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Preliminary Notes 

Intermediate reactions in protein biosynthesis*, * *  

Prev ious  s tudies  in th is  l abora to ry  fu rn i shed  evidence t h a t  L-amino acids  are ac t i va t ed  as amino  
acy l -adeny la t e  c o m p o u n d s  b o u n d  to specific e n z y m e s  der ived f rom the  soluble p ro te in  of r a t  liver 1. 
F u r t h e r  subs t ance  ha s  been  g iven  th i s  hypo t he s i s  by  the  f inding t h a t  s y n t h e t i c  amino  acyl-  
adeny la t e  compounds ,  w h e n  i ncuba t ed  w i t h  ac t iva t ing  e n z y m e s  and  p y r o p h o s p h a t e  (PP),  are 
able  to  fo rm A T P  ***~. This  pape r  p re sen t s  evidence for ano the r  s tep  in t h e  reac t ion  sequence  
be tween  a m i n o  acid ac t iva t ion  and  pept ide  bond  condensa t ion .  

The  ra t  l iver ac t i va t i ng  e n z y m e  p repa ra t ion  1 con ta ins  r ibonucleic acid (RNA):  abou t  5 m g  

T A B L E  I 

TRANSFER OF LEUCINE-14C FROM PRELABELED ACTIVATING ENZYME FRACTION 

TO MICROSOMAL PROTEIN 

Mierosomes  and  p H  5 e n z y m e s  (ac t iva t ing  enzymes)  were p repared  f rom ra t  liver as prev ious ly  
descr ibed 5. Labeled  p H  5 e n z y m e s  were p repared  by  incuba t ing  p H  5 e n z y m e s  ( approx ima te ly  
IOO m g  prote in)  for io  m i n  a t  37 ° C wi th  o.oi M M gNa  2 A T P  (Sigma), o. i  m M  14C-leucine (i .8. lO 6 
c .p .m. /#mole)  and  t he  m e d i u m  5 a t  p H  7.5 in a to ta l  v o l u m e  of 20 ml.  The  reac t ion  m i x t u r e  was  
t h e n  d i lu ted  to 6o ml  wi th  cold wa te r  and  the  p H  b r o u g h t  to 5.2 wi th  M acetic acid to precipi ta te  
t he  enzymes .  This  d i lu t ion and  prec ip i ta t ion  was  repea ted  af ter  redissolving a t  p H  7.5. The  final 
prec ip i ta te  was  dissolved in 4 ml  of m e d i u m .  T he  microsomes  were su spended  in  4 ml  of the  
s ame  m e d i u m .  R N A  was  de t e rmi ned  on an  a l iquo t  of each.  o.6 ml  of mic rosome  suspens ion  
(14 m g  of pro te in ;  2.3 m g  R N A )  and  o. 4 ml  of p H  5 e n z y m e  fract ion con ta in ing  t he  labeled 
S - R N A  (6 m g  protein,  o. 3 m g  RNA)  were t h e n  incuba t ed  in a vo lume  of 2 ml  for 15 m i n  a t  37 ° C 
wi th  o. 5 m M  nucleoside t r i p h o s p h a t e s  as indicated,  p lus  t he  t r i p h o s p h a t e  genera t ing  s y s t e m  
(o.oi M phosphoeno l  p y r u v a t e  and  0.04 m g  p y r u v a t e  kinaseS). ATP,  no t  shown  here,  is also inert .  
The  reac t ion  was  s topped  by  t he  add i t ion  of HC104 (final concent ra t ion ,  o.4M)', t h e  prec ip i ta te  
w a s h e d  4 t imes  w i th  cold o . 2 M  HC104, once each wi th  5: i e thano l :  o . 2 M  HC104, e thano l  (at 
25 ° C) a n d  3 : I  e thano l - e the r  a t  5 °0 C ~. R N A  was  ex t r ac t ed  wi th  io  % NaC1 a t  IOO ° for 3o rain 
and  t h e n  p rec ip i t a ted  twice w i t h  6o % e thano l  a t  - -  io ° C. The  final alcohol suspens ion  was  filtered 
on to  pape r  discs. The  dr ied R N A  was  coun ted  us ing  a Nuclear  "Micromil"  window gas  flow 
counter .  The  R N A  was  t h e n  e lu ted  f rom the  paper  wi th  dilute alkali, and  the  26o/28o mju ab-  
so rp t ion  ra t io  of t he  ex t r ac t  de t e rmi ned  in a B e c k m a n  spec t ropho tomete r .  P ro te in  was  washed ,  
weighed  a n d  coun t ed  as p rev ious ly  described 5. The  to ta l  coun t s  in R N A  were mul t ip l ied  by  t h e  

rat io  of t he  a m o u n t  of R N A  ini t ia l ly  added  to the  a m o u n t  recovered.  

