
This article was downloaded by: [Tomsk State University of Control Systems and
Radio]
On: 17 February 2013, At: 06:18
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl15

Liquid Crystalline Phases of Poly-γ-
Benzyl-Glutamate in Solution
I. M. Squire a & A. Elliott a
a King's College Department of Biophysics, Medical Research
Council Biophysics Research Unit, 26-29 Drury Lane, London,
W.C., 2
Version of record first published: 29 Aug 2007.

To cite this article: I. M. Squire & A. Elliott (1969): Liquid Crystalline Phases of Poly-γ-Benzyl-
Glutamate in Solution, Molecular Crystals, 7:1, 457-468

To link to this article:  http://dx.doi.org/10.1080/15421406908084891

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever
caused arising directly or indirectly in connection with or arising out of the use of
this material.

http://www.tandfonline.com/loi/gmcl15
http://dx.doi.org/10.1080/15421406908084891
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Molecular CnjstaIs and Lquid Cq8tula. 1969. Vol. 7, pp. 457-468 
@ Copyright 1969 Gordon and Breach Science Publishers 
Printed in Great Britain 

Liquid Crystalline Phases of 
Po I y-r- Be n zy I -G I u t am ate i n Sol u t ion 
.I. M. SQUIRE and A. ELLIOTT 
King's College Department of Biophysics and 
Medical Research Council Biophysics Research Unit 
26-29 Drury Lane. London, W.C.2 

Abstract-Recent work on oriented liquid crystalline solutions of the 
synthetic polypeptide poly-y-benzyl-L-glutamate in the " complex " phase 
is reviewed and some new results reported. The similarity between 
some features of the X-ray difhaction pattern from this pbase and the 
patterns from certain molluscan muscles suggests that the coiled-coil model 
for the protein chains in the paramyosin filament of these muscles may not 
be adequate. A highly ordered liquid crystalline phage of the racemic 
form of poly-y-benzyl-glutamate is discussed and some featurea of its 
diffraction pattern are explained. 

Introduction 

Much of the past work on the molecular structure of polypeptides 
and proteins has been concerned with the possible configurations 
adopted by the backbones of the polypeptide chains. Quite 
detailed information about these configurations is now available.' 
The main forms known to occur are the a-helix, the w-helix, the 
/I-pleated sheet and the cross+? form. A further possible backbone 
configuration involves a-helices which are themselves wound into 
super-coil or coiled-coil structures. Each of the four structures 
named above and also the coiled-coil, has a characteristic X-ray 
diffraction pattern, although certain features of the diffraction 
pattern of the a-helix and coiled-coil are similar (since one is 
derived from the other). 

One of the main features expected in the =action pattern 
from a coiled-coil is a strong near-equatorial streak such as that 
shown in Fig. 1.2  This is the diffraction pattern from the posterior 
adductor muscle of Mytilus edulis (PAM) in a 50°/' solution of 
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458 M O L E C U L A R  CRYSTALS A N D  LIQUID C R Y S T A L S  

Figure 1. X-ray diffraction pattern from the posterior adductor muscle of 
Mytilus edulis showing the strong near equatorial streaks (muscle fibre 
normal to X-ray beam). The muscle was wetted with a 50% solution of 
acetone and water. 

acetone in water. All the diffraction patterns shown in this paper 
have been photographed using a focusing camera with a toroidal 
mirror.3 

It has long been supposed that the helical polypeptide chains 
in a-proteins (as for example in the paramyosin filament of PAM) 
are coiled-coils.4, Recently Parry and Elliott6 have studied 
solutions of the synthetic polypeptide poly-y-benzyI-L-glutamate 
(PBLG) in dimethylformamide (DMF) (see also Luzzati et aZ.7). 

By wetting oriented fibres of this polypeptide with DMF a 
" complex " phase was found which gave a diffraction pattern 
similar to that shown in Fig. 2. One feature of this pattern is the 
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POLY-y-BENZYL-OLUTAMATE IN SOLUTION 459 

Figure 2. X-ray diffraction pattern from the " complex " phase of poly-y- 
benzyl-L-glutamate wetted with benzene. (Flat film: fibre normal to X-ray 
beam.) 

strong near-equatorial streak. It therefore seemed possible that 
the polypeptide backbone formed a coiled-coil. However a de- 
tailed study of other features of the diffraction pattern showed 
that a coiled-coil structure was not possible. 

