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Abstract:
Inhibition of protein synthesis by chloramphenicol (CAP) was completely reversible on bacteriophage
T4 mRNA, nascent peptides, and host E. coli ribosomes after removal of CAP. This was established by
using T4D w.t. and T4 amber mutants amB17 and amN54 with density gradient polysome analysis and
polyacrylamide disc gel electrophoresis.

The mRNA continues to code for protein synthesis after transient treatment with CAP. This finding
was demonstrated by first treating T4 infected cells with rifampicin to prevent further mRNA synthesis,
which was followed by treatment with CAP to inhibit protein synthesis. The CAP was subsequently
removed and the utilization of mRNA which had been formed prior to rifampicin treatment was then
tested by observing the rate of C^14-arginine incorporation. This incorporation increased steadily
during the first 10 minutes after CAP removal, but 20 minutes later its rate had declined only slightly.
This result indicated that CAP treated mRNA remained functional and continued to code for protein
synthesis after removal of the antibiotic.

Messenger RNA-ribosome complexes which are subjected to CAP treatment do resume protein
synthesis after removal of the antibiotic. Nascent peptides labeled with C^14-leucine were trapped in
the polysome region of a sucrose density gradient if CAP was added to T4 infected cultures. With these
cells C^14-leucine could be chased out of the polysome region when C^l2-leucine was added after
CAP was removed. Eighty-five percent of this label was removed from this region in a 10 minute chase
indicating that ribosomal movement and function have been restored.

Nascent peptides are completed and form normal head coat protein after transient treatment with CAP.
This was demonstrated on polyacrylamide gels by the appearance of the head coat protein band when
labeled nascent peptides in CAP treated cells were completed after the removal of CAP to form normal
head coat protein.

This was demonstrated by a second method: incomplete head coat peptides of cells transiently treated
with CAP were chased into the protein aggregate region of polyacrylamide gels . Therefore, nascent
peptides in CAP treated cultures are completed and released normally after removal of the antibiotic. 
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ABSTRACT

In h ib itio n  o f p ro te in  s y n th e s is  by  ch lo ram p h en ico l (CAP) w as 
c o m p le te ly  re v e rs ib le  on b a c te r io p h a g e  T4 mRNA, n a s c e n t  p e p t id e s , 
an d  h o s t E . c o li r ib o so m es a f te r  rem oval o f CAP. This w as  e s ta b ­
l is h e d  by u s in g  T4D w . t .  and  T4 am ber m u tan ts  amB17 an d  amN54 w ith  
d e n s i ty  g ra d ie n t po lysom e a n a ly s is  and  p o ly acry lam id e  d is c  g e l 
e le c t r o p h o r e s is .

The mRNA c o n tin u e s  to  code for p ro te in  s y n th e s is  a f te r  t ra n s ie n t  
tre a tm e n t w ith  CAP. T his find ing  w as d e m o n stra ted  by f i r s t  tre a tin g  T4 
in fe c te d  c e l l s  w ith  rifam p ic in  to  p re v e n t fu rth e r mRNA s y n th e s is ,  
w h ich  w as fo llow ed  by  tre a tm e n t w ith  CAP to  in h ib it  p ro te in  s y n th e s i s . 
The CAP w as su b se q u e n tly  rem oved and  th e  u t i l iz a t io n  o f  mRNA w hich  
had  b een  form ed p rio r  to  rifam p ic in  tre a tm e n t w as th en  te s te d  by o b ­
se rv in g  th e  ra te  o f C ^ a r g i n i n e  in c o rp o ra tio n . This in c o rp o ra tio n  in ­
c re a s e d  s te a d i ly  during  th e  f i r s t  10 m inu tes a f te r  CAP re m o v a l, b u t 20 
m in u tes  la te r  i t s  ra te  had  d e c lin e d  on ly  s l ig h t ly .  This r e s u l t  in d ic a te d  
th a t  CAP tre a te d  mRNA rem ained  fu n c tio n a l and  co n tin u ed  to  code for 
p ro te in  s y n th e s is  a f te r  rem oval o f th e  a n t ib io t ic .

M e s se n g e r  RN A -ribosom e co m p lex es  w hich  a re  s u b je c te d  to  CAP 
tre a tm e n t do resum e p ro te in  s y n th e s is  a f te r  rem oval o f th e  a n tib io t ic .  
N a sc e n t p e p tid e s  la b e le d  w ith  C ^ - I e u c in e  w ere  trap p ed  in  th e  p o ly ­
som e reg io n  o f a  su c ro se  d e n s ity  g ra d ie n t if  CAP w as ad d ed  to  T4 in ­
fe c te d  c u l tu r e s . W ith  th e s e  c e l l s  C ^ - I e u c in e  cou ld  be c h a s e d  ou t o f 
th e  po lysom e reg io n  w hen C^2 - le u c in e  w as ad d ed  a f te r  CAP w as re ­
m oved . E ig h ty -fiv e  p e rc e n t o f th is  la b e l  w as rem oved from th is  reg ion  
in  a 10 m inu te  c h a s e  in d ic a tin g  th a t  rib o so m al m ovem ent and  func tion  
have  b een  re s to re d .

N a sc e n t p e p tid e s  a re  com ple ted  and  form norm al h ead  c o a t p ro­
te in  a f te r  t r a n s ie n t  tre a tm e n t w ith  CAP. This w as d e m o n stra ted  on 
p o ly acry lam id e  g e ls  by th e  a p p e a ra n c e  o f the  h ead  c o a t p ro te in  band 
w hen la b e le d  n a s c e n t  p e p tid e s  in  CAP tre a te d  c e l ls  w ere  co m ple ted  
a f te r  th e  rem oval o f CAP to  form norm al h ead  c o a t p ro te in .

This w as d e m o n stra ted  by a sec o n d  m ethod; in co m p le te  head  
c o a t p e p tid e s  o f c e l l s  t r a n s ie n t ly  t re a te d  w ith  CAP w ere c h a s e d  in to  
th e  p ro te in  a g g re g a te  reg io n  o f p o ly acry lam id e  g e ls  . T h e re fo re , 
n a s c e n t  p e p tid e s  in  CAP tre a te d  c u ltu re s  a re  com ple ted  an d  re le a s e d  
no rm ally  a f te r  rem oval o f th e  a n t ib io t ic .



INTRODUCTION

C hlo ram p h en ico l

. Ever s in c e  i t s  d is c o v e ry  in  1947, ch lo ram p h en ico l (CAP) has 

e lu d ed  the  b io c h e m is t in  h is  a ttem p t to  u n d e rs tan d  i t s  m echan ism  of 

a c t io n . S ince  ch lo ram p h en ico l w as found to  in h ib it  e f fe c t iv e ly  p ro te in  

s y n th e s is  in  b a c te r ia  (1 ,2 ,3 ) , i t s  common u se  in  m o le c u la r  b io logy  a s  a 

b io c h em ica l to o l m ade i t  d e s ira b le  th a t  i t s  ac tion , be u n d e rs to o d  in  

p re c is e  m o le c u la r  te r m s . The problem  h as  b een  s tu d ie d  im a g in a tiv e ly  

by m any w o rk e rs .u s in g  v a rio u s  b a c te r ia ,  p r in c ip a lly  E sc h e r ic h ia  c o l i . 

D e sp ite  th e s e  e ffo rts  i t s  m echan ism  is  ra th e r  poorly  u n d e rs to o d , p e r­

h ap s  b e c a u s e  i t  a c ts  on th e  com plex  '5OS rib o so m al su b u n it of b a c te r ia  

( 4 , 5, 6, 7, 8) .

C h lo ram p h en ico l d o es  n o t in te rfe re  w ith  am ino a c id  a c tiv a tio n  (9) 

nor w ith  th e  e s te r i f ic a t io n  o f t ra n s fe r  r ib o n u c le ic  a c id  w ith  th e se  a c ­

t iv a te d  am ino a c id s  (10). I t d o es  n o t in h ib it  b ind ing  o f am ino a c y l-  

tRNA to  rib o so m es (11,12,13,14) nor th e  b in d in g  of m e s s e n g e r

r ib o n u c le ic  a c id  (mRNA) to  r ib o so m es (7,15,16,17,18).
14In v itro  s tu d ie s  w ith  C -CAP h av e  d e m o n stra ted  a w eak  but 

s te r e o s p e c if ic  b in d in g  to  70S rib o so m es (19,13). This b in d in g  w as on 

th e  508 rib o so m a l p a r t ic le  and  w as re a d ily  re v e rs ib le  (4 ,20 ,13). A 1:1 

e q u iv a le n c e  b e tw een  the  num ber o f rib o so m es and  th e  num ber of bound 

CAP m o le c u le s  s u g g e s te d  th e  p re s e n c e  o f on ly  one b in d in g  s i te  for



CAP (13). O th er w orkers  find  th e  1:1 e q u iv a le n c e  a t  c o n c e n tra tio n s  

b e lo w  50 [ig/m l CAP b u t show  b in d in g  o f ap p ro x im a te ly  tw o m o lecu les  

o f C A P/ribosom e a t  200 ng /m l (5 ).

A n a ly s is  o f ly s in e  p e p tid e s  from a CAP in h ib ite d  p o ly a d en y lic  

a c id  in  v itro  p ro te in  s y n th e s is  sy s te m  in d ic a te d  the. fo rm ation  of la rg e r  

p e p tid e s  (4-11 ly s in e  re s id u e s )  w as in h ib ite d  (21). This w as e x ten d ed  

w hen  i t  w as show n th a t  n a s c e n t  p e p tid e s  d id  no t form on E . co li p o ly ­

som es, in  th e  p re s e n c e  o f CAP (5,17). T hese  re s u l ts  have  b een  in te r ­

p re te d  to  m ean th a t  CAP d ir e c t ly  b lo c k s  som e step , in  p e p tid e  bond 

fo rm a tio n .

The a n tib io t ic  p u ro m y c in , b e c a u s e  o f i ts  s tru c tu ra l  re sem b la n c e  

to  am inoacy l-tR N A , e n te rs  th e  am in o acy l s i te  o f rib o so m es  and b e ­

com es in c o rp o ra te d .in to  the  grow ing p e p tid e  c h a in . T his c a u s e s  the  

r e le a s e  o f the  p u ro m y c in -p o ly p ep tid e  chain , from th e  r ib o so m e . M any 

w orkers  have  found CAP to  in h ib it  th is  re a c tio n  (2 2 ,2 3 ,2 4 ,2 5 ,2 6 ) and 

have  a rg u ed  th a t  CAP in h ib ite d  th e  rib o so m al p e p tid y l t r a n s fe ra s e  r e ­

a c t io n . C arefu l a n a ly s is  of th e  .e ffec t o f g u an o sin e  tr ip h o sp h a te  (GTP) 

in  a s im ila r  sy s te m  c a u s e d  W eber and  D eM oss (27) to  r e je c t  the 

p e p tid y l t ra n s fe ra s e  re a c tio n  a s  m easu red  by the  purom ycin. in d u ced  

r e le a s e  o f p e p tid e s  from tRNA, b u t ra th e r  in h ib ite d  som e s te p  in  the  

p e p tid e  s y n th e s is  c y c le  p rio r to  th is  re a c t io n .

W hen am ino a c id  a u x o tro p h s  o f E . c o li Rel (RC ) w ere s ta rv ed  

for re q u ire d  am ino a c id s  RNA s y n th e s is  s to p s  and  the  po lysom e reg io n

2



3

in  su c ro se  d e n s i ty  g ra d ie n ts  w as found, to  be. red u ced  (1.8) or e n tire ly
-J- !

d e p le te d  (16). The a d d itio n  o f CAP a f te r  s ta rv a tio n  in  Rel ■' c e lls  r e ­

g e n e ra te d  norm al sed im enting , p o ly so m es in  one m in u te , w h ereas  8-10 

m in u tes  w ere, re q u ired  fo r an. e q u iv a le n t re g e n e ra tio n  w hen the  req u ired  

am ino a c id  w as ad d ed  to  s ta rv e d  c e l l s  in  the  a b se n c e  o f CAP: (16).

G u rg o , A p irio n , and  S c h le ss in g e r. (2 8) su g g e s t th a t  CAP un­

c o u p le s  rib o so m al m ovem ent from p e p tid e  bond fo rm ation  becau se- i t  

a llo w s  th e  co n tin u ed  form ation  o f p o ly so m es in  the  a b se n c e  of p ro te in  

s y n th e s is .  O th e r w orkers  h av e  d em o n stra ted ..th a t C ^ - I a b e le d  n a s c e n t

p e p tid e s  in i t ia te d  in. the  a b se n c e  o f CAP w ere no t c h a s e d .o f f  th e se
12

p o ly so m es during  a 90 second , c h a se  w ith  C -am in o  a c id s  in. the  p re s -
’ - -J-

e n ce  o f CAP (17). F u rth e rm o re , CAP g e n e ra te d  p o ly so m es in  Rel 

am ino a c id  s ta rv e d  c e l ls  d id  n o t c o n ta in  n a s c e n t  p e p tid e s . (16). The 

r e s u l ts  o f W eber and  D eM oss and  o f M orris and D eM oss w ere co n ­

firm ed-and. ex ten d e d  to  show; th a t  CAP prom oted 50S and  308 ribosom al 

su b u n its  in to  p o ly s o m e s , and th a t  CAP g e n e ra te d  p o ly so m es did  no t 

p o s s e s s  n a s c e n t  p e p tid e s  5 m in u tes  a f te r  the  rem oval o f the  a n tib io tic  

(18),. H ow ever, a f te r  25 m in u te s , la rg e  am ounts o f n a s c e n t  p e p tid e s  

w ere  p re s e n t in  th is  po lysom e re g io n .

