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(0.02 A) is greater than  the s tandard deviations. There 
are significant changes in the  atomic co-ordinates, due 
to the cooling; these are recorded in Table 1. Despite 
these changes, however,  the  molecular dimensions show 
no significant differences from those of the molecule at 
room temperature .  The hydrogen-bonding distance of the 
dimers is also unaffected. 

Table 1. Differences in atomic coordinates (A) 
The authors' values are subtracted from those of Nardelli et al. 
The final column contains the estimated standard deviations 

x y z 

S 0.028 -- 0.007 - 0.036 0.002 
O 1 0.048 --0-012 --0.037 0.006 
O~. 0.046 0-008 0-011 0.006 
C 1 0.044 -- 0.009 - 0.028 0.008 
C~. 0.025 - 0.021 - 0.022 0.007 
C a 0.045 - 0.045 - 0.008 0.008 
C 4 0.038 --0.101 -0.019 0.007 
C 5 0-036 -- 0.026 -- 0.008 0.007 

S H O R T  C O M M U N I C A T I O N S  

A three dimensional  difference map  computed  wi th  
our data  enabled three of the  hydrogen  atoms to be 
satisfactorily identified, but  the  carboxyl group hydrogen 
could not  be adequately  sited. Our work confirms the  
displacement of the sulphur a tom from the plane of the 
ring, by 0.02 /~ at  the  low temperature .  
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for a maintenance  grant  to one of us (P. H.). 

R e f e r e n c e s  

CARE, A. D. (1952). Ph.D. Thesis. Univers i ty  of Leeds. 
N A R D E L L I ,  M . ,  FAVA, G. & ARlVIELLn~, L. (1958). l~ic. 

Sci. 28, 383. 
NARDELLI, M., FAVA, G. & GIRALDI, G. (1962). Acta 

Cryst. (In the press.) 

Acta Gryst. (1962). 15, 914 

T h e  s t r u c t u r e  o f  p o l y - L - p r o l i n e  I I .  By R . E .  BURGE, P. l~I. I-IARRISON* and S. McGAvI~,t Wheatstone Physics 
Laboratory, University of London King's College, Strand, W. C. 2, England 

(Received 19 March 1962) 

Poly-L-proline has been shown (for references see Downie 
& Randall ,  1959; Steinberg, Tlarrington, Berger, Sela & 
Katchalski,  1960) to exist in solution in two configura- 
tions characterized respectively by a small positive (1) 
or a large negat ive (II) optical rotation. I t  was shown 
(Cowan & McGavin, 1955) by X-ray diffraction methods  
tha t  poly-T.-proline I I  in the  solid state consists of three- 
fold lef t -handed spirals, the  pept ide groups having the 
trans configuration. 

A three-fold (or nearly three-fold) spiral s tructure for 
poly-L-proline I has also been proposed (Cowan & Burge, 
1957) bu t  the  screw sense is r ight -handed and the  imide 
groups have  the  cis configuration. 

Cowan & McGavin (1955) found a trigonal uni t  cell 
for poly-L-proline II ,  space group P32, with a=6 .62 ,  
c=9-36 /~. A similar s tructure has been published by 
Sasisekharan (1959) wi th  some modification of co- 
ordinates and unit-cell  dimensions (a = 6.68, c =9.36 J~). 
Sasisekharan found, from stereochemical considerations 
and by  a comparison of optical diffraction pat terns  
and the  X-ray  powder  pat tern,  the  range of the  possible 
orientations of the  chain axis of the polymer in the  
c plane. 

I t  is proposed here to present  the  results of a compar- 
i~on between calculated intensities and measured X-ray 
intensities giving more specifically the  orientat ion of the  
poly-T,-proline I I  helix. 

The polar co-ordinates for the  poly-L-proline I I  chain 
used in these calculations are the  previously published 
values (Cowan & McGavin, 1955). The atoms in the  
imide group and proline ring are planar  except for the 
~-carbon a tom which is 0-4 /~ out  of the plane. Bond 
lengths and  angles are respectively wi thin  _+ 0.02 A and 
+ 3 ° of the  values for the  amide groups published by  

* Now at the Biochemistry Department, The University, 
Sheffield, England. 

t Now at the Department of Radiation BiolOgy & Physics, 
University of St. Andrews, Queens College, Dundee, Scotland. 