The " Complex " Phase of Poly-y-benzyl-L-glutamate 

PBLG is a polypeptide with long flexible side-chains terminating 
in benzyl groups. Work on poly-p-benzyl-L-aspartates has shown 
that under suitable conditions the benzyl groups in this polypep- 
tide will interact strongly enough to  distort the backbone into the 
w-form. It therefore seemed likely that in the PBLG " complex " 
phase the benzyl groups were interacting to produce a regular 
aide-chain arrangement. Since the side-chains are flexible this 
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460 MOLECULAR CRYSTALS A N D  LIQUID CRYSTALS 

arrangement need not necessarily have the same symmetry as the 
backbone configuration. 

Parry and Elliott6 suggested a possible model for this phase 
consisting of straight a-helices (not coiled-coils) arranged in a unit 
cell as shown in Fig. 3. Fig. 4 shows a radial projection from the 
helix axis of the residues of an a-helix and also some of the other 

/ n f / 

/ 

Figure 3. The unit cell of the " complex " phase reproduced from Parry 
and Elliotts by kind permission of the editors of the Journal of Molecular 
Biology. 

helices which can be drawn through these residues. The a-helix 
is the only single helix which can pass through all the residues 
shown. It has a pitch length of 5.4A and is shown as a dotted 
line in Fig. 4. Other helices can pass through only a fraction of 
the residues. For example the lines of alternate long and short 
dashes in Fig. 4 show helices of pitch length 27A. Three such 
helices are required to pass through all the residues. The bold 
lines in Fig. 4 show helices of even longer period (189A) of which 
seven are required to pass through all the residues. Parry and 
Elliott found that benzyl groups along adjacent long-period 
helices of pitch 189A could be paired off to form short stacks of 
benzene rings. A similar stack could be produced in an equiva- 
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0 360a 
Figure 4. The radial projection of an a-helix showing the genetic helix and 
other helices of longer pehod. Reproduced from Parry and Elliott6 by 
kind permission of the editors of the Jounzal of Molecular Biology. 

lent position 5 5 8  up or down the molecular axis direction (see 
Fig. 4). This arrangement is shown in Fig. 5 which is a model of 
the PBLG molecule made by the present authors. The stacks 
formed by the benzyl groups can be clearly seen and in the region 
where the side-chains have been removed the long-period helices 
from which the stacks are derived are visible. It was found that 
several such stacks on adjacent molecules could join together to 
form longer strands of benzyl groups. Figure 6 shows how 
" stacks " on neighbouring molecules will link up. The " stacks " 
on the six molecules in equivalent positions around the vacant 
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462 M O L E C U L A R  CRYSTALS AND,  L I Q U I D  C R Y S T A L S  

Figure 5. Model of the " complex " phase of PBLG showing the short 
benzene stacks on one molecule and the long-period helices from which the 
stacks are derived. The metal tube represents the or-helical backbone out 
to the a to /? carbon bond. 
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POLY-y-BENZYL-GLUTAMATE IN SOLUTION 463 

Figure 6. Model of the " complex " phase of PBLG showing the linking of 
benzene stacks on adjacent molecules (the other side-chains have been 
removed for clarity). 
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464 M O L E C U L A R  C R Y S T A L S  A N D  LIQUID C R Y S T A L S  

Figure 7. Model of the ‘‘ complex ” phase of PBLG showing how several 
strands of benzene stacks can form across three molecules. 
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POLY-y-BENZYL-QLUTAMATE I N  SOLUTION 465 

site marked D in Fig. 4 could join up to form a continuous quasi- 
helical side-chain configuration which in projection would roughly 
follow the cusped figure shown around D. Fig. 7 shows how 
several strands of benzyl groups can be formed in this case across 
three molecules. The whole arrangement over the six molecules 
at LI in Fig. 4 is a six-stranded benzene quasi-helix with a pitch 
length of 330 A. Each short stack is about 55 A long in an axial 
direction. 

