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SUMM.XI<Y 

A p o l y a u x o t r o p h i c  m u t a n t  of E.  colt strain I5 has |men s tudied.  The  organism 
requires  thymi~e ,  uracil ,  and  arginine for normal  g rowth  and  mul t ip l ica t ion .  The  
fo rma t ion  of ci t rul l ine and  ure idosuccinate  is b locked almost  comple te ly .  N everthe~ 
less, significant a l though  depressed amoun t s  of bo th  orni th ine  and  a spa r t a t e  t rans-  
ca rbamylases  are readi ly  de tec tab le  in cell-free ex t r ac t s  of the  organism. 

The  bac te r ium can be induced to  synthesb,~e xylose isomerase in the  presence 
of exogenous  arginine  and  in the  absence of exogenous  uracil,  m~ in s t ra in  ISqr u . 
Re la t ive ly  ex tens ive  pep t ide  synthes is  is ob ta ined  unde r  these condi t ions.  Analysis  
of t he  obse rved  R N A  metabo l i sm suggests a t u r n o v e r  of pa r t  of the R N A  a n d . ,  
g r ea t e r  conse rva t ion  el the bases than  of the  ribose. Most of the  t u r n o v e r  appears  
to  de pe nd  on an exogenous  supp ly  of arginine,  a.s does the  func t ion  of enzyme  
fo rma t ion .  

Revers ion  to  arginine a n d  uraci l  independence  occurs in a single genet ic  step.  
T h y m i n e  s t a rva t i on  increa'- - the percentage  of r cve r t an t s  in the  cul ture  before 
t he  bac t e r i a  die as a resul t  of unba lanced  growth .  

INTROI)UCrtoN 

The  phenoro.ena of unba lanced  g rowth  and  thymineless  dea th  were d iscovered  in 
E .  ooli,  st ra in  15T-, a t h y m i n e  requir ing m u t a n t ,  some of whose proper t ies  have  been 
descr ibed  in cons iderable  deta iP - t  The  le tha l  effects of t h y m i n e  deficiency are ex-  
pressed unde r  condi t ions  of con t inu ing  metabol i sm and  biosynthes is  in the absence 
of  the  synthes i s  of deoxyr ibose  nucleic acid (DNA). In the  absence of exogenous  
t h y m i n e ,  numer ous  syn the t i c  processes such as the  synthes is  of p ro te in  and  ribose 
nucleic acid (RNA),  m a y  con t inue  despi te  the p reven t ion  of D N A  synthes is  and  
ccR divis ion.  

As one  a p p r o a c h  to tim na tu re  of these  phenomena ,  m u t a n t s  of the  thymineiess  

*This work was done. while this autilor { [ L K . )  was on le=tve, fronx the Boris Kidric Institate 
in I~lgrade, Yugoslavia 
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organism have  been isolated wlfich lack add i t iona l  syn the t i c  capaci t ies .  A n u m b e t  
of these po lymlxo t rophs  have bccn descr ibed;  these inctude strains requ i r ing  a 
single anaino acid '~ o r  the  pyrififidine, uracil  6, and  such organisms have  also been 
found  to have  unusual  proper t ies .  The  la t ter ,  for  example ,  was foufxd to  be able 
tu synthes ize  pro te in  in the  absence of exogenous  uracil ,  a p r o p e r t y  which a p p e a r e d  
to depel~d on the  t u r n o v e r  of a f rac t ion of the  cellular r ibose nucleic acid {RNA). 

D u n n g  {lie isolation of these p o l y a u x o t r o p h s  ~, a m u t a n t  of E .  eoli  s t ra in  x5T- 
was ob t a ine d  which requi red  exogenous  arginine and  uraci l  for  con t inu ing  g rowth  
and  mul t ip l ica t ion .  This  m u t a n t  of E .  ce l l  s t ra in  X5X--A--V--, he re inaf te r  to  be des-  
igna ted  as stcain TAU,  appeared  po ten t i a l l y  useful for tim prob lem of dissect ing 
fu r the r  the in te r re la t ionships  of DNA, R N A ,  and  pro te in  synthes is ,  as well a.~ for  
the  fur t lmr analysis  of the  a p p a r e n t  n m t a g e n i c i t y  of t h y m i n e  def ic iency 7 which we 
had  beg,.m to explore  in ~nr th3mfineless uracilless s t ra in  ~. 

This paper  presents  some da ta  on physiological  and genet ic  proper t ieg  of s t ra in  
TAU. "l'hc" s train has been found to  be a " leaks" '  m u t a n t ,  i.e. capable  of a small degree  
of synthesis  of argininc and uracil.  

~l l ivrobia[  s train ,s  a m t  ~wt/~ods 

The  proper t ies  of the pa ren t  bact~.-'.'ial s t ra in ,  s t rain I5T-  , and  the  isolat ion 
of the  m u t a n t ,  s t ra in  TAU,  have  been ~t~,.scribed'~, ¢ as have  been the  compos i t ion  
of the  media  used s, the  e s t ima t ion  of viable cells, and  the  apphca t i on  of t u r b i d i m e t r y  
to  the  s t u d y  of bac te r ia l  g rowth .  

The  s t a rva t i on  of deficient  s t ra ins  and the p rocedure  used to  recover  t h e  
r evc r t an t s  have  bee~t r epo r t ed  6. The  deficient med ia  -n which the  a p p e a r a n c e  of  
r eve r t an t s  was s tudied  con ta ined  qaineral salts s -!- glucose + uraci l  + arginine.  Uracil-  
e-,- a rg in ine- indepeodent  m u t a n t s  were discovered by  plat ing s t a rved  cells on min imal  
Difco agar cont~'ining mineral  mediu,n ,  i mg of glucose, 2/~g of t h y m i n e ,  and  IO t~g 
of uracil or 20 #g of arginine per ml of agar.  To  tes t  t he ,n ine  dependence  and  uraci l  
or  arginine independence,  the  m u t a n t s  which appea red  on the  plates  were rep l ica ted  
to  two of each of the  following minimnl agar  p la tes  con ta in ing :  (I) glucose, to  score 
possible t hymine - i ndependen t  cells, (z) glucose + t h y m i n e  to  rt~veal U+A+ reve r t an t s .  
(3) glucose 6- t h y m i n e  ; uracil,  to  recover  a rg in ine- independen t  mu tan t s ,  and  (4) 
glucose ~ t hymine  ~- arginine to  ident i fy  u rac i l - independen t  mu tan t s .  

Che~ t i ca l  -materials  tz;~d md lhods  

Carbamyl  phospha te  wan syn thes ized  b y  tim m e t h o d  of JoNJ~.s el e l .  9. Citrul l ine 
and arginosuccinic acid were k indly  suppl ied  by  l )m  SARAH RATNER of the  Publ ic  
Hea l th  Research  In s t i t u t e  of the Ci ty  of New York.  Ureidosuccinic  ac id  and  di- 
hyclroorot ie  acid were gift.~ fronl DR. D. \¥RIGHrl ' ~¢VII.SON ot this  D e p a r t m e n t .  O the r  
nucleic ac id  der iva t ives  and  amino  acids were ob ta ined  f rom the  Califotaaia F o u n d a -  
t ion  ~or Biochemical  Research,  Los Angeles. 

