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Resul ts  of one e x p e r i m e n t  are  shown in fig. 2; com-  
parable resul ts  were ob ta ined  in a series of s imi lar  ex-  
per iments .  Whi l e  t he  fo rm I p reva i l s  a t  t h e  beg inn ing  
and a t  the  end of t h e  cons idered  g rowth  period,  r each ing  
a m i n i m u m  dur ing  the  m o s t  ac t ive  cell  r ep roduc t ion ,  
the  form I n  prevai l s  in t he  midd le  of t he  l oga r i t hmic  
phase. The  two-peaked  cu rve  of t he  fo rm I I  m a y  in- 
dicate  t h a t  this  form represen t s  an  i n t e r m e d i a t e  s tage 
be tween  the  forms I and n I .  

I t  can be  conc luded  t h a t  the re  is a r e l a t ionsh ip  be- 
tween t i le appea rance  of a g iven  s t r u c t u r a l  fo rm and  a 
pa r t i cu la r  phase  of t h e  g rowth  curve .  In  t he  l oga r i t hmic  
g rowth  phase,  the  cu l tu re  is composed  a l m o s t  exc lus ive ly  
of d i f fe ren t ia ted  forms.  

The  fact  t h a t  q u a n t i t a t i v e  re la t ionsh ips  can  be shown 
between age of the  cul tures  and  f r equency  of the  d i f fe ren t  
ch romat i c  forms shows tha t ,  by  this  me thod ,  inves t iga -  
t ions can  be deve loped  on the  cy to log ica l  m a k e - u p  of 
bacter ia l  cells unde r  d i f ferent  g r o w t h  condi t ions .  
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Zusammen/assung 

hi  der  vor l i egenden  A r b e i t  w u r d e  eine U n t e r s u c h u n g  
fiber den Z u s a m m e n h a n g  zwischen C b r o m a t i n s t r u k t u r -  
verXnderungen und  W a c h s t u m s k u r v e  bei Escherichia 
coli ausgeft ihrt .  

D u t c h  mi t  ROBINOWS Techn ik  gef~rbte  Proben ,  die 
an den cha rak te r i s t i schen  P u n k t e n  der  Wac i~s tumskurve  
yon der  K u l t u r  e n t n o m m e n  wurden ,  wurde  gezeigt ,  dab  
die Bak te r i en t e i l ung  m i t  der  E r s c h e i n u n g  y o n  mi tose-  
~hnlichen F igu ren  gebunden  ist, wo  C h r o m a t i n m a s s e n  
zus tande kommen ,  die m i t  C h r o m o s o m e n  ve rg le i chba r  
scheinen. 

T h e  S y n t h e s i s  o f  t h e  P u r i n e  N u c l e u s  b y  

Escherichia co / / ,  a S t u d y  o n  t h e  M o d e  of  A c t i o n  
of  S u l f a - D r u g s  

I t  appears  to  be an es tabl i shed fac t  t h a t  in h igher  
animals  the  synthes is  of the  pur ine  sys t em in uric acid  
(as in x a n t h i n e  I) invo lves  glycine  (posit ions 4, 5, 7), 
fo rmate  or the  d-carbon a t o m  of ser ine (posi t ions 2, 8) 
and CO~ (posit ion 6)~; a s imi lar  m e c h a n i s m  appl ies  to 
hypoxanth ine~.  Also the  guan ine  c o n t a i n e d  in yeas t  
nucleic acid  is c o n s t r u c t e d  in t he  cell  b y  an  ana logous  
process a. 

W h e t h e r  this  m e c h a n i s m  appl ies  also to  bac te r i a l  cells, 
is no t  ye t  ev ident .  The  obse rva t i on  of SHIVB 4 t h a t  sulfa-  
inhibi ted  Escherichia coli produces  4 -amino- imidazo le -5 -  
ca rboxamide  (II), an  obv ious  i n t e r m e d i a r y  in t he  syn-  
thesis of the  pur ine  d e r i v a t i v e  x a n t h i n e  (I), t ends  to  
show t h a t  the  mechanisms, by  wh ich  C" a n d  C s a re  in-  
corpora ted  in to  t he  f inal  s t ruc tu re ,  a re  n o t  iden t ica l  : t he  
sul fa- inhibi t ion invo lves  on ly  C ~- no t  C 8. I t  is n o t  even  
clear whe ther  the  source of C 2 and  C 8 is ident ical .  

