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Metabolic stability o f  ribonucleoprotein particles in @rowin@ yeast cells 

It  has been reported tha t  in some non-proliferating animal cells, radioactive amino 
acids first incorporate most rapidly into microsomal ribonucteoprotein particles, and 
then move to the soluble proteins of cytoplasmL 2. These findings lead one to suppose 
tha t  the ribonucleoprotein particles are the actual site of cytoplasmic protein synthesis.  
In microorganisms, particles comparable to those of animal tissues with respect to 
their ehenfical and physical properties have been isolatedS, ~. In the experiments 
de ,crihed in thG paper, the relation between ribonucleoprotein particles and soluble 
protein synthes~s in growing y=ast cells has been investigated. 

Yeast cells (Sacch~romyaes vervvfsae, S{rain Flcishman*) grown in glucose- 
peptone medium were collected and resuspended in synthet ic  medium 5 at  the con- 
contration of 6 mg dry  cells per ml. After temperature  equilibration at  3x ~ for 5 mill, 
DL--I-14]~flanine (45o /zC/mmole) were added at  the final concentrat ion of o.xx mM.  
The suspeasion was shaken for I8 rain, and chilled by adding crushed ice. Aftex" 
washing with cold water, they  were resuspended in synthet ic  medium containing 
unlabelled L-alanine (final cohen. 2.28 raM), and incubation was cont inued for the 
time intervals indicated in Fig. x. Under these conditions, the amount  of protein 
increases linearly at the rate of 2o %/h. Collected cells were ground with quartz  sand 
for 2o rain at o °, and suspended in the medium of CHAO AND SCHACHMAN ~. The 
suspension was centrifuged at 8,ooo × g for 2o rain to remove large granules, cell 
wall, and sand. The supernatant  was recentrifuged at  xo5,ooo × g for i2o min. The 
protein samples for radioact ivi ty  measurements  of both the ribonucleoprotein par- 
ticles (IO5,OOO :-." g pellet, 80 S particles of CH,~.o AND SCHACHMAN a) and the final 
supcrnatant  as well as whole cells were prepared according to Ar.].FI~EY et al.% I t  is 
clear from Fig. I that ,  al though the specific ac t iv i ty  of the ribonucleoprotein particles 
was always higher than  tha t  of the superna tan t  (c/. Fig. 2), tlmre was apparen t ly  
no "'flow'" of radioact ivi ty  from the particles to soluble proteins even in the presence 
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Fig.  ; .  T h e  r e t e n t i o n  of incol 'porate~[ [ l~C ' a l an ine  
fc~llowing addit i t~n of excess  of u n l a b e l l e d  L- 

aclanine (see t ex t ) .  
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Fig. 2. ]nc(~rp,  r '~tion of [ t~C]teucine i n t o  r ibo-  
n '4c leopru te ln  pa r t i c l e s  a n d  sotuble p r o t e i n s  

(see text). 
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of a large excess of unlabel led alanine.  Fu, ' ther  purif icat ion of the  r ibont tc leoprotein 
par t ic les  by  washing, s t r ep t omyc i n  prec ip i ta t ion  v, etc.  did not  change the  s i tuat ion.  
:Experiments  o[ this kind were repea ted  several  times, changing the t ime of exposure  
of cells to  the  ~HC~alanine, with similar results. In o the r  exper iments ,  tt~e r ad ioac t iv i ty  
was re ta ined  in the r ibonucleopro te in  part icles af ter  ~uspension of the cells in un- 
labelled alanine,  even a f te r  the anaount of tot :d protein in cu l tu re  had increased abou t  
five t imes.  