The techn iques  used for the ex t r ac t ion  of p ro te in  and nucleic acids f rom the  
bacter ia ,  and  me thods  for the i r  es t imat ion  have  been descr ibed ~, as have  been the  
c h r o m a t o g r a p h i c  techniques  for the  isolat ion of R N A  d e r i v a t i v e # .  R N A  nucleot ides  
were de phos pho r y l a t ed  by  purified alkaline intes t inal  Dhosphatase 1. The  enzynf ic  
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t r ans fe r  of ribose f rom a labeled nncleoside to  an unlabeled base has been described 6, i1. 
The  isolat ion of alanine and  arginine will be descr ibed below. 

Un i fo rmly  labeled [14C]gluco~e was ob ta ined  from the Nuclear  i n s t r u m e n t  
and  Chemical Corpora t ion ,  Chicago, Illinois. R a d i o a c t i v i t y  was measured  in a gas- 
flow coun te r  using samples  p la ted  on stainless steel planchets  under  condi t ions  
in which se l f -absorpt ion was negligible. Tim specific ac t i v i t y  of isolated subs tances  
has been expressed as a c t i v i t y  per /~mole of carbon.  The ~g.ecific ac t i v i t y  of tt:e 
glucose con ta ined  in the med i um was 3-33" Ion counts . ram per t~mole of carbon.  

Enzyma assays 

Three  enzymic  react ions  involving c a r b a m y l  phospha te  (CP) have been s tudied 
wi th  bac te r ia l  ex t rac t s .  These  are :  (~)-The t~a,,~l,h~l,  ~orylation t o  adenosin~ di- 
phos pha t e  ( A D P ) . t o  form ATP.  (2) The t r a n s c a r b a m y l a t i o n  to  a spa r t a t c  to  form 
ure idosuceinate .  (3) The  t r a n s c a r b a m y l a t i o n  to  orn i th ine  to form citrull inc.  Bacter ia l  
ex t rac t~  were p repa red  as follows: Pa ren ta l  and  m u t a n t  .strains were grown with 
ae ra t ion  in a minimal  med i um conta in ing  glucose ~ls £he sole energy  source and  
s u p p l e m e n t e d  wi th  sui table  essent ial  nu t r ien ts .  The  cells d e r i v e d ' f r o m  cul tures  
in the  exponen t i a l  phase  were ha rves t ed  by  cent r i fugat ion .  This  and subsequen t  
s teps were carri6d out  a t  4 °. The  moist  pellet  was g round  wi th  2.5 t imes  its wet 
weight  of Alumina  A-3or and  the  paste  was ex t r ac t ed  wi th  three  por t ions  (e.5 ml) 
of water .  Af te r  cer t t r i iugat ion  for xo rain /tt 5ooo rev. 'mir t  the  s u p e r n a t a n t  fluid was 
used for e nz yme  assays.  

The  sys tems  used for the s t u d y  of the CP-ADP t r ansphosphory ta t ion  react ion 
( ca rbama te  phosphokinase)  had  the following composi t ion in r ml:  50 /*moles tr is  
buffer  p H  7-4, Io  .~moles M g S O  v 5 o /~moles glucose, o . I  /zmole ADP.  0.25 /zmole 
T P N :  :too ttg g lucose-6-phosphate  dehydrogenase  (Sigma), 2oo t~g hvxokinase 
(Pabs t ) ,  I o  pmoles  c a r b a m y l  phospha te ,  bacter ia l  ex t r ac t .  Componen t s  were added  
to  a c u v e t t e  in the  o rde r  given, Af t e r  mixing,  the  increase in opt ica l  dens i ty  a t  34o m/z 
was  de t e rmined  in a B e c k m a n  spec t ropho tome tc r .  Controls run s imul taneous ly  
o m i t t e d  c a r b a m y l  phospha t e  in one instance and  bacter ia l  e x t r a c t  in a second.  This  
s y s t e m  ma de  use of the following reac t ions :  

C I [ '  -~- .k I.~I ~ ~-- ( ' ~ L r t : a m a t e  .!- . V I ' I '  I -' ) 

A T  I '  -[- g l u c ~ s e  - ~  g l t ~ c e m e - 6 - p h t , s [ ~ h a t ~ .  -I- A I .) l  ' ~." i 

( ; l u c o s e - 6 - p h o s p h a t e  -1- " I ' P N  ~ - ~ ,  " [ ' t ~ N I  [ - -  6 - p h ~ s p h o g l u c o n o l a c t o n e  -i- H + 13) 

T h e  increase in T P N H ,  measured  a t  34o m/~, cor rec ted  for changes in the  cont ro l  
sy.~tems, was a measure  of the ex t en t  o*" t r anophosphory l a t i on  f rom CP to  A D P  
to  fo rm ATP.  Ra tes  were recorded a f te r  the first minu te  af ter  mixing.  A unit  of 
e n z y m e  was def ined as the  a m m m t  of e n z y m e  giving a change of opt ical  dens i ty  
a t  340 mt z of o .or  per  min.  

The  sys tems  used for  the  s t u d y  of c a rbamyI  t rans fe r  react ions  had  the following 
compos i t i on  in 0. 5 ml:  5 ° /~moies  tris buffer  pH  7-4, r2.5 tzmoles c a r b a m y l  p h o s p h a t e  
( l i thium salt), xoo ~moles DL-e.spartate or  Io  /zmoies jJ~.-ornitltine, and  bacter ia /  
ex t r ac t .  B lanks  were p repa red  by  omi t t ing  the  aeceptor ,  a spa r t a t e  or  orni th ine .  
The  m i x t u r e  was i n c u b a t e d  a t  37 ° for x 5 rain and  theu  placed in an icebath .  An 
a l iquot  of o . i  ml was r emoved  and added  to 4-7 ml of a m m o n i u m  ace ta t e  a t  p t I  4.z. 
Inorgan ic  phos pha t e  was e s t ima ted  b y  the  LowRy  .~.xD LoeEz  me thod  xz, t he  a m o u n t  
o f  inorganic  phospha te  l ibera ted  being a measure  of ca rbamyl  t ransfer .  

2:le/erc~cvs #..Z~.I. 
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]{F.SULTS 

