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Abstract:
Inhibition of protein synthesis by the antibiotic chloramphenicol has been viewed in the past as
involving inhibition of peptide chain elongation. This view has been supported by chloramphenicol's
inhibition of the puromycin reaction and inhibition only of peptides larger than the tripeptide in the
polyadenylic and" polyuridylic acid directed systems. Evidence is hereby presented to demonstrate that
in a natural mRNA directed in vitro protein synthesizing system, inhibition of protein synthesis by
chloramphenicol is at the level of initiation.

S-30 assisted nascent 14C-labeled material was inhibited by 75% when MS2 mRNA directed protein
synthesis was incubated with a concentration of 2.5 μg./ml. of chloramphenicol, whereas completed in
vitro chains were inhibited by only 25%. Total acid precipitable counts were inhibited by 50%.
Inhibition of nascent material would not be expected to be greater than inhibition of completed chains
if peptide elongation were affected. A model of peptide chain initiation would, however, be expected to
inhibit the nascent material greater than the completed chains.

Tryptic peptide fingerprints were made of both the ribosomal bound and released MS2 mRNA directed
14c-labeled in vitro MS2 coat protein synthesized in the presence of 2.5 μg./ml. of chloramphenicol.
Chloramphenicol was found only to alter the level of completed chains and nascent material, leaving
the distribution and number of tryptic peptides unaffected. This suggests that chloramphenicol's
mechanism of action was neither peptide chain termination, premature release nor random initiation.
Furthermore, since inhibition of peptide chain extension should not have produced a greater inhibition
of nascent material than of completed material, the results suggest inhibition of initiation.

A high salt ribosomal wash, known to contain the recognized bacterial initiation factors, has been
shown to stimulate protein synthesis in the polycytidylic acid directed system. An in vitro MS2 mRNA
directed system was developed which was fully dependent upon addition of these crude initiation
factors. This system utilized DEAE washed ribosomes, crude initiation factors and a fractionated S-100
supernatant, among other things. A concentration of 0.9 μg./ml. of chloramphenicol inhibited total acid
precipitable counts by 50%.

Incorporation of 14C-amino acids independent of crude initiation factors was not inhibited at a
concentration of 10 μg./ml. of chloramphenicol. These results suggest that chloramphenicol's
mechanism of action at low concentrations in a natural messenger RNA directed system is at the level
of initiation, namely at the level of action of the recognized bacterial initiation factors.
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ABSTRACT

In h ib i t io n  o f  p ro te in  s y n th e s i s  by th e  a n t ib io t ic  ch lo ram p h en ico l  
h a s  b een  v iew ed  in  the  p a s t  a s  in v o lv in g  in h ib i t io n  o f  p e p t id e  chain  
e lo n g a t io n .  This v ie w  h a s  b een  su p p o rted  by c h lo ra m p h e n ic o l 's  in h ib i ­
t io n  o f  th e  purom ycin  ■ re a c t io n  and in h ib i t io n  on ly  o f  p e p t id e s  la rg e r  
th an  th e  t r ip e p t id e  in  the  p o ly a d e n y l ic  and" p o ly u r id y lic  a c id  d i re c te d  
s y s te m s .  E v idence  is  h e reb y  p re s e n te d  to  d em o n s tra te  th a t  in a n a tu ra l  
mRNA d ire c te d  in  v itro  p ro te in  s y n th e s iz in g  s y s t e m , in h ib i t io n  o f  p ro ­
te in  s y n th e s i s  by c h lo ram p h en ico l  i s  a t  th e  le v e l  o f  in i t i a t io n .

8 -3 0  a s s i s t e d  n a s c e n t  ^ C - I a b e l e d  m a te r ia l  w as  in h ib i te d  by 75% 
w hen  MS2 mRNA d ire c te d  p ro te in  s y n th e s i s  w as  in c u b a te d  w ith  a c o n ­
c e n t r a t io n  o f  2.5 p g . /m l . o f  c h lo ra m p h e n ic o l , w h e rea s  c o m p le ted  in  v itro  
c h a in s  w ere  in h ib i te d  by on ly  25%. Total a c id  p re c ip i ta b le  co u n ts  w ere  
in h ib i te d  by 50%. In h ib i t io n  o f  n a s c e n t  m a te r ia l  w ould  n o t  be  e x p e c te d  
to  be g re a te r  th an  in h ib i t io n  o f  co m p le ted  c h a in s  i f  p e p t id e  e lo n g a t io n  
w ere  a f f e c te d .  A model o f  p ep t id e  c h a in  in i t ia t io n  w o u ld ,  h o w ev er ,  be 
e x p e c te d  to  in h ib i t  the  n a s c e n t  m a te r ia l  g r e a te r  than  the  com ple ted  
c h a i n s .

Tryptic  p e p t id e  f in g e rp r in ts  w ere  m ade o f bo th  the  r ib o so m al 
bound and  r e l e a s e d  MS2 mRNA d ire c te d  1 4 c - l a b e le d  in  v i tro  MS2 co a t  
p ro te in  s y n th e s iz e d  in  th e  p re s e n c e  o f  2.5 p g ./m l. o f  c h lo ra m p h en ico l .  
C h lo ram p h en ico l w as  found on ly  to  a l t e r  the  le v e l  o f  co m p le ted  ch a in s  
an d  n a s c e n t  m a te r ia l ,  le a v in g  th e  d is t r ib u t io n  and  num ber o f  t ry p t ic  
p e p t id e s  u n a f fe c te d .  This s u g g e s t s  th a t  c h lo ra m p h e n ic o l 's  m echan ism  
o f  a c t io n  w as  n e i th e r  p e p t id e  ch a in  te rm in a t io n ,  p rem atu re  r e l e a s e  nor 
random in i t i a t io n .  F u r th e rm o re , s in c e  in h ib i t io n  o f  p e p t id e  ch a in  e x te n ­
s io n  sh o u ld  n o t  hav e  p roduced  a g re a te r  in h ib i t io n  o f  n a s c e n t  m a te r ia l  
th a n  o f  co m p le ted  m a te r ia l ,  th e  r e s u l t s  s u g g e s t  in h ib i t io n  o f  in i t i a t io n .

A h igh  s a l t  r ib o so m al w a s h ,  known to  co n ta in  the  re c o g n iz e d  b a c ­
te r i a l  in i t ia t io n  f a c t o r s , h a s  b een  show n to  s t im u la te  p ro te in  s y n th e s i s  
i n  th e  p o ly c y t id y l ic  a c id  d i re c te d  s y s te m .  An in v itro  MS2 mRNA 
d i re c te d  s y s te m  w as  d e v e lo p e d  w h ich  w as  fu lly  d e p e n d e n t  upon a d d i ­
t io n  o f  t h e s e  c rude  in i t i a t io n  f a c t o r s . This sy s te m  u t i l iz e d  DEAE 
w a sh e d  r ib o s o m e s ,  c rude  in i t ia t io n  fa c to rs  and  a f r a c t io n a te d  S-100 
s u p e r n a ta n t ,  among o th e r  th in g s .  A c o n c e n tra t io n  of 0.9 [Ug./ml. of 
ch lo ram p h en ico l  in h ib i te d  to ta l  a c id  p re c ip i ta b le  co u n ts  by 50%.

In co rp o ra t io n  o f  ^ C - a m i n o  a c id s  in d e p e n d e n t  of c rude  in i t ia t io n  
fa c to rs  w as  no t in h ib i te d  a t  a c o n c e n tra t io n  of 10 pg ./m l.  o f  ch lo ram ­
p h e n ic o l .  T hese  r e s u l t s  s u g g e s t  th a t  c h lo ra m p h e n ic o l 's  m echan ism  of 
a c t io n  a t  low  c o n c e n tra t io n s  in a n a tu ra l  m e s s e n g e r  RNA d ire c te d  s y s ­
tem i s  a t  th e  le v e l  o f  in i t i a t io n ,  nam ely  a t  the  le v e l  o f  a c t io n  of the  
r e c o g n iz e d  b a c te r ia l  in i t i a t io n  f a c t o r s .

/



I . INTRODUCTION

(a) R ecep to rs  and  drug ac t io n

The m ost fu n d am en ta l  a s p e c t  o f  pharm aco d y n am ics  i s  th a t  w hich  

d e a l s  w ith  th e  m echan ism  o f  drug a c t io n .  The know ledge  o f m o lecu lar  

m e ch an ism s  of a n t im ic ro b ia l  d rugs h a s  in c r e a s e d  e x p o n e n t ia l ly  during 

the  p a s t  s e v e ra l  y e a r s . This a d v a n c e  h a s  p a r a l l e l e d , and w as  in la rge  

p a r t  a b y -p ro d u c t  of, i n c r e a s e d  u n d e rs tan d in g  o f the  re p l ic a t io n  of g e n ­

e t i c  in fo rm ation  and  i t s  t r a n s la t io n  in to  th e  s y n th e s i s  of s p e c i f ic  

p ro te in s .

As e a r ly  a s  1868, even  before  L ang ley  co ined  th e  term  " re c e p t iv e  

s u b s ta n c e " ,  he  s u g g e s te d  th a t  d r u g /c e l l  i n t e r a c t io n s ,  and  h en ce  the  

a c t io n s  and  e f fe c t s  of d r u g s , w ere  p ro b ab ly  governed  by th e  law  of m ass  

a c t i o n . This v ie w  w as  e x te n s iv e ly  d e v e lo p e d  by A. J . C lark  in  the  

1 9 2 0 's , an d  i t  rem ains  th e  k e y s to n e  o f  m ost th e o r ie s  o f  drug a c t io n .  

C o n s e q u e n t ly ,  th e o r ie s  o f  drug a c t io n  a re  q u ite  s im ila r  to  th e o r ie s  o f  

enzym e a c t io n  and  are  e s s e n t i a l l y  id e n t i c a l  w hen a drug s e rv e s  a s  an 

a n t im e ta b o l i te  or enzym e in h ib i to r .  The c e l lu la r  com ponen t d ire c t ly  i n ­

v o lv ed  in  th e  i n i t i a l  a c t io n  of a drug i s  u s u a l ly  te rm ed  i t s  re c ep to r .  

R ecep to r s i t e s  a re  s im ila r  to  the  a c t iv e  s i t e s  o f  e n z y m e s . C a rb o x y l , 

am in o , s u l fh y d ry l , p h o sp h a te  and  s im ila r  r e a c t iv e  g roups a re  though t to  

be u t i l iz e d  in a s p a t i a l ly  o r ie n te d  p a t te rn  com plem entary  to  th a t  of the  

drugs w ith  w h ich  th e y  r e a c t .  The b ind ing  of drug to  r e c e p to r  i s  though t
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to  be a c c o m p lish e d  m ain ly  by io n ic  and o th e r  ra th e r  w eak  van  der  W aa ls  

ty p e  f o r c e s , a l th o u g h  o c c a s io n a l ly  a firm c o v a le n t  bond i s  fo rm ed .

(b) The m odes of a c t io n  o f  a n tim ic ro b ia l  drugs

A ntim icrobia l a g e n ts  may be c o n v e n ie n t ly  grouped acco rd in g  to 

th e i r  m o lecu la r  m ech an ism  o f  a c t io n .

1. Agents th a t  im pede re p l ic a t io n  o f  g e n e t ic  m a te r ia l .  N a l id ix ic  

a c id  fa l ls  w ith in  th is  c a te g o ry  and  i s  an  e f fe c t iv e  a g e n t  a g a in s t  b a c ­

t e r i a ,  p rim ari ly  th o s e  w h ich  a re  Gram n e g a t iv e .  I t  i s  s t ru c tu ra l ly  r e ­

la te d  to  th e  p u r i n e s , and  h a s  b een  show n to  b lock  DNA s y n th e s i s  in  

s u s c e p t ib le  o rg an ism s  (M c N a ll ,  19 60).

2 . Agents th a t  im p a ir  t r a n s la t io n  o f  g e n e t ic  in fo rm a tio n . Such 

drugs in h ib i t  e i th e r  p ro te in  s y n th e s i s  (the  te t r a c y c l in e s  an d  ery throm y­

cin) or in d u c e  form ation of d e fe c t iv e  p ro te in  m o le c u le s  (kanam ycin  and 

n eo m y cin ) .  The former a re  b a c te r io s ta t i c  and  the  l a t t e r  b a c te r io c id a l .

3 . A gents th a t  im pa ir  t r a n s c r ip t io n  of g e n e t ic  m a te r ia l .  Puromy- 

c in  i s  a  drug o f  th is  c l a s s .  The drug s t ru c tu ra l ly  r e s e m b le s  t r a n s fe r  

RNA, and  forms a p e p t id e  bond w ith  the  growing p e p t id e  c h a in  cau s in g  

prem ature  r e l e a s e  o f  th e  growing c h a in .

4. Agents th a t  a l t e r  s t ru c tu re  and  func tion  of the  c e l l  w a l l .  The 

p e n ic i l l in s  a re  m ost r e p re s e n ta t iv e  of th is  g ro u p , in h ib i t in g  c ro s s  l in k ­

ing  (transp 'ep tida tion ) o f  th e  g ly c o p ep t id e  c e l l  w a ll  (T ipper & 

Schrom inger,  1965).
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5. A gents th a t  r e s t r i c t  fu nc tion  o f  the  c e l l  m em b ran e . Polym yxin B 

a n d  c o l i s t in  (Polymyxin E) a re  drugs o f  th is  c l a s s .  Both a c t  a s  c a t io n ic  

d e te r g e n ts  w ith  an  a f f in i ty  for p h o s p h a te  r a d i c a l s , th e re b y  a l te r in g  the  

o s m o t ic  b a r r ie r  fu nc tion  of th e  c e l l  m em brane (N ew ton , 1954).

For th e  m o lecu la r  b io lo g i s t ,  d rugs th a t  in h ib i t  the  t r a n s c r ip t io n  

a n d  t r a n s la t io n  o f  g e n e t i c  in form ation  h av e  b een  v i ta l  to o ls  in  the  s t e p ­

w is e  d i s s e c t i o n  o f  th e  m ech a n ism s  o f  g e n e t i c  e x p re s s io n .  One o f t h e s e  

d ru g s  , c h lo ra m p h e n c o l ,. i s  commonly u sed  a s  an  in h ib i to r  of p ro te in  

b i o s y n th e s i s .  Although d is c o v e re d  in  1943 , i t s  m o le c u la r  m echan ism  o f  

a c t io n  h a s  rem a in ed  o b s c u r e .

In c l in ic a l  u s e , t h e s e  sam e in h ib i to r s  of gene  a c t io n  have  been  

p o te n t  w eap o n s  a g a in s t  m ic ro b ia l  in f e c t io n s  and  n e o p la s t i c  p r o c e s s e s .  

A s s o c ia te d  w ith  th e  p o te n c y  o f  th e s e  d rugs  a re  s e r io u s  and  l i fe  th r e a t ­

e n in g  s id e  e f f e c t s .  The ia t ro g e n ic  le u k e m ia s  of a n t in e o p la s t i c  a g en ts  

and  ch lo ram p h en ico l  in d u c ed  a p l a s t i c  a n em ias  a re  a l l  too  common in  

c l i n c i a l  p r a c t i c e .

(c) A ntim icrob ia l drugs in  p ro te in  s y n th e s i s

The am ount o f  know ledge  c o n ce rn in g  p ro te in  b io s y n th e s i s  h a s  e x ­

p lo d e d  in to  a v a s t  s e r i e s  o f  d e l ic a te  r e a c t io n s  and  s u b re a c t io n s  s in ce  

th e  n o tio n  in  th e  e a r ly  1 9 4 0 's  by B rache t an d  C a sp e rso n  th a t  RNA might 

be  in v o lv e d  in  p ro te in  s y n th e s i s  (B ra c h e t , 1942). R equirem ents  for s p e ­

c i f i c  RNA s p e c i e s ,  r ib o s o m e s ,  s u p e rn a ta n t  f a c t o r s , r ib o so m a l fac to rs

\
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and en e rg y  s o u rc e s  have  b een  d e m o n s t r a t e d , and  fu r ther re f in em en ts  o f  

th e s e  m e ch an ism s  a re  c e r ta in  to e m e r g e . •

I t  i s  a  s im p l i s t i c  no tion  to  a s su m e  th a t  a p a r t ic u la r  a g e n t  in h ib its  

p ro te in  s y n th e s i s  a t  " in i t ia t io n " ;  " e lo n g a t io n " ,  or " te rm in a tio n " .  The 

d e f in i t io n s  of t h e s e  s t e p s  a s  w e ll  a s  th e  a c tu a l  m o lecu la r  m echan ism s 

o v e r l a p , and  l i t t l e  i s  s a id  of th e  d e ta i le d  in h ib ito ry  re a c t io n  i t s e l f .  

I n d e e d , w h a t  w as  .co n s id e red  in i t ia t io n  in  1970 w as  show n to  be a pa rt  

o f  e lo n g a t io n  in  1971 (Thach & T h a c h , 1971). A cco rd ing ly , a  d e ta i le d  

re v ie w  o f  p ro te in  b io s y n th e s i s  i s  in  o rd e r .

Pro tein  s y n th e s i s  may be c o n v e n ie n t ly  c a te g o r iz e d  in to  th ree  

g roups of p r o c e s s e s  a s  d e f in ed  below:

1. I n i t i a t i o n . The a s s e m b ly  o f th e  m o lecu la r  b io lo g ic a l  su b u n i ts  

up to  b u t  n o t  in c lu d in g  t r a n s lo c a t io n  or form ation of th e  f i r s t  p ep tid e  

bond .

2 . E lo n g a t io n . The form ation of th e  f i r s t  p ep t id e  b o n d ,  and  a l l  

p e p t id e  bonds th e r e a f te r ,  a s  d i re c te d  by a  s p e c i f ic  m e s s e n g e r  KNA 

(mRNA).

'3 .  T erm ination  and  r e l e a s e . The s te p s - ta k in g  p lag e  a f te r  the  

co m p le tio n  of the  f ina l  p e p t id e  b o nd , r e s u l t in g  in a p o ly p ep tid e  cha in  

r e l e a s e d  from th e  p ro te in  s y n th e s iz in g  s u b u n i t s .

It w as  w e ll  e s t a b l i s h e d  by  1963 (W a tso n ,  19 63) th a t  p ro te in  b io ­

s y n th e s i s  u t i l iz e d  th e  g e n e t ic  m e ss a g e  coded  by mRNA, and  w ith  the  

he lp  o f  s p e c i f ic  t r a n s fe r  RNA1 s ,  the  mRNA formed a com plex  w ith
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rib o so m es  a l lo w in g  the  g e n e t ic  m e ss a g e  to be t r a n s la t e d .  S ince  th e n ,  

the  in d iv id u a l  s te p s  w ith in  th is  p ro c e s s  have  been  exam ined., and  fur­

th e r  req u irem en ts  have  been  show n.

In i t ia t io n

In i t ia t io n  i s  d e f in ed  a s  th o s e  s te p s  occurring  up t o ,  bu t no t i n ­

c lu d in g  th e  form ation of the  f i r s t  p e p t id e  b o nd . F u r th e rm o re , in i t ia t io n  

d o es  n o t  in c lu d e  any  m ovem ent o f  th e  r ibosom e re la t iv e  to  th e  mRNA 

(Thach & T h a c h , 1971).

P ro te in  s y n th e s i s  o c cu rs  in  th e  form o f an a c id  p re c ip i ta b le  p o ly ­

p e p t id e  w hen a m ixture of r ib o so m es  w a sh e d  w ith  a h igh  s a l t  b u ffe r ,  a

s y n th e t ic  mRNA-, GTP a s  an en erg y  s o u r c e ,  s p e c i f ic  d iv a le n t  c a t i o n s ,
14superna tan t,  f a c t o r s , and  th e  ap p ro p r ia te  C amino a c id s  a re  in c u b a ted  

a t  37°C  (N a th a n s ,  N o ta n i , Schw arz & Z in d e r , 1962). Such a sy s te m  w ill  

n o t ,  h o w e v e r , a l lo w  for t r a n s la t io n  of n a tu ra l  mRNA's u n le s s  fac to rs  

re c o v e re d  in  th e  h igh  s a l t  r ib o so m al w a sh  a re  added  (Brawerman & 

E i s e n s t a d t , 1966; S ta n le y ,  S a la s  , W ahba  & O c h o a ,  1966). The r ib o ­

som al w a sh  c o n ta in s  in i t ia t io n  fac to rs  a s  de fined  by th e i r  ro le  in the  

in i t ia t io n  o f  p ro te in  s y n th e s i s  . They hav e  been  e x te n s iv e ly  purif ied  

(R evel,  b e lo n g ,  Brawerman & G r o s , 19 68; R evel,  H e rz b e rg , B ecarev ic  & 

G ross, 1968),, and  a summary o f  th e i r  p ro p e r t ie s  a p p e a rs  in  Table  I.

In o rd e r to  a d e q u a te ly  d is c u s s  th e  ro le  o f in i t ia t io n  fa c to rs  in

p ro te in  s y n th e s is ,  i t  is  h e lp fu l to  re fe r  to  a  v is u a l  m o d e l. I t  is
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r e c o g n iz e d  th a t  su c h  a m odel su f fe rs  from a l l  the  l im i ta t io n s  o f  any  

a t te m p t  to  g ra p h ic a l ly  d i s p la y  a com plex  b io lo g ic a l  p ro c e s s  (F ig . I).

The f i r s t  s te p  in  in i t ia t io n  i s  th e  form ation  of com plex  (I), com ­

p r i s e d  o f  a  30s r ib o so m a l s u b u n i t ,  f-m et-tR N A , in i t i a t io n  fac to rs  fj and  

Tg / an  a p p ro p r ia te  in i t i a t io n  codon (in th is  c a s e  AUG), G TP, and  the 

r e q u is i t e  d iv a le n t  c a t io n s  (Thach & T h a c h , 1971).

A lthough O h t a , Sarkar & Thach (1967) and  L engyel & Soil (19 69) 

h a v e  a rg u ed  th a t  f-m et-tR N A  b in d s  to  th e  "A" (accep to r)  s i t e , Thach & 

T hach  (1971) hav e  a rgued  th a t  th e  u l t im a te  fu n c t io n a l  b ind ing  o f the 

form er i s  to  an "unacco m m o d a ted  P" s i t e ,  or more s u c c in c t ly ,  to  the  

"pre  P" s i t e  (P for p ep tid y l) ,  a l th o u g h  i t  m ay have  p a s s e d  th rough  an 

"A" s i t e .  The "pre  P" s i t e  i s  the  sam e a s  the  "P" s i t e ,  how ever the  

am ino a c id  po rt io n  o f  th e  aa-tRNA com plex  is  no t o r ie n ta te d  in  a s p a ­

t i a l l y  c o r re c t  m anner to  th e  p e p t id y l  t r a n s f e r a s e . W h e n 'th e  tRNA is  in 

th e  "P" s i t e , i t  i s  com plex  (I I I ) . Refer to  F ig . I .

O nce  com plex  (I) i s  form ed, a 50s r ibosom al s u b u n i t  jo in s  to  form 

com plex  ( I I ) , a ra th e r  s h o r t - l iv e d  in te rm e d ia te  (Thach & T h ach , 1971). 

Upon th e  fo rm ation  o f com plex  (II), fj. d i s s o c i a t e s  to  r e c y c le  a g a in .  

C om plex  (II) im m ed ia te ly  p ro c e e d s  to  com plex  (III), during  w hich  time 

th e  f-m et-tR N A  i s  "accom m oda ted"  ( s t e r i c a l l y  sh if ted ) in to  th e  "P" s i t e  

from th e  "p re  P" s i t e .  GTP is  hy d ro ly zed  a s  the  en e rg y  so u rc e  for th is  

s te p  and  f2 is  s p l i t  off (H e rsh ey  & T h a c h ,  19 67; K o la fo fsk y , D ew ey , 

H e rsh e y  & T hach , 1968).

I ;
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F ac to r  fg i s  a l s o  c l a s s i f i e d  a s  an  in i t ia t io n  fac to r  (R e v e l , L e lo n g , 

Brawerman & G r o s , 1968), h ow ever  i t s  e x a c t  func tion  rem ains  in q u e s ­

t io n .  S eve ra l  groups (R avel, S h o rey , G a rn e r ,  D aw kins  & S h iv e , 19 69; 

K aem pfer, 1971) have  im p lic a te d  fg a s  a s p e c i f ic  re c o g n i t io n  p ro te in  in 

n a tu ra l  mRNA in i t i a t io n .  D ubnoff & M aitra  (19 69) hav e  rep o rted  th a t  in  

a d d i t io n  to  s t im u la t in g  a  n a tu ra l  mRNA s y s t e m , fg c a u s e s  th e  d i s s o c i ­

a t io n  o f  free  70s r ib o so m e s  in to  50s and  80s s u b u n i t s .  In a d d i t io n ,  

th e y  d e m o n s tra ted  th a t  fg i s  a l s o  req u ired  for com plex  (I) fo rm a tio n . 

P e rhaps  the  m ost co n v in c in g  model of a c t io n  of fg com es from Kaempfer 

(1971) who h as  show n th a t  fa c to r  fg p re v e n ts  th e  form ation  of 70s r ib o -  

som al p a r t i c le s  from 50s an d  80s s u b u n i t s .  K aem pfer 's work a l s o  has  

shown an in v e r s e  re la t io n s h ip  b e tw een  th e  ra te  o f  p ro te in  s y n th e s is  and  

th e  c o n c e n tra t io n  of free  70s r ib o s o m e s .  He c o n c lu d e s  th a t  fg se rv e s  

to  re g u la te  the  ra te  o f  in i t ia t io n  o f  p ro te in  s y n t h e s i s . W hen the  ra te  o f  

p ro te in  s y n th e s i s  i s  h ig h ,  the  c o n c e n tra t io n  of fg d e c r e a s e s , due to  i t s  

u s e  in  com plex  (I) fo rm ation . C o n se q u e n t ly ,  the  50s and  80s su b u n its  

r e l e a s e d  during  p e p t id e  te rm in a tio n  form 70s r ib o so m es  w hich  are  i n ­

a c t iv e  in  p e p t id e  in i t i a t io n .  The ra te  of p ro te in  s y n th e s i s  may then  

d rop , th e  c o n c e n tra t io n  o f  free  fg i n c r e a s e s ,  d i s s o c ia t in g  th e  70s to 

free  50s an d  80s su b u n i ts  w h ich  can  a g a in  in i t ia te  p ro te in  s y n th e s i s .

In any  c a s e ,  w ith  th e  form ation  o f com plex  (III), th e  in i t ia t io n  

p ro c e s s  e n d s .  In th i s  s t a t e  the  "P" s i t e  is  f i l led  w ith  f-m et-tR N A , and 

th e  a d ja c e n t  "A" s i t e  i s  em pty . The p ro c e s s  o f  e lo n g a t io n  now e n s u e s .
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M any a n t ib io t ic s  e x e r t  th e i r  e f fe c t  by in h ib i t in g  th e  in i t ia t io n  pro ­

c e s s .  The te t r a c y c l in e s  and  l in c o s in a m id e s  a b o l is h  b a c te r ia l  p ro te in  

s y n th e s i s  by in h ib it in g  the  b ind ing  o f aa-tRNA-to r ib o s o m e s . The t e t r a ­

c y c l in e s  b ind  s p e c i f i c a l ly  to  th e  30s r ib o so m al su b u n it  and  p resum ab ly  

b lo ck  com plex  (I) form ation  (Suarez & N a t h a n s , 19 65). L incom ycin  

b inds  s p e c i f ic a l ly  to  th e  50s s u b u n i t ,  and  p e rh ap s  b lo c k s  com plex  (II) 

form ation (C h an g , Sih & W e is b lu m , 1966).

A lthough no t c l a s s e d  as. a  d r u g , GMP-PCP (S '-g u an y lm e th e le n e -  

d ip h o sp h o n a te )  can  b lock  form ation o f com plex  (III) (Thach & T h a c h , 

1971). This com plex ' re q u ire s  the  h y d ro ly s is  o f  GTP to  GDP and in o r ­

g a n ic  p h o sp h a te  for i t s  fo rm ation . GM P-PCP w ill  b ind  in  p la c e  o f  GTP, 

b u t  s in c e  i t  c an n o t be h y d ro ly z e d , th e  com plex  i s  c o m p e t i t iv e ly  i n ­

h ib i te d .  / •

E longation  -

Im m ed ia te ly  a f te r  the  form ation o f  com plex  (III), e lo n g a t io n  p ro ­

c e e d s  w ith  the  b ind ing  o f  t r a n s fe r  fa c to r  T u , GTP, and  the  sec o n d  1 

.,aa-tRNA (in  the  i l lu s t r a t io n  i t  is  val-tRNA) to  form com plex  (IV) (Thach 

& T h ach , 1971). In th is  s t a t e ,  the  aa-tRNA is  bound to  th e  " p r e A" s i te  

(a n a lag o u s  to  the. "pre  P" s i t e ) .  T u , in  a  m anner an a lo g o u s  to  f g , c a t a ­

ly z e s  th e  h y d ro ly s is  of GTP thus  "accom m odating"  th e  n ew  aa-tRNA and 

forming com plex  (V).

