
voI.. 34 (x959} BIOCHIMICA ET BIOPHYSICA ACTA I 

S T U D I E S  ON P R O T t ~ I N  S Y N T H E S I S  W I T H  

R I B O N U C L E O P R O T E I N  P A R T I C L E S  F R O M  P E A  S E E D L I N G S  

I. D. RAACKE* 
Vieus Laboratory, University o/C.~li[ornia, Berkeley Calit, (U.S.:|.) 

(Received October ,zth, t958) 

-GUMMARY 

Ribonucleoprotein particles from pea seedlings were isolated by  conventional  tech- 
niques and  incubated in phosphate  buffer with Mg, ATP and radioactive phenyl-  
alanine. 

I t  was found tha t  a substant ia l  amount  of label was incorporated into proteixt 
and  at  the same t ime a net  increase in the  amoun t  of protein, amount ing  to about  
95o t~g per mg original protein,  was observed. 

The effects of ATP and  chloramphenicol on the synthesis of protein as weU as 
the effect of s tor ing the  particles prior to the incubat ion were also studied.  

INTRODUCTION 

Ribonucleoprotein particles from pea seedlings are par t icular ly  easy to obta in  in a 
re lat ively homogeneous s ta te  by  simple eentr ifugation,  wi thout  t r ea tment  with 
desoxycholate 1,*-. For  this reason t h e y  are a good mater ia l  for s tudying  the incorpora- 
t ion of labeled amono acids, in  vitro. 

The crude particles have the fur ther  advan tage  over those prepared from other  
sources, par t icular ly  liver, of being rather  self-sufticient; i.e., they  can incorporate 
labeled amino acids wi thout  the addit ion of extraneous factors o ther  than  ATP, Mg 
and the labeled amino acid. Par t icular ly ,  it has been shown by XVEBsXEI~ 3 and k.y 
CLARK 4 tha t  these particles carry  with them enough amino-acid-act ivat ing enzymes to 
obviate  the  addi t ion of the  superna tan t  fraction. Since the  to ta l  concentrat ion of 
protein can thus  ".' e kept  very  low, there is a good chance of detect ing small  changes 
in the  net  amoun t  of protein occurring during the experiments.  

On the  o ther  hand,  this self-sufficiency makes it difficult to  determine the  
requirement.~ of the  amino-acid-incorporat ing system. The da, t a  reported so far are 
indeed somewhat  conflicting and  it was pa r t ly  in the  hope of clarifying some of these 
apparen t  conflicts tha t  the  present investigation was under taken.  

MATERIALS AND METHODS 

Seeds of Pisum sativun~, vat.  " 'Alaska" were soaked in 0.5 % sodium hypochloxlte for 
xo rain, washed wi th  distilled water  and  planted in wet vermiculite. They  were allowed 
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to germinate under  red light a t  26 ° and 90 % relative humid i ty  for periods of t ime 
varying from 3 to 7 day  s6. "With young seedlings, up to 5 days  of age, only the  
cotyledons were removed prior to homogenizat ion;  with 7 days  old seedlings, only  
the stems were used. 

The seedlings were ground in an ice-cold mor ta r  with an equal weight of cold sand 
and  a volume corresponding to 0. 5 to i .o  t imes their  weight of cold o.r  Itl potassium 
phosphate  buffer containing o.45 M sucrose, a t  a pH of 7.x or 7-5. These condit ions 
are essentially those employed in the early experiments of WEBSTEI~z, G. 

