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h i g h e r  dose  to  o b t a i n  t h e  s a m e  l e t h a l  e f fec t  t h a n  t h e  nor -  
m a l  b a c t e r i a .  
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Fig. 3.--Survival curve of bacteria irradiated with 2 Mev cathode-rays. 

T h e  r e su l t s  o b t a i n e d  w i t h  c a t h o d e  r a y  i r r a d i a t i o n  (88 
reps /10  -8 a m p  p e r  s a t  44 cm w i n d o w - s a m p l e  d i s t ance ,  
0-037 c m  A1 s c a t t e r e r )  of n o r m a l  b a c t e r i a  a re  g i v e n  in 
F i g u r e  3. I r r a d i a t i o n  of t he  b a c t e r i a  in  t h e  dose r a n g e  
b e t w e e n  0 a n d  500 reps  d id  n o t  g ive  r e p r o d u c i b l e  r e su l t s  
a n d  t h e r e f o r e  le f t  some  d o u b t s  w h e t h e r  t h e  k i l l ing  ef fec t  
in t h e s e  e x p e r i m e n t s  h a s  b e e n  e x p o n e n t i a l  as  i t  m i g h t  be  
s u s p e c t e d  b y  t h e  s t r i g h t  f o r m  of t h e  r e s t  of t h e  cu rve .  
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Fig. 4.--Absorption curves of 2 Mev cathode-rays measured with: 
I. Ionization chamber, II. Bacteria, III. Photographical method. 

A p p l i c a t i o n  of b a c t e r i a  as a b io log ica l  dose i n d i c a t o r  
was  also i n v e s t i g a t e d  in f o r m  of a b s o r p t i o n  m e a s u r e m e n t s  
of c a t h o d e  rays .  Th i s  was  p e r f o r m e d  b y  p l ac ing  d i f f e ren t  
a b s o r b i n g  layers  of a l u m i n i u m  foils on  t o p  of t h e  pe t r i  
dishes.  F i g u r e  4, c u r v e  I I  was  t h e  r e s u l t  of t h e s e  exper i -  
m e n t s  a n d  is c o m p a r e d  w i t h  t h e  r e su l t s  of phys i ca l  
m e a s u r e m e n t s ,  c u r v e  I z. T h e  a m o u n t  of X - r a y s  p r o d u c e d  
b y  t h e  s c a t t e r e r  a n d  a b s o r b i n g  A1 foils was  neglegib le .  
T h e  dose caus ing  t h e  s m a l l e s t  a m o u n t  of s u r v i v a l s  (N/No) 
in t h e  a b s o r p t i o n  m e a s u r e m e n t s  was  a r b i t r a r e l y  a d o p t e d  
as 100% re l a t i ve  dose va lue .  F o r  e v e r y  n u m b e r  of sur-  
v i v a l s  o b t a i n e d  a t  d i f f e r en t  a b s o r p t i o n  d e p t h s  t h e  p r o p e r  
dose v a l u e  cou ld  be  e v a l u a t e d  f rom F i g u r e  3, a n d  t r a n s -  
f o r m e d  in r e fe rence  to  t h e  100% va lue .  T h e  c u r v e  in-  
d i ca t e s  a de f in i t e  dose  m a x i m u m  a t  t h e  d e p t h  of 0-251 
g / cm 2 a n d  fol lows a p p r o x i m a t e l y  t h e  p h y s i c a l l y  m e a s u r e d  
a b s o r p t i o n  cu rve ,  w h i c h  h a s  a p e a k  a t  a b o u t  0.3 to  
0.33 g / c m  2. W i t h  e s s e n t i a l l y  t h e  s a m e  cond i t i ons ,  a n  ad-  
d i t i o n a l  c h e c k  w i t h  p h o t o g r a p h i c  f i lms  ( K o d a k ,  T e c h n i -  
cal  X - r a y  f i lm, T y p e  A) was  p e r f o r m e d ,  c u r v e  I I I .  I n  
t h e s e  e x p e r i m e n t s  t h e  r e l a t i ve  dose was  c a l c u l a t e d  in t he  
s a m e  m a n n e r  as w i t h  t h e  b a c t e r i a  t a k i n g  t h e  h i g h e s t  
f i lm d e n s i t y  o b t a i n e d  in  t h e  a b s o r p t i o n  m e a s u r e m e n t s  as 
t h e  1 0 0 %  re fe rence  p o i n t  a n d  u s i n g  a f i lm c a l i b r a t i o n  
Ior  t h e  c o n v e r s i o n  of d e n s i t y  in r e l a t i v e  dose. T h e  loca- 
t i o n  of t he  g r e a t e s t  r e l a t i v e  dose  a n d  t h e  f o r m  of t h e  cur-  
ve  can  be  c o n s i d e r e d  t h e  s ame  as c u r v e  I. T h e  s o m e w h a t  
i n c r e a s e d  v a l u e  of r e l a t i v e  dose m a y  be  due  to  ove r l ap -  
p i n g  e x p o s u r e  c a u s e d  b y  s c a t t e r e d  r a d i a t i o n .  