W ith  the  two aa-tRNA m o le c u les  in  co rre c t  s te r ic  a p p o s i t io n  to 

th e  p e p t id y l  t r a n s f e r a s e  en zy m e , p e p t id e  bond form ation  o c c u r s . The
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r e s u l t  o f t h i s , com plex  (VI), r e ta in s  th e  f -m e t-v a l- tR N A  in  th e  "A" s i t e ,  

and  a free  tRNA in  th e  "P" s i t e .

C om plex  (VI) i s  now in a p o s i t io n  to  undergo t r a n s lo c a t io n .  Al­

th o u g h  s e v e ra l  in te rm e d ia te s  may be in v o lv e d ,  th e  h y d ro ly s is  o f  GTP 

c a ta ly z e d  by e lo n g a t io n  fac to r  G c a u s e s  th e  m ovem ent o f  th e  mRNA 

th re e  n u c le o t id e s  in  th e  5' d i re c t io n  (W a tso n ,  19 64). The n e x t  t r ip le t  in  

s e q u e n c e  i s  then  made a v a i la b le  for re c o g n i t io n  by th e  " p r e A" s i t e .

C om plex  (VII) i s  formed w ith  th e  s im u lta n eo u s  r e l e a s e  of free 

tRNA from th e  "P" s i t e ,  and  th e  "P" s i t e  now c o n ta in s  f -m e t-v a l- tR N A . • 

The com plex  i s  now  in  a s ta t e  a n a la g o u s . to  th a t  of com plex  (III), and  a 

n ew  s p e c i f ic  aa-tRNA may b ind  to  th e  now v a c a n t  " p r e A" s i t e .  E longa­

t io n  now p ro c e e d s  in  a c y c l i c  fa sh io n  for e a c h  s u c c e s s i v e  codon u n ti l  a 

te rm in a tio n  codon is  e n c o u n te r e d .

■ A w hole  h o s t  o f  a g e n ts  have  b e en  show n to  b lock  p e p t id e  e lo n g a ­

t io n .  GM P-PCP w ill  a l s o  b lock  form ation  of co m p lex es  (V) and  (VII), a s  

bo th  req u ire  h y d ro ly s is  o f  GTP for th e i r  fo rm ation . F u s c id ic  a c id  a l s o  

in h ib i t s  the  t r a n s i t io n  from com plex  (VI) to  (VII) by in h ib i t in g  G fac to r  

(T an ak a , K ihosh ita  & M a s u k a w a , 19 68). Puromycin c an  r e a c t  w ith  any  

com plex  ( I II)- I ik e  m o nosom e , forming an  a a -p u ro m y c in  m o lecu le  w hich  

d i s s o c i a t e s  from the  com plex  p rem atu re ly  te rm in a tin g  p ro te in  s y n th e s is  

(M o r r i s , 1961). The a m in o g ly c o s id e  a n t ib io t i c s ,  s t r e p to m y c in ,  k a n a -  

m y c in ,  and  neom ycin  p r o d u c e , among o th e r  th in g s ,  s p e c i f i c  m is re a d ­

in g s  in  the  g e n e t ic  code  during  e lo n g a t io n  ( D a v ie s , G ilb e r t  & G o r in i ,
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19 64). After a t ta c h in g  to  the  r ib o s o m e , th e s e  drugs a p p e a r  to  perm it 

in c o rp o ra t io n  of one  or more in c o r re c t  am ino a c id s  in to  a growing p e p ­

t id e  c h a in ,  re s u l t in g  in  s y n th e s i s  o f  d e fe c t iv e  p r o t e i n s . z

T erm ination  * I

I t  w as  found by the  s tu d y  o f s p e c i f i c  mRNA m utan ts  th a t  c e r ta in  

co d o n s  c a u s e d  te rm in a t io n  o f  p e p t id e  s y n t h e s i s .  W hen codons  UAA 

(ochre), UAG (amber), and  UGA (umber) w ere  read  by the  r ib o so m al com ­

p le x ,  p ro te in  s y n th e s i s  w as  te rm in a te d  by  r e l e a s e  o f  th e  p ep t id e  from 

th e  r ib o so m al bound tRNA (G a r e n , 1968; L a s t ,  S ta n le y ,  S a l a s , e t  a l . ,
I ' .

1967).

F ac to rs  n e c e s s a r y  for te rm in a tio n  in  n a tu ra l  m e s s e n g e r  RNA s y s ­

tem s have  b een  rep o r te d .  F ac to r  R̂  i s  s p e c i f i c  for te rm in a tio n  codons 

UAA or UAG, and  F ac to r  R2 for codons  UAA or UGA (C a p e c c h i , 19 67; 

C a s k e y ,  T om kins , S c o ln ic k , C a r fk  & N ire n b e rg , 1968; Tomkins & 

N ire n b e rg , 1968). The a b s e n c e  of t h e s e  r e l e a s e  fa c to rs  c a u s e s  in h ib i ­

t io n  of p ro te in  s y n th e s i s  by p re v en tin g  r e l e a s e  of th e  com ple ted  p ep tid e

c h a i n . Upon r e l e a s e  o f  th e  growing p e p t id e  c h a in ,  th e  r ibosom al com -
r

p le x  d i s s o c i a t e s ,  p roduc ing  free  30s and  50s ribosom al s u b u n i t s ,  as  

w e ll  a s  free  mRNA. The 30s r ib o so m al su b u n i t  may now a g a in  in i t ia te  

p ro te in  s y n t h e s i s ,  or form t r a n s ie n t  70s u n i ts  (K aem pfer, 1971).

/

I
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(d) C h lo ram phen ico l in  p ro te in  s y n th e s is

C h lo ra m p h e n ico l1 s mode of a c t io n  h a s  e lu d ed  s corps  o f  i n v e s t i ­

g a to rs  s in c e  i t s  d is c o v e ry  in a s o i l  sam ple  o b ta in e d  from V enezue la  in 

1943. O r ig in a lly  e x c re te d  by S trep tom yces  v e n e z u e l a e , c h lo ram p h en i­

c o l  e a rn ed  the  d i s t in c t io n  o f  b e in g  the  f i r s t  com m erc ia l ly  s y n th e s iz e d  

drug (C o n t r o u l i s , 1949). I ts  a b i l i ty  to  in h ib i t  p ro te in  s y n th e s i s  in  b a c ­

te r ia  (W is s e m a n 7 H a n n 7 Hoops & S m a d e l7 19 62) led  to  i t s  common u se  

in  m o le c u la r  b io lo g y . For th i s  re a so n  i t  i s  h igh ly  d e s i r a b le  to  know i ts  

p r e c i s e  m o lecu la r  m ech an ism  of a c t io n .

C h lo ram phen ico l is  an  in c re d ib ly  e f fe c t iv e  drug a g a in s t  Gram 

p o s i t iv e  and  n e g a t iv e  b a c t e r i a , b lu e -g re e n  a lg a e  and  c e r ta in  v i ru s e s  

(K o z in sk y 7 19 63), w h ile  rem ain ing  q u i te  in e f fe c t iv e  a g a in s t  m ammalian 

c e l l s  (V a zq u e z , 19 66). I t  i s  a re la te d  m ember of the  ep h ed ra  s e r ie s  of 

a l k a l o i d s , w ith  an  a c c e p te d  ch em ica l  nam e o f D ( - ) th r e o - 2 -  

d ic h lo ro a c e ta m id o - l - p - n i t r o p h e n y l - 1 ,3 - p r o p a n e d io l , and  w as  f i r s t  com ­

m e rc ia l ly  s y n th e s iz e d  by  Long & Troutman in  1949. I ts  s t ru c tu re  is  

show n in  F ig . 2.

The f i r s t  mode of a c t io n  ex p er im en t im p lic a te d  i t s  in h ib ito ry  a c -  

•tion on b a c te r ia l  e s t e r a s e s  (Sm ith, W orre l & S w a n so n 7 1949), bu t i t  w as  

le f t  to  G ale  and  P a ine  in  19 51 to  g ive  th e  f i r s t  c lue  th a t  ch lo ram p h en i­

co l in h ib i te d  p ro te in  m e tab o lism . In a now c l a s s i c  e x p e r im en t ,  Hahn 

and  W isse m a n  in  1951 show ed  th a t  ch lo ram p h en ico l in h ib i te d  the
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fo rm ation  o f a d a p t iv e  e n z y m e s . S ince  th a t  t im e ,  i t  has  b e en  g e n e ra l ly  

a c c e p te d  th a t  ch lo ram p h en ico l  in h ib i t s  p ro te in  s y n t h e s i s .

S tru c tu ra l  s tu d ie s  on the  drug show  th a t  the  d ic h lo ro a c e ta m id o , 

hy d ro x y ls  and  p ropano l g roups a re  n e c e s s a r y  for b io lo g ic  a c t iv i ty  

(B rock , 1961; Smith & H in m a n , 1953; W o o le y , 1950). The n itro  group 

n e e d  on ly  be a p o la r iz in g  group for a c t i v i ty  (B rock , 1961). The am ide 

bond and  h yd roxy ls  a re  th o u g h t to  be the  e s s e n t i a l  c o n s t i tu e n ts  for b io ­

lo g ic a l  a c t i v i t y ,  s in c e  a l te ra t io n  of t h e s e  m o ie t ie s  re d u c e s  th e  b io lo g i­

c a l  a c t i v i ty  to  ze ro  (B rock , 1961). I t  i s  o f  fu r ther i n t e r e s t  t h a t ,  o f  the  

four i so m e rs  p o s s i b l e ,  on ly  th e  D (- ) th reo  h a s  b io lo g ic a l  a c t iv i ty  (Hahn 

& W is s e m a n ,  1951).

S ince  19 51 , e x p e r im en ts  have  c e n te re d  on f in d in g  th e  e x a c t  

m o le c u la r  m ech an ism  of a c t io n .  I t  i s  now  known th a t  c h lo ram p h en ico l  

d o e s  n o t  in h ib i t  am ino a c id  a c t iv a t io n  (D eM o ss  & N o v e l l ! , 1955), does  

no t in h ib i t  form ation o f  the  amino a c y l  tRNA com plex  (L acks & Gros , 

1959), an d  d o es  n o t  hav e  any  e f fe c t  on DNA or RNA s y n th e s i s  (G a le ,  

1 9 6 2 ) .  F u r th e rm o re , c h lo ram p h en ico l  d o es  no t in h ib i t  th e  b ind ing  of 

tRNA to  r ib o so m es  (C a n n o n , Krug & G i lb e r t ,  19 63; J a rd e tz k y  & J u l i a n , 

1964) and  i t  d o e s  no t p re v e n t  the  r e l e a s e  o f  com ple ted  p ro te in  (D a s ,  

G o ld s te in  & K an n er , 1966).

Binding s tu d ie s  h av e  show n th a t  ch lo ram p h en ico l  b in d s  w eak ly  

b u t s p e c i f i c a l ly  to  th e  50s r ib o so m al su b u n i t  (V azq u ez , 19 6 6 a ,  19 64), 

and  su c h  b ind ing  o c cu rs  im m e d ia te ly  upon the  in c u b a t io n  of r ibosom es
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and  c h lo ra m p h e n ic o l . The b ind ing  re q u ire s  no energy  and  is  re v e rs ib le  

(L e h n in g e r , 19 61). Such s tu d ie s  sh o w  a ch lo ram phen ico l- r ibos 'om e  

b in d ing  ra t io  o f  1:1 a t  c h lo ram p h en ico l  c o n c e n tra t io n s  b e lo w  50 |_ig./ml. 

(W olfe & Hahn, 1965), an d  a  b ind ing  ra t io  o f  2:1 a t  c o n c e n tra t io n s  e x ­

c e e d in g  2 00 |J .g . /m l .  (D a s ,  G o ld s te in  & K an n er , 19 65). The im p lica t io n  

o f  two d if fe ren t  b ind ing  c o n f ig u ra t io n s  i s  no t c le a r .

I t  w ou ld  a p p e a r  o b v ious  from th e  l i te ra tu re  th a t  ch lo ram p h en ico l 

in h ib i t io n  i s  due  to  in te r fe re n c e  w ith  p ro te in  s y n t h e s i s . H o w ev e r , e x ­

trem e c a re  m u s t  be  ta k e n  in  th e  in te rp re ta t io n  of su ch  d a ta .  C hloram ­

p h e n ico l  h a s  b een  show n to  be a p o te n t  in h ib i to r  of g lu c o se  transfer in 

t e i c h o ic  a c id  b io s y n th e s i s ,  pow erfu lly  in h ib i t in g  c e l l  w a ll  s y n th e s is  in  

c o n c e n tra t io n s  of ch lo ram p h en ico l  o f  500 p g . / m l . (S tow , 1971). Due to 

th e  d i f f e re n t ia l  p e rm e a b i l i ty  of c h lo ram p h en ico l  among m icroorgan ism s , 

i t  i s  d if f ic u l t  to  e x t ra p o la te  and  com pare  th e  many in  v ivo  e f fe c ts  ,of 

c h lo ra m p h e n ic o l .

The in  v ivo  c o n c e n tra t io n s  o f  ch lo ram p h en ico l  req u ire d  for 50% 

in h ib i t io n  range  from 0 .38pig ./m l. for H em ophilus in f lu e n z a e  to  over 

100 pig./m l. for P s e u d o m o n a s . E sc h e r ic h ia  c o l l  a lo n e  v a r ie s  b e tw een  3.1 

and  100+ iag./ m l ., w ith  a  m edian  of 6.2 |ag ./m l. (Kagan, 19 70). In d e e d ,  

su ch  a w ide  range  of e f fe c t iv e  ch lo ram p h en ico l  c o n c e n tra t io n s  in E_. co li  

m ight r e f le c t  su b t le  d i f f e re n c e s  in  m ech an ism s  of in h ib i t io n  o f  p ro te in  

s y n t h e s i s ,  a s  w e l l  a s  d i f f e r e n c e s , in  drug p e rm e ab i l i ty .
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In v itro  s tu d ie s  u s in g  p u rif ied  r ib o so m es  a g a in  show  a w ide  range

in  th e  e f f e c t iv e n e s s  of c h lo ra m p h e n ic o l . U sing  60% in h ib i t ib n  o f  to ta l  
14C a c id  p re c ip i ta b le  co u n ts  a s  a r e f e r e n c e , a poly  A sy s te m  req u ire s  

67 |-ig ./m l. o f  ch lo ram p h en ico l  ( J u l ia n , 19 65), w h e rea s  an  MS2 mRNA- 

d i re c te d  sy s te m  re q u ire s  only^Z p g . /m l .  o f  ch lo ram p h en ico l ( s e e  "Ex­

p e r im en ta l  R e s u l t s " ) .

i.

/



2 . EXPERIMENTAL RATIONALE

MS2 v iru s  is  an  ico sah ed r 'a l  sh a p e d  b a c te r io p h a g e  o f 25 m il l i ­

m ic rons  d ia m e te r ,  a m o le c u la r  w e ig h t  o f  ab o u t 3.5 m ill ion  d a l to n s  , and 

a  s e d im e n ta t io n  c o n s ta n t  o f  81 Svedburg u n its  (S trau ss  & S in s h e im e r ,

19 63). It h a s  an  in fo rm ation  c o n te n t  in  i t s  s in g le  s t ra n d e d  RNA core 

s u f f ic ie n t  to  code  for th re e  p ro te in s ;  th e  c o a t  p ro te in ,  a m a tu ra tion  

f a c t o r , and  an  RNA d e p e n d e n t  RNA p o ly m e ra se  (C a p e c c h i , 19 66).

W hen p u rif ied  MS2 RNA is  p la c e d  in to  an  in  v itro  p ro te in  s y n th e ­

s iz in g  s y s t e m , o v e r  te n  t im es  a s  much c o a t  p ro te in  is  p ro d u ced  a s  the  

o th e r  tw o p ro te in s  (W ard , 1968; K o lak o fsk y , D ew ey , H e rsh e y  & T h a c h ,

19 68). If  th e  am ino a c id  h is t id in e  i s  l e f t  ou t o f  the  in c u b a t io n  m ix tu re ,  

o n ly  c o a t  p ro te in  sh o u ld  be p roduced  (N a th a n s ,  N o ta n i , Schw arz  &

Z in d e r , 1962).

Such a sy s te m  a l lo w s  th e  in  v itro  p roduc tion  of a  u n ique  p ro te in  

w ith  a known am ino a c id  s e q u e n c e  (W eber & K o n ig sb e rg , 19 67; L in , 

Tsung & F r a e n k e l - C o n r a t , 19 67). F u r th e rm o re , i t  h a s  b een  shown th a t  

th e  in  v i tro  p ro d u c t  i s  e s s e n t i a l l y  th e  sam e  a s  th e  n a t iv e  c o a t  p ro te in  

m o le c u le  (N a th a n s ,  N o ta n i , Schw arz  & Z in d e r , 19 62; N a th a n s ,  O e s c h g e r , 

Eggen & S h im u ra , 19 66). The am ino a c id  s e q u e n c e  of MS2 c o a t  p ro te in  

i s  show n in  F ig . 3. A c o n v e n ie n t  y e t  h ig h ly  rep ro d u c ib le  and  e x a c t  

m ethod for a s s a y in g  th e  MS2 in  v itro  c o a t  p ro te in  may be  g le a n e d  from 

th e  te c h n iq u e s  d ev e lo p e d  by  K atz , D reyer & A nfinsen in  19 59.
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F ingerp r in ting  in v o lv e s  the  rep ro d u c ib le  o x id a tio n  and  enzym atic  

d ig e s t io n  o f  a p ro te in  to  s m a l le r  p e p t id e s .  The p ro te in  is  f i r s t  o x id iz e d  

w ith  p eroxyform ic  a c id ,  w h ich  ru p tu res  d isu l f id e  bonds and  u su a l ly  i n ­

c r e a s e s  th e  s o lu b i l i ty  in  a q u eo u s  s o lv e n t s .  H y d ro ly s is  w ith  try p s in  is  

n e x t  e m p lo y ed , w h ich  c le a v e s  the  p ro te in  a t  th e  carboxy l ends  o f  ly s in e  

and  a rg in in e .  This p ro ced u re  p ro d u ces  a d i s t in c t  s e t  o f sm a l le r  p e p ­

t id e s  w ith  a d is t r ib u t io n ,  s i z e ,  and  p ro p e r t ie s  c h a r a c te r i s t i c  of the  

o r ig in a l  c o a t  p ro te in .

T h ese  t ry p t ic  p e p t id e s ,  e le v e n  in  th e  c a s e  of MS2 c o a t  p ro te in ,  

a re  d is p la y e d  a s  a tw o -d im e n s io n a l  m a p , the  f in g e rp r in t .  The p e p t id e s  

r e s u l t in g  from the  h y d ro ly s is  o f  th e  c o a t  p ro te in  a re  f i r s t  s e p a ra te d  by 

h ig h -v o l ta g e  e le c t ro p h o r e s i s  on a s h e e t  of f i l te r  p a p e r ,  and  seco n d ly  

by a s c e n d in g  ch rom atog raphy  in  a d i re c t io n  90°  to  th a t  u s e d  during

e le c t r o p h o r e s i s .  The r e s u l t  is  a  tw o -d im e n s io n a l  d is p la y  o f  e lev en
(

sp o ts  w h ich  hav e  b een  s e p a r a te d  by s iz e  and  c h a r g e , apd  m ade v is ib le  

by sp ray in g  w ith  n in h y d r in ,  a re a g e n t  w h ich  r e a c ts  w ith  am ino groups 

p roduc ing  a v i s ib le  c o lo r .

A f in g e rp r in t  c an  a l s o  be m ade o f the  in  v itro  MS2 c o a t  p ro te in  by 
■*' . 1 4

in i t i a l ly  la b e l in g  the  in  v i tro  p ro te in  w ith  C -am ino  a c id s  . The p ro te in
14is  th en  f in g e rp r in ted .  To v i s u a l i z e  th e  . C - t ry p t ic  p e p t i d e s ,  a s h e e t  of 

u n e x p o se d  X -ray  film i s  e x p o se d  to  th e  f ingerp r in t  for ab o u t a w e e k , 

and  th e  X -ray  film d e v e lo p e d .  Each ra d io a c t iv e  t ry p t ic  p e p t id e  w il l  p ro ­

duce  a ra d io -o p a q u e  sp o t  on th e  X -ray  film . In th is  c a s e ,  on ly  ten
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sp o ts  sh o u ld  o c c u r  a s  p e p t id e  num ber e le v e n  w ill  no t hav e  any  ^ C -
14 ' 14am ino a c id  a s s o c i a t e d  w ith  i t ,  i f  C - Iy s in e  and C -a rg in in e  a re  u sed  

a s  th e  on ly  ra d io a c t iv e  l a b e l s .

The t r a n s la t io n  a t  any  p o in t  in  tim e o f th e  c o a t  p ro te in  c is t ro n  of 

th e  MS2 v iru s  n a tu ra l  mRNA may be e n v is io n e d  a s  in v o lv in g  a p o p u la ­

t io n  o f  r ib o s o m e /m e s s e n g e r  com plexes  in  a l l  s t a g e s  of t r a n s la t io n .  

C o n s e q u e n t ly ,  ev e ry  c o m p lex 'w il l  have  in c o rp o ra ted  an N - te rm in a l  

am ino a c id ,  bu t on ly  th o s e  com plexes  in  th e  f ina l s t a g e s  o f  po ly p ep tid e  

s y n th e s i s  w il l  have  in c o rp o ra ted  a  C - te rm in a l  amino a c id .  I f  ch lo ram ­

p h e n ico l  (CAP) w ere  to  b lo ck  a s te p  in  e lo n g a t io n ,  we w ould  e x p e c t  a 

p o p u la t io n  o f  r ib o s o m e /m e s s e n g e r  co m p lex es  frozen  in  th e  v a rio u s

s ta g e s  of e lo n g a t io n .  H e n c e ,  we w ould  no t e x p e c t  any  d e c r e a s e  in the
14 ■rib o so m al C n a s c e n t  p e p t id e s  a s  com pared  to  a  no rm ally  o ccu rr ing  .

p ro te in  s y n th e s iz in g  s y s te m .  F u r th e rm o re , a s  e lo n g a t io n  w a s  in h ib ited  

on a  mRNA s t r a n d ,  an  in c r e a s e  in  th e  q u a n t i ty  of th e  N -te rm in a l^ p ep ­

t id e s  m ight be e x p e c te d  a s  n ew ly  in i t i a t e d  r ib o so m es  w ere  a llo w ed  to  

s y n th e s iz e  p e p t id e s  before  be ing  in h ib i te d  in  some s ta g e  o f  e lo n g a t io n .

N a th an s  (1965) ex am ined  th e  e f f e c t  of CAP on the  r e le a s e d  ^Re­

la b e le d  MS2 in  v itro  p e p t i d e s . His m ethodology  u t i l iz e d  a f ingerprin t
14of a t ry p t ic  d ig e s t  o f  the  n o n -r ib o so m a l  bound C - Ia b e le d  MS2 in  v itro  

p e p t id e s .  He found no in c r e a s e  in  the  t ry p t ic  N - te rm in a l  p e p t id e s  over 

th e  C - te rm in a l  p e p t id e s  w hen  s u c h  p e p t id e s  w ere  s y n th e s iz e d  in  the  

p re s e n c e  o f  3.5 [ ig ./m l.  o f  CAP. This w as  in  c o n t r a s t  to  th e  r e le a s e d



18

p e p t id e s  formed in  th e  p re s e n c e  o f  p u rom ycin , w h ich  sh o w ed  an  in ­

c r e a s e  in  th e  num ber o f  N - te rm in a l  p e p t id e s .  These  re s u l ts ,  w ere  in 

a c c o rd  w ith  an  e lo n g a t io n  in h ib i t io n  m odel for CAP, a s  one  w ould  e x ­

p e c t  th e  r e l e a s e d  p e p t id e s  to  be w hole  and  p o s s e s s  an e q u a l  num ber of 

N -  and  C - te rm in a l  p e p t id e s .  H is work a l s o  te n d ed  to  ru le  ou t CAP in ­

d u c ed  prem atu re  r e l e a s e , for in  th is  c a s e  we shou ld  e x p e c t  r e s u l t s  

s im i la r  to  th o s e  s e e n  w ith  th e  r e l e a s e d  p e p t id e s  s y n th e s iz e d  in  the  

p r e s e n c e  o f  pu rom ycin . H ow ever , he  d id  n o t  exam ine  CAP'S e f fe c t  on 

th e  r ib o so m a l bound ^ C - n a s c e n t  p e p t id e s .  I t  i s  he re  th a t  the  true  t e s t  

for an  e lo n g a t io n  in h ib i t io n  m odel e x i s t s , s in c e . th e  p e p t id e s  re s u l t in g  

from in h ib i t io n  w ould  l ik e ly  be t ra p p e d  on the  m e ss e n g e r - r ib o s o m e  com ­

p le x .  I t  w as  th u s  d e c id e d  to  com pare th e  r ibosom al bound to  r e le a s e d  

p ro d u c ts  u s in g  N a th a n 's  p r o c e d u r e s .

I

I



3 . MATERIALS AND METHODS

(a) B ac te r ia l  and  b a c te r io p h a g e  s t r a in s  

E sc h e r ic h ia  c o l l  Q-13 w as  o b ta in e d  from G en era l  B iochem ica ls  in 

l a te  log  p h a s e ,  u n w a sh e d .  The b a c te r ia  w ere  d e l iv e re d  frozen  in  4 0 -g .  

chunks  and  s to re d  a t  -IO0 C u n til  u s e d .  C a t .  #150070. E . c o l i  Q-13 w as  

a l s o  o b ta in e d  from Dr. G . S tr e is in g e r  o f  th e  U n iv e rs i ty  of O regon ,
v

E ugene . Such b a c te r ia  w ere  u se d  a s  a so u rc e  o f  r ib o s o m e s ,  S-30  e x ­

t r a c t s  an d  a s  a  v iru s  h o s t .  E sc h e r ich ia  c o l i  A-19 w as  o b ta in e d  from 

Dr. J . C lark  o f  th e  U n iv e rs i ty  o f  I l l i n o i s , U rb a n a , and  u s e d  for S-30 

e x t r a c t s  and  a s  a v iru s  h o s t .  E sc h e r ic h ia  c o l i  K-12 w as  u s e d  a s  a v iru s  

h o s t .  E sc h e r ic h ia  c o l i  B w as  u se d  a s  a h o s t  d i f fe ren t ia t in g  phage  T̂  

and  M S 2 . E sc h e r ic h ia  c o l i  MRE-600 w as  o b ta in e d  from Dr. J .  D av ies  o f  

th e  U n iv e rs i ty  o f  W is c o n s in ,  M a d is o n .  It  w as  grown on m edia  LS and 

u s e d  for th e  p re p a ra t io n  o f  in i t ia t io n  fa c to rs  and  w a sh e d  r ib o s o m e s .

B ac te r iophage  MS2. w as  o b ta in e d  a s  a ly o p h y lized  pow der from 

th e  Am erican Type C u ltu re  A s s o c ia t io n ,  R o ck v i l le ,  M ary lan d .  C a t .  

#15 5 9 7 -B . I t  w as  u s e d  for the  p re p a ra t io n  o f  v irus  mRNA and  c o a t  p ro ­

te in  .

(b) B ac te r ia l  and  v ira l  growth m edia  

All w e ig h ts  re fe r  to  grams p e r  l i t e r  o f  s in g le  d i s t i l l e d  w a te r .  All 

m edia  w ere  a u to c la v e d  for 30 m inu tes  a t  15 to  20# o f s te a m .