N~ttritional requirements o~ strain TA U and the site o/ the metabolic lesio~ 

T h e  m u t a n t  w a s  s e e d e d  o n  a g a r  p l a t e s  c o n t a i n i n g  g lucose ,  t h y m i n e ,  a n d  o n e  
of  t h e  k n o w n  i n t e r m e d i a t e s  in a rg i n i ne  s y n t h e s i s .  T o  such  a s e e d e d  p l a t e  w a s  a d d e d  
a p a p e r  disc  c o n t a i n i n g  o n e  of  t h e  i n t e r m e d i a t e s  in u r a c i l  b i o s y n t h e s i s .  T h e  g r o w t h  
r e s p o n s e s  of  t h e  s t ra i r t  , r e  r e c o r d e d  in T a b l e  I. I t  c a n  be  soerl t h a t  u r e i d o s u c c i n a t e  
b u t  n o t  a s p a r t a t e  wil l  r e p l a c e  u r a c i l  a n d  t h a t  c i t r u l l i ne  b u t  n o t  o r n i t h i n e  will  r e p l a c e  
a r g i n i n e .  T h e s e  r e su l t s  w o u l d  a p p e a r  t o  s u g g e s t  a b l o c k  in t h e  c a r b a m y l a t i o n  of  
a s p a r t a t e  a n d  of  o m i t h i n e ,  a r e s u l t  a p p a r e n t l y  c o n s i s t e n t  w i t h  t h e  o r ig in  of  t h e  
d o u b l e  r e q u i r e m e n t  in  a s ingle  gene t i c  c h a n g e .  Th i s  h a d  i n d e e d  bee i t  s u g g e s t e d  b y  
the  m e t h o d  of  i s o l a t i o n  of  t h e  m u t a n t  f r o m  s t r a i n  I 5 T -  in a s ing le  s t e p  ~. I n  a d d i t i o n ,  
i t  will  be  seen  s u b s e q u e n t l y  t h a t  r e v e r s i o n s  to  u rac i l  a n d  a r g i n i n e  i n d e p e n d e n c e  
occm" s i m u l t a n e o u s l y  i n d i c a t i n g  t h e  e x i s t e n c e  of a s ing le  m e t a b o l i c  l es ion  c o n t r o l l i n g  
b o t h  b i o s y n t h e t i c  p a t h w a y s .  

T.-\IZ] L I' .  I 

GROI.VTI-I "R!t.SPONSI~S O F  STRAI~"  T ; ~ t U  

. th'nlmM awdiunz* Groteth responses with ~Lohlitionat supplements a/ 

sltppla'lltt'nl¢d ~i'z'lh .-lsparlic acid Urcldosuccittic a f id  l)ihydro-ototic acid erotic acid Utacgl 

A r g i P _ i n e  o + - k  --F + + -~- - b  
C i t r u l l i n e  o + + + + -~.- + + . 
A r g i + l ~ ) s t t c c i n i e  a c i d  o o o o o 
O r n i t h i n e  o o o o o 

" I ) i f c o  a g a r  c o n t a i n i n g  m i n e r a l  m e d i u n a ,  g | u c o ~ e ,  a n d  t h y m i n e .  

Since  c a r b a m y l  p h o s p h a t e  is k n o w n  to  b e  a c o m m o n  i n t e r m e d i a t e  for  u r a c i l  
a n d  a r g i n i n e  a n d  o t h e r  m u t a n t s  o f  c o m p a r a b l e  n u t r i t i o n a l  r e q u i r e m e n t s  h a d  b e e n  
i n f e r r e d  to  l a ck  t h e  a b i l i t y  to  f o r m  th i s  c e r u m e n  p r e c u r s o r ,  we  u n d e r t o o k  t o  t e s t  
s t r a i n  T A U  for  t h e  e n z y m e ,  c a r b a m a t e  p h o s p h o k i n a s e .  T h i s  e n z y m e  is p r e s u m e d  t o  
c o n t r o l  t h e  f o r m a t i o n  of  c a r b a m y l  p h o s p h a t e  in a r e v e r s i b l e  r e a c t i o n ,  i.e. ¢ a r b a m a t e  H- 
A T P  ~-- C P  - -  A D P .  I t  m a y  be n o t e d  t h a t  t h e  f o r m a t i o n  of  c a r b a m ~ t e  is n o t  c o n -  
s i d e r e d  to  be  e n z y m i O  a. As  r e c o r d e d  in T a b l e  I I A ,  no  d i f f e r e n c e s  w e r e  o b s e r v e d  in 
c a r b a m a t e  p h o s p h o k i n a s e  a c t i v i t y  in e x t r a c t s  o f  E. colt s t r a i n  B,  t h e  p a r e n t  s t r a i n  
E. colt I 5 T - ,  a n d  s t r a i n  T A U .  T h u s ,  t he  m e t a b o l i c  les ion d id  n o t  a p p e a r  t o  c x l s t  
in the  a m o n n t  of  t h e  enz5 .~rae g o v e r n i n g  t h e  f o r m a t i o n  of t h e  s ingle  e s s e n t i a l  p r e c u r s o r ,  
e a r b a m y l  p h o s p h a t e .  

T h e  p r e s e n c e  of t h e  c a r b a m y t  t r a n s f e r a s e s  w a s  e s t i m a t e d  as  desc tSbed  ea r l i e r .  
As c a n  be  seen  in T a b l e  I I B ,  s t r a i n  T A U  g r o w n  in a r g i n i a e  a n d  u rac i l  h a s  a l o w e r  
c o n t e n t  ( a p p r o x .  3o %)  of  t h e  e n z y m e  for  t r a n s f e r  to  a s p a r t a t e  t h a n  d i d  t h e  p a r e n t ,  
s t r a i n  I 5 T - ,  a n d  o n l y  r 5 % as  m u c h  of t h e  e n z y m e  for  t r a n s f e r  t o  o r n i t b i n e .  N e v e r -  
the less ,  t h e s e  t r a n s f e r a s e ~  a re  p r e s e n t  in th i s  m u t a n t  s t r a i n ,  in c o n t r a s t  t o  s t r a i n  
I S T - r -  w h i c h  a p p e a r s  t o  possess  a n o r m a l  c o m p l e m e n t  of  o r n i t h i n o  t r a n s c a r b a m y l a s e  
a n d  is d e v o i d  of t h e  a s p a r t a t e  t r a n s c a r b a m y l a s e .  T h i s  f i nd ing  a l so  s u p p o r t s  t h e  v i e w  
t h a t  t w o  d i s t i nc t  e n z y m e s  a r e  i n v o l v e d  in c a r b a m y l  t r a n s f e r .  Of  i n t e r e s t  is t h e  f i n d i n g  
t h a t  a o n e  s t e p  r e v e r t a n t ,  s t r a i n  I5T-A ~U~, h a s  s u p r a n o r m a l  a m o u n t s  of  b o t h  e n z y m e s .  

R e ~ e r e J , c e s  p .  3 5 3 .  
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13ac~erial slraD~s L'nit~ p~'r mg 

E .  coti  s t r a i n  B 15,~ 
E ,  colt  s t r a i n  t 5"t-- 13-0 
F,. colt  s t r a i n  t 5T--A--t= ~ 3 -~" 
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T A B L E  l i b  

T H E  C O . ~ ' T F . N T S  t~V t S A R B : X M Y L  " I ' R A N S F E R A . q f . ; . %  i N  E K I ' R A ( : T 5  O F  ~Y,%IIIOt:-% M 1 3 T . % N T  . ' q ' r R A I N S  

13~¢te t ia l  strr~*]5 

S t r a t a  t S ~ -  ( P a r e n t )  
S t r a i n  1 5 r  - v -  ( .~ Iu t an t )  
.~tr~tin T:K t7 ( ~ [ u t a n t ]  
S t r a i n  I.~ T A+lr.b ( ' r .x .u  rex o r t a n t ' ~  

D~.'r¢.:t~c i*~ t'a~*bam~,! # h o s p h a t e  

,=l s p a t t a t ¢  Orm't lLi t te  

x . - ' 0  7 , - ~ >  
o 7.(~2 
o .37  I .33 
5-4 t I 2.9(~ 

* AlL e x t r a c t s  w e r e  r e g u l a r l y  fotlind t o  h a v e  s i m i l a r  con te .q tn  ot  p r o t e i n ;  hr~wever ,  ~t p r - t e i n  
e s t i m a t i o n  w a s  n o t  r n n  for  t h i s  e x t r a c t .  

