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MAGNETIC RESONANCE STUDIES ON MEMBRANES AND MDDEL MEMBRANE SYSTEMS
IV. A COMPARISON OF YEAST AND EGG LECITHIN DISPERSIONS
Susan J. Kohler, Alan F. Horwitz and Melvin P. Klein
Laboratory of Chemical Biodynamics
Lawrence Berkeley Laboratory
University of California
~ Berkeley, Calif. 94720
Summary: Nuclear magnetie resonance (NMR) linewidths and relaxation rates for
both protonated and deuterated yeast lecithins are smaller than those exhi-
bited by egg lecithin. Relative to egg lecithin, the yeast lecithins contain
a much higher percentage of unsaturated fatty acids, and a higher proportion
of the saturated fatty acids are short chain. The relaxation times observed
for deuterated yeast lecithin are 2-3 fold greater than those in the protonated
analogs, thus identifying dipolar interactions as a major contributor to trans-

verse relaxation. The possibility of using partially deuterated organisms for
NMR studies of membranes is suggested.

. From recent studies on unsonicated and sqnicated equequs dispersions of;
hen egg lecithin (EL) as well as dispersions of syntheﬁic dipalmitoyl and di-
myristoyl lecithins, a rough picture of the dynamics of the fluid fatty acid
chains in thSpholipid bilayers has emerged.l-é Proper biological activity is
dependent on the fatfy acid composition of the phospholipids4 which in turn is

believed to determine the membrane fluidity. 6

However, no explicit attempt
to use NMR.to assess the importance of fatty acid composi-ion on bilayer
fluidity has yet been reported.

We report differences betweee the fatty acid compositions of yeast and
egg lecithins, compare the.NMR parameters from dispersions of these lecithins,
and felate the observed differences to fatty acid mobility in the bilayer.
Additionally, the NMR data from dispersions of lecithin obtained from deu-

teriu@ enriched yeast permit a partial evaluation of the contribution of the

dipolar interactions to the proton relaxation rates.

Experimental

The yeast R. pilimanae was grown as previously described7 with the addi-

tion of 0.1 mg Fe /liter (as FeNHA(SOA)Z)' The yeast was grown in 98.9% D,0



-2~
for the production of deuterated yeast lecithin (DYL) and in H,0 for the pro—
duction of normal (or "protonated'") yeast lecithin (PYL). The ce11; were har-
vested after %0 days'énd stored frozen. To prepare for lecithin extraétion,
the cells were thawed, lyophilized, and sonicated for 15 minutes continuously
in‘CHC13/MeOH, 2/1 (v/v). The samples were maintained in a dry ice-acetone
bath under argon during the sonication with a Branson 185E sonicator fitted
with a 1/2 inch tip.

The lipids were'rembved from the yeast by the method of Folch.8 Lecithin
was isolated from the.crude'extract by alumina chromatography,9 and further

| . .
purified by silica chromatography.10 Tﬁe final lecithin was determined to be
pure by thin layer chromatography on silica (Adsorbosil-5, Applied Science
-Labs) using a solvent system of CHC13/%eOH/ﬁ20, 65/25/4. The overall lecithin
yield was 15 mg/100 g yeast. | '
3

Lecithin dispersions in borate buffer (0.075 M H,BO,, 5 x 100" M Na2B407‘
4

M EDTA; pD = 8.5) were prepared in concentrations

*10 H,0, 0.077 M NaCl, 10~
of 14-20 mg/ml as previously descriBed.}l Part of each dispersion was used
directly for NMR; the remainder was diiuted 1:1 with borate buffer and soni- '
cated for 15 minutes. These samples provided the sonicated dispersionms.

