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Abstract The molecular conformation 
and packing of three lysophosphatidyl- 
cholines: 3-palmitoyl-D-glycero- 1- 
phosphocholine (PPC), 3-hexadecyl- 
D-glycero- 1-phosphocholine (HPC) 
and 3-palmitoyl-DL-glycero- 1- 
phospho-N,N-dimethylethanolamine 
(PPEM2) have been determinated by 
X-ray single crystal analyses. PPC 
crystallizes as the monohydrate and 
H PC as chloroform solvate, both with 
triclinic unit cells {space group PI) 
containing two independent 
molecules in almost identical packing 
arrangements. The two molecules of 
PPC/HPC are mirror image 
conformers with respect to their head 
groups and pack separately in either 
half of a bilayer arrangement with 
interdigitating hydrocarbon chains 
and interdigitating head groups. The 
racemic PPEM2 also crystallizes with 
avcry similar interdigitating packing 
arrangement. The unit cell, however, 
is monoclinic (space group P21/a) and 
comprises four molecules, arranged as 

pairs of centrosymmetric D/L 
conformers at either side of the 
bilayer. In PPC and HPC the C16- 
hydrocarbon chains interdigitate with 
an overlap of 13 carbon atoms only, 
leaving a cavity to accommodate the 
solvate molecules. The chain matrices 
have identical tilt {45~), but different 
chain packing modes (O'k and OH). 
In PPEM2 the chain ends penetrate 
with 18-atoms interdigitation to the 
glycerol region of oppositely oriented 
molecules and pack in a hybrid 
matrix with 37 tilt. Despite the 
differences in hydrocarbon chain 
attachment {ester/ether) and degree of 
N-methylation the structures show 
great similarities, in particular with 
respect to the head group 
conformation, which apparently is 
favored by intrinsic energetics. 
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Introduction 

Lysophosphatidylcholines constitute only a minor frac- 
tion of the lipid types occurring in biomembranes [1], 
primarily as intermediates in the turnover of phosphatidyl- 
cholines. However, different lysophosphatidylcholine 
species have been shown to be involved in a variety of 
biologically important activities [2, 3]. In particular the 

ether analogues, alkyl-2-acetyl-glycero-phosphocholines 
and alkyl-2-methyl-glycero-phosphocholines or related 
alkyl-phosphocholines were found to function as platelet 
activating factor (PAF) [4, 5] and anti-cancer drugs 
[3,6 8], respectively. In aqueous dispersions lysophos- 
phatidylcholines exhibit a complex structural behavior 
forming lamellar, micellar, cubic and hexagonal (HI) 
phases [8,9]. Below the chain melting temperature 
a lamellar Lbi phase with very thin layer thickness is 
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observed, indicating that a bilayer structure with inter- 
digitating hydrocarbon chains is formed [10, 11]. 

We have earlier reported on the crystal structure of 
different glycerophosphocholine compounds such as D-gly- 
cero-l-phosphocholine t) [12], 3-1auroyl-2-deoxy-glycero- 
1-phosphocholine [13], 3-octadecyl-2-methyl-D-glycero- 
1-phosphocholine [14] and 2,3-dimyristoyl-D-glycero-3- 
phosphocholine [15]. In all these compounds the phos- 
phocholine head groups show very similar conformational 
features. The packing pattern of the phosphocholine 
dipoles, however, display great variations. 

In the present paper we report on the crystal structure 
of 3-palmitoyl-D-glycero-l-phosphocholine (PPC), 3-hexa- 
decyl-D-glycero-l-phosphocholine (HPC) and 3-palmitoyl- 
DL-g lycero-  1 - p h o s p h o - N , N - d i m e t h y l e t h a n o l a m i n e  
(PPEM2). These structure determinations were made to 
provide further information with atomic resolution on the 
structure of phosphatidylcholines, in particular on pack- 
ing features of ester and ether derivatives and on effects on 
head group conformation and interactions arising from 
changes in the degree of N-methylation at the ethanol- 
amine nitrogen. With respect to head group interactions 

lyso-compounds are advantageous as their head group 
arrangement is usually more relaxed and less affected by 
chain packing requirements than in corresponding 
double-chain lipids. 