Adapta t ion  to I)-xylose 

The abi l i ty  of the m u t a n t  to adap t  to 1)-xylo~:e was s tudied  under  different 
exper imenta l  condit ions.  As demons t r a t ed  earlier '1,6, the metabol ism of D-xylose 
requires an induced biosynthesis  of a xylosc isomerase. In the  exper iments  described 
below, the  adap ta t i on  was followed by es t imat ing  the  disappearance of the substrate ,  
D-xylose. An exponent ia l ly  growing cul ture  of TAU was chilled when the bacteri~tl 
concent ra t ion  had  reached 3 to 4" 1o8 cells per ml;  the  cul ture  was sedimented  and  
washed twice in minerai  medium,  Aliquots were resuspended in media  .containing 
:o-xylose ill place of glucose and  lacking ei ther  pyr imidines  o '  arginine. The composi- 
t ions of the  various media  are given in the legend to Fig. I. The figure presents 
d a t a  on the a d a p t a t i o n  of "FAU to IJ-xyiost:, i.e. the growth and  ~iabil i ty of the or- 
ganism and  its metabol i sm of the  pentose. 

I t  can be seen t h a t  in the pre~ence of all growth requirement~ the exposure 
to xyiose produces a lag of abou t  6o min before growth occurs. No increment  in 
t u r b i d i t y  has been observed in the absence of arginine, a l though increases in this 
funct ion occur in the  absence of t h y m i n e  and  uracil. I t  ha_s been inferred therefore 
t h a t  protein  synthesis  leading t,, a detectable  increment  in t u r b i d i t y  cannot  take 
place in the  absence of exogenous arginine. 

Af ter  th is  lag, the  cells ei ther  grew or died as metabol ism and  synthese.~ proceeded, 
i.e. e i ther  cell muitiplice.tion or steri l ization accompanied subs t ra te  ufilizatioll  
depending on the  presence or absence of thymine .  As can he seen, the max ima l  
killing effect produced b y  thymine  deficiency was observed in cultures resuspended 
in minimal  medium supplemented  ei ther  with arginine plus uracil or wi th  argininc 
alone. In the  absence of thymine ,  the omission of arginine reduced dea th  ra te  and  

R e l e r e n c e s  p.  3_5.J'- 
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t h e  i nc rea se  in t u r b i d i t y .  W h e n  b o t h  a rg in ine  a n d  urac i l  w e r e  l ack ing ,  the  k i l l ing  
r a t e  was  v e r y  low.  

I-Z. " ...... . / - - . . - i " r ~ - ~ 2 ~  . . . . . . . . .  i 

/ / ::i 
I , / +  .. , / r~  \ ~  
v - "  , ?..--.-'+oi N :  

-T,~+U ' ~ , 

L5 i ~ '  

• I o 

2 I . - -  ° i 

t ",, i +oi. , ,  
. \ i ¢ ' - + 8 ~  

2" ~oc~ 

~ . . . . .  .1. + + ~ . :  ... i 

0 60 ~,'3 0 ~50 I,f lO 0 ,~0 iM_."~ 
~ u T E S  

F~+g. ~. The viability, growth, at~d metabolism of o-xyiose of ~train LS~-A-w-. The bacter ia  were 
grown on gh~cose, thymine,  arginine and uracil, washed and resuspended at  turbidi ty  ~ 6o in 
t l :efol lowit~gmedktat37°:  O - O  O, nfinimaln~edlum + thymine + arginine-b  urax+'il; 41~-~ ~ ,  
minimal medium + thymine -- arginine: A - A - A ,  minimal medium + thymine  + uracil.; 
x -  ~ < - / ,  minimal reed:urn -,'- thymine;  • -  • - ~ ,  minimal medium; A--A--A,  minimal medium 
+ uracil: ~'-¢'D-~',  minimal medium + argimne; D - D - ~ ,  minimal medium + argiaine ~- uracil. 

Th~me t~:edia contained ~ nxg oi D-xylose per ml. 

A c o m p l e t e  u t i l i z a t i o n  of  s u b s t r a t e  w a s  o b s e r v e d  a t  240 ra in  in m i n i m a l  m e d i a  
s u p p l e m e n t e d  w i t h  all  t h r e e  n u t r i t i o n a l  r e q u i r e m e n t s .  I n  th i s  i r , t e r v a l  6 5 %  o f  
1)-xyJose d i s a p p e a r e d  if cells we re  r e s u s p e n d e d  in m i n i m a l  m e d i u m  s u p p l e m e n t e d  
e i t h e r  w i t h  t h y m i n e  p l u s  a rg i n i ne  ( o m i t t i n g  urac i l )  o r  w i t h  u r a c i l  p lu s  a r g i n i n e  
( o m i t t i n g  t h y m i n e ) .  F u r t h e r m o r e ,  as  d e m o n s t r a t e d  in Fig .  z, a b o u t  4 5 %  of  t h e  
s u b s t r a t e  was  u sed  w h e n  t h e  cells w e r e  r e s u s p e n d e d  ill t h e  m i n i m a l  m e d i u m  s u p -  
p l e m e n t e d  w i t h  a rg i n i ne  a lone .  T h e s e  r e s u l t s  s h o w e d  t h a t  t h i s  a u x o t r o p h i e  m u t a n t  
r e t a i n s  t h e  p 3 w e r  to  a d a p t  to  ~ - x y l o s e  u t i l i z a t i o n  in t h e  a b s e n c e  of  e .xogenous  
t h y m i n e  a n d  uraci l .  Th i s  p h e n o m e n o n  h a s  a l r e a d y  b e e n  d i s c o v e r e d  a n d  d e s c r i b e d  
b y  COHEN A~,'D I~AttNER fo r  s t r a i n  IST-  in t h e  a b s e n c e  of  t h y m i n e  a a n d  s t r a i n  I B T - u -  
in t h e  a b s e n c e  of  t h y m i n e  a n d  u rac i l  a. 

A v e r y  low u t i l i z a t i o n  of s u b s t r a t e  w a s  o b s e r v e d  w h e n  a r g i n i n e  w a s  o m i t t e d  
a n d  cells w e r e  r e s u s p e n d e d  in m i n i m a l  m e d i u m  s u p p l e m e n t e d  w i t h  t h y m i n e  o r  w i t h  
t h y m i n e  p lus  urac i l .  I n  t h e  ab.~ence of  t h y m i n e ,  t h e  o m i s s i o n  of  a r g i n i n e  c o m p l e t e l y  
r e p r e s s e d  a d a p t a t i o n  t o  x y l o s e .  

T h e s e  e x p e r i m e n t s  t h e n  s h o w  t h a t  T A U  is c a p a b l e  of  a d a p t a t i o n  a n d  p r o d u c t i o n  
o I  a speci f ic  e n z y m e  in t h e  a b s e n c e  of  t h y m i n e  a n d  ur~tcil if t h e  a r g i n i n e  r e q u i r e m e n t  
is sa t i s f i ed .  

