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The no ta t ion  is tha t  used by Klug et al. and the  
snmmat ion  in (la) extends  over the  values of n which 
satisfy the  relat ion 1 =tn + u m  and the summat ion  in (lb) 
ex tends  over the  a toms in a set. In  m a n y  instances (e.g. 
the  a-helix) only one te rm is needed in (la) for a particular 
value of l; this is the case considered here. 

If  a convenient  axis Oz is chosen within the fibril we 
m a y  suppose this to coincide with the  helix axis of an 
imaginary  reference molecule having some arbi t rary 
ro ta t ion  about  Oz and displacement along Oz. The 
Fourier  transform, Fo, of this reference molecule may  
then  be calculated by expression (1). Each  molecule in 
the  fibril m a y  generated from the reference molecule by 
a ro ta t ion av about  Oz, a displacement  zv parallel to Oz 
and a displacement  normal  to Oz of magni tude  rv and 
az imuth  ~v. The t ransform of the fibril is thus 

F ( R ,  9, l/c) 
=Z,  Fo(R, y~-av, l/c) exp {2ui[Rrv cos (y~ -q~v) + ~Zv]} (2) 

v 

where the  summat ion  extends over the  N molecules in 
the  fibril and does not,  of course, include the  imaginary 
reference molecule. A similar expression, in cartesian 
coordinates, is implied in Section 4 of Cochran et al. 
(1952). 

The intensi ty  transform for the  fibril is, from (1) and 
(2), 

FF*(R,  9, l/e) = IG=, z(R)la_,~ " ~ exp {i[ -navw 
y 

+ 2zrRrvw cos (9 -q~vw) + 2zt~Zvw]} (3) 

where avw = a v - a w ,  Zvw =Zv-Zw, rvw is the  magni tude  of 
a vector normal  to Oz joining the axes of the  vth and 
wth molecules and q~vw is the  angle between this vector 
and the plane yJ=0. In  most  instances the  angular 
dependence of (3) is of no interest  and the observable 
intensi ty is proport ional  to the cylindrically averaged 
v a l u e  

(FF*(R,  ~o, l/c))~ = !i'F*(R, v2, 1/c)d~,/2~. (4a) 
o 

From (3), (4a) and  the  ident i ty  

Jo(x) = exp (ix cos O)dO/2:~ 

we obtain 

( F F * ( R ,  9, 1/c))~ 

= [Gn, ~ ( R ) l ~ . ~ J o  (2rcRrvw) cos ( -navw + 2~Zvw) (4b) 
Y .~lJ 

I~ iClh:¢ be no ted  tha t  for l=n---?,=O the  expression 

reduces to tha t  derived by e s t e r  & Ri ley  (1952) for the  
equatorial  scattering from assemblies of cylindrically 
symmetr ical  systems. Also for N = I  (4b) reduces to 
[Gn, l(R)[ ~ which is the  result given by Klug et al. (1958) 
for a single molecule and a single value of n. The effect 
of interference between helical molecules in a fibril is 
thus  the  introduct ion of a double summat ion  as in (4b). 

This double summat ion  implies the  calculation of N ~ 
terms but in practice the  m a x i m u m  number  required is 
N ( N - 1 ) / 2  at most  as a v w = - a w v  and Z v w = - z w v  and  
(4b) simplifies to 

A 7 N 
(FF*(R ,~ , I / c ) )~= [Gn.z(R)[9{N + 2 ~ " .~  Jo(2r~Rrvw) 

v=l w=v+l 

x cos ( - n ~ , w  + 2~Z~w)} (5) 

If, as f requent ly  is the case, the  molecules are symmetr i -  
cally arranged within the fibril the  number  of terms in 
the  double summat ion  which need to be calculated is 
quite small. 

We have shown elsewhere (Fraser, MacRae & Miller, 
1964) tha t  the  Fourier t ransform of the  coiled-coil model  
for a-fibrous proteins proposed by Crick (1953) may  be 
wri t ten in the  form 

F(R, 9, 1/c) =G(R, m, 4) exp [iA(~ +½~)] (6) 