The ground material  was filtered through cheese cloth and  centrifuged for xo rain 
at  2,0oo rev. /min (5oo × g) in a clinical centrifuge. The super~atant ,  desigmated as 
"whole ex t r ac t "  was fur ther  f ract ionated in a Spinco ultracentrifuge,  model L, 
according to the  scheme in Fig. I. After  centrifuging at  ~o,ooo × g, the  fraction 

Whole Exlroct 
I0,000 xg, 15 mln 

+ ~  .~Mic .  B 

~ M i t ,  

IOOlO00 x g , 60 mm ~ Spt. MI¢,A 

Mi¢.A 

I0,000 X g, 15mln 

• 4- H~ 

IO,O00xg,15min 

Fig.  a, F r a c t i o n a t i o n  s c h o m ¢  fo r  0 x t r a c t s  f r o m  p e a  zuedl ings .  

designated as "mi tochondr i a"  appeared as r, t igh t ly  packed pellet. Above it always 
appeared a semifluid, c loudy zone, here designated as "mierosomes B "  ; this was often 
_rather difficult to separate cleanly from the superna tan t ,  so t ha t  in several of the  
exper iments  "mierosomes A " ,  obtained by  centrifuging the superna tan t  at  IOO,OOO × g 
for 6o min, are con tamina ted  with  some "mierosomes B" .  

The different "microsome" fractions were t aken  up in distilled water  and  gent ly  
homogenized by hand  in an all glass homogenizer. The suspension of "microsomes A "  
was never  completely clear bu t  could be clarified by  recerttrifuging the suspension a t  
Releyences p. 9. 
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Io,ooo × g for I5 rain. The clear superna tan t  was designated as "microsomes g" and  
the sedi.ment as "microsomes e l " .  Since the  la t ter  proved to be inactive, most  
experiments  were carried ou t  wi th  whole A fraction. The B fraction was also t aken  up  
in distilled water  and  recentrifuged at  zo,ooo × g for 15 rain. The sediment was 
designated as "microsomes b"' and  used in the  experiments.  

Aliquots of the  a and  b fractions were di luted with  distilled water  to  an  optical 
densi ty  a t  z6o m ~  of approx. 0. 4 and  examined in the electron microscope by  
Dr. R.  C. WILLIAMS, whose help is here grateful ly  acknowledged. 

In order to  test  the amino-acid-incorporating ac t iv i ty  of the  microsome fractions 
o.4 m[ of the aqueous suspension (containing x-2 mg of protein) was added  to o.6 ml 
of a medium containing 5o/zmoles potassium phosphate  buffer, pH 7.5, zo ~molcs 
MgCI~ and  x ~mole of DL-[x-14Cjphenylalanine containing 30,oo0 counts/rain. Varying 
amounts  of ATP and/or  chloramphenicol (CA) were also addcd  to test  the  effect of 
these agents.  The crystall ine di-potassium salt  of ATP obta ined from Pabst  was used. 

]"he suspensions were incubated  aerobically in a Dubnoff  metabolic  incubator  a t  
37 ° for periods of t ime from xo to  zSo rain. At  the end of the  incubat ion periods the  
beakers were placed in ice and  two or three o.x ml al iquots were wi thdrawn for 
de terminat ion  of protein;  0.8 ml of xo % (w/v) TCA were then  added to the remaining 
solution. Zero t ime controls were run for each series. In the preparat ion of t ime curves, 
dupl icate  flasks were usual ly  run  for every point.  

The TCA precipitates were filtered onto glass filter paper  discs in a Tracertab 
E-8B Precipi ta t ion Appara tus ,  and  washed with  3o ml ~ % TCA, followed by  3o ml 
of- absolute e thanol ,  3o ml of a z: x e ther-alcohol  mixture  and  finally by  d ry  ether. 
The papers were s tored overnight  in a vacuum desiccator over P~O 5 and  paraffin oil, 
weighed and  counted  in a Traccrlab scinti l lat ion counter.  

Frequent ly ,  the  first IO ml  of the fil trate plus 5 % TCA washings were collectcd 
in a volumetric  flask, and  protein was determined on th~ee aliquots of this solution. 
I t  was considered to conta in  cssentially all of the TCA-soluble protein. 

Washing of the  precipi tate  wi th  hot TCA resulted in slightly higher specific 
activities. Since it d id  not,  however, alter the  shape of the  t ime curves, and  did result 
in less reproducible results, this step was usual ly  omit ted.  

