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Cons iderab le  in t e re s t  has  ar isen in t i le  b iochemica l  p rope r t i e s  of the  va r ious  cell  

pa r t i c l e s  t h a t  h a v e  been  i so l a t ed  by  m e a n s  of d i f fe ren t ia l  cen t r i fuga t ion .  Most  s tud ies  

h a v e  cons ide red  on ly  nuclear ,  la rge  g ranu le  (mi tochondr ia ) ,  a n d  smal l  g ranu le  (micro-  

some) f rac t ions .  W h i l e  his  s tud ies  h a v e  been  open to c r i t i c i smL CHANTRENNE 2 focused 

a t t e n t i o n  on the  poss ib i l i t y  t h a t  t he re  is a c o n t i n u o u s  s p e c t r u m  of pa r t i c les  in t h e  cell 

v a r y i n g  in size and  b i o c h e m i c a l  p roper t i es .  S u b s e q u e n t l y ,  i n v e s t i g a t i o n s  by  o thers  
e m p l o y i n g  d i f fe ren t ia l  c e n t r i f u g a t i o n  3-5 and  d e n s i t y  g r a d i e n t  6 t e c h n i q u e s  unde r  con- 

d i t ions  wh ich  were  no t  sub jec t  to t h e  c r i t i c i sm of CHANTRENNE'S e x p e r i m e n t s ,  h a v e  

led to  t h e  conc lus ion  t h a t  b o t h  the  m i t o c h o n d r i a l  and  m i c r o s o m a l  f rac t ions  o rd ina r i l y  

p r e p a r e d  are  h e t e r o g e n e o u s  m i x t u r e s .  No a t t e m p t  has  been  m a d e  to  define a p robab l e  

m i n i n m m  n u m b e r  of b i o c h e m i c a l l y  d i s t inc t  en t i t i e s  t h a t  ex is t  w i t h i n  t he  cell. 

T h e  p r e sen t  s tudy ,  wh ich  i n v o l v e s  an e x t e n s i v e  c y t o p l a s m i c  f r a c t i o n a t i o n  of ra t  

l ive r  cells  by  d i f fe ren t ia l  c en t r i fuga t ion ,  does  no t  a t t e m p t  to  define e i t he r  a m a x i m u m  

or  a m i n i m u m  n u m b e r  of pa r t i c l e s  wh ich  m a y  be i so la t ed  b u t  r a t h e r  has  p e r m i t t e d  

a d e t e r m i n a t i o n  of the  s igni f icance  of t he  r e l a t i v e  t e rms  " h e t e r o g e n e i t y "  and  " h o m o -  

g e n e i t y " ,  as app l i ed  to  p a r t i c u l a t e  f rac t ions  i so la t ed  by  th i s  t e chn ique ,  and  as r e l a t ed  

to  t he  n u m b e r  of f r ac t ions  i so la ted .  

EXPERIMENTAL 

The cytoplasmic fractionation procedure used is shown in Fig. I. Its unique features are the 
following: (I) During the separation of tile mitochondria (:lit), the combined residues obtained after 
the nuclei had been removed were syringed ~ to dislodge the "poorly sedimentable" laver (Ps), and 
two fractions of the Ps layer were isolated. (2) In the treatment of the supernatant alter the mito- 
chondria had been sedimented, a short centrifugation (io minutes) at 13,75o × g was carried out 
two successive times. In each case two layers were obtained, a well-packed bottom one, and a diffuse 
"floating" layer (F). The well-packed pellets were treated further by syringing and centrifuging as 
in the case of the 3it fraction, to obtain a pellet and a poorly sedimenting layer. The supernatants 
obtained after the terminal centrifugation in each phase of the procedure were pooled. The entire 
procedure was carried out at o-5 ° C, employing a type SS-I Servall centrifuge. 

* Supported in part by grant number C-928C from the National Cancer hlstitute of the National 
Institutes of Health, U.S. Public Health Service; and in part by institutional grants to the Detroit 
Institute of Cancer Research from the American Cancer Society, Inc., The American Cancer Society, 
Southeastern Michigan Division, and the Kresge Foundation. 