We have studied similar " complex " phases of PBLG in aceto- 
phenone and benzene (Fig. 2) and the results of Parry and Elliott 
have been coniirmed. Certain new features in the diffraction 
pattern can also be accounted for in terms of their model. Other 
observations support the suggestion by Parry and Elliott that the 
six-strands of the quasi-helix are not identical (J.M.S. unpub- 
lished results). However the proposed structure accounts very 
satisfactorily for all the features of the observed diffraction 
pattern. The molecular model shown in Figs. 5, 6 ,7  was made and 
studied by the present authors and the stereochemistry of the 
structure proposed for the PBLG " complex " phase was found to 
be very satisfactory. 

It is reasonable to conclude that the presence of a near- 
equatorial streak in cr-protein diffraction patterns does not 
necessarily demand the presence of coiled-coil structures. Indeed 
Elliott et aL9 have shown that other features of the X-ray diffrac- 
tion patterns from certain molluscan muscles cannot be interpreted 
in terms of a simple coiled-coil model. It is likely that whatever 
conformation the backbone adopts an ordered arrangement of 
side-chains occurs which contributes significantly to  the diffraction 
patterns observed. 

The Racemic Fo? of Poly-y-benzyl-glutamate 

Parry, Vibert and Elliott (unpublished) have found an interest- 
ing liq&d crystalline phase of the racemic form of -poly-y-benzyl- 
glutamate (PBG) in dimethylformamide. Racemic YBG is a 
mixture of equal parts by weight of poly-y-benzyl-L-glutamate 
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466 MOLECULAR C R Y S T A L S  A N D  L I Q U I D  C R Y S T A L S  

and poly-y-benzyl-D-glutamate. We have studied this phase 
(obtained from oriented fibres of racemic PBG wetted with DMF) 
using X-ray diffraction techniques. The medium-angle diffraction 
pattern from this phase is shown in Fig. 8. Certain features of this 
pattern together with a 1.5A meridional reflection (not shown) 

Figure 8. X-ray diffraction pattern from a paracrystalline phase of 
racemic PBG in dimethylformamide (flat film: fibre tilted 5" from normal 
to beam). 

suggest a straight a-helical backbone configuration. But this 
alone will not account for all of the diffraction pattern. Once 
again i t  seems likely that an ordered side-chain arrangement is 
involved. (See also Mitsui et ~ 1 . 1 ~ )  One interesting feature is that 
the a-helix backbone is probably a 43/12 a-helix (with repeat of 
64A) and not a simple 18/5 a-helix with a repeat of 27 a, which is 
sometimes found. The very slight distortion required to convert 
one to the other is probably due to the side-chain interactions. 
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The unit cell of this phase has a square base but contains 
u-helices and not w-helices. Saludjan et aZ."J2 have suggested 
that the square-based unit cells found in solutions of both poly- 
carbobenzoxy-L-lysine and poly-L-glutamic acid in diniethyl 
formamide indicate that these polypeptides are in the w-helix 
configuration which has four-fold helical symmetry. The validity 
of this deduction now seems in doubt. 

The dimensions of the unit cell obtained from a least squares 
refinement using all of the observed reflections are 

a = b = 30.038 (E.S.D. = 0.038) ,  c = 64.16A (E.S.D. = 0 . 0 7 8 ) ;  
u = p = y = 90". 

It is remarkable that a structure with such a high degree of three- 
dimensional order should occur in a liquid system. This phase 
 occur^ at concentrations by weight of about 70% to SOY0 polymer. 
A similar phase has been found to occur in solutions of racemic 
PBG in acetophenone. The unit cell dimensions are 

a = b = 29.788 (E.S.D. = 0.03A), c = 64.16A (E.S.D. = 0 .078) ,  
u = /3 = y = 90". 

Once again the degree of three dimensional order is remarkable. 
In  conclusion, it seems likely that studies of liquid crystalline 

solutions of different polypeptides may lead to a greater knowledge 
of the structures which occur in fibrous proteins. For example 
studies of polypeptides with long side-chains of amino acids which 
actually occur in muscle proteins may be instructive. Such 
polypeptides are poly-L-glutamic acid and poly-L-aspartic acid. 
Work on poly-L-glutamic acid has already been started. 

We thank Sir John Randall for facilities, and Mr. A. Fasoli and 
Mr. Z. Gabor for technical assistance. One of us (J.M.S.) is in 
receipt of a postgraduate research training grant from the Science 
Research Council. 
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