A n a ly sis  o f n a s c e n t  p e p tid e s  on E . co li p o ly so m es to. re so lv e  the  

above  c o n tro v e rs ie s  have e n co u n te red  se r io u s  d i f f i c u l t i e s . T reatm ent 

o f E . c o li  w ith  CAP a llo w ed  co n tin u ed  RNA s y n th e s is  and  an  acc u m u la ­

tio n  o f CAP p a r t ic le s  (29) . T hese  p a r t ic le s  w ere co m p le ted  -and becam e



4

fu n c tio n a l a f te r  the  rem oval o f the  a n tib io tic  ; T herefore , any/ la b e le d ' 

am ino a c id s  ad d ed  a f te r  CAP rem oval can  becom e in c o rp o ra te d  in to  

rib o so m al p ro te in s  u sed  to  com plete; th e  CAP .p a r tic le s  . These: la b e led - 

rib o so m a l p ro te in s  w ould  o b scu re  n a s c e n t  p ep tid e  p ro tein , s y n th e s i s . 

A lthough w e ll d e f i n e d t h e .  po lysom e reg io n  o f E . c o ll la c k s  a predom ­

in a n t s p e c ie s  o f mRNA during  grow th w h ich  w ould code  for a s in g le

p red o m in an t p ro te in . In g e n e ra l •, jE . c o li  po ly som es .have no t b een  u s e -
'■ 'v

ful to o ls  in  the  s tu d y  o f th e  m echan ism  o f action , o f CAP •

The use. o f b ac te rio p h a g e . T4 c ircu m v en ts  some, o f th e s e  d if f ic u l­

t ie s  and  w as used . in. th e s e  s tu d ie s - to  con tribu te -to . know ledge  abou t 

th e  m echan ism  o f a c tio n  o f CAP. S p e c if ic a l ly  exam ined  were- the  fa te  

o f r ib o jso in es , mRNA, and  n a s c e n t  p e p tid e s  a f te r  t r a n s ie n t  trea tm en t 

w ith  CAP.

R atio n a le

W hen the  phage  T4 in fe c ts  a h o s t  bacterium , s e v e ra l  c h a ra c te r ­

i s t i c  e v e n ts  o c c u r . A fter in je c tio n  o f the  v ira l .DNA, -no fu rth er h o s t 

DNA or RNA s y n th e s is  occurs. (30,31). S y n th e s is  of h o s t  p ro te in  and 

.ribo;somes. is  a ls o  s topped , sh o rtly  a f te r  p h a g e  in fe c tio n  (32). Thus ,

• one  is  a llo w e d  to  t r e a t  T4 in fe c te d  E . c o li w ith  CAP' and  n o t induce  the  

form ation  o f CAP p a r t i c le s .  The fa te  o f  rib o so m es , mRNA. and  n a sc e n t 

p e p tid e s  can  now. be. s tu d ie d  by ..polysome, a n a ly s is  on su c ro se  d e n s ity  

g ra d ie n ts  .
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C e lls  in fe c te d  w ith  b a c te r io p h a g e  T4D p ro d u ced  po ly so m es n e a r  

th e  end  of the  e c l ip s e  p eriod  in, th e  phag e  in tr a c e l lu la r  l ife  c y c le . 

T hese  p o ly so m es w ere  o b se rv ed  a s  a p eak  m ig ra tin g  in  d e n s ity  .g rad i­

e n ts  a t  2808 (3 3 ). C hym otryp tic  c le a v a g e .o f  th e - is o la te d  n a s c e n t  p e p ­

t id e s  found in  th is  peak , re v e a le d  th a t  th e  m ajor p ro d u c t w as from 

phag e  g en e  23 (3 4 ). The g ene  23 p ro d u c t (P23) (35) w as show n to  be 

th e  m ajor h ead  c o a t  p ro te in .o f  m ature  T4 (36).

I t  w as found th a t  the  h ead  c o a t p ro te in  o f T4 m ade up. 85% o f th e  

to ta l  p h age  p ro te in  (3 7 ), and  th a t  60-70%  of p ro te in  s y n th e s is  o c c u r­

ring  la te  in  the-, p h age  life  c y c le  w as  d ev o ted  tO' p ro d u c tio n  o f th is  p ro ­

d u c t (38) . C o n s is te n t  w ith  th is  w as th e  find ing  th a t  th e  m agnitude o f 

th e  2 808 po lysom e p eak  in c re a s e d  w ith  in c re a s in g  tim e, a f te r  in fe c tio n  

. u n til a  maximum w as re a c h e d  la te  in  in fe c tio n  (3 4 ,3 9 );

I t  w as th e re fo re  p o s s ib le  to  s tu d y  a polysom e, re g io n  w hich  p o s ­

s e s s e d , a w e ll d e fin e d  peak, re s p o n s ib le  for the  s y n th e s is  o f the  m ajor 

p h ag e  p ro te in  w h ic h ,i t s e l f  w as w e ll c h a ra c te r iz e d .

Phage p ro te in s  , s p e c if ic a l ly  P23 , Were a s s a y e d  by d is c  g e l 

e le c tro p h o re s is . (40,41, 42,43) and  au to ra d io g ra p h y  (40; 41). This 

a llow ed , rap id  h igh  re s o lu tio n  a n a ly s is  o f phage, p ro te in s  by s ta in in g  or 

by  th e ir  in c o rp o ra te d  ra d io a c tiv ity  (4 '4). Amber m u tan ts  o f T4 (45,46,

47) w ere  u se d  to  e s ta b l i s h  gene  fu n c tio n  w ith  d is c r e te  p ro te ins, on poly­

a c ry lam id e  g e ls  (40,41). The p ro te in  P23 w as found to  be th e  m ajor
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, ra d io a c tiv e  band  in  th e s e  g e ls  d u rin g .la te , in fe c tio n  and. w as m onitored  

w ith  re la t iv e  e a s e .

In  c o n c lu s io n ,. the  u se  o f b ac te rio p h a g e  T4 to  study,-the m ech an ­

ism  o f a c tio n  o f CAP elim ina ted , m any problem s w hich  d ev e lo p ed  in .in  

v itro  E-. cp li s tu d ie s .  The a d v a n ta g e s- in c lu d e d : no new. h o s t ribosom e . 

s y n th e s is  a f te r  in fe c tio n  and  th e re fo re  no CAP p a r t ic le s  , a w e ll d e ­

fin ed  po lysom e reg io n  w hich  s y n th e s iz e d  p r in c ip a lly  th e  phage head  

c o a t p ro te in , and. p o ly acry lam id e  a n a ly s is  o f th is  c o a t p ro te in . T h ere ­

fo re , i t  was. p o s s ib le  to  determ ine, the  fa te .o f  mRNA, rib o so m es and 

. n a s c e n t  p e p tid e s  a f te r  tre a tm e n t and  rem oval o f CAP.



MATERIALS AND' METHODS

B ac te ria l and  B ac te rio p h ag e  S tra in s

The b a c te r ia l  s tra in s  u sed  w ere E sc h e r ich ia  c o ll  B w ild  type 

( w . t . )  , w h ich  is  a r e s tr ic t iv e  h o s t for T4 am ber m u ta n ts , o b ta in ed  

. from D r. P . D . S k a a r , M ontana  S ta te  U n iv e rs ity , B ozem an, M ontana 

and. E . c o ll  CR63 , w h ich  is  a s u p p re s s o r  h o s t for T4 am ber m utan ts  , 

o b ta in e d  from D r. G . S tr e is in g e r , U n iv e rs ity  o f O regon , E u g e n e , 

O regon .

The phag e  s t r a in s  u sed  w ere T4D w . t .  and  am ber m utan ts  

T4am B l7 and  T4am N 54. All w ere  o b ta in e d  from D r. G . S tr e is in g e r , 

U n iv e rs ity  o f O re g o n , E u g e n e O r e g o n .

M ed ia  and  S upp lem ents

_A11 m edia  an d  su p p lem en ts  w ere  s te r i l iz e d  in  an  a u to c la v e  for 20 

m in u tes  a t  15 pounds p re s su re  u n le s s  o th e rw is e - in d ic a te d . F ina l c o n ­

c e n tra tio n s  .are g iv en  in  gram s (g) or m illig ram s (m g ) /l i te r  (I) o f d i s ­

t i l le d  w a te r  u n le s s  o th e rw ise  in d ic a te d .

M9 m inim al (M 9): N a^H PO ^,5.9 g; KH^PC^, 3.0 g; N H ^C l, 1.0 g;

M gSO^-7 HgO, 0.25 g; g lu c o s e ,4.0 g; L -try p to p h an , 20mg; FeClg, 2.7 m g.
14All ex p erim en ts  em ploy ing  C - i s o to p e s  w ith  T4 w ere co n d u c ted  in  M9

m inim al: m e d ia .
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M 9S: Same a s  M9 m e d ia , e x c e p t th a t  the  o tg a n ic  com pounds . 

g lu c o se  and  L -try p to p h an  w e re .o m itte d . M9S w as u sed  in  s e r ia l  d i lu ­

tio n s  o f iT4 for determ in ing , phag e  t i te r s  .

N u trie n t b ro th  (NB): B acto N u trie n t Broth, lO.g; N a C lz 5 g .

I
N u trie n t a g a r  (NA): Bacto N u trien t Broth, 10 g; B acto-A gar ,'.I^g; 

N aC l, S g .

Top la y e r  a g a r  (TL): Bacto N u trie n t B roth,10 g; B acto-A gar,?  g;

NaGl, S g .

C h lo ram p h en ico l (CAP): This w as a g ift from Parke D ay is C o . 

and  w as u se d  in  2 m g/m l s to ck  s b lu t io n s . This u n a u to c lav e d  so lu tio n  

w as s to re d  a t  4 °C  and  re p la c e d  a t  l e a s t  once  p e r m bnth .

R ifam picin  (RIF): This is  a m a cro cy c lic  a n tib io t ic  u sed  to  in h ib it  

DNA d e p en d e n t RNA p o ly m e ra se , (4 8 ,4 9 ) . U n au to c lav ed  2 m g/m l s to ck  

s o lu tio n s  w ere s to re d  a t  4°C  in  th e  d a rk .

L -A rginine (C ^ -a rg ) :  2 m g/m l s to c k  so lu tio n s  u se d  in  C ^ -  

a rg in in e  e x p e r im e n ts .

L -L eu cin e  ( C ^ - I e u ) : 2 m g/m l s to c k  so lu tio n s  u sed  in  C ^ -  

le u c in e  e x p e r im e n ts .

U ra c il (C ^ -u ra c i l ) :  2 m g/m l s to c k  so lu tio n s  u se d  in  C ^ -u ra c i l

e x p e r im e n ts .
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B ac te ria l and  B ac te rio p h ag e  S tock  P rep a ra tio n

B ac te ria l s t r a in s ; E . c o ll B and  CR63 w ere grow n and  s to red  a t  

. 4 °C  on NA s la n ts  . C u ltu re s  w ere  tra n s fe rre d  to  new  s la n ts  once  p e r 

m onth to  e n su re  ra p id  g ro w th .o f the  o v e rn ig h t M9 m inim al c u ltu re s  .

B ac te rio p h ag e  s t r a in s : Phage s to c k  so lu tio n s  w ere  o b ta in ed  by 

.grow ing E. c o li  B to  5 XlO^ c e l l s /m l  a t  37°C  and- in fe c tio n  w ith  T4D 

w . t . a t  a m u ltip lic ity , o f in fe c tio n  (MOI) o f 5 . F ive m in u tes  a f te r  in ­

fe c tio n  th e s e  c e l ls  w ere  s u p e r in fe c te d  w ith  a m u ltip l ic i ty  o f s u p e r in ­

fec tio n . (MOSI) o f 5 . A eration  a t  37°C  in .a  N ew  B runsw ick  gyra to ry  

in c u b a to r  sh a k e r  w as co n tin u ed  fo r 4 hours w hen I m l/1 o f  chloroform  

w as a d d e d . The s u s p e n s io n  w as th e n  tho rough ly  m ix ed , a n d .a llo w ed  

to  s tand , for 15 m in u tes  a t  4 °C . The b a c te r ia l  d e b ris  from th is  ly s a te  

w as rem oved by sp in n in g  in  s te r i le  c en tr ifu g e  tu b e s  fo r 15 m inu tes a t  

SOOOrpm (4 0 8 0 Xg) in  th e  S o rvall c en tr ifu g e  GSA ro to r a t  4 °C . This 

s u p e rn a ta n t  w as p laced , in to  new  s te r i le  c en trifu g e  tubes, and  spun  for 

20 m in u tes  a t  SOOOrpm in .th e  sam e r o to r , This su p e rn a ta n t w as c a r e ­

fu lly  d e c a n te d  and  s to re d  a t  4°C  o v e r chloroform  and  had an. in i t ia l  

t i te r  o f 2 -B XIO10 T 4D /m l.

T hese, phage  s to c k  so lu tio n s  w ere c o n c e n tra te d  fu rth e r when n e c ­

e s s a r y ,  by  p e lle t in g  a t  12,000 rpm (21,500X g) for 60 m in u tes  in  the  

S o rvall GSA ro to r a t  4 ° C . The su p e rn a ta n t w as d e c a n te d  and the  p e l le t  

co v ered  w ith  5 ml o f co ld  LB: b u ffer and  a llo w ed  to  d is s o lv e , for 12 hours 

in ..the c o ld . The in so lu b le  d e b ris  w as rem oved by a f in a l low  sp ee d
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s p in . The o p a le s c e n t  su p e rn a ta n t w a s - t i te re d  and  d ilu te d  to  a w orking 

c o n ce n tra tio n , o f 2 -4 X 1 0 ^  T 4 D /m l. This s to ck  p re p a ra tio n  m a in ta in ed  

a s ta b le  t i te r  for up. to  12 m onths .

