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t h e  vMues .  T h e  c o n s t r u c t i o n  a n d  use  of t h e  n o m o g r a m  
is be s t  u n d e r s t o o d  b y  s o m e  e x a m p l e s .  

The  construct ion of a n o m o g r a m  

T w o  m e t h o d s  are  poss ib le :  (1) d r a w  a se t  of  cu rves  for  
d i f f e ren t  v a l u e s  of [F[2; or  (2) d r a w  on ly  t h e  c u r v e  for  
IF] 2 -- 1 a n d  t h e n  use  a l o g a r i t h m i c  scale. T h e  s e c o n d  
a l t e r n a t i v e  is t h e  s imp le r  as  i t  r equ i r e s  v e r y  l i t t le  t i m e .  

S u p p o s e  we are  i n t e r e s t e d  in t h e  [F] 2 v a l u e s  f r o m  a 
p h o t o g r a p h  w i t h  p = 11-2 (Fig. l (a) ) .  T h e n  we  f i rs t  
d r a w  a l ine para l le l  t o  t h e  ~ axis  a t  p ---- 11.2 in a c h a r t  
of t h e  old  t y p e .  T h e  p o i n t s  a, b a n d  c c o r r e s p o n d  to  
a~, b~ a n d  c~, a n d  t h e  a c t u a l  va lue s  are  0.95, 0.80, 0.20 
a n d  1.05, 1.25, 5.0 r e spec t i ve ly .  I n  th i s  w a y  a n o m o g r a m  
can  be  c o n s t r u c t e d  for  e v e r y  v a l u e  of p.  

U s e  of the n o m o g r a m  

I n  F ig .  l(b),  if [F[ 2 is a,  w h o r e  a .  0 a n d  a .  1 t h e  
c u r v e  w o u l d  be  d i s p l a c e d  b y  t h e  d i s t a n c e  log a. T h i s  
d i s p l a c e m e n t  is sca led  off w i t h  t h e  l o g a r i t h m i c  scale,  
w h i c h  is u s e d  for  t h e  r e a d i n g  of t h e  [F[ 2 va lues .  H o w e v e r ,  
t h e  scale m u s t  h a v e  t h e  s a m e  m o d u l  as  t h e  d i a g r a m .  

Example 1 
I = 3.5, ~ = 1.85; t h u s  [Fl ~ = 1 .2 ,  

Example 2 
I---- 85, ~---- 0-80; t h u s [ F ]  ~ - -  4 4 .  

The calculat ion of IF[ 

T h e  m e t h o d  is i den t i ca l  w i t h  t h a t  o u t l i n e d  for  IF[ 2 
above ,  t h e  o n l y  d i f fe rence  be ing  t h a t  t h e  scale has  a 
m o d u l  tw ice  t h a t  of t h e  n o m o g r a m .  C o n s e q u e n t l y  t h e  
s q u a r e  roo t s  a re  o b t a i n e d .  H o w e v e r ,  care  m u s t  be  t a k e n  
so t h a t  t h e  co r r ec t  f igures  a re  o b t a i n e d .  

T h e  a u t h o r  wishes  to  c o n v e y  his t h a n k s  to  P ro f .  F .  E.  
W i c k m a n ,  S w e d i s h  M u s e u m  of N a t u r a l  H i s t o r y ,  a n d  
Pro f .  G. H a g g ,  U p p s a l a ,  for  t he i r  k i n d  in t e res t .  
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T h e  s t r u c t u r e  of t h e  h e x a g o n a l  f o r m  of v . - cys t ine  
[ - S - C H 2 - C H ( N H 2 ) C O O H ] 9  h a s  been  d e t e r m i n e d  f r o m  
t h r e e - d i m e n s i o n a l  X - r a y  d a t a .  T h e  un i t - ce l l  d i m e n s i o n s  
were  m e a s u r e d  a c c u r a t e l y  b y  t h e  back - r e f l ex ion  m e t h o d  
( F a r g u h a r  & L i p s o n ,  1946) a n d  t h e  va lue s  f o u n d  d i f fer  
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Fig. 1. The conformat ion of half the  cystine molecule in 
hexagonal T.-cystine, viewed down the  twofold axis parallel 
to [1120]. The contours  are those obtained from the three- 
dimensional sulphur-phased Fourier  synthesis.  Contours 

3 3 begin at  the  1 e .A-  level and are at  1 e .A-  intervals,  
except for the  S a tom,  which is contoured from the 5 e.A -a 
level in 5 e.A -3 intervals. All peaks above 1½ e.A -a are 
shown. 

* Present  address:  Biochemistry Depar tment ,  The Univer-  
sity, Sheffield 10, England.  

o n l y  s l igh t ly  f r o m  t h o s e  of S t e i n r a u f  & J e n s e n  (1956). 
T h e y  are  : 

a = 5.42204-0-0005 A, c -- 5 6 - 2 7 5 ~ : 0 . 0 0 5 / ~ .  

T h e  space  g r o u p  is P6122 w i t h  six mo lecu l e s  pe r  u n i t  cell. 
All  t h e  a t o m s  are  in genera l  (12-fold) pos i t ions ,  t h e  t w o  
ha lves  of each  eys t i ne  m o l e c u l e  be ing  r e l a t e d  b y  a t w o f o l d  
axis  of s y m m e t r y  para l le l  t o  a [1120] axis .  