where l/c =2/P +re~h, P is the pitch of the  major  helix, h is 
the  axial rise per seven residues and only a single combina- 
t ion of m and ~ is needed for any  particular l. G(R, m, A) is 
a complex number  independent  of ~ and so (6) is formally 
similar to (1). The analysis leading to (5) is thus  equally 
valid in this case. Fur ther  it has been shown tha t  when  
a number  of coiled-coil structures are wound around a 
common axis to form a rope the Fourier t ransform of 
the  rope can also be expressed in a form similar to (6) 
(Fraser et al., 1964) and so (5) may  also be applied to 
fibrils containing assemblies of coiled-coil ropes. 
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~ ( ~ c r i p t i o n  of a t runcat ion procedure for the determina-  have recently been published (Taylor, Mack & Parrish, 
~)!hiof  the  centroid position of an X-ray diffraction line, 1963 ; Parrish, Mack & Taylor, 1963). 
~ : a n  account  of the advantage  of this procedure in A similar procedure, together  with the  results obta ined 
~[i~ling wi th  the  difficulties introduced by satellite lines, when it is used to determine lattice parameters,  bas 
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p r e v i o u s l y  been  desc r ibed  (Delf, 1963). This  m e t h o d  is 
b a s e d  on t h e  a p p r o a c h  due  to  P ike  & Wilson  (1959) b u t  
w i t h o u t  t h e  use  of ho r i zon ta l  t r u n c a t i o n .  The  on ly  signi- 
f i can t  d i f ference  b e t w e e n  th is  a n d  the  m e t h o d  of T a y l o r  
et al. ( m e t h o d  D of P a r r i s h  et al.) is t h a t ,  whi le  b o t h  are  
s y m m e t r i c - l i m i t  m e t h o d s ,  t he  m e t h o d  desc r ibed  b y  T a y l o r  
et al. uses a s y m m e t r i c  w a v e l e n g t h  r ange  whi le  t h a t  of 
Delf  uses a s y m m e t r i c  a n g u l a r  range .  

T h e r e  m a y  be a t h e o r e t i c a l  a d v a n t a g e  in us ing  sym-  
m e t r i c  w a v e l e n g t h  ranges ,  b u t  it  is less c o n v e n i e n t  t h a n  
s y m m e t r i c  a n g u l a r  r anges  in p rac t ice ,  as l ine profi les  a re  
i n v a r i a b l y  r e c o r d e d  as a n g u l a r  i n t e n s i t y  d i s t r ibu t ions  in 
X - r a y  p o w d e r  d i f f rac t ion  m e a s u r e m e n t s .  I n  p rac t i ce  t h e  
t w o  m e t h o d s  will  on ly  differ  s ign i f ican t ly  a t  h igh  angles ,  
w h e r e  t he  cen t ro id  a p p r o a c h  is un l i ke ly  to  be of use 
because  of t h e  large d ispers ion  effect  a n d  t h e  non-  
l inea r i ty ,  a n d  increase  in m a g n i t u d e ,  of t he  b a c k g r o u n d  
level .  

The re  has  been  a ce r t a in  a m o u n t  of c r i t ic i sm of t h e  
cen t ro id  m e t h o d  of d e t e r m i n i n g  line pos i t ions  as some 
t r u n c a t i o n  p r o c e d u r e  has  to  be  used  to  o v e r c o m e  t h e  
diff icul t ies  i n t r o d u c e d  b y  the  Cauchy- l ike  tai ls .  I t  is, 
the re fore ,  of in t e res t  t h a t  two  labora to r ies  have  inde-  
p e n d e n t l y  c o n v e r g e d  on essen t ia l ly  t h e  same  t r u n c a t i o n  
p r o c e d u r e  to  give a r ep roduc ib l e  m e a s u r e  of line pos i t ion  
w h i c h  can  easi ly  be r e l a t ed  to  t he  w a v e l e n g t h  scale. 
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T h e  c rys ta l  s t r u c t u r e  of ( + ) - d e m e t h a n o l a c o n i n o n e  
h y d r o i o d i d e  t r i h y d r a t e ,  C ~aH310 4 (OH) aN. I-II.  3H 20, was  
d e t e r m i n e d  b y  P r z y b y l s k a  (1961). A w a t e r  molecu le -  
iodine  cha in  in t h e  s t r u c t u r e  was  s o m e w h a t  l a te r  desc r ibed  
b y  Clark  (1963), who  l is ted t h e  h y d r o g e n  bonds  a n d  angles  
a s soc ia ted  w i t h  t h a t  cha in ,  a n d  w h o  q u o t e d  f rom a p r i v a t e  
c o m m u n i c a t i o n  f rom P r z y b y l s k a  as fol lows:  Considering 
the very low ionic character of H I  and the fact that the 
iodine atom is situated at a distance of 5 t~ from the 
nitrogen atom of the alkaloid, it seems unlikely that the 
hydrogen of H I  is attached to nitrogen. This  sugges t ion  
c a n n o t  be accep ted ,  h o w e v e r ,  because  it ignores  t h e  fac t  
t h a t  t h e  a lka lo id  is a m o d e r a t e l y  s t rong  organic  base,  a n d  
H I  a s t rong  acid ,  indeed ,  t h e  s t ronges t  of t he  h y d r o g e n  
hal ides .  