The p re p a ra tio n  o f T4 am ber m u tan t s to c k  s o lu tio n s  w as id e n tic a l  

to  th e  p re c e d in g  m ethod  e x c e p t th a t  E . c o ll CR63 w as used- in.-.place of 

E . c o li  B and  th e s e  c u ltu re s  w ere a llo w ed  to grow  for 8 hours w ith  

a e ra tio n  a t  3 7 °C .

B ac te rio p h ag e  A ssay

Phage, t i te r s  w ere  de term ined , by the  a g a r o v e rla y  m ethod (50) . 

S te rile  , 10 cm p e tr i  d is h e s  w ere f il ld d  w ith  20 ml o f NA. W hen th e se  

s o lid if ie d  th e y  w ere  d ried  a t  37°C  for a t  l e a s t  12 hours . Two and o n e -  

h a lf  ml o f s o f t  45°C  TL a g a r  w as in o c u la te d  w ith  0,2 0 ml o f a 5 X 10® 

c e l l s /m l  cu ltu re  o f Ev c o li B fo r- tite r in g  T4D w , t .  o r Ev c o li CR63 for 

-titering  T4 am ber m u tan ts  . Phage s e r ia l  d ilu tio n s  w ere  m ade w ith  

0.1 ml o f th e  a p p ro p ria te  d ilu tio n  ad d ed  to  the  TL a g a r  c o n ta in in g  the  

h o s t b a c te r ia .  This TL a g a r  w as m ixed and. poured, on to  th e  NA. p la te s .  

W hen, i t  had  h a rd e n e d , th e  p la te  w as d ev e lo p ed  a t  37°C  for 12 hours .

G row th T em pera tu res

The p re p a ra tio n  of phage  s to c k  so lu tio n s , grow th  of o v ern ig h t c u l­

tu re s  and  phage  t i t r a t io n s  w as c a r r ie d .o u t a t  3 7 °C . All o th e r stucjies 

w ere co n d u c ted  at- 30°C  in  o rd e r to  s lo w  phage in tr a c e l lu la r  d e v e lo p ­

m en t, th u s  a llo w in g  more tim e to  perform  ex p e rim en ta l p ro c e d u re s . At
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3 00 C , sp o n tan e o u s  h o s t ly s is  d id  no t beg in  u n til 40 min a f te r  in fe c tio n  

. in  M9 m inim al m edia  .

One S tep G row th C urves

T h ese  w ere c a rr ie d  ou t a cc o rd in g  to the  m ethod o f E llis  and 

D elb ruck  (51) , e x c e p t th a t  th e  c u ltu re .sa m p le s  w ere tre a te d  w ith  ■ 

chloroform  to  ly s e  the  b a c te r ia  in  w h ich  phage  e n d o ly s in  w as bfeing 

form ed (52). Each sam p le  w as s e r ia l ly  d ilu ted ; in  M9S and tite re d  by 

the  a g a r  o v e rla y  m e th o d .

B io ch em ica ls  , R eag en ts  , and S u p p lies

H y d ro ch lo ric  a c id : R eagen t g rade ; E . I . D upont C om pany.

G la c ia l a c e t ic  a c id ; R eagen t g rade; E . I . D upont C om pany.

T r ic h lo ro a c e tic  a c id : A n a ly tic a l re a g en t; M a llin ck ro d t C hem ical 

W o rk s .

S u c ro se : M ann U ltra  Pure; M ann R esearch  L ab o ra to rie s  , In c . 

Y e as t RN A: Y e as t n u c le ic  a c id ; M ann R esearch  L ab o ra to ries  ,

I h c .

PRO: 2 ,5 -D iphen .y laxoza le ; P ack ard  In stru m en t Co ., In c .

H yam ine: H ydroxide of hyam ine 10X; P ackard  In s tru m en t C o .,

In c .

L ysozym e: Egg w h ite , 3 X c ry s ta l l iz e d ;  Sigma C h em ica l Com­

pany  .
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Trizm a; Trizm a B a s e , re a g e n t g rade ; Sigma C h em ica l C om pany.

D N ase  I; D e o x y rib o n u c le a se , R N ase free, 215 0 u /m l; W orth ing ton  

B iochem ica l C o rp o ra tio n .

R N ase B: R ib o n u c lea se  , ch rom ato g ra p h ic a lly  pure ; W orth ing ton  

B iochem ica l C o rp o ra tio n .

X -ray  film: 8 "X 1 0 " , NS54T; E astm an  Kodak C o .

Kodak lig u id  d e v e lo p e r ; E astm an  Kodak C o.

Kodak lig u id  f ix e r ; E astm an  Kodak C o.

M illip o re  f i l t e r s ; HAWP, n i tro c e llu lo s e ;  M illip o re  C o rp o ra tio n . 

R ad io iso to p e s

The fo llo w in g  C ^ - is o to p e s  w ere  o b ta in e d  in  50 uC i lo ts  from 

A m ersh am -S earle  C o rp o ra tio n . They w ere d ilu te d  to  a w ork ing  c o n c e n ­

tra t io n .o f  I iuC i/100 pi w ith  g la s s  d is t i l le d  w a te r  and  s to re d  frozen  

w hen  n o t in  u se  .

■14
L-A rgin ine-C 14(U ) (C -a rg ): 312 m C i/m M .

L -L eucine-C 14(U ) (C 14-Ieu ): 312 m C i/m M .

U r a c i l - 2 -14 (C14-U rac il): 52.5 m C i/m M .

Buffers

The fo llo w in g  b u ffe rs  w ere  m ade w ith  g la s s  d is t i l l e d  w a te r  w h ich  

w as h o u se  d is t i l le d  w a te r  r e d is t i l le d  in  a w a te r  d is t i l la t io n  a p p a ra tu s  .



The pH o f th e s e  bu ffe rs  w as a d ju s te d  u s in g  g la s s  d is t i l le d  

h y d ro ch lo ric  a c id  w h ich  w as th e  m idd le  th ird  d i s t i l la te  o f a 1:1 d i lu ­

tio n  w ith  g la s s  d is t i l le d  w a te r  o f  re a g e n t g rade  h y d ro ch lo ric  a c id .

T hese  bu ffe rs  w ere tre a te d  w ith  2 d ro p s/ I  o f a  b e n to n ite  s u s p e n ­

s io n  for 2 h o u rs . This co llo id  w as know n to b ind R N ase and  w as 

th e re fo re  u sed  to  rem ove th is  enzym e from the  b u ffe rs  .

B; Trizm a b a s e ,  12.11 g; K C l, 3.72 g; Mg(OAc)  ̂ , 2.359 g . T hese 

c ry s ta l l in e  com pounds w ere d is s o lv e d  in  I l i te r -w a te r  and  the  pH 

a d ju s te d  to  7.8 a t  4 °C . A fter tre a tm e n t w ith  b e n to n ite ,  th is  bu ffer w as 

f i l te re d  w ith  HAWP M illip o re  f i l te r s  in to  h e a t tre a te d  re a g e n t b o ttle s  

and  s to re d  a t  4 °C .

LB: Trizm a b a s e ,  12.11 g; N a C l , 5.84 g; Mg(OAc) ^ , 2.16 g . This 

b u ffe r w as tre a te d  and  s to re d  the  sam e a s  Buffer B a b o v e .

R ib o n u c lea se  Rem oval

R ib o n u c lea se  (RN ase) w as rem oved from e x p e rim en ta l hardw are 

by  tw o m ethods: h e a tin g  for 2 hours a t  210°C in  a h o t a ir  oven  or a u to ­

c la v in g  fo r 15 m in u tes  a t  IS p o u n d s  p re s s u re .  RN ase w as rem oved from 

b u ffe rs  by  ad d in g  2 d ro p s /1  o f a b e n to n ite  s u sp e n s io n  w h ich  w as r e ­

m oved by  f i l t ra t io n  th rough  M illip o re  f i l te r s  .

T his p ro ced u re  w as  p a r tic u la r ly  im p o rtan t in  p o ly so m e a n a ly s is  

b e c a u s e  an y  re s id u a l  RN ase on g la s s w a re  or in  b u ffe rs  c o n trib u te d  to  

the 70S rib o so m e re g io n s  by d e g ra d a tio n  of m RNA-ribosom e co m p lex es  .

13
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G en era l E xperim en ta l P rocedure

An o v e rn ig h t cu ltu re  of E . c o li B w as d ilu te d  1:10 w ith  p re ­

w arm ed M9 and. a e ra te d  g e n tly  a t  30°C  in  a N ew  B runsw ick m etab o ly te  

w a te r  b a th  s h a k e r . The o p tic a l  d e n s i ty  (O. D .) o f th is  c u ltu re  w as 

m e asu re d  p e r io d ic a l ly  w ith  a B ausch  and  Lomb S p ec tro n ic  20 s p e c tro ­

p h o to m ete r a t  52 5 mp. u n til 0.2 0 0 . D. w as re a ch e d  (ap p ro x im a te ly  

'2 XlO8 c e l l s /m l ) .

T hese  c e l l s  w ere  in fe c te d  a t  O.D. = 0.2 0 w ith  T4D w . t .  or T4 

am ber m u tan ts  a t  an  MQI = 5  and  a f te r  5 m inu tes su p e r in fe c te d  vi/if'h an  

MOSI== 5. This c u ltu re  w as d iv id ed  in to  10. or 20 ml a liq u o ts  ah d z  

a e ra te d  a t  30°C  u n til 15 or 20 m inu tes a f te r  in fe c tio n . C a rb o n ^ -  

is o to p e s  w ere ad d ed  a t  th e s e  tim es s in c e  the s y n th e s is  o f  head  c o a t 

p ro te in  (P23) was- o ccu rrin g  a t  a n e a r  m axim al ra te  and. 2 0 m inu tes s t i l l  

rem ain ed  in  the  phage  in tr a c e l lu la r  l ife  c y c le  befo re  sp o n ta n e o u s  ly s is  

b e g a n . O n e -h a lf  o r o n e .M-Ci a liq u o ts , of C ^ -a rg in in e  o r C ^ - Ie u c in e  

la b e le d  th e se , in fe c te d  c e l ls  a d e q u a te ly  during a one m inute, p u ls e .

This p roduced  a w e ll d e fin ed  po lysom e re g io n .

The a n tib io t ic s  RIF and CAP w ere u sed  a t  v a ry in g  tim es a f te r  in ­

fec tio n , bu t a lw ay s  a t  c o n c e n tra tio n s  w here mRNA or p ro te in  s y n th e s is  

w ere c o m p le te ly  in h ib ite d . W h en ev er C ^ - is o to p e s  or CAP w ere r e ­

m oved from th e s e  c e l l s  one o f tw o m ethods w as u sed : a 1:100 d ilu tio n  

o f c e l l s  w ith  prew arm ed M9 or by  p e lle tin g  the  c e l ls  a t  BOOOrpm for 5 

m in u tes  in  th e  S o rvall SS-I r o to r . T hese  c e l ls  w ere ch illed - before
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cen tr ifu g a tio n , to. 0°C  w ith  o n e -h a lf  volum e of ic e  and  w ere re s u s p e n d ­

ed in  prew arm ed. M9. to  co n tin u e  th e  ex p erim en t.

C arbon i4-a rg in in e  , ‘C ^ - le u c in e  , and C ^ - u ra c il  w ere e f fe c t iv e ly  

c h a s e d  w ith  50 [ig/m l o f th e  u n la b e led  co rre sp o n d in g  com p o u n d . C e ll 

grow th w as s to p p ed  by pouring  the  c e l l s  over o n e -h a lf  volum e o f ic e  

and  p e lle tin g  them, in  the  S orvall c e n tr i fu g e .

C e ll L y s is  P rocedure

411 steps, in. th is  ly s is  p ro ced u re  w ere carried , o u t a t  0 -4 °C  u n ­

le s s  o th e rw ise  in d ic a te d .

The su p e rn a ta n t from p e lle te d  c e l l s  w as poured  o ff and  any  r e ­

m ain ing  d ro p le ts  w iped  from th e  upper h a lf  o f the  c e n tr ifu g e  tu b es  .

The: rem ain ing  c e l l  p e l le t  w as re su sp e n d e d  w ith  0.7 ml co ld  LB; bu ffer 

and  th e n  q u a n ti ta t iv e ly  tra n s fe rre d  tO' h e a t  tre a te d  12 ml c o n ic a l c e n ­

trifu g e  tu b es  .

Egg w h ite  ly so zy m e  (1.2 mg) w as ad d ed  in  0.3 ml o f LB> buffer 

along, w ith  4 |J.g o f d e o x y rib o n u c le a se  (D N ase I ) . T h ese  c e l ls  w ere 

frozen, in. a -9 0 °C  a lc o h o l b a th , thaw ed, for 30 m in u tes  in  an  ic e -w a te r  

b a th , h e a te d  to  30OC. for 2 m inu tes and  th en  c h ille d  .to 0 °C . This 

f r e e z e - th a w .tre a tm e n t w as r e p e a te d . T h e se -ly se d  c e l l s  w ere im m edi­

a te ly  la y e re d  on su c ro se  d e n s ity  g ra d ie n ts  w ith  h e a t  t re a te d  I ml s e r o ­

lo g ic a l  p ip e t te s ,  or m ade SM w ith  re s p e c t  .to u rea by  add ing  0.48 g o f 

c ry s ta l l in e  u rea  to  th e  c e l l  ly s a te  a s  th e  experim ent, re q u ire d .



This ly s is  p ro ced u re  w as u sed  fo r a ll  T4D s tu d ie s  e x c e p t for 

am ber m u tan t T4amN54 w hich  w as ly s e d  by th ree  c y c le s  o f f r e e z e ­

th aw in g  w ith o u t h e a tin g  to  30OC .for 2 m inu tes . T hese  ly s e d  c e l ls  w ere 

spun  a t  4°C. for 30 m inutes, a t  h ig h  sp e e d  in  the  #221 sw in g in g  b u ck e t 

head, o f the  In te rn a tio n a l c l in ic a l  c e n tr ifu g e . This s u p e rn a ta n t w as 

th en  c a re fu l ly  la y e re d  on 15-30% su c ro se  g ra d ie n ts .