I t  w a s  t h o u g h t  t h a t  t h e  o c c u r r e n c e  of a d a p t a t i o n  d e s p i t e  t h e  a b s e n c e  ~f n e t  

Refere~ces p. 353. 
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RNA synthesis m a y  arise in tiffs strain in a manner  similar to tha t  for strain I5x-ty- 
in which a turnover of RNA occurs when the s}mthesis of new specific protein takes 
place in the absence of exogenous pyrimidine ~. A te.~t el RNA turnover  was therefore 
under taken with TAU, with the additional aim of determining the effect of argin~ne 
deficiency on such possible turnover.  This Was accomplished by following the in- 
corporation of isotope from uniformly labeled [14C]glucose into RNA in the absence 
a n d  presence of exogenous arginine, and in the absence of thymine and uracil in 
the medium. 

E.ffea o] arginh,e on polymer sy~,thesis in .tbsence o/erogc~z,us pyrimidh~es 

I t  has been demonst ra ted  in m a n y  biological .~ysterns tha t  synthesis of protein 
is t ied to a concomitant  synthesis of RNA. In addition, it i~ known tha t  RNA 
synthesis  and  to a smaller ex tent  DNA synthesis are inhibitt.d in E. cell under 
conditions of amino acid deficiency (PARDEE AND PRES'rlnC.~_i#, GROS AND (~RO.~ 14., 
(BAm~ER A.XI) COrIENSl. We wished to s tudy  the metabolism of RNA in the absence 
of  uracil and  the effect of arginine deficiency on this m,~tabolisrm 

Cells growing exponent ial ly  in synthet ic  {minima,') medium containing gl-~co.~e, 
thymine ,  arginine, and uracil were chilled, centrifuged, and  washed. One aliquot 
was resuspended in minimal medium containiqg o.48 mg ~aC]glucose per ml and a 
second aliquot was resuspended in same medium as above, bu t  supplemented with 
2o/zg argiuine per ml. After  45 and  9o mitt of incubation, an aliquot of 25 ml was 
removed for analysis of viability, RNA, DNA, and protein and a second aliquot 
of  6oo ml was removed for the s tudy  of incorporation of llC into RNA under .those 
conditions. The da ta  on the effect of exogenous arginine on polymer synthesis and 
cell viabil i ty in absence of pyrimidines are presented in Table I I I .  From this Table, 

T A D L E  I I I  

E i " F E C T  O F  A R G I N t N E  O N  P O L Y M E R  S Y N T H E - ~ t S  ]iN T I t E  A I ~ , E N C E  O F  P Y R I M I n l N F . S  

Zil l 'btdlty I:i~t~fflitv 

TilJle o/ . l l i l l  l ' l i llll ~l iC~ / / / I  t i t "  ~,- .-1 l g # I t  i ' t l ¢  .~ l i l i i ' l / l ¢ l  t l i t  ¢ l / i t t  Itl &- . | ¥~  l I t  i t l~" 
bl¢llb:tlio;', 

mini  3 ' o  o/  .".'m ,~? 
O.D. i~¢) bierease O.D. o t'nerease ¢dl.~md o..~ derrea~e coifs a~ d¢¢rea.e.e 

o 7 .3  0 7 5  o 2 , - t "  I O  ~ 0 2 . 9  2 ,  I o  "~ o 

4 5  7 5  o $ 9  1 9  I , o -  l o  ~ .58 I . o ,  I o  ~ 6 6  
9 0  7 5  o 9 5  z 7 -t. 7"  t o7  S o  4 , 2 "  107 8 6  

Proteirr ,Vuch.;c aefits 

/~.~,'..I DY.'.4 

i~-li~l. ##iedilllPI --~ ,tltg¢~lipl¢ .lll '~l. ~ne¢ii,m : -  , I , g i n b w  Jlin+ ti.~.¢~il~lkl ~ ..t $'l~r?'pl|'|i¢- ' 

1 . 8 3  o t , 9  o 2 7 5  o 2 6 4  o 4 q  o 4 0  o 
~ . 6 2  4 4  3 . 5 2  8 6  3 ~ 5 n -~ 3 o o  n -F - t9 o 4 9  o 
2 . 7  ° 4 7  3 . 8 ( ,  1 o o  31 o t 3 3 4  ° 2 0  5 3  "q 5 3  S 

* M i n i m a l  m e d i u m  c o n t a i n s  s a i l s  s u p p l e m e n t e d  w i t h  gl;:co~o 
M i n i m a l  m e d i u n l  F a r g i n i n c  = c o n t a i n s  s a i t s ,  g l a c o s e  a s  a t b o v e  p l u s  2 0  u g ; m l  o f  a r g i u i n e .  
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it  can b¢ seen tha t  an increase in t u r b i d i t y  was observed on ly  if cells were resuspended 
in minimal  med ium supp lemented  wi th  arginine. This increase was abou t  19 % at  
the 45 min interval  and  o, z7/o  a t  9 ° min.  At 9 ° min the content  of protein had  doub led  
in the cells resuspended in the  presence of exogenous arginine. However ,  in the  
absence of arginine an increase of biuret-react ive mater ia l  was also observed ( + 4 7  %) 
a l though  )n tlfis t ime no increase in t u r b i d i t y  was revealed. A comparable  surprising 
result separa t ing protcin synthesis  from the  increase of t u rb id i ty ,  had  been seen 
with E. colt strain I S T - t  --~. Wi th  TAU in tile absence of arginine the  increment  of 
biurct-react ive mater ia l  seems to be complete  af ter  45 rain. Nevertheless,  it  will 
recalled that  TAU did not  adap t  to xylose under  these condit ions.  

This increase of bittL-et-reactive mater ia l  in the  absence of arginine migh t  suggest  
a leakage, i.e. slow synthesis  of arginine or  the format ion of arginine-free peptides,  
pcrhap~ in cell wall, or both.  The idea of a leakage in arginine synthes is  is supnor ted  
also by  the  fact  tha t  t ransfer  of ca rbamyl  group f rom ca rbamyl  phospha te  to ormthine ,  
a l though depressed under  the  exper imenta l  condit ions men t ioned  above,  is no t  com- 
pletely prevented.  However,  the  possibil i ty of the  existence of some endogenous  
source of arginine for protein synthesis ,  which migh t  be exhaus t ed  a f te r  45 rain 
of incubat ion,  is not  comple te ly  excluded.  In  a n y  case the inab i l i ty  to a d a p t  in the  
absence of exogenous arginine implies t h a t  the  leakage in argin~ne synthes is  or  
endogenous reserves of the  amino acid mus t  be very  low. 

A small  increase of R N A  content  was observed under  condi t ions  wi th  or w i thou t  
arginine although uracil  had  been omi t t ed  from the  medium.  In cells resuspended 
wi thout  arginine this  increase ranges between 12 to I 4 %  a n d  this  smal l  difference 
migh t  conceivably arise as an error in the analys is ;  however,  if real, i t  m igh t  also 
indicate, leakage, i.e., a slow synthes is  of uracil, as a l ready  suggested by  rezults on 
t ransfer  of the ca rbamyl  group from ca rbamyl -phospha te  to  aspavtic acid. If the  
increase is real, it seems tha t  wi thout  exogenous arginine a p la teau  level is reached 
af ter  45 rnin. As recorded above the  same result  was observed for b iure t - reaet ive  
mater ia l  in those ceils. 

