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NEW EVIDENCE ON THE STRUCTURE OF 
MEASUREMENTS WITH POLARIZED 

RADIATION 

SOME PROTEINS 
INFRA-RED FROM 

By E. J. AMBROSE, DR. A. ELLIOTT and DR. R. B. TEMPLE 
Research Laboratory, Courtaulds, Ltd., Maidenhead 

CURRENT views o the structure of keratin, 
myosin and rel d proteins are based on 

chemical analyses on X-ray diffraction data. 
The X-ray eviden (Astbury and Streett) shows that 
these proteins y exist in either of two forms, et. 
and [3, each which shows a characteristic X-ray 
diffraction otograph. The most intense meridian 
reflexio corresponds to a. chain spacing in the 
a-fo f about 5·1 A., while in the [3-form the chain 
sp g is about 3·3 A. Since it is possible, after 
suitable softening treatment, to change a. natural 
protein in the IX-form to the [3-form by stretching or 
squeezing, it is generally assumed that the poly
peptide chains in the IX-form are folded in some way, 
whereas the [3-form corresponds to the extended 
chain. Astbury1 has proposed a particular form of 
folding for IX-keratin ; Huggins3 , Wrinch', and 
Wrinch and Jordan Lloyd6 have suggested a number 
of other possibilities. In an interesting recent paper 
by Astbury, Dalgleish, Darmon and Sutherland • the 
properties of some synthetic polypeptides and natural 
proteins have been discussed, both from the 
point of view of X-ray diffraction and infra-red 
absorption. 

We have been engaged in applying measurements 
made with polarized infra-red radiation to problems 
of high-polymer structure and have been working on 
synthetic polypeptides prepared in this laboratory 
(Hanby, Waley and Watson7). An interesting result 
observed in oriented polyglutamic ester and in 
a-keratin has already been briefly reported (Ambrose 
and Hanby'). In oriented (rolled) polyglutamic ester 
and in keratin obtained from porcupine quill, the 
preferred direction of the N-H bonds is shown by 
polarized infra-red measurements to be parallel to 
the chain orientation. This strongly supports the 
view that the backbone or chain is folded to form a 
seven-membered ring as indicated by them 8 and shown 
in Fig. 1. A fold of this kind differing from the above 
only in the arrangement of the side-groups has been 

Fig. 1. Two views of chain in the n-fo.ld. Only the 
firot carbon atom of ench side-group is shown 

suggested by Huggins3• The arrangement of the side
groups shown in Fig. 1 transforms more easily into 
the [3-form and will fold about an axis parallel to the 
plane of the rings. 

In view of the importance of the interpretation of 
the IX-structure, we have examined several proteins 
of the keratin-myosin group. The results, described 
below, are all in harmony with those obtained in the 
first instance with polyglutamic ester and IX-keratin. 

Experimental Evidence 
The spectra were recorded in the 3-[.L region with a 

lithium fluoride spectrometer equipped with a 
selenium transmission polarizer (Elliott, Ambrose 
and Temple•), and tracings are shown in Fig. 2. The 
keratin specimens were cut sections of porcupine 
quill (1X-keratin) and of swan quill ([3-keratin). For 
orienting specimens of myosin and tropomyosin, the 
proteins were cast on thin films of rubber, which 
were afterwards stretched. This technique, which we 
believe to be new, solved a difficult problem. It was 
found that cast films of tropomyosin often showed 
some orientation after drying ; this is, no doubt, a 
consequence of the fact that the material forms 
fibrillar aggregates in solution (Astbury, Reed and 
Spark10). The myosin was prepared by Edsall's 
method1 •, and tropomyosin was made according to 
the description given by Bailey11• 

The main features of all the spectra are the bands 
due to stretching frequencies of the C--H bonds at 
about 2,900 cm.-I, and two bands which almost 
certainly arise from N-H stretching modes, a 
strong band at about 3,310 cm.-1 and a much weaker 
one at about 3,060 cm.-1 • Both N-H bands show 
parallel dichroism in myosin, tropomyosin and 
IX-keratin, but are markedly perpendicular in feather 
keratin, which occurs naturally in the [3-form (Astbury 
and Marwick12) and is highly crystalline. 