R ib o n u c lea se  T reatm en t

A c la s s ic a l  m ethod, in  ch a rac te riz in g .-p o ly so m e  m a te ria l : 

found sed im en tin g  fa s te r - th a n  70S ribosom e m onom ers in  a su c ro se  

d e n s i ty  g r a d ie n t , is  to  d e m o n stra te  th e ir  s e n s i t iv i ty  to  lo w  le v e ls  o f 

R N ase (5 3 ). If  th is  f a s t  sed im en tin g  m a te ria l re p re se n ts , p o ly som es i t  

is  d eg rad ed  and  found a s  a la rg e  p eak  in  the  70S re g io n  o f a d e n s ity  

g ra d ie n t .  The c e l l  ly s a te  in  th e s e  s tu d ie s  w as tre a te d  w ith  2 |ig /m l 

R N ase B for 10 m in u tes  a t  3 0 ° C . T his ly s a te  w as .im m ed ia te ly  c h ille d  

to  0°C  and. la y e re d  on su c ro se  g ra d ie n ts  .

SucfosO D e n s ity  G rad ien t P rocedure

P rep ara tio n : S u cro se  so lu tio n s  o f 15, 30 a n d .50%' (w /w ) w ere 

m ade by ad d in g  150, 300 and .500 g r e s p e c tiv e ly  of s u c ro s e  to m ake one 

k ilogram  so lu tio n s  . T hese  w ere s to re d  in  s te r i le  re a g e n t b o ttle s  in  th e  

4 C  co ld . room, w here  th e y  w ere form ed in to  l in e a r  g ra d ie n ts .  The .gra)- 

d ie n ts  w ere c o n s tru c te d  by add in g  0.5 ml 50% su c ro se  to  the  bottom, o f 

Sp inco  s w 2,5.3 ro to r c e l lu lo s e  n i tr a te  cen trifu g e  tu b e s ,  th en  lay e rin g  a
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l in e a r  13 m l, 15 to  30% (w /w ) s u c ro s e  g ra d ie n t in to  th e s e  tu b e s . The 

g ra d ie n ts  w ere made, up a t  l e a s t  s ix  h ou rs p rio r to c en tr ifu g a tio n  so  

th a t  s l ig h t  d e n s ity  ir re g u la r i t ie s  cou ld  e q u ilib ra te .

■ C e n tr ifu g a tio n : One ml o f c e l l  ly s a te  w as c a re fu lly  la y e red  on to  

th e s e  g ra d ie n ts  w ith  h e a t - t r e a te d  I ml s e ro lo g ic a l p ip e t te s .  They w ere 

spun  2.25 hours a t  25,000 rpm in  th e  Sp inco  L-2 u ltra c e n tr ifu g e  sw 25.3  

ro to r . At the  c o n c lu s io n  o f the  run the  ro to r w as a llo w ed  to  stop  w ith  

the  c en trifu g e  b rake  in  the  OFF p o s i t io n . The c e n tr ifu g e  b u c k e ts  w ere 

rem oved from th e  ro to r and  s to re d  in  a re fr ig e ra to r  u n til f ra c tio n a tio n .

F ra c tio n a tio n : S ix teen  drop frac tio n s , o f th e  s u c ro se  d e n s ity  

g ra d ie n t w ere c o lle c te d  in- h e a t - t r e a te d  12 X 150 mm tu b e s  w ith 'a  d ro p ­

co u n tin g  fra c tio n  c o lle c to r  by p u n c tu rin g  the  bottom  o f the  g rad ien t 

tu b e . D uring fra c tio n a tio n  the  g ra d ie n t w as he ld  in  a  4°C  coo ling  

ja c k e t .

P re c ip ita tio n  and  P la tin g  P rocedure  for D e n s ity  G rad ien t F rac tio n s

C arrie r  y e a s t  RNA (I m g /g ra d ie n t frac tion ) w as added, to e ac h  

f ra c t io n , tho ro u g h ly  m ix e d , and c h il le d  to  O0 C . T h ree -fo u rth s  ml of 

co ld  10% tr ic h lo ro a c e t ic  a c id  (TCA) w as added  to  e a c h  f r a c t io n , m ix e d , 

and  th e  re s u lt in g  p re c ip ita te  a llo w ed  to  f lo c u la te  a t  4 °C  for a t  l e a s t  

30 m in u te s .

The p re c ip ita te  from e a c h  fra c tio n  w as c o lle c te d  on M illipo re  

f i l te r s  u s in g  a 30 sam p le  M illip o re  m an ifo ld . T h ese  f i l te r s  w ere

17
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w ashed , tw ice  w ith  2 -3  ml o f 5% TCA in. o rder to  w a sh .o u t a ll  u n p re c ip i­

ta ted . r a d io a c tiv i ty .

T hese  .f il te rs  w ere  m ounted on co p p er d is c s  w h ich  w ere. p la ce d  

•:in  d is c  h o ld e r s , dried, fo r 10 m inu tes a t  160°C , a llo w ed  to  coo l to  room 

tem p era tu re  and  counted, in. a N u c le a r  C hicago ' low - backg round  p la n -  

c h e tte  c o u n te r .

A cid ic  P o ly acry lam id e  U rea D isc  G el E lec tro p h o re s is

T hese  p ro ced u res  w ere c a rr ie d  o u t a cco rd in g  to  th e  m ethods o f 

D a v is .(42) w ith  the. fo llow ing  m o d if ic a tio n s . A cid ic  p o ly acry lam id e  

g e l p ro ced u res  and  so lu tio n s  w ere ad o p ted  from R eis fie ld . (54) a n d .th e  

in co rp o ra tio n  o f  SM urea in to  th e s e -g e ls  from H osoda and  L ev in tha l 

. (4 0 ). A fter s e p a ra t io n .o f  the  T4 p ro te in s  , fo llow ed by  s ta in in g  and d e -  

s ta in in g ,. th e s e  g e ls  w ere s liced , lo n g itu d in a lly  and  d ried  by the  m e th - 

■ o d s  o f F a irb an k s  (4 4 ).

L iquid  S c in ti l la t io n  C oun ting  o f P o lyacry lam ide  G els
I . I

The s e p a ra tio n  g e l po rtion  o f p o ly acry lam id e  g e ls  c o n ta in in g  ' '

C "^-iso tope ..to  b e -a s s a y e d  b y ,liq u id  s c in t i l la t io n  co u n tin g  w ere s l ic e d  

. in to  0.5 cm. len g th s , im m ed ia te ly  a t  th e  co n c lu s io n , o f  e le c tro p h o re s is  

- w ith o u t fix ing  in. 7% a c e t ic  a c id  o r sta in ing , the  p ro te in . Each frac tio n  

w as p la c e d  in  a 12 X150 mm Pyrex tu b e  and. f in e ly  ground w ith  a hom o- 

g e n iz e r .  Otie m il l i l i te r  of hyam ine p ro te in  s o lu b il iz e r  w as added  to 

e a c h  fra c tio n  and  a llo w ed  to  s tan d , for .12 hours, to e x tra c t  a l l  p o s s ib le
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p r o te in . T hese  hyam ine -Solutions w ere  p la c e d  in  ,v ia ls  w ith  10 ml o f 

s c in t i l la t io n , flu id  c o n ta in in g  -507'ml to lu e n e  , 415 ml a b so lu te  e th a n o l ,

77 ml form am ide , and. 2.9 g P P O /lite r . T hese sam p les  w ere coun ted  in  

• a N u c le a r  C h icag o 1 liq u id  s c in t i l la t io n  sp e c tro m e te r .

. A utoradiogram  T echnique
• 14A utoradiogram s o f C . -T4 p ro te in s  w ere  m ade by d ry ing  the- p o ly ­

ac ry lam id e  g e ls  a cco rd in g  to the  m ethods o f F a irb an k s (44) and. p la c in g  

th e s e - f la t ,  d ried  g e l s l ic e s  in  X -ray  film  c o n ta in e rs . The X -ray  .film 

w as ex p o sed  to  th e  C 14-Iso to p e  in..the d ried  g e ls  fo r v a ry in g  le n g th s  o f 

- tim e , b u t com m only fo r 24 hours w hen I |_iCi C 14-Ie u c in e  w as pu lsed , for 

I m inute in to  20 ml o f T4 in fe c te d  E . c p li  B- a t  3 0 °C .

T h e se ,f ilm s  w ere d ev e lo p ed  w ith. Kodak liq u id  d e v e lo p e r for 4 

m in u tes  and. d ev e lo p m en t stopped, w ith  d ilu te  a c e t ic  a c id  trea tm en t for 

I m in u te . The film s w ere fix ed  w ith  Kodak liq u id  f ix e r for 10 m inu tes , 

■soaked in  d is t i l le d  w a te r  for 30 m in u tes  , and. a ir  d r ie d .

Term inology

Polysom e: In -this m a n u sc rip t the  term .po lysom e d.s a p p lie d  to  ma­

te r ia l  sed im en tin g  f a s te r  than. 70S -ribosom al monomers- in  su c ro se  

d e n s i ty  g r a d ie n ts . I t w as c o n s id e re d  to  c o n ta in .r ib o so m es  he ld  to ­

g e th e r  by mRNA (55 ,56 ,57) w hich  can  be degraded , w ith , p a n c re a tic
I

. f ib o n u c le a s e .(RNase) form ing free  70S rib o so m es b u t n o t deg rad ed  w ith  

p ro te in a s e s  o r D N ase  (53). The s i te  o f c e l lu la r  p ro te in , s y n th e s is  w as
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co n sid e red ; to  be-the- po lysom e b e c a u s e  C -am in o  a c id s  could be

12• p u ls e d  in to  i t  and  th en  c h a se d  o u t w ith  C -am ino  a c id s  during p ro te in  

s y n th e s i s .

Amber m u ta n ts : T hese  are  m u ta tio n s  in. T4 w hich  c a u se  p o ly p e p ­

tid e  ch a in  te rm in a tio n  p rem a tu re ly . They a re  the  r e s u l t  o f a b a se  

m u ta tio n  w hich  c o n v e r ts  an  am ino a c id  sp ec ify in g  codon, in to  the  b a se  

.. s e q u e n c e  UAG, w h ich  s ig n a ls  c h a in  te rm in a tio n .

20



EXPERIMENTAL RESULTS

E ffec t o f CAP and  RIF on M ature Phage Form ation

The co n tin u ed  grow th o f b a c te r ia  a f te r  a b r ie f  tre a tm e n t w ith  CAP 

h as  b e en  e x te n s iv e ly  s tu d ie d  (58 ,59 ,60) b u t l i t t le  is  know n ab o u t the  

r e v e r s ib i l i ty  o f p ro c e s s e s  in  phage  in fe c te d  b a c te r i a . The f i r s t  s te p  in  

th e  p re s e n t  s tu d ie s  ex am in es  the  s e n s i t iv i t i ty  of th e  phag e  grow th to  

CAP and RIF and  the  k in e tic s  o f phage  fo rm ation  a f te r  t r a n s ie n t  a n t i ­

b io tic  t r e a tm e n t .

The d a ta  in d ic a te d  in  F ig s . I an d  2 show  th a t  form ation, o f m ature 

phag e  w as c o m p le te ly  in h ib ite d  by  8 dg /rn l CAP or 40 U g/ml R IF. T hese  

in h ib itio n  cu rv es  w ere  u se d  to  s e le c t  a n tib io t ic  c o n c e n tra tio n s  w here 

the  bu lk  o f p ro te in  s y n th e s is  and v ir tu a l ly  a ll  th e  m ature  phag e  form a­

tio n  w ere  in h ib i te d .

The e f fe c t  o f 50 u g /m l CAP on p h ag e  p ro d u c tio n  w as  co m p le te ly  

re v e rs ib le  (F ig . 3 ). By c o n t r a s t , the  e f fe c t  of 50 iag/m l RIF on phage 

p ro d u c tio n  w as ir re v e rs ib le  (F ig . 4 ). No reco v ery  in  phag e  p roduction  

w as found w hen  RIF t re a te d  c e l l s  w ere d ilu te d  1:100 in to  f re s h  p re ­

w arm ed M9 m e d ia , o r when. RIF w as re ta in e d  in  the  c u ltu re s  th roughou t . 

th e  e x p e rim en t.

E ffec t o f CAP on T4 P o lysom es

In fe re n c e s  reg a rd in g  th e  e f fe c t  o f CAP on p o ly so m es and  th e ir  

c o n s t i tu e n ts  ( r ib o so m e s , mRNA, and  n a s c e n t  p e p tid e s)  co u ld  no t be
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m ade from th e  p re c ed in g  ex p erim en ts  . By u sin g  the  T4 sy s te m , the  

fo llow ing  q u e s tio n s  cou ld  be po sed ; is  mRNA a llo w ed  to  code for fu r­

th e r  p ro te in  a f te r  CAP in h ib itio n ; do tra n s ie n t ly  in h ib ite d  ribosom es 

co n tin u e  to  s y n th e s iz e  p ro te in ; do n a s c e n t  p e p tid e s  co m ple te  norm ally  

a f te r  rem oval o f CAP ?