In the absence of both  pyrimidines,  bu t  in the presence of arginine, a con t inu ing  
increase of R N A  or acid precipitable Bial-reactive pentose was observed.  However ,  
it  should be no ted  t h a t  in the absence of t hymine  no significant synthes is  of DNA 
wa_s observed even if synthesis  of protein was allowed to proceed. 

Mctabolism o / R N A  and protein in, uracil-deficient. ~edia  

Continuing the above exper iment ,  al iquots were removed  a t  45 and  9 ° mirt 
intervals  from the  6oo-ml batches  of the cells resuspended in min imal  med ium 
supplemented  with [J4C]gtucose plus arginine. The cells were sedimented,  washed,  
and  resuspended in mineral  medium,  from which the  cells were prec ip i ta ted  wi th  
5% cold tr ichloroacetic acid (TCA). Af ter  precipi tat ion,  the  cells were washed  three  
t imes ~ach with  ethanol,  ether ,  and  finally wi th  boiling ethanol--ether (i :x}. A modified 
SCHMIDi-THANNHAUSER procedure a was used for ex t rac t ion  of RNA since digests o f  
DNA derived from TAU do not reprecipitate on add i t ion  of acid. Dried, de fa t t ed  
bacterial  pellets were ex t rac ted  overn ight  wi th  5 ml NaOH at  37 °. The clear solut ion 
ob ta ined  by  this t r e a tmen t  wa.~ neutral ized,  and  chilled. The addi t ion  of 3 eel.  of 
e thanol  precipi ta ted DNA and protein. The s u p e r n a t a n t  fluid conta in ing R N A  
nucleotides was neutral ized,  concent ra ted ,  and  tes ted  for DNA by  the  d i p h e n y l -  
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amine  reaction.  The RNA nucleotides con ta ined  l,"~. t han  2~o°" of DNA. The R N A  
nucleot ides were precipi ta ted  in the  cold as silver ~alts by  adding  0. 5 ml of 2 M AgNO 3 
a t  p H  7.6- The silver salts were washed once wi th  cold water,  resuspended in water,  
and  the flee nucleotides were regenerated by  passing H~S th rough  this suspension. 
After  cent r i fugat ion  and  concent ra t ion  ~,f the s u p e r n a t a , t  fl-.id, the nucleotides were 
ch romatographed  in ~olvent sys tems conta in ing isobutyric a c i d - o . 5 N  NH~OH 
(lO:6) a t  pH  3-7- This solvent  separates  adeny!ic acid from cyf idyl ic  acid. The com- 
bined uridylie and  guanyl ie  acids, no t  separa ted in thi~ solvent,  were t r ea ted  wi th  
ia tes t ina l  alkaline phosphatase  and  the  resulting nucleosides were separated readi ly  
in i sopropano l -wa te r -concen t ra t ed  NH4OH (o,8% NH:~) (85:15:1.3). Adenylic and  
cyt idyi ic  acids were also treateci wi th  phosphatase  and  filL' corresponding nucleosides 
were separa ted  in ~z-butanol s a tu ra t ed  with 5'~o N HtOH.  

F u r t h e r  pur:Lfication stepz involved enzymic t ransfer  of ribose to an unlabeled 
base. The ribose moie ty  of adonylic and guanylic  acid was t ransferred from cor- 
responding nucleosides to  unlabeled uracil and  the ac t iv i ty  of the  result ing uridine 
was determined.  The ac t iv i ty  of the riboso moie ty  of ~h,. isolated uridylic acid was 
de te rmined  af ter  exchange of the labeled uridine with unlabeled hypoxan th ine .  

Labeled  adenine,  guanine,  and  uracil were also derived from their  corresponding 
nucleoside af ter  the i r  l iberat ion in the  exchange reactions, Cytosine was obtaim~'d 
b y  perchloric digestion of cyt idine .  

The protein precipi ta ted by 5"~ trichloroacetic acid wa.~ hydro lyzed  with 6 N 
HC1 by  refluxing overnight .  After  the hydro lysa tc  was t aken  to dryness  repeatedly  
to  remove hydrochlor ic  acid, the residue was dissolved in water  and  applied to 
W h a t m a n  No. 3 paper  for c h r o m a t o g r a p h y  in bu tanol -ace t ic  acld*% "l-he arginine 
b a n d  wa.s located by spray ing  a nat'row str ip wi(:h a~naphthol reagent  a~. Fu r the r  
purif icat ion of the arginine involved the  use of the phenyl  t h iohydan to in  ( t 'TH) 
der iva t ive  prepared on a micro scale as described by SJ~)QU'LST !8,~. The P T H  deriv- 
at ives of arginine from the ch romatogram .~ncl 2 known sample of arginine were run 
consecut ive ly  th rough  the following steps of purification: hep tane- formic  ac id -  
butmtol  ch roma tog raphy ,  electrophoresis in o.o 5 21I a m m o n i u m  formate  at  pH  3.5, 
and  c h r o m a t o g r a p h y  in e thy l  ace ta te  sa tu ra ted  with H~O. The Rv of arginine P T H  
in the  first solvent  is sufficiently different  from t tmt  of o ther  amino acid P T H  
der iva t ives  to  effect complete  separat ion.  

Alanine,  separa ted  in the bu tanol -ace t ic  acid chromatogram,  wa_s rerun in 
b u t a n o l - m e t h y l  e thy l  ketone N H4Ott .  Complete isolation of alanine colfld be 
expected  from this combina t ion  of solvents but  one further  purification was carried 
out .  This consisted of e i ther  ch roma tog raphy  with phenol a t  pH  12.o ~-° or preparat ion 
and  c h r o m a t o g r a p h y  of the P T H  derivati~'¢. 

I t  was fotmd t h a t  considerable L*C wa.~ incori~orated into purine and pyr imidine  
der ivat ives  of RNA when the  cells were resuspended in the minimal  medium.  This 
indicates t h a t  a metabol i sm of RNA occurred in those cells even in the absence of 
exogenous uracil .  

D a t a  on the  isotope contents  of isolated compounds  and  derivat ives are presented 
in Table  IV. These da ta  confirm in general  the analyt ica l  evidence px'esented in 
-l'able I I I .  Thus,  isotope is found in alanine, indicat ing amino acid synthesis  and  
incorporat ion in acid insoluble cell residues in the  absence of exogenous uracil .  
The isotope conten t  of alanine indicates a s) 'nthcsis of ~his amino acid to the ex t en t  
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T A B L E  1 V  

I '¢ .rATIO~ O F  . 4 .CT ' t V IT " , "  O F  C A R I I O N  O F  B A C T F . R I A L  D E R I V A T I V E : . %  
t 

T O  - ~ , C ' I ' I V I T Y  O F  G L U C O B F ~  C A R B O N  

.~..fi~ I'l~l a I roan ' i  J im 
Comport n d 

45 rain 90 rain 

3h:n imal  rnc.qi~tm "4- A r~zlnit:e 

45 min 9o tnt'tt 

I g N A  

A t l c n [ m i n e - r i l ~ o s e  o m 3 9  o .  I o 9  t>, ; o  7 o .  [ 8 4  
A d e n i n e  o . o 9 1  o . o O O  o .  1 3 0  o .  T z 4 