This investigation was supported by funds of the American Can- 
cer Society. 

The help and advice of Dr.J.G.TRoMP and K. A. WRIGHT is 
gratefully acknowledged. 

W. S. M o o s  2 

D e p a r t m e n t  of E l e c t r i c a l  E n g i n e e r i n g ,  M a s s a c h u s e t t s  
I n s t i t u t e  of T e c h n o l o g y ,  C a m b r i d g e ,  Mass.  U .S .A. ,  No- 
v e m b e r  20, 1951. 

Z u s a m m e n f a s s u n g  

Der  E f f e k t  yon  2 - M e v - R 6 n t g e n -  u n d  - K a t h o d e n s t r a h -  
len  a u f  B a k t e r i e n  w u r d e  u n t e r s u c h t .  Die e v e n t u e l l e  Ver-  
w e n d u n g  y o n  M i k r o o r g a n i s m e n  ffir D o s i s m e s s u n g e n  
w u r d e  in  13e t rach t  gezogen.  Die  p h y s i k a l i s c h  b e s t i m m t e  
A b s o r p t i o n s k u r v e  de r  2 - M e v - K a t h o d e n s t r a h l e n  k o n n t e  
t r o t z  de r  m i t  b io log i schen  O b j e k t e n  zu e r w a r t e n d e n  Un-  
g e n a u i g k e i t  r e l a t i v  g u t  d u p l i z i e r t  we rden .  Als S t r a h l e n -  
quel le  d i e n t e  e in  d r u c k i s o l i e r t e r  V a n - d e - G r a a f f - G e n e -  
r a t o r .  

1 j .  G.TRUMP et al., J. appl. Phys. Zl, 345 (1950). 
2 At present research fellow at the National Cancer Institute, 

Bethesda, Maryland. 

D i s c r i m i n a t i o n  en tre  l ' inac t iva t ion  de la 
v i r u l e n c e  et du d ~ v e l o p p e m e n t  b a c t ~ r i e n s  par  le 

r a y o n n e m e n t  u l t r a - v i o l e t  de 2537 A 

( E t u d e  su r  B a c i l l u s  cereus alesti  Tou.  e t  V.). 

Si les r e c h e r c h e s  su r  la  p h o t o s e n s i b i l i t 6  des  mic roorga-  
n i s m e s  s o n t  n o m b r e u s e s ,  les 6 t u d e s  c o m p a r a t i v e s  de 
c e t t e  a c t i o n  su r  les d i f f6 ren te s  p rop r i6 t6 s  phys io log iques  
des  m i c r o b e s  s o n t  enco re  peu  connues .  

Ainsi ,  la  d i s c r i m i n a t i o n  e n t r e  la  v i r u l e n c e  e t  la  facult~ 
de d 6 v e l o p p e m e n t  d ' u n  ge rme ,  en  r a p p o r t  a v e c  sa  pho to -  
sens ib i l i t6 ,  r e s t a i t  k e n t r e p r e n d r e  su r  u n  n o m b r e  impor-  
t a n t  d ' ~ l ~ m e n t s  p e r m e t t a n t  u n e  i n t e r p r e t a t i o n  s ta t i s t i -  
que  s a t i s f a i s a n t e .  
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Dans  ce bu t ,  nous  a v o n s  choisi  un ge rme  peu pho to -  
sensible qui d a n s  nos essais n ' a  6t6 d6 t ru i t  qu ' ap r6 s  avoi r  
6t6 soumis  a une dose  globale  de 0,828 W d '6nerg ie  u l t ra -  
violet te  pa r  cm*. I1 s ' ag i t  du Bacil lus cereus alesti Tou.  e t  V. 
dont  la v i ru lence  se mesu re  a i s6ment  sur  la chenil le  de 
Bombyx  mori (Lep idop te r a ) ;  ceci nous  a pe rmis  ~, l ' in-  
verse des t r a v a u x  sur  les pe t i t s  m a m m i f 6 r e s  de labora-  
toire, d ' e x p 6 r i m e n t e r  sur  un  g r a n d  n o m b r e  d ' i n d i v i d u s  
de souche c o m m u n e  e t  d ' u n e  homog6n6i t6  pa r f a i t e  cor- 
r e s p o n d a n t  k n o t r e  b u t  (7500). 