R apid ly  sed im en tin g  p o ly so m es w dre found in  15-30% su c ro se  

g ra d ie n ts  w hen T4D in fe c te d  E . c o li B w ere ly se d  n e a r  the  end of the 

e c l ip s e  p e rio d  (3 3 ,3 4 ). This polysom e, reg io n  c o n ta in e d  a re la tiv e ly  

h o m o g en o u s , w e ll defined , p eak  a t  g ra d ie n t f ra c tio n s  10-15 a s  d e te c te d  

by C ^ - Ia b e le d  n a s c e n t  p e p tid e s  (F igs . 5 , 1 3 )  or C ^ - Ia b e le d  mRNA 

(F ig . 9 ). This po lysom e reg io n  w as ex trem ely  la b ile  to  low  le v e ls  of 

R N ase B and  w as m oved from g ra d ie n t fra c tio n s  10-14 to  frac tio n s  

21-22 w h ich  re p re se n te d  free  70S rib o so m es (F ig s . 5, 7, 9, 14). The 

p re s e n c e  o f 70S rib o so m es in  fra c tio n s  21-22 w as v e r if ie d  by  s e d i­

m enting  p u rif ied  70S p re p a ra tio n s  in to  15-30% su c ro se  d e n s ity  

g r a d ie n ts .

Q u a n tita tiv e  d ifferences, in  re fe re n c e  po lysom e p e a k s  re su lte d  

from v a rie d  ly s is  p ro c e d u re s  w ith  egg  w h ite  lysozym e (F ig . 6). Two 

c y c le s  o f f r e e z e - th a w  ly s is  re s u lte d  in  a smafll po lysom e p e a k , w h ile  

tw o c y c le s  o f f r e e z e - th a w  ly s is  w ith  tw o m inu tes o f h e a t  a t  30°C  d ra ­

m a tic a lly  in c re a s e d  th is  p e a k . H o w ev d r, w hen th is  h e a tin g  w as in ­

c re a s e d  to  four m in u tes  , d e g ra d a tio n  o f po lysom es and  th e  a p p ea ran ce  

o f a 70S p eak  o c c u r re d .
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W hen Ci4-a rg in in e  w as p u lse d  in to  T4D w . t .  po lysom e p e ak s

(F ig . 7) , th en  c h a s e d  for 10 m in u tes  w ith  10 t-ig/ml C - a r g in in e , an u n -

u n e x p ec te d  r e s u l t  w as found . In s te a d  o f b e in g  re a d ily  rem o v ed , the 
14C - le v e l  in .th e  p eak  w as in c re a s e d  d ra m a tic a lly , a s  com pared  to  the  

14I m inu te  C -a rg in in e  p u l s e . The u n c h a se d  po lysom e p eak  w as com ­

p le te ly  s e n s i t iv e  to  RN ase (F ig . 7 ), w h ile  the  .chased , p eak  w as e n ­

t i r e ly  R N ase r e s i s ta n t  (F ig . 8 ). Thus , T4D. po lysom e C ^ - n a s c e n t  

p e p tid e s  w ere c h a s e d  in to  an  RN ase r e s is ta n t  p eak  w h ich  w as su p e r­

im p o sed  on the  R N ase s e n s i t iv e  po lysom e p eak  in  the  d e n s ity  

g ra d ie n ts  (F ig . 8) .
14O nly  a sm all am ount of C -u r a c i l  w as in c o rp o ra te d  in to  mRNA in  

th e  p re s e n c e  o f R IF . This w as d e m o n stra ted  w ith  a c u ltu re  co n ta in in g  

100 p g /m l RIF w ith  a 5 m inute C"^ -u rac il p u ls e  (F ig . 9) . The C"^ -u rac il 

in c o rp o ra te d  in to  th is  po lysom e reg io n  bo th  in  the  a b s e n c e  and p re s ­

en ce  o f RIF w as e n tire ly  RN ase s e n s i t iv e .  S ince RIF e f fe c t iv e ly  

s to p p e d  s y n th e s is  o f mRNA, i t  w as u se d  to  exam ine p ro te in  s y n th e s is  

d ire c te d  by mRNA m ade p rev io u s  to  th e  tra n s ie n t  tre a tm e n t w ith  CAP in  

o rd er to  a n sw e r th e  fo llow ing  q u e s tio n . Is  mRNA a llo w ed  to code for

fu rth e r p ro te in  s y n th e s is  a f te r  rem oval o f CAP?
14W hen C -a rg in in e  w as ad d ed  a t  I, 10, and 20 m in u tes  a f te r  the

1 14rem oval o f RIF from c u l tu re s ,  a  s te a d y  lo s s  in  C - in c o rp o ra tio n  w ith  

in c re a s in g  tim e w as o b se rv ed  (F igs . 10, 11, 12). A fter 20 m inu tes , no 

C ^ -a rg in in e  w as found in .th e  po lysom e re g io n . W hen c u ltu re s  w ere
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tre a te d  w ith  CAP and  RIF the  la b e le d  po lysom e p a tte rn  w as v e ry  d if fe r ­

e n t ( F ig s . 10, 11, 12). In co rp o ra tio n  o f iso to p e  in  th e s e  po lysom e r e ­

g io n s  .(F ig s . 10, 11, 12) in c re a s e d  for 10 m in u tes  a f te r  rem oval of the  

d rugs . W hile  a s l ig h t  drop w as n o ted  a t  2 0 m inu tes (from 63% to 54%),  

a la rg e  am ount o f a c t iv i ty  re m a in ed . A sum m ary o f d a ta  from th is  e x ­

p e rim en t is  found in  T able I o f th e  d i s c u s s io n .

The in fe c tio n  o f E . c o ll  B w ith  T4amN54 p ro d u ced  a polysom e 

reg io n  w ith  d is t in c t  d if fe re n c e s  from T4D w . t .  (F ig ..13). A s e p a ra te

s p e c ie s  o f po ly so m e w as s e e n  a t  g ra d ie n t frac tio n  4 a lo n g  w ith  the
14m ajor po ly so m e p e ak  a t  f ra c tio n s  10-14. W hen th is  C - I e c u in e  lab e led

po ly so m e reg io n  w as c h a s e d  for 10 m in u tes  a t  30°C  w ith  50 pg /m l 
12C - l e u c i n e , v ir tu a l ly  a l l  o f th e  r a d io a c tiv i ty  w as m oved in to  the  

s u p e rn a ta n t re g io n  of th e  g ra d ie n t (Fig . 14). This po ly so m e reg io n  w as 

a ls o  c o m p le te ly  s e n s i t iv e  to  R N a se .

P o lysom e a n a ly s is  o f T4amN54 in fe c te d  c u ltu re s  a llo w ed  e x am i­

n a tio n  o f th e  fo llo w in g  q u e s tio n : do CAP in h ib ite d  r ib o so m e s  in  mRNA- 

rib o so m e co m p lex es  co n tin u e  to  s y n th e s iz e  p ro te in  a f te r  rem oval of 

CAP?

T hese  in fe c te d  c u ltu re s  w ere  t r a n s ie n t ly  tre a te d  w ith  50 pg /m l
12CAP and  th e n  c h a s e d  w ith  50 u g /m l C - le u c in e  w ith  th e  fo llow ing  r e ­

s u l t s .  A fter a 10 m inu te  c h a s e  85% o f th e  C ^ - Ie u c in e  w as  c h a se d  o u t 

o f th e  CAP tre a te d  po lysom e reg io n  (F ig . 13). This w a s  in c re a s e d  to  

9 7% a f te r  a 2 0 m inu te  c h a s e .
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The r e s u l t s  from the  RIF t r e a te d  c u l tu re s  in d ic a te d  th a t  mRNA 

m ade p rio r  to CAP tre a tm e n t  can  be u sed  in  cod ing  for p ro te in  s y n th e ­

s i s  a f te r  rem oval of CAP. The f ind ing  th a t  n a s c e n t  p e p t id e s  are 

c h a s e d  ou t o f  th e  T4amN54 po lysom e reg ion  when CAP w a s  removed 

in d ic a te s  th a t  r ib o so m a l m ovem ent c o n t in u e s  , and  im p lie s  , bu t does  

no t p r o v e , th a t  the  n a s c e n t  p e p t id e s  a re  r e le a s e d  n o rm a lly .

E ffect of CAP on T4 H ead  C oat Pro tein

The p re c ed in g  e x p er im en ts  d id  n o t p rovide  c o n v in c in g  ev id en c e  

th a t  t r a n s ie n t ly  in h ib i te d  n a s c e n t  p e p t id e s  formed co m p le ted  phage 

p ro te in  a f te r  rem oval of CAP. The a n a ly s i s  of T4 p ro te in s  on p o ly ­

a c ry lam id e  g e l  e le c t ro p h o re s is  w as  u n d e rtak en  to  a n sw e r  t h i s ' 

q u e s t io n .

The p ro te in s  o f  T4 have  b e en  s e p a ra te d  and m any have  been

id e n t i f ie d  a s  to  gene  fu n c tio n  by s u b je c t in g  T4 am ber and  tem pera tu re

s e n s i t iv e  m utan t l y s a t e s  to p o ly ac ry lam id e  gel e le c t ro p h o r e s is  (40,41,

35). S ep a ra t io n  o f  T4 phage  p ro te in s  by a c id ic  urea  p o lyacry lam ide

g e ls  w as  show n (F ig . 15). This d iagram  d is p la y s  d u p l ic a te  g e l s ,

s ta in e d  w ith  am ido s c h w a rz ,  the  d r ied  s e c t io n s  of t h e s e  g e l s ,  and

au to rad io g ram s o f the  sam e d ried  g e l s .  G el au to rad iog ram  "c" show s

the  in te n s e  ra d io a c t iv e  band m arked P2 3 w hich  w as  c h a s e d  out of ge l
12au to rad iog ram  "f" w ith  C - l e u c in e .

The h ead  c o a t  p ro te in  P2 3 w as  id e n t i f ie d  by in tro d u c in g  C ^ -  

le u c in e  a t  in c re a s in g  t im e s  a f te r  in fe c t io n  and  o b se rv in g  the
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a p p e a ra n c e  o f  an in te n s e  r a d io a c t iv e 'b a n d  (Fig. 16). The u se  of 

T4amB17, an  am ber m u tan t in  gene  2 3 w h ich  la c k s  the  com ple te  P23 

p r o te in ,  w as  a l s o  u t i l iz e d  to  e s t a b l i s h  the  p o s i t io n  o f  th i s  band in 

the  p o ly acry lam id e  g e l s .

C h lo ram phen ico l or RIF. trea tm en t o f  c u l tu re s  d id  no t a l te r  the
14 19

c h a s in g  of C - l e u c in e  from the  P23 band  by C - I e u c in e  (Fig. 18).

C u ltu re s  t r a n s ie n t ly  t r e a te d  w ith  bo th  CAP and RIF a l s o  'a llow ed  C*4-

le u c in e  to  be c h a s e d  from th e  P23 band  (F igs . 17 and  18). The ra d io -
12a c t iv i ty  in  P23 w as  c o m p le te ly  c h a s e d  w ith  C - l e u c in e  in  un trea ted  

c e l l s  in. 10 m inu tes  and  e s s e n t i a l l y  com ple ted  in  CAP and  RIF t re a ted  

c e l l s  in  20 m inu tes  .

Incom ple te  P2 3 p e p t id e s  from am ber m utan ts  in  gene  23 have

b e en  shown, to  p o s s e s s  c h a r a c te r i s t i c  m o b il i t ie s  in. p o lyacry lam ide

g e l s . This m obility  is. in  g e n e ra l  in v e r s e ly  p ro p o r t io n a l  to  th e i r  len g th

(35 ,40) .  The unco m p le ted  P23 p e p t id e s  from CAP t r e a te d  po lysom es

are  sh o w n .in  F ig . 19. W hen the  CAP w as  rem oved from th e s e  c e l l s  the

incom ple te , p e p t id e s  were c h a s e d  ou t o f  p o ly ac ry lam id e  g e l  f rac tions
124 -8  in  10 m inu tes  and. ap p ea re d  in  f rac t io n  o n e .  After a 2 0 m inute C -

le u c in e  c h a s e  the  C ^ - I e u c in e  did no t e n te r  the  g e ls  a t  a l l .
14A 15 sec o n d  p u ls e  of C - l e u c in e  in  T4amN54 in fe c te d  E . co ll  B

p roduced  a d if fu se  ra d io a c t iv e  reg io n  n e a r  P2 3 b u t a f te r  a. 10 minute 
12c h a s e  w ith  C - l e u c in e  a sharp  w e ll  de fined  band a p p e a re d  a t  the P23 

p o s i t io n .(F ig .  20). C e l ls  t re a te d  w ith  lO O pg/m l CAP $ t  the  end of the
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15 se c o n d  C14- I e u c in e  p u ls e  a l s o  show ed  the  a b s e n c e  of the  P23 band
I O

After rem oval o f  the  CAP and a 2 Ominute c h a s e  w ith  C -^leucine the  

P2 3 band  a p p e a re d .