The  c o m p o u n d  (II) is an ideal  s t a r t i ng  po in t  for an  
i nves t i ga t i on  of t he  or igin  of C o in E. coli, of the  role 
which  p-aminobenzoic acid (PABA)  p lays  in ca ta lys ing  
the  i nco rpo ra t i on  of th is  lone carbon  a t o m  in (II), and  
of t he  m e c h a n i s m  by  which  sul fa-drugs  in te r fe re  wi th  
the  ac t ion  of P A B A  1. 
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Fig. 1.-Influence of DL-methionine (III) on the formation of (II): 
x×x in presence of 5~, sulfadiazine per cm3; ooo the same with 

0-025 ~' PABA per em ~. 

I t  has  now been es tab l i shed  t h a t  ne i the r  chol ine  nor  
be ta ine  nor serine decrease m a r k e d l y  the  a m o u n t  of (II) 
fo rmed  by  su l fa - inh ib i ted  E. coil; nor  does the  com- 
b i n a t i o n  of a n y  of these  th ree  subs tances  w i t h  P A B A  
exe r t  a s igni f icant  inf luence  on the  fo rma t ion  of (II). 
Also m e t h i o n i n e  (III)  has  on ly  a w e a k  effect .  The  s imul-  
t a n e o u s  a d m i n i s t r a t i o n  of me th ion ine  and of ca t a ly t i c  
q u a n t i t i e s  of P A B A ,  however ,  has  a v e r y  s t rong  effect ,  
p r o v i d e d  t h a t  no t  too  m u c h  of the  su l fa -d rug  is p resen t  
(fig. 1). The  effect  of th is  c o m b i n a t i o n  on the  growth of 
the  bac t e r ium,  equa ls  on ly  abou t  t h a t  of me th ion ine .  
I t  appears ,  therefore ,  t h a t  in E. coli the source o/ C 2 in 
the purine nucleus is methionine and that P A  B A  acts as 
the transfer agent o / a  tone carbon atom from methionine 
to (II). 

A d d i t i o n a l  ev idence  has  been  sough t  for th is  con- 
clusion,  which  shows a dif ference in the  b iosynthes i s  of 
the  pur ine  nucleus  in h igher  an imals  and in E. coll. 

(a) I t  has been known  -° t h a t  2 -ch loro-4-aminobenzo ic  
acid  is an  inh ib i to r  of me th ion ine  f o r m a t i o n  in E. coll. 
I t  has  now been found  t h a t  th is  a n t a g o n i s m  expresses  
i tself  in an  increased  f o r m a t i o n  of (II), if the  2-chlorin-  
a t e d  P A B A  is added  to  t he  cu l tu re  m e d i u m  of E. coll. 

(b) I n  v i ew of ex i s t ing  d a t a  3, i t  seemed  possible t h a t  
e th ion ine  (IV) wou ld  also ac t  as an an t agon i s t  of me th io -  
nine, and  increase t he  a m o u n t  of (I i)  f o rmed  by  the  
b a c t e r i u m :  e th ion ine  is known  as a synerg is t  of sulfa-  
drugs*, and  this  was conf i rmed  in our  case, if e th ion ine  
alone was i nco rpo ra t ed  in the  cu l tu re  med ium.  H o w e v e r ,  
t he  c o m b i n a t i o n  of e th ion ine  wi th  smal l  q u a n t i t i e s  of 
P A B A  has  t h e  same effec t  as t he  sys t em m e t h i o n i n e -  
P A B A :  the  a m o u n t  of (II) decreases cons ide rab ly  (fig. 2). 
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This  is in keep ing  wi th  r e cen t  o b s e r v a t i o n s  by  STEKOL, 
WEISS, a n d  WEISS1; ev iden t ly ,  in t hese  cases e i the r  
e t h y l  t r a n s f e r  t akes  place or, t h r o u g h  a d e g r a d a t i o n  in 
t h e  course  of t h e  t r a n s f e r  process ,  t he  e t h y l  g roup  a c t s  
as a source  of one c a r b o n  a t o m .  Thus ,  our  o b s e r v a t i o n  
can  be  cons ide red  as a d d i t i o n a l  s u p p o r t  for  t h e  a b o v e  
s t a t e m e n t .  
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Fig. ~. - Iniluence of DL-ethionine {IV) on the formation of (II), in 
presence of 5 y sulfadiazine and 0'0f~5 y PABA per em z. 

