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hancement spectroscopy (NOESY) under conditions of magic
angle spinning as well as by neutron scattering. NOESY with
application of pulsed magnetic field gradients (PFG) improved
detection of very weak crosspeaks like those between water and
lipids. NOESY spectra were recorded at mixing times from 5 to
800 ms and all water-lipid and lipid-lipid cross-relaxation rates
determined by a matrix approach. The analysis shows that water
molecules interact almost exclusively with sites of the lipid-water
interface including choline-, phosphate-, glycerol-, and carbonyl
groups, in perfect agreement with measurements of water density
distribution by neutron diffraction at identical conditions. Water
does not penetrate beyond lipid carbonyl groups to a significant
extent. The lifetime of water associations with any segment of
lipids is rather short, on the order of 100 ps. The low cross-
relaxation rates between water and hydrophobic methylene protons
could be as much the result of infrequent chain upturns towards the
lipid-water interface as of an occasional deep penetration of water
molecules into the hydrophobic core. The very low water content in
the bilayer center indicates that water permeation through bilayers
must be a very rapid event.
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Choreography of Lymphocyte
Activation
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We are investigating cellular and molecular mechanisms that allow
T cells to respond to presentation of a specific antigen while
avoiding inappropriate triggering. Observed within lymphoid or-
gans in vivo by two-photon microscopy, T cells migrate in a three-
dimensional random walk at 10 - 12 um/min and respond to specific
antigen presented by dendritic cells. Ca2+ signaling is triggered by
contact with the antigen presenting cell, is required for gene
expression via the NF-AT transcription factor pathway, and is
sustained by Ca2+ release-activated Ca2+ (CRAC) channels, a
type of store-operated Ca2+ channel. Having shown that Drosoph-
ila S2 cells express CRAC current with the same biophysical
properties as in human T cells, we used an unbiased genome-wide
RNA interference screening approach to identify molecules that
underlie store-operated Ca2+ influx. We identified an ER-resident
single-span transmembrane protein, Stim with a critical EF-hand
domain, as the Ca2+ sensor and the messenger to the plasma
membrane; and a four-span transmembrane protein, olf186-F (now
renamed Orai), as the channel. Overexpression of Stim and Orai
together markedly increased CRAC current. A conservative point
mutation from glutamate to aspartate at position 180 in the con-
served S1-S2 loop of Orai transformed the ion selectivity properties
of CRAC current from Ca2+-selective and inwardly rectifying to
Na+-selective and outwardly rectifying. Our results indicate that
Stim (STIM1 in human T cells) senses the depletion of ER luminal
Ca2+, forms puncta and translocates ‘empty handed’ to the plasma
membrane, where it interacts with Orai (ORAI1) subunits that
embody the pore of the CRAC channel.

11-Symp Structural Immunology -
Measuring Where To Stick

E. Yvonne Jones
University Oxford, Oxford, United Kingdom.

Recent results [1] on the structure and function of a receptor protein
tyrosine phosphatase, RTPT, will be presented. In addition to their
intercellular catalytic domains which bear the phosphatase activity,
the RPTPs are cell surface receptor type molecules and in many
cases have large extracellular regions. CD45 is one such example.
What role can these extracellular regions play in function? For
RTPTp the extracellular region is known to mediate homophilic
adhesion. Sequence analysis indicates that it comprises of six
domains: an N terminal MAM (meprin/A5/p), one immunoglobu-
lin-like domain and four fibronectin type III (FN) repeats. We have
determined the crystal structure of the entire extracellular region for
RTPTp in the form of a functional adhesion dimer. The physical
characteristics and dimensions of the adhesion dimer suggest a
mechanism by which the location of this phosphatase can be
influenced by cell-cell spacings.
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12-Symp F1Fo-ATPase
Michael Borsch

Universitat Stuttgart, Stuttgart, Germany.

Synthesis of ATP from ADP and phosphate is the major reaction that
provides the ‘chemical energy currency’ for living organisms. This
reaction is performed by a stepwise internal rotation of subunits of
the enzyme F,F-ATP synthase. The bacterial enzyme also cata-
lyzes the reversed chemical reaction, i.e. ATP hydrolysis. The
opposite direction of rotation during ATP synthesis and hydrolysis
was confirmed by single-molecule fluorescence resonance energy
transfer, FRET, using specific labeling of the rotary subunits y (or €)
in the F; motor and the stator subunits [1,2]. Subsequently we
investigated the proton-driven rotation of the c-subunits in the F,
motor. FRET artifacts could be minimized by ‘duty cycle optimized
alternating laser excitation’, DCO-ALEX. Rotary movements with
stochastic single stepsizes between 36° and 144° were determined
by Hidden Markov Models [3]. As the two coupled motors of F F;-
ATP synthase showed apparently different step sizes, this mismatch
has to be unraveled by mapping the contributions of rotor and stator
subunits for transient energy storage, i.e. by locating elastic defor-
mations. Actually we aim at identifying the action mode of the
allosteric inhibitor aurovertin B, which modulates single F,F;
activity either by intermittent blocking or by slowing down rotation.

References

1. Diez, M., B. Zimmermann, M. Borsch, M. Konig, E. Schweinberger, S.
Steigmiller, R. Reuter, S. Felekyan, V. Kudryavtsev, C. A. M. Seidel, and
P. Graber. 2004. Proton-powered subunit rotation in single membrane-
bound FyF-ATP synthase. Nat. Struct. Mol. Biol. /7:135-141.

2. Zimmermann, B., M. Diez, N. Zarrabi, P. Graber, and M. Borsch. 2005.
Movements of the e-subunit during catalysis and activation in single
membrane-bound H*-ATP synthase. EMBO J. 24: 2053-2063.



