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mutations on enzyme kinetics and torque production in F; from the yeast
S. cerevisiae.

Mitochondrial Genome Integrity (mgi) mutations allow yeast to survive the loss
of mitochondrial DNA. A number of these mutations occur in the genes encod-
ing the F; portion of the ATP Synthase, and have been shown to uncouple ATP
Synthase (Wang et al. 2007). The mutations cluster around the collar region of
F, where the alpha, beta and gamma subunits interact and are thus likely to af-
fect F; rotation.

Using a high speed camera and a novel method for laser darkfield microscopy,
we captured the rotation of wild-type and mgi forms of yeast F{-ATPase. We
show for the first time that at saturating ATP, wild-type yeast F; rotates approx-
imately four times faster than the thermophilic F;. Kinetic and substepping be-
haviour in wildtype yeast appears to be similar to that observed in bacterial Fy,
but some of the mgi forms show behaviour that is different to both wildtype and
previously reported forms of F;. We will use the results from these single mol-
ecule experiments in conjunction with structural studies to elucidate the mech-
anisms underlying rotation in wildtype and mgi forms of F;.

This work was supported by NIH ROIGM0662223.
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F-ATP synthases are the most prom- v
inent ATP source across the living
world. These enzymes couple the
structural changes required for cata-
lyzing the conversion of ADP and
Pi into ATP to the transmembrane
flow of protons or sodium ions
down their electrochemical gradi-
ents. The key, coupling element in these molecular machines is the mem-
brane-embedded Fo rotor, or c-ring. The recent emergence of high-resolution
structural data and the close interplay of experimental methods with advanced,
quantitative molecular simulations are providing novel and important insights
into the mechanisms of these essential proteins. We present an overall summary
of our recent progress in this area, particularly pertaining to the mechanism by
which ion exchange across the lipid membrane is coupled to the rotation of the
c-ring, as well as to the structural basis for the distinct ion-binding selectivity
observed for different species. We believe these principles may well apply
more generally in the context of ion-coupled membrane transport.

Meier [...] Faraldo-Gomez (2009). J. Mol. Biol. 391:498-507.

Pogoryelov [...] Faraldo-Gomez, Meier. (2009). Nat. Struct. Mol. Biol. (in
press).

Krah [...] Meier, Faraldo-Gomez (2009). J. Mol. Biol. (under review).
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Insights from Free Energy Simulations and QM/MM Simulations
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Ton-coupled transport of neurotransmitter molecules by secondary amino-acids
transporters plays pivotal role in the regulation of neuronal signaling. One of
the major events in the transport cycle is ion-substrate coupling and formation
of the high-affinity occluded state with bound ions and substrate. Molecular
mechanisms of ion-substrate coupling, specificity for a particular cation and
the corresponding ion-substrate stoichiometry in secondary transporters has
yet to be understood. We have studied Li+/K+/T1+/Na+ binding and/or selec-
tivity to several transporters with available crystal structures such as the bacte-
rial aspartate transporter GltPh , leucing transporter LeuT and maltose trans-
porter vVSGLT using free energy simulations and QM/MM minimization to
evaluate the role of different factors in the observed selectivity and ion binding
to the protein. Two different mechanisms were found to co-exist for crystallo-
graphically characterized binding sites Nal and Na2 in LeuT and Glt. Further-
more, site Nal appeared to be well conserved amongst members of different
families. To evaluate the role of Na+ binding in the transporter function, we
have performed free energy simulations to determine actual cation selectivity
as well as binding affinity for sites Nal and Na2 in the protein. QM/MM min-
imization was used to characterize the role of the electronic effects of the sta-
bilization of non-native cations such as Li+ and Tl+ in the Na+-selective sites
of different transporters. In the case of T4 binding to Glt transporter, neighbor-
ing residues from a second solvation shell provide a necessary stabilization to