No ev idence  has  been  s o u g h t  r ega rd ing  the  [orm in 
w h i c h  t h e  m e t h y l  g roup  is t r a n s f e r r e d  f rom m e t h i o n i n e  
to  ( I I ) ;  MACKENZIE 2 a n d  SAI,:AMI 3 h a v e  a s s u m e d  t h a t  
t h e  ac t ive  a g e n t  is f o r m a te .  Th i s  m e c h a n i s m  wou ld  be 
para l le l  to  t h e  chemical  s y n t h e s i s  of x a n t h i n e  f rom (I1)*. 

H o w  does  P A B A  p a r t i c i p a t e  in th i s  m e c h a n i s m  a n d  
h o w  do su l fa -d rugs  in te r fe re  w i t h  th i s  p a r t i c i p a t i o n  ? I t  
is t e n t a t i v e l y  sugges t ed  t h a t  b o t h  s u b s t a n c e s  are  c apab l e  
of c o m b i n i n g  w i t h  t h e  " l a b i l e  m e t h y l  g r o u p  ''~, w h i c h  
d issoc ia tes  f rom m e t h i o n i n e ;  however ,  wh i l s t  t he  de- 
r i v a t i v e  f o r m e d  f rom PAI3A is r eac t ive  enough  to  d o n a t e  
t h e  lone c a r b o n  a t o m  to  (II), t h e  c o m p o u n d  in to  w h i c h  
t h e  s u l f a - c o m p o u n d s  are  t r a n s f o r m e d  6 are  s t ab l e  and  do 
n o t  t r a n s f e r  t h e  c a r b o n  a t o m  acqu i r ed  f rom m e t h i o n i n e .  
WINKLER a n d  DE HAAN ~ h a v e  s h o w n  for  t h e  case of 
E .  coti, t h a t  i nc reas ing  q u a n t i t i e s  of su l fa -d rugs  i nh ib i t  
t h e  f o r m a t i o n  of (a) m e t h i o n i n e ,  (b) x a n t h i n e ,  (c) serine,  
(d) p t e r o y l g l u t a m i c  ac id  (and  t h y m i n e ) ;  each  of t hese  
four  s u l f a - a n t a g o n i s t s  exh ib i t s  i ts  a c t i v i t y  on ly  w h e n  the  
lower  m e m b e r s  of t he  series are p r e sen t ;  in all cases b u t  
t he  last ,  P A B A  has  to  be p re sen t .  This  t e n d s  to  show,  
first ,  t h a t  ser ine  does n o t  p a r t i c i p a t e  in t he  b io syn thes i s  
of pu r ine  (but  r a t h e r  t h a t  t he  reverse  could  be true) ,  and,  
second,  t h a t  t h e  i n h i b i t i o n  a t  leas t  in  (a), (b), (c) involves  
a " m e t h y l a t i o n "  r e a c t i o n  s. I t  is an  i n t e r e s t i n g  specu la -  
t i on  t h a t  also in t h e  b i o s y n t h e s i s  of folic ac id  a lone 
c a r b o n  a t o m  m a y  be  invo lved .  
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This investigation is part of a thesis submitted by RUTH BEN- 
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will be published elsewhere. 
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Z u s a  mmen /as su  ng 