An empirical sa tura t ion  curve was de termined and the parameters  obtained from 
it were used to calculate the  specific ac t iv i ty  of all the  samples (counts/rain/rag 
protein).  Infinite thickness corresponded to  4.5 mg of protein. 

The R N A  content  of the  different fractions was roughly es t imated from the 
absorpt ion a t  25o m~, using ~,'%¢m ~ 27o ,  after  a rough correction for scat ter ing ~. 

The protein content  w,~.s determined by  the method  of LowRY et e l .  s using a 
s t andard  of crystal l ine bovine serum albumin (BSA) obtained from Armour.  

RESULTS 

The results of a typical  f ract ionat ion experiment  of whole ext rac t  are given in Table I. 
I t  is seen tha t ,  as expected,  the  amino-acid-incorporat ing ac t iv i ty  is roughly  parallel 
to  the  R N A  content  of the two types  of particles tested.  The mitochondrial  f ract ion 
was not  tes ted  here, since its specific ac t iv i ty  is reportedly low 9. I t  is interest ing to 
no te  the  lack of amino-acid-incorporat ing ac t iv i ty  of microsomes ~1- I t  seems l ikely 
t ha t  t hey  represent dvnatured particles, and  their  presence, in variable amounts ,  m igh t  

: R~taranass #. 9. 
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TABLE I 

R E S I 3 L T S  O F  A T Y P I C A L  E R A C T I O N A T I O N  E X [ ' E R I M E N T  O F  ~ , ' H D L E  E X T R A C T  F R O M  P E A  S E E D L 1 N G N  

Pra rein t RN,-I ,~ #eei~c activity ~* 
FYotli~lt ~Y~ o] total it~ls~lg #ro&.,:i~.~. ¢oti~tt~ mi~.'mg #rot¢i~l 

Mitochondria 9.6 
Microsomes b 2.2 
Spt. ,Microsome~ b 3.2 
Microsnmes A 9.2 
Spt. Microsomcs .4 78.0 

Total ~ox.2 

Microsomes a. 4 ~ " * *  

Microsonxes a t 58 

r 8o not tested 
2 4 0  57 

2 ~ t o  

o 

* Protein concentration in whole extract was 5-zo mg/m]. Tutal yield of protein in whole 
e x t r a c t  w a s  o , 6  0 .  7 g / l e o  g f r e s h  t i s s u e .  

* ~ T e s t e d  i n  t h e  p r e s e n c e  o f  r / t m o l e  A T P I m l .  I n c u b a t i o n  t i m e :  6 o  r a i n .  A l l  c o u n t s  a r e  c o r r e c t e d  
tor zero t:illle uptake. 

* * "  Given in percent of protein ill Micrusomes .4. 

TABLE I I 

YIELDS 0E 3|ICRO.GOMAL FRACTIOI~ FRO.~[ PEA SEEDLINGS 

Expt .  Age  o/seedlDtgs Y ie ld  o[ mic . .4  5pevifi¢ actlvity* 
I~ig #rotti~tt cotott$/p~itt,,'r~J R #rofe~,t 

.N'o. days  g trcsl~ $ i5 S ere 

Sa 5 0.30 08.3 
8b* * 5 o. 22 62.o 
9 7 0 .  5 t ] 2 0 . 0  

l o  4 o , 4 o  70.0 
] 2 7 o.33 6o.o 
14 "4 0.59 Ioo.o 

* Incubated for 60 rain in medium containing t /tmo:e ATP/ml. 
** Extract stored for 2-1 h at o ~. 