Mdthodes et techniques utilisdes : 

Nous avons  employ6  des l ampes  /i v a p e u r  de mercu r e  
bosse p ress ion  et  ~ basse  tens ion ,  de 25 W ( type  germi-  

cide) 6 m e t t a n t  sur  p lus ieurs  longueurs  d ' onde ,  n o t e m -  
ment  1850, 2537 e t  3129 A avec  une p r 6 d o m i n a n c e  de la 
raie 2537 _~. 

Les p r 6 p a r a t i o n s  bac t6r io log iques  plac6es ~ une  d i s t an -  
ce de 5 cm de l ' axe  des  l a m p e s  e t  para l l61ement  ~ celles- 
ci 6 ta ien t  i r radi6es  avec  une  dens i t6  d '6nerg ie  de 2300 W 
par cm2/min.  Celles-ci 6 t a i en t  pr6par6es  de la mani6re  
su ivante  : 

E n s e m e n c e m e n t  h o m og6ne  de p laques  de g61ose nu t r i -  
tive avec Bacil lus  cereus alesti, i n c u b a t i o n  p e n d a n t  48 h 

30°C j u s q u ' ~  f o r m a t i o n  compl6 te  de spores .  

Lavage  des cu l tu res  avec  de l ' eau  st6rile.  

Mise de l ames  de ver re  de d imens ions  6gales dans  la 
suspension bac t6 r i enne  et  d e s s ~ c h e m e n t  l en t  de celle-ci.  

I r r ad i a t i on  des l ames  s6ches aux  r ayons  u l t r a -v io le t s  
p e n d a n t :  60, 90, 120, 150, 180, 210, 240, 270, 300. 330, 
360 rain. 

Lavage  des lames  i r radi6es  dans  des q u a n t i t 6 s  6gales 
d 'eau st6rile.  

E n s e m e n c e m e n t  de 0,1 c m  ~ de chaque  suspens ion  p o u r  
num6ra t ion  de germes .  

C o n t a m i n a t i o n  de feuilles de mfir ier  de sur faces  6gales 
avec 1 cm 3 de c h a q u e  suspens ion .  

E t a b l i s s e m e n t  de courbes  de mor ta l i t6  des cheni l les  de 
Bombyx mori L. nour r i e s  avec  ces Ieuilles. 

Rdsultats. Le contr61e du d 6 v e l o p p e m e n t  des spores  
irradi6es ( m o y e n n e  de 10 e x a m e n s  de chaque  cas) d o n n e  
les chiffres group6s d a n s  le t ab l eau  c i -dessous .  

Temps d'irradia- Energie ultra- Nombredecolonies 
violette resue par dans l'unit6 tion en minutes em 2 en mW 

60 
90 

120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
450 

138 
207 
276 
345 
414 
483 
552 
621 
690 
759 
828 
897 
996 

1035 

T6moins (souche non irradi~e) 

67 
64 
65 
60 
61 
66 
59 
67 
67 
64 
65 
44 
14 

3 

64 

On c o n s t a t e  qu ' i l  n ' y  a pas  de v a r i a t i o n  s igni f ica t ive  
de la facult6 de d 6 v e l o p p e m e n t  des spores  p o u r  des doses  
d ' i r rad ia t ion  inf6r ieures  h ~828 m W / c m 2 , .  E n s u i t e  
une d i m i n u t i o n  b r u s q u e  de c e t t e  faeul t6  apr~s 6 ix d ' i r r a -  
diation. 