I
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TYS+ M edium

10 g . B ac to - try p to n e

1 g .  B a c to -y e a s t  e x tra c t  

S g .  sodium  ch lo ride

After a u to c la v in g ,  the  fo llow ing  (each  a u to c la v e d  sep a ra te ly )  

w ere  a d d ed  u s in g  s te r i l e  te ch n iq u e :

10 m l. o f  10% g lu c o se

2 m l. o f I M ca lc iu m  ch lo ride

I m l. o f  th iam in e  hyd roch lo ride  (10 m g . /m l . )

(TYS medium l e s s  th e  g lu c o s e ,  c a lc iu m  and th iam in e  w as  d e s ig ­

n a te d  TYS . Upon the  a d d i t io n  of th e s e  s o lu t io n s ,  TYS .)

Top L ayer

TYS+ medium w ith  4 gm . / l i t e r  B ac to -a g a r

Agar P la te s  and S lan ts

TYS medium w ith  15 g . / l i t e r  B a c to -a g a r

S e r ia l  D ilu tion  Solu tion  

TYS medium

LS M edium

4.0 g . n u tr ien t  broth

4.0 g .  N aC l 

0.5 g . g lu c o se

0.5 g .  y e a s t  e x t ra c t

I
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1.0 g . KH2PO4

0.5 g .  C a C l2

0.5 g . M g C l2

(c) Buffers

All bu ffe rs  w ere  m ade w ith  d o u b ly - d i s t i l l e d  w a te r ,  th e  seco n d  

d i s t i l l a t io n  o f  tap  d i s t i l l e d  w a te r  occu rr in g  in  a C orning m odel AG-2 

d i s t i l l a t i o n  a p p a r a t u s . P e riod ic  s a m p le s  o f  th is  w a te r  re v e a le d  a m in i-  

mum s p e c i f i c  r e s i s t a n c e  o f  800 K ncm  .

All pH a d ju s tm e n ts  w ere  m ade w ith  d i s t i l l e d  h y d ro ch lo r ic  a c id .  

Such a c id  w a s  th e  m iddle  th ird  d i s t i l l a t e  o f  a 1:2 d i lu t io n  o f  d i s t i l l e d  

w a te r  w ith  r e a g e n t  h y d ro ch lo r ic  a c id .  M e a su rem en ts  o f  pH w ere  made 

on a C orning  m odel 12 pH m e te r ,  a f te r 'p r io r  s ta n d a rd iz a t io n  u s in g  / 

pH ydrion  t a b l e t s .

B en to n i te ,  a c o l lo id a l  a lum inum  s i l i c a t e  c l a y ,  w a s  p rep a red  by 

th e  m ethod  o f  Dunn & H itc h b o m  (19 65). Such w a sh e d  b e n to n i te  s u sp e n  

s io n s  h av e  b een  n o ted  for th e i r  a d so rb a n t  p ro p e r t ie s  in  rem oving r ib o -  

n u c l e a s e s  from aq u eo u s  s o lu t io n s .  Two drops o f  b e n to n i te  s u sp e n s io n  

p e r  l i t e r  o f  bu ffer  w as  a d d ed  and  th e  r e s u l t in g  d is p e r s io n  a l lo w ed  to  

s ta n d  a t  20 C for a t  l e a s t  two h o u r s . The buffer w as  th e n  f i l te red  

th ro u g h  M ill ip o re  HAWP00010 50-m m . n i t r o c e l lu lo s e  f i l te r s  in to  a 

s te r i l e  r ib o n u c le a s e - f r e e  re a g e n t  b o t t le  u s in g  an  a u to c la v e d  f i l t r a ­

t io n  a p p a r a tu s .

I
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All bu ffers  w ere  s to re d  a t  2 °C  u n le s s  o th e rw ise  in d ic a te d .

Buffer A^fg

0.02 M Tris 

0.01 M Mg(OAc)2

• 0.01 M p -m e rc a p to e th a n o l  (added  j u s t  before  u se)

The buffer  w as  a d ju s te d  to  pH 7.4 a t  room tem p era tu re  w ith d is  

t i l l e d  h y d ro ch lo r ic  a c id ,  th en  b e n to n i te  t r e a te d  and f i l te r e d .

Buffer A Fr,________ s_z_

0.05 M Tris '

0.001 M d i th io th re i to l  (added  j u s t  p rio r  to  use)

N H y1SOz1 (enzym e g r a d e , a d d ed  to  s a tu ra t io n  a t  2°C)

The buffer w as  a d ju s te d  to  pH 7.4 a t  2°C  w ith  d i s t i l l e d  hydro­

c h lo r ic  a c id  th en  b e n to n i te  t r e a te d  and  f i l te red  . NH^SO^ w as  then  

a d d ed  to  s a tu ra t io n  a t  2 ° C .

Buffer B^fg

1.0 M N H 4 Cl 

0.02 M Tris 

0.002 M Mg(OAc)2

0.002 M d i th io th re i to l  (added  j u s t  p rio r  to  use)

The b u ffe r w as a d ju s te d  to  pH 7.8 a t  2°C  w ith  d is t i l le d  hydro­

c h lo r ic  a c id  th e n  b e n to n ite  t re a te d  and  f i l te re d .
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Pyrid ine: 50 p a rts  

A ce tic  a c id : 15 p a rts  

n -b u ta n o l; 75 p a rts  

g la s s  d is t i l le d  w ater: 60 p a rts  

(All p a r ts  by volum e)

S tored  a t  room te m p e ra tu re .

Buffer EBN-I ,

P yrid ine: 1.2% 9

. A ce tic  ac id ; 1.3%

n -b u ta n o l: 2.5% > /

G la s s  d is t i l le d  w ater: 95%

(All p e rc e n ta g e s  by  volum e)

S tored  a t  room te m p e ra tu re .

Buffer Hi-IFEM

0.002 M M gC l2

1.0 M N H 4Cl 

0.01 M Tris

0.001 M d ith io th re i to l (added  b e fo re  filte rin g )

Buffer CBN-I

The buffer w as  a d ju s te d  to pH 7.5 w ith  d i s t i l l e d  hyd ro ch lo ric  ac id

th e n  b e n to n i te  t r e a te d  and  f i l t e r e d .
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0,002 M M gC l2 

0.02 5 M N H 4 Cl 

0.01 M Tris

0.001 M d ith io th re i to l  (added  ju s t  p rio r to  use)

The b u ffe r w as a d ju s te d  to  pH 7.5 a t  2°C  w ith  d is t i l le d  hyd ro ­

c h lo r ic  a c id  th e n  b e n to n ite  tre a te d  an d  f i l te r e d .

Buffer IFEM -2

0.002 M M gC l2 

0.100 M N H 4 Cl 

0.010 M Tris

0.001 M d ith io th re i to l  (added  ju s t  p rio r to  u se) (

The b u ffer w as a d ju s te d  to  pH 7.5 a t  2°C  w ith  d is t i l le d  hydro ­

c h lo r ic  a c id  th en  b e n to n ite  tre a te d  and  f i l te r e d .

Buffer IFEM -3

0.002 M M gC l2.

0.35 M N H 4Cl 

0.010 M Tris

0.001 M d ith io th re i to l  (added  ju s t  p rio r  to  use)

B u f f e r  I F E M - I

The buffer  w as  a d ju s te d  to  pH 7.5 a t  2°C  w ith  d i s t i l l e d  hydro­

c h lo r ic  a c id  th e n  b e n to n i te  t re a te d  and  f i l te r e d .
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0.08 M NH4 Cl

0.0085 M M g(OAc)2

0.01 M Tris ' .

0.01 M p -m e rc a p to e th a n o l (ad d ed  ju s t  p rio r to  use)

The b u ffe r w as a d ju s te d  to  pH 8.1 a t  2°C  w ith  d is t i l le d  hydro ­

c h lo r ic  a c id  th e n  b e n to n ite  tre a te d  an d  f i l te r e d .

Buffer LM SN -16

'0.08 M N H 4Cl 

0.016 M M g(OAc)2 

0.01 M Tris

0.01 M p -m e rc a p to e th a n o l (ad d ed  ju s t  p rio r to  u se)

The b u ffer w as a d ju s te d  to  pH  7.8 a t  2°C  w ith  d is t i l le d  h y d ro -
/

c h lo r ic  a c id  th en  b e n to n ite  f i l te re d .

Buffer MSN

0.08 M N H 4Cl 

0.085 M M g(OAc)2 

0.01 M Tris

0.01 M p -m e rc a p to e th a n o l (ad d ed  ju s t  p rio r to  u se)

Buffer LMSW

The buffer  w as  a d ju s te d  to  pH 8.1 a t  2°C  w ith  d i s t i l l e d  hydro­

c h lo r ic  a c id  th e n  b e n to n i te  t r e a te d  and  f i l te red  .



26

0.08 M N H 4Cl 

0.011 M Mg(OAc)2 

0.1 M Tris

0.01 M P -m ercap to e th an o l (added  ju s t  p rio r to  u se)

The b u ffer w as a d ju s te d  to  pH 8.1 a t  2°C  w ith  d is t i l le d  hyd roch lo r­

ic  a c id  th en  b e n to n ite  t r e a te d  and f i l te re d .

Buffer CA

0.01 M M g(OAc)2 

. 0.01 M Tris

The bu ffer w as a d ju s te d  to  pH 7.8 a t  2°C  w ith  d is t i l le d  hydro ­

c h lo ric  a c id  th en  b e n to n ite  tre a te d  an d  f i l te r e d .

/
Buffer QB

0.5 M N H 4Cl 

0.01 M M g(OAc)2 

0.01 M Tris

The bu ffer w as a d ju s te d  to  pH  7.8 a t  2°C  w ith  d is t i l le d  hydro ­

c h lo ric  a c id  th en  b e n to n ite  tre a te d  and  f i l t e r e d .

Buffer QC

0.25 M NH4 Cl 

0.01 M M gC l2

Buffer N

0.01 M Tris
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The b u ffe r w as a d ju s te d  to  pH 7.8 a t  2°C  w ith  d is t i l le d  hyd ro ­

c h lo r ic  a c id  th e n  b e n to n ite  t re a te d  and  f i l te re d .

Buffer P D

0.5 M N H 4 Cl 

0.01 M M g(OAc)2 

0.01 M Tris

The b u ffer w as a d ju s te d  to  pH  7.8 a t  2 °C  w ith  d is t i l le d  hydro ­

c h lo r ic  a c id  th e n  b e n to n ite  t re a te d  and  f i l te r e d .

Buffer pH 5'

0.01 M Tris'

0.05 M KCl

0.011 M M g(OAc)2 I

The b u ffe r w as a d ju s te d  to  pH 5.2 a t  2 °C  w ith  d is t i l le d  hyd ro ­

c h lo r ic  a c id  th e n  b e n to n ite  t r e a te d  and  f i l te r e d .

(d) R eag en ts  and ' ch em ica ls

A lum ina

L ev ig a ted  A brasive  G ra in , o b ta in e d  from th e  N orton  C om pany, 

C a t . # 2 2 0 4 6 1 .

Ammonium S u lfa te

S p e c ia l enzym e g ra d e , o b ta in e d  from S ch w arz /M an n  C h e m ic a ls , 

C a t . # 1 9 4 6 . U sed  for s a l t in g  o u t in i t ia t io n  f a c to r s .
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Ammonium S u lfa te

R eagen t g ra d e , o b ta in e d  from th e  B aker-A dam nson C h e m ic a ls . 

U sed  for s a lt in g  o u t v iru s .

.A rginine

S p e c if ic  a c t iv i ty  306 m C i/m M . O b ta in ed  from A m ersham -S earle  

C o ., C a t . #CFB 62.

C h lo ram p h en ico l

O b ta in ed  a s  a  g if t from P a rk e , D av is  and C om pany.

L y sin e  C

S p e c if ic  a c t iv i ty  312 m C i/m M . O b ta in ed  from A m ersham -S earle  

C o ., C a t . #  CFB 69.

M illip o re  F il te rs

HAWP n itro c e llu lo s e  f i l t e r s .  O b ta in ed  from th e  M illip o re  C orpor­

a tio n  .

T rypsin

TPCK tre a te d  t ry p s in ,  "B" g ra d e , e s s e n t ia l ly  free  o f chym otryp- 

s in .  O b ta in ed  from C a lb io c h e m ., C a t . # 6 4 8 5 2 .

(e) R ib o n u c lea se  Rem oval

R ib o n u c lea se  (RMAase) w a s 're m o v ed  from g la s s w a re  by  e ith e r: 

a) h e a tin g  in  a dry oven  a t  240°C  for 10 hours; or b) a u to c la v in g  for 20 

m in u te s  a t  15# p re s s u re .  RNAase w as rem oved from p la s t ic  w are by
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e ith e r: a) autoclaving  fo r 20 m in u tes  (autoclavable  p la s t ic ;  o r b )  t r e a t ­

m ent w ith  15% hydrogen p e ro x id e  for 15 m in u te s .
!

RNAase w as rem oved from b u ffer so lu tio n s  by ad d in g  2 drops p e r 

l i te r  o f a s ta n d a rd  b e n to n ite  s u s p e n s io n  (Dunn & H itc h b o m , 19 65) a f te r  

th e  b u ffe r w as p re p a re d . The tre a te d  b u ffer w as f i l te re d  th ro u g h 'a  

M illip o re  f i l tra tio n  a p p a ra tu s  eq u ip p ed  w ith  a HAWP 047 M illip o re  f ilte r , 

and  c o lle c te d  in  a s te r i le  Pyrex  b o ttle  u s in g  s te r i le  f i l t r a t io n .

(f) G row th o f p h age  MS2 on E sc h e r ic h ia  c o ll 

The fo llow ing  p ro ced u re  p ro d u ced  15 l i te r s  o f MS2 v iru s  ly s a te  a t 

a  t i te r  o f  ap p ro x im a te ly  IO ^  v iru s  p e r m l.,  and u sed  e s s e n t ia l ly  the  

m ethod o f C lark  (1 965). The in i t ia l  v iru s  so u rce  w as a  ly o p h y liz e d  

pow der of MS2 o b ta in e d  from th e  A m erican Type C u ltu re -A sso c ia tio n .

A loop  o f E. c o li  (or o th e r  f4" h o s t) w as .'in o cu la ted  from a fre sh  

s la n t  in to  tw o m l. o f TYS+ b ro th . This c u ltu re  w as th e n  grown a t  37°C
O

to  e a r ly  lo g  p h a s e ,  a b o u t 10 b a c te r ia  p e r  m l.,  o r u n til p a r t ic le s  o f

grow th co u ld  be s e e n  w ith  sw ir lin g . O ne drop of th e  re  h y d ra ted

A m erican Type C u ltu re  A sso c ia tio n  MS2 v iru s  w as th e n  ad d ed  and  th e  /

in c u b a tio n  co n tin u ed  a t  37°C  for s ix  to  tw e lv e  h o u rs . The t i te r  a t  the
11end  o f  th is  pe rio d  w as a lw ay s  a  minimum o f 10 v iru s  p e r m l. This

tw o -m l. ly s a te  o f MS2 v iru s  w as n e x t u s e d  to  in fe c t 100 m l. o f e a r ly  log

p h a se  E. c o li  (in  TYS+) a t  a m u ltip lic ity  of in fe c tio n  ( m .o . i . )  of 8 ,
11y ie ld in g  a 100-m l. ly s a te  a t  th e  sam e t i t e r  o f 10 v iru s  p e r  m l.
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Tw elve tw o - l i te r  f l a s k s , e a c h  c o n ta in in g  one and  o n e -h a lf  l i te r s

o f TYS+ b ro th , w ere  a llo w ed  to  in c u b a te  a t  37°C  for s ix  .to te n  h o u rs .

Any f la s k s  show ing  c lo u d y  c o n tam in an ts  w ere  d is c a rd e d . S u ffic ien t.

E . c o li  (from a s to c k  s ta t io n a ry  p h a se  so lu tio n ) w as ad d ed  to  th e  r e -
6 xm aid ing  s te r i le  f la s k s  to  y ie ld  a  c o n c e n tra tio n  o f a b o u t 10 b a c te r ia  per

m l. The b a c te r ia  w ere  th e n  a llo w ed  to  grow  to  e a r ly  lo g  p h a s e ,  a t

w h ich  tim e th e y  w ere  in fe c te d  w ith  an  a liq u o t from th e  100 m l. MS2

ly s a te  a t  a m . o . i .  o f 8 . The f la s k s  w ere  sw irle d  in  a  G yro tary  sS haker

(N ew  B runsw ick  S c ie n tif ic  Com pany) a t  370C for s ix  to  e ig h t h o u rs ,

a f te r  w h ich  tim e th e y  w ere  p la c e d  in  th e  co ld  room for u se  ab o u t e ig h t
11hours l a te r .  The f in a l t i t e r  in  a l l  c a s e s  w as  h ig h e r th a n  10 v iru s  

p e r  m l.

The ly s a te  w as n e x t spun  in  th e  GSA ro to r o f th e  S e rv a ll c e n tr i­

fuge for 30 m in u tes  a t  5,000 RPM (4080 x g ) . The s u p e rn a ta n t w as poured  

in to  a  c h il le d  1 5 - li te r  c a rb o y  and  m ore ly s a te  w as ad d ed  to  th e  c e n tr i­

fuge b o t t l e s ,  c o lle c tin g  th e  c e l l  d e b ris  in  a  s in g le  p e l le t .  Both the  

-carboy and  cen tr ifu g e  b o tt le s  w ere  th o ro u g h ly  w ash ed  and  r in se d  w ith  

d is t i l le d  w a te r  p rio r  to  u s e ,  b u t w ere  n o t m ade r ib o n u c le a s e  fre e .

j  A fter c en tr ifu g in g  th e  e n tire  15 l i t e r s ,  311 g . o f c ry s ta l l in e  re a g e n t 

g rad e  am m onium  s u lfa te  w ere ad d ed  p e r  l i t e r  o f ly s a te  s u p e rn a ta n t and 

th e  so lu tio n  s tir re d  w ith  a m o to rized  T eflon  p ro p e llo r . The re su ltin g  

so lu tio n  w as c h il le d  in  th e  co ld  room for e ig h t to  te n  h o u r s .
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The p re c ip i ta te  w as  re su sp e n d e d  by s tir r in g  and s ip h o n ed  in to  

GSA ro to r b o t t le s .- T h e  p h ag e  p a s te  w as c o lle c te d  by c en tr ifu g a tio n  a t  

5,000 RPM (4080 xg) fo r 30 m in u te s . N ine  m l. o f g la s s  d is t i l le d  w a te r , 

a d ju s te d  to  pH 9 w ith  so lid  N aO H , w ere  ad d ed  to  e a c h  GSA b o t t l e . The 

b o tt le s  w ere  th e n  t i l te d  to  a llo w  th e  w a te r  to  c o n ta c t th e  p a s te  and le f t  

fo r e ig h t to  te n  h ou rs in  th e  co ld  room a t  2 °C .

The s u s p e n s io n  w as th en  c o lle c te d  in to  a s in g le  GSA b o t t le ,  

r in s in g  th e  rem ain in g  b o tt le s  w ith  pH  9 d is t i l le d  w a te r . F ifty  m icro ­

gram s o f DNAase I w as th e n  ad d ed  and  th e  enzym e a llo w ed  to  work u n til 

th e  p a s te  w as free  o f s tra n d s  o f DNA, u s u a lly  a b o u t te n  m in u tes  la te r .

' The DNAase d ig e s t  w as c en tr ifu g e d  fo r 20 m in u tes  a t  13,000 xg in  

th e  Beckm an M odel L-2 c e n tr ifu g e  an d  th e  p re c ip i ta te  d is c a rd e d . The 

s u p e rn a ta n t w as  n e x t c en tr ifu g e d  for 20 m in u tes  a t  26,000 xg and th e  p re ­

c ip i ta te  a g a in  d is c a rd e d . The p h ag e  w as  now  p e lle te d  by c en tr ifu g a tio n  

o f th e  s u p e rn a ta n t in  th e  T i-50  ro to r for th re e  hours a t  60,000 xg in  r ib o -  

n u c le a s e  free  c en tr ifu g e  tu b e s .

O ne m l. o f pH 9 d is t i l le d  w a te r  w as  ad d ed  to  th e  b row n ish  p e l le t  

and  a llo w ed  to  d is s o lv e  o v e rn ig h t. The so lu tio n  w as c la r if ie d  by c e n tr i­

fu g a tio n  a t  10,000 xg for 15 m in u tes  in  th e  T i-50  ro to r . The re su ltin g  

p h ag e  so lu tio n  w as th e n  s to re d  a t  -9  0°C  in  th e  Revco C o ld  C h es t in  

o n e -m l. p o r t io n s . Such a liq u o ts  w ere  s u i ta b le  for e x tra c tio n  of the  

a c tiv e  MS2 RNA o v er a y e a r  la te r .
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The v iru s  s u sp e n s io n  so  p ro d u ced  w as s l ig h tly  y e llo w  and o p a l­

e s c e n t .  I t w as e x tra c te d  d ire c tly  for h ig h ly  p u rif ied  MS2 RNA. For the  

e x tra c tio n  o f h ig h ly  p u rif ied  MS2 c o a t p r o te in , i t  w as re p e lle te d  tw ice  

a t  60,000 xg for th re e  hours to  o b ta in  a c le a r  p e l le t .

The v iru s  s u s p e n s io n  had  th e  u l tr a v io le t  sp ec tru m  a s  show n in  

F ig . 4 an d  an  e x tin c tio n  c o e f f ic ie n t o f one o p tic a l  d e n s i ty  u n it p e r  mg. 

p e r m l. T hese  p h y s ic a l c o n s ta n ts ' ag re ed  w ith  th o se  o f S tra u ss  & 

S ih sh e im er (1963). S ed im en ta tio n  v e lo c i ty  p ro f ile s  o b ta in e d  in  th e  

Beckm an M odel E a n a ly t ic a l  u ltra c e n tr ifu g e  y ie ld e d  a  s in g le  p eak  o f 

80 S vedberg  u n i t s .  E lec tro n  m ic rog raphs m ade by th e  a u th o r o f the  p u ri­

fied  v iru s  show ed  p o ly h ed ra l b o d ie s  o f ap p ro x im a te ly  30 mp w hich  w ere 

p h o to g ra p h ic a lly  id e n t ic a l  to  e le c tro n  m ic rog raphs ta k e n  o f th e  MS2 

v iru s  by  S trau ss  & S in sh e im er (1963). F,ig. 5 d e p ic ts  a flow  c h a r t on the  

grow th  and  p u rif ic a tio n  o f MS2 v i r u s .

(g) E x trac tio n  o f m e sse n g e r  RNA from phag e  MS2

The fo llow ing  p ro ced u re  u t i l iz e s  th e  frozen  p h age  s u s p e n s io n .

The RNA p ro d u c t o b ta in e d  i s  fu lly  c a p a b le  o f  d ire c tin g  in  v itro  p ro te in  

s y n th e s is  in  co m b in a tio n  w ith  E. c o li  r ib o so m es and s u p e rn a ta n t 

f a c to r s .

O ne m l. o f a  th aw ed  phag e  s u s p e n s io n  w as ad d ed  to  a r ib o n u - 

c le a s e  free  12-m l. c o n ic a l c en tr ifu g e  tu b e .  O ne m l. o f g la s s  d is t i l le d  

w a te r  s a tu ra te d  p h en o l ( r e d is t i l le d  re a g e n t grade) and  0.1 m l. o f 2 M



33

am m onium  c a rb o n a te  (in  g la s s  d is t i l le d  w ater) w ere ad d ed  s im u lta n e ­

o u s ly .  The s u s p e n s io n  w as g e n tly  m ixed  w ith  a r ib o n u c le a s e  free  

P a s te u r  p ip e tte  for te n  m in u tes  a t  room te m p e ra tu re , ta k in g  ca re  to  av o id  

f ro th in g . The m ixture a t  th is  p o in t had  a  c lo u d y  l ig h t brow n c o lo r .

The so lu tio n  w as th e n  c en tr ifu g e d  a t  fu ll sp e e d  in  th e  c l in ic a l  

c e n tr ifu g e  a t  2°C  for 15 m in u te s . The top aq u eo u s  la y e r  c o n ta in in g  the  

RNA w as rem oved w ith  a r ib o n u c le a s e  free  P a s te u r  p ip e tte  and  p la c e d  

in to  a s e c o n d  c h il le d  r ib o n u c le a s e  free  c o n ic a l c en tr ifu g e  tu b e . This 

a q u eo u s  e x tra c t  u s u a lly  tu rn ed  c lo u d y  w h ite  w ith in  a few  m in u te s .

O ne m l. o f co ld  g la s s  d is t i l le d  w a te r  w a s-th en  ad d ed  to  th e  

p h en o l p h a se  for an  a d d itio n a l e x tra c tio n  o f RNA. The s o lu tio n  w as 

m ixed  an d  c en tr ifu g e d  a s  ab ove  an d  th e  top  aq u eo u s  la y e r  ad d ed  to  th e  

f i r s t  a q u eo u s  e x tr a c t .  The c o a t p ro te in  c o n ta in in g  p h en o l p h a se  w as 

s a v e d  for fu r th e r p u r if ic a tio n .

All t r a c e s  o f  p h en o l w ere  rem oved  from th e  a q u eo u s  la y e r  by e x ­

tr a c t in g  s ix  tim es  w ith  re a g e n t g rade  e th e r  in  th e  co ld  room . The c e n ­

tr ifu g e  tu b e  w as f i l le d  to  w ith in  one c e n tim e te r  o f th e  top  w ith  e th e r  

an d  e x tra c te d  by m ixing  w ith  a P a s te u r  p ip e t te .  The c o n ic a l  c en tr ifu g e  

tu b e  w as  c e n tr ifu g e d  a t  top  sp ee d  in  th e  c l in ic a l  c en tr ifu g e  for 15 m in­

u te s  an d  th e  e th e r  la y e r  a s p ira te d  and  d is c a rd e d . At th e  com p le tio n  o f 

th e  s ix th  e x tra c tio n  th e  bottom  aq u eo u s  p h a se  w as c le a r .

All t r a c e s  o f e th e r  w ere  rem oved by g e n tly  b low ing  a j e t  o f n itro ­

gen  o v e r th e  so lu tio n  (in  an  ic e  bath) u n til  a l l  odor o f  e th e r  w as g o n e .
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Six d rops o f co ld  3 M sodium  a c e ta te  (in  g la s s  d is t i l le d  w ater) w ere 

th en  ad d ed  and  th e  so lu tio n  m ix e d . The f in a l f lo c c u la tio n  o f RNA w as 

a c h ie v e d  by  th e  a d d itio n  o f tw o vo lum es o f co ld  re a g e n t g rade  100% 

e th an o l and  m ix in g . If th e  p re c ip i ta te  rem ain ed  d is p e r s e d ,  SM  sodium  

a c e ta te  w as ad d ed  d ro p w ise  u n til th e  so lu tio n  beg an  to  f lo c c u la te .  In 

m o st c a s e s  no ex tra  sodium  a c e ta te  w as re q u ire d .

The f lo c c u la te d  RNA so lu tio n  w as a llo w ed  to  s i t  for 40 m in u te s , 

fo llo w ed  by c e n tr ifu g a tio n  in  th e  c l in ic a l  c en tr ifu g e  for 20 m in u tes  a t  

top  sp e e d  in  th e  co ld  room . The e th an o l w as d e c a n te d , and  th e  p a s te  

ly o p h y liz e d  to  a c ru s ty  w h ite  d ry n e s s . Two hundred  fif ty  to  five hun­

d red  m ic ro lite rs  o f c o ld  g la s s  d is t i l le d  w a te r  w as ad d ed  to  th e  dry RNA. 

and  a llo w ed  to  d is s o lv e  o v e rn ig h t.

The fo llo w in g  d ay  th e  u ltr a v io le t  sp ec tru m  o f th e  p ro d u c t w as o b ­

ta in e d  to  d e te rm in e  th e  c o n c e n tra tio n  o f RNA. An e x tin c tio n  c o e ff ic ie n t 

o f  25 o p tic a l  d e n s ity  u n its  p e r m g. o f RNA p e r m l. o f w a te r  w as u s e d , 

and  th e  RNA b o ttle d  in  o n e -m g . p o r t io n s . Such a liq u o ts  w ere  s to red  a t  

-9.0°C  in  th e  Revco C old  C h e s t u n til u s e d .  A ctiv ity  h as  b e en  found to  

d e c re a s e  ap p ro x im a te ly  50% o v e r a  tw e lv e -m o n th  p e r io d , a s  m easured  

by i t s  s tim u la tio n  o f ^ C -a m in o  a c id  in c o rp o ra tio n . F ig . 6 d e p ic ts  a 

flow  d iagram  of th e  e x tra c tio n  and  p u r if ic a tio n  o f MS2 RNA.
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(h) E x trac tio n  o f p h age  MS2 c o a t p ro te in  

This -procedure u se d  a p h ag e  s u s p e n s io n  w hich  had  b een  fu rth er 

p u rif ied  by p e lle tin g  th e  v iru s  tw ic e  a t  93,000 xg for 3 h o u r s . The p e lle t  

th en  ap p ea re d  c le a r  and  gave  a s in g le  sh arp  p eak  o f 80s in  th e  Beckman 

M odel E a n a ly t ic a l  u ltra c e n tr ifu g e .