a c c o u n t  for the  va r i a t ions  ia  tile specific a c t i v i t y  of the  whole  m i c r o s o m a l  f r ac t ion  A 
t h a t  is a lways  encoun te r ed .  A f0w expe r imen t s ,  r e p r o d u c e d  in Tab le  1I,  i l lus t ra te  
t yp i ca l  va r i a t i ons  in the  y ie ld  of  m i c r o s o m e s  A a n d  in the i r  specific act iv i t ies .  There  is 
no  a p p a r e n t  co r re l a t ion  be tween  the  age  of  the  scedl ings  a n d  the  y ie ld  of m i c r o s o m a l  
par t ic les ,  o r  be tween  the  l a t t e r  a n d  the  specific ac t iv i ty .  S to r age  of  the  e x t r a c t  a t  0 ~ 
for  2 4 h d id  no t  a l ter  s u b s t a n t i a l l y  the  specific a c t i v i t y .  S to rage  of t h e  i so la ted  
m i c r o s o m e  f rac t ion  l ikewise d id  no t  affect  the i r  over -a l l  a m i n o - a c i d - i n c o r p o r a t h l g  
c a p a c i t y .  

W h e n  e x a m i n e d  in the  e lec t ron  mic roscope ,  the  a f r ac t ion  a p p e a r e d  as r a t h e r  
h o m o g e n e o u s  par t ic les ,  s imilar  to  those  desc r ibed  b y  T s ' o  et aLS: the  b f r ac t ion  showed  
par t i c l e s  of v a r y i n g  sizes, on the  ave r age  la rger  t h a n  those  of  a, b u t  also c l u m p s  and  
undef ined  aggrega tes .  

I n  o rde r  to  ob ta in  ac t ive  par t ic les  it was  i m p o r t a n t  to  keep the  p H  of the  e x t r a c t  
a b o v e  p H  7.1. I f  t he  p H  was  acc iden t a l l y  d r o p p e d ,  the  a m i n o - a c i d - i n c o r p o r a t i n g  
a c t i v i t y  was  s u b s t a n t i a l l y  dec reased  or  even  abol ished.  

Reler*nce~ p. 9. 
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N E T  C H A N G E S  I.'q P R O T E I N  C O N C E N T R A T I O N  A C C O ~ . P A : ' ; Y I N G  T I l E  I . ' ~ C O R P O R A T I O N  
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5 

A T P Specific ac~ivPy 
Expt. Fr~io~l added 

I~ r.:. P,ql'l$ 1~'9 ,ali,*l 6 o  .qt.~,~ tSO 1;'li~'t 
NO, lrm:'mt( coutlts]mina Joe prot~Dt gig. log pm~e?r~ 

i o M i c r o s o m e s  A * i .o  7 7  9 1  "* 14  -~ 
O . I  6 0  9 0 * *  f z 9  

n o n e  60  ] 67 
] 4 M i c r o s o m e s  .4 z,  o 9 8 2 3 9 5 7 

] , 0  I I l Z  5 7  
n o n e  8 0 8-'i 

16 M i c r o s o m e s  A 1.o z 3 167 65 
z 8 M i c r o s o m e s  ..1 ] . o  r t o 180 Sz 

[ 4 M i c r o s o m e s  a i .o 'a 4 6 [ o o  

n o n e  237 80  
M i c r o s o m e s  a t I .o O n o n e  

M i c r o s o m e s  b ~ . o  57 i 1 oo  
n o n e  ~ z4 --- 4 0  

Crtanges ~n total p~tein 

z4 8 .  . 
2&S** 

23a  

2 1 2  

248 

* F r e s h l y  prep~zrcd  m i c r o s o r a e s ;  a l l  o t h e r s  w e r e  s t o r e d  o v e r n i g h t  b e f o r e  i n c u b a t i o n .  
"" I n c u b a t e d  t o r  90 mire.  

A net increase in p r o t e i n - - a s  measured by the LowW¢ m e t h o d - - w a s  always 
observed with all the microsomes A fractions tested, but not with any other fraction; 
with microsomes b, a net loss in protein was observed. The results of some represen- 
tative experiments are given in Table III. 

