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SOLUTION BY 'H AND 3C NMR
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ABSTRACT

The 360 MHz 1H spectrum and 67-8 MHz *C spectrum of dipalmitoyl lecithin have been
analysed by computer simulation to obtain the various "TH-'H and "H-*C coupling constants in
the glycerol moiety. The results indicate a dynamic equilibrium between several conformations in
the glycerol group. Population analysis using the H-'H coupling constants has been carried out.

IPIDS which form an 1important constituent of
hiological membranes have evaded investigation of
three-dimensional structure by their peculiar
physico-chemical properties. They are amphipathic
and are not easily crystallizable. Till today there
have been only three crystal structure reports; tWo on
giycerides:  f-trilaurin! - and  B-tricaprin® and
one on the phospholipid 1, 2-DL-dilaurcyl phosphati-
dyl ethanolamine®., Nuclear magnetic resonance
(NMR), which in conjunction with theoretical studics
gives very valuable resulis, 1s thus the main source of
information for the structure of lipids. There have
been several sttempts, using this approach, 1o study the
conformation of phosphOlipids and triglycerides®-*®
Birdsall ef /. have assiginied the various resonances
in the 220 MHz *H and 252 MHz 3C spectra of
dipalmitoyl lecithin in CDCl; and CD,OD solutions.
From the analysis of these spectra they have come to
the conclusion that the two protons in the CH,OP
portion of the glycerol part are accidentally equivalent.
Very recently Hauser ef «/.'® have studied the confor-
mation of lysophosphatidyl choline in D, O at 350 MHz
and they conclude that the two protons in the glycerol
CH,OP fragment are nonequivalent. In this paper
w¢ report 360 MHz 'H and 67-89 MHz *C NMR
studies on dipalmitoy] lecithin (DPL) in CDCl; solu-
tions. Our results are significantly different from those
of Birdsall er «l., in the sense that we find the two
protons in glycerol CH,OP fragment to be nonequi-
valent, the chemical shift difference being 0-044 ppm.
Further, the *C NMR has given us information about
the conformational preferences in the glycerol ester
(C-0-COR) groups.

Fig. 1 shows the expanded portion of the 360 Mz
'H spectrum corresponding to the glycerol ester por-
tion of DPL, The spectrum has been analysed using
LLACOON and the simulated spectrum with the best
fit values of chemical shilts and coupling constants
is shown in Fig. 2. Fig. 3 shows the 'H coupled ¥*C
specirum of the carbonyl group of the glycerol ester
fragment. ™ Th& previowsly  reported® H  coupled
YIC O rgroup spectrumy T of  glyeerol trivalerate has
helped consticrably in the analysis of this spectrum,
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The theoretically simulated spectrum is also shown.
All the NMR parameters obtained from this analysis
are listed in Table 1,

TABLE I

Chemical shifts* and coupling constants* in the glhycerol
nioiety

Ay ——

Chemical shifts (in ppm):
(H,) = 5-15, (H’3) = 4-35, (H,) = 4-073
(Hy) = 3:913 or 3-869, (H,") = 3-869 or 3-913.

Coupling Constants:
J(Hs-H,") = — 12-01; *J(H,-H,) = 2-78
W {HyH;)=7-21; 3J(Hg-H;) =52 or 66
J(H-H,")=6-6 or 5-2; *J(H;-H) = —11-5
JH~P)=7-30r6-8; *J(H-*P)=6-80r7-3
SJ(H,-13C) = 3-4
2J (BC-H) = — 6-9
JPC-H) = 3-5
) (H=0C) =% (H,-C) = 2-79)
2J(P*C~H) = — 7-18 and — 716 |
ST(**C-H) = 4-31 and 4+32

} in th¢ § chamn

ittt the y chain.

* With re?pcct to Ltetramelﬁyl stlane (TMS).

¥ The coupling constants are accurale
F 0-1-0-2 Hz.
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Conformation of glycerol moiety .

The conformation of the glycerol mowety i deters
mined by two dihedral angles ¢, and €4 (Sce relerence
§ and Fig. 1 for rotations). The Nowman projection
diagrams of the three staggered conformations with
respect to §, and f4 are shown in Fig. 4. The vivinal
TH-'H coupling constants {or such conligurations,
calculated from clectronegativny rutest*  me abw
given it the figure, Yt is clear hat the obsenved coup-
ling constants in the glycerol morety do not conespoiud
1o any of these values,  This timplies that the plyverot
moicty has a dypamic structure nnobving meore than
one conformers, and the obsoned coupling constants
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Fic. 1. 360 MHz 1H FT-NMR spectra of dipaimitoyl lecithin (DPL). DPL was obtained from Sigma

Co.

are time averaged values. One can calculate the
populations of the three staggered configurations by
solving the equations

Jops = Jp-Py + 3, Py + 1, Py
Y ops = J!ﬂ‘ Pg— + 14 P+ YorP gt
1l=P,_+P,+P,.

