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Ferritin is a protein that readily forms crystals which can successfully be examined 
by the electron microscopic methods for visualizing their molecules. The work de- 
scribed here demonstrates the molecular arrangement thus determined. 

.MFTItOI)S 

l"erritin was obtained from fresh horse spleen and subsequent ly  crystallized ~ from soluti(ms con- 
taining CdSO 4. The crystals that  rapidly form when a concentrated aqueous solution is made 
4 -5 t}'o with respect to (!dSO a are exceedingly soft, optically isotropic octahedra. Under the optical 

Fig. 1. An octahcdral crystal of Ierritin showing tile rough character  ¢~f its faces, (m one of which 
the mt~lecular order is clearly visiMe. Magnitication 65,ooo ".. 
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Fig. 2. Part of an octahedral face seen at a higher magnification. The edge between two faces 
is visible at the top of the photograph. 75,0oo ×.  

microscope they seem moderately well-formed though with faces that are rather rough and with 
edges that are rounded. They were not improved by recrystallization. The different but still 
isotropic crystals that form when only z % of CdSO 4 is present are flat plates bounded by very 
poorly developed faces. Both types were examined. 

The preparations for electron microscopy were the evaporated carbon replicas previously 
described 2. Crystals to be replicated were deposited on collodion-covered grids by allowing micro- 
drops of a suspension to stand on them for a few seconds. These deposits were then very lightly 
shadowed with palladium and covered with a vertically evaporated layer of graphite about iooA 
thick. After dissolution of the collodion and of the crystals this combined metal-carbon layer 
was ready for examination. 

RESULTS 

A t  e l ec t ron  microscop ic  magni f ica t ions ,  the  i r r egu la r i ty  of all  the  faces on ferr i t in  
c rys ta l s  is v e r y  a p p a r e n t .  T h e y  are  e v e r y w h e r e  b a d l y  p i t t e d  a n d  large a reas  are  
ove r l a id  wi th  d i so rde red  mo lecu l a r  deposi ts .  Neve r the l e s s ,  i t  is no t  h a r d  to  f ind 

regions  of o rde r  and  to see t he  molecu la r  a r r a n g e m e n t  t h a t  p reva i l s  in b o t h  t y p e s  
of crys ta l .  A typ ica l  o c t a h e d r a l  c rys ta l  is shown in Fig.  I ;  pa r t  of a face on such 

a c rys ta l  appea r s  a t  a s o m e w h a t  h igher  magn i f i ca t ion  in Fig.  2. I t s  molecu les  fo rm 
a close p a c k e d  h e x a g o n a l  ne t  w i th  lines of the  ne t  para l le l  to the  t r i a n g u l a r  edges  
of  t he  face. M e a s u r e m e n t s  of t he  par t i c le  s epa ra t i on  on m a n y  of these  c rys ta l s  has  
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Fig.  3. P a r t  of  o n e  of  t h e  large  faces  t h a t  b o u n d  the  f lat  p l a t e s  f rom I o C d S O  4 s h o w i n g  its  s q u a r e  
m o l e c u l a r  ne t .  75 ,ooo  . . 

]gig. 4- P a r t  c~f a dcMeca l , edra l  f a c e  of  a ferr i t in  c r y s t a l  s h m v i n g  s e v e r a l  r eg ions  ¢~f ml,,hs,.:ured 
molecular  ~,rder.  75 ,0oo  × .  
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led to a value of lO 9 A + ca. 4 A. This is the d is t r ibu t ion  to be expec ted  if the  mole-  
cules are in a cubic close packed  a r r ay  th roughout  the  crystal ,  the  length of edge 

of the  t e t ramolecu la r  uni t  cube being 154 A. 
Crysta ls  of o ther  prote ins  showing this oc tahedra l  hab i t  commonly  have their  

corners replaced b y  small  cubic faces bu t  such (IOO) faces have been sought  wi thout  
success on these ferri t in crystals .  E x a m i n a t i o n  of the flat crys ta ls  grown from 1% 
C d S Q ,  however,  shows tha t  the  molecules on thei r  surfaces are a r ranged  in the square 
net  charac ter i s t ic  of such (ioo) faces (Fig. 3). The separa t ions  along the edges of the 
net  as measured on a number  of these crysta ls  is the same as tha t  found on the 
oc tahedra l  c rys ta ls ;  this  fact  combined  with the  opt ica l ly  isotropic charac te r  of bo th  
the  p la tes  and  the oc tahedra  makes  i t  probable  tha t  t hey  represent  two crysta l l ine  
habi t s  of the same molecular  a r rangement .  Octahedra l  faces do not  occur on the flat 
crys ta ls  bu t  occasional ly a face has been seen which has the  molecular  d i s t r ibu t ion  
shown in Fig. 4. I t  consists of paral le l  rows of contac t ing  molecules sepa ra t ed  from 
one another  b y  an appreciable  distance.  As measured on pho tographs  such as this 
the con tac t ing  molecules are, as before, I I o A  a p a r t  while the  d is tance  between rows 
proves to be I54A.  This molecular  d is t r ibut ion  is tha t  to be expec ted  on the dodeca-  
hedral,  (IIO), face of a c rys ta l  composed of cubic close packed  molecules and the 
inter-row dis tance is in accord with  this - - 1 5 4  A = - % / 2 ×  IIO A. The molecular  
d iamete r  corresponding to this separa t ion  is, as might  be expected,  near  to bu t  
somewhat  larger  than  the best  measurements  on electron micrographs  of ind iv idua l  
molecules 3. 

The foregoing electron microscopic observat ions  agree well wi th  the  X - r a y  dif- 
fract ion measurements  tha t  have been carr ied out. E a r l y  s tudies  4 made  the oc tahedra l  
crysta ls  cubic close packed  (as here) with a o - 163 A for d ry  and 186 A for wet 
crystals .  More recent ly  5 they  have been repor ted  as o r thorhombic  with the prac t ica l ly  
cubic dimensions a 0 = b 0 = 112 A, c o = 158.5 A for the d ry  and  a 0 = b 0 = 131.5 A, 
c o = 186 A for the  crysta ls  when wet. The present  electron microscopic observat ions  
demons t r a t e  a conformi ty  between crys ta l  outl ines and molecular  order  tha t  proves 
the  molecular  a r rangement  to be the same in the wet and d r y  crystals .  They  also 
show tha t  any  or thorhombic  depar tu re  from the cubic close packing which exists  is 
below the l imit  of accuracy  of the electron microscopic measurements .  

SUMMARY 

Electron microscopic ob~rvations on cartxm replicas of dried crystals of the protein ferritin show 
that, within the limit of measurement, their molecules are in a cubic close packing with a 0 = I54A. 
The same arrangement h~s been found for the octahedra crystallized from 5 % CdSO4 and the 
flat plates from i % CdSO 4. 
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