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Abstract 

The method described in the preceding papers has 
been applied to the single isomorphous replacement 
(SIR) case with the replacing atoms in a centrosym- 
metric arrangement. Two kinds of phase ambiguities 
simultaneously occurred in this example. One is 
inherent in the SIR method and was resolved by 
calculating the probabilities P+(Aq~.). The other 
comes from the special arrangement of the replacing 
atoms and was treated by a multi-solution procedure 
with random starting sign sets. A new figure of merit 
was used to predict the quality of the solutions. The 
method has been verified using a set of error-free data 
from the model structures of a protein and its heavy- 
atom derivative. 

Introduction 

Many attempts have been made since Blow & Ross- 
mann (1961) to resolve the phase ambiguity of the 
SIR method in the determination of protein struc- 
tures. The ambiguity can in principle be resolved in 
either the real or the reciprocal space. Up to now the 
real-space methods have been more successful in 
practice. With the so-called ISIR method, a dozen 
unknown protein structures have been solved (Wang 
Bi-Cheng, 1981, 1984). However, in spite of its high 
phasing power, this method is subject to the limitation 
that it will not be applicable if the replacing atoms 
are in a centrosymmetric arrangement. This paper 
describes the application of a reciprocal-space 
method to treat this problem. 
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Method 

In the SIR case, each reflection not belonging to a 
centric zone has two equally possible phases, i.e. 

9 .  = ~.,R ± lAg.I, 

where q~. denotes the phase of the structure factor 
F . ,  q~.,R is the phase contribution from the replacing 
atoms and Aq~. is the difference between q~. and q~n,n. 
According to our preceding papers (Fan Hai-fu, Han 
Fu-son, Qian Jin-zi & Yao Jia-xing, 1984; Fan Hai-fu, 
Han Fu-son & Qian Jin-zi, 1984; Fan Hai-fu & Gu 
Yuan-xin, 1985; hereafter referred to as papers I, II 
and III respectively), this phase ambiguity can be 
resolved by calculating the probability for A~o. to 
have a positive sign: 

P+(A~0H) = ½+½ tanh {sin IA~.I 

x [~, mn,mn-n,Knn, sin (q~ + A~OH,best 

+ a'P.-.'bos,)] }, 
where 

and 

mn = exp (-tr~/2){[2(P+ _ ½)2 +I] 

x(1 - c o s  2A~H) + cos 2Aq~.} 1/2 

tan (a~Onbes,) = 2(P+-½) sin lAg.I/cos A~.. (3) 

(1) 

(2) 
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Tab le  1. Results from ten random starting sets after three cycles o f  iteration 

The reflections were arranged in descending order of IP+-½[ and then cumulated into four groups. The groups numbored 1, 2, 3 and 
4 contain the top 200, 400, 600 and 800 reflections respectively. 
% Percentage of reflections with the signs of A~p H correctly determined. 
ER Average error of phases (in degrees). 

FOM 0.4136 0 . 4 0 9 1  0 . 3 9 9 5  0 . 3 9 1 8  0 . 3 8 4 8  0.3690 0 . 3 5 7 5  0 . 3 5 1 8  0.3446 0.3362 
Set 1 8 9 2 3 10 5 4 7 6 

Group % ER % ER % ER % ER % ER % ER % ER % ER % ER % ER 
1 92.0 7 90.5 9 95.0 6 89.5 10 87.0 16 80.0 21 68-5 37 59-5 49 69.0 39 66.5 42 
2 86.3 15 83.3 18 88.5 11 81.8 18 82.3 19 75.3 26 63-3 42 57.0 49 63.5 40 60.3 44 
3 78.5 20 78.0 20 79.8 18 74.8 22 74-8 23 68.7 30 62-5 39 56-0 46 62-7 38 60-2 42 
4 72"4 22 72.8 21 74"3 20 70"6 23 70"6 25 64.1 30 60"8 37 53"6 43 58"9 37 56"9 39 

However ,  i f  the  rep lac ing  a toms are in a centr~osym - 
metr ic  a r r angemen t ,  the  th ree -phase  invar ian t s  q0~( = 
--q~H,R + ~0H',R + q~H-n',R) con t r ibu t ed  by the rep lac ing  
a toms will all  equa l  0 or 7r. Also, all the  Aq~nbest 
ca lcu la ted  f rom (3) at the  beg inn ing  of  i t e ra t ion  will 
equal  0 or  7r, s ince all ref lect ions have  P+ = ½ at tha t  
momen t .  H e n c e  the va lue  o f  P+(A~oI-I) ca lcu la ted  f rom 
(1) will a lways  be equa l  to ½, leaving the  phase  
ambigu i ty  unreso lved .  This  is an  add i t i ona l  ambigu i ty  
due to the  a r r a n g e m e n t  o f  the  rep lac ing  a toms.  In 
o rder  to ove rcome  this difficulty, a mu l t i - so lu t ion  
p rocedu re  wi th  r a n d o m  star t ing sign sets is used. 
Assign r a n d o m l y  to the  I A~.l's a posi t ive  or negat ive  
sign assoc ia ted  wi th  p robab i l i t y  P÷ = 0.6 or  P÷ = 0.4, 
respect ively.  T h e n  the  signs are ref ined by  the  i terat ive 
ca l cu la t ion  us ing  (2), (3) and  (1). The figure of  mer i t  
shown  in (4) is used  to p red ic t  the qua l i ty  o f  the 
so lu t ions  (see pape r  I I I ) .  

F O M  = I ~  n mHEH/~Hexp(--Cr2H/2) 

x l c o s  - 1. (4) 

Data 

A set o f  er ror- f ree  S IR  da ta  was ca lcu la ted  f rom the 
mode l  s t ructures  o f  A P P  (av ian  panc rea t i c  po lypep -  
t ide)  and  its Hg derivat ive.  APP  be longs  to space  
g roup  C2  wi th  uni t -cel l  d imens ions  a = 3 4 . 1 8 ,  b = 
32.92, c = 28.44 A and  fl = 105-30 °. The  a symmet r i c  

un i t  o f  the  der iva t ive  con ta ins  on ly  one  rep lac ing  
a tom.  There  are abou t  2100 i n d e p e n d e n t  ref lect ions 
wi th in  2 ,~ reso lu t ion .  1000 largest  E ' s  were used  for  
the  test. T h e y  yield  - 1 3 0 0 0 0  Y~2 re la t ionsh ips ,  o f  
wh ich  on ly  60 000 were i nc luded  in the ca lcu la t ion .  

Results 

A test ca l cu l a t i on  was p e r f o r m e d  using ten  r a n d o m  
star t ing sets. The  results  are l isted in Tab le  1 f rom 
left  to r ight  in de scend ing  o rder  of  the figures o f  merit .  
As can be seen,  the th ree  mos t  left  sets showing  very  
good  results  c o r r e s p o n d  to the  best  three  sets a m o n g  
the ten. G o o d  results  can  be f o u n d  even wi th  the  fifth 
set f rom the  left. This  shows tha t  the p r o c e d u r e  is 
very efficient and  m a y  be a useful  c o m p l e m e n t  to 
Wang ' s  me thod .  

The  au thor s  are i ndeb t ed  to Professor  T. L. Blunde l l  
for  m a k i n g  ava i lab le  the  APP  data.  
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