L a  v i ru lence  des spores  i r radides  s ' e x p r i m e  d a n s  les 
m o y e n n e s  des mor ta l i t6s  de vers  dans  10 lots  de 50 indi-  
v idus  infect6s  pour  c h a q u e  t e m p s  d ' i r r a d i a t i o n  : 

Temps d'irradia- 
tion en minutes 

Mortalit6 des chenilles apr~s 

6h 

60 32 
90 34 

120 41 
150 40 
180 40 
210 34 
240 28 
270 15 
300 11 
330 2 
360 0 
390 1 
420 1 
450 0 

Tdmoins (souche 
non irradide) 35 

I 
24 h [ 48 h 72 h 

39 45 48 
42 46 49 
46 47 50 
46 46 50 
48 49 50 
43 47 47 
39 45 46 
19 30 34 
16 28 28 
5 14 14 
0 0 1 
1 1 1 
1 1 1 
0 0 0 

45 49 49 

Mort par 
d'autres 
maladies 

Une  d i m i n u t i o n  progress ive  e t  tr~s n o t a b l e  de la v i ru-  
lence des spores  se man i f e s t e  apr~s 4 h d ' i r r a d i a t i o n ;  la 
v i ru lence  de Bacil lus  cereus alesti es t  d6 t ru i t e  apr~s 6 h 
d ' i r r ad i a t i on .  

Conclusion. L ' e x a m e n  s t a t i s t i q u e  bas6 sur  300 indivi -  
dus  m o n t r e  que  la facul t6 de d 6 v e l o p p e m e n t  e t  la v i ru-  
lence des spores  de Bacil lus cereus alesti r 6 p o n d e n t  d ' u n e  
fa~on parall~le au r a y o n n e m e n t  u l t r a -v io le t  de 2537 ~ ,  
mais  l ' i nh ib i t ion  du d 6 v e l o p p e m e n t  es t  r e t a rdde  p a r  
r a p p o r t  g celle exerc6e sur  la v i ru lence .  
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Les r a p p o r t s  n u m d r i q u e s  en t r e  les d e u x  ef fe ts  s o n t  
exp r im6s  d a n s  le g raph ique .  On doi t  sou l igner  l ' i n f l ex ion  
qui se p r o d u i t  apr~s 4 h d ' i r r ad i a t i on ,  t e m p s  n6cessai re  
pour  la pe r t e  de v i ru lence  mais  off les i nd iv idus  conser -  
v e n t  i n t a c t e  leur  facul t6  de d 6 v e l o p p e m e n t ,  celle-ci n '6-  
r a n t  alt6r6e qu ' ap rSs  6 h d ' i r r ad i a t i on .  

Nous exprimons notre vive gratitude h Monsieur R. C. GESLIN 
pour raide qu'il a apport6 h nos travaux. 

C. VAGO et  M. C. BUSNEL 

I n s t i t u t  n a t i o n a l  de la r eche rche  a g r o n o m i q u e .  S t a t i o n  
de recherches  s6ricicoles, A16s et  L a b o r a t o i r e  de phys io -  
logic acous t ique ,  J o u y - e n - J o s a s  (France) ,  le 10 no-  
v e m b r e  1951. 
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S u m m a r y  

A s t a t i s t i c a l  s t u d y  f o u n d e d  on  300 e l e m e n t s  (Bac i l lus  
cereus alesti, w i t h  a t e s t :  B o m b y x  rnori l a rvae .  L ep i do -  
p t e r a ) .  C a p a c i t y  for  d e v e l o p m e n t  a n d  v i r u l e n c e  r e s p o n d  
in a pa ra l l e l  m a n n e r  to  u l t r a v i o l e t  r a d i a t i o n  2537 A ;  b u t  
t h e  i n h i b i t i o n  of v i r u l e n c e  is m o r e  r a p i d  t h a n  t h a t  of 
d e v e l o p m e n t .  I r r a d i a t i o n  for  4 to  5 h o u r s  gives  a v i r u l e n t  
e l e m e n t s  w h i c h  are,  h o w e v e r ,  c a p a b l e  of d e v e l o p m e n t .  