Corey & Pauling (1953) and of those found for hydroxy-  
L-proline by Donohue & Trueblood (1952). The con- 
figuration of the prolyl residue is also close to tha t  
occurring in L-leucyl-L-prolyl-glycine subsequently pub- 
lished by Leung & Marsh (1958). 

The orientat ion of the polymer  chain was fixed wi th  
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Fig. 1. The calculated variat ion, w i th  orientation ~ of the 
poly-L-proline II helix in the unit cell, of the intensities of 
reflections corresponding to those observed in the X-ray 
powder diagram. A graph corresponding to Ihkil-JrIhki~ is 
marked with the hkil indices. Ordinate: Calculated intensity 
(arbitrary scale). Abscissa: Orientation ~°. 
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r e spec t  to  t h e  a axis  of t h e  u n i t  cell b y  t h e  angle  to 
b e t w e e n  this  axis  a n d  t h e  p e r p e n d i c u l a r  to  t h e  cha in  
axis  pass ing  t h r o u g h  t h e  a - c a r b o n  a t o m ;  full  deta i ls  of 
this  p r o c e d u r e  are  g iven  b y  Sas i sekha ran  (1959). F o r  
each  to t he  in tens i t ies  of t h e  hkil a n d  hkil ref lec t ions  w e r e  
ca l cu l a t ed  for  all  ref lec t ions  w i t h  spacings  g r ea t e r  t h a n  
2.2 /~_. Calcu la t ions  we re  m a d e  a t  5 ° in t e rva l s  b e t w e e n  
to = 0 a n d  to = 60 ° ; this  r ange  inc ludes  all  possible o r ien ta -  
t ions  of t h e  chain .  

T h e  ave rage  degree  of p o l y m e r i z a t i o n  of t he  m a t e r i a l  
in t he  spec imens  was  20. T h e  m e a s u r e d  in tens i t ies  w e r e  
o b t a i n e d  f rom severa l  X - r a y  p o w d e r  p h o t o g r a p h s  us ing  
a d e n s i t o m e t e r ;  t h e  in tens i t ies  we re  co r rec t ed  for  L o r e n t z  
a n d  po la r i za t ion  fac tors  a n d  for  a n  a s s u m e d  isotropic  
t e m p e r a t u r e  fac to r  w i t h  B = 4 / ~ .  

The  va r i a t ions  of t h e  ca l cu la t ed  in tens i t ies  for  t h e  
1010, 1120, 2020, 1011 + 10Ti, 1012 + 1012, 2022 +2022 ,  
1121 + 1 1 2 I + 0 0 0 3  +0003 ,  1123 + 1123, p o w d e r  p a t t e r n  
r ings,  a l lowing  for  mul t ip l ic i t ies ,  a re  p l o t t e d  aga ins t  to 
in Fig .  1. 

T h e  on ly  o t h e r  m e a s u r a b l e  re f lec t ion  a t  a b o u t  2.73 A 
involves  t h e  ove r l app ing  2021, 2021, 1122, 1122, 1013, __ 
1013, ref lec t ions  w h i c h  accord ing  to  t he  ca l cu l a t ed  resu l t s  
va r i ed  l i t t le  w i t h  to a n d  has  been  o m i t t e d  f rom the  analys is  
of t he  o r i en ta t ion .  

I t  is c lear  t h a t  m o s t  of t h e  ref lec t ions  s h o w n  in Fig .  1 
v a r y  s ign i f ican t ly  in  i n t e n s i t y  acco rd ing  to t he  he l ix  
o r i en ta t ion .  

T h e  ca l cu la t ed  a n d  obse rved  in tens i t ies  were  co r r e l a t ed  

R0"2$ 
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Fig. 2. The variat ion of the residual /~ according to the 
orientation of the helix in the uni t  cell. Full l ine--Cowan 
& McGavin's co-ordinates; dotted l ine--Sasisekharan's  co- 
ordinates. Ordinate:  R. Abscissa: Orientation to°. 

a t  each  to b y  ca lcu la t ing  t h e  res idua l  

[R = X I I.F[o - IFlc[/ X lF]o] 

af te r  se t t ing  -rlFl~o=~lFl~ for  t h e  15 ref lec t ions  con- 
ce rned .  T h e  v a r i a t i o n  of R w i t h  to b e t w e e n  0 ° a n d  
60 ° is s h o w n  in Fig .  2 for  t h e  hel ix  w i th  t h e  C o w a n -  
McGav in  co-ord ina tes  a n d  va lues  for  R ca l cu l a t ed  f rom 
Sasisek_haran's co-ord ina tes  are  also g iven  for  va lues  of 
to n e a r  t h e  m i n i m u m  va lue  of R.  