Ten v o lum es o f co ld  re d is t i l le d  re a g e n t g rade  a c e to n e  w ere added  . 

to  th e  p h en o l p h a se  p ro d u ced  by an  RNA e x tra c tio n  o f th e  v i r u s . The 

m ixture  w as a llo w ed  to  s i t  for '20 m in u tes  a t  2°C  fo llow ed  by c e n tr ifu g a ­

tio n  a t  top  sp e e d  in  th e  c l in ic a l  c en tr ifu g e  for 45 m in u te s . The r e s u l t ­

ing  su p e rn a ta n t w as a s p ira te d  and  d is c a rd e d  w h ile  th e  p e l le t  w as 

w a sh e d  tw ic e  w ith  5 m l. o f co ld  d is t i l le d  a c e to n e  by re s u s p e n s io n  and  

c e n tr ifu g a tio n  for 20 m in u tes  a t  top  sp eed , in  th e  sam e c e n tr ifu g e .

The w ash ed  p ro te in  p e l le t  w as su sp e n d e d  in  one  m l. o f 0.5 M 

sodium  hydrox ide  and  d ia ly z e d  a t  2°C  a g a in s t  one l i t e r  o f  0.5 M sodium  

hydrox ide  u s in g  a fo rced  flow  d ia ly z e r .  W hen perfo rm ic  a c id  o x id a tio n  

w as p la n n e d , th e  p ro te in  w as d ia ly z e d  a g a in s t  d is t i l le d  w a te r  a t  2°C  to  

rem ove a l l  t r a c e s  o f sodium  h y d ro x id e .

U sin g  th e  e x tin c tio n  c o e f f ic ie n t o f  one o p tic a l  d e n s i ty  u n it per mg. 

per ml. of water (S trau ss  & S in sh e im e r , 1962), the  p ro te in  w as  ly o p iliz e d  to  

d ry n e ss  and  s to re d  in  1 .0-m g. p o rtio n s  in  th e  Revco C old  C h e s t a t

-9 0 ° C .
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(i) P rep a ra tio n  o f S -30  e x tra c ts

The fo llow ing  m ethod  u ti l iz e d  E sc h e r ic h ia  c o li Q-13 w hich  is  a 

n itro g en  m u sta rd  in d u c ed  m utan t d e f ic ie n t  in  c e l lu la r  r ib o n u c le a se s  , 

th u s  p e rm ittin g  th e  p re p a ra tio n  o f S -30  e x tra c ts  low  in  th e s e  rib o n u ­

c l e a s e s .  The e x tra c tio n  h a s  a ls o  b een  s u c c e s s fu l ly  u se d  on Jjb co li 

M RE-600 an d  K-12. The m ethod fo llo w s th a t  o f C lark  (19 65).

Tw enty gram s o f frozen  E. c o li  c e l l s  w ere p la c e d  in  a  la rg e  m ortar 

m a in ta in ed  a t  2 ° C , and  to  i t  ad d ed  10 g . o f  a lu m in a . G rind ing  w as b e ­

gun w ith o u t a llo w in g  th e  c e l l s  to  th a w , and  more a lu m in a  ad d ed  as  

n e c e s s a ry  to  k eep  th e  c e l l  p a s te  c o v e re d . A fter five  m in u tes  o f g rin d ­

in g ,  5 m l. o f  co ld  b u f fe rN w as ad d ed  and  g rind ing  c o n tin u e d  for an o th er 

five  m in u tes  . A to ta l  o f 40 m l. o f b u f fe rN and  30 g . o f  a lu m in a  w ere 

ad d ed  during  th e  g rind ing  p ro c e d u re .

The ground c e l ls  w ere  tra n s fe rre d  to  a r ib o n u c le a s e  free  2 5 0 -m l. 

b e a k e r ,  th e  c e l l s  a llo w ed  to  th aw  c o m p le te ly  and 20 tag. o f  DNAase I 

ad d ed  from a s to ck  s o lu tio n  of one m g. DNAase p e r m l. o f g la s s  d i s ­

t i l le d  w a te r . The p a s te  w as th en  g e n tly  s tir re d  w ith  a g la s s  rod u n til 

th e  DNAase had  co m p le ted  i t s  a c t io n ,  u s u a lly  w ith in  five  m in u te s .

The c e l l  p a s te  w as tra n s fe rre d  to  c le a n  3 0 -m l. p o ly c a rb o n a te  c e n ­

trifu g e  tu b e s  and  c en tr ifu g e d  a t  2 °C  for 10 m inu tes a t  10,000 xg in the  

Beckm an M odel L ty p e  30 ro to r . The su p e rn a ta n t w as th e n  tra n s fe rre d  to 

c le a n  3 0 -m l. p o ly c a rb o n a te  tu b e s  and  spun  for 30 m in u tes  a t  30,000 xg 

a t  2 °C  in  th e  sam e r o to r , d isc a rd in g  th e  p r e c ip i ta te .  The top

/  .



th re e - fo u r th s  o f th is  su p e rn a ta n t (the  S -30  frac tion ) w as rem oved w ith  a 

r ib o n u c le a s e  free  sy rin g e  and  tra n s fe rre d  to  a r ib o n u c le a s e  free  2 5 0 -m l. 

b e a k e r . The bottom  o n e -fo u rth  o f th e  s u p e rn a ta n t and  p re c ip i ta te  w as 

d is c a rd e d . . .

In som e c a s e s  a F rench  P re s su re  C e ll w as u sed  to  ly s e  th e  c e l ls  

( s e e  " M ethods: P rep a ra tio n  o f c rude  in i t ia t io n  factors")* . The en su in g  

s t e p s , h o w ev er, w ere id e n tic a l  to  th o s e  fo llow ing  th e  a lu m in a  g rin d in g .

The S-30  frac tio n  w as s u b s e q u e n tly 'p re - in c u b a te d  u n d er c o n d i­

t io n s  w h ich  p e rm itted  p ro te in  s y n th e s is  to  o c cu r and  a llo w ed  any  free  

en d o g en o u s mRNA and  tRNA to  be d is c h a rg e d  from the  r ib o so m e s . To 

e a c h  16.0 m l. o f th e  S -30  e x tra c t  th e  fo llo w in g  w ere added :

2.0 m l. o f  0.12 M PEP (in  b u ffe rN o r LMSN)

1.0 m l. o f 0.05 M ATP (in  b u ffe rN o r LMSN)

0.6 m l. o f  0.01 M GTP (in  b u ffe r N o r LMSN)
-30.8 m l. o f a 10 M so lu tio n  o f e a c h  o f th e  20 L am ino a c id s  in  

bu ffer N

30 EU o f p y ru v a te  k in a se

The so lu tio n  w as m ixed g e n tly  and  in c u b a te d  a t  37°C  for 40 m in -

u n te s .  D ia ly s is  th en  e n su e d  in  c e l lu lo s e  tub ing  w h ich  had  b een  p re -
-3tre a te d  by a u to c la v in g  for 15 m inu tes in  10 M NaEDTA an d  1% NaHCOg 

fo llo w ed  by e x te n s iv e  r in s e s  w ith  d is t i l le d  w a te r .

The S-30  fra c tio n  w as d ia ly z e d  for 12 hours a t  2°C  a g a in s t  th ree  

e q u a lly  sp a c e d  c h an g e s  o f tw o l i te r s  o f b u ffer N (or LMSN) . Upon
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co m p le tio n  o f d ia ly s is  th e  so lu tio n  w as tra n s fe rre d  to  c h il le d  30-m l. 

p o ly c a rb o n a te  cen tr ifu g e  tu b e s  and  c la r if ie d  a t  20,000 xg  for 10 m inu tes 

a t  2°C  in  th e  Beckm an M odel L ty p e  30 ro to r . The top  th re e -fo u r th s  o f 

th e  so lu tio n  w as th en  p la c e d  in to  r ib o n u c le a s e  free  v i a l s ,  1.0 m l. p e r  

v ia l ,  and  s to re d  in  th e  Revco C old  C h e s t a t  - 9 0 °C .

The s ta b i l i ty  o f  p re p a ra tio n s  so  p rep a red  show ed  an a c t iv i ty  lo s s  

o f l e s s  th a n  50% a f te r  14 m onths o f s to ra g e  w hen a s s a y e d  a g a in s t  an 

MS2 RNA d ire c te d  in  v itro  sy s te m .

(j) R ibosom e p re p a ra tio n

All r e a g e n ts , g la s s w a r e , c e n tr ifu g e  tu b e s ,  and  m a te r ia ls  to  be 

u sed  in  th e  p re p a ra tio n  w ere  m ade s te r i le  and  RNAase free  by the  a p p ro ­

p r ia te  tre a tm e n t (s e e  " M a te r ia ls  and  M ethods: R ib o n u c lea se  rem oval"). 

The p ro ced u re  fo llo w ed  th a t  o f S ta n le y , S a la s , W ahba & O choa  (1966).

Two hundred  gram s o f fro zen  E sc h e r ic h ia  c o li s tra in  Q-13 or 

MRE-600 w ere  ground in  th re e  p o rtio n s  on a  la rg e  m ortar and  p e s tle  

u n til  th e  c e l l s  w ere s l ig h tly  th a w e d . A pproxim ately  70 gm . o f a lum ina 

w ere  ad d ed  to  e a c h  p o rtio n  and  th e  m ix ture  ground to  a  th ic k  p a s t e . 

A pprox im ately  35 m l. o f b u ffer N w ere  ad d ed  to  e ac h  p o rtio n  and  the  m ix­

tu re  ground to  a  s lu rry . This p ro ced u re  y ie ld e d  a p p ro x im a te ly  350 m l. 

to ta l  v o lu m e .

The ground hom ogenate  w as th e n  p la c e d  in  c e n tr ifu g e  tu b e s  and  

c e n tr ifu g e d  40 m in u tes  a t  15,000 RPM (39,000 xg) in  th e  SS-34 ro to r o f th e  

S o rv a ll RC2-B c en tr ifu g e  to  rem ove th e  a lum ina  and c e l l  d e b r is .  The
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s u p e rn a ta n t f rac tio n  w as rem oved and  0.6 m g. o f d e o x y rib o n u c le a se  I 

(W orth ing ton  B iochem ica ls) w as ad d ed  and  s tir re d  in to  th is  f ra c tio n .

The s u p e rn a ta n t frac tio n  w as k e p t a t  4 °C  fo r 90 m in u tes  to a llo w  com ­

p le te  d ig e s t io n  o f th e  DNA. The DNAase tre a te d  frac tio n  w as th en  c e n ­

tr ifu g ed  in  th e  30 ro to r o f th e  Beckm an M odel L-2 u ltra c e n tr ifu g e  a t

18,000 RPM (30,000 xg) fo r tw o h o u rs . The s u p e rn a ta n t f ra c tio n  w as re ­

m oved and tra n s fe r re d  to  tubes su itab le , for th e  50-T i r o to r , th en  c e n tr i­

fuged  for 4 hours a t  50,000 RPM (170,000 xg) in  th e  M odel L -2 u l tr a c e n ­

tr ifu g e . The top 90% o f th e  s u p e rn a ta n t frac tio n  w as rem oved w ith  a 

sy rin g e  and  sav e d  a s  S -1 0 0 . F ive m il l i l i te r s  o f b u ffe rO C+ w ere added  

to  e a c h  tu b e  and  th e  p e l le t  a llo w ed  to  d is s o lv e  o v e rn ig h t w ith  o c c a ­

s io n a l s tir r in g  o f th e  p e l le t  su rfa ce  w ith  a s tir r in g  rod .

.The tu b e s  c o n ta in in g  th e  d is so lv e d  p e l le t  w ere th en  f i l le d  w ith  

b u ffe r OC+ and  cen tr ifu g e d  for 15 m in u tes  a t  25,000 RPM (42,000 xg) in  th e  

ty p e  50-T i ro to r to  rem ove e x tra n eo u s  d e b r is .  The s u p e rn a ta n t frac tio n  

w as th en  la y e re d  on a d ie th y la m in o e th y l (DEAE)- c e l lu lo s e  colum n p re v i­

o u s ly  p rep a red  (s e e  " M a te r ia ls  and  M eth o d s: DEAE colum n p re p a ra tio n " ) 

and  th e  colum n w a sh e d  w ith  2 l i te r s  o f  bu ffer OC+. The r ib o so m es w ere 

e lu te d  from th e  colum n .with buffer OD+ and  c o n c e n tra te d  by  c e n tr ifu g a ­

tio n  a t  50,000 RPM fo r 4 hours in  th e  5 0 -T i ro to r o f th e  M odel L -2 .

The .ribosom es w ere d is so lv e d  in  a sm all am ount o f  b u ffer BC.

The c o n c e n tra tio n  o f r ib o so m es w as d e te rm in ed  by m easu rin g  th e ir  a b ­

so rp tio n  a t  2 60 mp w h ich  th en  p e rm itted  th e  c o n c e n tra tio n  to  be
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a d ju s te d  to  e i th e r  2 5 o r 50 m g ./m l. The re s u lt in g  so lu tio n  w as then  

b o ttle d  in  sm a ll a l iq u o ts  (0.25 to  0.5 m l.)  an d  k e p t frozen  a t  -9 0 °C  

p rio r  to  u s e .

(k) DEAE Colum n p re p a ra tio n  — p u rif ied  rib o so m es  

Two hundred  gram s o f DEAE c e l lu lo s e  (C alb iochem ) w ere  w ash ed  

w ith  2 l i te r s  o f  0.1 N sodium  hydrox ide  by  s u c tio n  f i l t r a t io n , w ash ed  to  

n e u tra l i ty  w ith  d is til le d , w a te r , w ash ed  w ith  2 l i te r s  95% e th a n o l , and  

re w a sh e d  w ith  d is t i l le d  w a te r . The re s in  w as th e n  su sp e n d e d  in  d i s ­

t i l le d  w a te r  and- a u to c la v e d  for 20 m in u te s . The re s in  w as poured  in to  a 

T y p eK S -1 0 0  P harm acia  column (5.0 x  100 c m .) and  p a ck e d  under IO psi 

n itro g en  p r e s s u r e .  The colum n w as th en  w a sh e d  w ith  4 l i te r s  o f b u ffer 

O C +. The f in a l d im e n s io n s  o f th e  r e s in  w ere 61.x5 cm .

. (I )  P rep a ra tio n  o f pH 5' frac tio n  

A colum n w as p re p a red  by a u to c la v in g  50 g . o f S ep h ad ex  G -50 • 

c o a r s e  in  b u ffe r pH 5' for o n e -h a lf  h o u r. A fter co o lin g  to  room te m p e ra ­

tu re  , th e  " f in e s"  w ere  a s p ir a te d  o ff . The re s in  w as re su sp e n d e d  

fo llo w ed  by  a s p ira t io n  o f th e  " f in e s"  tw o a d d itio n a l t im e s . F in a lly , th e  

re s in  w as su sp e n d e d  in  b u ffe r pH 5' an d  pou red  in to  a 2 c m .x l7  cm,. 

Pyrex  co lu m n 'eq u ip p e d  w ith  an  ex tra  c o u rse  p o ro s ity  s in te re d  g la s s  

d is c  on to  w h ich  th e  re s in  s e t t l e d .  A s to p c o c k  g o v ern ed  th e  flow  r a t e „ 

The colum n w as th en  w ash ed  w ith  100 m l. o f b u ffer pH  5' and  y ie ld e d  a 

f in a l re s in  s iz e  o f 2 cm. x  12 c m .
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The pH 5' f ra c tio n  w as p rep a red  by lo ad in g  the  colum n w ith  1.0 to

2.0 m l. o f  th e  S-100 fra c tio n  and  e lu tin g  w ith  bu ffer pH  5 '. The m ilky 

w h ite  p re c ip i ta te  w as c o lle c te d  in  a  r ib o n u c le a s e  free  1 5 -m l. c o n ica l 

c e n tr ifu g e  tu b e , u s u a lly  a b o u t 6.0 m l. The p re c ip ita te  w as th en  c e n tr i­

fuged  a t  top  sp e e d  in  th e  c l in ic a l  c e n tr ifu g e  fo r 15 m in u te s . The s u p e r­

n a ta n t  w as d is c a rd e d  and  the  p re c ip i ta te  w ash ed  tw ic e  w ith  buffer pH 5' 

by re s u s p e n s io n  and  c e n tr ifu g a tio n . The p re c ip ita te  w as f in a lly  d is -  

solv- - in  0.25 to  1.0 m l. o f bufferL M SN -16 and  u sed  a s  th e  pH 5' f ra c ­

t io n .  In c a s e s  w here  som e sed im en t rem ain ed  a f te r  d is so lv in g  in  bu ffer 

LMSN-16, i t  w as  rem oved by  c e n tr ifu g a tio n  a t  top sp e e d  in  th e  c l in ic a l  

c e n tr ifu g e  for 10 m in u tes  .

(m) P rep a ra tio n  o f c rude  in i t ia t io n  fa c to rs  

S ev e ra l m ethods w ere  tr ie d  in  th e  p u r if ic a tio n  o f c rude  in it ia tio n  

f a c to r s . The p o ly e th y le n e  g ly c o l/d e x tra n  s e p a ra tio n  rep o rted  by 

.H e rzb e rg , b e lo n g  & R evel (19 69) p roved  to  be bo th  tim e consum ing  and 

y ie ld e d  a low  re c o v e ry . As a r e s u l t ,  th e  p ro ced u res  d ev e lo p ed  by 

W a h b a , C hae  , Iw a s a k i , M ax u m d er, M ille r ,  e t a l .  (19 69) w ere  u t i l iz e d . 

This m ethod  in v o lv e d  w a sh in g  a r ib o so m a l p e l le t  w ith  a h ig h  io n ic  

s tre n g th  b u f f e r , and  re c o v e rin g  th e  c rude  fa c to rs  by an  ammonium s u l ­

fa te  p re c ip i ta t io n .

In i t ia t io n  fa c to rs  w ere  p rep a red  from E sc h e r ic h ia  c o li  MRE-600 

.w hich  had  b een  grow n on LS m edium to  e a r ly  log  p h a s e .  The b a c te r ia  

w ere  th e n  w ash ed  tw ic e  w ith  0.2 M N H ^C l and  once  w ith  b u ffe r N . They
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w ere  th en  d iv id ed  in to  2 5 -g . p o rtio n s  and  s to re d  a t  - 9 0°C  in  the  Revco 

C old  C h e s t .

To 25 g . o f f re sh ly  th aw ed  and  p a ck e d  ER c o li M RE-600 w ere 

ad d ed  2 5 m l. o f  b u f f e r . The m ixture w as s tir re d  and  im m ed ia te ly  

p a s s e d  th rough  th e  F rench  P re ssu re  C e ll a t  a p re s su re  o f  b e tw een  10,000 

an d  25,000 p s i .  The ly s a te  w as c o lle c te d  in to  a r ib o n u c le a s e  free 

2 5 0 -m l. c h ille d  b e a k e r . Two hundred  m icrogram s o f DNAase w as then  

ad d ed  an d  th e  enzym e a llo w ed  to  co m p le te  i t s  a c t io n ,  u s u a lly  w ith in  

five  m in u te s . The s u s p e n s io n  w as th e n  poured  in to  Beckm an 3 0 -m l. 

p o ly c a rb o n a te  c e n tr ifu g e  tu b e s  an d  spun  a t  18,000 RPM (30,000 xg) for 30 

m in u tes  in  th e  M odel L-2 p re p a ra tiv e  u ltra c e n tr ifu g e  a t  20C . The p e l le t  

w as d is c a rd e d  and  th e  upper th re e - fo u r th s  o f th e  s u p e rn a ta n t w as spun 

a g a in  for 4 hours a t  50,000 RPM (93,000 xg) in  the  T i-50  ro to r u s in g  10-ml. 

p o ly c a rb o n a te  sc rew  cap  c e n tr ifu g e  tu b e s .  The top  tw o - th ird s  o f th is  

s u p e rn a ta n t w as c a re fu lly  rem oved and  b o ttle d  in  1 .0 -m l. p o r t io n s , d e s ­

ig n a te d  IFS-100 (the  S-100 frac tio n  o f an in ita tio n  fa c to r  p re p a ra t io n ) . 

The rem ain in g  o n e - th ird  o f th e  su p e rn a ta n t w as d is c a rd e d .

To th e  p e l le t  w as ad d ed  ap p ro x im a te ly  tw ice  th e  volum e o f bu ffer 

Bjf2 • The p e l le t  w as th e n  g e n tly  b u t co m p le te ly  s t i r r e d , and  th en  

a llo w ed  to  so ak  o v e rn ig h t.

Upon co m p le tio n  o f th is  rib o so m al h igh  s a l t  w a s h , th e  so lu tio n  

w as c la r if ie d  by c e n tr ifu g a tio n  a t  2°C  for 30 m inu tes a t  20,000 RPM 

(3 0 ,0 0 0 xg) in  th e  T i-50  ro to r i The su p e rn a ta n t from th is  sp in  w as



f in a lly  c en tr ifu g e d  a t  2 °C  for 4 hours a t  50,000 RPM (93,000 xg), a g a in  in  

th e  T i-50  ro to r . The su p e rn a ta n t from th is  sp in  c o n ta in e d  th e  crude 

in i t ia t io n  f a c to r s , a lo n g  w ith  o th e r m o le c u le s  w a sh e d  o ff  th e  rib o so m es 

by th e  h igh  s a l t  w a sh .

This s u p e rn a ta n t w as m ade 35% s a tu ra te d  (a t 2°C ) w ith  enzym e 

g rad e  ammonium s u lfa te  by  th e  a p p ro p ria te  am ount o f b u ffe r A gfg. A fter 

a llo w in g  f lo c c u la t io n  to  o c c u r  for 40 m in u te s , th e  p re c ip i ta te  w as c o l­

le c te d  by c e n tr ifu g a tio n  in  th e  8 8 -3 4  ro to r o f th e  S e rv a ll c e n tr ifu g e  for 

15 m in u tes  a t  15,000 RPM (22,000 x g ) . The p re c ip i ta te  w as d is c a rd e d .

To th e  above  35% s a tu ra te d  su p e rn a ta n t w as ad d ed  s u f f ic ie n t 

b u ffe r Ac L  to  b ring  th e  ammonium s u lfa te  s a tu ra tio n  to  75%. The s o lu -  

t io n  w as a g a in  a llo w ed  to  f lo c c u la te  for 40 m in u tes  and  c en tr ifu g e d  a s  

w as  th e  35% p re c ip i ta te .  The s u p e rn a ta n t w as d is c a rd e d  an d  th e  p re ­

c ip i ta te  re ta in e d  a s  th e  so u rc e  o f c ru d e  in i t ia t io n  f a c to r s .

The p e l le t  o f  c rude  in i t ia t io n  fa c to rs  w as r in se d  w ith  75% 

am m onium  s u lfa te  s a tu ra te d  b u ffe r Agfg an d  s to re d  a t  20 C w ith  a volum e 

o f 75% s a tu ra te d  b u ffe rAgfg s u f f ic ie n t to  co v e r th e  p e l le t .

Such p re p a ra tio n s  re ta in e d  th e ir  s tim u la to ry  a c t iv i ty  for p u rified  

in  v itro  sy s te m s  for up to  th re e  w e e k s , a f te r  w h ich  tim e th e ir  s tim u la ­

to ry  a c t iv i ty  d e c re a se d  to  l e s s  th a n  10%.

For in  v itro  in c o rp o ra t io n s , c rude  in i t ia t io n  fa c to rs  from S g . o f 

c e l l s  w ere  d ia ly z e d  on th e  fo rced  flow  d ia ly z e r  a g a in s t  tw o 1 - li te r  

c h a n g e s  o f b u ffer LM SN-16. The u l tr a v io le t  s p e c tra  o f th e  c le a r
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s o lu b iliz e d  p ro d u c t w as  th e n  ta k e n ,  and  th e  so lu tio n  w as u sed  im m e­

d ia te ly .  The fin a l c o n c e n tra tio n  o f c rude  in i t ia t io n  fa c to rs  w as u s u a lly  

b e tw ee n  5 and  IOAggQ o p tic a l  d e n s i ty  u n its  p e r m l.

(n) In v itro  in co rp o ra tio n  p ro ced u res ;.

In co rp o ra tio n  w ith  S -3 0  e x tra c ts
I

In c u b a tio n s  w ere c a rr ie d  o u t in  12-m l. r ib o n u c le a s e  free  c o n ic a l 

c en tr ifu g e  tu b e s .  All g la s s w a r e , p ip e t te s  and m a te r ia ls  w ere  a ls o  r ib o ­

n u c le a s e  f re e . O ne o r tw o m il l i l i te r  in c u b a tio n  v o lum es w ere u s e d , d e ­

p en d in g  on th e  in te n d e d  u s e .  The c o n te n ts  o f a s ta n d a rd  o n e -m l. 

in c u b a tio n  w ere  a s  fo l lo w s , a l l  re a g e n ts  b e in g  m ade up in  buffer LMSN: 

0.05 m l. o f 0.08 M ATP 

0.05 m l. o f SxlO - 4 M GTP and  CTP 

0.05 m l. o f 0.005 M PEP 

0.05 m l. o f 30.0 lU /m l . p y ru v a te  k in a se  

0.10 m l. o f 4 m g ./m l. E. c o ll tRNA 

0.10 m l. o f 10 iaC i/m l. - I y s in e  

0.10 m l. o f 10 p C i/m l. ^ C -a rg in in e
__ O

0.05 m l. o f a so lu tio n  10 M in  e a c h  L -am ino a c id  e x c e p t h i s t i ­

d in e , a rg in in e  and ly s in e  w h ich  w ere d e le te d  

0.20 m l. o f p re - in c u b a te d  an d  d ia ly z e d  S-30 

0.10 m l. o f  I m g ./m l. MS2 RNA

0.15 m l. o f b u f fe rLMSN
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E ach  o n e -m il l i l i te r  in c o rp o ra tio n  th e re fo re ’ c o n ta in ed  th e  fo llo w in g  

in g re d ie n ts :

4.0 PM ATP

0.02 5 pM GTP and  CTP

0.02 5 PM PEP

5 x 1 0   ̂ pM e a c h  L -am ino  a c id  (e x c e p t h is t id in e ,  a rg in in e  and 

ly s in e )  ■

1.5' IU p y ru v a te  k in a se  
141.0 pC i C -Iy s in e
141.0 pC i C -a rg in in e

400 pg . E . c o li tRNA

100 pg . MS2 RNA

0.2 m l. S -30  frac tio n

10 PM Tris

80 pM NH4 Cl

8.5 pM Mg(OAc) g

Each 12-m l. in c u b a tio n  tu b e  w as su p p lie d  w ith  a l l  in g re d ie n ts  ex^- 

c e p t th e  MS2 mRNA. W hen a l l  th e  tu b e s  w ere re a d y , MS2 mRNA w as 

ad d ed  u s in g  e i th e r  a  1 0 0 -p l. m ic ro p ip e tte  o r a lO O -pl. E ppendorf m ic ro - 

p ip e t te r .  The m ixture w as th en  g e n tly  a g ita te d  u til iz in g  a V ortex Jr 

m ixer and  th e  tu b e  p la c e d .in  a 37c>C w a te r  b a th  for the  a p p ro p ria te

in te rv a l o f tim e .
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Upon co m p le tio n  o f th e  in c u b a t io n , e ith e r: a) th e  ra d io a c tiv e  

p o ly p e p tid e  p ro d u c ts  w ere  p re c ip i ta te d  w ith  t r ic h lo ro a c e t ic  a c id ,  or 

b) th e  C -p e p tid e s  w ere d ig e s te d  by try p s in  and f in g e rp r in te d .

