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The action of ribonuclease, thiouracil and azaguanine on the synthesis 
of phage proteins by an induced lysogenic bacterium 

T h e  t h e o r y  h a s  been  a d v a n c e d  for cellular o rgan i sms  t h a t  t he  deoxyr ibonucle ic  acid (DNA) 
ca r ry ing  t he  genet ic  i n f o r m a t i o n  m i g h t  no t  exe r t  i ts  inf luence un t i l  a f te r  such  in fo rma t ion  h a s  
been  t r a n s m i t t e d  to  r ibonucleic  acid (RNA) 1. I t  is of in t e res t  to  know,  in t he  case  of phage  mul t i -  
p l ica t ion  where  genet ic  i n fo rma t ion  is carr ied p r imar i ly  by  DNA,  w h e t h e r  va r ious  agen t s  know 
to  in ter fere  w i th  t h e  syn the s i s  of R N A  would  block t he  syn the s i s  of t he  v i rus  prote ins .  

GROTH 2 ha s  s h o w n  t h a t  r ibonuclease  inh ib i t s  g rowth  in Bacillus megatherium, and  HAMERS ~ 
found  t h a t  th iourac i l  is incorpora ted  in to  R N A  in t he  s ame  organ i sm.  The  pur ine  analogue,  
azaguan ine ,  is k n o w n  to  be mass ive ly  incorpora ted  into R N A  in severa l  bac te r i a  while scarcely  
a t  all in to  the i r  D N A  4. T h e  ac t ion  of t hese  th ree  agen t s  on a lysogenic  B. megatherium i nduced  
by  u l t ra -v io le t  l ight  or  H , O  2 was  there fore  s tudied .  

E a c h  of t he se  a g e n t s  inh ib i t s  t he  lysis  of induced  cells, w i t h o u t  p r e v e n t i n g  t he  g rowth  t h a t  
usua l ly  precedes  the i r  lysis  (Fig. I). D e t e r m i n a t i o n s  of t he  to ta l  p ro te in  c o n t e n t  and  of t he  q u a n t i t y  
of specific phage  p ro te ins  5 per  un i t  v o l u m e  of t he  cu l tu re  were m a d e  a t  severa l  t imes  a f te r  in- 

duct ion ,  in t h e  presence  or absence  of inhibi tors .  
0.t These  show t h a t  t he  syn the s i s  of phage  p ro te ins  is 

a lways  inh ib i ted  by  r ibonuclease,  th iourac i l  a n d  
azaguan i ne  to a m u c h  grea te r  e x t e n t  t h a n  t h e  s y n -  
thes i s  of bacter ia l  proteins .  The  syn the s i s  of phage  

- pro te ins  can  indeed be to ta l ly  suppres sed  while syn -  
thes i s  of bacter ia l  p ro te ins  con t inues  a t  a reduced  
rate .  
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Fig. I. Evo lu t ion  of t he  opt ical  dens i ty  of lysogenic  
cu l tures  of B. megatherium induced  by  u l t ra -v io le t  
l ight ,  2537 A. 

O O wi thou t  addi t ion.  
@ - - - O  addi t ion  of th iouraci l  (2 mmole /ml)  

30 rain before induc t ion .  
ZX . . . . .  A add i t ion  of r ibonuclease  ( ioo/~g/ml)  

io  rain a f te r  induc t ion .  
[] . . . . .  [] add i t ion  of a zaguan ine  (0.o65 

mmole /ml )  3 ° rain before induc t ion .  

Th i s  select ive inh ib i to ry  ac t ion  on t he  s y n t h e s i s  of phage  p ro te ins  is no t  t he  resu l t  of a 
r evers ion  of t h e  s t a t e  of ac t i va t i on  in to  which  t he  p rophage  ha s  been  placed by  induct ion .  To 
lift t h e  inh ib i t ion  and  allow phage  to  be p roduced  in abundance ,  i t  is, in fact ,  only  necessa ry  
to  add  uraci l  or  guan ine  to an  induced  cu l tu re  b locked for severa l  hou r s  by  th iourac i l  or  a zaguan ine  
respect ively.  

The  th ree  inhib i tors  act  apprec iab ly  on t he  syn t he s i s  of phage  pro te in  only  if t h e y  are  b r o u g h t  
in to  con tac t  w i th  t he  bac te r i a  before t he  phage  p ro te ins  begin  to be syn thes i zed  5. 

I t  would  be t e m p t i n g  to consider  t he  observed  effect in t he  th ree  cases  as re la ted  to an  
a l t e ra t ion  in t he  s t r u c t u r e  of a specific R N A  necessa ry  for phage-p ro te in  syn thes i s .  This  R N A  
would  be  syn the s i zed  rap id ly  a f te r  induc t ion ,  unde r  t he  inf luence of t he  D N A  of t he  phage .  
Th i s  would  exp la in  w h y  t h e  descr ibed inhib i t ion  func t ions  only  before t he  onse t  of phage -p ro t e in  
syn thes i s ,  a n d  also w h y  t h e  inhib i t ion  is s t ronger  for phage  prote ins ,  wh ich  are  d e p e n d e n t  upon  
t h e  newly  formed,  a b n o r m a l  R N A ,  t h a n  for bacter ia l  prote ins ,  which  depend  on t he  n o r m a l  R N A  
t h a t  ex i s ted  before t h e  add i t ion  of inhibi tors .  

An  ind ica t ion  t h a t  t he  effect of t he  inhib i tors  is due  to a s t r uc tu r e  a l t e ra t ion  in t he  R N A  is 
t he  fac t  t h a t  u l t ra -v io le t  l ight ,  which  u n d e r  cer ta in  condi t ions  p r e v e n t s  t he  incorpora t ion  of 
th iourac i l  in to  RNA,  a t  t he  s ame  t ime  suppresses  t he  inh ib i t ing  ac t ion  of th iourac i l  on phage-  
p ro te in  syn thes i s .  

