-
nal truncation at higher resolution. This new structure reveals the architecture
of the transmembrane domain and allows us to place the extra two transmem-
brane helices with greater precision. Additionally, we are working on a structure
of the N-terminal truncation, which should reveal the location of the C-terminal
domain and help us determine its role in Cu transport.

1088-Plat
Molecular Insights Into The Modulation Of Sodium Binding Affinity And
Voltage Sensitivity Of The Sodium-Potassium Pump From Molecular
Dynamics Simulations, Electrophysiology And Structure
Himanshu Khandelia1, Hanne Poulsen2, J. Preben Morth2, Poul Nissen2,
Ole G. Mouritsen1.
1University of Southern Denmark, Odense, Denmark, 2Aarhus University,
Aarhus, Denmark.
The Naþ-Kþ ATPase couples ATP hydrolysis to the export of three Naþ ions
and the import of two Kþ ions into the cell. It has been proposed that the C-ter-
minus controls the pump’s Naþ-binding affinity, but the molecular details of
the pump’s voltage sensitivity and regulation remain unknown. Combining
data from Molecular Dynamics simulations, Electrophysiology and Crystallog-
raphy, we propose a novel molecular mechanism of voltage sensitivity and reg-
ulation of the pump by the C-terminus.
When transmembrane electrical potentials are applied in simulations, a contro-
versial PKA phosphorylation site: Ser936 becomes more accessible to cyto-
plasmic kinases than in the crystal structure. Phosphorylation of Ser936 has
a disordering effect on the C-terminus, which is linked to Ser936 by a hydro-
gen-bonding bridge involving Asp995 and Glu996. Electrophysiological stud-
ies in Xenopus oocytes confirm the predictions and show that Ser936Glu,
Asp995His and other related mutants distinctly alter the Naþ-binding affinity
and voltage sensitivity. The study addresses a long-debated possible regulatory
role of residue Ser936, and shows how the regulatory C-terminus is linked to
Ser936 and Asp995, mutations in which cause Familial Hemiplegic Migraine.
1089-Plat
Cross-Linkable, Gain-of-Function Phospholamban (PLB) Mutant Reveals
the Molecular Mechanism of SERCA2a Inhibition
Brandy L. Akin, Zhenhui Chen, Larry R. Jones.
Indiana University School of Medicine, Indianapolis, IN, USA.
The PLB monomer inhibits the Ca2þ pump of cardiac sarcoplasmic reticulum
(SERCA2a) by decreasing the apparent Ca2þ affinity of the enzyme. Here we
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addressed the molecular mechanism of enzyme inhibition using a PLB triple-
mutant, N27A, N30C, L37A-PLB (PLB3), which is a potent gain-of-function
PLB mutant that is cross-linkable to SERCA2a at Lys328. We observed that
the protein-protein interaction between PLB3 and SERCA2a was strictly
Ca2þ-dependent and that several fold higher Ca2þ concentrations were re-
quired to both dissociate PLB3 from SERCA2a and to stimulate Ca2þ-ATPase
activity. The results suggest that PLB inhibits SERCA2a activity by competing
directly for Ca2þ binding to the enzyme and that PLB must completely disso-
ciate from SERCA2a for enzyme activation to occur. To test this hypothesis
further, we co-expressed PLB3 with D351A-SERCA2a, a Ca2þ pump mutant
that is inactivated at the site of ATP hydrolysis in the cytoplasm, but which re-
tains the two high affinity Ca2þ binding sites in the membrane and maintains
the thermodynamic equilibrium between E1 (high Ca2þ affinity state) and E2
(low Ca2þ affinity state). Remarkably, the affinity of D351A for Ca2þ was in-
creased 30-fold relative to that of WT-SERCA2a, demonstrating a robust, long-
range communication between the ATP hydrolysis site in the cytoplasm and the
Ca2þ binding sites in the membrane. Nonetheless, PLB3 continued to bind
strongly to D351A, and several fold higher Ca2þ concentrations were required
to dissociate PLB3 from D351A compared to PLB molecules with normal func-
tion. Our results strongly support our model in which PLB binds to one unique
conformation of SERCA2a, the Ca2þ free, E2 conformation stabilized by
bound nucleotide. For both WT-SERCA2a and D351A, PLB lowers the
Ca2þ binding affinity of the enzyme by stabilizing E2 thereby blocking the
transition to E1.