C o u n tin g  o f to ta l  a c id  p re c ip ita b le  c o u n ts . WhlBn co u n tin g  o f 

to ta l  a c id  p re c ip i ta b le  c o u n ts  w as d e s i r e d , one m il l i l i te r  in c u b a tio n  

vo lu m es w ere  em p lo y ed . At th e  te rm in a tio n  o f th e  37°C  in c u b a tio n ,

0.3 m g. o f bov ine  serum  a lb u n in  (I m g ./m l. d is t i l le d  w ater) w as added  a s  

a p ro te in  c a r r ie r  an d  th e  so lu tio n  w as m ix ed . S ix m il l i l i te r s  o f 5% t r i ­

c h lo ro a c e tic  a c id  w as th en  ad d ed  and  th e  so lu tio n  w as m ixed  w e l l . 

H ea tin g  th e  m ix ture  to  9 0°C  fo r 15 m in u tes  w as n ex t perform ed to  h y d ro ­

ly z e  th e  a c y l bond's o f  am ino a c id s  and  p o ly p e p tid e s  e s te r i f ie d  to  tRNA 

m o le c u le s . The m ix ture  w as co o led  to  2 °C  and  f i l te re d  th ro u g h  M ill i -  

po re  HAWP 2 .5 -cm . n itro c e llu lo s e  f i l t e r s .  Each f i l te re d  p re c ip i ta te  w as 

s u b se q u e n tly  w a sh e d  w ith  a t  l e a s t  100 m l. o f  5% t r ic h lo ro a c e t ic  a c id ,  a 

v i ta l  s te p  in  red u c in g  back g ro u n d  ra d io a c tiv i ty  b e c a u s e  o f th e  ^ C -a m in o  

a c id s  re te n tio n  on th e  f i l te r .  The f i l te r s  w ere  th en  rem oved  from th e  

M illip o re  f i l tra tio n  a p p a r a tu s , m ounted  on a p p ro p ria te  co u n tin g  p la n -  

c h e t s , and  d ried  a t  70°C  for 15 m in u te s . The sam p les  w ere  co u n ted  in  a 

N u c le a f -C h ic a g o  m odel 4312 3-c m . w indow ed g as  flow  c o u n te r .

T yp ica l in c u b a tio n s  g av e  w e ll o v e r 12,000 c p m /m l. in c u b a tio n , 

w ith  a  back g ro u n d  o f l e s s  th an  150 cpm .
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14F in g e rp rin tin g  o f th e  C in  v itro  p e p tid e s  .

14P art I: P rep a ra tio n  o f th e  C -p ro d u c ts  for try p tic  d ig e s t io n .
14 ' ■W hen f in g e rp rin tin g  o f C in  v itro  p e p tid e s  w as d e s i r e d , 2 -m l. in c o r­

p o ra tio n  vo lum es w ere  em p lo y ed . In a d d it io n , the  am ount o f  MS2 J11RNA 

ad d ed  w as c a re fu lly  a d ju s te d  to  g iv e  a t  l e a s t  50,000 a c id  p re c ip ita b le  

c o u n ts  p e r 2 -m l. in c u b a t io n , s e e  F ig . 10.

Upon te rm in a tio n  o f th e  37°C  in c u b a t io n , th e  e n tire  2 -m l. sam p le  

w as lo a d ed  in to  2 -m l. Beckm an c e l lu lo s e  n itra te  c e n tr ifu g e  tu b e s  (S tock 

# 3 0 3 3 6 9 ). T hese  sm a ll c en tr ifu g e  tu b e s  w ere m a in ta in ed  a t  s a l t / i c e  

b a th  te m p e ra tu re s  th ro u g h o u t th e  lo a d in g  p ro c e d u re .

The c a p s  w ere  t ig h te n e d , th e  tu b e s  p la c e d  in  th e  T i-50  ro to r 

a d a p to r s , and  th e  sam p le  c en tr ifu g e d  fo r 2 hours a t  40,000 RPM (105,000 

xg) in  th e  B eckm an m odel L ty p e  T i-50  ro to r .

The s u p e rn a ta n t from th is  c e n tr ifu g a tio n  w as c a re fu lly  rem oved 

w ith  a P a s te u r  p ip e tte  and  tra n s fe rre d  to  a c le a n  12-m l. c o n ic a l c e n tr i­

fuge tu b e . The p e l le t  w as th en  gently , r in se d  w ith  b u ffe r LMSN and the  

w a sh  s a v e d . The p e l le t  w as f in a lly  d is s o lv e d  in  1.0 m l. o f g la s s  d i s ­

t i l le d  w a te r  an d  s e t  a s id e  a t  2°C  for la te r  u s e .

Three m illig ram s o f ly so zy m e w ere  ad d ed  to  th e  105,000 xg s u p e r­

n a ta n t  (I mg . /m l .  d is t i l le d  w ater) a s  a p ro te in  c a r r ie r . A te n - fo ld  e x -  

12c e s s  o f C -a rg in in e  and  ly s in e  w as ad d ed  (0.1 m l. o f a so lu tio n  of 

7.31 m g. ly s in e  and  8.25 m g. arg in ine to  e a c h  1.0 m l. o f s u p e rn a ta n t) . The 

m ix ture  w as s tir re d  an d  s u b se q u e n tly  p re c ip i ta te d  by ad d in g  1.49 m l. of
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100% s a tu ra te d  ammonium su lfa te  to  e a c h  m l. o f so lu tio n  (60% fin a l 

s a tu ra t io n ) .  The c lo u d y  w h ite  su sp e n s io n  w as a llo w ed  to  f lo c c u la te  a t  

2 °C  for 30 m in u te s .

The p re c ip i ta te  w as c o lle c te d  by c e n tr ifu g a tio n  a t  top  sp ee d  in a 

c l in ic a l  c e n tr ifu g e  a t  2 °C  for 2 0 m in u te s . The su p e rn a ta n t w as d i s ­

ca rd ed  and  th e  p re c ip i ta te  w ash ed  tw ic e  w ith  60% s a tu ra te d  ammonium 

s u lfa te  by re s u sp e n s io n  and  re c e n tr ifu g a tio n . The p re c ip i ta te  w as 

f in a lly  su sp e n d e d  in  1.0 m l. o f g la s s  d is t i l le d  w a te r .

S ix m ill i l i te rs  o f 5% tr ic h lo ro a c e t ic  a c id  w as n e x t ad d ed  and  the  

so lu tio n  h e a te d  a t  90°C  for 15 m inu tes to  h y d ro lyze  th e  e s te r i f ie d  bonds 

o f th e  t-RNA m o ie tie s . A fter co o lin g  a t  2°C  for 20 m in u tes  , th e  p re c ip i­

ta te  w as a g a in  c o lle c te d  by c e n tr ifu g a tio n . D isca rd in g  th is  su p e rn a ta n t, 

th e  p re c ip i ta te  w as w a sh e d  tw ic e  a t  room tem p era tu re  w ith  5% tr ic h lo ro ­

a c e t ic  a c id  by re s u s p e n s io n  and  re c e n tr ifu g a tio n .

The re su ltin g  p r e c ip i ta te ,  s t i l l  m o is t from th e  5% tr ic h lo ro a c e t ic  

a c id  w a s h , w as w ash ed  tw ic e  w ith  6.0 m l. o f  an e q u a l-p a r ts  so lu tio n  of 

re a g e n t g rade  e th a n o l /e th e r ,  fo llow ed  by  a fin a l w a sh  of 6.0 m l. of r e ­

a g e n t g rade  e th e r . This f in a l w a sh e d  p re c ip i ta te  w as c o lle c te d  by c e n ­

tr ifu g a tio n  and  th e  su p e rn a ta n t w as d is c a rd e d .

The w ash ed  p ro d u c t w as d ried  u n d er a j e t  of n itro g en  a t  2°C  and 

s to re d  a t  -9 0 °C  in  th e  ReVco co ld  c h e s t  u n til u se d .

The p re c ip i ta te  w h ich  re s u lte d  from th e  in i t ia l  105,000 xg c e n tr ifu ­

g a tio n  (d is s o lv e d  in  th e  1.0 m l. of d is t i l le d  w ater), w as t r e a te d  in  an
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id e n t ic a l  m anner a s  th e  s u p e rn a ta n t. This w ash ed  and  d ried  p ro d u c t w as 

a ls o  s to re d  a t  - 9 O0 C u n til u s e d .

P a rt 2: O x id a tio n  and  try p tic  d ig e s t io n  o f MS2 c o a t  p ro te in  — 

n a tiv e  and  in  v i t r o . The fo llo w in g  p ro ced u re  in v o lv ed  th e  u se  o f e i th e r  

p u rif ied  n a tiv e  MS2 c o a t p ro te in  o r th e  w a sh e d  and  d ried  M S2 ^RNA in  

v itro  p e p t id e s .  In ,the c a s e  o f n a tiv e  MS2 c o a t p ro te in , th e  pure  p ro d u c t 

a lo n e  w as u s e d ,  w h e rea s  w ith  an  in  v itro  p ro d u c t a d d itio n a l n a tiv e  MS2 

c o a t  p ro te in  (or ly sozym e) had  b een  ad d ed  a s  a c a r r ie r .

Two m ill i l i te r s  o f  re a g e n t g rad e  form ic a c id  and 0.1 m l. o f 30% 

re a g e n t g rad e  hydrogen  p ero x id e  w ere  ad d ed  to  a 12-m l. c o n ic a l c e n tr i ­

fuge tu b e . The m ix ture  w as a llo w ed  to  s i t  in  a w a te ry  ic e  b a th  for two 

hours a t  w h ich  tim e th e  t i t e r  o f peroxyform ic  a c id  w as a t  a  m axim um .

T h re e - te n th s  m il l i l i te r  o f th is  l iq u id  w as ad d ed  to  3 m g. o f the  

d ried  p ro te in  to  be o x id iz e d  and  a llo w ed  to  s i t  in  the  ic e  b a th  for one 

h o u r. The re a c tio n  w as s to p p ed  by th e  a d d itio n  o f 1.0 m l. o f  c h il le d  d i s ­

t i l le d  w a te r  and  th e  m ix tu re  im m ed ia te ly  IyophyH zed  to  d r y n e s s .

O ne m il l i l i te r  o f 0.05 M ammonium b ic a rb o n a te  an d  0.12 m g. of 

TPCK tre a te d  try p s in  w ere  ad d ed  to  th e  d ried  o x id iz e d  p ro d u c t. The 

m ix tu re  w as in c u b a te d  a t  room te m p e ra tu re  for th ree  hou rs , fo llow ed  by 

ly o p h y liz a tio n  to  d ry n e ss  in  a 2 5 0 -m l. te a rd ro p  ly o p h y liz a tio n  f la s k .

C are  w as ta k e n  a t  th is  junctu re  to  p re v e n t the  ex tre m e ly  lig h t 

ly o p h y liz e d  pow der from b e in g  draw n in to  th e  ly o p h y liz a tio n  a p p a r a tu s . 

T his w as a c c o m p lish e d  by b lo ck in g  th e  n eck  o f th e  te a rd ro p  f la sk  w ith
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a fine  Teflon sc re e n  and  in  a ll  c a s e s  av o id in g  the  u se  o f c o n ic a l c e n ­

tr ifu g e  tu b e s  for ly o p h y liz a t io n . R ep ea ted  thaw ing  and  free z in g  of the  

ly o p h y liz a tio n  sam p le  du ring  th is  p ro c e s s  to  a llo w  th e  re s id u e  to  b e ­

com e m ore c o n c e n tra te d  a ls o  a p p ea re d  to  he lp  in  th is  r e g a rd . The p ro ­

d u c t w as s to re d  a t  -9 0 ° C  in  the Revco co ld  c h e s t  u n til f in g e rp rin tin g  

w as pe rfo rm ed . /

P art III: F in g e rp rin tin g  p ro c e d u re .

I .  E le c tro p h o re s is . Tw enty to  40 |i l .  o f g la s s  d is t i l le d  w a te r w as 

ad d ed  to  th e  d r ie d , o x id iz e d  and  d ig e s te d  p ro d u c t and  th e  sam ple  d i s ­

so lv e d  so  th a t th e  re s u lt in g  so lu tio n  w as w ith o u t an y  p re c ip i ta te .  In 

som e c a s e s  th e  p ro d u c t w ould  n o t d is s o lv e  co m p le te ly  and  ap p ro x i­

m a te ly  I p i. o f 1% NH^OH w as ad d ed  to  f a c i l i ta te  s o lu b i l i ty .  In som e 

in s ta n c e s  th e  d ried  p ro d u c t w as d is s o lv e d  d ire c tly  in  b u ffe r EB N -I. The 

r e s u l t s , h o w ev er, w ere  id e n t ic a l  no m a tte r  w h ich  m ethod w as em ployed .

U sin g  a  5 -|u l. m ic ro p ip e tte , th e  sam p le  w as c a re fu lly  ap p lied  to  

th e  corner, o f a 30 cm . x 40 cm . p ie c e  o f W hatm an 3-m m . f i l te r  p a p e r , 

ta k in g  ca re  th a t  th e  fo llo w in g  c r i te r ia  w ere  met:

1 . The sam p le  a p p lie d  w as a lw ay s  w ith o u t an y  v is ib le  p re c ip i­

ta te  .

2 . The f in a l s p o t w as a lw ay s  b e tw ee n  0.4 cm . and  0.6 cm . in 

d ia m e te r .

3 . F ive m ic ro lite rs  w as a p p lie d  fo llow ed  by a ir  d ry ing  for 15 m in­

u te s  befo re  ap p ly in g  th e  n e x t 5 p i.
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4 . The f i l te r  p a p e r  w as no t to rn  during  th e  p ro c e s s  o f  sp o ttin g .

5 . The f i l te r  p a p e r  w as a lw ay s  p la c e d  on a s h e e t  o f  c le a n  p la s t ic  

during  s p o ttin g .

6. The sam ple  w as ap p lie d  to  th e  o rig in  a s  a 5-|j,l. drop and no t 

a s  a co n tin u o u s  flow .

A fter th e  a p p lie d  sam p le  had  b een  a llo w ed  to  a ir  dry  for a t  le a s t  

I h o u r, th e  f i l te r  p .aper w as la id  on to  a la rg e  p ie c e  o f c le a n  c le a r  p la s ­

t i c .  The p a p e r w as now  co m p le te ly  m o is te n ed  w ith  b u ffe r EBN-I u sing  a 

10-m l. p ip e t te .  The sam p le  sp o t i t s e l f  w as m o is ten ed  by c a re fu lly  

a llo w in g  bu ffer to  d iffu se  a long  four d ire c tio n s  to w ard s  the  c e n te r  of 

th e  s p o t .  The f i l te r  p a p e r w as th en  im m ed ia te ly  b lo tte d  by  p la c in g  i t  on 

a la rg e r  s h e e t  of f i l te r  p a p e r  (W hatm an N o. 3mm) and co v erin g  i t  w ith  a 

seco n d  la rg e  s h e e t  o f th e  sam e f i l te r  p a p e r . A 6" w ide  ro lle r  (M ayfie ld  

C o ., I n c .)  w as th en  ro lle d  o v er th e  f i l te r  p a p e r , and  th e  san d w ich ed  

f i l te r  p ap e r th o ro u g h ly  b lo t te d . A se c o n d  top and  bottom  s h e e t  of 

W hatm an N o. 3mm f i l te r  p ap e r w as e x ch an g ed  for th e  now  w et s h e e ts  

and  b lo ttin g  resum ed  for a b o u t one m in u te .

The b lo tte d  f i l te r  p a p e r w as n e x t p o s itio n e d  on th e  bottom  o f a 

w a te r  c o o led  e le c tro p h o re s is  p la te  and  th e  c e l lu lo s e  s e p a ra to rs  and 

W hatm an #1 w ick s  m ounted (s e e  F ig . 7 ). BufferEBN -I w as ad d ed  to  the 

e le c tro p h o re s is  b u ffe r ta n k s  and  a llo w ed  to  see k  th e  sam e le v e l by 

v ir tu e  o f a tu b e  jo in in g  bo th  ta n k s .  A s h e e t  o f p la s t ic  w as th e n  p la ce d  

o v e r th e  m o is ten ed  and  b lo tte d  f i l te r  p a p e r and th e  top  p la te  w as
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lo w ered  and  c lam ped  in to  p la c e .  The sy s te m  w as th e n  a llo w ed  to 

e q u ilib ra te  for o n e -h a lf  h o u r. The tu b e  jo in in g  th e  tw o b u ffe r ta n k s  w as 

th e n  p in c h e d  o ff w ith  a  s c rew  c lam p .

E le c tro p h o re s is  c o n tin u e d  fo r 2.5 hours a t  a v o lta g e  flux  o f 30 v/cm .

(1100 v o lts  to ta l) , 25 m illiam p e re s  c u r re n t . The u n it w as d isa rm ed  o f the  

h ig h  v o lta g e  and  th e  e lec tro p h o re to g ram  rem oved . The p a p e r w as f ir s t  

d rie d  a t  room tem p era tu re  fo r 15 m in u tes  fo llow ed  by d ry ing  in  an oven 

a t  70°C  for 30 m in u te s . C hrom atography  w as th e n  p erfo rm ed .

2 . C h ro m ato g rap h y . A c y lin d e r  w as form ed o u t o f th e  d ried  

e lec tro p h o re to g ram  by  c o n n e c tin g  p o in ts  A-A and B-B w ith  p la s t ic  p a p e r 

c l ip s  ( s e e  F ig . 7 ). The tu b e  w as th e n  p la c e d  (edge A-A down) in to  a 

round  g la s s  ch ro m atog raphy  tn a k , 3 0 cm . in  d iam e te r an d  60 cm . in 

h e igh t'. In th e  bottom  o f th e  tan k  w as p la c e d  a 10-cm . g la s s  P etri d ish  

c o n ta in in g  a b o u t 50 m l. o f  b u ffer C B N -I. A g la s s  co v er w as p la c e d  o v er 

th e  ta n k  an d  v a p o r e q u ilib ra tio n  w as a llo w ed  to  p ro c e ed  for 12 h o u rs .

At th e  te rm in a tio n  o f  e q u il ib ra t io n , 2 00 m l. o f b u ffe r CBN-I w as 

in tro d u c e d  in to  th e  bottom  of th e  tan k  w ith  a 4 0 -c m . long  stem m ed fu n -
'

n e l .  A scen d in g  ch ro m atog raphy  w as a llo w ed  to  p ro g re s s  for 8 to  10 

h o u r s . The chrom atogram  w as th e n  rem oved  and  d ried  a s  w as the  

e le c tro p h o re to g ra m .

The d ried  f in g e rp rin t w as q u ic k ly  d ip p ed  in to  a  0.25% so lu tio n  of 

n in h y d rin  in  a c e to n e , an d  th en  d ried  a t  70°C  for 10 m in u te s . The r e s u l t ­

ing  n in h y d rin  sp o ts  (ly so zy m e or MS2 c o a t p ro te in ) g av e  a  q u ick  ch eck
I
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a s  to  th e  s e p a ra tio n  o f th e  try p tic  s p o ts .  V isu a liz a tio n  o f th e  in  

v itro  p e p tid e s  w as n e x t a c h ie v e d  by au to ra d io g ra p h y .

3 . A u to rad io g rap h y . A s h e e t  o f 8" xlO " Kodak X -ray  film  w as

p la c e d  n e x t to  th e  su rfa c e  o f th e  dry f in g e rp r in t , th e  s h e e ts  p la c e d  in to

an  ap p ro p ria te  X -ray  film  h o ld e r and  th e  film  a llo w ed  to  e x p o se  for 10 to

15 d a y s . The film  w as d ev e lo p ed  u s in g  Kodak Rapid X -ray  d e v e lo p e r and

th e  s iz e  and  d is tr ib u tio n  o f th e  e x p o se d  sp o ts  w as n o ted  bo th  on the

X -ray  film  and th e  f in g e rp rin t i t s e l f .
144 . S c in ti l la t io n  co u n tin g  o f C - try p t ic  p e p t id e s .  The in d iv id u a l 

ra d io a c tiv e  s p o ts  w ere  c u t o u t o f  th e  f i l te r  p a p e r f in g e rp r in t and th e

ra d io a c tiv e  le v e l  d e te rm in ed  by one o f tw o co u n tin g  p ro c e d u re s . E ith er

m ethod g av e  p ro p o r tio n a l- re su lts  w hen com pared  to  th e  o th e r m ethod.
14M ethod  A. The C ra d io a c tiv e  f i l te r  p ap e r d is c s  w ere  p la ce d  in to  

new  2 5 -m l. Beckm an s c in t i l la t io n  v ia ls  and  2 0 m l. o f  s c in t i l la t io n  flu id  

ad d ed  (42 m l. S p e c tra flu o r PPO-POPOP to  958 m l. o f to lu le n e ) . R adio­

a c tiv e  le v e ls  w ere th en  re g is te re d  on th e  N u c le a r-C h ic a g o  m odel 6801 

liq u id  s c in t i l la t io n  c o u n te r .

M ethod  B. The ra d io a c tiv e  m a te ria l w as e lu te d  from e a c h  d is c  

w ith  20 m l. o f g la s s  d is t i l le d  w a te r and  th e  e lu e n t p la c e d  in to  Beckman 

2 5 -m l. s c in t i l la t io n  v i a l s .  The aqueous, so lu tio n  w as th e n  d ried  a t

70°C  and  th e  re s id u e  su b se q u e n tly  s o lu b il iz e d  by th e  a d d itio n  o f I m l.
/

o f H ydroxide o f H y am in e . The s c in t i l la t io n  flu id  w as ad d ed  (20 m b.) and 

ra d io a c tiv e  co u n tin g  reco rd ed  a s  in  M ethod  A.
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In co rp o ra tio n  w ith  p u rif ied  rib o so m es and  in i t ia t io n  fa c to rs

In v itro  in c o rp o ra tio n s  u s in g  p u rif ied  r ib o so m e s , in i t ia t io n  fa c ­

to rs  and  MS2 m e s s e n g e r  RNA w ere c a r r ie d  ou t in  0 .5 -m l. o r 1 .0 -m l.
i

v o lu m e s . The c o n c e n tra tio n s  o f th e  v a r io u s  re a g e n ts  ad d ed  w ere a s  

fo l lo w s . All re a g e n ts  w ere  m ade up in  b u ffer LM SN-16.

0.025 m l. o f  0.08 M ATP

0.025 m l. o f 0.005 M PEP .

0.02 5 m l. o f 5 XlO- 4 M GTP/CTP

0.02 5 m l. o f 30.00 IXJ/ml. p y ru v a te  k in a se

0.050 m l. o f 10 [ iC i/m l. ^4C -Iy s in e  
, 14

0.050 m l. TO |J.C i/m l. C -a rg in in e
_ 3

0.025 m l. o f a so lu tio n  10 M in  e a c h  L -am ino  a c id  e x c e p t h i s t i ­

d in e  , a rg in in e  and  ly s in e  w h ich  w ere d e le te d  ■

0.025 m l. o f 30 m g ./m l. w a sh e d  rib o so m es

0.050 ml,. o f 10 A2 qq u n i t s /m l . c rude  in i t ia t io n  fa c to rs

0.050 m l. o f b u ffer LMSN-1 6

0.050 m l. o f I m g ./m l. MS2 RNA

0.050 m l. o f 4 m g ./m l. E . p o ll tRNA

0.050 m l. o f pH 5 frac tio n

' Each o n e -m il l i l i te r  in co rp o ra tio n  th e re fo re  c o n ta in e d  th e  fo llo w ­

ing in g r e d ie n ts .

4.0 HM ATP

0.02 5 [iM GTP/CTP ■ '

J* : «•••'

I
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0.25 PEP 
“ 35 x 1 0  |_iM e a c h  L -am lno  a c id  (e x c ep t  h i s t id in e ,  a rg in in e  and 

ly s in e )

1.5 IU p y ru v a te  k in a s e  
141.0 HCi C - Iy s in e

1.0 HCi ^ C - a r g in in e

400 HQ. E. co li  t-RNA

100 HO. MS2 RNA

0.5 Ag go u n its  c rude  in i t ia t io n  fac to rs

750 HO- w a sh e d  r ib o so m es

I Ag go u n i ts  pH 5 frac t io n

10 HM Tris

80 HM N H 4 Cl .

16.0 HM Mg(OAc) 2

' Each  in c u b a t io n  tu b e  w as  su p p l ie d  w ith  a l l  in g re d ie n ts  e x c e p t  the  

MS2 J11RNA. ' S u ff ic ien t  buffer Was th en  a d d ed  to  bring th e  to ta l  volume 

o f  e a c h  in c u b a t io n  m ixture  to  1.0 m l. W hen a l l  the  tu b e s  w ere  re a d y ,  

MS2 J11RNA w as  a d d ed  u s in g  a r ib o n u c le a s e  free  lOO-Hl. Eppendorf 

m ic ro p ip e t te .  The m ixture w as  th e n 'g e n t ly  a g i ta te d  u t i l iz in g  a Vortex Jr. 

m ixer and  th e  tube  w as  p la c e d  in  a 3 7 o c  w a te r  b a th  for the  ap p ro p r ia te  

le n g th  o f  t im e .

One hundred  f if ty  m icrogram s of bov ine  serum a lbum in  w as  added  

a s  a p ro te in  c a r r ie r  (op tional)  p rio r to  p re c ip i ta t io n  o f  th e  ra d io a c t iv e
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p ro d u c ts  w ith . th e  a d d i t io n  o f  6.0 ml. o f  5% t r i c h lo r o a c e t ic  a c id  (for a 

LO-ml. incorporation). The m ixture w as  a g i ta te d  w ith  a  Vortex Jr. m ix e r ' 

an d  h e a te d  to  9 0°C  for 15 m in u te s . • After coo ling  a t  2 0 c  for 30 m in u te s , 

th e  p re c ip i ta te  w as  f i l te re d  on M ill ip o re  HAWP 2.5 cm . n i t r o c e l lu lo s e  

f i l t e r s .  The f i l te r s  w ere  n e x t  d ried  a t  70°C  for 15 m in u te s .  Radio­

a c t iv i ty  w as  d e te rm ined  by coun ting  on a N u c le a r -C h ic a g o  m odel 4312 

3 -c m . g a s  flow  c o u n te r .

T ypica l in c u b a t io n s  gave  o v e r  2500 cpm /0.5 m l. u s in g  100 [ug. of 

MS2 mRNA. Background ra d io a c t iv i ty  a v e rag e d  50 to  100 cpm . A g re a te r  

in co rp o ra t io n  w as  so m etim es  d e s i r e d  and  o b ta in e d  by  th e  a d d i t io n  of 

la rg e r  am oun ts  o f  MS2 mRNA.

■■ 'T-------



4 . EXPERIMENTAL RESULTS

(a) In v itro  f in g e rp r in ts  

D eve lopm en t o f  th e  sy s te m

Effect o f  Mg+ + c o n c e n tra t io n  on S -30  in c o r p o r a t io n s . The ra te  of 

fo rm ation  o f a c id  p re c ip i ta b le  r a d io a c t iv i ty  v a r ie s  w hen the  Mg++ c o n ­

c e n tra t io n  i s  v a r ie d  in  an  in  v itro  p ro te in  s y n th e s iz in g  s y s t e m .

N a t h a n s , N o ta n i , Schw arz  & Zinder (1962) have  found th a t  I lm M  Mg++ 

c o n c e n tra t io n  re s u l te d  in  m axim al in c o rp o ra t io n  o f  ^ C - a m in o  a c id s  in  

an S -30  a s s i s t e d  MS2 mRNA d ire c te d  s y s te m .  C lark  (19 65) fo u n d , how ­

e v e r ,  th a t  8 mM Mg++ w as  optimum under  th e  sam e c o n d i t io n s .  The 

e f fe c t s  show n in  F ig . 8 were p roduced  w hen  th e  m agnes ium  ion  c o n c e n ­

tra t io n  o f  a ty p ic a l  S -30  in c u b a t io n  w as  v a r ie d  over th e  range  of 7 mM 

to  16 mM . The v a lu e  of 8 mM to  9 mM m agnesium  w as  th u s  c o n s id e re d  

optimum for an  MS2 d ire c te d  S -30  in c o rp o ra t io n , and  a l l  re a g e n ts  w ere  

m ade up in  a  buffer co n ta in in g  8.5 mM m agnesium  (buffer LM SN).

14K ine tics  o f  C -am in o  a c id  in c o rp o ra t io n . I t  can  be e s t im a te d  

th a t  the  tim e req u ired  for th e  co m p le tio n  o f  an  MS2 c o a t  p ro te in  m o le ­

cu le  i s  ab o u t 3 to  5 s e c o n d s  a t  37°C  (G o ld s te in ,  19 64). In v itro  s tu d ie s  

in d e e d  in d ic a te  th a t  th e re  i s  an in c r e a s e  in  th e  a c id  p re c ip i ta b le  r a d io ­

a c t iv i ty  a s  a fu n c tio n  o f  t im e ,  bu t th e  r e la t io n s h ip  i s  no t l in e a r .

