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An Adenine-Requiring Mutant of Azotobacter  v ine landi i  Blocked in Inosinic Acid Synthesis 

Biochemical  mu ta t i ons  in Azotobacter are of rare occur- 
rence, even  wi th  t he  use of chemical  and physical  m u t a -  
gens, and  where  such mu ta t i ons  have  been  repor ted  they  
have  been found to  be ve ry  uns tab le  1. The cells of s t ra in  
A. vinelandii were sub jec ted  to  t r e a t m e n t  wi th  NTG 
(N-methy l -N ' -n i t ro -N-n i t rosoguan id ine ,  Aldrich Chemical  
Co.), 10 y.g/ml for 1/3 h a t  37 ~ followed by  removing  the  
NTG by  centr i fugat ion,  washing  and resuspending  the  
cells in Burk ' s  n i t rogen-f ree  m e d i u m  2 enr iched wi th  
purines,  pyr imidines ,  amino  acids and  B-vi tamins ,  and  
hea t ing  the  cells a t  45 ~ for 20 rain (to inhibi t  any  enzy- 
mat ic  recovery  t h a t  m i g h t  occur;  hea t ing  also killed the  
ceils by  a factor  of 2). The suspension was di luted to 
10 t imes  its vo lume wi th  enr iched med ium and  incuba ted  
for 4 h, af ter  which  di lut ion pla t ings  were done on enr iched 
medium.  The colonies were t e s t ed  for auxo t rophs  using 
ve lve t  repl icat ion 3. 3 m u t a n t  s t ra ins  were isolated in th is  
nlanner ,  of which  2 s t ra ins  had  lost  the  abi l i ty  to fix 
ni t rogen,  these were uns tab le  and  rever ted  back  to  normal  
af ter  a n u m b e r  of successive t ransfers .  The th i rd  m u t a n t  
s t ra in  des igna ted  (Ad-116), requir ing adenine,  p roved  to  
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Growth of adenineless mutant (Ad-ll6) in the presence of different 
concentrations of adenine and hypoxanthine after 24 h of incubation 
at 33 ~ on a reciprocating shaker. 

be  stable.  The g rowth  of th is  m u t a n t  could also be 
sat isf ied wi th  h y p o x a n t h i n e  (Figure). Other  pur ines  or 
the i r  i n t e rmed ia t e  metabo l i t e s  were unable  to  s u p p o r t  t he  
g rowth  of th is  m u t a n t .  A t t e m p t s  to  t r ans fo rm this  cul ture  
to  p a r e n t  t y p e  (Ad +) by  means  of DNA- induced  t rans -  
fo rma t ion  were no t  successful. The adenine- requi r ing  
s t ra in  unde r  subop t ima l  condi t ions  of g rowth  accumula ted  
a me tabo l i t e  which gave an orange-colored reac t ion  
p ro d u c t  hav ing  a peak  absorp t ion  a t  500 n m  wi th  the  
BRATTON and  MARSHALL tes t  4 for diazot izable  amines.  
The accunmla t ed  p ro d u c t  also had  a non-specif ic  end 
absorp t ion  in the  UV-region.  The p a r en t  cul ture  (wild 
type) under  similar condi t ions  did no t  accumula te  any  
p r o d u c t  ident ical  to the  one accumula t ed  by  Ad-116. The 
color reac t ion  and p a t t e r n  of UV-abso rp t i on  was ident ical  
to  t h a t  of 5-aminoimidazole  ribotideS. I t  seems f rom the  
d a t a  t h a t  th is  m u t a n t  had  a genet ic  block in t he  conver-  
sion of 5-aminoimidazole  r ibot ide  to  5-amino-4-imidazole-  
carboxyl ic  acid r ibotide,  leading t h e r e b y  to  the  accumu-  
la t ion of the  former  8. 

Zusammen/assung. Mangelhaf t  ernS, h r te  Muta t ionen  in 
Azo tobak te r i en  s ind schwierig zu er langen;  die me i s t en  
s ind zudem unbest / indig.  Line  Aden in  e rhe ischende  Muta-  
t ion wurde  mi t te l s  Ni t rosoguanid in  und  H i t z e b e h a n d l u n g  
gewonnen.  Dieser  M u t a n t  erwies sich als u n b r a u c h b a r  fiir 
die Sny these  der  InosiniksXure. 
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Mutagenic Action of Ethylene Halogenhydrins 

I t  has  been found  t h a t  fumigat ion  of spices and o ther  
mater ia ls  wi th  e thy lene  oxide m a y  lead to the  fo rmat ion  
of e thy lene  ch lorohydr in  1. Since the  la t t e r  subs tance  
migh t  possess mutagen ic  proper t ies ,  and  therefore  con- 
s t i tu t e  a public hea l th  hazard ,  we inves t iga ted  e thy lene  
ch lorohydr in  (BDH) and  such re la ted  subs tances  as 
e thy lene  b r o m o h y d r i n  (Koch-Light) ,  e thylene  iodohydr in  
(Koch-Light)  and e thy lene  cyanohydr in  (Koch-Light) .  