Experimental 

3-Palmitoyl-D-glycero-l-phosphocholine (=  1-palmitoyl- 
sn-glycero-3-phosphocholine) (PPC), 3-Hexadecyl-D-gly- 
cero- 1-phosphocholine ( = 1-hexadecyl-sn-glycero-3-phos- 
phocholine) (HPC) and 3-palmitoyl-DL-glycero-l-phospho- 
N,N-dimethylethanolamine (=  1-palmitoyl-rac-glycero-3- 
phospho-N,N-dimethylethanolamine) (PPEM2) were 
sythesized according to Eibl and Woolly [16]. In all com- 
pounds homologfree fatty acid or fatty alcohol constitu- 
ents and reagents of highest purity were used. 

Before crystallization the lipids were dried thoroughly 
in vacuum over  PzO5 .  Crystals suitable for X-ray single 
crystal analysis were grown from 1-2% lipid solutions in 
anhydrous solvents at 18 °C. For solvent and crystal data 
see Table 1. The obtained crystal phases of PPC and HPC, 

Table 1 

Crystal data PPC HPC PPEM2 

Molecular formula C24HsoNOvP H: O  C24H52NO6P" CHCI3 Cz3H48NOvP 
Molecular weight 513.65 601.03 481.61 
Crystallization solvent Ether: ethanol 5 : 2* Ether: chloroform 5 : 3* Ether : ethanol 5 : 2.5* 
Crystal dimensions (mm) 0.02 x 0.36 x 0.48 0.05 x 0.10 x 0.29 0.02 x 0.24 x 0.43 
recorded 0-range (°) 1 < 0 < 65 1 < 0 < 50 1 < 0 < 45 
Unique/observed reflexions (I > 3a[I]) 2921/1004 3351/1159 2238/1243 
Absorption coefficient/~cur, (cm-1) 10.87 32.70 11.90 
R-values R/Rw 0.106/0.149 0.127/0.164 0.106/0.146 
Crystal class Triclinic Triclinic Monoclinic 
Space group PI P1 P21/a 
Molecules/unit cell Z (independent) 2(2) 2(2) 4(1) 
Unit cell parameters (with std's): 

a, b, c (/~) 5.824(3), 9.857(4), 28.877(15) 5.914(4),9.864(3), 30.813(7) 11.238(3), 8.586(1), 28.967(6) 
c~, fl, y ( )  91.89(4), 90.34(4), 105.67(4) 98.84(2), 102.02(4), 106.95(4) 90.00, 96.27(2), 90.00 

Unit cell volume (/~3) 1595.07 1636.94 2778.03 
Densitycalc (g cm - 3) 1.0694 1.2186 1.1513 
Bilayer thickness, l (/~) 28.86 29.33 28.80 
Molecular area, S (/~2) 55.3 55.7 48.2 
Hydrocarbon matrix: 

chain packing mode O '2  Oil HS (monoclinic) 
subcell: as, b~, c~ (/~I 7.67(6), 5.12(3), 2.52(4) 8.86(6), 8.98(6), 2.54(4) 9.05(9), 8.58(1), 2.54(1) 

~, fl~, 7~ (~) 86(1), 92(1), 90(1) 89.2(6), 101.6(1.4), 89.7(1) 
chain cross-section Z (/~z) 19.5 19.4 19.2 
chain tilt angle ~b (°) 45 45 37 
matrix thickness (/~) 10.3 9.3 16.5 

* Anhydrous conditions. 