** The present address of Dr. KLEIX is Argonne National Laboratory, Lemont, Illinois. 
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Fig. i .  io g liver, homogenized  in ioo ml  8. 5 og sucrose  employ ing  a P o t t e r - E l v e h j e m  t y p e  homogenize r  
wi th  a rubber -covered  steel pest le  
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Scheme  showing  the  f rac t iona t ion  of r a t  liver cells. T he  following obse rva t ions  were m a d e  regard ing  
the  appea rance  of the  f rac t ions :  Mr, t an ,  opaque ,  red center ;  Ps- i ,  tu rb id  red,  whi te  halo;  Ps-2, 
s imi lar  to Ps- i ;  F, red, opa lescen t ;  G-I,  clear b lu ish;  G-2, opalescent ,  b lu ish  wi th  s l ight  red cas t ;  
G-5, opalescent ,  wi th  redd ish  t inge;  G-6, s imilar  to G-5; 3Ic, clear, cher ry  red color; N, fa in t  

tu rb id i ty ,  p ink  t inge.  

In  a typ ica l  e x p e r i m e n t  a male  F i sher  s t ra in  r a t  weighing  3oo-35 o g received a single in ject ion 
of rad ioac t ive  phosphorus* ,  as Na2H3~PO4, con ta in ing  0.45 microcur ies /g  of b o d y  weight .  Fou r  hours  
la ter  the  an ima l  was sacrificed and  the  liver f f ac t iona ted  as descr ibed above.  T h e  ind iv idua l  cell 
f rac t ions  were sepa ra ted  into acid-soluble  inorganic  and  organic  p h o s p h o r u s  (P), phosphol ip ide ,  
phosphopro te in ,  de soxypen t o se  nucleic acid (DNA) and  pen tose  nucleic  acid (PNA) fract ions.  This  
p rocedure  as well as to ta l  P and  rad ioac t iv i ty  m e a s u r e m e n t s  have  been p rev ious ly  describedS, 9. 

The  resu l t s  shown (Table I) are t he  averages  of five f rac t ionat ions .  The  d a t a  were ana lyzed  
s ta t i s t ica l ly ,  and  those  differences were considered s ignif icant  in which  the  p robab i l i ty  fac tor  was  
equal  to or less t h a n  0.051°. W i t h  th i s  cr i ter ion of difference, the  n u m b e r  of t imes  a g iven  t '  f rac t ion 
showed a s ignif icant  difference f rom each of t he  o the r  n ine  cell f rac t ions  was calculated.  T h e  to ta l  
possible n u m b e r  of possible  differences is 54 (9 f rac t ions  and  6 p h o s p h o r u s  groups) .  T h u s  a cr i ter ion 
of " h o m o g e n e i t y "  was  es tab l i shed  for each  f ract ion in t e r m s  of t he  n u m b e r  of differences found,  

* The  32p used  in these  e x p e r i m e n t s  was fu rn i shed  by  t he  Oak  Ridge  Na t iona l  L a b o r a t o r y ,  Oak 
Ridge,  Tennessee .  
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* T h e s e  v a l u e s  a re  c o n c e n t r a t i o n  coeff ic ients  c a l c u l a t e d  as ( coun t s  p e r  m i n u t e  p e r  m i c r o g r a m  of 
p h o s p h o r u s  f o u n d ) / ( c o n n t s  p e r  m i n u t e  i n j e c t e d  pe r  m i c r o g r a m  of b o d y  we igh t ) .  T h e y  r e p r e s e n t  t h e  
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** l o b s e r v a t i o n .  