It is seen that  generally there is no significant difference in the activity of fresh 
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s t o r e d  o v e r n i g h t  a t  o ' .  O n e  H m o l e  A T P  p e r  m l  a d d e d  in  b o t h  c a s e s .  
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and aged microsomal  part ic les  when the  incorpora t ion  da t a  a t  60 rain are compared .  
The  effect of aging is, however,  more c lear ly  demons t r a t ed  by  s tudy ing  the  incorpora-  
t ion of labeled amino acid and  the increase in p ro te in  as a funct ion  of t ime. I t  is seen 
tha t  whereas with fresh part icles (Fig. 2A) pro te in  increases at  a more  or  Iess s t e ady  
ra te  wi th  a ha rd ly  not iceable break in the  curve  at  zomin ,  wi th  aged part ic les  (Fig. zB) 
there  is a sharp initial increase, followed by  a decrease af te r  40 min,  and  again  b y  a 
simrp rise in the  rad ioac t iv i ty  as well as in the to ta l  amoun t  of prote in  a f te r  9 ° min. 
The  general  shape of this curve is ve ry  character is t ic  of aged part ic les  and  was found 
to be reproducible,  a l though the initial peak  is no t  a lways as p ronounced  as tha t  shown 
(see also Fig. 4). As a m a t t e r  of fact,  the  peak  was dismissed as exper in len ta l  er ror  in 
some ear ly  exper iments  of shor t  dura t ion ,  and  the incorpora t ion  curves were drawn 
s 9 as to resemble the  typica l  sa tu ra t ion  curves found for microsomal  part ic les  f rom 
liverlt ,  ta, f rom ascites t umor  ~a and  repor ted ly  also from peas s. 

Since in the  present  exper iments  the ac t i v i t y  is measured  on to ta l  pro te in  
precipi table b y  5 % T C A ,  it is not  known whether  the  newly  fo rmed  pro te in  is 
secreted into the -medium or is still associa ted wi th  the particles.  

I t  should be poin ted  out  t h a t  the phospha te  buffer  is i m p o r t a n t  for  the ac t iv i ty  
of the  particles.  When  "Tris7  buffer  of pH  7.6 was used for the p repara t ion  as well as 
for the incubat ion  of the particles, the  amino-ac id- incorpora t ing  a c t i v i t y  was sub- 
s tan t ia l ly  decreased (25 coun t s /min /mg as compared  to  88 in phospha te ,  a f te r  4o rain) 
and the  increase in prote in  was reduced  to  an insignificaritly low level (20 / tg  as 
against  r3o tLgl. Fu r the rmore ,  the t ime curves  for bo th  act ivi t ies  followed r a the r  
s t ra ight  lines and did not  show the character is t ic  shape ob ta ined  in phospha t e  buffer.  

The effect of added  ATP  on the incorpora t ion  of labeled amino acid was found  
to be variable and  inconsistent .  A concent ra t ion  of r gmole /ml  usual ly  p roduced  a 
slight s t imulat ion (never more than  Ioo %), bu t  of ten it had  no effect and  somet imes  
it even was inhibi tory.  Washed  microsomal  part icles were more susceptible to  s t imula-  
t ion than  were unwashed  ones, as can be seen from Table  IV. 

TABLE IV 
T H E  E F F E t 2 T  O F  A T P  ON T I l E  I , ' ¢ C O R P O R A T I O N  OF L A B E L E D  A M I N O  _~CID BY .MICROStI.XIA:_ P . ~ R T I C L E ~  

,1I icro.~ o|es A T P  ttdeh,d Sp¢¢~Ii¢ exl it'i|y* 
tstn:'m! countse~min "a:g p t ~ e i n  

Unwashed none I 18. 3 
9.2  l I 9 . 3  

Washed none 86.~- 
o , J  I O 1  .O  

I .O I S j .  5 

" Incubated for 60 rain. 

