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T w o  Fourier functions for use  in protein crysta l lography.  B y  L . K .  STEI~aAUF, Department of 
Chemistry, University of Illinois, Urbana, Illinois, U.S.A.  

(Received 2 October 1961 and in 

The difference Pa t t e r son  and  the Rossmann  funct ion  
(1960) are very  pract ical  s tar t ing points  in the  investiga- 
t ion of protein s t ruc ture  by  the  isomorphous rep lacement  
method .  Wi th  these functions it  has been possible in 
favorable cases to locate the  heavy  a toms subs t i tu ted  
into the protein,  which is necessary for the  de te rmina t ion  
of the  s t ruc ture  of the protein.  The two functions to be 
proposed are in tended  to be used on more  complicated 
heavy  a tom structures  than  are the above functions.  

The first funct ion is an  electron densi ty  synthesis of 
the  heavy  a toms using as coefficients: 

( IFpHI-  IFp]) exp (lap) I 

where  Fp is the  s t ruc ture  factor  and  0~p is the phase 
angle of the unsubs t i tu ted  protein,  FpH is the s t ruc ture  
factor  of the  protein wi th  the heavy  a tom derivat ive,  
and  FH is the s t ruc ture  factor  of the  heavy  a tom deriva- 
tive. For  the noncentr ic  case Func t ion  I is a very  

Fig. 1. The brace along Fp indicates the quantity 
(]FpHI--]Fp[) exp (/o~p), which will have the same phase 
angle and, with the conditions stated in the text, will be 
very nearly equal in length to the projection of FH, which 
is the heavily lined part of Fp. 

revised form 24 August 1962) 

useful, a l though not  an  exact,  representa t ion  of the  
electron densi ty  of the  heavy  atoms.  I t  is very  near ly  
the  project ion of FH onto Fp (or the componen t  of FH 
tha t  is parallel  to Fp) as m a y  be seen in Fig. 1. 

In  pract ice this funct ion has given accura te  representa-  
t ion of heavy  a toms as long as the average length of Fp 
is more  than  about  four t imes the  average length of FH. 

Func t ion  I has been used to refine posit ional,  vibra- 
t ional  and  s i te-occupancy paramete rs  of der ivat ives  
tha t  are a l ready ra the r  well known.  I t  has been used wi th  
some success in locating minor  sites. The greates t  use so 
far has been to locate the  positions of der ivat ives  which 
are too complicated to be located by  difference Pa t t e r son  
or Rossmann  funct ions;  the addi t ion of such der ivat ives  
to the phase circle de terminat ions  has been found to be 
well wor th  while. A flow char t  is given below for the  
procedure  used for triclinic lysozyme. The full lines 
follow the ref inement  cycle and the broken lines follow 
the  pa th  by which addi t ional  der ivat ives  are added  to 
the  determinat ion .  

Since Func t ion  I is an  approximat ion  for noncent r ic  
reflections, peak  heights  calculated by  its use will be 
expected to be low. The average value of a project ion is 
the  average value of the  cosine, which is 2/~ or 0.63. 
Therefore, the  height  of a peak  using Func t ion  I should 
be about  60% of the  he ight  of the  same peak  of a syn- 
thesis using the  s t ruc ture  factors of the  heavy  atoms,  
if they  were known.  This has been checked for an artificial 
heavy  a tom s t ructure  for which the calculated s t ruc ture  
factors were projec ted  onto r andom 'protein '  s t ruc ture  
factors obta ined from a table of r andom numbers .  The 
result ing project ions together  wi th  the phases of the  
'protein '  were  used in a synthesis of Func t ion  I.  The 
peak  heights  so obta ined  averaged 58% as high as those 
obta ined from a synthesis  using the original s t ruc ture  
factors of the  heavy  a toms;  the  background  was con- 
siderably higher  bu t  the  positions of the  peaks differed 
by  only insignificant amounts .  I t  might  be poin ted  out  
t ha t  Func t ion  I is similar to tha t  usual ly used to calculate 
hydrogen  positions for noncen t rosymmet r i c  s t ructures .  
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T h e r e f o r e ,  t h e  h y d r o g e n  p e a k s  in  a d i f f e rence  F o u r i e r  
l e a v i n g  out h y d r o g e n  a t o m s  s h o u l d  be  o n l y  a b o u t  60% 
as h i g h  in  a n o n c e n t r i e  p r o j e c t i o n  as  in  a cen t r i e  p ro jec -  

t i on .  
The second function to be proposed is a Patterson 

s y n t h e s i s  u s i n g  as  coef f ic ien t s :  