T A  BI.I ' ;  1I 

I)II;IPERI;NCF;N HET\~EEN CELL FRACTIONS AS DETERMINED BY PHOSPIIORUS UI}TAKI'2 
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T h e  t igures  g i v e n  a r e  t he  n u m b e r  of d i f fe rences  found  b e t w e e n  t h a t  f r ac t i on  a n d  t h e  o t h e r  
n ine  cell f r a c t i o n s  a t  a s ign i f i cance  level  of I '  < o.o 5. See t e x t  for e x p l a n a t i o n .  

d i v i d e d  b y  t he  t o t a l  poss ib le  d i f fe rences .  A c o m p l e t e l y  h o m o g e n e o u s  a n d  t o t a l l y  d i s t i n c t  f rac t ion  
w o u l d  t h e r e f o r e  h a v e  t i le v a l u e  .54/54. T h e  t a b u l a t i o n  of these  v a l u e s  is s h o w n  in ;Fable [ I .  

T h e  ,111, P s - I ,  {i-l ,  G-2, a n d  S f r a c t i o n s  each  d i f fered  s ign i l i can t ly  in one  or  m o r e  r e spec t s  
f r o m  all o t h e r  f r ac t i ons ,  whi le  n e i t h e r  t he  Ps-2 ,  F, ,11c, G .5, n o r  t h e  G-O f r ac t i on  d i f fered  s ign i f i can t ly  
in a n y  w a y  f r o m  e a c h  o t h e r  or  f r o m  the  r e m a i n i n g  f r ac t ions .  Mo reo v e r ,  c e r t a i n  f r a c t k m s  w h i c h  
a p p e a r e d  to be  i d e n t i c a l  b i o c h e m i c a l l y  to t he  s a m e  f r ac t i on  were  n o t  i d en t i c a l  to  each  o the r .  F o r  
e x a m p l e  b o t h  t h e  Ps-2 a n d  l; f r ac t i ons  a re  i de n t i c a l  to t h e  My, b u t  t h e y  differ  f r o m  e a c h  o the r ,  
a n d  t h e  3 lc  ant i  G-6 f r a c t i ons  a r e  b o t h  i den t i ca l  to t h e  G-5, b u t  t h e y  differ  f r o m  each  o t h e r  (Tab le  l l). 
I t  shou ld  be n o t e d  a t  th is  p o i n t  t h a t  t h e  s t a t i s t i c a l  s ign i f icance  level  se lec ted  (P  = o.o5) p r o b a b l y  
a c c o u n t s  for  this ,  a n d  f u r t h e r m o r e  c o n t r i b u t e s  to t he  n u m b e r  of i n d i v i d u a l  f r a c t i o n s  d i s ce rnab l e .  
A t  a level  of s ign i f i cance  of o . i ,  all f r a c t i o n s  c a n  be s h o w n  to be  u n i q u e ;  a t  a level  of 1' = o.o 5 , 
as  p o i n t e d  out ,  5 of  t h e  ~o f r a c t i ons  a re  n o t  s i gn i f i can t ly  d i f f e ren t ;  a t  a level  of P ~ o.ol  on ly  two  
f r a c t i o n s  ('.lit a n d  S) m a y  be s h o w n  to be  d i f fe ren t ,  t h e  r e m a i n i n g  8 b e in g  iden t i ca l  to each  o the r .  
T h i s  o b s e r v a t i o n  e m p h a s i z e s  the  f ac t  t h a t  a n y  s t u d y  a t t e m p t i n g  to desc r ibe  a d e g r e e  of  h e t e r o g e n e i t y  
in t he  c y t o p l a s m i c  p a r t i c l e s  of a cell m u s t  be  c o n s i d e r e d  in t h e  l igh t  of a s t a t i s t i c a l  ana lys i s .  Un -  
f o r t u n a t e l y ,  th is  ha s  n o t  been  d o n e  as f r e q u e n t l y  as in g h t  be  des i red  in t h e  pas t .  

