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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. 
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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  
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proved t h a t  tile crystals were  t e t r a g o n a l  anti tha t  tilt. nelzdle aXiS war4 t i le  t e t r a d  axis. (.)Ii tilt '  
basis of the X-ray pictures the prisTn faces could be assigned to thc fornl {n io}; the imlices ,,f 
the te.rminal faces were uncertain, but  were probably of tilt, form {z;t}.  

The wet crystals gave good X-ray pictures with sharp  reltections extending to spacings c,I 
less than 3 A. In order to determine the unit  cell dimensions and space gronp, prt,cension pictlm,~ 
were taken of the hho and hol zones. The cell dinlensions . f  the wet crystals were a -- 72.~ \ 
and c -: 38.9 A. boo reflections were absent for h odd, and ool rellections were all absent  except 
for 008. This made it difficult to be sure ~f the space group, but  it is prollalfly I J ,tl212, which 
has 8 general positions, so that  the unit cell would be expected t,~ COlltain .q nlolecules of cvt,,- 
chrome c. Owing to the few crystals available, l was unable t~ nleasnre either their density ,~r 
the dimensions of the dry nnit cell. For tuna te ly  tile density and liquid content  of most  kinds 
of protein crystals are of the same order. In sa tura ted ammon ium sulphate, solution the de.nsit\" 
is usually 1.24 anti the liquid content  between 3 o and 55 v.l.  " , , . . \ s suming  a liquid content  c~f 
4o% and 8 molecules in the unit  cell, tile molecular weight is calculated as n 2,ooo. in fair agree- 
ment  with the accepted value. On account  ,d its stability" and low nmh~cular weight, and especially" 
in view of its outs tanding biological inaportance, cvtochrome c W.lzhl 1)e an interesting t)r~,tein 
for a detailed s t ructure  analysis by X-rays.  I t  wouhl be an advantage  for this purl)ose, however. 
to find a form with fewer molecules in the unit  cell. 
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Stoffwechsel yon embryonalen Zellen in Gewebekulturen 

LESLIE, I:ULTON UND SINCLAIR 1 berichten in dieser Zeitschrift, (lass embryonale  Zellen unter  den 
Bedingungen der Gewebekultur  aerob gXren und best~.tigen danlit  eine frfihere Arbeit  2 aus unserm 
lns t i tu t .  Anders jedoch als wir ziehen sie aus ihren Versuchen den Schluss, dass embrvonale  
Zellen auch unter  physiologisehen Lebensbedingungen aerob gtkren; wiihrend wir geflmden haben 3 
dass embryonale  Zellen unter  physiologischen I .ebensbedingungen,  im lebenden Tier, einen reinen 
Oxydationsstoffwechsel haben. Wiirden die embryonalen Zellen im K6rper  aerob giiren, stl wie 
(lie Krebszellen, so wtirde ein E m bryo  pro Stunde etwa 15 % seines Trockengewichts an Milchsiiure 
producieren, eine Menge, die sicherlich bereits Jgswus  yon  LXEBIG gefunden haben wfirde. Tatsfieh- 
lich hat  nichts den For tschr i t t  der Krebsforschung mehr  verz6gert, als die unrichtige Behauptung,  
dass nicht nu t  die Krebszellen, sondern auch die embryonalen Zellen aerob gliren. I)enn dutch 
di~se Behauptung  wird der tiefgreifende biochemische Unterschied zwischen Krebszellen und 
embryonalen Zellen---die partieUe Anaerobiose- geleugnet. 

Es sci mir er laubt  zu fragen, wa rum man sich (lie Mfihe macht,  embryonale  Zellen {fir 
Stoffwechselmessungen in Gewebekultur  zu zfichten, tlbwohl doch unbegrenzte Mengen an 
embryonalen Zellen in lebenden graviden Tieren ffir derartige Untersuchungen zur Verfiigung 
stehen; und obwohl von allen Methoden die Gewebekultur  die ungeeignetste ist um zu unter- 
suchen, ob die embryonalen Zellen partielle Anaerobier sind, wie die Krebszellen. Denn seit Jahren  
i s t e s  bekannt  4, class die Gewebekultur  carcinogen ist. 
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