Interpretation of Spectra 
These facts can be interpreted, as already stated, 

if it is assumed that the polypeptide chains are folded 
in the IX-form and extended in the [3-form. It may be 
argued that the differing dichroism may arise from 
the nitrogen atoms on the side-chains; but it is 
generally considered that the nitrogen is present in 

+ the side-groups as NHa. and from observations which 
+ 

we have made on glycine (NH 3 CH2 C01 ), the zwit-
terion form appears to give rise to a very broad 
absorption band extending from about 2,900 to 
3,400 cm.-1 , with a maximum at 3,160 cm.-1 • It 

+ 
seems, therefore, that though the side-chain NH 3 

will contribute to the general level of absorption, the 
bands at 3,060 cm.-1 and 3,310 cm.-1 can be attributed 
to the polypeptide N-H linkages. It appears reason
able to assume that in IX-keratin and in the IX-forms 
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to his 'a' -fold would give 
low dichroism also. The 
spiral shown by Huggins 
in Fig. 13 of his paper 
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the required amount of 
parallel dichroism. Al
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the X-ray observations 
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the serious objection that 
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it is practically rigid. 

1.1 
TROPOMYOSIN 

Moreover, the trans
ition would require that 
many of the side-chains 
would have to rotate 
through an angle of 180°, 
which in a material such 
as keratin containing 
numerous intermolecular 
cystine and salt linkages 
seems highly improbable . 
Calculation based on den
sities, unit-cell dimen
sions and residue weights 
do not allow a choice to 
be made between four or 
three residues per unit 
cell, and hence do not dis-
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Fig. 2. Infra-red spectra of proteins, using polarized radiation. Full and broken lines show spectra 
with the E-vector respectively perpendicular and parallel to the chain axis. In the tropomyosin 
spectrum, .A was obtaineli with a specimen self-oriented on drying ; B was a thinner specimen 
stretched on rubber film. The high-frequency band in il-keratin was obtained with a thinner specimen 

than that used for t.he lower-frequency region 

of myosin and tropomyosin the same backbone 
structure- is found as in polyglutamic ester, since the 
same type of dichroism is found in the N-H bands 
in all these molecules. Without the work on a poly
peptide in which there is no nitrogen on the side
groups, one would, however, hesitate to propose a 
structure for the protein backbone from the infra-red 
observations. 

The weak band at 3,060 em. - 1 is ascribed by 
Astbury, Dalgleish, Darmon and Sutherland 6 to a 
type of hydrogen-bonded N-H. It is sensitive to 
changes in structure; for example, Astbury et al. 
found that it weakened in tropomyosin on changing 
from the IX- to the and we have found that. it 
is weakened in nylons by melting, and by solution in 
isobutyl alcohol. In the proteins we have examined 
it shows the same type of dichroism as the strong 
N-H band, generally giving a somewhat higher 
dichroic ratio. Although a weak band, it may be 
structurally important, since the low frequency 
suggests strong hydrogen bonding. 

Attention may be directed to the great similarity 
in the C-H stretching frequencies in IX- and 
(apart from the much higher density in the 
caused by the use of a thicker specimen). The 
similarity of the three peaks includes frequency, 
relative intensity and dichroism. This may be taken 
to mean that the arrangement of the side-groups 
relative to the fibre axis is not greatly different in 
the two forms. The contrast with the N-H fre
quencies is striking. 