T h e  s u l p h u r  p a r a m e t e r s  we re  d e t e r m i n e d  f r o m  t h e  
t h r e e - d i m e n s i o n a l  P a t t e r s o n  syn thes i s .  A t h r e e - d i m e n -  
s ional  F o u r i e r  syn thes i s ,  c a l c u l a t e d  w i t h  p h a s e s  b a s e d  on  
t h e  s u l p h u r  pos i t i ons  a lone ,  g a v e  a c o m p l e t e l y  u n a m -  
b i g u o u s  p i c t u r e  of t h e  who le  s t r u c t u r e  (Fig. 1). Fc va lues  
for  t h i s  s t r u c t u r e  were  d e t e r m i n e d  for  all (hkil) re f lex ions  
w i t h  Fo ~= 0 a n d  g ive  /~ = 2 1 % .  T h e  t h r e e - d i m e n s i o n a l  
r e f i n e m e n t  of t h e  p a r a m e t e r s  is p roceed ing ,  b u t  t h e  gene ra l  
m o l e c u l a r  c o n f o r m a t i o n  is a l r e a d y  qu i t e  clear .  P re l im-  
i n a r y  p a r a m e t e r s  a re  g iven  in Tab l e  1. 

Tab le  1. Preliminary atomic parameters for hexagonal 
L-cystine (at the present stage of refinement) 

x, y and z are as defined in International Tables (1952, p. 285) 
for space group P6122 

x y z 
S -- 0.0317 0.1669 0.07943 
C 1 0-280 0.361 0.0592 
C 2 0.213 0.267 0.0336 
C a 0.167 -- 0.035 0.0285 
N 1 -- 0.036 0.279 0.0229 
01 --0.068 --0.220 0.0230 
02 0.384 --0.059 0.0328 
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The approximately planar -CH (NH~)COOH groups lie 
almost perpendicular to the c axis, and are hydrogen- 
bon(h,d logether to fonn continuous sheets which are 
almost identical in structure with tl~ose found in glycine 
(Albrecht & Corey, 1939) (see Fig. 2). The structure of 
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Fig. 2. Diagrammatic representation of (a) one layer of the 
glycine structure, (b) one layer of -CII(NH.,)COOH groups 
in the hexagonal L-cystine structure. 

hexagonal L-cystine may  therefore be thought  of as 
composed of parallel glycine-like sheets with the C-R 
bonds pointing al ternately up and down in successive 
sheets, l inked together  in pairs by disulphide bridges. 
Adjacent  sheets which are not  l inked by disulphide 
bridges are held together by N - H  • - • O; hydrogen bonds. 
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Fig. 3. Projection of one half of the cystine group on to the 
plane of the planar -CH(NH~)COOH groups in (a) cystine, 
(b) N-N'-diglycyl-L-cystine dihydrate. 

The conformation of the  cystine molecule is different 
from tha t  found in L-cystine hydrochloridB (Corsmit, 
Schuyff & Feil, 1956) and the cystine group in N - N ' -  
diglycyl-T.-cystine dihydrate  (Yakel & Hughes, 1954) 
(Fig. 3). 

The individual halves of the molecule are very similar 
in the two types of structure, with only small differences 
in the orientations of the S-C1 and Cz-C 2 bonds relative 
to the planar -CH (NH2)COOH group. There is, however, 
rotat ion about  the S-Cz, S-S' and S'-C~ bonds, and the 
disulphide bridge in L-cystine is the mirror image of tha t  
in the other two structures. Thus in T,-cystine, the  S-S'  
and C~-Ca bonds lie on the same side of the SCzC~ plane, 
whilst in N-N'-diglycyl-L-cystine dihydrate  and x.-cystine 
hydrochloride the equivalent  bonds lie on opposite sides 
of this plane. 

I t  appears, therefore, tha t  hi the cystine group there 
is a preferred position of the S-C 1 bond relative to the 
planar group, with the SC~C~ plane approximately 
bisecting the angle N1-C2-C 3. There is also a preferred 
position of the S-S'  bond, which makes an angle of ap- 
proximately 83 ° with the SCzC 2 plane, but  the disulphide 
bridge can take up either of the two possible conforma- 
tions, related by a mirror plane of symmet ry  perpendic- 
ular to the S-S' bond, which satisfy this condition. 

We are much indebted to Dr J .  S. Rollet t  and to 
members  of the staff of the National Physical Laboratory 
who computed the three-dimensional Fourier synthesis 
and structure factors on 'Deuce', the N. P. L. electronic 
computer.  
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Recent  advances in programming large electronic com- 
puters for crystallographic calculations have led to ex- 
tensive refinement of many  structures in three dimensions. 
When  these methods  of calculation became available to 
us, it was decided tha t  a least-squares refinement of cyclo- 
serine hydrochloride (Turley & Pepinsky, 1956) in three 
dimensions might  yield further  information concerning 
the hydrogen-bond network in this crystal. Accordingly, 
the  calculation was made using the IBM 704 Electronic 
Data-Processing Machine (Sayre, 1956), and the results 
are presented in this paper. 

All data  were placed on an absolute scale by comparing 
JFol with the last set of tFcJ. The coordinates and crystal 
temperature  factor resulting from the last IBM 604 cal- 
culation were used as beginning parameters.  Six ]east- 
squares refinement cycles, refining on coordinates and 
individual temperature  factors for all cycles, led to the 
coordinates and temperature  factors shown in Table 1. 
The agreement  factor, R z = -r I[Fol- [Fell - ZIFo], drop- 
ped from 15.9% to 14.4% (Fo 4: 0). For the last refine- 
ment  cycle, all indicated shifts were less than 0.001 cell 
edge. 