R a t h e r  t h a n  discuss  in de ta i l  t h e  essen t ia l ly  i ncomple t e  
sugges t ions  of P r z y b y l s k a  ( 1961 ) a n d  Clark  ( 1963) regard-  
ing t he  h y d r o g e n  bond ing ,  we  shall  i n s t ead  discuss it  
f rom first  pr inc ip les  in o rde r  to  locate ,  if possible,  t h e  
h y d r o g e n  a toms .  This  can  be done  in t h e  fo l lowing 
s tepwise  m a n n e r ,  w i t h  t he  he lp  of Tab le  2 of Clark  (1963): 

1. W e  no t e  f irst  t h a t  t h e r e  are  e l even  h y d r o g e n  a t o m s  
ava i l ab le  for h y d r o g e n  b o n d  f o r m a t i o n :  six w a t e r ,  four  
h y d r o x y l ,  a n d  one ~ N + - H .  

2. T h e r e  a re  f ive I - . . .  O d i s t ances  in t he  r ange  
3.52-3.62~k.  These  a re  a s s u m e d  to co r r e spond  to  
O - H . . .  I - .  T h r e e  of t h e  o x y g e n  a t o m s  are  h y d r o x y l .  
This  fixes t h e  h y d r o g e n  a t o m s  of 0(5) ,  0(6) ,  a n d  0(7) ,  a n d  
one each  on t h e  w a t e r  o x y g e n  a t o m s  0(9)  a n d  O(10). 

3. The re  a re  f ive O - . .  O d i s t ances  in t h e  r ange  
2 .50-2.84 ~ .  These  a re  a s s u m e d  to  co r respond  to  
O - H  • • • O. 

4. One of these  invo lves  0(6) ,  whose  h y d r o g e n  a t o m  is 
a l r e a d y  ass igned  e lsewhere .  This  gives  O ( 10) -H • • • O (6). 

5. B o t h  h y d r o g e n s  of O(10) are  n o w  ass igned.  This  
g ives  O ( l l ) - H .  • • 0(10) .  

6. The  h y d r o x y l  0(8)  is i nvo lved  in on ly  one shor t  
O • • • O sys t em.  This  gives  O ( 8 ) - H  • • • 0(9) .  

7. E i g h t  of t h e  t e n  h y d r o g e n  a t o m s  on o x y g e n  h a v e  
n o w  been  p laced .  F o r  t h e  r e m a i n i n g  two  t h e r e  is an  
a m b i g u i t y  : 

2-50 2.81 
e i the r  O ( 9 ) - t t - - .  O(11) - ] I  . . .  O ( 9 ) - H  

I I f 
H H H 

2-50 2.81 
or H - O ( 9 )  • • • H - O ( l l )  • • • H - O ( 9 )  

1 I f 
H H H 

8. T h e  a b o v e  cons ide ra t ions  a re  m a d e  solely w i t h  
r ega rd  to  i n t e r a t o m i c  d is tances .  This criterion is not 
enough, since it ignores  cova l en t  b o n d  angles  i nvo lv ing  
h y d r o g e n .  H o w e v e r ,  r e fe rence  to  Tab le  3 of Clark  (1963) 
shows t h a t  all  of t h e  C-O • • • I ,  C-O • • • O, O • • "O • - • O 
a n d  O • • • O • • • I angles  impl ied  b y  t h e  a b o v e  cons idera-  
t ions  are  w i t h i n  t h e  r ange  of e x p e c t a t i o n  for C-OI-I • • • I ,  
C - O H . . . O ,  0 . - - H O N . . . O ,  a n d  O ' . - H O H . . . I  
i n t e rac t ions .  

9. F ina l ly ,  search  for  a h y d r o g e n  b o n d  a c c e p t o r  for t h e  
~ N + - H  g r o u p  (and t h e r e  is no reason  w h y  th is  shou ld  
be an  iodine  ion) revea l s  an  0(5)  of a n e i g h b o r i n g  mo lecu l e  
a t  3 .05/~,  a n d  w i t h  accep t ab l e  C.N • • • O angles .  

All of t h e  foregoing,  i nc lud ing  t h e  a m b i g u i t y  of i t em 
7 above ,  a re  s h o w n  in Fig .  1. I t  is conc luded  t h a t ,  on t h e  
basis  of i n t e r a t o m i c  d i s t ances  a n d  p r e s u m e d  i n t e r b o n d  
angles ,  n ine  of t h e  e leven  h y d r o g e n  a t o m s  of t h e  h y d r o g e n  
bonds  can  be pos i t ioned .  I n  t h e  case of t h e  r e m a i n i n g  
two,  t h e r e  is n o t  a m a r k e d  p re fe rence  b e t w e e n  t h e  t w o  
possible a r r a n g e m e n t s ,  as m a y  be seen f rom t h e  va lues  
of t h e  r e l e v a n t  angles  in Fig .  1. 

The  d iscuss ion  of Clark  (1963) was  m a i n l y  conce rned  
w i th  t h e  h y d r o g e n  b o n d i n g  invo lv ing  t h e  w a t e r  molecules .  