The d a ta  from th e s e  e x p er im en ts  s u g g e s t  th a t  th e  n a s c e n t  p e p ­

t id e s  w h o se  e lo n g a t io n  h a s  b een  in h ib i te d  by CAP are  com ple ted  and 

r e l e a s e d  norm ally  a f te r  rem oval o f  the  a n t ib io t ic .
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IOO

pg /  ml Chloramphenicol

Figure I .  C h lo ram phen ico l In h ib it ion  C u rv e . .E. co li  B w as  in fe c ted  a t  

30°C  in  M9 m edia  w ith  T4D w . t .  a t  an  M OI= 5. C h lo ram phen ico l w as  
added  a t  vary ing  c o n c e n tra t io n s  a t  2 min and growth co n tin u ed  to 90 
min a f te r  in fe c t io n  w hen 0.5 ml s a m p le s  w ere  c h i l led  and  t re a te d  w ith  

chloroform for 5 m in . Phage t i te r s  w ere  de term ined  by the  a g a r  la y e r  
m ethod (50).
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/ml
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Rifampicin

- 0

-20

- 4 0

■ 60

Figure 2. R ifam picin In h ib it ion  C urve . M ethod w as  the  sam e as  
F ig . I ,  e x c e p t  th a t  RIF w as  added  a t  va ry ing  c o n c e n tra t io n s  a t  12 min 
a f te r  in fe c t io n .
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Figure 3 . C h lo ram phen ico l One Step Growth C u rv e . E . co li  was i n ­

fe c ted  a t  30°C  in  M9 w ith  an M O I=S  and a f te r  5 min su p e r in fe c te d  

w ith  an  MOSI= 5. F if ty  (ig/ml CAP w as  added  a t  2 min and  d ilu ted  

1:100 w ith  prew arm ed M9 a t  IOmin a f te r  in fe c t io n .  Sam ples of 0.5 ml 

w ere rem oved a t  the  in d ic a te d  t im es , c h i l l e d , t re a te d  w ith  chloroform 

for 5 m in , and a s s a y e d  by the  a g a r  la y e r  m ethod . C ontro l s in g le  b u rs t  

curve  (O— O); 50 pg /m l CAP added  a t  2 m in , d i lu ted  1 :100 a t  IOmin 

( • — • ) ;  and  50 pg /m l CAP added  a t  2 min (□ — □ ) .



50 ̂ jg/ml 
CAP cidtibd

CAP dil.

50
Minutes After Infection

Figure 3 . C h lo ram phen ico l One Step Growth C u rv e .
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50>jg/ml 
RIF added

RIF dil. 
I: IOO

V -------

Minutes after infection

Figure 4 . R ifam picin  One Step Growth C u rv e . M ethod  w as  the sam e 
a s  F ig . 3 ,  e x c e p t  th a t  50 pg /m l RIF w as  added  a t  12 min and  d ilu ted  

w ith  prew arm ed M9 a t  18 min a f te r  in fe c t io n .  Control s in g le  burs t  

curve  (O— 0 ) ;  50 p g /m l RIF added  a t  12 m in , d i lu ted  1:100 a t  18 min 
(S— • ) ;  50 pg /m l RIF added  a t  12 min (□ — D ) .
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Figure 5 . T4D w . t .  P o ly so m es . Ten ml o f  E , poll B a t  30°C  were i n ­

fe c ted  w ith  T4D w . t .  a t  an  MOI = 5 and  su p e r in fe c te d  a t  5 min w ith  an 

MOSI= 5. At 15 min a f te r  in fe c t io n  0.5 UCj C14-Arg w as  added  to a I min 

p u l s e ,  c e l l s  c h i l l e d ,  p e l l e t e d , and ly s e d  by 2 c y c le s  o f  f r e e z e - th a w -  

2 min h ea t in g  w ith  ly sozym e a s  in  " M a te r ia ls  and  M ethods" . The 

ly s a te  w as  spun  for 2.2 5 hours a t  25,000 rpm on 15-30% s u c ro se  g ra d i­

e n t s ,  f r ac t io n s  c o l l e c t e d , p re c ip i ta te d  by cold 5% TCA, and the r a d io ­

a c t iv i ty  co u n ted  in  a N u c lea r  C h icago  p ia n e t te  c o u n te r .  One min 

C -a rg  p u ls e  (O— O); 1 min C14-a rg  p u lse  fo llow ed by 2 Ug/ml RNase B 

for 10 min a t  30°C  (# — • )  .
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Figure 5. T4D w . t .  P o ly s o m e s .
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500

Fraction No.

Figure 6. T4D w . t .  Polysom e L y s is  C o n t r o l s . M ethod w as  the sam e 
a s  F ig . 5 ,  e x c e p t  for the  ly s i s  p ro c e d u re . The c e l l s  w ere  frozen in  a 
- 9 O0 C e th an o l  b a th  and  thaw ed  in a O0 C ic e - w a te r  b a th  for 2 c y c le s .  

Two c y c le s  f r e e z e - th a w in g  on ly  (0 — O); f r e e z e - th a w -h e a t in g  for 2 min 
a t  3 0 ° C , 2 c y c le s  (# — • ) ;  f r e e z e - th a w -h e a t in g  for 4 min a t  SO0 C , 2 

c y c le s  ( □ — □ ) .
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Figure 7. T4D w . t .  C h ase d  P o ly s o m e s . M ethod w as  the  sam e a s  F ig .
145 e x c e p t  th a t  I pCi C -a rg  w as  added  for a I min p u ls e  2 Omin a f te r

in fe c t io n .  One min C -a rg  p u ls e  (O— O); I min C ^ - a r g  p u lse  fo llow ed

by 2 pg /m l RNase B for 10 min a t  30°C  ( • —• ) ;  I min C 14-a rg  p u lse  fo l -
12low ed  by IOmin c h a s e  w ith  10 ug /m l C -a rg  (□— Q ) .
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Figure 7. T4D w . t .  C h ase d  P o ly so m es .
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Figure 8 T4D w . t .  C h a se d  P o ly s o m e s . M ethod w as  the  sam e as  F ig . 
7. One min C ^ - a r g  p u ls e  fo llow ed by a IOmin c h a s e  w ith  10 |ig /m l 
C^2-a rg  ( □ — □ ); one  min C ^ - a r g  p u ls e  (O— O); I min C ^ - a r g  p u lse  

fo llow ed  by 2 p g /m l RNase B for 10 min a t  30°C  (■ — ■ ) .
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Figure 9 . Rifam picin Trea ted  T4D w . t .  P o ly s o m e s . M ethod  w as the
14sam e a s  F ig . 5 e x c e p t  th a t  2 pCi C - u r a c i l  w as added  a t  20 min a f te r  

in fe c t io n  for I min in  con tro l  c e l l s  and  5 min in RIF t r e a te d  c e l l s . One 

min C^4-U rac il p u ls e  ( • — • ) ;  I min p u ls e  fo llowed by a  2 tig/m l RNase 
B t re a tm en t for 10 min a t  3 O0 C (O—O); 100 |_ig/ml RIF ad d ed  a t  17 min 
fo llow ed  by a 5 min C14-U racil p u ls e  a t  20 min ( □ — □ ); 100 dg /m l RIF 

a t  17 m in , 5 min C14-U rac il p u ls e  a t  20 min and  a 2 p g /m l RNase B 

t re a tm e n t  a t  30°C  for IOmin ( # — ■ ) .
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Figure 10. Pro tein  S y n th e s is  After Rifampicin and C h lo ram phen ico l 

T rea tm en t.  M ethod w as  the  sam e a s  F ig . 5 e x c e p t  20 ml c u l tu re s  were 
t re a te d  w ith  100 dg /m l RIF a t  17 m in , 10 dg /m l CAP w as  added  a t  18 min 
and  the  c e l l s  c h i l le d  and  p e l le te d  a t  2 0 min a f te r  in f e c t io n .  All 

sam p le s  w ere  r e s u s p e n d e d  in prew arm ed M9 media and  la b e le d  w ith 

I dCi C ^ - a r g  for I min a t  the  p roper t im e . RIF t re a te d  c e l l s  p u lsed  
w ith  C14-a rg  a t  21 min (O— O); RIF and  CAP t re a ted  c e l l s  p u ls e d  w ith 
C*4-a rg  a t  21 min a f te r  in fe c t io n  (#—S).
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Figure 11. Pro tein  S y n th e s is  After R ifam picin  and C hlo ram phen ico l 
T rea tm en t.  M ethod w as  the  sam e a s  F ig . 10 e x c e p t  th a t  the  I min p u ls e  
w ith  C14-a rg  o ccu rred  a t  30 min a f te r  in fe c t io n .  RIF t r e a te d  c e l l s  
p u ls e d  w ith  C i4-a rg  a t  30 min (O— O); RIF and  CAP t r e a te d  c e l l s  p u lsed  
w ith  C ^ - a r g  a t  30 min a f te r  in fe c t io n  ( • — • ) .
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Figure 12. P ro te in  S y n th e s is  After R ifam picin and C h loram phenico l 
T rea tm en t.  M ethod  w as  the  sam e a s  F ig . 10 e x c e p t  th a t  the  I min 

p u ls e  w ith  C14-a rg  o ccu rred  a t  40 min a f te r  in fe c t io n .  RIF t re a ted  c e l l s  
p u ls e d  w ith  C14-a rg  a t  40 min (O— O); RIF and CAP t r e a te d  c e l l s  p u ls e d  
w ith  C14-a rg  a t  40 min a f te r  in fe c t io n  (# — # ) .
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Figure 13 . P ro tein  S y n th e s is  in T4amN54 Polysom es . Twenty ml of

E . co li  B w ere  in fe c te d  a t  30°C  w ith  T4amN54 a t  an M OI= 5 and  s u p e r -

in fe c te d  a t  5 min w ith  an MOSI= 5 . At 20 min a f te r  in fe c t io n  I pCi 
14C - le u  w as  added  for 30 s e c o n d s , c e l l s  c h i l l e d , p e l le te d  and  ly sed  

by 3 c y c le s  of f reez in g  and  thaw ing  w ith  ly so zy m e . The ly s a te  w as 

spun  for 2.25 hours a t  25,000 rpm on 15-30% s u c ro se  g r a d i e n t s , f r a c ­

t io n s  c o l l e c t e d , p re c ip i ta te d  by co ld  5% TCA, and the  r a d io a c t iv i ty  

co u n ted  in a N u c lea r  C h icago  p la n c h e t te  c o u n te r .  C on tro l (O— O);

50 p.g/ml CAP added  a t  20 min 30 s e c , w a sh e d  out a t  2 2 min 30 s e c , and
12c h a s e d  for IOmin w ith  50 pg /m l C - le u  (D— □ ); sam e a s  p reced ing

12sam ple  , e x c e p t  c h a s e d  for 2 Omin w ith  C - le u  (# —• )  .
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Figure 13. Pro tein  S y n th e s is  in  T4amN54 P o ly s o m e s .
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Figure 14. P ro tein  S y n th e s is  in  T4amN54 P o ly s o m e s . M ethod w as  the
14 12sam e a s  F ig . 13. C - le u  p u ls e  c h a s e d  w ith 50 iig/m l C -a rg  for IOmin

a f te r  the  30 s e c  C - l e u  p u lse  ( • — • ) ;  30 s e c  C ^ - I e u  p u l s e , t re a ted

w ith  2 ng /m l RNase B for IOmin a t  30°C  (□ — O ) .
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Figure 14. Pro tein  S y n th e s is  in  T4amN54 P o ly so m e s .
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Figure 15. T4D P ro te ins  in P o lyacry lam ide  G e ls .  20 ml of E. co li B were 
in fe c te d  a t  30°C  w ith  T4D or T4amBl7 a t  an MOI=S and su p er in fec ted  a t  
an MOSI=S. At 20 min a f te r  in fe c t io n  I (iCi C ^ - I e u  w as  added  to a 2 min 

p u l s e .  The c e l l s  w ere  th e n  c h i l l e d , p e l l e t e d ,  and ly s e d  by 2 cy c le s  of 
f r e e z e - th a w -h e a t in g  w ith  ly s o z y m e . Urea and B -m ercap toe thanol were 
added  to  the  ly s a te  to m ake i t  SM a n d  0.02M re s p e c t iv e ly  for th e se  i n ­
g re d ie n ts .  The urea ly s a te  w as  s to red  a t  4°C  for 12 hours , then lay ered  
on a c id ic  SM urea  7.5% po ly acry lam id e  g e ls  , and the p ro te in s  s ep a ra te d  
by e le c t ro p h o r e s i s .  These  g e ls  w ere  s ta in e d  w ith  Amido Schw arz , d e -  
s t a i n e d , so ak e d  for 6 hours  in 7% a c e t i c  a c id ,  s l i c e d  lo n g itu d in a lly  and 
d r i e d .  Autoradiogram s w ere  made by ex p o su re  of the d ried  gel s l i c e s  to 
X -ray  film for g e n e ra l ly  24 h o u r s . The fo llow ing le t te r s  d e s ig n a te  s te p s  
invo lved  in  a s s a y in g  T4 p ro te in s  w ith  acry lam ide  g e l s .  a_, ge l  w ith  Amido 
Schw arz s ta in e d  T4Q p ro te in s ;  b , d ried  lo n g itu d in a l  s e c t io n  of gel a;- 
c , au torad iogram  of ra d io a c t iv e  p ro te in s ;  d , an  e le c t ro p h o re s is  d u p l ica te  
o f  ge l  a; e_, dry lo n g i tu d in a l  s e c t io n  of ge l  d; t_, au torad iogram  of the  
r a d io a c t iv e  p ro te in s  in  ge l d.
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Figure 15. T4D P ro te in s  in Po lyacry lam ide  G e ls .
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Figure 16. Autoradiogram of T4D P2 3 Head C oat P ro te in . M ethod w as the
14sam e a s  F ig . 15. C o n t . i s  an u n in fec ted  C - le u  la b e led  E . co li  B; B I7 is