If  t h i s  i n t e rp re t a t i on  is correct ,  our  r e su l t s  would  indica te  t h a t  t h e  R N A  wi th  a rap id  
t u rnove r ,  wh ich  appea r s  a f te r  infect ion of Escherichia coli by  T~ 6, is a specific p roduc t  of t h e  
infect ion,  and  p l ays  a role in t he  syn t he s i s  of phage  prote in .  

O the r  con jec tu res  could  be  m a d e  to exp la in  t h e  ac t ion  of each of t h e  inh ib i tors  used.  Since 
an  effect on R N A  is p robab l y  the i r  only  c o m m o n  proper ty ,  however ,  it  s eems  m o s t  p laus ib le  
t h a t  i t  is t h r o u g h  th i s  channe l  t h a t  t h e y  exe r t  the i r  inhibi t ion.  
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A new partition agent for use in the rapid separation of fatty acid 
esters by gas-liquid chromatography* 

The  s t a n d a r d  m e t h o d s  for the  separa t ion  of long-cha in  f a t t y  acids  by  reve r sed-phase  pa r t i t ion  
c h r o m a t o g r a p h y  or pape r  c h r o m a t o g r a p h y  h a v e  been s u p p l e m e n t e d  or replaced by  t he  procedure  
of gas - l iqu id  c h r o m a t o g r a p h y  recen t ly  developed by  JAM~S AND MARTIN 1. B y  ut i l izing a paraffinic 
h y d r o c a r b o n  (Apiezon "'M") as a pa r t i t i on  l iquid,  t hese  inves t iga to r s  were able  to sepa ra te  t he  
m e t h y l  es ters  of  s a t u r a t e d  a n d  cer ta in  u n s a t u r a t e d  acids  of cha in  lezlgths up  to 2o C a t o m s  in 
3-4  h. The  sepa ra t i on  of t he  Czs u n s a t u r a t e d  acids  was  difficult. F requen t ly ,  t he  sepa ra t ion  of 
l inoleate f rom oleate  was  incomple te  and,  fur ther ,  it  was  no t  possible to d i s t inguish  l inolenate  
f rom linoleate unde r  the i r  e x p e r i m e n t a l  condi t ions .  

Wi th  t he  i n t en t ion  of ob ta in ing  quicker ,  sharper ,  and  more  comple te  resolut ion,  par t i cu la r ly  
of t he  a fo remen t ioned  p o l y u n s a t u r a t e d  acids, a series of different  t ypes  of pa r t i t i on  a g e n t s  was 
inves t iga ted  in th i s  l abora to ry .  The  ad ipa t e  po lyes te r  of d ie thy lene  glycol** p roved  to be an  
e x t r e m e l y  efficient phase  for t he  ana lys i s  of f a t t y  acids. Due  to the  more  polar  n a t u r e  of th is  
ma te r i a l  in compa r i son  to t h e  h y d r o c a r b o n s  p rev ious ly  used  1, two signif icant  changes  were noted.  
Firs t ,  the re  was  t h e  comple te  e lu t ion  of a s t a n d a r d  m i x t u r e  of m e t h y l  es ters  of f a t t y  acids  up  
to  C2~ f rom a c o l u m n  opera t ing  a t  a t e m p e r a t u r e  of 186 ° wi th in  85 rain (Fig. 1). Second,  a sufficient 
increase  in r e t en t ion  t imes  occurred (Fig. 2) as t he  degree of u n s a t u r a t i o n  increased,  g iv ing for 
t he  first t ime t h e  comple te  resolut ion of each m e m b e r  of t he  Cls series f rom its  preceding,  less 
f u n s a t u r a t e d  member .  ORR AND CALLEN ~ working  wi th  ano the r  re la t ively  polar  phase  also noted  
avorab le  s epa ra t i ons  of th i s  class of c o m p o u n d s .  

The  p r e sen t  inves t iga t ion  was  carr ied ou t  wi th  a t h e r m a l  conduc t iv i t y  device employ ing  
a sp l i t  s t r e a m  of he l ium t h r o u g h  t he  reference and  de tec t ion  sides of the  sens ing  e lement  which  
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Fig. i .  Separa t ion  of a s t a n d a r d  m i x t u r e  of m e t h y l  es ters  4 
f rom f a t t y  acids. Load  2. 5 rag. 1, air ;  2, m e t h y l  l aura te ;  3, s '  
m e t h y l  m y r i s t a t e ;  4, m e t h y l  pa l mi t a t e ;  5, m e t h y l  pa lmi t -  
oleate;  6, m e t h y l  s t ea ra t e ;  7, m e t h y l  oleate;  8, m e t h y l  
l inoleate;  9, m e t h y l  l inolenate ;  io,  m e t h y l  a rach ida te ;  i i ,  

m e t h y l  behena te .  
,2 ,'4 ;6 ,'8 2b f2 

Fig. 2. Semi- logar i thmic  plot  of r e ten t ion  t i me  aga ins t  
n u m b e r  of C a t o m s  for a s t a n d a r d  m i x t u r e  of m e t h y l  es ters  N 0 .  O F C A R B ON AT 0M $ 
of f a t t y  acids. • - s a t u r a t e d  esters ,  X - u n s a t u r a t e d  esters.  (a) m e t h y l  pa lmi to lea te ,  (b) m e t h y l  

oleate, (c) m e t h y l  l inoleate,  (d) m e t h y l  l inolenate.  
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Service, t he  Na t iona l  Da i ry  Council  a n d  t h e  U.S. A tomic  E n e r g y  Commiss ion .  
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