N o n e  of t h e  f r a c t i o n s  i so la ted  w e r e  h o m o g e n e o u s ,  anti  d i f fe rences  in d e g r e e  ex i s t ed  b e t w e e n  
t h e m .  T h u s  t h e r e  was  a r a n g e  f r o m  39/54 (N f rac t ion)  to  10/54 {(;-5 f rac t ion) .  W i t h  t h e  e x c e p t i o n  
of t h e  s u p e r n a t a n t  l iquid ,  t h e  d e g r e e  of " h e t e r o g e n e i t y "  i n c r e a s e d  as t h e  f r a c t i o n a t i o n  p r o c e e d e d .  
F o r  e x a m p l e  t h e  p a r t i c u l a t e  f r ac t ions ,  l i s ted in o r d e r  of p n r i t v ,  a r e  (wi th  b r a c k e t s  s u r r o u n d i n g  
e q u i v a l e n t s  levels) ,  ~111, ( P s - I ,  G- I ) ,  (;-2, G-6, (Ps-2 ,  F) ,  M c ,  G-5, whi le  t h e  o r d e r  ill w h i c h  t h e y  were  
o b t a i n e d  in t he  s e p a r a t i o n  p r o c e d u r e  wa s  M I ,  P s - L  (G-I ,  G-e),  (Ps-2,  F ,  M e ,  G-5, G-O). 
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DISCUSSION 

In subdividing a heterogeneous mater ia l  one assumes tha t  there exists a finite 

number  of enti t ies  separable one from another,  and tha t  the ident i ty  of any one of 

them will not undergo gross change during the fract ionat ion procedure. Fundamen ta l  

to this process is a means of character iz ing a fraction as unique;  tha t  is, of recognizing 

its indiv idual i ty  among all the other  fractions produced. Recent ly  invest igators  have 

turned to the use of hiochemical  propert ies to dist inguish cytoplasmic fractions from 

one another,  as a supplement  to the earlier use of microscopical properties.  

The number  of unique fractions tha t  (;an be isolated by differential centr i fugat ion 

from cytoplasm may  be large, but  finite. The results of the fract ionat ion described 

herein indicate tha t  the degree of uniqueness of the fractions prepared will decrease 

as the fract ionat ion procedure is continued. I t  would be useful, therefore, to employ 

some means tha t  would enable one to recognize when fur ther  fraet ionat ion is no longer 

profitable. This recognition is l inked closely to the number  of tests required to dis- 

t inguish successive fractions, or a l ternat ively ,  to the numher  of comparisons between 

fractions which are significantly different. Fur the r  fract ionat ion yielded no " n e w "  

fractions in the present exper iments  when about  5o% of the comparisons failed to 

dist inguish one fraction from another.  

The l ikelihood tha t  one can determine ei ther  the actual  numbers  of particles present 

in the cytoplasm of a cell, or their  homogenei ty ,  by this type of technique,  seems remote.  

The cut t ing and subdividing of fractions, as well as the repeated changing of sedi- 

menta t ion  conditions which are inherent  in this method  appear  to lend themselves 

more readily to a dispersion of propert ies  associated with a range of particles than to 

a collection and central izat ion.  Indeed, as pointed out above, the da ta  obta ined in this 

s tudy,  when viewed at a high level of significance (P o.oI), indicate tha t  only two 

unique fractions had been prepared.  On the other  hand, the "concent ra t ion  grad ien t"  

me thod  in t roduced by HARVEY n, and later  employed by other  investigators<V',  la in 

which centr i fugat ion is carried out unti l  the var ious part icles come to equi l ibr ium with  

the medium at the corresponding level of density,  would seem to c i rcumvent  many  of 

these difficulties. Here again, however ,  one must  consider the number  of tests that  are 

necessary to establish indiv idual i ty  of the fractions. 

S1;MM:\RY 

I. As a cell fractionation procedure of tile differential fractionation type is continued in order 
to create new fractions, the degree of heterogeneity of each fraction will increase. Sutlicient criteria 
mnst be employed to differentiate between fractions. However, on increasing the number of criteria, 
one tends also to increase the similarities between fractions. In the present study, when about 5 ° % 
of the comparisons did not distingnish one fraction from another, further fractionation yielded no 
"new" fractions. 

2. It is unlikely that one can determine either the actual number of particles present in the 
cytoplasm of a cell, (~r their homogeneity, by the technique of differential centrifugation employing 
a single medium. The "concentration gradient" method may be more desirable from this standpoint. 