17 In structural-conformational studies the sn-nomenclature is unrational and preferably replaced by the more general Fischer convention, 
which allows identical, comparable atom numbering in chiral antipodes, see Ref. [21]. 
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Fig. 1 Atom numbering and notations of torsion angles for palmitoyl-glycero-phosphocholine(PPC). In hexadecyl-glycero-phosphocholine 
(H PCt and palmitoyl-glycero-phospho-N,N-dimethylethanolamine (PPEM_,) the marked atoms 032* and C 15*, respectively, are replaced by 
hydrogens. For numbering conventions of gtycerolipids in structural-conformational studies see Ref. [21] 

but not of PPEM> were found to accommodate one 
solvent molecule (water and chloroform, respectively) per 
lipid molecule. The crystals of PPC and HPC were unsta- 
ble in moist air. They were handled in a dry atmosphere 
and mounted in sealed lithium glass tubes. 

X-ray reflections were recorded oll an Enraf-Nonius 
CAD4F-11 diffractometer. The angular settings of 25 re- 
flections were measured to calculate the lattice parameters. 
Intensity data for one hemisphere of reflection were col- 
lected by the (o/20 scan method using monochromatized 
CuK:~-radiation. Three intensity control reflections were 
measured every 2 h to control crystal decay. The intensities 
were scaled to account for this decay (10-30%). The num- 
bers of independent reflections and observed reflections 
(I > 3a[I]) for each compound are given in Table 1. All 
intensities were corrected for Lorentz and polarization 
effects but not for absorption or extinction. 

The structures were solved by a combination of Patter- 
son heavy atom method and direct methods using the 
program DIRDIF [17] which provided the non-hydrogen 
atom positions. All hydrogen atom positions except those 
of the water molecule in PPC were obtained from Fourier 
difference synthesis maps. Refinement was carried out by 
the full-matrix least-squares method using anisotropic 
temperature factors for the non-hydrogen atoms. The hy- 
drogen atoms were assigned a common temperature factor 
(B = 5/~2) but their atomic parameters were not refined. 
The structures were refined to R- and R,cvalues of about 
0.10 and 0.15, respectively (see Table 1). All calculations 
have been performed using mainly the XTAL2.2 program 
system [ 18]. 

Description of the structure 

Atomic coordinates and equivalent isotropic temperature 
factors (U~q) of the non-hydrogen atoms have been depos- 
ited at lhe Cambridge Structure Database. Observed and 
calculated structure factors and anisotropic temperature 
factors can be obtained from this Department. The atom 
numbering and torsion angle notation, according to the 
convention of Sundaralingam [19], are shown in Fig. 1. 

Molecular packing 

The packing arrangements of the three lyso-PC com- 
pounds and the extension of the unit cells are shown in 
Fig. 2 in projections along the two short unit cell axes. In 
all three structures the molecules pack in a double-layer 
structure with interdigitating hydrocarbon chains and in- 
terdigitating head groups. 

The unit cells of the enantiomeric PPC and HPC 
contain two different conformers, A and B, which are 
orientated with their heads in opposite directions and pack 
separately in either half of the double-layer. As will be 
discussed below the phosphocholine groups of molecules 
A and B are related by a non-crystallographic centro- 
symmetry and are practically mirror images with respect 
to conformation and interaction pattern. 

The unit cell of the racemic PPEMz contains four 
molecules, which, however, are identical mirror image con- 
formers related by crystallographic centro-symmetry, 
D- and L-enantiomers pack alternatingly within each 
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Fig. 2 Molecular packing of 
lysophosphatidylcholines in 
views along the unit cell a-axis 
(left) and b-axis (right). The unit 
cells of the enantiomeric PPC 
and HPC lipids contain two 
conformers, A and B, which are 
arranged in separate layers on 
either side of the double-layer 
structure. PPC accommodates 
a water molecule and HPC 
a chloroform molecule of 
solvation per lipid molecule. 
The unit cell of the racemic 
PPEM2 lipid contains four 
molecules which are related by 
centro-symmetry and arranged 
in pairs of D/L mirror images 
on each side of the bilayer 
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molecular layer and the unit cell contains two pairs of 
D/L-conformers, one pair at each side of the bilayer. 