G u a n o s i n e - r i b o s e  o . m 2 5  0 , 0 0 7  0.,77 o.rs~ 
G u a n i n e  . . . .  o . t  re) - -  0 . ~ 3 3  

U r i d i n e  t ) . oo  ~ o .  t 0 4  o .  1 3 9  o .  r 6 7  
l ~ . i b o s e  o .  [ 6 4  o ,  ~ 7 5  0 . 2 3 5  o .  z 8 0  
U r a c i l  o . o ~  4 o .o~  5 0.¢:2 z o . 0 2 5  

" C v t i d i n e  o . o 9 6  0 . 0 7 9  o .  t 24  o . l  4 6  
R i b t ~ s c  o .  1 4 7  o .  1 2 ~  o .  m S_, 0 , 2 3 5  
C y t o s i n e  0 , 0 3 3  o . o 2 1  o . o 5 - "  o . o 2 9  

A m i n o  a c i d s  

A l a n i n e  ~ : , 2 o  4 o .  m97 0 . 3 7 6  0 . 3 4 6  
A r g i n i n e  - -  0 . 0 5 3  - -  o . o I  5 

* S p e c i f i c  a c t i v i t y  o f  [ t a C l g l u c o s c  3 3 3  ° c o u n t s / m i n / / x  m o l e  c a r b o n .  

of 25 0;, of the alanine originally present  when arginine was absent  from the medium.  
In the presence of arginine, abou t  twice this  incorporat ion was obta ined.  These bio- 
syn the t ic  functions were subs tan t i a l ly  completed in both  sys tems at  45 rain. An 
approx imate ly  two-fold discrepancy between protein  increment  measured  b y  the  
biuret  reaction and tha t  de te rmined  by  isotope incorporat ion in to  amino  acids has  
been repor ted in our earlier paper  on strain I5~-tr -~. 

Significant rad ioac t iv i ty  (5.3 % of t h a t  of the glucose fed) was found  in the  
arginine of celt pro te in  af ter  extensive  purif icat ion of this  amino acid, ind ica t ing  
the existence of an incomplete  block of this  synthesis .  The b iosynthes is  of arginine 
was fur ther  repressed in the presence of exogenous arginlne,  i.e. now on ly  x.5 % of  
the ac t iv i ty  of the glucose was incorporated.  Rad ioac t i v i t y  of thi~ low order  was 
also found in all samples s of uracil  and  cytos ine  isolated from R N A  formed in the  
ahsence of exogenous uracil. Thus,  an incomplete block also exis ted in uracil  synthesis .  

In thc absrnec of exogenous arginine, max ima l  isotope was found in the  R N A  
der ivat ives  at  45 rain. In the p,-esence of exogenous arginine,  s ignif icantly grea ter  
amoun t s  of isotope, were obta ined  in these der ivat ives  a t  45 rain; in addi t ion ,  in 
th is  case the isotope contents  of tl,e ribose of the pyr imidine  nucleotides cont inued  
to increase af ter  45 rain in this  sys tem.  

In the absence of exogenous arginine the isetope conten t  of the  pnrine .ri_'tmse 
was sl ightly less than  tha t  of pyr imidine  ribose. In addi t ion,  wi th  one exception the  
isotope content  of Imrine carbon was less t h a n  t h a t  of its ribose. The la t te r  point  
is par t icular ly  str iking in the medium conta in ing arginine. These d a t a  indicate  a 
grea ter  de novo synthesis  of purina ribose t han  of purine and  suggest  ei ther  the  
presence of s tored purina or a tu rnover  of RNA in which a significant percentage 
of the purina is conserved (one-third of the ~otal). 

R e / e r e n c e s  p .  3 5 1 .  
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Apparent mutageni~ity o~ thymine starvation 
Strain TAU was grown to 3" lOS bacteria per mI, washed, a~ad subjected to thymine 
starvation with  aeration at 3 °0 in a mineral medium supplemented with  glucose,  
arginine, and uracil. Plating methods for the demonstration of revertants have 
been presented earlier. Experimental  results are recorded in Table V. 

T A  I~Ll'2 V 

T H E  A P P A R E N T  M U T A G E . N | C I T . ~  ,o',~ r F H V M I N E  5 [ , 3 . R V A T I O N *  

Tdtt~ o/ No ,  o:r v i a b l e  
.s lar'~ation 

m in ,~ell~ p*-*¢ m t  

• % "  t! l~;$'¢r O/ t'~"L/L','I~ttI~S 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

"~, ~ffZD~g per 1o" ui~tbl¢ cel ls  p e r  ,'ul e l  ctdt~tr~ 

el -F U +  ¢1 + G" + A + U +  .4 . -  U + 

o m . 8 8 .  t o  s o 1 7 . 4  ~ 7 t 7 z 8 5  z , ~ 5  "-'~5 

I 5  t . O -  ~ o  s o 7 9  S o  8~  ] ~, Io r 4 z o  1 4 5 o  

3 ° i . 6 3  , i o  s 12  1 5 0  i ~18 i 5.[ 1 ] 3  ° 1 4 0 0  1 4 5 0  
6 o  3 . 2  • l i e  7 8 8 . z  2 0 0  2 0 5  z z o  5 5 5  7 5  ° 6 1 5  

1"20 I , O "  I O  n 9 9 - 5  2 5 0  21 [ )  351"~ I 3 ,  5 1 5 , 8  1 6  

2 4 0  3 - 7 5 "  t o ~ ~)9 ,8  3 6 5  3 7  ° 3 7  : 1 o .  3 1 0 . 3  I o .  4 

* Starvat ion  in m i n i m a l  me{l iun l  ~ u p p l c n m n t e d  w i t h  glucose,  ;mrginine, ~ntl uracil. 

It can be seen in Table V that  the revertants  to arginine independence ,  to 
uracil independei,:-c, and to both together  are equivalent  in number  at the beginning 
of  the  exper iment  and appear at  the same rate. Thus the reversion to ,_'ndependence 
wi th  respect to boil: requirements  appeared to occur in a single genetic  change.  

T h ym in e  s tarvat ion  of  T A U  produced a five fold increase in the appearanc-, 
of  revertants  before th~ cells began to die. This effect was recorded earlier by the 
senior author  (D.K.)  for strain I 5 T - u -  (see 6). After this period, the total  numbers  
o f  m u t a n t s  d e c r e a s e d  iu  g e n e r a l  p a r a l -  
l e l i n g  t h e  l o s s  o f  v i a b i l i t y ,  a s  c a n  b e  
s e e n  in  F i g .  2. A l t h o u g h  a s l o w  i n c r e a s e  

o c c u r r e d  i n  t h e  p r o p o r t i o n  o f  r e v e r t a n t s  
to  total  viable cells, the latter increase 
m a y  o n l y  r e f l e c t  t h e  r e l a t i v e  r e s i s t a n c e  

of a proportion of the back mutants  to 
t h y m i l l e l c ~  death. 

Fig. 2. A compar i son  of the survival  t)f 
s train T A U  and the appearance  of T - A  ~U + 
revertants  under  condi t ions  oI t h y m i n e  star- 
vat ion .  The  appearance  t)¢ mutant.~ is ex- 
pressed both  for a g i v e n  v o l u m e  of  culttmre 

and for a g iven  n u m b e r  of  viable  cells.  