Discussion of Proposed Model 
The arrangement shown in Fig. 1 appears to be 

the one which will give the highest parallel dichroism 
for the N-H absorption bands. The structure pro
posed by Astbury• gives little preferred direction for 
the N·-H bonds; other arrangements proposed by 

criminate between the 'a'
fold and the spiral. Although the dichroic ratios 
shown in Fig. 2 are not high, the result for tropo
myosin shows a dichroic ratio almost as high as we 
have obtained for the same N-H band in a rolled 
nylon specimen, though in nylon, of course, the 
band is of perpendicular character. We have pointed 
out elsewhere16 that in nylon (as in other polymers) 
the dichroism of many bands is not as high as the 
orientation of the crystalline regions would lead one 
to expect, taking into account the known direction 
of the covalent linkage involved, which, in the case 
of the nylon N-H linkage, is perpendicular to the 
chain axis. We feel, therefore, that the evidence 
favours the structure which would show the greatest 
parallel dichroism in the proteins examined. 

X-Ray Data 
The true repeating unit along the fibre axis for the 

model shown in Fig. 1 is 5·1 A. Huggins3 considers 
that it is necessary to assume that alternate side
chains are more potent scatterers of X-rays in order 
to account for the intensity of the 5 ·1 A. refl.exion. 
Possibly a slight bending or staggering of side-chains 
of neighbouring molecules resulting from inter-chain 
salt linkages will account for the intensity. 

lViacArthur17 has resolved two strong equatorial 
refl.exions of 9·2 and 10·5 A. spacing in IX-keratin. 
One of these, possibly the 9·2 A. spacing, may cor
respond to the side-chain spacing as in 
while the other of 10·5 A. may correspond to the 
spacing between pairs of IX-ribbon molecules. The 
IX-ribbons will presumably run alternately parallel 
and anti-parallel (with respect to the -NH-00-
CHR- units along the chain), as they are thought to 
do in (Huggins3). These pairs of chains 
may be packed in a hexagonal array ; Perutz has 
discovered a hexagonal packing of IX-folded chains in 
hremoglobin crystals. 
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We have made a scale model of a length of the 
polypeptide chain in the ex-folded state, using models 
which allow free rotation around bonds and also a 
deformation of ± 6° from the normal valency angle. 
These models were initially designed by Dr. G. S. 
Hartley and further developed in this laboratory. 
The models consist of wooden spheres with flat sur
faces in which are inserted the female portions of 
press studs. A suitable brass link connects a pair of 
atoms, the spherical portions of which are made to 
the van der Waals radius. In the case of the carbon 
atom, the wood is cut away to such an extent that 
only the flat sides of a tetrahedron are left. Fig. 1 
shows a drawing made from a photograph of the 
a-ribbon. The model shows that there is no steric 
hindrance, and if the hydrogen bonds are represented 
by rubber bands it is found to be quite easy to fold 
the ribbon-like structure into larger folds with only 
a small change of angle between the N-H and 
C =0 bonds, and without noticeable distortion of 
the valency angles. This secondary folding is dis
cussed below. 

Huggins has pointed out that his 'a' -structure 
transforms readily into the It is only neces
sary to rotate the 
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linkage about the bonds (marked a and b) which 
attach them to the asymmetric carbon atoms in 
order to pass from the ex- to the or vice versa. 
With the structure shown in Fig. I, there is the 
additional advantage that the positions of the R 
groups with respect to either the same chain or to 
neighbouring chains are not altered, apart from an 
increase in the spacing between neighbouring side
groups along the fibre axis. In keratin, the 
transformation can be effected without breaking the 
numerous cystine linkages between chains. The C=O 
and N-H groups simply move over into planes 
approximately at right-angles to the planes con
taining the side-groups and are juxtaposed to the 
C=O and N-H groups of the neighbouring chains. 

The ex-form possesses considerable stability ; for 
example, in polyglutamic ester a 500 per cent 
extension can be effected without destroying the 
a-ribbon8• The hydrogen-bonding forces operate at 
considerable mechanical advantage in this structure 
and simply serve to maintain the seven-membered 
ring. A small amount of tension does not stretch 
the hydrogen bond appreciably but is taken up by 
the resistance of the primary valency bonds to 
deformation. 