As shown in Fig. 2 the phosphoammonio head group 
dipoles extend perpendiculary to the layer plane and inter- 
digitate with the head group dipoles of the adjacent lipid 
double-layer. This results in a single, about 7.5 A thick 
matrix of head group dipoles at the interface between two 

lipid double-layers. In these packing arrangements the 
molecular area in the layer plane (ab-plane) is determined 
by the packing requirements of two antiparallel head 
group dipoles. For  PPC and HPC the molecular packing 
cross-section (S) is practically identical (55.3 and 55.7 •2), 
while for PPEM2 it is distinctly smaller (48.2,~2). To this 
rather large molecular packing area the hydrocarbon 
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chains accommodate by interdigitation with the chains of 
oppositely oriented molecules and, additionally, by a tilt 
(~b) with respect to the layer normal of 45' in PPC/HPC 
and 37 ° in PPEM2. In PPC/HPC the C16-hydrocarbon 
chains thereby interdigitate by 13 carbon atoms only, 
leaving in extension of the chain ends a large cavity in 
which solvent molecules (H20 and CHC13) are accom- 
modated. In PPEM2, on the other hand, the methyl chain 
ends interdigitate to the level of the glycerol carbon C3 of 
the opposite molecules, corresponding to a chain overlap 
of 18 atoms, not forming such an internal cavity. This 
partial or full interdigitation gives rise to a chain matrix 

o 

layer which in PPC/HPC is only 10.3/9.3 A thick, while in 
PPEM2 it is 16.5A thick. 

In the three compounds the hydrocarbon chains are 
arranged according to different chain packing modes [20]: 
orthorhombic perpendicular (O'L)in PPC, orthorhombic 
parallel (OlD in HPC and a hybrid packing mode (HS) in 
PPEM2 (for subcell parameters see Table 1). The packing 
cross-sections of the chains (X), perpendicular to their long 
axis are 19.5/19.4A 2 in PPC/HPC and 19.2A 2 m PPEM2. 
With reference to the rather thin chain matrix in 
PPC/HPC their hydrocarbon chains must be considered 
as well packed. 

As already mentioned, the incomplete chain interdigi- 
tation in PPC/HPC creates a rather large cavity in 
exension of each hydrocarbon chain, which is 8.9/9.9 ~ in 
length and about 180~ 3 in volume. In PPC this cavity is 
only partially filled up by a water molecule of solvation. 
The distance between the methyl chain end and the water 
molecule (5.7~) is considerably larger than a van der 
Waals contact. In an ordered chain matrix, however, the 
chains can slide past each other by integral zigzag units 
only. An interdigitation of the chains by another ethylene 
unit (c~ = 2.52 ~) would bring the methyl chain end too 
close to the water molecule. This empty space in extention 
of each chain end causes a rather low specific density 
(De = 1.069gcm -3) of the PPC crystal. 

In HPC the cavity is, compared to PPC, one ~ longer 
but more effectively filled by the much larger chloroform 
molecule. Judging from the high temperature factors of 
the chloroform atoms the fit of the solvate molecule is still 
not optimal. The heavy chlorine atoms, however, substan- 
tially increase the crystal density (De = 1.219gcm -3) 
of HPC. 

Polar interactions 

The packing patterns and interactions of the phospho- 
ammonio groups of the three lyso-lipids are shown in 
Fig. 3. As it becomes obvious from the view parallel to the 
double-layer interface (Figs. 2A and 3A) the P N dipoles 

extend almost perpendiculary to the layer plane and inter- 
digitate with those of the next double layer. Thereby the 
(+) ammonio groups of one layer protrude to the level of 
the ( - )  phosphate group of the adjacent head group layer. 
In this layer of interdigitating head groups two layers of 
(+) and ( - )  charges are formed, 4.2,~ apart. 

In PPC/HPC the pseudo-centrosymmetry of the head 
groups entails that the packing and interaction pattern of 
one layer of phosphate (A) and choline (B) groups is 
a mirror image of the corresponding phosphate (B) and 
choline (A) pattern of the other half of the interdigitating 
headgroup layer. Note, however, that this mirror 
symmetry is not perfect and minor differences in the 
length of intermolecular contacts exists for molecules 
A and B. 