,oo / \ 
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D I S C U S S I O N  

Although the  initial purposes of these exper iments  were somewha t  f rus t ra ted  by 
the  complexit ies of the  m u t a n t ;  a n u m b e r  of interest ing results  have  been obta ined .  
Thus, the m u t a n t  TAU is able to synthesize  up to 5 % of its arginine requ i rement  
and  about  2 %  of its uracil r equ i rement ;  nevertheless,  the  exogenous precursors 
citrulline and  ureidosuccinate  are essential  for g rowth  of the  organisms.  The posit ion 
of the  metabolic  block and  its origin or e l iminat ion in a single genetic step implicate  
an error ill ca rbamyla t ion .  However ,  the  three k n o w a  enzymes ca ta lys ing  react ions 
of the ca rbamyl  mo ie ty  are present  in the  m u t a n t  a l though  the  con ten t s  of t he  
two enzymes ca ta lys ing  ca rbamyl  t ransfer  to form citrulline and  ure idosucchmte  
are somewhat  depressed. The amoun t s  of these enzymes are depressed on ly  7o to 
80 o, ,.o, as compared to the  a m o u n t s  in the  pa ren t  s t ra in  i 5 r - ,  and  even this migh t  be 
ascribed to a negat ive  feed-back mechanism arising from growth  in the presence 
of arginlne and uracil. I t  m a y  be imagined t h a t  the  ve ry  significant levels of these  
transferases even under  these condi t ions would permit  a greater  synthesis  of arginine 
and  uracil than  t h a t  ac tua l ly  observed. 

I t  m a y  be suggested then  t h a t  in this m u t a n t  there is no t  on ly  an inhibi t ion 
of enzyme synthesis  bu t  more impor t an t  an inhibi t ion of the ac t iv i ty  of these lowered 
levels of enzymes produced.  RAVEL Ct al. s~ have recent ly  demons t r a t ed  the inh ib i to ry  
ac t iv i ty  of carbamyl  phospha te  towards  the growth  of Steeptococaus a n d  Lactobacillus 
arabinosus, an inhibi t ion overcome b y  citrulline, purines, and  uracil .  These ~tuthors 
have  also shown t h a t  cul t ivat ion of S. lactis in the  presence of c a rbamy l  phospha te  
(~- io  - s  3t) reduces the orni thine ca rbamyl t rans fe rase  in the  organism to  less t h a n  
zo °,o of the normal  value. At  high concent ra t ions  of  ca rbamyl  phosphate ,  the  
ac t iv i ty  of the  enzyme is inhibi ted as well. Since the enzyme for synthes is  of c a r b a m y l  
phosphate  is present  in normal  amounts ,  it  appears  possible t h a t  this  c o m p o u n d  
m a y  be accumula ted  in amoun t s  suffieent to  be seriously inh ib i to ry  to bo th  e n z y m e  
product ion  and  ac t iv i t y  ir~ s train TAU.  Nevertheless,  this exp lana t ion  of t.he behavior  
of the m u t a n t  is most  inadequate  since s train ISa--v- which lacks the  asp~rt ic  
ca rbamyl  transferase alone and therefore also p robab ly  produces more e a r b a m y l  
phosphate  t han  it can use, is not  inhibi ted  in the  product ion  of the  orn i th ine  ca rbamy l  
transferase nor  in its ac t iv i ty .  I t  is possible t h a t  fu r ther  s t u d y  of these t ransferases 
in these m u t a n t s  and  their  rever tants  m a y  reveal differences in the i r  sens i t iv i ty  
to inhibit ion by  ca rbamyl  phosphate .  Such an  analysis  m a y  also indica te  whe the r  
par t icuiar  rever tan ts  arise by  a t rue  back m u t a t i o n  or by  deve lopment  of  a suppressor  
mechan ism.  

As described in Fig. i ,  in the presence of exogenous arginine the  m u t a n t  behaved  
in m a n y  respects like s train Z5T--t: -6. Exogenous  arginine pe rmi t t ed  the  product ion  
of xylose isomerase in the absence of u ~- oil and  marked ly  faci l i tated the d e a t h  of 
s train TAU in the absence of thymine .  An increase of cell numbers  aud  of t u rb id i t y  
occurred only in the  presence of the amino acid. As with  s t ra in  T - U - ,  both  t h y m i n e  
and  uracii weJe also essential  to the increase in cell number .  

In the  absence of at, exogenous ~uppty of amino  acid, the product ion  of xylose 
isomerase did not  occur a l though an increase of biuret  reactive subs tance  and  the  
syntlacsis of acid-insoluble bound alanine was demons t ra t ed .  The na tu re  of th is  
mater ia l  is not  clear; the possibil i ty t h a t  .-come cell wall mater ia l  or other  acid in- 

.Relere~zces p. 353. 
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soluble po lypept ides ,  deficient in arginine,  has  been  laid down,  is no t  excluded.  
Of pa r t i cu la r  in teres t  is the  prob lem of the  appa ren t  R N A  s5w.thcs]s in deficient 

organisms.  A ve ry  small ne t  synthes is  (14. ?0) was obse rved  for the  first 45 rain in 
the  absence  of argininc and uracil .  The  e x t e n t  of isotope incorpora t ion  in R N A  
ribose in this sys tem tends  to confirm t h a t  for the  most  pa r t  this small appa ren t  
i nc remen t  was indeed ne t  synthes is  (see Table  V). I t  seems possible t h a t  this  a m o u n t  
of  incorpora t ion  m a y  be accoun ted  for by  the  ut i l izat ion of ingested uraci l  present  
in the  low molecu la r  pool. 

Howeve r ,  even in this sys tem a slight but  significant d i sc repancy  is seen be tween 
inco rpora t ion  in to  ur idine ribose and  our ine  ribose and  between incorpora t ion  into 
adenine r ibose and  adenine,  suggest ing t h a t  the sources of the  pur ine  r ibot ides m a y  
be somewha t  more  compl ica ted  t h a n  t h a t  of a simple de novo synthesis ,  l n d e e d  
in the  presence of exogenous  arginine these discrepancies  become much  more  marked ,  
and  a l though  a de novo synthes is  of pur ine  r ibose s tops a t  45 m~i.n, the  incorpora t ion  
of i sotope into pyr imid ine  ribose cont inues  f rom 45 to  9o rain. I t  should  be no t ed  
t h a t  th i s  R N A  me tabo l i sm  cont inues  for a period a t  least f ive t imes  as long as t h a t  
necessa ry  to  exhaus t  an  a m o u n t  of exogenous  uracil  sufficient t o - p e r m i t  a 28 % 
increase in R N A  u n d e r  condi t ions  of no rma l  g rowth .  These  resul ts  in this sys tem 
seem mos t  r ea sonab ly  expla ined  as arising from a t u r n o v e r  of R N A  wi th  a conserva-  
t ion  of pyr imid ines  to  which newly  formed ribose is added ,  even  as in s t ra in  I5T-u  -s. 
W i t h  s t ra in  T A U  however ,  the  obse r ved  t u r n o v e r  appeaucs ill considerable  mea.~ure 
d e p e n d e n t  on  the  presence of amino  acids, more  pa r t i cu la r ly  the  requi red  exogenous  
arg.lnine. 
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