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As  d e d u c e d  in  o u r  ear l ie r  p a p e r s  1, t h e  va l ence  of 
c o b a l t  in  v i t a m i n  B~2 is p r o b a b l y  t h r e e  or poss ib ly  t w o  
w i t h  a t t a c h e d  m o l e c u l a r  oxygen .  T h e  t w o - e l e c t r o n  re-  
d u c t i o n s  o b s e r v e d  in t h e  p o l a r o g r a m s  of Blz a n d  B~2CN- 
t h e n  p r o b a b l y  i n v o l v e  t h e  r e d u c t i o n  of t h e  c o b a l t  f r o m  
t h e  t r i v a l e n t  t o  t h e  u n i v a l e n t  s t age .  

T h e  s h i f t  of t h e  h a l f - w a v e  p o t e n t i a l  of Bx2 f r o m  -- 1.12 
t o  - - 1 , 3 3  V t o w a r d  t h e  s a t u r a t e d  ca l om e l  e l ec t rode  o n  
f o r m a t i o n  of t h e  c y a n i d e  c o m p o u n d  is in  t h e  d i r e c t i o n  
e x p e c t e d  as  t h e  r e s u l t  of m o r e  e x t e n s i v e  c o m p l e x  
f o r m a t i o n  b y  t h e  ox id i zed  t h a n  b y  t h e  r e d u c e d  f o r m  of 
t h e  couple .  
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Zusammen/assung 

D a s  H a l b w e l l e n p o t e n t i a l  der  p o l a r o g r a p h i s c h e n  R e -  
d u k t i o n  des B~2CN-Anions a n  de r  H g - T r o p f e l e k t r o d e  
b e t r ~ g t  -1 ,33  V o l t  (gemessen  gegen  eine ges/~tt igte 
K a l o m e l e l e k t r o d e )  ; be t  de r  R e d u k t i o n  s i n d  zwei  E l e k -  
t r o n e n  be te i t i g t .  Die  als  L ~ s u n g s m i t t e l  v e r w e n d e t e  
K C N - L d s u n g  mul3 jewei ls  f r i s ch  b e r e i t e t  w e r den .  Sic 
da r f  i n s b e s o n d e r e  m i t  Q u e c k s i l b e r  e r s t  be t  de r  M e s s u n g  
in  ]3e r f ih rung  k o m m e n .  
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Cytological Analysis of Bacteria 
in Growing Cultures 

A n u m b e r  of o b s e r v a t i o n s  h a v e  b e e n  p u b l i s h e d  in  
r e c e n t  yea r s  on  t h e  m o r p h o l o g y  of c h r o m a t i n i c  bod ies  
w i t h i n  t h e  b a c t e r i a l  cell. T h e  whole  t op i c  of b a c t e r i a l  
c y t o l o g y  h a s  b e e n  r e c e n t l y  r e v i e w e d  b y  BlSSETL T h e  
gene ra l  conc lus ion  is t h a t  s eve ra l  c h r o m a t i c  s t r u c t u r e s  
c an  be  o b s e r v e d  in  t h e  s a m e  s t r a in .  

W e  h a v e  t r i ed  to  deve lop  a s imp le  q u a n t i t a t i v e  t e c h -  
n i q u e  to  a s c e r t a i n  w h e t h e r  t h e  d i f f e r en t  cy to log i ca l  
p a t t e r n s ,  as d e s c r i b e d  b y  I~OBIZ~OW z, are  p r e s e n t  w i t h  
d i f f e r e n t  f r equenc i e s  in  t h e  success ive  g r o w t h  p h a s e s  of 
t h e  b a c t e r i a l  cu l t u r e s .  

T h e  p r e s e n t  i n v e s t i g a t i o n  was  m a d e  on  a s t r a i n  of 
Escherichia colt of r a t h e r  l a rge  size a. T h e  t e c h n i q u e  u sed  
for  t h e  q u a n t i t a t i v e  s t u d y  of  t h e  g r o w t h  curve ,  as  wel l  
as  for  d e t e c t i n g  t h e  s t r u c t u r a l  de ta i l s ,  h a s  b e e n  t h e  
fol lowing.  

A g a r  p l a t e s  we re  i n o c u l a t e d  w i t h  s u s p e n s i o n  of b a c -  
t e r i a  f r o m  a 24 h o u r  c u l t u r e  on  a g a r  s l an t .  A f t e r  p l a t i n g ,  
P e t r i  d i shes  were  k e p t  a t  35 °, a n d  e v e r y  t h i r t y  m i n u t e s  
t h e  b a c t e r i a  were  e x a m i n e d  b y  m e a n s  of t h e  i m p r e s s i o n  
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dendum in: R. J. DvBos, The bacterial cell (Harvard University 
Press, 1947), p. 355. 
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t e c h n i q u e ,  osmic  ac id  f ixa t ion ,  HC1 hydro lys i s ,  and 
G i e m s a  s t a in ing .  The  inc rease  in t h e  n u m b e r  of cells was 
c o n t r o l l e d  b y  w a s h i n g  t h e  p l a t e s  w i t h  physiological  
so lu t ion ,  a n d  b y  c o u n t i n g  t h e  l i v i n g  b a c t e r i a  b y  dilution 
a n d  p l a t e  i n s e m i n a t i o n .  
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Fig. 1. - Patterns of different bacteria belonging to the three forms 
described. 

T h e  v a r i o u s  celt p a t t e r n s  c a n  b e  g r o u p e d  in three 
forms,  a c c o r d i n g  to  t h e  c h r o m a t i c  m i c r o s c o p i c a l s t r u c -  
t u r e  : 

(1) Undi//erentiated [orm, B a c t e r i a l  cells a p p e a r  uni- 
f o r m l y  a n d  r a t h e r  i n t e n s e l y  s t a i n e d ;  n o  n u c l e a r  a r ea  is 
d i f f e r e n t i a t e d .  

(2) Intermediate ]orm. C h r o m a t i n  a p p e a r s  condensed 
i n t o  two  s m a l l  masses  a t  t h e  ceil poles.  As  compared  
w i t h  t h e  f i r s t  fo rm,  t h e  cel l  v o l u m e  is s l i gh t l y  larger .  

(3) Differentiated/orm. C h r o m a t i n  a p p e a r s  d i f fe rent ia t -  
ed  i n to  2 or  4 sho r t ,  t h i c k  rods.  T h e  t h r e e  f o r m s  (fig. 1) 
c a n  be  eas i ly  d i s t i ngu i shed .  C o u n t i n g  of t h e i r  frequencies 
r e p e a t e d  on  t h e  s a m e  sl ide b y  d i f f e r e n t  o b s e r v e r s  gave 
v e r y  s im i l a r  resu l t s .  
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Fig. 2. - Distribution-of the different ehromatin structures against 
the time. Abscissa: time in hours. Ordinates: on the left, frequency 
in decimals of the three forms of cells. On the right, no. of bacteria 
per cm 3 after washing the plate with 5 ems of physiological solution: 
O undifferentiated form; * intermediate fornl; • differentiated 
form. The sigmoid curve is the growth curve of the culture, 
from which the samples were taken for the cytological examination. 
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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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