In an  effo rt to d e te rm ine  the  k i n e t i c s  of an MS2 mRNA d ire c ted

S-30  a s s i s t e d  s y s te m ,  s a m p le s  w ere  s im u l ta n e o u s ly  s ta r te d  by the

,j:
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a d d it io n  o f  MS2 mRNA and s to p p ed  a t  s p e c i f ie d  t im es  by th e  ad d it io n  o f  

5% t r i c h lo r o a c e t ic  a c id .  The r e s u l t s  a re  show n in  F ig .  9 .  The m ost 

e f f ic ie n t  in c u b a t io n  p e r io d  w as  3 0 to  40 minutes-, a s  th e  ^ C -a m in o  a c id  

in c o rp o ra t io n  p la te a u e d  a f te r  th is  t im e .  A c co rd in g ly , a l l  e n su in g  in c o r ­

p o ra t io n s  w ere  in c u b a te d  for 40 m in u te s .

S tim ula to ry  e f fe c t  o f  MS2 m e s s e n g e r  RNA. Varying am ounts  of 

th e  RNA w ere  a d d ed  to  an  S-30  sy s te m  in  an  a t tem p t to  m easu re  the  

s t im u la to ry  e f fe c t  o f  p h ag e  MS2 mRNA d ire c te d  in cop o ra t io n  o f  ^ C -  

am ino a c i d s .  As c an  be s e e n  from F ig . 10, a c le a r  s t im u la t io n  w as  p ro ­

d u ced  a t  2 0 iag ./m l. Furtherm ore , th e  m e s s a g e - d e p e n d e n t  MS2 mRNA 
14d ire c te d  C -am in o  a c id  in c o rp o ra t io n  w as  in c re a s e d  more th a n  ten fo ld  

ov e r  a  20 p g . /m l .  co n tro l  by the  a d d i t io n  o f  200 p g . /m l .  o f  mRMA. From 

th i s  e x p e r im e n t ,  100 |j.g./:ml. w as  c o n s id e re d  a c o n c e n tra t io n  o f  m e s s a g e  

h igh  enough  to  p roduce  s t a t i s t i c a l l y  a c c u ra te  c o u n ts ,  y e t  w as  eco n o m i­

c a l  in  th e  u s e  of MS2 mRNA.

14D ep en d e n ce  o f  in c o rp o ra t io n  on a d d ed  C -am in o  a c i d s . In o rder 

to  b e s t  g au g e  th e  m ost e f f ic ie n t  c o n c e n tra t io n  of ^ C - a r g in in e  and  ^ C -  

ly s in e  p r e s e n t  in  an  in c u b a t io n ,  th e  c o n ce n tra t io n  o f  t h e s e  ^ C -a m in o  

a c id s  w a s -v a r ie d  from 0.1 p C i /m l .  to  1.0 p .C i/m l. As can  be s e e n  in  F ig . 

11 , th e  am ount of a c id  p re c ip i ta b le  m a te r ia l  in c re a s e d  a s  the  c o n c e n t r a ­

t io n  of ad d ed  ra d io a c t iv e  amino a c id s  i n c r e a s e d .  I t  w a s  c o n c lu d ed  th a t

I
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to  m in im ize  the  l im it in g  n a tu re  o f  the  a d d ed  ^ C -a m in o  a c i d s , 1.0 (J.Ci of 

ly s in e  and  a rg in in e  w ould  be a d d ed  to  e a c h  1.0-m l .  in c u b a t io n .

E ffect o f  c h lo ram p h en ico l  on to ta l  a c id  p re c ip i ta b le  c o u n t s . The 

p e rc e n t  in h ib i t io n  o f  to ta l  a c id  p re c ip i ta b le  co u n ts  w hen c h lo ram p h en i­

co l (CAP) is  added  to a p ro te in  s y n th e s iz in g  sy s te m  v a r ie s  w ith  the  

p o ly n u c le o t id e  be ing  u s e d  a s  a m e s s a g e .  Ju lian  (19 65) show ed  th a t  

67 [jig./ml. o f  CAP w as  s u f f ic ie n t  to  p roduce  60% in h ib i t io n  of p ro te in  

s y n th e s i s  in  a p o ly a d e n y l ic  a c id  d i re c te d  s y s t e m , w h e rea s  Hahn & 

W olfe  (19 65) d e m o n s tra ted  a req u irem en t o f  300 p g . /m l .  o f  CAP to  g ive 

80% in h ib i t io n  in  a p o ly u r id y l ic  a c id  d i re c te d  s y s te m .

To de te rm in e  CAP'S e f fe c t  on the  S-3 0  a s s i s t e d  s y s t e m , vary ing  

am ounts  o f  CAP w ere  a d d ed  to  s tan d a rd  in c u b a t io n  t u b e s .  From the  

g raph  show n in F ig . 12 i t  i s  e v id e n t  th a t  a c o n c e n tra t io n  o f  on ly  

2.5 p g ./m l. o f  c h lo ram p h en ico l  p ro d u ced  a  50% in h ib i t io n  o f  to ta l  a c id  

p re c ip i ta b le  c o u n t s .

E ffect o f  ch lo ram p h en ico l  on p e p t id e s  r e l e a s e d  in  v i t r o . MS2 

s p e c i f ic  p o ly p e p t id e  c h a in s  tKat have  b een  com ple ted  and  r e le a s e d  from 

th e  r ib o so m al com plex  a re  te rm ed " re le a s e d "  p e p t id e s .  Those p e p t id e s  

rem ain ing  a t ta c h e d  to  th e  r ib o so m al com plex  a re  te rm ed  "bound" 

p e p t id e s .

An ex p e r im en t w as  d e s ig n e d  to  exam ine  the  e f fe c t  of CAP on r e ­

l e a s e d  p e p t id e s .  A 2 .0 -m l. sam ple  w as  in c u b a te d ,  w ith  a l iq u o ts  r e ­

m oved a t  vary ing  t i m e s , c en tr ifu g ed  a t  105,000 xg for 2 hours  and  the

:....
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s u p e rn a ta n t  exam ined  for a c id  p re c ip i ta b le  c o u n ts .  F ig . 13 d e p ic t s  the  

r e s u l t s  o f  s u c h  an  ex p e r im en t .  From th is  one may co n c lu d e  th a t  the  

a p p e a ra n c e  o f  r e le a s e d  p e p t id e s  w as  in h ib i te d  by c h lo ram p h en ico l .

P ep tid e  map o f n a t iv e  MS2 c o a t  p r o t e in . A t ry p t ic  f ingerp r in t  w as  

made o f  3.0 mg. o f  n a t iv e  MS2 c o a t  p ro te in  to  d e te rm ine  th e  num ber and  

d is t r ib u t io n  of t ry p t ic  p e p t id e s .  The d e ta i l s  o f  o x id a t io n , d ig e s t io n  and 

f in g e rp r in t in g  have  b een  p re v io u s ly  d e sc r ib e d  in " M a te r ia l s  and  M e th ­

o d s" .  The m e thodo logy  fo llow ed  th a t  o f  N a th an s  (19 65), a l th o u g h  the  
14C - Ia b e le d  am ino a c id s  w ere  d if f e re n t .  The re s u l t in g  f in g e rp r in t  i s  d e ­

p ic te d  in  F ig . 14, a s  a t ra c in g  o f th e  o r ig in a l . f in g e rp r in t .  E leven  n in -  

hydrin  p o s i t iv e  sp o ts  w ere  p ro d u ced . P o s i t io n  5 w as  a t t r ib u te d  to  free 

l y s i n e ,  a s  confirm ed by an  in d e p e n d e n t  f in g e rp r in t  o f  ly s in e  a lo n e .

P ep tid e  map o f . in  v itro  MS2 d ire c te d  r e le a s e d  p e p t i d e s . F inge r­

p r in t in g  w as  perform ed on th e  105,000xg s u p e rn a ta n t  o f  a 2 .0 -m l. in c u ­

b a t io n  to  com pare  the  num ber and  d is t r ib u t io n  of t ry p t ic  p e p t id e s ' in  the  

r e l e a s e d  in  v i tro  c o a t  p ro te in .  Three mg. o f  ly so zy m e  w ere  ad d ed  a s  a 

p ro te in  c a r r ie r  and  a s ta n d a rd  p e p t id e  map w as  m ad e . After ex p o su re  to  

X -ray  film for one  w e e k ,  a  t ra c in g  w a s  m ade of th e  ra d io -o p a q u e  a r e a s . 

F ig . 15 d e p ic t s  th i s  p e p t id e  m a p . Again th e  num ber and  d is t r ib u t io n  of 

s p o ts  c lo s e ly  ap p ro x im a te s  th ,e o f  the  n a t iv e  c o a t  p ro te in .  The num ­

bering  s e q u e n c e  o f  th e  s p o ts  i s  a n a lo g o u s  to  the  n a t iv e  c o a t  p ro te in  

p e p t id e  m a p .
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E ffect o f  ch lo ram p h en ico l  on the  p e p t id e  map o f  p e p t id e s  r e le a s e d  

in  v i t r o . The r e l e a s e d  in  v itro  p e p t id e s  a re  in h ib i te d  by  CAP a t  a c o n ­

c e n tra t io n  o f  2.5 n g ./m l . ,  a s  show n in  F ig . 13. F ig s .  17 and  19 show  th a t  

th is  in h ib i t io n  i s  a l s o  a p p l ie d  to  the  r ib o so m al bound m a te r ia l  and  th a t  

a l l  r ib o so m al bound t ry p t ic  p e p t id e s  a re  e q u a l ly  in h ib i te d .

A f in g e rp r in t  w as  m ade o f the  105,000 xg s u p e rn a ta n t  o f  a 2 .0-m l.

. in c u b a t io n  to  d e te rm ine  th e  e f f e c t  of CAP on the  r e l e a s e d  in  v itro  p e p ­

t i d e s .  The r e s u l t s , d e p ic te d  in  F ig . 16, a g a in  show  th e  sam e number 

and  d is t r ib u t io n  o f  s p o t s .  A q u a n t i ta t iv e  a n a ly s i s  o f  e a c h  sp o t  by 

s c in t i l l a t io n  co u n tin g  y ie ld e d  r e s u l t s  q u a l i t a t iv e ly  p ro p o r t io n a l  w ith  

th o s e  o f  F ig . 20 . As w ith  the  r ib o so m al bound p e p t id e s ,  r e l e a s e d  t ry p ­

t i c  p e p t id e s  w ere  in h ib i te d  p ro p o r t io n a l ly .  These  r e s u l t s  confirm th o s e  

o f  N a th an s  (19 65).

E xperim en ta l  r e s u l t s

E ffect o f  ch lo ram p h en ico l  on a c id  p re c ip i ta b le  co u n ts  o f  the  

r ib o so m a l bound in  v i tro  p e p t i d e s . This ex p er im en t w as  d e s ig n e d  to  x 

exam ine  th e  e f f e c t  of ch lo ram p h en c io l  on th e  form ation  o f  MS2 mRNA 

s p e c i f i c  r ib o so m a l bound p o ly p e p t id e  c h a in s .  The p re c e d u re  w as 

id e n t ic a l  to  th a t  o f  F ig . 13.

F ig . 17 d e p ic t s  the  r e s u l t s  o f  th is  ex p e r im en t ,  in d ic a t in g  a lo w -  .

' e red  q u a n t i ty  o f  r a d io a c t iv i ty  a s s o c i a t e d  w ith  th e  r ib o so m a l bound 

p e p t id e s  in  th e  p re s e n c e  o f  CAP. This s u g g e s te d  th a t  th e  le v e l  o f

-
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C -  n a s c e n t  p e p t id e s  a s s o c i a t e d  w ith  th e  ribosom e w as  r e ­

d u c e d .

P ep tide  map o f  the  in  v itro  MS2 d ire c te d  r ib o so m al bound
] 4

p e p t id e s  . A t ry p t ic  f in g e rp r in t  w as  m ade o f  th e  105,000 xg  in  v itro  C -  

la b e le d  p ro d u c t  to d e te rm in e  th e  n a tu re  o f  th e  in  v itro  p ro d u c ts  p ro ­

d u ced  under  th e  d i re c t io n  o f  MS2 mRNA. The in c u b a t io n  w as  a s tan d a rd  

2.0- m l . sam p le  in c u b a te d  and  p rep a red  a s  d e sc r ib e d  in  " M a te r ia ls  and 

M e th o d s" .  The s u p e rn a ta n t  from th e  105,000 xg c e n tr i fu g a t io n  w as  s a v e d  

for l a t e r  u s e .

F ig . 18 show s  a  t ra c in g  o f a f in g e rp r in t  au to ra d io g ra p h  o f  the  in

v itro  in c o rp o ra t io n .  The num ber and  d is t r ib u t io n  of t h e s e  sp o ts  c lo s e ly

ap p ro a ch  th e  f in g e rp r in t  o f  the  n a t iv e  MS2 c o a t  p ro te in .  One ad d i t io n a l
\

s p o t  c an  be id e n t i f ie d  a s  b e lo n g in g  to  free  a r g in in e , a rem nant o f  the  
14C -am in o  a c id s  a d d ed  during  the  in c u b a t io n .  I t  can  be  c o n c lu d ed  from 

th i s  f in g e rp r in t  th a t  th e  m ajor p ro d u c t  p ro d u ced  in  v itro  w as  MS2 c o a t  

p r o te in .

E ffec t  o f  ch lo ram p h en ico l  on the  p ep t id e  map o f  th e  ribosom al

bound in  v itro  p e p t i d e s . At a c o n c e n tra t io n  o f  2.5 p g . /m l . ,  CAP in h ib i ts
1450% o f th e  to ta l  a c id  p re c ip i ta b le  C -am in o  a c id  la b e le d  m a te r ia l  (F ig. 

12). A sam ple  w as  in c u b a te d  w ith  2.5 jag./ml. o f  ch lo ram p h en ico l  to  d e ­

te rm ine  CAP'S e f fe c t  on th e  in  v itro  p e p t i d e s . A p e p t id e  map w as  m ade
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of th e  105,000 xg p re c ip i ta te  and  an a u to rad io g rap h  p ro d u ced  by e x p o s ­

ing  Kodak X -ray  film to  th e  f in g e rp r in t .

F ig . 19 is  a t ra c in g  o f  th e  r a d io -o p a q u e  a re a s  o f  th e  a u to ra d io ­

gram . It, i s  q u ite  a p p a re n t  from t h i s  th a t  the  num ber and  d is t r ib u t io n  o f  

the  t ry p t ic  p e p t id e s  rem ain  the  sam e a s . t h e  f in g e rp r in t  of n a t iv e  c o a t  

p ro te in .  Each ra d io a c t iv e  sp o t  w as  co u n ted  to  com pare the  d if fe ren c es  

in  r a d io a c t iv i ty  b e tw ee n  th e  con tro l  in  v itro  t ry p t ic  p e p t id e s  and th o se  

in  v i tro  t ry p t ic  p e p t id e s  p roduced  in th e  p re s e n c e  of 2.5 p g ./m l.  CAP'. As 

e x p la in e d  in  d e ta i l  in  " M a te r ia l s ,a n d  M e th o d s" ,  the  a r e a s  on the  f in g e r­

p r in t  c o rre sp o n d in g  to  ra d io -o p a q u e  a re a s  on th e  X -ray  film w ere  cu t 

ou t and  th e  r a d io a c t iv i ty  d e te rm ined  by l iq u id  s c in t i l l a t io n  c o u n tin g .

The r e s u l t s  a re  sum m arized  in  F ig . 20 . The ra d io a c t iv i ty  in  e a c h  sp o t  

w as  r e d u c e d  by a  p ro p o r t io n a l ly  eq u a l  am oun t.  All t ry p t ic  p e p t id e s  w ere  

in h ib i te d  e q u a l ly ,  p roduc ing  no c h an g e  in  the  C to  N te rm in a l  p ep tid e  

g ra d ie n t  o f  l a b e l in g .  T hese  r e s u l t s  s u g g e s t  GAP's e f f e c t  w as  on p e p ­

t id e  c h a in  in i t ia t io n  and  n o t  p e p t id e  c h a in  e x te n s io n .-

(b) The ro le  o f  r ib o so m al w a sh  f a c to r s

Mg++ t i t r a t io n  cu rve  of the  p u r if ied  in  v itro  s y s t e m . S evera l 

groups hav e  rep o r ted  th a t  the  Mg+ + c o n c e n tra t io n  optimum sh if ts  to  a 

h ig h e r  v a lu e  w hen  pu r if ied  r ib o so m es  a re  u sed  in co n ju n c t io n  w ith  

in i t ia t io n  fac to rs  in  an  in  v itro  n a tu ra l  mRNA s t im u la te d  sy s te m  a s  com ­

p a red  to  a crude  8 -3 0  a s s i s t e d  sy s te m  (R evel, b e lo n g ,  Brawerman &

— - ' •; '--I-.-,.. ‘ , - • .u  .. — : ■-*’ '* =' -- . >
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Gros , 19 68; R e v e l , H erzberg  , B ecarev ic  & Gros , 19 68; W ahba  , C hae ,

I w a s a k l , M azum der & M il le r  e t a l . ,  1969; K o lak o fsk y , 1966). In l ig h t

o f th is  p o s s ib i l i t y ,  in c u b a t io n s  o f  p u r if ied  r ib o s o m e s ,  h igh  sp e e d , ,  :

s u p e rn a ta n t  fa c to rs  in  th e  form o f a pH 5' f rac t io n  (Ju lian ,  1965), and
++MS2 mRNA w ere  c a r r ie d  o u t a t  vary ing  c o n c e n tra t io n s  o f  Mg to  d e te r ­

mine th e  optimum c o n c e n tra t io n  of Mg++. F ig . 21 d e p ic t s  th e  r e s u l t s  of

th is  e x p e r im e n t ,  and  show s  an op tim al ra d io a c t iv e  in c o rp o ra t io n  a t
+ +  z .

16 mM Mg . A cco rd in g ly ,  a l l  fu r ther in c u b a t io n s  w ere  ca r r ie d  out a t  ,

16 mM Mg+"1". At th is  c o n c e n tra t io n  o f  Mg++, the  sy s te m  i s  e n t i re ly  d e ­

p e n d en t  upon added  in i t ia t io n  fac to rs  (F ig . 22).

H e n c e fo r th ,  any  re fe re n c e  to  a p u r if ied  sy s te m  re fe rs  to  an in 

v itro  sy s te m  co n ta in in g  DEAE w a sh e d  r ib o s o m e s ,  a d d ed  crude  in i t ia t io n  

f a c to r s ,  an  energy, s o u r c e ,  pu r if ied  MS2 mRNA and a  pH 5' f ra c t io n .

T itra tion  curve o f  c rude  in i t ia t io n  fac to rs  a g a in s t  th e  purif ied

s y s t e m . The a d d i t io n  of in c re a s in g  am oun ts  of MS2 mRNA to  an in  v itro
14sy s te m  p ro d u c e s  a  p ro p o r t io n a l  in c r e a s e  in  the  in co rp o ra t io n  of C -  

am ino a c i d s .  Such a  r e s u l t  p ro b ab ly  in d ic a te s  th e  l im it in g  n a tu re  o f  the  

mRNA. S ince  a s im ila r  re la t io n s h ip  m ight e x i s t  w ith  r e s p e c t  to  crude  |!

in i t ia t io n  fa c to rs  , a  t i t r a t io n  curve  o f  crude  in i t ia t io n  fa c to s  w as  p e r ­

formed to  d e te rm ine  th e  optimum c o n c e n tra t io n  of th e s e  f a c to r s .  The 

c rude  fa c to rs  e x h ib i te d  an  Aggp/^ZBO ra t io  ° f  1:2 w hen p rep a red  a c c o rd ­

ing  to  th e  d e ta i l s  g iven  in  " M a te r ia l s  and  M eth o d s" .

i
’  .  ' i
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F ig . 22 d e p ic t s  th i s  t i t r a t io n  c u rv e .  Throughout the  range  of c o n ­

c e n tr a t io n s  u s e d , th e  a d d i t io n  of crude in i t ia t io n  fac to rs  c a u s e d  a p ro -
I

p o r t io n a l  in c r e a s e  in  to ta l  a c id  p re c p i ta b le  c o u n t s . A cco rd ing ly , in a l l  

fu r ther in c o rp o ra t io n s ,  0.5 AggQ u n i ts  o f  in i t ia t io n  fa c to rs  w ere  u sed  p e r  

m l. o f  in co rp o ra t io n  s a m p le .
I

14K ine tics  o f  C -am in o  a c id  in c o rp o ra t io n  o f  th e  p u r if ied  s y s te m .

In F ig . 9 , the  k in e t ic s  of ^ C - a m in o  a c id  in co rp o ra t io n  of th e  S-30  s y s -
14tern w as  in v e s t ig a te d .  O ver  80% o f  th e  C -am in o  a c id  in co rp o ra t in g  

a b i l i ty  rem a ined  in  s u c h  a sy s te m  a f te r  th e  f i r s t  te n  m in u te s  o f  in c u b a ­

t io n .  Such r e s id u a l  in c o rp o ra t in g  a b i l i ty  r e p re s e n ts  bo th  e lo n g a t io n  and  

r e - in i t i a t i o n  c o l l e c t iv e ly .  I t w as  d e c id e d  to  d e te rm ine  th e  r e s id u a l  

^ C - a m in o  a c id  in c o rp o ra t in g  p o te n t ia l  o f  th e  p u rif ied  s y s te m .

F ig . 23 d e p ic t s  th e  k in e t ic s  of ^ C - a m in o  a c id  in c o rp o ra t io n .  All 

s a m p le s  w ere  t r e a te d  id e n t ic a l ly  and  thg in c u b a t io n s  te rm in a te d  a t  the  

in d ic a te d  t im es  by th e  a d d i t io n  of 5% t r i c h lo r o a c e t ic  a c id .  I t  i s  c le a r  

from th i s  g raph  th a t  on ly  20% of th e  r a d io a c t iv i ty  w as  in co rp o ra te d  in 

th e  f i r s t  f ive  m in u te s .

E ffect o f  ch lo ram p h en ico l  on to ta l  a c id  p re c ip i ta b le  co u n ts  o f  the  

pu r if ied  s y s t e m . An S -30  a s s i s t e d  MS2 mRNA d ire c te d  in  v itro  sy s tem  

i s  in h ib i te d  50% a t  a c o n c e n tra t io n  o f  ch lo ram p h en ico l  e q u a l  to 

2.5 (ig./ml. (F ig . 12). Varying c o n c e n tra t io n s  of CAP w ere  th e re fo re  t e s t ­

ed w ith  the  pu rif ied  sy s te m  to  m ake a com parison  w ith  th e  S -30  s y s te m .

V ; -  V -  . . V . ‘" - r - r - ------ .-S —  - • . - . V
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Fig . 24 d e p ic t s  th is  ex p e r im en t .  C h lo ram p h en ico l w as  more than  tw ice
Y

a s  e f fe c t iv e  in  th e  p u r if ied  sy s te m  a s  in  th e  S -30  s y s t e m , requ iring  

on ly  0.9 p g . /m l . CAP c o n c e n tra t io n  to  y ie ld  a 50% in h ib i t io n .

E ffec t  of c rude  in i t ia t io n  fa c to rs  on a p u rif ied  sy s te m  re - in c u b a te d  

a f te r  a tw o -h o u r  c e n t r i f u g a t io n . The p re s e n c e  of c rude  in i t ia t io n  f a c ­

to rs  in  a pu r if ied  sy s te m  is  a n e c e s s a r y  a d ju n c t  for th e  s u c c e s s f u l  i n ­

co rp o ra t io n  o f  ^ C - a m in o  a c i d s . W hen su c h  fa c to rs  a re  w i th h e ld , 

n e g l ig ib le  am oun ts  o f  am ino a c id s  a re  in c o rp o ra te d .  I t  w as  d e c id e d  to 

in v e s t ig a te  the  ro le  o f  crude  in i t ia t io n  fac to rs  in a p u r if ied  s y s te m .

One m il l i l i te r  of a s ta n d a rd  in c u b a t io n  mixture w as  in c u b a te d  for 

5 m in u tes  a t  37°C  to  i n i t i a t e  the  t r a n s la t io n  o f  mRNA. S u b se q u e n t ly ,  

e a c h  m ixture  w as  q u ic k ly  c h i l le d  to' O0 C in  a  s a l t / i c e  b a th  and  c e n t r i ­

fuged  a t  105,000 xg for 2 hours  in  a 2 .0 -m l. Beckman cen tr i fu g e  tube  c o n ­

ta in in g  a 0.2-m l .  pad  o f 10% s u c r o s e . Thus th e  s o lu b le  in i t ia t io n  f a c ­

to rs  w ere  rem oved from th e  r ib o so m a l a g g r e g a t e . Upon com ple tion  o f  

th e  c e n t r i fu g a t io n ,  the  10% s u c ro se  p ad  p lu s  0.1 m l. of su p e rn a ta n t  

d i r e c t ly  ab o v e  the  p ad  w as  t ra n s fe r re d  to  a m ixture c o n ta in in g  a l l  i n c u ­

b a t io n  r e a g e n ts  e x c e p t  r ib o so m es  and  m e s s a g e .  The sy s te m  re a d i ly  i n ­

co rp o ra ted  a d d i t io n a l  ^ C - a m in o  a c id s  when t ra n s fe r re d  to  a mixture 

co n ta in in g  c rude  in i t i a t io n  fa c to rs  (F ig . 25). There w as  a  65% lo s s  of 

in co rp o ra t in g  a b i l i ty  i f  the  r e - in c u b a t io n  w as  la c k in g  in i t ia t io n  f a c t o r s . 

This s u b s ta n t i a l  lo s s  in  in c o rp o ra t in g  a b i l i ty  w as  th e re fo re  a  r e s u l t  o f 

th e  a b s e n c e  o f  c rude  in i t i a t io n  f a c to r s .
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It may be co n c lu d e d  th a t  th is  in c o rp o ra t in g  sy s te m  can  be r e ­

in i t i a t e d  from p o ly sd m a l co m p lex es  th a t  w ere  w a sh e d  free  o f  in i t ia t io n  

f a c t o r s . Such r e - in i t i a t i o n  i s  d e p e n d e n t  upon ad d it io n  o f  crude  i n i ­

t ia t io n  fa c to rs  n o t  found in  the  pH 5' p r e c ip i t a t e .  The la c k  o f crude  '

in i t i a t io n  fac to rs  in  th e  105,000 xg p e l l e t  c le a r ly  r e s u l t s  in  th e  lo s s  of 

^ C - a m in o  a c id  in c o rp o ra t io n .  This sy s te m  a llo w s  th e  d if f e re n t ia t io n  of 

of e lo n g a t io n  and  in i t i a t io n .  The 65% g a in  of r a d io a c t iv i ty  in  Fig. 25 is  

th u s  e n t i r e ly  due to in i t i a t io n  c a ta ly z e d  by the  p re s e n c e  o f  crude in i -  

t i a t io n  f a c t o r s .

D ep en d e n ce  o f  the  pu r if ied  sy s te m  on the  pH 5' f r a c t io n . Although 

th e  crude  in i t ia t io n  fa c to r  p re p a ra t io n  p ro b ab ly  d iffe rs  from th o s e  e n -
' f

zym es found in  th e  pH 5' f r a c t io n , th e  p o s s ib i l i ty  o f  com plem en ta ry  ;

en zy m es  c an n o t  be ru led  o u t .  The r e - in i t i a t e d  r ib o so m al p e l le t  w ould 

n o t  be d e p e n d e n t  s o le ly  on in i t ia t io n  fac to rs  i f  th is  w ere  t r u e .