Proton magnetic resonance (PMR) measurements were_taken in both the con-
tinuous wave and Fourier modes on a modified Varian HR-220 spectrometer. Samples
in non—spipning capillaries were used to measure the spin-lattice relaxation
times, Tl,12 and the transverse relaxation times, T2.2 Linewidths were measured
on the continuous wave spectra, gpnd peak areas were determined frqm Fourier trans-
formed spectra using caffeine as an internal standard.13 Phosphorous magnetic -
resonance measurements were made in the Fourier mode at 24.3 MHz as described

elsewhere,ll and linewidths were measured from exponentially filtered Fourier -

transformed spectra.
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After completion of the NMR experiments, portions of the lecithin disper-

sions were dialyzed against distilled water, stained with phosphotungstic acid,

and examined at 30,000x by electron microscopy.14 The remaining lecithin was
extractéd by the Bligh and Dyer method as described by:Ames,_,15 and was shown
to be pure by thin layer chfomatography{ Thevfatty acid methyl esters16 derived
from the lecithin were analyzed by GLC on a column containing 10% DEGS on

Chromsorb W. The deuterium content was measured by the method of DiMari.t’

Results and Discussion

Representative continuous wave spectra for‘unsonicated and sonicated dis;v
peréions of PYL, DYL, and EL.are shown in Figure 1. Thé_PYL and DYL spectra
closely resemble each other and spectra.of sonicated EL, while those of unsoni-
cated EL are quite different. The proton and phosphorous linewidth values are
given in Table 1; it can be seen that the PYL and DYL linewidths chaﬂge very
little, while the EL linewidths decrease substantially when the dispersioné are
sonicéted. Area measurements indicate that in all cases the observed signals
represent a majority of the protons. Thé unsonicated yeast lecithin (YL) and EL
dispersions are similar in th#t they both contain particles lafge enough to
make the samples appear milky. The presence of large pérticles in both YL and
EL unsonicated dispersions was affirmed by electron microscopy.

ﬁ Valueé fo; the YL'proton T2 and Tl relaxatioh times at various tempera-
tures are‘given in Table 1. The Tl values increase with increasing temperature
and in;rease further when the samples have been soniéated. The methyl prdtons,
| 's for protons in DYL

have longer T,'s than the methylene protons, and the T

1 1
are longer than their counterparts in PYL. The methylene Tz's of both unsoni-
cated and sonicated YL resemble those reported for sonicated EL in that there

. , 2 \
are at least two components for the transverse relaxation. The fast components .

(less than 10 msec) were not measured in these experiments, and only the values



-4
for the slow components are reported. In all cases the YL TZ values are much -

smaller than the corresponding T.'s, and the measured Tz's are longer than T,%,

1
where (T2 ) 1 nAv and Av is the linewidth. These results are similar to those

reported for sonicated EL, and support a similar model of molecular motion.l’2

In addition, the T2 values for the N-methyl protons in the polar regibn of the .

molecule change mofe upon sonication than do the T2 values for_the_protons ip
the methyl_and mefhylene regions;' | |
Results from other works’18 suggest that bilayers_wiph a high percentage of -
uﬁsaturated and/or short chain fatty acids would be more fluid and yield narrower
NMR lines than their more saturated counterparts..The'fatty acid composition'of
the yeast and egg lecithins are presented in Table 2, and it is evident that'the
PYL and DYL are highly unsatqrated relative to EL. The NMR data reported‘above
are indeed compatible with the proposal that the.fatty acid chains in thésé un-
sonicated dispersions of YL are more mobile than those in'EL.T
The importance of dipolar relaxation mechanisms may be estimated by com~
paring the relaxation times of PYL and DYL dispersions, since the dipolar inter-
actions of a particular proton embedded in a hydrogenated matrix would be féduéed;
by a factor of 0.024 weré it to be placed in a totélly &euteratéd matrix. The
partially deuterated YL used in this work was found to be 70% enriched on the
basis of deuterium analysis aﬁd integrated PMR spectra. The residual protons
cannot be treated as isolated, and quantitative predictions are not feasibie
because the proton-proton distance distribution function is not known. Qualita—‘ L
tively, however, the effect of deuteration should be to dgcrease the dipolar -

contributions to the relaxation rates.

