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A simple method for observing refractive index gradients in liquids 

W h e n  pro te ins  are separa ted  by  p repara t ive  u l t racen t r i fuga t ion ,  it  is desirable to visualize the  
posi t ions  of the  pro te ins  in the  cent r i fuge  tube  so t h a t  the  var ious  layers  m a y  be accura te ly  
removed.  Previous ly ,  th is  ha s  been done by  use of the  optical  s y s t e m  of t he  Tisel ius a p p a r a t u s  1. 
However ,  the  ba th  m u s t  be lowered to avoid immers ing  the  t ubes  completely .  

The  refract ive index inflection points  (peaks in the  Schlieren d iagram)  m a y  be easily located 
x~ithout auxi l l ia ry  appa ra t u s ,  as shown in Fig. I. A card ruled wi th  parallel  lines set  a t  45 ° is 

viewed t h rough  the  cent r i fuge  tube,  
which is immersed  in wa te r  in a paral-  
lel-sided vessel (a hea t  filter f rom a 
microscope l amp  is sat isfactory) .  The  
t ube  shown in Fig. zb is of lusteroid 
and  is the  size used in the  Spinco 
swinging  bucke t  No. SW39 L rotor. 
I t  con ta ins  2 % bovine se rum a lbumin  
over layed wi th  disti l led water .  The  
pa t t e rn  is r emin i scen t  of t h a t  seen wi th  
the  Ph i lpo t t  Svensson  cylindrical  lens 
sys t em.  W h e n  the  b o u n d a r y  between 
s imilar  so lu t ions  is observed  in a paral-  

i lel-sided vessel such as a t - cm l ight  
pa th  cuve t t e  (Fig. za), a s l ight ly  differ- 
en t  bu t  equal ly  usable  type  of pa t t e rn  
is seen. As in the  scale m e t h o d  of 
L a m m  2, the  e x t e n t  of the  deflections 
m a y  be varied by  chang ing  the  dis- 
t ance  be tween the  tubes  and  the  di- 
agonal  line char t .  In  the  i l lus t ra t ion 
shown,  the  cha r t  consis ted of lines z 

Fig. r inch a p a r t  and  was  3 8 inches  beh ind  
t he  tubes .  Since the  deflection is also 

propor t ional  to the  co t a ngen t  of the  angle  m a d e  by  the  diagonal  lines and  the  horizontal ,  t he  
deflection can  be increased by decreas ing  th is  angle.  

By  th is  me thod ,  the  fluid above  a " p e a k "  m a y  be gen t ly  r emoved  wi th  a fine pipet te .  Two 
c o m p o n e n t  s y s t e m s  are easily d is t inguished,  b u t  more  complex  s y s t e m s  of ten  are  difficult to 
resolve. 

NORMAN G. ANDERSON 
Biology Division, Oak Ridge National Laboratory*, Oak Ridge, 

Tenn. (U.S.A.) 

1 S. SOROF, R. H.  GOLDER AND M. G. OTT, Cancer Research, 14 (I954) z9o. 
2 T. SVEDBERG AND K. O. PEDERSON, The Ultracentri[uge, Oxford  Un ive r s i ty  Press,  London ,  194 o. 

Received  J u n e  z z th,  z957 

" Opera ted  by  Union  Carbide Nuclear  C o m p a n y  for the  U.S.  A tomic  E n e r g y  Commiss ion .  

An X-ray study of crystalline cytochrome c 

Cytochrome  c f rom var ious  sources has  recent ly  been obta ined  in crys ta l l ine  forint,2,3, 4. An at -  
t e m p t  has  now been m a d e  to ob ta in  c rys ta l s  large enough  for X- r ay  analys is .  The  m e t h o d  of 
crys ta l l iza t ion was t he  s ame  as the  one described earlier t, us ing  a i - 2  % solut ion of purified 
reduced cy tochrome,  ex t rac ted  from t he  pectora l  musc le  of  t he  k ing penguin  or t he  hea r t  muscle  
of  horse.  The  k ing-pengu in  cy toch rome  was  easily crystal l ized as th in  pla tes  or long prisms1;  
however ,  t he  c rys ta l s  were too smal l  for X- r ay  work. Horse  cy tochrome,  on t he  o the r  hand ,  
a t  first failed to crystallize, bu t  a f te r  a year  one of the  samples  was found  to con ta in  some  large 
c rys ta l s  of cy tochrome,  toge the r  with a m o r p h o u s  mater ia l .  These  c rys ta l s  were p r i smat ic  needles,  
a b o u t  o.2 m m  long and  o.o 3 m m  wide a t  the  most ,  and  s imi lar  to t he  rod-like c rys ta l s  of k ing-  
pengu in  cy toch rome  obta ined  earlier t. T h e y  showed a fer r i -cy tochrome s p e c t r u m  and  could be 
reduced by  add i t ion  of di thioni te .  The  c rys ta l s  were bi refr ingent  and  dichroic, t h e  direct ions of 
h igh  refract ive  index  and  of h igh  absorp t ion  being paral lel  to t he  needle axis.  X - r a y  ana lys i s  