In PPEM2 the head groups display a rather similar 
interdigitating packing arrangement, however, the D- and 
L-enantiomers are true configurational/conformational 
mirror images and have identical centro-symmetry related 
packing contacts and interaction patterns. 

Interestingly, in all three lysolipids short electrostatic 
contacts are established only between distinct pairs of the 
(+) ammonio and ( - )  phospho groups, rather than 
towards several surrounding neighbor molecules. The am- 
monio nitrogen in PPC/HPC thus makes two short lateral 
contacts (<4.0,~) towards O12 and O13 of a neighboring 
phosphate group and a third short contact (3.7,~) to the 
glycerol O21 of another neighbor molecule. 

What is most significant for all phospholipids, how- 
ever, is that the unesterified phosphate oxygens O13 and 
O14 strongly attract hydrogen donor groups. In all three 
lyso-compounds one hydrogen donor bond is provided by 
the fri glycerol hydroxyl group O21 --, O14 (~ 2.7 ~), not 
intramolecularly, but intermolecularly from an a-trans- 
lated neighbor molecule. The other hydrogen bond 
towards O13, however, comes in the three lipids from 
different donors. In PPC the water molecule of hydration 
(Wl) directs one hydrogen bond (2.9~) to O13 (but does 
not engage its second hydrogenj. Note, that this water 
molecule was retained or attracted, although PPC was 
dried over P205 and crystallized under anhydrous condi- 
tions. 

Surprisingly, in HPC the polarized C-H bond of 
chloroform acts as a hydrogen donor (~ 3.1 ~) towards 
O13. Finally in PPEM2 the not methyl-substituted am- 
monio hydrogen interacts with O 13 of a neighboring inter- 
digitating phosphate group. This N-H ~ O13 hydrogen 
bond (2.7~} together with an N ( + ) ~ O l l  ionic bond 
(3.4/~) directed from the ammonio group towards one 
neighboring phosphate group results for PPEM2 in 
a closer contact between head group pairs and a substan- 
tial reduction (13%) of the molecular packing cross- 
section compared to PPC/HPC (see Table 1). 
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Fig. 3 Packing and 
interactions of the zwitter-ionic 
head group dipoles of PPC, 
HPC and PPEM2 in views 
parallel (left) and perpendicular 
(right) to the bilayer interface. 
Hydrogen bonds are indicated 
by dotted lines, electrostatic 
and polar contacts by broken 
lines. Contact distances are 
given in 

PPC 

HPC 

PPEM 2 

0 

A A 

t 

B 

A A 

D D 

O ~  .75 

D 

D 

> 

D 

o 

'~ 0 

0 

b D 

~ © &  a ..~ 

Molecular conformation 

The conformations of molecules A and B of P P C / H P C  
and of the D- and L-enantiomer of PPEM2 are shown in 
Fig. 4. Torsion angles of the molecules in comparison to 
corresponding diacyl derivatives are given in Table 2. For  
notations of the torsion angles see Fig. 1 and Refs. [19, 21]. 
The terminology of Klyne and Prelog [22] is used to 
describe conformational ranges. 

PPC/HPC: Although the PPC/HPC-molecules have 
the natural D-configuration the polar part of molecules 
A and B adopts a quasi-symmetric mirror image confor- 
mation up to glycerol carbon C2. The two glycerol oxy- 
gens O11 and O21 of molecules A and B still retain mirror 
image geometry (02 = + sc (A) and - sc (B)), since O21 is 
involved in the pseudo-centrosymmetric interaction pat- 
tern of the head group dipoles. Due to chirality the 
centro-symmetry is broken at glycerol carbon C2 and the 



glycerol carbons C3 in molecules A and B are oriented 
differently (01 = - s c  and ap) with respect to the polar 
group. On the other hand, the glycerol-attached hydrocar- 
bon chains have from C3 onwards a rather identical anti- 
planar conformation but different orientations of their 
chain planes with respect to their head groups. In PPC 
A the orientation of the chain plane is additionally effected 

PPC 

o o 
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PPEM 2 

by torsion 71 = ac, to allow an accommodation of the 
chains in the O '±  chain matrix. 