In  these prol i fera t ing cells, ail cellular i~roteins including ,-it)onucleoprotein are 
newly  synthes ized.  The;._f(,re, the results indicate tha t  the rad ioac t iv i ty  in the 
r ibonuc leopro te in  par t ic les  at  the s t eady  s ta te  (reg~Lrding HC) is in the cons t i tuen t  
p ro te ins  of the  part ic le ,  which thus  seem to be metabol ica l ly  stable once formed.  
A possibi l i ty  exists,  however ,  tidal a small par t  o~ the r ibonucleoprote in  is tu rn ing  
over  at  an exceed ing ly  high rate  to  serve as the precursor  of soluble proteins .  This  
ac t ive  par t .  if it exists,  would be de tec tab le  by  examining  tile ear ly  phase of incor- 
po ra t ion  wi th  the  use of t race  amoun t s  of i.~otope, [ Iowever ,  add i t ion  of the  small 
quan t i t i e s  of h ighly  rad ioac t ive  L-leueine, un i fo rmly  labelled wi th  14C (8.78 mC/ 
mmole  leucine) to  the cell suspension at  a final concen t ra t ion  of 2.75 ~z.'~I resul ted  in 
a paral lel  increase of r ad i oac t i v i t y  in the r ibonucleoprote in  and  soluble proteins  
(Fig. 2). Again,  no r ad ioac t iv i t y  " f low"  between two fract ions were de tec ted .  How- 
ever ,  the  possibi l i ty  tha t  the  act ive par t  of the  r ibonueleoprote in ,  even if present  in 
in tac t  cells, was r e m o v e d  and  t r ans fe r red  to the  ~olubte f rac t ion d-aring the cell 
f r ac t iona t ion  canno t  be excluded.  

These  resul ts  suggest,  but  ce r ta in ly  do not  prove,  tha t  in growing yeas t  cells 
t he  r ibonuc leopro te in  par t ic!es  do not  .~erve a~ the precursor  of soluble protein~. 
Similar  views have  been p resen ted  I,y Rom.:R'r~, Bf~rrTEN -kND B O L T O N  8 ~Or the  
EsatJericl~ia eoli sys tem,  using an expe r imen ta l  design different  from ours. However ,  
t he  final conclusion wit[ have  to  be. left unti l  we have zt sys tem in which the incor- 
po ra t ion  of rad ioac t ive  amino acicl~ into the s table  par t  of the r ibonucleoprote in  i~ 
se lec t ive ly  p r e ven t ed .  

This  work was s u p p o r t e d  by  a grant  f rom the  N.ockefeller F o u n d a t i o n  and the 
Scientific Research  F u n d  of the  Minis t ry  of Educa t i on  of J apan .  Thanks  are due to  
Prof .  T. Y.\MADA for his helpful  advice and  discussion of this work.  

Biologiaal Institule, Fmndty o/Sciem:~:, Nagoy'a ~ "~tivcrsity, 
Chikusa-Iftt, Nagoya (Jap~oz) 

SYOZO C)S AVA~, 
YASUO HOTTA 

1 j .  ~,V. LITTLEF1ELD. E..~$. KELLER,  J .  GROSS AND | ' ,  ( ' .  Z A M E C N t K , J .  / ~ o l .  ¢_Z'/'/FJJ*., 2I  7 (19~.5) I I 1. 
it ~1. RABINO%'ITZ A.~O At, E ,  {JLSON, Exp t l .  Cell Rese'avch, to  (19.56) 747- 

V. CHAO AND H ,  SCHACH.XIAN, ;J'-'g[l. H~oCttelJt. IJ iophys , ,  t~t ( tOSS) 2 " o .  
4 j .  WAGMAN AND W .  R .  TRA'~VICH, i n  R .  B.  R o n E r t a ' s ,  . l l i~rosomal  Pari ic les  a~d  Protei~z Sy~tthesis,  

Pergamon :Press, New York, ~958. p. ~ i. 
H .  HALVORSON AND S. SPIEGEL~I.~.N, J .  l~ctcterioL, (~4 ( t952)  "o7. 

6 V.  G.  ALLFRgY,  A .  E. .~IIRSK' t"  AND ~2~. (L~.tXreA, J .  f;eJl. Pk.'~'sit21., It) (1957)  451 .  
? K .  TAKAT& .~.NLI S.  OSAWA, 13iochim. 13i~phVs..lct~.t, 25 ( tO57)  2oS. 
8 R .  ]].  ROBERTS,  R .  J,  I~R*TTJI~N AND E .  "r. BOLTON, in  R .  I3. I~OBERTS, 31icvosomal  Pt*vlzcles tzt~d 

Pro~eit t  Syn the* i s ,  P e r g a m o n  P r e s s ,  N e w  Y o r k ,  x95~,  p .  $4- 

Received April  7th,  1959 


