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H e n - e g g  w h i t e  l y s o z y m e  n i t r a t e  (mol .wt .  15,000) can  be  
i n d u c e d  to  c rys ta l l ize  in  t r ic l in ie  space  g r o u p  P 1 ,  w i t h  
o n e  m o l e c u l e  p e r  cell a n d  w i t h  cell d i m e n s i o n s  as fol lows 
(S te in rau f ,  1959): 

a = 2 7 . 5 ~  a = 88"33 ° 
b = 32.1 A fl = 109.0 ° 
c = 3 4 . 4 ~  7 = 111"0° 

T h e  Okl p r o j e c t i o n  ha s  n o w  b e e n  so lved  in th i s  l abora-  
t o r y  b y  i s o m o r p h o u s  r e p l a c e m e n t  m e t h o d s  to  a r e s o l u t i o n  
o f  4 A. T w o  h e a v y  a t o m  d e r i v a t i v e s  were  used ,  a p l a t i n u m  
ch lo r ide  a n d  a m e r c u r y  iodide ,  t h e  l a t t e r  f o r m  in  f o u r  
d i f f e r e n t  m o d i f i c a t i o n s .  T h e  d e r i v a t i v e s  were  all  iso- 
m o r p h o u s  w i t h  t h e  p a r e n t  c o m p o u n d  w i t h i n  t h e  l imi t s  of 
accuracy of cell parameter measurement. Derivatives 
were obtained by diffusion by adding heavy atom solu- 
tions to the mother liquor after crystallization. It was 
found that after approximately thirty hours of irradiation 
there was an appreciable migration of mercury from one 
site to another. This factor plus the difference in site 
occupancy with ageing of the crystals produced four 
variants: fresh crystals, fresh but irradiated, aged, and 
aged and irradiated, which agreed in the positions of the 
sites but disagreed in relative occupancy. No comparable 
behavior was observed with the platinum derivative. 

Initial heavy atom positions were found from 0kl, hOl 
and hhl modified Patterson projections of a type first 
used by Blow (1958) on horse haemoglobin. These used 
as Patterson coefficients the quantities (AFH) 2, where 
/IFH is the difference in magnitude of structure factors 
of heavy atom bearing derivative and native protein: 

AFH = IF~HI --IFP] • (1) 

R e l a t i v e  p l a t i n u m - m e r c u r y  c o o r d i n a t e s  w e r e  o b t a i n e d  
f r o m  a c r o s s - P a t t e r s o n  f u n c t i o n  u s ing  t h e  coef f ic ien ts :  

2 (AFpt  )(AFHg) • (2) 

S u c h  a f u n c t i o n  g ives  p o s i t i v e  p e a k s  r e p r e s e n t i n g  
p l a t i n u m - m e r c u r y  v e c t o r s  on  a r a n d o m  b a c k g r o u n d .  
I t  c an  eas i ly  be  s h o w n  to  be  a m o r e  c o n v e n i e n t  e x p r e s s i o n  
for  F u n c t i o n  1 of S t e i n r a u f  (1962). 

I n i t i a l  p h a s e  circle d i a g r a m s  were  d r a w n  for  t h e  93 
re f l ec t ions  o u t  to  4 ~ ,  a n d  t h e  se t  of in i t ia l  p r o t e i n  p h a s e  
ang les  u s e d  to  re f ine  t h e  i n d i v i d u a l  h e a v y  a t o m  pos i t ions .  
F o r  each  d e r i v a t i v e  t h e r e  was  c a l c u l a t e d  a F o u r i e r  syn-  
thes i s  w i t h  t h e  coef f ic ien ts  AFH exp  iwp. (Here  ~0p is t h e  
p h a s e  of  t h e  n a t i v e  p r o t e i n  a n d  d u e  a l l owance  is m a d e  
for  t h e  f ac t  t h a t  AFH can  be  nega t ive . )  Th i s  c o n v e n i e n t  
a p p r o x i m a t i o n  to  a t r u e  d i f fe rence  F o u r i e r  s y n t h e s i s  is 
e q u i v a l e n t  to  t h e  d i f f e rence  b e t w e e n  t h e  n a t i v e  p r o t e i n  
F o u r i e r  s y n t h e s i s  a n d  t h a t  of t h e  h e a v y  a t o m  b e a r i n g  
d e r i v a t i v e  in  w h i c h  t h e  n a t i v e  p h a s e s  are  u s e d  as f i r s t  
a p p r o x i m a t i o n s  to  t h e  t r u e  d e r i v a t i v e  phases .  I t  h a s  been  
s h o w n  (S te in rauf ,  1962) t h a t  t h i s  f u n c t i o n  m a y  be  