PPEM,: As evident from Fig. 4 and torsion angles in 
Table 2 the D- and L-enantiomers of PPEM2 are true 
mirror images and resemble with respect to their polar 
group conformation the molecules B and A of PPC/HPC.  
The conformational similarity of the PPEM2 L-enan- 
tiomer with the D-enantiomeric P P C / H P C  molecule 
A comprises the s-chain only, while for the PPEM2 D- 
enantiomer and the D-enantiomeric P P C/H P C molecule 
B it also includes the glycerol torsions 01/02. In PPEM2, 
a significant difference exists in the torsions 03/04 = 
- sc/ap (D) and sc/ap (L), which turn the glycerol oxygen 
0 3  and the rest of the 7-chain perpendicularly to the 
direction of the glycerol chain. Compared to PPC/HPC 
this bend at the C2-C3 glycerol bond reverses the direc- 
tion of the chain tilt in PPEMR. 

Discussion 

As mentioned earlier, in the crystal stuctures of phos- 
phatidylethanolamines and phosphatidylcholines solved 
so far the head groups exhibit similar conformations but 
very different packing patterns [21]. Among the PC-com- 
pounds only 3-1auroyl-2-deoxy-glycero-l-phosphocholine 
[13] shows the "expected" layer-parallel orientation of the 
P N dipoles, while in 2,3-dimyristoyl-DL-glycero-l-phos- 
phocholine [15] the head group layer is folded into 
a space-saving saw-tooth arrangement with a packing area 
of 38/~2 per molecule. In 3-octadecyl-2-methyl-DL-gly- 
cero-l-phosphocholine [14], on the other hand, the P - N  
dipoles are aligned layer-parallelly, but interdigitate with 
those of the adjacent bilayer. This results in a very large 
packing cross-section per molecule (74/~2) corresponding 
to a packing area of almost two phosphocholine groups. 

The presented structures of the three lyso-PCs show 
still another head group arrangement with extended, 

Fig. 4 Molecular conformation of conformer A (left) and conformer 
B (right) of PPC and HPC together with their hydrogen bonded 
molecules of solvation (water and chloroform, respectively), and of 
the two mirror image enantiomers D and L of PPEM2. The molecu- 
les are shown with their polar heads in an identical projection, 
perpendicular to their (pseudo)-mirror plane, in order to demon- 
strate the mirror image conformation of the headgroups including 
the glycerol atoms CI C2 O21. For PPC and HPC the pseudo- 
centro-symmetry is broken at the chiral glycerol carbon C2 (in 
black). The hydrophobic part of the molecules beyond C2 adopts an 
anti-planar conformation, however, the orientation of the chain 
planes with respect to the polar part differs in the different conform- 
ers. The mirror image conformers D and L of PPEM2 have head 
group conformations identical with molecules B and A of PPC/H PC, 
but different torsions (03/0. D about the glycerol C2 .C3 bond, produ- 
cing a reverse tilt of the hydrocarbon chains 
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Table 2 Torsion angles of PPC, HPC and PPEM2. For comparison the torsion angles of the corresponding double-chain lipids DMPC a) 
[15] and DLPEM2 b) [23] are given (in italics). The letters A or B after the abbreviated compound name refer to the two conformationally 
unique molecules in the unit cells of PPC and HPC and the letters D and L to the configurational/conformational mirror image molecules in 
the racemic PPEM2 structure. For notation of torsion angles see Fig. 1 