The effect of added ATP on the fo rmat ion  of protein often,  a l though no t  a lways,  
seemed to  be inh ib i to ry  (see Table  I I I ) .  As wi th  the  incorpora t ion  data ,  the  results  were 
inconsis tent  and  ra ther  nonsensical  espeeiany when da t a  ob ta ined  af te r  different  
incubat ion  t imes were compared .  These results became clearer,  however ,  when t ime 
curves ob ta ined  with different  amoun t s  of added A T P  were studied.  I t  was found,  as 
can be seen from Figs. 3A and 3B, tha t  these curves  cross each o the r  a t  one or  more  

Re[erenres p. 9. 
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Fig.  3. T h e  e f fec t  uf A T P  on  t h e  f o r m a t i o n  of  p r o t e i n  (A) a n d  on t h e 4 / n c o r p o r a t i o n  of labeIed 
p h e n y l a ] a n i n e  (B) w i t h  f r e sh ly  p r e p a r e d  m i e r o s o m a l  pa r t i c l e s ,  O - ' - O  t / insole ~,kTP; O - - -  C) 

o.t /~mole ATP; ~ ..... ,~ no A'I"P added. 
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Fig.  4. T h e  e f fec t  of e h l o r a m p h e n i e o l  on  t h e  f o r m a t i o n  of  p ro t e i n  (A) a n d  on t h e  i n c o r p o r a t i o n  of  
l abe l ed  p h e n y l a l a n i n e  (B) w i t h  m i e r o s o m a l  p a r t i c l e s  0 J~ vitro. T h e  pa r t i c l e s  w e r e  s t o r e d  o v e r n i g h t  
be fo re  use,  a n d  t l~mole A T P  w a s  a d d e d  t o  e a c h  beake r .  S3 - - ~  c o n t r o l ;  O -  --O 2 0 / t g C A  p e r  ml ;  
A - ' - A  zoo/~g  p e r  ml .  T h e  o p e n  p o i n t s  d e s i g n a t e  p r o t e i n  p r e c i p i t a t e d  b y  5 °:0 TCA, w h e r e a s  t h e  

sol id  o n e s  d e s i g n a t e  T C A . s o l u b l e  p ro t e in .  

p o i n t s ,  so  t h a t  one  m a y  o b s e r v e  a s t i m u l a t i o n  o r  i nh ib i t i on  d e p e n d i n g  on  t h e  l e n g t h  
of  t h e  i n c u b a t i o n  pe r i od .  

A f t e r  s h o r t  t i m e s  t h e  a p p a r e n t  effect  of  a d d e d  A T P  is a p t  t o  b e  i n h i b i t o r y ,  
w h e r e a s  a f t e r  l o nge r  i n c u b a t i o n s  o n e  is m o r e  l ike ly  t o  o b s e r v e  a s t i m u l a t i o n .  H o w e v e r ,  

Relev~ces  p. 9. 
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since the effect of added ATP is superimposed on tha t  of the ATP or its physiological 
equivalent  a l ready present in the particles, the exact  shape of the curves will depend 
on the mode of preparat ion and age of the particles. Hence, no conclusions should be 
drawn from a single point  on the t ime curve.  

The present observations are helpful in interpret ing some earlier somewhat  
conflicting reports by WEgSTZrta, 6. on the effect of ATP on ribon,~cleoprotein particles 
from pea seedlings. It may  be of interest  tha t  this au thor  found inhibit ion of the 
incorporat ion of ~"Clglutamic acid by I ~mole ATP when he used an incubat ion t ime 
of 3 ° m i # ,  but  s t imulat ion in another  exper imental  series where longer incubat ion 
times were employed 3. 

The effect of chloramphenicol (CA) has been tes ted in the present system since, 
althongl, it is a well-known inhibi tor  of protein synthesis  in whole ceils, it has general ly 
been found not  to affect the incorporat ion of labeled amino acids by  isolate4 
microsomal particles from animal sources ; bu t  "WF.BSTER xa, working with pea particles, 
has reported an inhibition by high concentra¢~ons of CA. I t  was found tha t  the over-nil 
effect was indeed small, but  tha t  considerable differences could be observed at  certain 
times. Typical  t ime curves are i l lustrated by Figs. 4 A and  4 B. I t  seems t h a t  the effect 
is more pronounced on the total  change in protein t han  on the incorporat ion of label. 
This might  simply be due to the fact t ha t  the la t te r  determinat ions  are less precise 
ti tan those of protein. The initial increase of TCA-soluble protein in the presence of CA 
(Fig. 4A) should be noted. 