T4amB17, a m utant u sed  to  lo c a te  P2 3 head  co a t  p ro te in .  The following
14le t te r s  d e s ig n a te  T4D in fe c ted  c e l l s  p u ls e d  w ith C - le u  for 2 min a t  the  

in d ic a te d  t im es a f te r  in fe c t io n ,  a , 10 min; b , 15 min; c , 20 min; d , 25 min; 
£ , 3 0  min; f ,  35 min.
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Figure 17. Autoradiogram o f T4D Pro te ins  R esu lting  From Rifampicin and 
C hloram phenico l T rea tm en t.  M ethod w as  the  sam e a s  F ig . 15 ex ce p t  th a t  
the  d e s ig n a te d  c e l l s  w ere  t re a ted  w ith  50 dg /m l RIF a t  17 m in , I pCi 
C^4-Ieu  a t  20 m in , and 50 pg /m l CAP a t  22 min a f te r  in fe c t io n .  At 24 min 
the  c e l l s  were  c h i l l e d ,  p e l le te d ,  r e s u s p e n d e d ,  and c h a s e d  w ith  50 dg /m l 
C ^ - I e u  a t  3 0 °C . B17 is  T4amB17, a m utan t u sed  to id e n t i fy  P23; a ,  2 min 
C ^ - p u l s e ;  b ,  2 min C ^ - p u l s e , 5 min C ^ - I e u  ch ase ;  c ,  2 min C ^ - I e u  
p u l s e ,  IOmin C^2- Ie u  c h a s e ;  d , 2 min C ^ - I e u  p u ls e ,  15 min C^2-Ieu  
c h a se ;  e ,  2 min C ^ - I e u  p u l s e ,  20 min C^2- Ieu  c h a s e .
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Figure 18. Autoradiogram o f Rifampicin and C hloram phenico l Treated T4D 
P ro te in s .  M ethod w as  the sam e a s  Fig. 15. B I7 is  T4amB17, a mutant 
u sed  to id en tify  P23; a , 2 min C14-Ieu  pu lse ;  b ,  2 min C14-Ieu  p u lse  and 
IOmin C - le u  c h a se ;  c ,  2 min C14-Ieu  p u lse  and 20 min C12-Ieu  c h a s e .
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Figure 19. P o lyacry lam ide  G el F rac tio n s  Showing C om pletion  of T4D 
w . t .  P e p t id e s  After C h lo ram phen ico l Rem oval. M ethod  w as  the sam e 
a s  F ig . 15, e x c e p t  th a t  a t  th e  com ple tion  of e le c t ro p h o re s is  the  p o ly ­

ac ry lam id e  g e ls  w ere  im m ed ia te ly  s l i c e d  in to  0.5 cm s e c t i o n s , f ine ly  
g ro u n d , and 1.0 ml o f  hydroxide  o f  hyam ine  added  to  e a c h  s e c t io n .
This w as  a l lo w ed  to s ta n d  12 h o u r s , then  10 ml of s c in t i l l a t io n  fluid 
w as  a d d e d , and  the  r a d io a c t iv i ty  co u n ted  in  a N u c lea r  C h icago  l iq u id  

s c in t i l l a t io n  co u n te r .  A 2.5 |_iCi C14- Ie u  p u ls e  a t  20 min w ith  50 pg /m l 
CAP added  a t  22 min a f te r  in fe c t io n  (£§&), C14-Ieu  p u ls e  a t  20 min w ith
50 pg /m l CAP added  a t  22 min and  rem oved a t  24 min fo llow ed  by a 

1210 min 50 |ag /m l C - l e u  c h a s e  ( I I). Same as  p re c ed in g  method e x ­
c e p t  c h a s e d  for 20 min ( ■ ■ ■ ) .
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Figure 20 . Autoradiogram Showing C om pletion  of T4amN54 P ep tides  After
C hlo ram phen ico l R em oval. M ethod w as  the  same as  F ig . 15 ex cep t  th a t  

142.5 pCi C - le u  w as  added  for a 15 s e c  p u ls e  in 20 ml in fe c te d  c e l l s . a ,  15
14 14 12s e c  C - le u  p u lse ;  b , 15 s e c  C - le u  p u l s e , IOmin 50 dg/rnl C - le u  ch ase ;

c , 15 s e c  C14-Ieu  p u lse  fo llow ed by 100 ug /m l CAP; d , sam e a s  p reced ing
method but c e l l s  c h i l l e d ,  p e l l e t e d , and re su sp e n d e d  w ithou t CAP and 

12c h a s e d  w ith  C - le u  for 20 min.



DISCUSSION

T hese  d a ta  in d ic a te  th a t  CAP in h ib i t io n  o f  p o ly ribosom al p ro te in  

s y n th e s i s  i s  c o m p le te ly  re v e r s ib le  a t  the  mRNA r ib o s o m e -n a s c e n t  

p ep t id e  l e v e l .

M ature  phage  form ation w as  found to resum e 7 m inu tes  a f te r  r e ­

m oval of CAP from T4D w . t .  in fe c te d  Ev co li  B and cu lm in a ted  in a 

norm al b u rs t  of m ature  in fe c t iv e  phage  ( F ig . 3). This shou ld  be com ­

p ared  to  the  i r r e v e r s ib le  e f fe c t  of RIF which, p rev en ts  an y  new  phage 

form ation  a f te r  i t s  rem oval (F ig . 4 ) . The diagram  sh o w s  a sm all 

am ount o f  phage  form ation  w hen  RIF w as  added  a t  12 m in u tes  a f te r  in ­

f e c t io n .  This w ould  be e x p e c te d  if  l a te  phage  fu n c t io n s ,  su ch  a s  P2 3 

fo rm a tio n , w ere  a l re a d y  be ing  formed a t  12 m inutes  . Support for th is  

w as  in d ic a te d  by the  p re sen ce ,  o f  a sm all  am ount of P23 a t  10 m inutes  

and  a n e a r  m axim al am ount p re s e n t  a t  15 m inu tes  a f te r  in fec tion , in 

p o ly acry lam id e  g e ls  (F ig . 16). N e v e r th e le s s  , '50 Ug/ml RIF in h ib ited  

form ation  of m ature  T4D by 97% w hen  added  12 m inu tes  a f te r  in fe c t io n  

(F ig . 4).

The b a c te r io s ta t i c  a c t io n  of CAP on T4D s y n th e s i s  i s  in a g re e ­

m ent w ith  s tu d ie s  c o n d u c ted  on E . c o l i , Sa lm onella  t y p h o s a , and o th e r  

b a c te r ia  w here  normal growth re su m ed  w hen  inh ib ito ry  c o n c e n tra t io n s  

o f  CAP w ere  rem oved (58,'.59, 60). Growth of E . co li  and  form ation of

T4D e x h ib i t  the  sam e s e n s i t iv i ty  to  CAP w here 10 p g /m l co m ple te ly



in h ib i te d  fu r ther  grow th . The com ple te  reco v e ry  a f te r  CAP trea tm en t of 

T4D in fe c te d  E . co li  im plies , th a t  any  co n tin u e d .p ro te in  s y n th e s is  m ust 

in v o lv e  p re v io u s ly  in h ib i te d  r ib o s o m e s . This fo llow s from the known 

a b s e n c e  o f  fu r ther  h o s t .r ib o so m e  s y n th e s i s  a f te r  in fe c t io n  and the  a b ­

s e n c e  of s ig n i f ic a n t  le v e l s  of 70S monomers in  the  T4D polysom e 

p rep a ra t io n s .  (Figs . 5, 7 ,13 ).

The con tin u in g  func tion  o f  CAP in h ib i te d  ribosome-mRNA com­

p le x e s  a f te r  rem oval o f  CAP w as  d em o n s tra ted  by s u c ro s e  d e n s i ty  

a n a ly s i s  o f  T4 w . t .  and  T4amN54 p o lysom es  .

N a s c e n t  r ibosom al p e p t id e s  la b e le d  w ith  C"*^-le u c in e  in

T4amN54 in fe c te d  E , co li  w hich  had  b een  t re a te d  w ith  50 pg /m l CAP
12w ere  c h a s e d  ou t of the  po lysom e reg io n  w ith  C . - l e u c in e  (F ig s . .13 z

and. 14). This, r a d io a c t iv i ty  w as  85% chased , a f te r  10 m inu tes  and 9-7%
12c h a fe d ,  a f te r  20 m inu tes  w ith  C - l e u c in e .  This po lysom e ra d io a c t iv i ty  

a p p ea re d  in. the  su p e rn a ta n t  po rtion  o f  the  d e n s i ty  g ra d ie n t  a f te r  the  

c h a s e  p e r io d s .

The s im p le s t  e x p la n a t io n ,  and  p e rh ap s  the  m o s t  econom ica l for 

the  c e l l ,  i s  th a t  n a tu ra l ly  in i t ia te d  mRNA-ribo.somal com plexes  w ith  

CAP trapped  inco m p le te  p e p t id e s  a re  a llo w ed  to com ple te  normally', be 

r e l e a s e d , and. becom e a s s o c ia te d  in to  m ature v irus  a f te r  rem oval of 

the  a n t ib io t ic .  The d a ta  d id  n o t ,  h o w e v e r , ru le  ou t the  p o s s ib i l i ty  

th a t  th e s e  p e p t id e s  w ere  no t norm ally  com ple ted  b u t  m igh t have  b een

55
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r e l e a s e d  in  an  ab o r t iv e  w a y .  This r e l e a s e  w ould  be one s tep  in  f r e e ­

ing. bound r ib o so m es  so  th ey  cou ld  r e in i t i a te  on new  mRNA.

The co m ple tion  o f  th e s e  in h ib i te d  p e p t id e s  w as  exam ined  by 

u s in g  o b s e rv a t io n s  o f  H osoda  and  L ev in th a l (40). They found th a t  T4 

gen e  23 am ber m u tan t p e p t id e s  m ig ra ted  to d if fe ren t  p o s i t io n s  in p o ly ­

ac ry lam id e  g e ls  th an  did  the  w ild  type  P23. In .g en era l ,  th is  m igra tion  

w as  in v e r s e ly  p ro p o r t io n a l  to th e  p e p t id e  len g th  and  w as  confirm ed by 

Laemmli (35 ) . As a r e s u l t , i t  b ecam e f e a s ib le  to  look  a t  p a r t ia l ly  com ­

p le te d  P23 p e p t id e s  on. p o ly ac ry lam id e  g e l s . H osoda  and  L ev in tha l 

(40) a l s o  found th a t  com ple ted  P2 3 su b u n i ts  a g g re g a te  e a s i l y  in to  

s t ru c tu re s  w h ich  m ig ra ted  to the  top o f  the  s e p a ra t io n  g e l  bu t d id  no t 

e n te r  th is  g e l .  T hese  a g g re g a te s  w ere  la te r  in c o rp o ra te d  in to  m ature  

p h a g e s .
14In the. p r e s e n t  sy s te m  CAP trapped. C - l e u c in e  la b e le d  n a s c e n t

p e p t id e s  w ere  sep a ra te d ,  on a d e n s i t y  g ra d ie n t ,  i s o l a t e d ,  and ex am -
12in e d  in. p o ly ac ry lam id e  g e ls  (F ig . 19). After a 10 m inute  C - le u c in e

14c h a s e  the  un co m p le ted  C - p e p t id e s  found in  ge l f ra c t io n s  4 - 8  were

co n v e r ted  to  a p ro d u c t  lo c a te d  in  g e l  frac t io n  o n e . W hen  a 20 m inute

c h a s e  w a s  em ployed  n e i th e r  the  p e p t id e s  in  f rac t io n s  4 - 8  nor the  
14C - l a b e l  in  fraction, one  w ere  found in  the  sep a ra t io n ,  g e ls  . These  r e ­

s u l t s  a re  c o n s i s t e n t  w ith  th o s e  o f  H osoda  and L ev in th a l  (40) and 

L aem m li.(35) and  in d ic a te  th a t  in co m p le te  P23 p e p t id e s  a re  com ple ted
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. a f te r  rem oval of CAP and  then  a s s o c i a t e  in to  s t ru c tu re s  or a g g re g a te s

which, a cc u m u la te  a t  the  s e p a ra t io n  g e l  s u r f a c e .

The com ple tion , o f  CAP in h ib i te d  P2 3 p e p t id e s  w as  exam ined  by  a

sec o n d  m e th o d . T4amN54 in fe c te d  E . co li  were, p u l s e d  for 15 sec o n d s

w ith  C ^ - I e u c in e  in. o rder to produce, a  large, p o p u la t io n  o f  uncom ple ted
12l a b e le d  P23 pep tides. (F ig . 20). C h as in g  w ith  C - l e u c in e  p roduced  a

ra d io a c t iv e  band  o f  com ple ted  P2 3 p ro te in s .  The c o n v e rs io n  o f  CAP

trap p ed  P2 3 p e p t id e s  in to  com ple ted  P2 3 p ro te in  a f te r  t r a n s ie n t  t r e a t -
12■ m ent w ith  CAP and  a s u b se q u e n t  2 0 m inute  C - l e u c in e  c h a s e  dem on­

s t r a te d  normal com pletion, for the  p e p t id e s  (Fig. 20).

In h ib i ted  T4D w . t .  mRNA re su m es  i t s  t r a n s la t io n a l  func tions  

a f te r  the  rem oval of CAP. This c o n c lu s io n  w as  re a c h e d  by  in h ib it ing  

RNA s y n th e s i s  w ith  the  a n t ib io t ic  r ifam p ic in .  This a l lo w ed  e x am in a ­

t ion  of p ro te in - s y n th e s i s  d i r e c te d  by  mRN A made p rio r to  the  ad d ition  

o f  RIF and CAP (F ig s .  10, 11, 12). The d a ta  from th is  ex p er im en t are 

summarized, in  Table I.

TABLE I: R ecovery  of Pro tein  S y n th e s is  in CAP In h ib i ted  mRNA

( F i g s . 10,11, 12)

M in u tes  Following P ercen t Contro l Recovered

CAP and  RIF Removal RIF RIF and  CAP

I 100 . 11

10 64 63

20 0 54
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The f i r s t  c o lu m n .in d ic a te s  the  tim e in  m inu tes  a f te r  rem oval of 

RIF and  CAP from in h ib i te d  c u l tu re s  . These  c e l l s  w ere  p u ls e d  for. I 

minutei w ith  I pCi C"^-arg in ine  a t  I ,  10, and  2 0 m in u tes  . Column two 

in d ic a te s  the  a b i l i ty  of RIF inh ib ited , c u l tu re s  to c o n t in u e  p ro te in  s y n ­

th e s i s  a f te r  RNA s y n th e s i s  had  b e en  s to p p e d .  The r a d io a c t iv i ty  in c o r ­

p o ra ted  a t  one m inute  a f te r  the  rem ovel o f  RIF w as  s e l e c t e d  a s  the
14100% co n tro l .  The am ount of C -a rg in in e  in c o rp o ra te d  a t  o th e r  t im es 

and  a f te r  CAP tre a tm e n t  (column 3) w ere  r e la te d  to th is  con tro l a s  a 

p e rc e n ta g e  of i t .

