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Sarcoplasmic reticulum is one of the most intensively studied membrane

. systems. As isolated in highly purified forﬁ, it is capable of energized

calcium uptake and has a relatively simple composition. The major progein
counstituent (>90%Z) is the calcium~pump protein (1, 2), which has been
dissociated from the sarcoplasmic reticulum membrane and reconstituted to form .
functional meﬁbrane vesiéles (3, 4). Such membranes of defined iipid contént
make possible detailed studies aimed at correlating membrane composition with
structure and structure with function (4, 5, 6, 7).

31

P NMR has been previously used to study the motion of the polar head

group region of model phospholipid membranes (8, 9, 10). Oriented

- multilamellar systems have proved particularly useful for this purpose (8, 9,

11). The aﬁgular dependence of the position of the 31p NMR signal from

oriented membranes can be used to calculate the phosphorus chemical shift

\

anistropy and the direction of the symmetry axis for the motion of the

31P NMR signal

phosphate group. The angular dependence of the width of the
can be used to calculate the dipolar interaction between the phosphorus
nucleus and the protons on the two adjacent methylene groups, and the
direction of the symmetry axis for the motion of these two groups.

31P NMR signal from oriented

Figﬁre 1 shows the angular dependence of the
sarcoplasmic reticulum membranes. Similar spectra were obtaineq~ffom oriented
recontituted sarcoplasmic reticuluﬁ membranes with lipid-to-protein ratios
ranging from 42:1 to 110:1 and from ofiented bilayer membranes formed from

sarcoplasmic reticulum phospholipids (12). The dependence of the 31P NMR

" spectra on the alignment of the membranes with respect to the magnetic field

was used to draw two conclusions about the motion of the phospholipid




moleéules that qontribute'to the observed spectra. First, the phosphate group
Aand the two édjacent methylene groups are able to rapidly rotéte (i.e., faster
than 10-5 sec) around the normal to the planezof the membrane. Second, the
restricted internal motion of the phosphate.grOpp and the glycerol CHZOP group
is very similar to éhat foﬁnd in liposomes formed from‘sarcoplasmic reticulum
phospholibids. Calibration experiments showed that all (100 % 7%) of the
phospholipid molecules in the membrane can be accounted for in the obéerved_
spectra. Thus, essentially all the phOSpholiﬁid molecules in fhe sarcoplasmic
reticulum and the reconstituted sarcoplasmic reticulum membranes have the same
motion in the polar headgroup region as found in model bilayer membranes.
Since a large fraction of the phospholipid molecules (bétween oné-quarter and
one~half depending on the lipid to protein ratio) are iﬁmediately surrounding

the calcium—pump protein, we conclude that the calcium—puﬁp protein does not

perturb the motion of these '"boundary-layer' lipids.




315 ww signal from oriented

Figu;e 1: The angular dependence of the
sarcoplasmid reficulum membranes.l The spectra shown in-traces A to D were
taken Qith membranes aligned so that the anglé between the magnetic field and
the notmél to ;he plane of the membrané was 0%, 30°, 55°'aﬁd 90°,
respectivély. The dashed lines are theoretical gaué;ian curves which were
used to defing fhe éosition and.the width of the component of the signal
arising from planaf regions of the flat;ened spherical vesicles (12). The

, , 7 a
spectra were taken at 145.7 MHz.. The total sweep wiéﬁ%.is 20 4#Hiz. Each

spectrum was accumulated for approximately two hours at 8 & 1°,
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