the larger cation due to polarization and charge transfer effects implying a rather
large flexibility of the metal binding sites.
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Computational Approaches to Understanding the Mechanism of Trans-
port in the Na+/galactose Co-Transporter vSGLT
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A number of recent high resolution structures suggest that a larger family of
cation coupled substrate transporters share a common core architecture. At
the molecular level, it is not known how this architecture enables them to har-
ness the energy stored in ionic gradients to move small molecules across the
membrane. We have studied the details of substrate and ion entry and exit to
the cytoplasm of the galactose symporter vSGLT. We used equilibrium molec-
ular dynamics (MD) simulations to determine the role of key residues in stabi-
lizing galactose and sodium in their respective binding sites. The simulations
show that the transporter is stable when simulated as a monomer having only
small deviations from the x-ray structure. We also used steered MD simulations
to pull galactose and sodium from their site into the cytoplasm to obtain the free
energy for unbinding.
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A Mutation Associated with DCM Increases Phospholamban Oligomeriza-
tion and Decreases SERCA-Binding, but Does Not Change Phopholamban
Tertiary Strucuture or Phosphorylation by PKA
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To better understand the pathological mechanism of a human dilated cardiomy-
opathy phospholamban (PLB) mutation (R9C), we investigated the effects of
this mutation on PLB structure and regulatory interactions. Notably, we ob-
served efficient phosphorylation of ROC-PLB by PKA in vitro, and nuclear
magnetic resonance (NMR) spectroscopy showed no change in R9C-PLB
structure compared to WT. To test ROC-PLB binding interactions in live cells,
PLB was expressed as cyan and yellow fluorescent protein (CFP/YFP) fusions
in AAV-293 cells, and PLB oligomerization and SERCA-binding were quanti-
fied by fluorescence resonance energy transfer (FRET). 100 micromolar H,O,
applied to the cells induced a rapid quench of CFP-R9C-PLB fluorescence
and a concomitant increase in YFP-ROC-PLB fluorescence, indicating an in-
crease in intraoligomeric FRET after oxidation. FRET enhancement after per-
oxide addition was not observed for CFP/YFP-WT-PLB. To test whether the
FRET increase was due to increased oligomerization or a quaternary conforma-
tion change, we measured intraoligomeric FRET in a population of cells ex-
pressing a wide range of ROC-PLB protein concentrations. FRET dependence
on concentration yielded oligomer intrinsic FRET efficiency (FRET,,,x) and
relative dissociation constant (Kp). Compared to WT, R9C-PLB had a de-
creased Kp and increased FRET,,,«, indicating an increased oligomerization af-
finity and more compact oligomer structure, respectively. The enhanced oligo-
merization of ROC-PLB was matched by a decrease in SERCA-binding
compared to WT. Overall the data suggest a new mechanism by which the
R9C mutation may exert a pathological effect: decreased SERCA regulation
and increased oligomerization, as consequences of increased sensitivity of
RIC-PLB to oxidation.
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The Na,K-ATPase Betal and Beta2 Subunits Associate with Different
Quality Control Pathways in the ER
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The catalytic Na,K-ATPase a-subunit is not able to exit the ER or catalyze ion
transport unless assembled with the B-subunit. However, requirements for the
ER exit of the Na,K-ATPase B-subunit that plays an additional, ion-transport-
independent, role in intercellular adhesion are not clear. The Na,K-ATPase
By- or B,-subunits and their N-glycosylation-deficient mutants were expressed
in renal MDCK cells. Confocal microscopy, immunohistochemistry, and
immunoprecipitation were employed to evaluate the role of N-glycans of
the B-subunit isoforms in the quality control of the Na,K-ATPase in the
ER. Mutagenic removal of as few as two of the eight N-glycosylation sites
from the B,-subunit precludes its assembly with the o subunit and results
in full retention of the unassembled B,-subunit in the ER. However, removal
of all three N-glycosylation sites from the B;-subunit only slightly affects its
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assembly with the o;-subunit and trafficking to the plasma membrane. The
B,-subunit binds 4-5-fold more efficiently to the ER lectin chaperone, cal-
nexin, and 2-3-fold less efficiently to the non-lectin ER chaperone, BiP,
than the B;-subunit. These results indicate that folding of the B,- and f;-sub-
units is mediated by lectin and non-lectin chaperones, respectively, consistent
with the essential role of N-glycosylation for folding and trafficking of the B,
but not of the B;-subunit. Disruption of the o,;-f association by mutations in
defined o-interacting regions of either ;- or B,-subunits results in the ER
retention of unassembled mutants, indicating that o-f assembly is essential
for the ER export of either B-subunit isoform. In conclusion, the ER quality
control system ensures that only properly folded B-subunits assemble with
the a-subunits and only assembled a- complexes are exported to the Golgi
and delivered to the plasma membrane.