(iFP~RI -[FPI) ~ + (IFpH~I --IFPI) 2 - (IFpHII --IFpH2I) s. IY 

The Rossmann function gives the self-vectors of the 
heavy atoms of derivative one and the self-vectors of 
t h e  h e a v y  a t o m s  of d e r i v a t i v e  t w o  as p o s i t i v e  p e a k s  
a n d  t h e  c ross -vec to r s  b e t w e e n  one  a n d  t w o  as n e g a t i v e  
p e a k s .  I n  p r a c t i c e  t h e r e  m a y  be  m a n y  si tes  in  each  
d e r i v a t i v e ,  in  w h i c h  case t h e  n e g a t i v e  p e a k s  m a y  be  
o b s c u r e d  b y  t h e  p o s i t i v e  p e a k s .  I n  F u n c t i o n  I I  t h e  self- 
v e c t o r s  h a v e  b e e n  r e m o v e d  f r o m  t h e  l ~ o s s m a n n  f u n c t i o n  
a n d  t h e  c ross -vec to r s  r e m a i n  as p o s i t i v e  p e a k s .  Th i s  
f u n c t i o n  does  n o t  i n v o l v e  a n y  a d d i t i o n a l  c o m p l i c a t i o n s  
in sca l ing  o v e r  t h e  o r ig ina l  l ~ o s s m a n n  f u n c t i o n ,  a l t h o u g h  
t h e  b a c k g r o u n d  wil l  be  h ighe r .  

F u n c t i o n  I I  m a y  be  s impl i f i ed  to  g ive :  

(IFPHII --IFPI)(IFpH~I --IFPI) • n ' *  

I t  is easy  to  s h o w  t h a t  F u n c t i o n  I I "  is a c ros s - co r r e l a t i on  
b e t w e e n  d e r i v a t i v e  one  a n d  d e r i v a t i v e  two ,  j u s t  us t h e  
P a t t e r s o n  is a se l f -cor re la t ion .  

I t  s h o u l d  be  p o i n t e d  o u t  t h a t  t h e  a lgebra ic  s ign  of  t h e  
coef f ic ien ts  of  F u n c t i o n s  I a n d  I I  can ,  a n d  f r e q u e n t l y  
will ,  be  n e g a t i v e .  T h i s  s ign  m u s t  be  i n c l u d e d  in t h e  
syn thes i s .  T h e  uses  of t h e s e  t w o  f u n c t i o n s  a n d  t h e  r e su l t s  
of  a s t u d y  of  t h e  h e a v y  a t o m  c h e m i s t r y  of  t r i e l in ie  
l y s o z y m e  wi l l  be  s u b m i t t e d  for  p u b l i c a t i o n  in  t h e  n e a r  
f u t u r e .  

R e f e r e n c e  

R o s s ~ ,  M. B.  (1960). Acta Cryst. 13, 221. 

* This algebra was kindly  shown by  Dr 1%. E. Dickerson. 

Acta Cryst. (1963). 16,  318 

Refinement  of the crystal  structure of 6 -amido-3-pyr idazone .  By l~A~ Cuc~ ,  American-Standard, 
Research Division, Monroe and Progress Streets, Union, 1Vew Jersey, U . S . A .  

(Received 2 

T h e  s t r u c t u r e  of 6 - a m i d o - 3 - p y r i d a z o n e  was  d e t e r m i n e d  
s o m e  y e a r s  ago  (Cueka  & Smal l ,  1954; I in  t h e  fol lowing) ,  
b u t  t h e  r e f i n e m e n t  w a s  le f t  i n c o m p l e t e  b e c a u s e  of  t h e  
l a c k  of c o m p u t i n g  faci l i t ies .  T h e  p r e s e n t  a r t ic le  r e p o r t s  
t h e  r e su l t s  of a r e f i n e m e n t  of t h e  s t r u c t u r e  ca r r i ed  o u t  
on  an  I B M  7090 c o m p u t e r  u s ing  t h e  l eas t  squa re s  p r o g r a m  
w r i t t e n  b y  Mar t i n ,  B u s i n g  & L e v y  (1962). 

T h e  u n i t  cell a n d  i n t e n s i t y  d a t a  were  t h e  s a m e  as  
u s e d  in I .  W e i g h t s  w e r e  a s s igned  to  t h e  s t r u c t u r e  f ac to r s  
a c c o r d i n g  to  t h e  s c h e m e  

IlVol _< 41Fmml ~/w = IFoll4lFmml 
iFol ~ 4lFmm[ Vw=4lFmr.lllFol 

From b e i n g  t h e  s m a l l e s t  o b s e r v e d  F ;  zero  w e i g h t s  w e r e  
a s s igned  to  u n o b s e r v e d  re f l ec t ions  a n d  to  t h e  v e r y  s t r o n g  
201 re f lec t ion .  T r i a l  p a r a m e t e r s  w e r e  t a k e n  f r o m  t h e  
p r e v i o u s  w o r k  (I), i n c l u d i n g  e s t i m a t e s  for  t h e  h y d r o g e n  
a t o m  p o s i t i o n a l  p a r a m e t e r s .  S c a t t e r i n g  f ac to r s  for  ca rbon ,  
n i t r o g e n  a n d  o x y g e n  w e r e  t a k e n  f r o m  B e r g h u i s  et al. 