In F ig .  2 6 ,  1 .0-m l. sam p le s  w ere  in c u b a te d  for 5 m in u tes  to  beg in  

i n i t i a t i o n , c en tr i fu g e d  a t  105,000 xg to  p e l l e t  th e  r ib o so m a l bound p e p ­

t i d e s  and  th e  r ib o so m al m a te r ia l  r e - in c u b a te d  in a s ta n d a rd  m ixture 

m inus r ib o so m es  and  m e s s e n g e r .  The s y s te m  w as  co m p le te  and  fu r ther 

in co rp o ra t io n  o ccu rred  w hen  bo th  in i t i a t io n  fac to rs  and  pH 5' p re c ip i ­

ta t e  w ere  p r e s e n t .  W h en ,  h o w ev er ,  th e  pH 5' p r e c ip i ta te  w as  o m it te d ,  1 ,!

th e  sy s te m  w ould  no t co n tin u e  am ino a c id  in c o rp o ra t io n . Thus th e  two 

enzym e p re p a ra t io n s  a re  com p lem en ta ry .  The in i t ia t io n  fac to r  p re p a ra ­

t io n  a lo n e  w ill  no t su p p o rt  p ro te in  s y n th e s i s  in  a p u r if ied  sys tem ..

/
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Effect o f  ch lo ram p h en ico l  on in i t ia t io n  fa c to r  d e p e n d e n t  and in d e -  
14p e n d en t  C -am in o  a c id  in c o rp o ra t io n . I t  i s  now fe a s ib le  to  t e s t  GAP's 

a c t io n  on our sy s te m  w hich  i s  d e p en d e n t  upon added  r ib o so m al w a sh  

f a c t o r s . F ig . 2 7 r e p re s e n ts  th is  e x p e r im en t .

In th is  e x p e r im e n t ,  p u rif ied  in c u b a t io n  m ix tu res  co n ta in in g  a ll  

in g re d ie n ts  e x c e p t  ^ C - a r g in in e  and  ^4C -Iy s in e  (but in c lu d in g  r ibosom al 

w a sh  fac to rs )  w ere  in c u b a te d  for five m inu tes  a t  3 7 °C . The 1.0-ml. 

m ix tu res  w ere  th en  lo a d e d  in to  2.0—m l. Beckman c e l l u lo s e  n i t r a te  c e n t r i ­

fuge tu b e s '  c o n ta in in g  a 0.2 -m l .  pad  o f 10% s u c ro se  ( s p e c ia l  su c ro se  

d e n s i ty  grade) in  buffer LM SN . The m a te r ia l  w as  c en tr ifu g ed  for two 

hours  a t  105,000 xg  in  th e  M odel L-2 u l t r a c e n t r i fu g e . The p ro ced u re  

th u s  far w as  a n a lo g o u s  to  F ig . 25 . Upon com ple tion  o f  this, c e n tr i fu g a ­

t io n ,  0.3 m l . o f  the  s u c r o s e  pad  w as  t ra n s fe r re d  to  a pu r if ied  in c u b a t io n  
14 14

sy s te m  w ith  C -a rg in in e  and  C - Iy s in e  p re s e n t  and re - in c u b a te d  for 

2 5 m in u tes  a t  3 7 °C .

• In one c a s e , th e  re - in cu b a te ,d  m ixture  c o n ta in e d  a com ple te  com ­

p lem en t o f  re a g e n ts  in c lu d in g  r ibosom al w a sh  f a c t o r s . As e x p e c te d ,  i t  

in co rp o ra te d  *4C -am in o  a c id s  and p ro d u ced  1710 CPM (F ig . 2 7). W hen 

1.0 pig./ml. o f  CAP w as  a d d ed  to  a r e - in c u b a t io n  m ixture  c o n ta in in g  r ib o - '  

som al w a sh  f a c t o r s , th e  in c o rp o ra t io n  w as  red u ced  to  763 CPM (F ig . 2 7), 

r e p re se n t in g  a 45% in h ib i t io n .

Such r e s u l t s  w ould  be e x p e c te d  i f  e i th e r  in i t ia t io n  o r  e lo n g a t io n  

w ere  in h ib i te d .  The r e - in c u b a te d  sy s te m  a llo w ed  both  in i t ia t io n  and

. . .  . — y ’;  .L - r
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e lo n g a t io n  to p ro c e e d .  CAP m igh t,  h o w ev er ,  have  a c te d  a t  e i th e r  s t e p .

In i t ia t io n  and  e lo n g a t io n  can  be d i f f e r e n t ia te d  by in v e s t ig a t in g  GAP's .
14e f f e c t  on the  r e s id u a l  C -am in o  a c id  in co rp o ra t in g  p o te n t ia l  when r e ­

in c u b a t io n  o c cu rs  in  the  a b s e n c e  o f  r ib o so m a l w a sh  f a c to r s .  Such
-V. .

r e s id u a l  in c o rp o ra t in g  p o te n t ia l  may be a t t r ib u te d  to p e p t id e  cha in  

e x te n s io n .

' F ig .  2 7 a l s o  r e p re s e n ts  an ex p e r im en t in  w h ich  r ib o so m a l com -
i

p le x e s  w ere  r e - in c u b a te d  w ith o u t  r ib o so m al w a sh  fa c to rs  p r e s e n t ,
14p roduc ing  398 C P M . S ince  C -am in o  a c id s  w ere ad d ed  on ly  during the  

2 5 -m in u te  r e in c u b a t io n ,  th e s e  co u n ts  r e p re s e n t  p e p t id e  ch a in  e x te n s io n  

a lo n e ,  a s  th e  sy s te m  w as  w ith o u t  c rude  in i t ia t io n  f a c t o r s . W hen 

1.0 p g . /m l . o f  CAP w as  ad d ed  to  th e  r e - in c u b a t io n  no in h ib i t io n  w as 

n o te d .  Ten |_ig./ml. o f  CAP a g a in  p roduced  a n e g l ib le  in h ib i t io n  drop­

p ing  the  in c o rp o ra t io n  to  379 CPM (F ig . 27). Such a  c o n c e n tra t io n  of 

CAP w ould  be e x p e c te d  to  p roduce  a 100% in h ib i t io n  o f  th e  sy s te m .  

T hese  r e s u l t s  s u g g e s t  th a t  CAP h as  a  s ig n i f ic a n t ly  s t ro n g e r  e ffe c t  on 

in i t ia t io n  a s  com pared  to  e lo n g a t io n .



5. DISCUSSION

The p re c ed in g  e x p er im en ts  in d ic a te  th a t  a t  low  c o n c e n tra t io n s  o i

ch lo ram p h en ico l  (CAP), in h ib i t io n  o f  p ro te in  s y n th e s i s  i s  a t  the  le v e l  of

in i t i a t io n  in  a n a tu ra l  mRNA d ire c te d  s y s te m .  F u r th e rm o re , su ch  in h ib i -
14tio n  i s  d i r e c te d  a t  in i t ia t io n  fac to r  d e p e n d e n t  in co rp o ra t io n  o f  C -am ino  

a c i d s .

Ju lian  (19 65) sh o w ed  th a t  form ation of the  d i -  and  t r i - l y s in e  p e p ­

t id e s  w as  n o t  a f fe c te d  by CAP, w h e rea s  form ation o f th e  la rg e r  p e p t id e s  

w as  inhib ited .. He s u g g e s te d  th a t  CAP a c te d  a t  a p e p t id e  bond forming 

s t e p .  Traut & Munro (19 64) found th a t  CAP in h ib i te d  th e  e f f e c t  o f  puro^- 

m ycin  in  r e le a s in g  p h e n y la la n in e  p e p t id e s  from p o ly p h en y la lan y l-sR N A  

a t ta c h e d  to  r ib o s o m e s . On th e  b a s i s  o f  th is  find ing  th e y  s u g g e s te d  th a t  

CAP a c te d  a s  an  in h ib i to r  o f  th e  p e p t id e  bond forming e n z y m e , a t  the  

sam e  s i t e  a s  pu rom ycin . W e is b e rg e r  (1967) h a s  s u g g e s te d  th a t  CAP 

a c te d  on a r ib o so m al s i t e  a t  a s ta g e  a f te r  b ind ing  o f mRNA and during 

p e p t id e  s y n th e s i s  to  p re v e n t  the  f ina l  c o n d e n sa t io n  o f  am ino a c id s  and  

th e  grow th o f p o ly p e p t id e  c h a in s .  Thus the  g en e ra l  c o n s e n s u s  w as  th a t  

CAP a c te d  on the  e lo n g a t io n  p ro c e s s  in  p ro te in  s y n th e s i s .

Armentrout & W e is b e rg e r  (19 67) had  p re v io u s ly  c o n c lu d e d  th a t  

p ro te in  s y n th e s i s  d i r e c te d  by p o ly u r id y l ic  a c id  w as  more r e s i s t a n t  to 

CAP in h ib i t io n  than th a t  in d u c ed  by n a tu ra l  ^RNA, and  s u g g e s te d  th a t  

th e  in h ib ito ry  e f fe c t  o f  CAP may be p e c u l i a r  to  th e  RNA p re p a ra t io n
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u s e d .  S ince  the  work p re v io u s ly  d e sc r ib e d  u t i l iz e d  s y n th e t ic  mRNAs, i t  

w as  now d e s i r a b le  to  t e s t  th is  m odel o f  e lo n g a t io n  in h ib i t io n  on an  in 

v itro  sy s te m  d ire c te d  by a n a tu ra l  mRNA.

The t r a n s la t io n  o f  th e  c o a t  p ro te in  c i s t ro n  of th e  MS2 v iru s  . 

n a tu ra l  mRNA may be e n v is io n e d  a s  in v o lv in g  a p o p u la t io n  of r ib o s o m e /  

m e s s e n g e r  co m p lex es  in  a l l  s t a g e s  of t r a n s la t io n .  C o n se q u e n t ly ,  ev ery  

com plex  w ill  hav e  in c o rp o ra te d  an  N - te rm in a l  amino a c i d ,  bu t only 

th o s e  co m p lex es  in  th e  f in a l  s ta g e s  o f  p o ly p e p t id e  s y n th e s i s  w ill  have  

in c o rp o ra te d  a  C - te rm in a l  am ino a c id .  If  CAP w ere  to  block, a s tep  in 

e lo n g a t io n ,  we w ould  e x p e c t  a  p o p u la t io n  o f  r ib o s o m e /m e s s e n g e r  com ­

p le x e s  frozen  in  th e  v a r io u s  s t a g e s  o f  e lo n g a t io n .  H e n c e ,  we m ight no t
14

e x p e c t  any  d e c r e a s e  in  th e  r ib o so m al C - n a s c e n t  p e p t id e s  a s  com pared  

to  a norm al p ro te in  s y n th e s iz in g  s y s te m .  F u r th e rm o re , a s  e lo n g a t io n  

w a s  in h ib i te d  on a mRNA s t r a n d ,  an  in c r e a s e  in  th e  q u a n t i ty  o f  the  N -  

te rm in a l  p e p t id e s  m ight be  e x p e c te d  a s  n ew ly  in i t i a te d  r ib o so m es  w ere  

a l lo w ed  to s y n th e s iz e  p e p t id e s  befo re  be in g  in h ib i te d  in  som e s ta g e  o f  

e lo n g a t io n .

N a th a n s  (1965) ex am in ed  th e  e f f e c t  o f  CAP on th e  r e l e a s e d  R e ­

la b e le d  MS2 in  v i tro  p e p t i d e s . H is m ethodo logy  u t i l iz e d  a f ingerp r in t  of
14a t ry p t ic  d ig e s t  o f  th e  n o n - r ib o so m a l  bound C - Ia b e le d  MS2 in v itro  

p e p t id e s .  He found no in c r e a s e  in  th e  t ry p t ic  N - te rm in a l  p e p t id e s  over 

the  C - te rm in a l  p e p t id e s  w hen  su ch  p e p t id e s  w ere s y n th e s iz e d  in  the  

p re s e n c e  o f  SiS ng ./m l.  o f  CAP. This w as  in  c o n t r a s t  to  th e  r e l e a s e d
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■peptides formed in  .the p r e s e n c e  o f  p u ro m y c in , w h ich  sh o w ed  an  i n -  . • 

c r e a s e  in  the  num ber o f  N - te rm in a l  p e p t id e s .  These  r e s u l t s  w ere  in 

a cco rd  w ith  an  e lo n g a t io n  in h ib i t io n  m odel for CAP, a s  one  w ould e x ­

p e c t  th e  r e l e a s e d  p e p t id e s  to  be w ho le  and  p o s s e s s  an e q u a l  num ber o f  

N an d  C - te fm in a l  p e p t i d e s . His work a l s o  te n d e d  to ru le  o u t  CAP i n ­

d u ced  prem atu re  r e l e a s e ,  for in  th is  c a s e  we sh o u ld  e x p e c t  r e s u l t s  

s im i la r  to  th o s e  s e e n  w ith  th e  r e l e a s e d  p e p t id e s  s y n th e s iz e d  in  the

p re s e n c e  o f 'purom ycin . H ow ever , he d id  no t exam ine  CAP'S e f fe c t  on
14th e  r ib o so m a l bound C - n a s c e n t  p e p t id e s .  The true  t e s t  for an  e lo n g a ­

t io n  in h ib i t io n  m odel e x i s t s  h e r e , s in c e  th e  p e p t id e s  r e s u l t in g  from 

in h ib i t io n  w ould  l ik e ly  be trap p ed  on th e  m e s s e n g e r / r ib o s o m e  com plex . 

It  w as  d e c id e d  to  com pare  the  r ib o so m a l bound to  r e l e a s e d  p ro d u c ts  

u s in g  N a th a n 's  p r o c e d u r e s .

A norm al d is t r ib u t io n  o f  t ry p t ic  p e p t id e s  r e s u l te d  w hen  a p e p t id e  

map w as  made o f t ry p t ic  h y d ro ly s a te s  o f  r e l e a s e d  p e p t id e s  s y n th e s iz e d  

in  th e  p re s e n c e  o f  2.5 pg ./m l.  of CAP, w ith  no p re p o n d e ran c e  of any  

t ry p t ic  p e p t id e  o v e r  any  o th e r  t ry p t ic  p e p t id e  (Fig. 16). T hese  r e s u l t s  

confirm th o s e  p re s e n te d  by  N a th an s  (1965) on the  r e l e a s e d  MS2 in  v itro  

p e p t id e s .  Thuszwe may ru le  ou t CAP in d u c e d  prem atu re  r e l e a s e , but 

o ffe r  no c o n c lu s io n s  regard ing  an  e lo n g a t io n  in h ib i t io n  m odel for the  

m ech an ism  of a c t io n  in  n a tu ra l  mRNA d i re c te d  sy s te m s .

A p e p t id e  map w as  m ade o f th e  105>000 xg ^ C - I y s i n e  and  ^ C -  

a rg in in e  la b e le d  p ro d u c ts  a s s o c i a t e d  w ith  th e  p re c ip i ta te  o f  an  in  v itro

,-r-
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MS2 d ire c te d  s y s te m .  Such p ro d u c ts  w ere  a l lo w ed  to  be s y n th e s iz e d  in  

the  p re s e n c e  o f  2.5 pg ./m l.  o f  CAP. A d is t r ib u t io n  of t ry p t ic  p e p t id e s  

id e n t ic a l  to  th a t  o f  n a t iv e  MS2 c o a t  p ro te in  w as p ro d u c e d .  F i g . '19. As 

th i s  m a te r ia l  p r im ari ly  r e p re s e n ts  n a s c e n t  p e p t id e s  ( N a th a n s , N o ta n i , 

Schw arz  & Z in d e r , 19 62; N a th a n s ,  19 65), the  r e s u l t s  a re  in  a cco rd  w ith  

a  m odel o f  normal grow ing p e p t id e  .c h a in s . A g a in , th e  norm al d is t r ib u ­

t io n  and  num ber o f  t ry p t ic  p e p t id e s  ru le s  o u t  p rem atu re  r e l e a s e  of 

n a s c e n t  p e p t id e s .

A q u a n t i ta t iv e  a n a ly s i s  o f  th e  r a d io a c t iv i ty  o f  e a c h  t ry p t ic  p ep t id e  

re v e a le d  th a t  th e re  w as  a p ro p o r t io n a l  d e c r e a s e  in  th e  r a d io a c t iv i ty  of 

a l l  th e  t ry p t ic  p e p t id e s  and  th e re  w as  no change  in  the  q u a n t i ty  of N -  

te rm in a l  p e p t id e s  in  th e  p re s e n c e  o f  CAP, F ig . 20 . Total a c id  p r e c ip i -  

ta b le  co u n ts  a re  in h ib i te d  by 50% a t  a c o n c e n tra t io n  o f  CAP o f  2.5 [ig./ml. 

S e v e n ty - f iv e  p e rc e n t  o f  th i s  in h ib i t io n  o c cu rs  in  the  r ib o so m a l  bound 

m a te r ia l ,  w h e re a s  th e  r e l e a s e d  m a te r ia l  i s  in h ib i te d  by o n ly  25%. 

Therefore  th e  prim ary  e f f e c t  o f  CAP on th e  MS2 mRNA d i r e c te d  sy s te m  is  

th e  re d u c t io n  o f  r ib o so m a l bound ^ C - I a b e l e d  m a te r ia l .  This i s  c le a r ly  

n o t  in  ag reem en t w ith  a m odel of e lo n g a t io n  in h ib i t io n .

' A c o n f l ic t  thus  e x i s t s  b e tw ee n  the  r e s u l t s  of this  s tu d y  and  th a t  

m odel g e n e ra l ly  a s c r ib e d  to  CAP'S a c t i o n .  To exam ine  th e s e  c o n f l ic t s ,  

i t  i s  h e lp fu l  to  c o n s id e r  o th e r  m ech an ism s  th a t  may a c c o u n t  for the  in ­

h ib i t io n  o f  p ro te in  s y n th e s i s  by  CAP in  th e  MS2 mRNA d i re c te d  s y s te m .
14We may ru le  ou t in h ib i t io n  of te rm in a t io n ,  a s  the  r e l e a s e  o f  C - Ia b e le d
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m a te r ia l  i s  f a c i l i t a te d  ra th e r  th a n  in h ib i te d .  We have  p re v io u s ly  d i s ­

c o u n ted  prem atu re  r e l e a s e . S ince  th e  d a ta  p re s e n te d  in th i s  s tu d y  do 

n o t  su p p o rt  an  e lo n g a t io n  in h ib i t io n  m o d e l ,  we a re  fo rced  to  f in a l ly  

c o n s id e r  in i t i a t io n .

If CAP w ere  to  b lo ck  a  s te p  in  i n i t i a t i o n ,  p re v io u s ly  in i t ia te d

r ib o s o m e /m e s s e n g e r  co m p lex es  w ould  be a l lo w ed  to co m p le te  t r a n s l a -
14tio n  of th e  mRNA. Any C - Ia b e le d  n a s c e n t  p e p t id e s  w ould  be r e le a s e d  

and  le a v e  th e  mRNA in  e i th e r  an  in h ib i te d  s ta t e  o f  in i t i a t io n  or p re v e n t  

any  in i t ia t io n  co m p lex es  from forming a t  a l l .  The n e t  e f f e c t  w ould  be to
14 ■ j,

d e c r e a s e  th e  r ib o so m a l bound C - Ia b e le d  n a s c e n t  p e p t i d e s . We w ould  ;

no t e x p e c t  any  in c r e a s e  in  th e  num ber o f  N - te rm in a l  n a s c e n t  p e p t id e s

o v e r  a  c o n t r o l , a s  an y  n a s c e n t  m a te r ia l  rem ain ing  w ould  be  in  a norm al

p ro c e s s  o f  p e p t id e  c h a in  e lo n g a t io n .  T h e re fo re , in  p a r t i a l ly  in h ib ito ry

c o n c e n tra t io n s  of CAP, a p e rc e n ta g e  o f  th e  r ib o s o m e /m e s s e n g e r  com - 
1 14

p le x e s  w ould  be s t r ip p e d  o f  C - Ia b e le d  m a te r ia l ,  and  th e  rem ain ing  

u n in h ib i te d  f rac t io n  w ould  a p p e a r  a s  no rm ally  grow ing n a s c e n t  m a te r ia l .

The d a ta  p re s e n te d  in  th is  s tu d y  s t ro n g ly  su p p o rt  th i s  m odel o f  in h ib i ­

t io n  o f  p ro te in  s y n th e s i s  by CAP.

A pproxim ate ly  one  y e a r  a f te r  th i s  e f fe c t  on in i t i a t io n  o f  the  MS2 

sy s te m  w as  d i s c o v e r e d ,  Irv in  & Ju lian  (1970) p u b l ish e d  th e i r  f ind ings

on th e  e f fe c t  o f  CAP on th e  p o ly c y t id y l ic  a c id  d i re c te d  s y n th e s i s  o f  
14C -p o ly p ro l in e .  They n o ted  th a t  n o t  on ly  w as th is  s y s te m  s ig n i f ic a n t ly  

more s e n s i t iv e  to  CAP th a n  o th e r  s y n th e t ic  mRNAs, bu t th a t  CAP

--ry
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in h ib i te d  th e  s y n th e s i s  of a l l  p e p t id e s  in c lu d in g  the  d i -  and  t r i -p ro l in e  

r e s i d u e s . This w as  in .c o n t r a s t  to  th e  p o ly a d e n y l ic  a c id  and  p o ly u r id y lic  

a c id  d i re c te d  s y s te m s  w here  CAP in h ib i te d  on ly  p e p t id e s  la rg e r  th an  the  

x t r i - p e p t id e  ( J u l ia n , 1965; P e s t k a , 19 69). Irv in  and  Ju lian  co n c lu d ed  

th a t  th is  e f fe c t  w as  a t t r ib u ta b le  to  in h ib i t io n  o f  an  in i t i a t io n  s tep  and

not p e p t id e  c h a in  e x te n s io n  a s  i t  a p p e a rs  to . a c t  in th e  p o ly a d e n y l ic
(

a c id  and  p o ly u r id y l ic  a c id  d i re c te d  s y s t e m s .

The CAP s e n s i t i v i t y  o f  th e  MS2 mRNA and p o ly c y t id y l ic  a c id  

d i re c te d  s y s te m s  s u g g e s t  th a t  the  mode o f  a c t io n  of th e  drug d iffers  

. from th e  in h ib i to ry  m ech an ism  o b se rv e d  in  the  l e s s  s e n s i t i v e  s y n th e t ic  

JtlRNA d i re c te d  s y s te m s .  I t  i s  g e n e ra l ly  a c c e p te d  th a t . in h ib i t io n  i s  a t  

th e  le v e l  o f  e lo n g a t io n  in  the  p o ly a d e n y l ic  a c id  and  p o ly u r id y l ic  a c id  

d i re c te d  s y s t e m s , w hen  h igh  le v e l s  o f  CAP are  u s e d .  In th e  MS2 mRNA 

and  p o ly cy tid y lic  a c id  d i re c te d  s y s t e m s , th e  e v id e n c e  p re s e n te d  in th is  

d i s c u s s io n  s u g g e s t s  in h ib i t io n  o f  an  in i t i a t io n  s t e p .

It  i s  i l lu m in a t in g  to  c o n s id e r  th e  le v e l s  o f  CAP req u ired  to  in h ib i t  

th e  p o ly a d e n y l ic  a c id  and  p o ly u r id y l ic  a c id  d i r e c te d .s y s te m s  v e r s u s  the  

n a tu ra l  mRNA and p o ly cy tid y lic  a c id  d i r e c te d  s y s te m s .  This ev id en c e  

p o in ts  to  tw o p o s s ib le  m e ch an ism s  o f in h ib i t io n  (e lo n g a t io n  and in i ­

t i a t io n ) .  The le v e l s  o f  CAP req u ired  .for in h ib i t io n  fa l l  in to  two groups 

and  fu r ther  s u g g e s t  tha t, one  m ech an ism  o f  in h ib it io n  i s  a low  c o n c e n tra ­

t io n  phenom enon  w h ile  th e  s e c o n d  e f f e c t  i s  found on ly  a t  much h igher  

c o n c e n t ra t io n s  o f  th e  d rug . In a d d i t i o n , sy s te m s  w h ich  requ ire
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rib o so m e  w a sh  fa c to rs  a p p e a r  to be m o s t s e n s i t iv e  to  th e  d rug . At a 

c o n c e n tra t io n  o f  CAP of 2.5 |ag./ml. to ta l  MS2 C -p e p t id e  s y n th e s i s  i s  

in h ib i te d  50% w hen a s s i s t e d  by a n -S-SO e x t r a c t .  S im ila r ly ,  on ly  

2.5 (ig ./m l. o f  CAP a re  req u ired  to  bring ab o u t 60% in h ib i t io n  o f  the  p o ly -  

c y t id y l ic  a c id  d i re c te d  sy s te m  (Irvin & J u l ia n ,  1970). On th e  o the r  

h a n d ,  67 |ag./ml. o f  CAP a re  req u ired  to  in h ib i t  by 60% the- p o ly a d en y l ic  

a c id  d i re c te d  sy s te m  ( J u l ia n , 1965). At a c o n c e n tra t io n  o f  CAP of 

180 Mg./m l . ,  to ta l  p h e n y la la n in e  p e p t id e  s y n th e s i s  i s  u n in h ib i te d  

(P e s tk a ,  1969). The d i s t in c t  e f fe c t s  a t  th e  two le v e l s  s u g g e s t  th a t  a t  

low  c o n c e n tra t io n s  o f  CAP in i t ia t io n  i s  in h ib i t e d , a s  in  th e  MS2 mRNA 

and  p o ly c y t id y l ic  a c id  d i re c te d  sy s te m s  , and  a t  h igh  c o n c e n tra t io n s  

e lo n g a t io n  i s  e f fe c te d  a s  w ith  the  o th e r  tw o s y n th e t ic  mRNAs. This 

s u g g e s t s  th a t  th e re  a re  s im ila r  m e ch an ism s  o f in i t ia t io n  in  th e  MS2 and 

p o ly c y t id y l ic  a c id  d i re c te d  s y s te m s  w h ich  a re  d if fe ren t  from the  o th e r  

tw o s y n th e t ic  mRNAs.

In 1971 , C am ero n , Rogers ,& Ju lian  n o ted  th a t  th e  a d d i t io n  of 

c rude  r ib o so m a l w a sh  fa c to rs  s t im u la te d  th e  in c o rp o ra t io n  o f  ^ C -  

p ro lin e  in  a p o ly c y t id y l ic  a c id  d i re c te d  s y s te m .  In a d d i t io n ,  a crude 

h igh  s a l t  r ib o so m a l w a sh  f rac t io n  w as  req u ired  a s  a su p p lem en t  w hen a 

pH 5' f rac t io n  w as  u se d  a s  a so u rc e  o f  s u p e rn a ta n t  fa c to rs  in  the  p o ly ­

c y t id y l ic  a c id  d i re c te d  s y s te m .  In c o n t r a s t ,  an ammonium s u lfa te  f r a c ­

tio n  o f  the  S-100 s u p e rn a ta n t  a lo n e  s t im u la te d  the  p o ly c y t id y l ic  a c id

■7
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d ire c te d  s y s t e m . S ince  a h igh  s a l t  r ib o so m al w ash  f rac t io n  w as known 

to  c o n ta in  the  th re e  b a c te r ia l  p ro te in  in i t ia t io n  fac to rs  FI, FII and Fill 

(Dubnoff & M a i t r a , 1969; O c h o a ,  19 69; R eve l,  b e lo n g ,  Brawerman & 

G r o s , 19 68 ; R ev e l ,  H e rz b e rg , B eca rav ic  & G r o s , 19 68), i t  w as  p o s s ib le  

th a t  CAR's a p p a re n t  in h ib i t io n  o f  in i t ia t io n  in  the  MS2 mRNA and p o ly -  

c y t id y l ic  a c id  d i re c te d  s y s te m s  w as  r e la te d  to  the  fu nc tion  of th e s e  

f a c t o r s . The s t im u la to ry  e f f e c t  o f  th e  r ib o so m al w a sh  f a c to r s ,  norm ally  

on ly  s e e n  w ith  th e  n a tu ra l  mRNA s y s te m ,  w ould  s u g g e s t  th a t  in i t ia t io n  

in  th e  p o ly c y t id y l ic  a c id  d i re c te d  sy s te m  w as  s im ila r  to  in i t ia t io n  in  

the  MS2 s y s te m .  . . .

A s e r i e s  of e x p e r im en ts  w as  req u ired  to  b ridge  th e  gap b e tw een  

th e  g e n e ra l  h y p o th e s is  o f  in h ib i t io n  o f  in i t ia t io n  in th e  MS2 sy s te m  by 

CAP, and  th e  d e ta i le d  r o l e s ,  i f  a n y ,  o f  th e  re c o g n iz e d  b a c te r ia l  i n i ­

t ia t io n  f a c t o r s .