S t u d i e s  o n  a N o n - H e r i t a b l e  P h y s i o l o g i c a l  

M o d i f i c a t i o n  i n  Aerobacter  aerogenes 

H e r i t a b l e  a n d  n o n - h e r i t a b l e  m o d i f i c a t i o n s  ar ise  in  t h e  
a b i l i t y  of t h e  b a c t e r i u m  Aerobacter aerogenes t o  g row in 
m e d i a  c o n t a i n i n g  s low-adapt ive  substrates as sole c a r b o n  
sourcesL  T h e s e  a d a p t i v e  s u b s t r a t e s  i nc lude  c e r t a i n  
K r e b s  cycle  c o m p o u n d s ,  s u c h  as c i t r a t e ,  a l p h a - k e t o -  
g l u t a r a t e ,  s u c c i n a t e ,  f u m a r a t e ,  a n d  a c e t a t e .  T h i s  com-  
m u n i c a t i o n  dea l s  w i t h  some  s t ud i e s  m a d e  on  t h e  i n d u c -  
t i o n  of t h e  n o n - h e r i t a b l e  changes .  I n  t he se  s t u d i e s  p o p u -  
l a t i o n s  were  g r o w n  in a s y n t h e t i c  m e d i u m  c o n t a i n i n g  
i n o r g a n i c  sa l t s  ~ p lus  d-glucose  or  a n  e q u i v a l e n t  concen -  
t r a t i o n  (on a c a r b o n - f o r - c a r b o n  basis)  of one  of t h e  
a d a p t i v e  s u b s t r a t e s .  T h e  n u m b e r  of cells c a p a b l e  of 
g rowing  on  a speci f ic  c a r b o n  source  was  d e t e r m i n e d  b y  
p l a t i n g  a s u i t a b l e  d i l u t i on  of t h e  c u l t u r e  in  a p p r o p r i a t e  
m e d i a  c o n t a i n i n g  2 % b y  w e i g h t  of w a s h e d  a g a r  a. Po-  
p u l a t i o n s  to  be  i r r a d i a t e d  were  d i l u t e d  in  phys io log ica l  
sa l ine  s o l u t i o n  to  a d e n s i t y  of a b o u t  500 cells p e r  ml.  
F r o m  4 to  8 ml  of t h e  d i l u t e d  c u l t u r e  were  i r r a d i a t e d  
w i t h  c o n s t a n t  s t i r r i n g  in open  b e a k e r s  b y  a low p r e s s u r e  
m e r c u r y  a rc  ( s t e r i - l amp) ,  a b o u t  9 0 %  of  w h o s e  e n e r g y  
o u t p u t  is a t  a w a v e l e n g t h  of  254 m/~. 

The  fo l lo~qng  o b s e r v a t i o n s  c a n  be  m a d e  b y  p l a t i n g  
cells f r o m  a l iqui  d glucose  c u l t u r e  in  t w o  d i f f e r e n t  a g a r  
med ia ,  one  c o n t a i n i n g  glucose a n d  t h e  o t h e r  c i t r a t e :  (1) 
if t h e  p l a t e d  cells are  in t h e i r  l o g a r i t h m i c  p h a s e  of g r o w t h  
or  if t h e i r  g r o w t h  h a s  b e e n  s t o p p e d  due  to  glucose-  
e x h a u s t i o n  of t h e  l i q u i d  cu l tu re ,  t h e n  t h e  n u m b e r  of 
co lonies  f o r m e d  in g lucose  a n d  c i t r a t e  a g a r  is t h e  s a m e ;  
(2) if t h e  g r o w t h  of t h e  p l a t e d  cells h a s  been  s t o p p e d  due  
to  t h e  p r o d u c t i o n  of  low p H  in a n  u n a e r a t e d  c u l t u r e  
c o n t a i n i n g  a n  excess  of glucose,  t h e n  t h e  n u m b e r  of 
colonies  f o r m e d  in  g lucose  a g a r  is g r e a t e r  t h a n  t h a t  
f o r m e d  in  c i t r a t e  agar ,  a n d  t h e  m a g n i t u d e  of t h e  
d i s c r e p a n c y  b e t w e e n  t h e  t w o  co lony  c o u n t s  is a f u n c t i o n  
of t h e  l e n g t h  of t i m e  t h e  cells are  e x p o s e d  to  t h e  c u l t u r e  
c o n d i t i o n s  e x i s t i n g  in  t h e  s t a t i o n a r y  p h a s e  (see Fig.  1); 
(3) if  l o g a r i t h m i c  p h a s e  cells a re  i r r a d i a t e d  w i t h  u l t r a -  
v io l e t  p r i o r  to  p l a t i n g ,  t h e n  a s i m i l a r  d i f fe rence  in  co lony  
c o u n t s  is f o u n d ,  wh ich ,  h o w e v e r ,  d e p e n d s  u p o n  t h e  dose  
of u l t r a v i o l e t  e m p l o y e d  (see Fig.  2). F r o m  these  obser -  
v a t i o n s  i t  is c lea r  t h a t  specif ic  c u l t u r e  c o n d i t i o n s  a n d  
u l t r a v i o l e t  i r r a d i a t i o n  can  b o t h  i n d u c e  h e t e r o g e n e i t y  in  
p o p u l a t i o n s  of Aerobacter aerogenes w i t h  r e s p e c t  to  t h e  
a b i l i t y  to  g row in  m e d i a  c o n t a i n i n g  c i t r a t e  as  sole c a r b o n  
source .  I n  t h e  case  of  s t a t i o n a r y  p h a s e  cu l tu re s ,  i t  h a s  
been  f o u n d  t h a t  t h e  i n d u c t i o n  of h e t e r o g e n e i t y  is speci f ic  
for  t h e  class of s l o w - a d a p t i v e  s u b s t r a t e s * .  I n  t h e  case  of 
i r r a d i a t e d  c u l t u r e s  t h e  a b i l i t y  to  g row in s u c c i n a t e ,  as 
wel l  as c i t r a t e  m e d i a  is k n o w n  to  be  a f f ec t ed  (Fig. 2). 