Speculations on the Macroscopic Properties of 
Proteins 

The model proposed for the ex-fold suggests possible 
interpretations of macroscopic properties in terms of 
molecular structure ; these are put forward rather as 
suggestions which it is hoped may stimulate further 
work than as firmly founded deductions. For 
example, it is possible to explain the elastic properties 
of wool and other keratin fibres as due to the stretch
ing of hydrogen bonds, without any other molecular 
rearrangement. The ability of a flattened fibre to 
recover its shape (Astbury and Woods14) on exposure 
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SALT LINKAGE (INTRA-MOLECULAR) 

Fig. 3. Suggested secondary folding of a-ribbon to produce 
contraction in myosin. 1'he side-chains are alternately above 

and below the plane of folding 

to water will only involve the re-closing of extended 
rings. 

The transformation provides an extension of 
35-40 per cent on the proposed model. Astbury and 
Woods consider that a chain extension of about 
100 per cent is necessary in view of the 100 per cent 
extensibility of wool and other keratin fibres. It 
should, however, be noted that the 
already appears at 30 per cent extension, and this 
may indicate that the molecules which were com
pletely oriented in the original fibres have now been 
fully extended. Changes of cellular structure and 
plastic flow may also be involved in further extensions. 
Astbury and Woods have pointed out that the mole
cules of fibres stretched in steam are in a more mobile 
state than those of the original fibre. The 500 per 
cent extensibility of polyglutamic ester without 
destruction of the oc-ribbon would seem to be 
significant. 

An interesting possibility is that the shortening of 
myosin fibres which occurs in muscular contraction 
could result from a secondary folding of the ex-ribbon 
without any violent molecular rearrangement. One 
possible method of effecting this fold has been sug
gested to us by Dr. Conmar Robinson (Fig. 3) . It 
allows close packing of neighbouring chains to occur 
both in the folded and in the unfolded state. The 
intramolecular salt links shown may play a part in 
causing contraction. Naturally, many features are 
not explained by this simple picture, but it forms a 
starting point for further consideration. Possibly the 
role of actin in muscular contraction is to prevent 
intermolecular salt links in the myosin, which would 
allow the intramolecular links to function, for at the 
iso-electric point an isolated chain would tend to 
contract in order to reach a condition of minimum 
potential energy. Muscular contraction cannot be 
explained in terms of oc-folding alone, because a 
muscle can contract by more than 50 per cent of its 
resting length in the body, and Astbury13 has observed 
that relaxed muscle gives an oc-type X-ray diagram. 

It seems possible that the ribbon type of structure 
may occur in globular proteins. Perutz11 considers 
that the fundamental unit of pattern in hremoglobin 
is the same as that which occurs in ex-keratin. The 
ribbon-like structure shown in Fig. l can certainly 
be folded back on itself very easily. 

We should like to express our thanks to Dr. E. 1\f. 
Crook, of University College, London, who very kindly 
prepared the tropomyosin specially for us, to Mrs. 
Harkness of the same laboratory, who prepared the 
Edsall myosin, and to Dr. Edward Hindle, who 
provided the porcupine quills. We are indebted to 
our colleagues, Dr. Conmar Robinson and Mr. W. E. 
Hanby, for helpful advice and practical assistance, 
and to Dr. C. H. Bamford for useful discussion. In 
conclusion, we wish to express our thanks to Messrs. 
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Courtaulds, Ltd., for permission to publish an 
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NUFFIELD COLLEGE. OXFORD 
By D. N. CHESTER 

Official Fellow of the College 

ON April 21 the Chancellor of the University of 
Oxford, L d ifax, laid the fotnrrdation 

stone of N ege. On present plans it is 
likely that the 1 move into the first section 
of the b!Vtg ovv¥' ¥-he end of 1950. The section 

uta small part of the vvhole, 
and el)l 1 lte a ery long time before the full 
sche is an · g like nearing completion. Never-
theless, a most heartening beginning has been made. 
The site, vvhich is opposite to the Castle half-vvay 
between Carfax and the railvvay station, vvas chosen 
by Lord Nuffield because he vvished to see that side 
of the city improved. The building is in traditional 
Oxford style vvith exterior of Clipsham stone, and the 
architects are Harrison, Barnes and Hubbard. 