3- It is necessary that data describing the biochemical properties of subcellular particles be 
subjected to statistical analysis, in order that their value in determining the uniqueness of a fraction 
be properly assessed. 

R I;IS U]X.II~2 

i. Au fur et g mesure qu'u n proc6d6 de fractionnement des contenus cellulaires du type diff6ren- 
tiel est poursuivi, le degr6 d'h6t6rogdn6it6 de chaque fraction augmente. Des crit6res snffisants 
doivent 6tre utilis6s pour diff6rencier les fractions. Cependant si l'on augmente le nombre de ces 
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critbres, on tend dga lement  "~ accrot t re  les s imi l i tudes  ent re  les fract ions.  Dans le prdsent  t raxai[ ,  
lorsque 5o%, des compara i sons  ne d i s t i nguen t  pas  une f ract ion d ' une  autre ,  un f r ac t i onnemen t  
ul t6r ieur  ne donne pas  de "nouve l l e s "  fractions.  

2. 11 est  pen v ra i semblab le  que l 'on t)uisse dd te rmine r  soit  le nombre  rdel des pa r t i cu les  prdsentes 
dans  le cy top la sme  d 'une  celhfle, soit  leur homogdnditd,  par  la t echn ique  de cen t r i fuga t ion  diffdren- 
t iel le en e m p l o y a n t  un seul milieu. I~a mdthode  dn " g r a d i e n t  de c o n c e n t r a t i o n "  peu t  6tre  prdfdrable 
de ce po in t  de vue. 

3. I1 est  ndcessaire de soume t t r e  les r6su l t a t s  ddc r ivan t  les propr i6tds  biochimi(tues des par t icu les  
subcel lu la i res  it l ' ana lyse  s t a t i s t ique ,  de faq'on i~ 6 tabl i r  c o n v e n a b l e m e n t  leur va leur  dans  la d6termi-  
na t ion  de l 'homogdnditd d 'une  fract ion.  

Z t ~ S A M M E N F A S S I I N G  

1. \Vfihrend ein Ze l l en f rak t ion ie rnngsver fahren ,  vom T y p u s  Di f fe ren t ia l f rak t ion ie rung ,  verfolgt  
wird, um neue F r a k t i o n e n  zu schaffen, wird der He te rogen i t / i t sg rad  der e inzelnen Frak t ionen  an- 
wachsen.  Es miissen Kr i t e r i en  in geni igender  Anzah l  a n g e w a n d t  werden,  um zwischen den l : r ak t ionen  
un te r sche iden  zu k6nnen.  I n d e m  m a n  jedoch (tie Anzahl  der Kr i t e r i en  erh6ht ,  ne ig t  man dazu,  auch 
die .~hnl ichkei t  zwischen den F r a k t i o n e n  zu erh6hen.  Wenn  bei unse ren  For schungen  ungef~ihr 5 ° (~, 
der Vergleiche (tie F rak t i onen  n ich t  vone inander  un te r sche iden  konnten ,  so ergab eine wei tere  
F r a k t i o n i e r u n g  keine  " n e u e n "  F rak t ionen .  

2. Es  ist  unwahrsche in l i ch ,  dass  man  en tweder  die tats~tchliche Anzahl  der  im Ze l l ency top lasma  
gegenw~irt igen l )ar t ikel ,  oder deren H o m o g e n i t g t  an t l a n d  der different ia len Zen t r i fuga t ions techn ik ,  
u n t e r  A n w e n d u n g  eines einzigen Mediums,  fes ts te l len k6nnte .  Die Methode des "Konzen t r a t i ons -  
g r a d i e n t e n "  dfirfte in dieser  H ins i ch t  vo r t e i lha f t e r  sein. 

3. Es ist  no twendig ,  die Angaben ,  welche (tie b iochemischen  E igenschaf ten  von subzel lu laren 
Pa r t i ke ln  betreffen, der s t a t i s t i schen  Ana lyse  zu unterwerfen ,  nm ihren \'Vert fiir die B e s t i m m u n g  
der E inz iga r t i gke i t  e iner  F rak t ion  abztlsch~itzen. 
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