Total counts in 

RNA Protein 

Comple te  s y s t e m  (before incubat ion)  489 30 
Comple te  s y s t e m  (after incubat ion)  18o 374 
Comple te  sys t em,  m i n u s  G T P  i I I 4 ° 
Comple te  sys t em,  m i n u s  gene ra t ing  s y s t e m  72 I55 
Comple te  sys t em,  m i n u s  b o t h  G T P  a n d  23 3 ° 

gene ra t i ng  s y s t e m  
Comple te  sys t em,  m i n u s  gene ra t ing  s y s t e m  145 129 

b u t  wi th  5 x G T P  
Comple te  sys t em,  C T P  replacing G T P  96 44 
Comple te  sy s t em,  U T P  replac ing G T P  io i  53 
Comple te  sys t em,  p l u s  o . o o 5 M  lzC-leucine 183 314 

* Th i s  is pub l ica t ion  No. 889 of t he  Cancer  Commiss ion  of H a r v a r d  Unive r s i ty .  
** Th i s  work  was  suppor t ed  b y  g ran t s  f rom t he  U.S. Publ ic  Hea l t h  Service and  the  Atomic  

E n e r g y  Commiss ion .  
*** ATP,  GTP,  CTP,  U T P  are  t he  t r i phospha t e s  of adenosine,  guanosine ,  cyt idine,  a n d  ur id ine  

respect ively .  
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per  ioo  m g  protein.  This  is a p p a r e n t l y  a low molecular  weight  R N A  (S-RNA) with different  
metabol ic  proper t ies  f rom the  h igh  molecular  weight  R N A  of the  r ibonucleoprote in  of the  micro-  
somes.  W h e n  the  amino  acid ac t i va t i ng  enzyme  p repara t ion  is i ncuba t ed  wi th  A T P  and  14C- 
ca rboxyl  labeled leucine, a t  p H  7.5, the  S - R N A  s u b s e q u e n t l y  isolated f rom th is  f rac t ion is found  
to be labeled (o.o2 to o.o 5 #mo l e s  leucine per  m g  RNA).  The  t ime  curve  of label ing is l inear for 
2 rain, m a x i m a l  a t  io  rain, and  the rea f te r  the  14C-leucine label is rap id ly  lost. Microsomal  R N A  
is labeled a t  a p p r o x i m a t e l y  a t e n t h  th is  rate.  o.oo5 M leucine and  o.oz M A T P  sa tu r a t e  the  sys tem,  
and  r ibonuclease  is comple te ly  inhibi tory.  Label ing  is addi t ive  when  o .oo5M 14C-valine and  
o .oo5M z4C-glycine are also i ncuba t ed  in the  s ame  prepara t ion .  Yeas t  RNA,  microsomal  RNA,  
and  degraded  mic rosomal  R N A  (prepared by  mild alkaline hydro lys i s  of microsomes)  do no t  
give increased label ing w h e n  added  to the  sys t em.  

Leucine- labe led  S - R N A  so ob ta ined  f rom the  ac t iva t ing  e n z y m e s  p repara t ion  is non-  
d ia lysable  and  is charcoal  and  Dowex-I  adsorbable .  The  14C-leucine-RNA bond  is acid s table 
and  alkali  labile, and  does no t  exchange  wi th  free 12C-leucine. The  n inhydr in -CO 2 m e t h o d  indica tes  
no free 14C-leucine. W h e n  labeled S - R N A  is i ncuba t ed  wi th  a n h y d r o u s  h y d r o x y l a m i n e  and  the  
p roduc t s  are c h r o m a t o g r a p h e d  on paper  a spot  cor responding  to leucine h y d r o x a m i c  acid con ta ins  
all t he  radioac t iv i ty .  

The  ac t i va t i ng  e n z y m e  p repara t ion  labeled wi th  14C-leucine (and reprec ip i ta ted  twice a t  
p H  5.2 f rom di lute  solut ion to r emove  free 14C-leucine a n d  ATP) will t r ans fe r  the  b o u n d  z4C-leucine 
to mic rosome pro te in  upon  subsequen t  i ncuba t ion  wi th  mic rosomes  and  G T P  (Table I). The  G T P  
effect is a p p a r e n t l y  specific and  is po t en t i a t ed  by  add i t ion  of a nucleot ide  t r i p h o s p h a t e  gene ra t ing  
sys t em.  W i t h  th i s  comple te  s y s t e m  a h igh  percen tage  of the  S - R N A  bound  14C-leucine is t r ans -  
ferred to protein,  t he  res t  r ema in ing  in S-RNA.  