In another and truer sense the College already 
exists. For it has a Warden and eight official Fellows 
(vvith three more taking up appointments shortly), 
three research Fellows, eighteen graduate Students, 
as vvell as a number of professorial, faculty and 
visiting Fellows. The development of the College, 
therefore, is in advance of the buildings, vvhich is 
a healthy sign. The temporary premises at present 
in use are, hovvever, tnrrcomfortably crovvded, and the 
nevv building is very much needed. 

The College differs from other Oxford colleges in 
certain important ways, apart from the obvious 
difference of being a mere tnrrproved infant among a 
collection of ancient and already distinguished 
fonndations. The two main differences are : the 
College is primarily concerned vvith one broad field 
-social studies-instead of catering for the whole 
range of nniversity studies; and it is a graduate and 
not an rmdergraduate college. 

Lord Nuffield gave the University the site and the 
sum 'of £900,000 for the building and endowment of 
a college "to encourage research, especially but not 
exclusively in the field of social studies, and especially 
by making easier the co-operation of academic and 
non-academic persons". The Oxford college system 
tends to separate people vvho are vvorking in the same 

field and throvv them into close association with those 
concerned vvith other subjects; in contrast, 'Red 
Brick University' tends to departmentalize particular 
subjects or fields of study and provide for little 
contact between experts in different subjects, except 
on matters ofnniversity administration. Both systems 
have their merits and their disadvantages. There is 
perhaps nothing so narrowing as the constant and 
exclusive company of specialists in the same subject ; 
but, on the other hand, progress in that particular 
field may vvell be quicker for that concentration. 

It remains to be seen whether Nuffield College can 
get the best of both worlds. Much depends on the 
interpretation given to the phrase 'social studies' ; 
at the moment the College has among its Fellows 
those concerned vvith economics, statistics, social and 
political theory, colonial and international affairs, 
government and public administration, industrial 
relations, social medicine, lavv, modern and economic 
history. Moreover, many of the Fellows are con
nected vvith other colleges, and so have contact with 
what is happening in other fields of rmiversity 
teaching at Oxford. 

Social studies (the term is preferred in Oxford to 
'social sciences') have been a comparatively neglected 
branch of university activities. Thanks, however, to 
the increased Government grant following upon the 
Clapham Report and to the quickening of interest 
due to the War, this branch of university work has 
recently made quite big strides. Nevertheless, it is 
doubtful whether these have been as great as those 
which have been taking place in the natural and 
physical sciences and in medicine. At a moment 
when there is so much talk about research into social 
and economic problems, it is by no means certain 
that much more is being nndertaken novv than 
immediately before the War, very largely because all 
the University staffs are so busily engaged in coping 
vvith the big increase in the number of students, and 
with tackling the many problems of rmiversity 
administration. Nuffield College has not gone 
tnrraffected by the present heavy teaching demands, 
for, though it is a graduate college devoted to research, 
the Fellows have been making a contribution to 
rmiversity teaching and examining, particularly by 
lecturing and by holding advanced seminars. Even 
so they have been fortnnately free of the crushing 
burden of teaching and college duties which prevents 
so many Oxford tutors from vvriting and research. 
It is doubtful vvhether the solution of the problem is 
the separation of research from teaching-constant 
teaching without the opportunity for vvider reading 
and research in one's special field is frustrating and 
narrovving, while research separated from the nonnal, 
active life of a nniversity is neither a good thing in 
itself nor satisfying to most researchers. The long
run solution, therefore, is to reduce the teaching load 
on university teachers in general so that they may 
have more time for research. Even then, however, 
there should still be a place for one or two well
endovved graduate colleges or institutes in particular 
fields. Such organisations should be able to provide 
a training for the student nndertaking his first piece 
of research. They should provide a temporary base 
for scholars from Great Britain and other conntries 
who wish to take a year or so off from teaching to 
complete a particular project. They should be in a 
position to help in all kinds of vvays those in the 
rmiversity primarily concerned vvith rmdergraduate 
teaching, if only by providing a centre and a first. 
class research library. Further, their full-time 
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