where P, P, P,_ are the populations of the three
configurationsand (J,_, ¥V ), {J,, Viyand (J,., I ) are
the corresponding component coupling constants.
It may be mentioned that the results one obtains
depends upon the assignment of the protons H;, H',
or H';, H; as the case may be. ¥or f,, if J,,, = 66
and J',,, = 52, oneobtains P,_: P,: P, s 31:: 41128,
On the otherhand if J = 5-2 and J',, = 6°6, one gets
P, :P,:P,. ::37:20:43, However, it s clear that
in either case, all the three staggered configurations
are substantially populated. In case of 0, if J, = 2-8
and Y, = 7-2 one obtains P, ~0 and P,_:P,.::
50:50. The alternative assighment, ie., J,,=7"2
and J7,, =28 gives P,_~0, and P,;: P, 1:60:40,
Thus, only two conformations with respect of 0,
coexist in CDCl, solutions. Similar conclusions have
been obtained in our previous study on glyceryl
trivalerate®,

Inset is the numbering of the protons on the glycerol fragment (Temperature 20° C).

Conformations in the Glycerol-Ester Fragment

The relative orientfations and the conformations in
the a, f and y chains are determined by the dihedral
angles @, to ae, B, t0 B, and v, to y,. Information
has been obtained about the dihedral angles a1, B,
v, (Fig. 4) from the present coupling constant dafa.
Population analysis using 'H-31P coupling constants
gives two results corr¢sponding to two assignments
of the protons H; and H';. In this case the compo-
nent coupling constants for the three staggered con-
formations are obtained using the relation®?,

J =163 cos® — 4-6 cos ).

This gives J =1 = 1-8 if a, has ¢’ conformation,
J=18, JV =210, if a, has *g-’ conformation and
J=21'0, Y=1-8 if ¢, has *g*’ conformation.
With these component coupling constants, if one assigns
Jos =68 and I, = 7+3, then one obtains the con-
former populationsas #: g-:gt: :45:29:26. With the
alternative assighment one obtams the conformer
populations as #¢:g~ g+ :: 45:26:29, Thus it 13
clear that all the three staggered conformations with
respect to a, are substantially populated. We differ
from Hauser ¢ al. in this conclusion. These authors
conglude that the polar group has an exclusively ‘¢’
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to motions of the g-chain about an axis perpendicular
to the bilayer surface. Such motions have been detected
in bilayers and membranes’.

Information about g, and y, are obtained from
'H-Y"C  coupling cowstants; 3J (H,-BC) for By s

ﬁ/{\

MM

12 HZ

Fic. 2. Experimental and simulated spectra of the different protons. The five protons and the phos-
phorus nuclel form an ABCDEX system, X being the phosphorous nucleus, The spectra are calculated by

the standard LA COON Program.

conformation with respect to a,, although their coup-
ling constants arc close 10 the coupling constants
reported here. The conformational flexibilitics with
respect to 0, and ay, if present in bilayers as well, lead

(H;-2%C) and ) (H,-B0) for p. These  coupling
constants are identical to the corresponding  3-bond
coupling constants  observed  in glyceryl Gnvalerate®,
This implics that DPL  hasy ¢love  conformational
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wniardics with  glhycentd trivalerate with respect Lo
dihedeat angle A, and 4. A value of 3-44 for 33 (HYC)

Fi1G. 3. *H coupled 3C spectra of the glycerol-
ester region CH-QO-VPC-CH-CH,——system consti-
tutes an XABB'CC’ 6 spir syetem while the CH,O —
YC —CH,;— CH, constitutes on XABCC'DD’
7 spin sysiem. The two systems have been treated
scparately and the calculated spectra are then joined
topether. These two regions are not seen separately
In the 25:-2 MHz spectrum obtained by Birdsall
el ali,
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FiGc. 4. Newman projection diagrams corresponding
to three stageered configurations with respect  to
0., 8, a;, p, and y,. The dihedral angles ¢, and 8,
are defined by the sequence O,~C, + C,—C, and
C,-C,; 4+ C;~0,, respectively. The expected "H coupling
constants for these structure are also indicaled.

Science

suggests values of 30° and 140° for the dihedral angles
in the sequence of atoms H,-C-O-1*C., From Lemieux
curves'®, this corresponds to four different values of
fiy: 907, 150°, 260° and 340°, The values of 260° and
340° lead to sterically hindered positions of atoms and
hence are unlikely to be present.  As regards y,, the
low and equal values for the two coupling constants
3 (H,-13C) and 3] (Hy"-13QC), indicates that y, is close
to ‘trans’® conformation®),

While the exact populations as estimated by NMR
may not be very accurate, the present study establishes
comsiderable flexibilities around the various single
bonds in the glycerol moiety of DPL in CDCl, solu-
tions. This data supports our earlier predictions that
the polar head group has considerable flexibility and
it may be unwise to use the cry:tal structure® as the
only conformation existing in lipid bilayers®.
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