In  K u l t u r e n  yon  Escher ichia  tol l ,  die d u r c h  Sulfon- 
a m i d v e r b i n d u n g e n  g e h e m m t  s ind,  wird  4-Amino-imida-  
zo l -5 -ca rboxamid  (II) gebi lde t .  Diese  S u b s t a n z  i s t  eine 
Zwischens tu fe  in der  B i o s y n t h e s e  des Pur in - (Xan th in - )  
Sys t ems .  Das  f eh lende  K o h l e n s t o f f a t o m  C 2 wi rd  durch 
Me th ion in  (III) geliefert .  Der  Ltbertr/~ger des  Kohlen- 
s t o f f a t o m s  is t  die p - A m i n o b e n z o e s ~ u r e .  Cholin,  Betain 
u n d  Ser in  k 6 n n e n  das  feh lende  C 2 n i c h t  l iefern.  Athionin 
(IV) verhXlt  sich wie Meth ion in .  

l ] b e r  v o n  C u "  a b h i i n g i g e  b a k t e r i o s t a t i s c h e  

W i r k u n g e n  

Es  i s t  b e k a n n t ,  daI3 8 -Oxych ino l in  eine ausgepr~gte 
b a k t e r i o s t a t i s c h e  n n d  i n s b e s o n d e r e  auch  tuberku los ta t i -  
sche %Virkung bes i t z t .  Von  A L B E R T ,  ~ U B B O ,  GOLDACRE 
u n d  B A L F O U R  1 sowie yon  A L B E R T  u n d  D. M:AGRATH 2 
wurde  diese E i g e n s c h a f t  m i t d e r  F&higkei t  dieser  Ver- 
b i n d u n g  zur  B i l d u n g  yon  M e t a l l k o m p l e x e n  in Zusam- 
m e n h a n g  geb rach t .  W i r  h a b e n  in e iner  f r i iheren  Arbeit  3 
du rch  e inen  Vergle ich  des 8 -Oxych ino l ins  mi t  d e m  is0- 
s t e r en  4 - O x y b e n z t h i a z o l  ve r such t ,  E inb l i cke  in diese Be- 
z i ehungen  zu gewinnen .  

In  e incr  Re ihe  yon  A r b e i t e n  v e r s c h i e d e n e r  Autoren 
w u r d e n  ffir die Vors te l lung ,  d a b  an tier Beeinflussung 
des S tof fwechse l s  der  Tube rke lbaz i l l en  g{etMlionen,  ins- 
be sonde re  Cu-" be te i l ig t  s ind,  we i t e re  H i n w e i s e  ge- 
b r a c h t <  i m  fo lgenden  wot len wir  t iber eine Beobachtung  
be r i ch ten ,  die gleichfal ls  in d iesen  Z u s a m m e n h a n g  ge- 
s te l l t  w e r d e n  kann .  8 -Oxych ino l in  w i r k t  auf  das  Ober- 
I i&chenwachs tum yon  T b c - K u l t u r e n  in Lockemann-N~hr-  
16sung in e iner  K o n z e n t r a t i o n  y o n  m/50000  t o t a l  heln- 
mend .  V e r w e n d e t  m a n  das  Cu-Salz  des 8-Oxychinolins 

1 A. ALBERT, S. D. RUBBO, R.  J .  GOLDACRE u n d  B, G. BALFOUR, 
Brit. J. exper. Path. 28, 69 (1047). 

2 A. ALBERT und D. 3IAGRATH, Biochem. J. 41, 534 (1947). 
a L. A.  BINSXWANGER, H .  ERLENMEYER, E. SORKIN u n d  E. SUTER, 

Helv. 31, 1975 (1948). 
4 E. CARL und P. ~IARQUARDT, Z. Naturforsc]lg. 4b, 280 (1949).- 

K. LIEBERMEISTER, Z. Naturforschg. 5b, 70, 254 (1950); Dtseh. reed. 
W'schr. 75, 621 (1950). - E. SCHRAIIFSTXTTER, Z. Naturforschg. 53, 
190 (1950). -- L. HEILMEYER, Ki ln .  W s c h r ,  26, 649 (1948). 