T a b l e  1. Atomic coordinates 

A t o m  x/a (;(x/a) y/b (;(y/b) z/c or(z/c) 
C 1 0.2943 0.0009 0.4218 0.0005 0.5398 0.0010 
C. 0.2031 0.0011 0.4712 0.0006 0,3618 0'0011 
C a 0.1351 0.0010 0.4154 0-0005 0.1952 0.0011 
C a 0" 1479 0.0009 0.3073 0.0005 0.2008 0.0010 
C 5 0.0647 0.0008 0.2443 0.0005 0.0196 0.0009 
Iq 1 0.2311 0-0007 0-2578 0-0004 0.3579 0.0007 
N~. 0.3021 0.0007 0.3165 0.0004 0-5212 0.0008 
N a 0.0733 0-0007 0.1435 0-0004 0.0346 0.0009 
O 1 0.3611 0.0007 0.4643 0.0003 0.7047 0.0007 
09. 0-9904 0-0006 0.2900 0-0004 0.8645 0.0007 
H i 0.196 0.012 0.543 0.008 0.356 0.015 
lq~. 0.068 0-012 0.436 0.008 0.096 0.016 
H a 0.364 0.013 0.289 0.008 0.613 0.016 
~I 4 0-385 0.013 0-616 0.007 0.842 0.016 
H 5 0.513 0.012 0.401 0.007 0.907 0.015 

October 1962) 

T a b l e  2. Bond lengths 

C1-C ~ 1.4270_+ 0-0095 A C~-H 1 
C1-O 1 
C1-N~ 
Cs-C a 
Ca-C 4 
• C4-C 5 
C4-N 1 
Cs-N a 
Cs-O 2 
N1-N~. 

0-932_+0.105 A 
1.2435 _+ 0.0077 C3-H 2 0.822 _+ 0.093 
1.3694 __ 0.0084 N~-]:I a 0.803 +_ 0-099 
1.3397 _+ 0.0097 Ol-I-I 4 2.138 _+ 6.096 
1.4037 _+ 0.0091 O1-I-I s 1-901 _+ 0.093 
1.5015___ 0.0084 Na-I-I 4' 0.882 +- 0-096 
1.3049-+ 0.0078 Ns-H s' 1-024-+ 0-094 
1.3100+0.0084 
1-2374_+ 0.0071 
1.3539 _+ 0.0068 

T a b l e  3. Bond angles 

/_ O1-C1-C 2 127.8-+ 1-3 ° / Cs-C4-N 1 122.7_ 1.2 ° 
O1-C1-N 2 119.3_+ 1.0 Cs-C4-Cs 119.7+_ 1.1 
C2-C1-N~ 114.0_+ 1-0 C5-C4-N 1 117.6-+ 1-0 
C1-C2-I-I1 120.4-+ 13.5 C4-C5-N3 118.1 -+ 1.0 
C1-C2-C s 120-4___ 1.2 C4-Cs-O 2 118.5_+ 1-0 
I=I1-C~-C a 119-1-+ 13.7 O2-Cs-Ns 123.4+ 1-2 
C2-Ca-H~ 127-4+_ 15.6 N1-N2-C 1 126.8+ 1.2 
Cg-Ca-C 4 119.6+ 1-2 Nx-N2-H a 118.9-+14"1 
I-I2-Ca-C 4 112.0+12.1 C1-N2-H a 113.7+13-1 
Ca-NI-INu 116-2_+ 1"0 

T a b l e  4. Deviations of atoms from molecular plane 

Deviat ion Es t ima ted  
Atom from plane error 

C 1 0-0035 A 0-0082 A 
C s 0-0022 0.01 l0 
C 3 0.0269 0.0104 
C 4 0.0001 0.0095 
C 5 -- 0.0347 0-0067 
1W 1 0.0138 0.0062 
iN 2 0-0218 0-0072 
Ns* -- 0.1112 0-0058 
01 -- 0-0347 0.0088 
02* -- 0.0021 0.0061 

* Not  included in de terminat ion  of molecular  plane. 