An MS2 mRNA d i re c te d  in  v itro  p ro te in  s y n th e s iz in g  sy s tem  w as  

d e v e lo p e d  w h ich  w as  h ig h ly  d e p e n d e n t  upon  added  r ib o so m al w a sh  f a c ­

to r s .  The CAP s e n s i t i v i t y  o f  th is  sy s te m  w as  found to  be o v e r  tw ice  a s  

s e n s i t iv e  to  CAP a s  th e  S -30  a s s i s t e d  s y s te m .  F ig . 24 .  This in c re a s e d  

s e n s i t iv i ty  to  CAP w as  h ig h ly  s u g g e s t iv e  o f  an  in te ra c t io n  be tw een  the  

drug and  som e fac to r(s )  p r e s e n t  in  th e  h igh  s a l t  r ib o so m a l w a sh .

A p u rif ied  sy s te m  w as  n e ed e d  to  d if f e re n t ia te  p ro te in  s y n th e s is  

w h ich  had  an  a b so lu te  req u irem en t for r ib o so m al w a sh  fa c to rs  from p ro ­

te in  s y n th e s i s  w h ich  o ccu rred  in th e  a b s e n c e  of t h e s e  f a c t o r s . By



78

s u b je c t in g  a p re - in c u b a te d  in v itro  MS'2 d i re c te d  sy s te m  to  c e n t r i fu g a ­

tion  a t  105,000 xg for two h o u r s , the  r ib o so m a l com plex  cou ld  be p e l l e t ­

ed  on to  a 10% s u c ro se  p a d , c o l le c te d  and  p la c e d  in to  n ew  in c u b a t io n  

m ix tu re , co m p le te  w ith  crude  in i t ia t io n  f a c t o r s . A s ig n i f ic a n t  am ount of 

-am in o  a c id s  w as  in c o rp o ra te d .

The pH 5 ’ f rac t io n  a lo n e  w ould  n o t  s t im u la te  th e  r ibosom al com ­

p le x  reco v e red  by  c e n tr i fu g a t io n .  I t  w as  c o n c lu d ed  th a t  th e  s t im u la t io n  

by r ib o so m a l w a sh  fa c to rs  r e s u l te d  from th e i r  req u irem en t for r e ­

in i t ia t io n  o f  H1RNA. W hen ribosom al w a sh  fa c to rs  w ere  n o t  added  to  th e
14c e n tr i fu g e d  c o m p le x e s , th e  sy s te m  w ould  n o t  in c o rp o ra te  C -am ino  

a c id s  due  to  rem oval o f  in i t ia t io n  fac to rs  by the  c e n tr i fu g a t io n .  By th i s  

m eans  i t  w a s  p o s s ib le  th a t  a ^ C - a m in o  a c id  in c o rp o ra t io n  invo lv ing  

in i t i a t io n  a lo n e  cou ld  be d i s t in g u is h e d  from one in v o lv in g  bo th  in i t ia t io n  

and  e lo n g a t io n .  I t  w as  now p o s s ib le  to  t e s t  GAP's e f f e c t  bn crude  i n i ­

t ia t io n  fa c to r  d e p e n d e n t  and  crude  in i t ia t io n  fa c to r  in d e p e n d e n t  incor--.
14 . ■

p o ra tio n  of C -am in o  a c i d s .
14It  w as  found th a t  CAP had  a s ig n i f ic a n t ly  g re a te r  e f f e c t  on C -

am ino a c id  in c o rp o ra t io n  s p e c i f i c a l ly  c a ta ly z e d  by th e  ribosom al w a sh
14f a c t o r s , p roduc ing  a 45% in h ib i t io n .  R es id u a l  C -a m in o  a c id  inco rpo ra ­

t io n  w ith ' c rude  in i t i a t io n  fac to rs  a b s e n t  w as  no t a f fe c te d  (Fig. 27).

T hese  r e s u l t s  s u g g e s t  th a t  CAP e x e r ts  i t s  e f fe c t  during  in i t i a t io n .  After

in i t i a t i o n ,  i t  e x e r ts  a , s ig n i f ic a n t ly  lo w er  e f f e c t .  The m ethodo logy

14u t i l iz e d  to  d i f f e re n t ia te  in i t ia t io n  and  e lo n g a t io n  d e p e n d e n t  C -am ino
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a c id  in c o rp o ra t io n  involved, the  s e le c t iv e  p re s e n c e  or a b s e n c e  o f  crude 

in i t ia t io n  f a c to r s .  This s u g g e s t s  th a t  in i t ia t io n  c a ta ly z e d  by th e  i n i ­

t ia t io n  fa c to rs  th em se lv e s  is in h ib i te d  by  CAP.

The work p re s e n te d  here  th e re fo re  ru le s  out m ode ls  o f  prem ature  

r e l e a s e , random in i t i a t i o n ,  in h ib i t io n  o f  te rm in a tio n  and  in h ib it io n  of 

e lo n g a t io n  a s  th e  m ech an ism  of a c t io n  o f  CAP a t  low  c o n c e n t ra t io n s  in  

th e  MS2 mRNA d ire c te d  s y s te m .  In a d d i t io n ,  th e  d a ta  s t ro n g ly  argue in  

favor o f  a m odel w h e reb y  CAP in h ib i ts  th e  in i t ia t io n  o f  p o ly p ep tid e  s y n ­

th e s i s  s p e c i f i c a l ly  .c a ta ly z e d  by the  re c o g n ize d  b a c te r ia l  in i t ia t io n  

f a c t o r s .

• - -  .
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Table  I

P ro p e r t ie s  o f  th e  E. co ll  in i t ia t io n  fac to rs

D e s ig n a t io n

A. . . fr  . . FI

B ; . . f 3 . . . FII

C . . . f2 . . . F il l

A. . B. . 0 .  . nc

fr • f ̂  • 6 f ̂  • •

FI. .F I I .  .F i l l .

M o le c u la r  W eig h t  (W a h b a 7 1969) 

10,000 

2 0,000

80,000

n o ta t io n  (O c h o a ,  19 69)
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Inlermediote I ?

‘ACCOM M O OATlON-

• A C C O M M O D A T I O N *

s T t  A N S l O C  A T l O N 1

Fig . I .  S ch em atic  r e p re s e n ta t io n  o f  the  e v e n ts  during  p ro te in  

s y n th e s i s  (a f te r  T hach  & T h a c h 1 1971).



8 2

F ig . 2 .

Cl  Cl

O = C  C H9 OH
I i 2
N - C - H
H  I
H— C - O H

N O 2

S T R U C T U R E ' O F  C H L O R A M P H E N I C O L * .
• D H t h r e o - E - D I C H L O R O A C E T A M I D O - l - p - N I T R O P H E N Y L -

1 , 3 - P R O P A N E D I O L
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1 2  3 4 5 6 7 8 9 10 11 12 13 14 15

I ALA SER ASN PHE THR GLN PHE VAL LEU VAL ASN ASP GLY GLY THR

16 GLY ASN VAL THR VAL ALA PRO SER ASN PHE ALA ASN GLY VAL ALA

31 GLU TRP ILU SER SER ASN SER ARG SER GLN ALA TYR LYS VAL THR

46 CYS SER VAL ARG GLN SER SER ALA GLN ASN ARG LYS TYR THR ILU

61 LYS VAL GLU VAL PRO LYS VAL ALA THR GLN THR VAL GLY GLY VAL

76 GLU LEU PRO VAL ALA ALA TRP ARG SER TYR LEU ASN MET GLU LEU

91 THR ILU PRO ILU PHE ALA THR ASN SER ASP CYS GLU LEU ILU VAL

106 LYS ALA MET GLN GLY LEU LEU LYS ASP GLY ASN PRO ILU PRO SER

121 ALA ILU ALA ALA ASN SER GLY ILU TYR

COMPOSITION

14 ALA 2 CYS 3 ASP 5 GLU
4 PHE 9 GLY 0 HIS 8 ILU
6 LYS 7 LEU 2 MET 11 ASN
4 TYR 6 PRO 6 GLN 4 ARG

13 SER 9 THR I.4 VAL 2 TRP

TOTAL NO, OF ACIDS = 129

F ig . 3 . Amino a c id  s e q u e n c e  o f  MS2 v irus  c o a t  p ro te in  (W eber & 

K on igsberg , 19 67).

,  f  -  . : T - r . / — C " . .  ; V f : -  -  " C - " I - — — - '  / M . .



O
PT

IC
A

L
 

D
E

N
SI

T
Y

84

F ig . 4 . UV spec trum  of h igh ly  pu rif ied  MS2 v i ru s .

WAVE LENGTH IN MILLI MICRONS

- - . A
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infect MS-2 
m .o .i .  =3 centrifuge

grow 10 hours ce ll debris 
5,000 xg for 30 min

E. coli Q-13 
grown in TYS-media 

to  10® ce lls  
14 lite rs

A add 311 g/1 
ammonium sulfate
le t s i t  overnight

A place supernatant 
in chilled  carboy

centrifuge precipitate 
5,000 xg for 30 min.

allow  precip itate to centrifuge
d isso lve in 5,000 xg for 30 min.

pH 8 d is tilled  w ater to  clarify

J

suspend in 
pH 8 d is t .  water

bottle and 
store a t -9 0°C

centrifuge
80,000 xg for 3 hours 

to pe lle t phage

Yield = 10 mg 
Titer = 10*5 v irus/m l

G R O W T H  A N D  P U R I F I C A T I O N  OF  M S - 2  V I R U S

F ig . 5. Flow d iagram  i l lu s t r a t in g  th e  grow th and  p u r if ic a t io n  of 

MS2 v i ru s .  D e ta i l s  a re  d e sc r ib e d  in " M a te r ia l s  and M eth o d s" .



8 6

1.0 ml 
phage 

suspension

add 0.1 ml
2 M ammonium carbonate shake 10 min^ centrifuge 5 min.

add 1.0 ml phenol room temp. 3,000 xg

blow off extract 6 tim es
ether with with cold ether

nitrogen

aqueous phase 
separated

add 6 drops cold 
3 M sodium aceta te

aqueous pi e 
added to  original 
aqueous phase

ex tract phenol with 
1.0 ml d is tilled  water

phenol
phase
retained

V
VIRAL COAL PROTEIN

add 2 volumes cold
add sodium ace ta te  

until turbid centrifuge 5 min.
absolute ethanol allow  to flocculate 3,000 xg

in cold
U

lyophyll7.e to 
dryness

VIRAL RNA v  Yield = 50% of virus

E X T R A C T I O N  OF  M S - 2  m - R N A  A N D  C O A T  P R O T E I N  

F ig . 6. Flow diagram  i l lu s t r a t in g  th e  e x tra c t io n  o f  MS2 RNA and 

c o a t  p ro te in  from the  b a c te r io p h a g e  M S 2 . D e ta i l s  a re  g iv en  in  

" M a te r ia l s  and  M eth o d s" .

D
d isso lve  in 

d is tilled  w ater
store at -90° C
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Eu
O
CO

Chromatography-

Fig . 7. D iagram  o f  th e  d im e n s io n s  o f  an MS2 f in g e rp r in t .  E lec tro ­

p h o re s is  w as  perform ed in the  in d ic a te d  d ire c t io n  a t  a v o l ta g e  flux of 

30y/cm. for 2.5 h o u r s . After a i r  dry ing  o v e rn ig h t ,  p o in ts  A-A and B-B were 

c o n n e c te d  by p l a s t i c  p a p e r  c l ip s ,  forming a cy linder. C hrom atography was 

then  a l lo w ed  to  e n su e  for 8 hours a f te r  12 hours of e q u i l ib ra t io n  w ith  the  

c h o se n  buffer .
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Fig . 8 . E ffect of Mg+ + c o n c e n tra t io n  on S -30  in c o rp o ra t io n s .  

O nly  th e  Mg+ + c o n c e n tra t io n  w as  v a r ie d  by u s in g  an  LMSN b a s e  buffer .  

The in c u b a t io n  tim e w as  40 m in u te s . One hundred m icrogram s o f  MS2 

RNA w as  added  to  e a c h  s a m p le .  The ra d io a c t iv e  coun ting  te c h n iq u e s  

and  th e  c o n c e n tra t io n  of re a g e n ts  a re  d e sc r ib e d  in  " M a te r ia l s  and

M eth o d s" .



i!
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F ig . 9 .  K ine tics  o f  ^ C - a m in o  a c id  in c o rp o ra t io n .  One hundred 

m icrogram s of MS2 mRNA w ere  added  to  e a c h  sam ple  c o n ta in in g  the  

re a g e n ts  a s  d e sc r ib e d  in " M a te r ia l s  and  M eth o d s" .  Inco rp o ra tio n  w as 

te rm in a ted  a t  the  a p p ro p r ia te  tim e by th e  a d d i t io n  of 6 m l. o f 5% t r i ­

c h lo ro a c e t ic  a c id .  The en su in g  sam p le  p rep a ra t io n  and  ra d io a c t iv e  

cou n tin g  te c h n iq u e  a re  d e sc r ib e d  in " M a te r ia l s  and  M eth o d s" .



I

MINUTES
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F ig . 10. S tim ula to ry  e f fe c t  o f  MS2 m e ss e n g e r  RNA. Varying 

am oun ts  of MS2 RNA w ere  ad d ed  to  an  S -30  a s s i s t e d  p ro te in  s y n th e ­

s iz in g  s y s te m .  A Mg++ c o n c e n tra t io n  o f  8.5 m M , an in c u b a t io n  time of 

40 m in u te s , and  a tem p e ra tu re  of 37°C  w ere  u s e d .  Further d e ta i l s  of the  

in c u b a t io n  a re  d e sc r ib e d  in " M a te r ia ls  and  M eth o d s" .



IOO 1 2 0  1 4 0  1 6 0  1 8 0  2 0 0

/ i g  M S 2  RNA /  ml.
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14F ig . 11. D e p en d en ce  of in c o rp o ra t io n  on added  C -am in o  a c id s .
+ +The f in a l  in c u b a t io n  volum e w as  1.0 m l . ,  and  the  Mg c o n ce n tra t io n

14 14w as  8.5 mM in a l l  c a s e s . Varying am oun ts  of C - Iy s in e  and C -  

a rg in in e  w ere  ad d ed  to  the  in c u b a t io n  t u b e s , w ith  the  vo lum es  a d ­

ju s te d  by the  a d d i t io n  of buffer LM SN. All o th e r  d e ta i l s  a re  d e sc r ib e d  

in " M a te r ia l s  and  M eth o d s" .



I

ftCi of  1̂ C LYSINE AND C ARGININE / m l .
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F ig . 12. Effect of ch lo ram p h en ico l  on to ta l  a c id  p re c ip i ta b le  

c o u n ts .  The in c u b a t io n  vo lum es w ere  in a l l  c a s e s  1 .0 m l. ,  w ith  an 

in c u b a t io n  tim e o f 40 m inu tes  and  a tem p e ra tu re  of 3 7 ° C .  Varying 

am ounts  of c h lo ram p h en ico l  w ere  a d d ed  from a s to ck  s o lu t io n  of

1.0 mg. c h lo ram p h en ico l  p e r  10 ml. buffer LM SN. All o th e r  d e ta i l s  a re  

d e sc r ib e d  in  " M a te r ia l s  and  M eth o d s" .
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F ig . 13. Effect o f  ch lo ram p h en ico l  on p e p t id e s  r e l e a s e d  in v i t r o . 

The f in a l  in c u b a t io n  volum e w as  in  a l l  c a s e s  2.0 m l . The sam p le s  were 

in c u b a te d  for the  in d ic a te d  tim e a t  37°C  and  c h i l le d  to  0°C  in  an i c e /  

s a l t  b a th  a t  the  end  of th e  in c u b a t io n .  Sam ples  w ere  cen tr ifu g ed  a t

105.000 xg for 2 hours  a s  d e sc r ib e d  in  " M a te r ia l s  and M e th o d s" .  At the

c o n c lu s io n  of th is  c e n t r i f u g a t io n , the  s u p e rn a ta n t  w as  rem oved and
143.0 mg. ly so zy m e  ad d ed  a s  a p ro te in  c a r r ie r .  The s u p e rn a ta n t  C p ro ­

d u c ts  w ere  th en  p re c ip i ta te d  w ith  5% t r ic h lo r o a c e t ic  a c id  and  ra d io ­

a c t iv i ty  de te rm in ed  a s  d e s c r ib e d  in " M a te r ia l s  and  M e th o d s" .

- r - r
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Fig . 14. P ep tide  map o f  n a t iv e  MS2 c o a t  p ro te in .  Three mg. of 

pu rif ied  n a t iv e  MS2 c o a t  p ro te in  w ere  o x id iz e d  and  d ig e s t e d  w ith  

T PC K -treated  t ry p s in .  The re s u l t in g  dried  p e p t id e s  w ere  s u b je c te d  to 

e le c t ro p h o r e s i s  in b u f f e r EBN-I on W hatm an N o . 3mm f i l te r  p a p e r .  After 

a i r  d rying the  e le c t ro p h o re to g ra m , ch rom atography  w as  perform ed for 

8 to 10 hours  in buffer CBN- I .  Refer to  " M a te r ia l s  and  M eth o d s"  for 

co m p le te  d e t a i l s .
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PEPTIDE n  NGERPRINT OF NATIUF MS-? 
COflT PROTEIN

O Origin Chromatography
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F ig . 15. P ep tide  map o f the  in  v itro  MS2 d ire c te d  r e le a s e d  p e p ­

t i d e s .  A s ta n d a rd  2.0 m l. in c u b a t io n  m ixture  w as  in c u b a te d  for 40 m in­

u te s  a t  3 7 °C . The sam p le  w as  c e n tr i fu g e d  for two hours  a t  105,000 xg 

and  th e  su p e rn a ta n t  w as  f in g e rp r in ted .  Three mg. o f  ly so zy m e  w ere 

a d d ed  a s  a p ro te in  c a r r ie r  and  o x id a t io n ,  d ig e s t io n ,  and  f ingerp r in ting  

c a r r ie d  ou t a s  d e s c r ib e d  in  " M a te r ia l s  and  M eth o d s" .  The fingerp r in t  

w as  e x p o se d  to  Kodak 8 " xlO " X -ray  film for 10 d ay s  and  d e v e lo p e d .  A 

t ra c in g  w as  th e n  m ade o f the  ra d io -o p a q u e  sp o ts  a s  show n h e re .

/

v -  - ' - J
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F ig . 16. Effect o f  c h lo ram p h en ico l  on the  p e p t id e  map o f p e p t id e s  

r e l e a s e d  in  v i t r o . A s ta n d a rd  2.0 m l. in c u b a t io n  m ixture  w as  in c u b a te d  

for 40 m inu tes  a t  3 7°C  in  th e  p r e s e n c e  o f  2.5 pg ./m l.  o f  c h lo ra m p h en ico l .  

The p ro ced u re  a f te r  in c u b a t io n  w as  id e n t i c a l  to  th a t  o f  F ig .  15, and  a 

s ta n d a rd  f in g e rp r in t  w as  m ade o f th e  105,000xg  s u p e r n a ta n t .  D e ta i l s  o f  

th e  th re e  p e p t id e  m aps a re  d e sc r ib e d  in  " M a te r ia l s  and  M eth o d s" .

-V •
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F ig . 17. Effect of c h lo ram p h en ico l  on a c id  p re c ip i ta b le  co u n ts  o f  

the  r ib o so m a l bound in  v itro  p e p t id e s .  The in c u b a t io n  p ro ced u re  w as  

id e n t ic a l  to  th o s e  for F ig . 16, e x c e p t  the  su p e rn a ta n t  w as  rem oved from 

th e  105,000 xg c e n t r i fu g a t io n ,  and  th e  p re c ip i ta te  w as  s o lu b i l iz e d  in 

2 .0 m l. o f  b u f f e r LM SN. Three mg. o f  ly so zy m e  w as  th e n  a d d ed  and  the  

a c id  p re c ip i ta b le  r a d io a c t iv i ty  de te rm in ed  a s  d e sc r ib e d  in  " M a te r ia ls  

an d  M eth o d s" .

~ V ' ' vo .~ r.. ■ ■
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F ig . 18. P ep tide  map o f the  in  v itro  MS2 d ire c te d  r ibosom al 

bound p e p t id e s .  A s ta n d a rd  2.0 m l. in c u b a t io n  w as  cen tr i fu g e d  a t

105,000 xg  for 2 hours  and  the  s u p e rn a ta n t  rem oved . The p re c ip i ta te  w as  

s o lu b i l iz e d  in  2.0 m l. o f  buffer LMSN and 3.0 mg. of ly so zy m e  added  a s  a 

p ro te in  c a r r ie r .  The so lu t io n  w as  th e n  t r e a te d  a s  d e s c r ib e d  in  

" M a te r ia l s  and  M eth o d s" ,  and  a s ta n d a rd  p e p t id e  map w a s  m ade .

' --
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F ig . 19. Effect o f  c h lo ram p h en ico l  on the  p e p t id e  map o f the  

r ib o so m al bound in  v itro  p e p t id e s .  A s ta n d a rd  2.0 m l . in c u b a t io n  m ix­

tu re  w as  in c u b a te d  for 40 m inu tes  a t  37°C  in  th e  p re s e n c e  o f  2.5 Mg./m l . 

o f  c h lo ra m p h e n ic o l . The sam ple  w as  cen tr ifu g ed  for tw o hours  a t

105,000 xg and  a  s ta n d a rd  f in g e rp r in t  w as  m ade of th e  m a te r ia l  p r e c ip i ­

t a t e d  a t  105,000x g .  The d e ta i l s  o f  th e  p ro ced u re  a re  sum m arized  in 

" M a te r ia l s  and  M e th o d s" .  The com ple ted  f ingerp r in t  w as  e x p o se d  for 

10 d ay s  to  Kodak X -ray  f ilm , and  upon d ev e lo p m en t o f  th e  au to rad io g ram , 

a t ra c in g  w a s  m ade o f  th e  ra d io -o p a q u e  s p o t s .

* • • -  \  r  " - T  • ■ —
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Fig . 20 . Q u a n t i ta t iv e  e f fe c t  o f  c h lo ram p h en ico l  on th e  ribosom al 

bound in  v itro  t ry p t ic  p e p t id e s .  Each o f  the  f in g e rp r in ts  from F i g s . 18 

and  19 w ere  m a tch ed  to  th e i r  r e s p e c t iv e  a u to ra d io g ra p h .  U sing  a so f t  

le a d  p e n c i l ,  th e  a r e a s  on th e  f in g e rp r in ts  were  m arked c o rre sp o n d in g  to  

th e  ra d io -o p a q u e  a re a s  on th e  au to ra d io g ra p h .  T hese  a r e a s  on the  

f in g e rp r in t  w ere  cu t  ou t and  th e  r a d io a c t iv i ty  d e te rm ined  by l iq u id  

s c in t i l l a t io n  co u n t in g .  This  m ethodo logy  i s  d e sc r ib e d  in  d e ta i l  in  

" M a te r ia l s  and M e th o d s" .  The p o in ts  p lo t te d  r e p re se n t  th e  ra d io a c t iv e  

le v e l  o f  th e  cu t  ou t f in g e rp r in t  sp o t  m inus a con tro l  sp o t  from the  edge  

o f  th e  sam e f in g e rp r in t .

/ \
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F ig . 21. , Mg t i t r a t io n  cu rv e .o f  the  p u rif ied  in  v itro  s y s te m .  The 

c o n c e n tra t io n  of Mg++ w a s  v a r ie d  o v e r  the  range in d ic a te d  and  the  

0 .5 -m l . sam ple  w as  in c u b a te d  a t  37°C  for 40 m in u te s .  S tandard  c o n c e n ­

tra t io n s  of a l l  r e a g e n ts  w as  u s e d .  Total a c id  p re c ip i ta b le  r a d io a c t iv i ty  

w as  de te rm in ed  a s  d e s c r ib e d  in  " M a te r ia l s  and  M eth o d s" .



I,

M a g n e s iu m  I o n  T itra tio n  C u r v e — P u r if ied  S y ste m

C o n c e n tr a t io n  o f M a g n es iu m  I o n . . .  mM
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F ig . 22 . T itra tion  cu rve  o f  crude  in i t ia t io n  fac to rs  a g a in s t  the  

p u r if ied  s y s te m .  The am oun ts  of c rude  in i t ia t io n  fa c to rs  v a r ie d  a s  d e ­

s c r ib e d .  A s ta n d a rd  in c u b a t io n  volum e o f 0.5 m l. w as  u s e d .  In cu b a tio n  

w a s  for a d u ra tion  o f  30 m inu tes  a t  3 7 °C . C o n c e n tra t io n s  of a l l  o th e r  

in c u b a t io n  re a g e n ts  w ere  h e ld  c o n s ta n t .  R ad io ac tiv e  co u n tin g  i s  d e ­

s c r ib e d  in  " M a te r ia l s  and  M eth o d s" .
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I n it ia t io n  Factor T itra tio n  C u r v e — P u r if ied  S y ste m
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F ig . 2 3 .  K ine tics  o f  ^ C - a m in o  a c id  in co rp o ra t io n  o f  th e  purif ied  

s y s te m .  S tandard  0 .5 -m l. in c u b a t io n  m ix tu res  w ere  in c u b a te d  for the  

in d ic a te d  t i m e s , and  5% t r i c h lo r o a c e t ic  a c id  ad d ed  to  te rm in a te  in c o r ­

p o ra t io n .  The s a m p le s  w ere  th en  cou n ted  a s  d e sc r ib e d  in  " M a te r ia ls  

and  M eth o d s" .

- __ -T -
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Fig .  24 .  Effect  o f  ch lo ram phen ico l  on to ta l  a c i d  p re c ip i t a b le  

coun ts  o f  the  pur i f ied  s y s t e m .  S tandard  in cu b a t io n  s a m p l e s  of  0.5 ml.  

were  i n c u b a t e d  for 40 m inu tes  a t  37°C  w i th  the  i n d i c a t e d  c o n ce n t ra t io n  

of  c h lo ra m p h en ico l .  Rad ioac t ive  coun t ing  i s  d e s c r i b e d  in  " M a te r i a l s  

and  M eth o d s" .  . •
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Fig .  25 .  Effect  of  c rude  i n i t i a t i o n  fac to rs  on a pur i f ied  sy s tem  

r e - i n c u b a t e d  a f t e r  a 2 -h o u r  c en t r i fu g a t io n .  S tandard  com ple te  1.0-ml.  

m ix tu res  were  in c u b a t e d  for 4 m inu tes  a t  3 7 ° C , and  c h i l l e d  to  0°C in an 

i c e / s a l t  b a th .  The s a m p le s  were  c a re fu l ly  lo a d ed  in to  Beckman 2 .0-ml .  

n i t r o c e l lu lo s e  cen t r i fuge  t u b e s , c o n ta in in g  a  0.2 - m l .  pad  of  10% s u c r o se  

in buffer LM SN -16 , b r ing ing  the  fina l  volume to 2.0 m l . w i th  buffer  

LMSN-16. After c e n t r i fu g a t io n  a t  105,000 xg  for 2 hours  in the  Beckman 

M odel  L, the  s u p e r n a t a n t  w as  c a re fu l ly  removed l e a v in g  a  to t a l  volume 

in the  cen t r i fuge  tube  of 0.3 ml.  This 0 .3-ml .  s u c r o s e  pad  w a s  added  to 

a  c h i l l e d  1.0-ml.  in c u b a t io n  mixture  minus r ibosom es  and  mRNA. In 

a d d i t i o n ,  c rude  in i t i a t i o n  fac to rs  were  ad d ed  to  one s a m p l e .  After m ix­

in g ,  th e  s am p le s  w ere  in c u b a t e d  a t  37 °C  for 25 m inu tes  and  the  ra d io ­

a c t i v i t y  d e te rm ined  a s  d e s c r ib e d  in " M a t e r i a l s  and M eth o d s" .

» J- • V -  . :  — a . 1 -  '•  . - . . - z ?  r ._
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Fig .  26 .  D e p e n d e n c e  of the  pur i f ied  s y s te m  on th e  pH 5' fraction.  

The r e - i n c u b a t i o n  m ix tu res  c o n ta in ed  a l l  i n g re d ie n t s  a s  a  s tan d a rd  

s a m p l e , e x c e p t  t h a t  in one  c a s e  the  pH 5' f rac t ion  was  d e l e t e d .  The 

s a m p le s  were  removed a t  the  end  of t h e . 2 5 -m in u te  r e - i n c u b a t i o n  and 

te rm in a ted  w i th  5% t r i c h lo r o a c e t i c  a c i d .  Rad ioac t ive  coun t ing  w as  a s  

d e s c r ib e d / in  " M a te r i a l s  and  M ethods" .

►
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