14C-Leucine-S-RNA prepared  by  a phenol  m e t h o d  3 has  been found  to t r ans fe r  z4C-leucine 
to mic rosome pro te in  in the  absence  of added  ac t iva t ing  enzymes ,  p rovided  G T P  is present .  

P re l imina ry  resul ts ,  us ing  an  asci tes  t u m o r  in vivo incorpora t ion  s y s t e m  4, reveal  t h a t  S - R N A  
becomes  labeled wi th  14C-leucine more  rap id ly  t h a n  does the  p ro te in  of the  r ibonucleoprote in  
par t ic les  of the  microsomes ,  the  m o s t  r ap id ly  labeled pro te in  f rac t ion  in th is  sys tem.  

These  e x p e r i m e n t s  sugges t  t h a t  incorpora t ion  of labeled a m i n o  acids  in to  pro te in  is indeed 
d e p e n d e n t  upon  the  a m i n o  acid ac t iva t ion  sys t em.  The  init ial  fo rma t ion  of an  e n z y m e - b o u n d  
a m i n o  acy l -AMP compound ,  as originally sugges ted ,  accoun t s  for h y d r o x a m i c  acid fo rma t ion  
and  P P - A T P  exchange  1. I t  is now fu r the r  pos tu l a t ed  t h a t  th is  init ial  ac t iva t ion  of amino  acids  
is followed by  a t r ans fe r  of ac t i va t ed  ami no  acid to S-RNA.  This  l a t t e r  reac t ion  is r ibonuclease  
sensi t ive,  while the  former  is not .  G T P  med ia te s  t he  t r ans fe r  of th i s  ac t i va t ed  amino  acid to 
pept ide  l inkage v ia  t he  n l icrosome by  a m e c h a n i s m  as ye t  unknown .  

The  a u t h o r s  wish  to t h a n k  Miss MARION HORTON for he r  able t echnica l  ass is tance .  

The John Collins Warren Laboratories of MAHLON g .  HOAGLAND* 
the Huntington Memorial Hospital o/Harvard University, PAUL C. ZAMECNIK 

at the Massachusetts General Hospital, Boston, ~Vfass. (U.S.A.) MARY L. STEPHENSON 

1 M. B. HOAGLAND, E.  B. KELLER AND P. C. ZAMECNIK, J .  Biol. Chem., 218 (1956) 345. 
J.  A. DEMOSs AND G. D. NOVELLI, Biochim. Biophys. Acta, 22 (1956) 49. 

3 K. S. KIRBY, Bioehem. J., 64 (1956) 405 . 
4 j .  W.  LITTLEEIELD AND E. B. KELLER, J. Biol. Chem., 224 (1957) 345. 
5 E.  B.  KELLER AND P. C. ZAMECNIK, J. Biol. Chem., 221 (1956) 45. 
s L.  I. HECHT AND V. R. POTTER, Cancer Research, 16 (1956) 988. 

Rece ived  J a n u a r y  i6 th ,  1957 

* Scholar  in Cancer  Resea rch  of t he  Amer i can  Cancer  Society, Inc. 

N-SuccinyI-L-diaminopimelic acid, 
an intermediate in the biosynthesis of diaminopimelic acid* 

a ,e -Diaminopimel ic  acid (DAP) ha s  been shown  to  occur  qu i te  genera l ly  in bac te r ia  and  blue 
green  algae 1. I n  these  o rgan i sms  it  appear s  to serve  no t  on ly  as a cell cons t i t uen t  b u t  also as 
a precursor  of lys ine  2,s. However ,  l i t t le is k n o w n  concern ing  t he  i n t e rmed ia t e s  which  par t ic ipa te  
in D A P  b iosynthes i s .  I n  an  effort  to ga in  such  in format ion ,  severa l  m u t a n t s  of E. coli were ob ta ined  

* Aided b y  a research  g r a n t  f rom t he  Na t iona l  I n s t i t u t e  of Ar thr i t i s  a n d  Metabolic  Diseases,  
Na t iona l  I n s t i t u t e s  of Hea l th .  