+Since the majority of fatty acids in EL and YL are saturated or mono-
unsaturated and the differences between these two lecithins are confined
largely to these fatty acids, we can draw this conclusion only for these
classes. Dispersions high in polyunsaturates may not be more fluid.
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The proton spin-lattice relaxation times are dominated by dipolar inter-
actions, and the 2—3»fold increase in the Tl values observed in the DYL com-
pared with those of the PYL‘samplés may be taken as an empirical measure of the
effect of partial-deuterétion on the dipolar inte?actions. Since a similar in-
créase is seen in the T2 of the DYL methyléne protons, dipolar interactions are
a major source of transverse relaxation in the yeast lecithin dispersions.

These YL results contradict the proposal]fg’20 that deéreased particle size
and the consequént increased particle tumbling rate accouﬁt for the sharpening
observed in the spectra of sonicated EL. The particle tumbling argument would
predict that the unsonicated to sonicated linewidth ratio of YL should be the
same as that of EL;.such i; not the case. The spectra of the various sonicated

dispersions are quite similar, while the spectra of the unsonicated dispersions

reflect differences in the lecithins used. Since it appears that the unsonicated

dispersions as observed by NMR are more sensitive to composition than the soni-

cated dispersions, such dispersions could be fruitfully exploited to study com-

positional differences. Finally, the resolution-enhancing effect of deuterium

substitution may be of value in studying both model and biological membranes

where NMR work is currently hampered by broad, poorly resolved peaks.
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Table 1

Relaxation Tiimes and Linewidths for Resonances of Yeast Lecithin Dispersions

Unsonicated Dispersion Sonicated Dispersion
AvT Tz* Tl* ‘ Av T, Ty
in Hz * in sec in sec in Hz in sec in sec

20° 20° 20° 40° 60° 20° 20° 20° 40° 60°

Protonatcd Yeast
Lecithin (PYL)

N-methy1l 32 0.02 0.21 0.30 0.41 15  0.09 0.27 0.38 0.53
methylene 70 0.02 0.33 0.44 0.58] 40  0.02 0.38 0.45 0.83
methyl | 30 0.02 0.4 0.6 0.8 20 0.02 0.6 0.8 0.6
phosphorous  56 a ' . ' 21

Deuterated Yeast
Lecithin (DYL){ . ’
N-methyl 40 0.97 1.2 20 0.10 0.83 0.96 1.6

methylene | 58 1.0 1.3 | 37 0.08 0.98 1.1 1.3
methyl ‘ 1.1 1.5 | 26 2.0

TA1l values are +5 Hz. The phosphorous spectra were.taken at 31°, and the
resonance of the unsonicated sample appears to have both broad and narrow
components. ’

*All values are +0.01 sec and were obtained by least squares fit to one expo-
nential. As explained in the text, only the slow components of the Tp's
for the methylene protons are reported.

$The N-methyl and methylene values are +107% and were obtained by least squares
fit to one exponential. The methyl values are +25% and were obtained by
least squares fit to two exponentlals since the peaks occurred as shoulders
on the methylene peaks.



Fatty Acid Composition of Yeast Lecithins and Hen Egg Lecithin

Composition in mole %

18:2 others

Protonated Yeast
Lecithin (PYL)

Deuterated Yeast
Lecithin (DYL)

Hen Egg Lecithin
© (EL)

16.0 2.6
18.6 3.4
12.5

12.9  11.5

The egg lecithin composition is that of the two samples reported by

Kornberg and McConnell.2
thin are 20:4, 22:4, and 22:6.

The other fatty acids reported for egg leci-
In the case of veast lecithin, the .

other fatty acids are unidentified acids containing more than 18 carbons.
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Figure 1. 220 MHz PMR spectra of'yeast and egg lecithin dispersions. The spectrum of unsonicated DYL was
recorded using a larger sample than was used for the other spectra. The changes in relative peak inten—
sities between the PYL and DYL samples reflect variations in the amount of deuterium incorporated- in the
different positions of DYL. With the instrument settlngs used, the HOD peaks were off-scale and therefore -
' were nof_scanned. The chemical shifts are relative to TMS and. the resonances are. a531gned according to
Chapman21 and Dea. 22 sgB = Spinnlng sideband of the HOD
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