1090-Plat
The Oligomeric Forms Of Phospholamban And Sarcolipin Physically
Interact With The Sarcoplasmic Reticulum Calcium Pump
John Paul Glaves1, Przemek Gorski1, Howard S. Young1,2.
1University of Alberta, Edmonton, AB, Canada, 2National Institute for
Nanotechnology, National Research Council of Canada, Edmotnon, AB,
Canada.
Phospholamban and sarcolipin physically interact with the sarcoplasmic retic-
ulum calcium pump (also known as SERCA) and regulate contractility of the
heart in response to adrenergic stimuli. We have studied this interaction using
electron microscopy of large two-dimensional crystals of SERCA in complex
with either phospholamban or sarcolipin. The crystals are comprised of the
anti-parallel dimer ribbons of SERCA molecules previously seen in helical
crystals, but packed into a novel lattice with p22121 symmetry. In previous
studies, phospholamban pentamers were found interspersed between the
SERCA dimer ribbons and a three-dimensional model was constructed to
show potential interactions with SERCA. Herein, we have obtained two-dimen-
sional co-crystals of SERCA and sarcolipin. Our analyses indicate that the olig-
omeric states of phospholamban and sarcolipin are similar in the context of the
crystals and are most consistent with a pentameric arrangement. We also exam-
ined the crystallization behavior of gain-of-function mutants of phospholamban
(Lys27 to Ala) and sarcolipin (Asn4 to Ala) in an attempt to understand the phys-
iological relevance of the crystal contacts. In both cases, the gain-of-function
mutants enhance crystal formation, supporting the notion that the crystal con-
tacts represent a functional interaction. This interaction occurs within the
membrane and most likely involves transmembrane segment M3 of SERCA.
Importantly, this transmembrane segment of SERCA bears homology with the
Leu-Ile zipper found in phospholamban. The combined results suggest that
SERCA reversibly dissociates the phospholamban and sarcolipin oligomers,
actively influencing the pool of monomers available for the inhibitory interaction.

1091-Plat
Protein Translocation Across Membranes: Components of Outer Mem-
brane Colicin Translocons
Stanislav D. Zakharov1, Onkar Sharma1, Eiki Yamashita2,
Mariya V. Zhalnina1, Kirill A. Datsenko1, Sara Ess1, Barry L. Wanner1,
William A. Cramer1.
1Purdue University, West Lafayette, IN, USA, 2Osaka University, Osaka,
Japan.
Translocation of the nuclease colicins E2 and E3 across the E. coli outer mem-
brane is initiated by high affinity (Kd < 10�9 M) binding of the receptor-
binding (R) domain to the vitamin B12 (BtuB) receptor in the E. coli outer
membrane. Based on genetic analysis (1), and crystal structures of BtuB (2),
the complex of the R-domain of colicins E2 or E3 bound to BtuB (3, 4), and
of the OmpF porin containing the inserted N-terminal disordered segment of
the colicin translocation (T) domain (5), a ‘‘fishing pole’’ model for the colicin
translocon was inferred (3-5). The T- and C (catalytic) colicin segments
must unfold before insertion into OmpF. FRET analysis was employed to study
the colicin unfolding upon interaction with BtuB and OmpF (6). A rapid (k1/2<
1 sec�1) decrease in FRET efficiency between translocation and cytotoxic do-
mains of colicin E3 was observed upon independent and additive colicin bind-
ing in vitro to BtuB and OmpF. Colicin interactions with BtuB and OmpF have
a major electrostatic component, provided at least partly for BtuB by R-domain
Arg399. Thus, free energy for colicin unfolding is provided by binding of the
R- domain to BtuB and also by binding/insertion of T-domain to OmpF.
Screening the ‘‘Keio collection’’ for cytotoxicity of several group A and B
colicins has shown thus far that colicin N binds to the first glucose of the
LPS inner core (7).
(1) Benedetti et al.,1989.
(2) Cherezov et al., J. Mol. Biol, 364,716-, 2006.
(3) Kurisu et al., Nat. Struct Biol., 10:948-, 2003.
(4) Sharma et al. J. Biol.Chem., 282, 23163, 2007.
(5) Yamashita et al., EMBO J., 27, 2171-, 2008.
(6) Zakharov et al., Biochemistry, 47: in press, 2008.
(7) Sharma et al., in preparation, 2008. [NIH-GM18457(WAC), NIH-
GM083296(BLW)].