1 A. W. RaviN, J. Gen. Mierobiol. (in press); (Ph .D.  thesis, 
Columbia University, 1951). 

2 A. W. RAVIN, J. Gen. Microbiol. (in press). 
a F.J.  RYAN, Methods Med. Research 3, 51 (1950). 
4 A. ~V. RAVrN (Ph, D. thesis, Columbia University, 1951). 

T h e  cells t h a t  h a v e  t h u s  los t  t h e i r  a b i l i t y  t o  g row in 
m e d i a  c o n t a i n i n g  s l o w - a d a p t i v e  s u b s t r a t e s  as sole car-  
b o n  sources  do n o t  i n h e r i t  t h e i r  phys io log i ca l  a l t e r a t i o n .  
T h i s  is in  c o n t r a d i s t i n c t i o n  t o  t h e  gene t i c  m o d i f i c a t i o n  
t h a t  is o b s e r v e d  in  c e r t a i n  t y p e s  of n o n c i t r a t e - u t i l i z i n g  
m u t a n t s  t h a t  a p p e a r  s p o n t a n e o u s l y  a t  a low f r e q u e n c y  
in  glucose  c u l t u r e s  of derobacter  aerogenes 1. P r e s u m p t i v e  
e v i d e n c e  of t h e  n o n - h e r i t a b l e  n a t u r e  of t he  m o d i f i c a t i o n  
was  o b t a i n e d  in t e s t s  of s a m p l e s  of g lucose  a g a r  colonies  
d e r i v e d  f r o m  h e t e r o g e n e o u s  cu l t u r e s ,  s t a t i o n a r y  p h a s e  
or  i r r a d i a t e d .  A l t h o u g h  t h e  n u m b e r  of co lonies  t e s t e d  
was  a l w a y s  f a r  in  excess  of t h a t  n e c e s s a r y  to  i n c l u d e  t h e  
colonies  d e v e l o p i n g  f r o m  o r ig ina l ly  n o n - c i t r a t e - u t i l i z i n g  
(or n o n - s u c c i n a t e - u t i l i z i n g )  cells, e v e r y  c o l o n y  t e s t e d  
was  c a p a b l e  of g r o w t h  in m e d i a  c o n t a i n i n g  c i t r a t e  
(or s u c c i n a t e )  as t h e  sole c a r b o n  source .  P r o o f  was 
f u r n i s h e d  b y  e x p e r i m e n t s  in  w h i c h  h e t e r o g e n e o u s  s ta-  
t i o n a r y  p h a s e  p o p u l a t i o n s  were  i n o c u l a t e d  i n t o  f resh  
g lucose  m e d i u m .  I t  was  o b s e r v e d  t h a t  s u c h  p o p u l a t i o n s  
b e c o m e  h o m o g e n e o u s  a g a i n  in s u c h  a b r i e f  pe r iod  of t i m e  
t h a t  se l ec t ion  of t h e  u n a f f e c t e d  ceils c a n n o t  be  i n v o k e d  
as t h e  h o m o g e n e i t y  r e s t o r i n g  m e c h a n i s m .  F o r  example ,  
T a b l e  I f u r n i s h e s  d a t a  f rom a n  e x p e r i m e n t  in  w h i c h  a 
h e t e r o g e n e o u s  p o p u l a t i o n  was  w a s h e d  a n d  a l i q u o t s  were 
t h e n  i n o c u l a t e d  i n t o  u n a e r a t e d  med ia ,  w h i c h  e i t h e r  
c o n t a i n e d  g lucose  or l a c k e d  a n y  c a r b o n  source .  The  