Supported by NIH, DK077149 and DK58333.
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Not All ABC Transporters are the Same: Correlation between Genetic,
Structural, and Mechanistic Diversity
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ATP binding cassette (ABC) transporters constitute a ubiquitous super-family
of integral membrane proteins that translocate a diverse array of substrates
across cell membranes. Studies of several well-characterized systems sug-
gested a mechanistic similarity between different members of this large family
of transporters. However, more recent reports pointed out significant differ-
ences at the genetic and structural levels. We report here a functional compar-
ison between several ABC transporters of different substrate specificities and
find fundamental differences between them. Type I ABC transporters, exempli-
fied by the arch typical maltose transporter, are characterized by an inherent in-
stability of the transporter-receptor complex. In these systems, ATP binding
promotes complex formation, and binding of substrate-loaded receptor acceler-
ates the rate of ATP hydrolysis. In contrast, in type Il ABC transporters (the
metal-chelate transporters), the ““default” complex is extremely stable. How-
ever, for productive transport to occur, the complex must dissociate, an event
mediated by both substrate and ATP binding. Relative to type I transporters,
high basal ATPase rates are measured with modest to negligible stimulation
by substrate-loaded receptors. These and other findings presented here high-
light significant mechanistic differences between ABC transport systems, indi-
cating that considerable mechanistic diversity exists within this large super-
family of proteins.
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How Binding of the Signal Peptide Unlocks the Translocon
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In all organisms, many of the proteins newly synthesized by the ribosome are
targeted to the SecY/Sec61 translocon for secretion or incorporation into the
lipid membrane. Targeting of secreted proteins is generally encoded in a ~20
amino acids extension of the N-terminus of the nascent protein, denoted as the
signal peptide. The translocon opens upon binding of the signal peptide and
the ribosome (or the SecA motor). To understand how SecY/Sec61 opens,
it is essential to know the structure and dynamics of the translocon:signal pep-
tide complex in a hydrated lipid membrane. Molecular dynamics simulations
of the SecY translocon from M. janaaschii with proOmpA signal peptide re-
veal that the structure and dynamics of both the translocon and the signal pep-
tide change significantly upon formation of the complex. It appears that inside
the translocon the signal peptide has a preferred location in which it interacts
with water molecules and with highly conserved SecY amino acids whose
mutation causes translocation defects. Binding of the signal peptide induces
changes in the relative orientation of transmembrane helices of the translocon,
and also affects the structure and interactions with water and the rest of the
protein of the plug segment that closes the periplasmic vestibule of the trans-
locon in the closed state. The structure and dynamics of the translocon and
signal peptide are coupled: mutating the translocon induces changes in the
structure and dynamics not only of the translocon, but also of the signal pep-
tide.

This research was supported in part by the National Institute of General
Medical Sciences (GM-74637 to S.H.W) and the National Science Foundation
(CHE-0750175 to D.J.T.), and an allocation of computer time from the
National Science Foundation through the TeraGrid resources at TACC
(Ranger).
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Simulation Studies of Peptide Induced Membrane Poration and Fusion
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A wide range of peptides is known to
modulate the behavior of lipid mem-
branes, in particular to be able to de-
stabilize the normal lamellar state.
Here we compare the various ways
in which a lipid membrane can be dis-
torted due to the presence of such
peptides, using molecular dynamics
simulations. In particular we show
examples of membrane poration by
antimicrobial peptides, micropinocy-
tosis by cell penetrating peptides,
and the formation of cubic phases
by fusion peptides (see figure).
Snapshot of a single diamond cubic phase induced by the Influenze HA fusion
peptide. The helical parts of the peptides are shown as red rods, the lipid/water
interface as a green surface. Lipid tail beads are shown in gray. This particular
cubic phase is special as it combines both pores (the white gaps) and stalks (filled
with lipid tails) in one phase. The peptides stabilize this stalk/pore structure.
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Cationic Lipids: from Membrane Destabilization to Cell Signaling
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Cationic liposomes have been used over the past decades with gene therapy or
vaccination trials in mind, considering them primarily as the smart Trojan horse
allowing to go trough the cell walls. Fusion-promoting lipids such as DOPE were
thus added with some success to try to enhance the destabilizing properties of
some cationic lipids, while others were intrinsically destabilizing. It is difficult
to conceive that lipids that destabilize membranes would act innocently on the
cell physiology. After all, lipids are not only the backbone of membranes, they
also act as facilitators of membrane functions such as endocytosis, budding,
curving; they regulate protein membrane activity and can even serve as signal
transmitters (bioactive lipids). Rather than being considered as responsible for
harmful side-effects that should be minimized, cationic lipids could be consid-
ered as a potential immunostimulating or pharmacological agents. We illustrate
these aspects with diC14-amidine, which forms liposomes with a bilayer at the
edge of instability. DiC14-amidine fuses easily with cell membranes, modifies
cell signaling and activates immune responses through destabilization and/or ac-
tivation of specific membrane receptors, like TLR4 [1,2]. Like it was shown for
natural lipids, this demonstrates that cationic lipids are not only membrane de-
stabilizing agents but might affect cell membrane components function.

1. Lonez C, Vandenbranden M, Ruysschaert JM. Prog Lipid Res. 2008.
47(5):340-7.

2. Tanaka T et al. Eur J Immunol. 2008. 38(5):1351-7.
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Cationic Lipid Vectors for Gene Delivery: Distinct Pathways of Endosomal
Release
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Cationic liposomes (CLs) are used as non-viral gene vectors in worldwide
human clinical trials of gene therapy. Because our understanding of the mech-
anisms of action of CL-DNA complexes remains poor and transfection efficien-
cies remain low compared to gene delivery with viral vectors, significant
additional insights and discoveries will be required before the development
of efficient chemical carriers suitable for long-term therapeutic applications.
(For example, virtually all current human gene therapy protocols using lipofec-
tion as a vector contain cholesterol even though very little is understood about
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