expected to represent the heavy atoms at the correct 
positions but with reduced peak heights. The resulting 
slightly modified heavy atom peaks were used for a 
second cycle of phase determination, which led to im- 
provement in the phase diagrams. Two more refinement 
cycles resulted in little change in the electron density 
map. The O]cl projection of the native protein using phases 
of cycle 3 is shown in Fig. I. 

-- - - - : , -  y 

f~ 
ol 

jt/~ 

1 

.... "% : i 
~ .... .'-'; , I 

-.~... ) ~ 
. . . . .  

• -- , .  r--,'~: - - "  ~ ~ . -  - - -  ~ < .  t 
, 1 , , ,  , .... -;.-.- :.~ ~ ~ )  , . ~ ( ~ ) J  . . . . .  _ . , ,  ,. - , .. -:.." ,..: ::-:, ~ _ ~ ,  : : : q ~ _ :  

) -, ..... ...,.-,-'::, ~, ,..,, ',.,'._.).: 
. ' .:/:: ' .. ' , . . : - - ' . "_- '  ." ( . . , 'L : ' -L ;~ 

- - / ~ . . J  .~  - , ,  f . . ~ % .  
• [" _ .  ".~ . - ~  

" ; ' " " ' 0 ~  P..;~ ..... " . > "  " " "  "" : " '  

, . : . . _ . . . . .  - - - - ~  .. . . .  ,-.:.. / ~ - ~ .  -,,, , . ,  ". 
/.'. ..... :, ) .'.._, 

, ' : ~ )  ~ i / ., l (  "~ . , . . '  
- -, '"~', "', "X ', "'- ~ :4",. ["" ,'/ 

.... ,', "~-~'-. "~'i'. , ,.~ ~-~....-~ ...'---;.,'/ 
"" i ~ ~ ' ~  " ~  r"-,,,~,, ,: ..,: ) / ( "-" 

r - %  

0 . . . . . .  5A 

Fig. 1. 0kl electron densi ty  project ion of triclinic hen egg 
whi te  lysozyme nitrate ,  to 4 tix resolution. Contours at  equal 
intervals;  positive contours are solid, negat ive are dashed, 
zero contour  is al ternating.  F000 te rm omit ted.  :Heavy a tom 
peaks to same scale would be 1.0 to 2.5 contours.  

As  all  of  t h e s e  a p p r o x i m a t e  m e t h o d s  are  m o r e  p o w e r f u l  
w i t h  m o r e  d a t a  a n d  in t h r e e  d i m e n s i o n s ,  i t  is fe l t  t h a t  n o  
m o r e  r e f i n e m e n t  is w o r t h w h i l e  in p r o j e c t i o n .  W o r k  is 
p r o c e e d i n g  i m m e d i a t e l y  t o w a r d  t h e  co l l ec t ion  of 260 
re f lec t ions  p e r  d e r i v a t i v e  for  a t h r e e - d i m e n s i o n a l  ana lys i s  
to  6 • r e so lu t ion ,  w i t h  t h e  Okl p r o j e c t i o n  be ing  u s e d  to  
sc reen  n e w  d e r i v a t i v e s .  
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