p o p u l a t i o n  b e c a m e  c o m p l e t e l y  h o m o g e n e o u s  a f t e r  h a v i n g  
b e e n  a l lowed  to  grow four  h o u r s  in  t h e  p r e s e n c e  of glu- 
cose. S ince  A erobacter aerogenes has  a g e n e r a t i o n  t i m e  of 
43 m i n u t e s  in  u n a e r a t e d  g lucose  m e d i u m  1 and ,  the re fo re ,  
c a n  i nc r ea se  a t  m o s t  four fo ld  in  1 1,/2 h o u r s  a n d  a b o u t  32- 
fold in  4 hours ,  t h e n  t he  o b s e r v e d  inc reases  in  t h e  c i t ra -  
t e -  a n d  s u c c i n a t e - u t i l i z i n g  c o m p o n e n t s  of t he  p o p u l a t i o n  
c a n  o n l y  be  e x p l a i n e d  b y  some  p rocess  w h e r e i n  non-  
c i t r a t e - ( o r  n o n - s u c c i n a t e - ) u t i l i z i n g  cells a re  r e c o n v e r t e d  
i n t o  u t i l izers .  T h e  a p p r o p r i a t e  c a l c u l a t i o n s  b a s e d  on 
t h i s  e x p e r i m e n t  s h o w  t h a t  t h e  p r o b a b i l i t y  of such  a 
r e c o n v e r s i o n  is f r o m  0.53 to  0,86 w i t h i n  1 ~  hours ,  
d e p e n d i n g  on  w h e t h e r  a n  e x o g e n o u s  c a r b o n  source  is 
p r e s e n t .  The  p r e sence  of a c a r b o n  source  a p p a r e n t l y  
speeds  a n d  a l lows t h e  c o m p l e t i o n  of t h e  process .  O t h e r  
e x p e r i m e n t s  p e r f o r m e d  w i t h  a n  a u x o t r o p h i c  (prolineless)  
m u t a n t  i n d i c a t e  t h a t  t h e  r e s t o r a t i o n  of h o m o g e n e i t y  is 
c o r r e l a t e d  w i t h  t h e  a c t i v e  m e t a b o l i s m  of t h e  in i t i a l ly  
h e t e r o g e n e o u s  p o p u l a t i o n ,  s ince  t h e  a b s e n c e  of the  
r e q u i r e d  n u t r i e n t  (prol ine)  in  t h e  m e d i u m  a c t e d  to 
c o n s i d e r a b l y  r e d u c e  t h e  r a t e  of t h e  r e s t o r a t i v e  process.  

Table I. Restoration o] Homogeneity in a Heterogeneous Culture 

Aliquots from a heterogeneous stationary phase culture were inoculat- 
ed into media under the following conditions, and the restoration of 
homogeneity to the populations was followed by platings in glucose 
(G), citrate (C), and suceinate (S) agars. Values shown (except for 
ratios) are expressed in cells x 10 5 per ml. The ratios indicate the  
degree of heterogeneity in the culture at the time of sampling; ratios 

greater than 1-5 are significant. 

Time [ 
Medium (hours)l 

Salts minus 0 
glucose 1 1~ 

4 

Salts plus 0 
glucose 1 1.,) 

4 

51.1 
84.0 
75.0 

51.1 
88.0 

160.0 

9.7 
52.0 
39.0 

9-7 
60-0 

180-0 

S G:C G:S 

0.13 5-3 389.7 
- 1 - 6  - 

9 . 0  1-9 8-3 

0.13 5.3 389.7 
- 1 . 5  - 

1 7 3 . 0  0.9 0.9 

t A. \V. RAVIne, J. Gem Microbiol. (in press). 