The a b i l i ty  o f  RIF t r e a te d  c e l l s  to, in co rp o ra te  C"^-arg in ine

s te a d i ly  d e c r e a s e d  un ti l  a t  2 0 m inu tes  a f te r  i t s  rem oval no rad ioac^ '

t iv i ty  w as  found in  the  po lysom e reg io n  of the  d e n s i t y  g rad ien t  (Figs .

10, 11, 12 and  Table I ) . The p ro te in  s y n th e s i s  occu rr in g  in  CAP t re a te d

mRNA is  m arked ly  d if fe ren t  th an  th a t  o ccu rr ing  a f te r  RIF t r e a tm e n t .
14The ra te  o f  C - a rg in in e  in c o rp o ra t io n  in c r e a s e s  during  the  f i r s t  10 

m inu tes  a f te r  the  rem oval o f  CAP bu t h a s  d e c r e a s e d  s l ig h t ly  by 20 m in ­

u t e s .  This i s  in te rp re te d  to m ean th a t  mRNA. p re v io u s ly  in h ib i te d  by 

CAP re su m es  i t s  a b i l i ty  to code  norm ally  during  p ro te in  s y n th e s is  and  

in  f a c t  rem a ins  fu n c tio n a l  a f te r  mRNA no t t re a te d  w ith  CAP has  lo s t  i t s  

c a p a c i ty  to  in c o rp o ra te  C ^ - a r g i n i n e . This w as c o n s i s t e n t  w ith  r e ­

s u l t s  o f  o th e r  w orkers  (62) who d e m o n s tra ted  a p ro te c t iv e  ac t io n  

im parted  to  p o ly so m es  by CAP.
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An in te r e s t in g  o b se rv a t io n  from th e s e  r e s u l t s  i s  th a t  C14-

a rg in in e  p u ls e d  in to  T4D w . t .  p o ly so m es  w as no t c h ased , pu t w ith  
12

. C -a rg in in e  (Figs . 7 and  8). This ra d io a c t iv i ty  i s  c o n v er ted  from an

RNase s e n s i t iv e  s p e c ie s  in to  an RNase r e s i s t a n t  s p e c ie s  a f te r  th e -10 
12

m inute  C -a rg in in e  c h a s e .  These  RNase s e n s i t iv e  and  r e s i s t a n t  

p e a k s  w ere  found to sed im en t to id e n t ic a l  regions, o f  s u c ro se  d e n s i ty  

g r a d i e n t s .

P ad ay a f ty  and  Rolfe (24) have  show n th a t  P23 h ead  co a t  p ro te in  

w as. the  m ajor com ponen t made on th is  T4 po lysom e reg ion  la te  in i n ­

fe c t io n .  Thus , the  .protein m a te r ia l  found in  th is  RN ase r e s i s t a n t  peak  

i s  l ik e ly  to be h ead  c o a t  p ro te in .(F igs . 7 and  8).

An e x p la n a t io n .fo r  the  developtnelit o f th is  p eak  may be the o b ­

s e rv a t io n  o f  Kiho and  Rich (61) w ith  3 - g a la p to s id a s e  p o lysom es  of 

E. c o l i . They o b se rv ed  an  ag g re g a t io n  o f  in d iv id u a l  enzym e subun its  

in to  a s t ru c tu re  of 500,000 d a l to n s  w hich  dem onstra ted  enzym e a c t iv i ty  

w h ile  s t i l l  a t t a c h e d  to  p o ly so m e s .  I t  may be p o s s ib le  thpn. th a t  the  

in i t i a l  a g g reg a t io n  of P23 subunits; o ccu rs  on the  h ead  c o a t  pro te in  

p o ly so m e . If th is  i s  t r u e ,  th e s e  a g g re g a te s  p ro te c t  the  mRNA of th e s e  

p o ly so m es  from R N a s e . On. the  o th e r  h a n d ,  the  p re s e n c e  of more com ­

p le te  p hage  com ponen ts  su ch  a s  em pty c a p s id s  has  n o t  b e en  e l im in ­

a te d .  This n o n c h a s a b le  RNase r e s i s t a n t  reg ion  w as  e l im in a te d  by 

u s in g  the  am ber m utan t T4 am N 54 . This phage  is  m utan t in  head  

a s s e m b ly  gene  31 which, p re v e n ts  aggregation, of P2 3. in to  m ature phage
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h e ad s  (63). I t  w as  c o n s i s t e n t  to find th a t  a phage  m utan t in th is  

a s s e m b ly  gene  did n o t deve lop  the  RNase r e s i s t a n t  p eak  found w ith  

T4D w . t .  i f  th is  r e s i s t a n t  p eak  r e p re se n te d  an  a s s e m b la g e  of P23 s u b ­

u n its  .

The work o f  Cam eron and  Julian. (18) on E . co li  Rel+ amino a c id  

auxo trophs  in d ic a te d  th a t  the  po ly so m es  of th is  sy s te m  reg a in ed  the 

a b i l i ty  to  in co rp o ra te  r a d io a c t iv i ty  w hen CAP w as  rem oved . Their d e ­

c is io n  w as  c a re fu l ly  q u a l i f ie d  b e c a u s e  i t  w as  im p o ss ib le  to d i s t in ­

g u is h  b e tw ee n  new ly  formed, labeled , n a s c e n t  p e p t id e s  and. new ly  .. . 

formed la b e le d  r ib o so m al s t ru c tu ra l  p ro te in s  on CAP p a r t ic le s  com ­

p le te d  a f te r  rem oval of CAP. It  a p p e a rs  from th e s e  T4 r e s u l t s  th a t  the  

resum ed  a c t iv i ty  in  th e i r  p o lysom es  (18) p robab ly  a l s o  in c lu d ed - th e  

form ation  of n a s c e n t  pep tides..

G u rg o , A p ir io n , and  S c h le s s in g e r  (2 8) proposed, th a t  CAP and 

S evera l  o th e r  a n t ib io t ic s  uncouple  po lysom e form ation from pep tide  

bond fo rm a t io n . This th e y  s a y  a l lo w s  continued, r ibosom e m ovement in 

the  p re s e n c e  o f  CAP. H o w ev e r , W eber  and D eM oss.(17) dem o n stra ted  

th a t  CAP a llo w ed  th e  form ation of new  po lysom es bu t n o t  n a s c e n t  p e p ­

t id e s  . M orris  and  D e M o s s .(16) show ed  th a t  p o lysom es  w ere  formed 

ten  times, a s  f a s t  in  amino a c id  s ta rv e d  Rel auxo trophs  a f te r  the  a d d i ­

t ion  of CAP th an  a f te r  a d d i t io n  of th e  requ ired  amino a c i d . F u r th e r , 

C am eron and Julian. (18) d e m o n s tra ted  th a t  508 and, 308 r ibosom al s u b ­

u n its  w ere  c o n v er ted  to  n o n fu n c tio n a l  po lysom es  w h ich  did  not co n ta in
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. n a s c e n t  p e p t id e s  in  the  p re s e n c e  of CAP. It  w as  th e re fo re  conc luded  

th a t  CAP s to p p ed  the  m ovem ent of r ib o so m es  on mRNA. This w as  fur­

th e r  su p p o rted  by the  d e m o n s tra t io n  th a t  amino a c id  s ta r te d  Rel+ c e l l s  

w hen .trea ted  w ith  CAP g e n e ra te d  a normal sed im en ting , po lysom e r e ­

gion, w ithou t n a s c e n t  p e p t id e s  ten  t im es  a s  f a s t  a s  w hen the  p o ly ­

som es  w ere  re g e n e ra te d  norm ally  a f te r  the  requ ired  am ino a c id  w as 

added, to  the  cu ltu re  .

The p re s e n t  d a ta  do no t s u b s ta n t ia te  the  u n coup ling  model for 

CAP p ro p o sed  by G u rg o , A p ir io n , and  S c h le s s in g e r  (28). S ince un­

co u p lin g  w ould p re su m ab ly  begin, im m ed ia te ly  upon the  ad d it io n  o f  CAP 

to  a cu ltu re  one w ould e x p e c t  th a t  in co m p le ted  p ro te in  fragm ents  

w ould  a c c u m u la te . If  uncoupling, i s  to  a cc o u n t  for th e  ra p id  r e g e n e ra -  

tion  of p o ly so m es  in  an  Rel s ta rv e d  c e l l  a f te r  a d d i t io n  of CAP i t  m u s t  

n e c e s s a r i l y  be a f a s t  p r o c e s s . If  an y  abnorm al r ib o so m a l movement 

o ccu rs  w ith  norm ally  in i t ia te d  r ib o so m e -mRNA co m p lex es  upon the 

ad d i t io n  o f  CAP, the  n a s c e n t  p e p t id e s  would no t be e x p e c te d  to a p p e a r  

a s  normal completed, p ro te in  a f te r  rem oval of CAP. This i s  c le a r ly  in 

. o p p o s i t io n  to  the  d e m o n s tra ted  com pletion , of normal P23 p ro te in  a f te r  

CAP tre a tm e n t  in  th is  T4 s y s te m .



SUMMARY

In h ib i t io n  o f  p ro te in  s y n th e s i s  by  ch lo ram p h en ico l  (CAP) w as 

c o m p le te ly  r e v e r s ib le  on b a c te r io p h a g e  T4 mRNA, n a s c e n t  p e p t id e s  , 

and  h o s t  E . co li  r ib o so m es  a f te r  rem oval of CAP. This w as  e s ta b l i s h e d  

by u s in g  T4D w „ t .  and  T4 am ber m u tan ts  amB17 and  amN54 w ith  v 

d e n s i ty  g ra d ie n t  po lysom e a n a ly s i s  and. po ly acry lam id e  d i s c  gel 

e l e c t r o p h o r e s i s .

The mRNA c o n t in u e s  to  code  for p ro te in  s y n th e s i s  a f te r  t r a n s ie n t  

t re a tm e n t  w ith  CAP. This find ing  w as  d em o n stra ted  by f i r s t  t re a t in g  T4 

in fe c te d  c e l l s  w ith  rifam pic in  to p re v e n t  fu r ther mRNA s y n t h e s i s , 

w h ich  w as  fo llow ed  by  t re a tm e n t  w ith  CAP to in h ib i t  p ro te in  s y n t h e s i s . 

The CAP w as  s u b s e q u e n t ly  rem oved and  the  u t i l iz a t io n  of mRNA w hich  

had  b een  formed p rio r to  r ifam pic in  t re a tm e n t  w as  th e n  t e s t e d  by o b ­

se rv in g  the  ra te  o f  C"^-arg in ine  in c o rp o ra t io n . This in co rp o ra t io n  i n ­

c r e a s e d  s t e a d i ly  during  the  f i r s t  10 m inu tes  a f te r  CAP re m o v a l , bu t 20 

m inu tes  l a t e r  i t s  ra te  had d e c l in e d  on ly  s l ig h t ly .  This r e s u l t  in d ic a te d  

th a t  CAP t re a te d  mRNA rem ained  fu n c t io n a l  and  c o n t in u e d  to code for 

p ro te in  s y n th e s i s  a f te r  rem oval o f  the  a n t ib io t ic .

M e s s e n g e r  RNA-ribosome co m p lex es  w hich  a re  s u b je c te d  to CAP 

tre a tm e n t  do resum e p ro te in  s y n th e s i s  a f te r  rem oval o f  the  a n t ib io t ic .  

N a s c e n t  p e p t id e s  la b e le d  w ith  C ^ - I e u c in e  were tra p p e d  in  the  p o ly ­

som e reg ion  o f a s u c r o s e  d e n s i ty  g ra d ie n t  i f  CAP w as  ad d ed  to T4-
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in fe c te d  c u l tu re s  . W ith  th e s e  c e l l s  C14- Ie u c in e  cou ld  be chased , ou t 

of the  polysom e, reg io n  w hen C - l e u c in e  was. added  a f te r  CAP w a s - r e ­

moved . E ig h ty -f iv e  p e rc e n t  of th is  la b e l  w as removed, from th is  reg ion  

in  a  10 m inute  chase , in d ic a t in g  th a t  r ibosom al m ovem ent and  func tion  

. have  b een  r e s t o r e d .

N a s c e n t  p e p t id e s  a re  com ple ted  and form norm al h ead  c o a t  p ro ­

te in  a f te r  t r a n s ie n t  t re a tm en t w ith  CAP. This w as  d em o n s tra ted  on 

p o ly acry lam id e  g e ls  by the  a p p e a ra n c e  o f  the  head  c o a t  p ro te in  band 

w hen  la b e le d  n a s c e n t  p e p t id e s  in  CAP t r e a te d  c e l l s  w ere  com ple ted  

a f te r  the  rem oval of CAP to form norm al head, c o a t  p r o t e in .

This w as  d em o n s tra ted  by a s ec o n d  method: inco m p le te  head  

c o a t  p e p t id e s  o f  c e l l s  t r a n s ie n t ly  t r e a te d  w ith  CAP w ere  chased, in to  

the  p ro te in  a g g re g a te  reg ion  of p o lyacry lam ide  g e ls  . Therefore , 

n a s c e n t  p e p t id e s  in  CAP t re a te d  c u l tu re s  are  com ple ted  and. r e le a s e d  

norm ally  a f te r  rem oval of the  a n t i b i o t i c .
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