D I S C U S S I O N  

The uncer ta in i ty  of whether  the incorporation, in  vitro, of labeled amino acids into 
the proteins of isolated microsomal particles does, in fact, represent a synthesis  of 
protein or merely an exchange of amine  acid residues has always haun ted  workers in 
this field ; part icularly because it has never  been possible to demons t ra te  a net  increase 
in the amount  of protein TM, I~ and because the  addi t ion of a mixture  of amino acids does 
not seem to affect the incorporat ion of label a, ~o, ~5,17,1a Fur thermore ,  it has not  been 
possible, h~ vitro, to obtain the continuous labeling of the soluble p r o t e i n - - a s  opposed 
to part iculate  p ro t e in - -wh ich  is so characterist ic at labeling exper iments  in viva. 

Tl,e most  direct evidence tha t  the format ion of new protein accompanies the  
incorporat ion of labeled amino acids in viteo was the demonst ra t ion  by  C.~MPa~.r.L, 
GRE~N~ARD .-',ND Ki-:RNOT ~6 tha t  the an t igen -an t ibody  complex isolated from rat  liver 
mierosomes after addit ion of rat  a lbumin ant iserum was at  least five times more 
radioactive than  the mixture  of other microsomal proteins. Even  in this  case. however,  
a net increase in serum albumin or the format ion of soluble protein could not be 
demonst ra ted .  

In the present experiments it has now been demons t ra ted  t ha t  under  cectain 
conditions the incorporation of labeled amino acids into proteins by isolated microsomal 
particles is indeed accompanied by  a substant ia l  net  increase in the amount  of protein. 
The general s imilari ty between the cu,.'ves for radioact iv i ty  and for protein (Fig. 2) are 
evidence tha t  these two processes are closely related. I t  has, however, also been shown 
tha t  a l imited amount  of labeling can be obta ined  wi thout  a concomi tan t  net  increase 
in protein (see Microsomes b, Table I I I ) .  This, together  with the par t icular  shape of the 
incorporation and  protein curves obta ined with aged particles (see Figs. 9B and  4A) • 
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suggests tha t  there is proteolytic as well as synthet ic  ac t iv i ty  in these preparations. 
Exper iments  designed to elucid-~te the relationship, if any ,  between these two 
activit ies are underway.  

Str ic t ly  speaking, the word "p ro te in"  should be subst i tu ted  by  "protein-like 
mater ia l" ,  since no protein was actual ly  isolated and characterized in the present 
experiments.  The material  which appears in the course of the incubat ion of the 
ribortucleoprote;-n particles is, however, prot~inaceous, since: (I) i~ gives a positive test  
wi th  the LOWRY reagent,  which does not react with amino acids or small peptides; 
(2) the  bulk of the mater ia l  is precipitable by 5 % TCA, as can be seen by the very 
small increase in TCA-soluble as compared to to ta l  "pro te in"  (see Fig. 4 A) ; (3) it has 
incorporated external ly  added labeled phenylalanine.  The actual  amount  of protein 
formed is, of course, subject to correction as s tandards  more appropriate  than  BSA 
will become available. 

Since no amino acids, other than  phenylalanine,  were added, the sys tem must  
contain the necessary precursors which it then t ransforms into LowRY-positive, TCA- 
precipitable material .  Tha t  this is e, justified assumption has been shown by  preliminary 
experiments  with dialysed particles which show no ac t iv i ty  when incubated  with  
phenylalanine,  Mg, and  ATP, but  synthesize protein in amounts  comparable to 
undia lysed ones when ~ mixture  of r 7 amino acids is added. These studies with 
dialysed microsomal particles arc continuing. 
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