1092-Plat
Mechanism Of Ion-ion And Ion-substrate Coupling In Secondary Amino-
acid Transporters
Sergei Noskov, David Caplan, Julia Subbotina.
University of Calgary, Calgary, AB, Canada.
The x-ray structures of LeuT and Glt, bacterial homologues of Naþ/Cl–depen-
dent amino-acid transporters, provides a great opportunity to better understand
the molecular basis of monovalent cation. Both proteins possess ion-binding
sites selective for Naþ over Kþ and Liþ. Extensive QM/MM minimization
combined with all-atom free energy molecular dynamics simulations of the
LeuT and Glt transporters embedded in an explicit membrane are performed
at different temperatures and various occupancy states of the binding sites to
dissect the molecular mechanism of ion selectivity, coupling between co-trans-
porter substrate and ions occupying binding sites. In this work, we demonstrate
that there is a collective effect of multiple binding sites on a total selectivity for
Naþ over Liþ both in LeuT and Glt. We also will discuss functional roles of
different ion binding sites in the transport cycle. The role of local connectivity,
site rigidity, atomic polarization and partial charge transfer in monovalent cat-
ion selectivity is discussed.

1093-Plat
Single Molecule Measurements on the Mechanism of Protein Import by the
Toc Translocon
Christina Lumme, Thorsten Hugel.
TU Muenchen, Garching b. Muenchen, Germany.
In cells up to 50% of all cytosolic synthesized proteins have to traverse at least
one membrane to reach their place of function. This requires the action of mem-
brane embedded molecular machines. The Toc complex in chloroplasts is such
a molecular machine (Soll, J. and Schleiff, E. Nat Rev Mol Cell Biol, 2004).
Despite the identification of many components involved in the translocation
process, not much is known about the mode of function of the Toc complex
at the molecular level. We address this molecular mechanism with Single Mol-
ecule Fluorescence Resonance Energy Transfer (smFRET) and magnetic twee-
zers (MT) experiments. Specifically labelled components of the Toc complex
and fluorescent labelled GTP (analogues) give insights into the stoichiometry
and assembly of the Toc complex as well as its GTPase function under various
conditions. The stall forces, force generating steps and translocation velocities
are deduced from MT experiments. Finally, a combination of these two
methods will allow to formulate a kinetic model of protein translocation, which
will be an important step for the biological and systematic description of pro-
tein sorting and, subsequently, cellular function.

1094-Plat
Proton-Pumping As The Activity That Drives Living Systems
Thomas H. Haines.
Rockefeller University, New York, NY, USA.
All living membranes (as apposed to non-living myelin) pump ions. The intro-
duction of the sources of energy upon which living cells rely, enter cells via ion,
commonly proton, pumping to make ATP. These energy sources consist of ei-
ther redox energy or photons. Heterotrophic cells may take in energy in the
form of glucose or other covalent sources but the energy is converted into
NADH or its equivalent by metabolism. The reductive product is then trans-
duced via proton pumping to ATP production. In eukaryotes some of that
ATP is used to pump protons in other, internal cellular membranes.
Thermodynamically, living cells characteristically use energy to create order.
The equations that explain this apparent contradiction of the 2nd Law of Ther-
modynamics were best derived by Ilya Prigogene and Ephraim Katchalsky who
established that such activities must be near-to-equilibrium and must be local
within a larger surrounding environment that increases its entropy. Prigogene
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