T h e  m i n i m u m  va lue  of R cor responds  to an  o r i e n t a t i o n  
of t h e  poly-T,-proline I I  hel ix  re la t ive  to  t h e  a axis  of t he  
h e x a g o n a l  cell such  t h a t  ( tak ing  errors  in t h e  obse rved  
in tens i t ies  in to  accoun t )  to = 40 + 2 °. This  is t r u e  for  b o t h  
sets  of co-ord ina tes ,  a l t h o u g h  the  a c t u a l  va lues  of R do 
d e p e n d  to  some e x t e n t  on  t h e  smal l  eonf igu ra t iona l  
d i f ferences  invo lved .  T h e  'bes t  va lue '  of to o b t a i n e d  b y  
ca l cu la t ion  differs s o m e w h a t  f rom the  va lue  30-35 ° 

Tab le  1. Comparison of observed and calculated structure 
factors for to = 40 ° 

Reflection ]F Io I Fie 
10T0 12.9 13.8 

1011 + 101-1 14"3 14.5 
1012 + 101-2 12.7 12.6 

11~0 3.7 4.9 
1121 + 112-i+ 1/6(0003) + 1/6(0003) 7.2 5.2 

20~0 6.2 5-7 
2022 + 2022 9.5 9.1 
1123+ 1123 7.1 6"9 

2021 + 202-1+ 1122 + 112-2+ 10T3 + 10T3 12.9 18.0 

e s t i m a t e d  b y  Sas i sekha ran  f rom q u a l i t a t i v e  obse rva t ions  
of in tens i t ies  in  opt ica l  t r ans fo rms .  T h e  obse rved  a n d  
ca l cu la t ed  s t r u c t u r e  fac tors  n o r m a l i z e d  as a l r e a d y  dis- 
cussed for t o=40  ° are  g iven  in  Tab le  1 a n d  t h e  co- 
o rd ina tes  for  th is  pos i t ion  of t h e  a t o m s  in a s ingle 
a s y m m e t r i c  u n i t  a long  the  poly-L-prol ine  I I  cha in  a re  
s h o w n  in Tab le  2. 

Tab le  2. Co.ordinates of atoms in a single repeating unit  

Atom x y z 
C z 0.026 0.055 0.122 
O 1 --0.186 --0.033 0.137 
N 1 0.157 0.012 0.208 
aC 1 0-077 -- 0.147 0.333 
~C 1 0.278 --0.188 0.368 
7Ci 0.492 0-028 0.306 
dC 1 0.415 0.091 0.187 

T h e  ca lcu la t ion  of i n t e r m o l e c u l a r  v a n  de r  W a a l s  
con tac t s  shows t h a t  all  hel ix  o r i en ta t ions  o t h e r  t h a n  those  
in t h e  n e i g h b o u r h o o d  of to = 3 5 ° - 4 0  ° can  be  ru l ed  ou t .  
F o r  t o=35  ° t h e r e  a re  con t ac t s  7C1-O1=2.92  /~ a n d  
diCl-yC1=3.53 /~. F o r  to---40 °, 7C1-O~=2-80 /~ a n d  
~CI-7C ~ =3-80  A. T h e  shor t  c o n t a c t  ),C1-O ~ m i g h t  be  
exp la ined ,  as sugges ted  b y  Sas i sekharan ,  as a C H - O  
h y d r o g e n  bond .  T h e  d i s t ance  is h o w e v e r  r a t h e r  sho r t  
and the angles flC1-FCI-O 1 and ~$CI-FCz-O ~ are respec- 
tively 122 ° and 95 ° for to = 40 °. A diagram of the unit-cell 
arrangement with to -- 30 ° has been given by Sasisekharan 
(1959). 
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