~1 ~2 ~3 ~4 ~5 O1 02 03 04 fll f12 f13 f14 71 72 73 74 

PPCA -156 53 70 144 -77  -58  62 -167 73 
HPC A -161 61 64 138 -69  -68  58 -170 61 
DMPC A 163 62 68 143 - 6 4  58 177 - 1 7 8  63 82 172 
PPC B 168 -76  -59  -149 72 -179 -63  -166 77 
HPCB 167 - 6 9  - 5 6  -141 69 169 -73  -170 70 
DMPC B 177 - 7 4  - 4 7  - 1 5 0  54 168 - 8 0  166 51 120 179 
PPEM2D 174 -61 - 6 4  -163 55 166 -62  -68  162 
PPEM2 L -174 61 64 163 -55  -166 62 68 -162 
D L P E M  2 179 65 54 144 - 9 6  176 - 6 6  56 - 6 0  148 173 

166 169 170 -179 
83 174 178 179 

- 8 1  45 - 1 7 7  168 - 1 7 3  178 
-169 -170 175 -174 

176 --179 -179 -179 
- 1 3 4  67 102 176 180 180 

-113 179 -153 -178 
113 - 179 153 178 

- 5 7  176 129 - 1 6 7  166 175 

a~ DMPC = 2,3-dimyristoyl-D-glycero- 1-phosphocholine dihydrate. 
b~DLPEM2 = 2,3-dilauroyl-DL-glycero-l-phospho-N,N-dimethyletanolamine. 

Fig. 5 Comparison of the 
molecular packing of PPEM2 
and the corresponding double- 
chain lipid dilauroyl-DL- 
glycero-phospho-N,N- 
dimethylethanolamine 1-23]. 
The monoacyl- and diacyl-lipid 
show practically identical 
packing and interaction 
pattern, but the hydrocarbon 
chains of the double-chain lipid 
do not interdigitate 

P P E M 2  D L P E M 2  

layer-perpendicular  P - N  dipoles which interdigitate with 
those of  the adjacent bilayer. This type of interdigitating 
head group dipoles, which can only arise in stacked multi- 
lamellar structures, is not  specific for the reported lyso- 
lipids. The same packing ar rangement  with interdigitating 

head group  dipoles has also been found in the crystal 
structures of 2,3-dilauroyl-DL-glycero- 1-phospho-N,N-di-  
methyl-ethanolamine (DLPEM2)  [23] and 2,3-dilauroyl- 
D L - g l y c e r o -  1 - p h o s p h o - N - m o n o m e t h y l e t h a n o l a m i n e  
(DLPEM1)  (Pascher and Sundell, unpublished). Interest- 
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ingly, the double-chain lipid D L P E M 2  exhibits the same 
packing ar rangement  as PPEM2,  with the exception that 
the chain matrix of D L P E M 2  does not interdigitate (Fig 51. 

It appears that in multilamellar structures the inter- 
digitat ion of P N dipoles is energetically favorable, as it 
gives rise to more effective lateral head group interaction 
at the bilayer interface. In structures with layer-parallel 
head groups the corresponding interactions become dis- 
tributed to two separate head group layers. The two types 
of head group arrangements,  however, do not significantly 
effect the molecular packing cross-section. In P P C / H P C  

molecular area (55/~2} is rather similar to that of 3-1auroyl- 
2-deoxy-glycero- 1-phosphocholine 152/~2) with layer-par- 
allel dipoles, as in the interdigitating phospha t e / cho l ine  
pat tern the choline groups of one lipid layer are replaced 
by those protruding from the adjacent lipid layer. 

An interesting feature that emerges from these crystal 
structure analyses is the fact that, despite the great variety 
of observed arrangements  of  head group dipoles, the zwit- 
terionic phosphoethanolamine/chol ine  head groups  al- 
ways adopt  a typical preferred conformat ion,  that  usually 
occurs in coexisting, energetically equivalent mirror  image 
conformers.  This characteristic conformat ion,  which ac- 
cording to ab initio calculations [24, 25] is favored by 
intrinsic energetics is not  effected by hydrat ion,  and, as 
confirmed by this study, not by the degree of N-methyla-  
tion or the type and a t tachment  of  the hydroca rbon  
chains. 
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