The f luc tua t ion  t es t  S was used to  f ind out  whe th e r  any  
of t he  subs tances  being examined  are mutagenic .  As a 
t e s t  o rganism we used a m u t a n t  of Klebsiella pneumoniae 
requir ing  for g rowth  uracil  and  proline.  Nu t r i en t  b r o t h  
conta in ing  the  subs tance  under  t e s t  was seeded wi th  
100 bacter ia /ml ,  and div ided in 105 por t ions  of 3 ml  each. 

Af ter  overn igh t  incuba t ion  at  37 ~ the  to ta l  n u m b e r  of 
s t r ep tomyc in - r e s i s t an t  and  s t r e p t o m y c i n - d e p e n d e n t  bac-  
ter ia  was de t e rmined  in 100 por t ions  by  a pour -p la te  
t echn ique  using n u t r i en t  agar  s u p p l e m e n t e d  wi th  
100 [xg/ml of d ihyd ros t r ep tomyc in .  Af ter  3 days  incuba-  
t ion  a t  37~ the  colonies in the  d i h y d r o s t r e p t o m y c i n  
conta in ing  agar  were counted.  The n u m b e r  of bac te r ia  
p resen t  in t he  5 remain ing  por t ions  was d e t e r m i n e d  using 

1 F. WESLEY, B. ROURKE and O. DARBISHIRE, J. Food Sci. 30, 
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The mutagenic action of ethylene halogenhydrins to Klebsiella* pneumoniae 

EXPERIENTIA 25[1 

Compound Concentration No. of bacteria/ml Portions No. of Mutation 
after 20 h without mutants in rate 
incubation mutan ts  median 

portions 

In- 
crease 

II 

Ethylene chlorohydrin 0.15 M 
Ethylene chlorohydrin 0.015 M 
Ethylene ehlorohydrin 0.00!5 M 

Control 

Ethylene ehlorohydrin 0.015 M 
Ethylene bromohydrin 0.015 M 
Ethylene iodohydrin 0.015 M 
Ethylene cyanohydrin 0.015 M 

Control 

18.4 x lO s 0/100 103 6.23 X 10 -9 X 33 
15.5 • lO s 0/100 6 0.401 • 10 -9 X 3.4 
12.1 • 10 ~ 39/100 - 0.179 x 10 -s 

15.3 • l0 s 42/100 - 0.131 • 10 -9 - 

13.8 • l0 s 0/100 10 0.648 • 10 -9 • 5.5 
8.2 • 10 s 0/100 272 14.8 • 10 .9 • 125 
2.3 • 10 s 0/100 69 17.5 • 10 -9 X 148 

16.1 • l0 s 55/100 0.086 • 10 .9 - 

18.4 • 10 s 53/100 - 0.080 • 10 .9 - 

n u t r i e n t - a g a r  w i t h o u t  d i h y d r o s t r e p t o m y c i n .  F r o m  t h e  
n u m b e r  of po r t ions  w i t h o u t  s t r e p t o m y c i n - r e s i s t a n t  or  
d e p e n d e n t  m u t a n t s  t he  m u t a t i o n  r a t e  was  ca lcu la ted  by  
t h e  Po i s son  d i s t r ibu t ion .  If in all po r t i ons  m u t a n t s  were 
p resen t ,  t h e  m u t a t i o n  ra te  was  e s t i m a t e d  b y  t he  n u m b e r  
of m u t a n t s  in t h e  m e d i a n  po r t ion  accord ing  to  LEA a n d  
COULSON 3. T h e  resu l t s  of t he  e x p e r i m e n t s  are  s h o w n  in 
t h e  Table .  

Th e  increase  of t he  m u t a t i o n  r a t e  was  ca lcu la ted  a g a i n s t  
t h e  ave rage  s p o n t a n e o u s  m u t a t i o n  r a t e  of t h e  b l a n k s  of 
14 e x p e r i m e n t s .  I t  a m o u n t s  to  0.1183 • 10 .9 (95% confi-  
dence  levels  0.051 • 10 -9 to  0.186 • 10-9). 

F r o m  t h e  re su l t s  i t  appea r s  t h a t  e t hy l ene  iodohydr in ,  
e t h y l en e  b r o m o h y d r i n  a n d  e thy l ene  ch lo rohydr in  are  
p o t e n t  m u t a g e n i c  agen t s .  P r o b a b l y  t he  ca rbon  ha logen  
b o n d  is invo lved .  If  so, t he  decrease  of t h e  bond  dis- 
soc ia t ion  en e rg y  f rom the  C-I  to t he  C-C1 b o n d  is in 
acco rdance  w i th  t h e  decrease  of m u t a g e n i c  ac t ion  f rom 
e th y l en e  i o d o h y d r i n  to e t hy l ene  ch lo rohydr in .  

I n  o the r  e x p e r i m e n t s  we f o u n d  for t he  m u t a t i o n  r a t e  
i nduc e d  b y  coffeine (2 m g / m l ) :  0.396 • 10 -9 ( increase 
• 3.4), a n d  by  5 -bromourac i l  (1 m g / m l ) :  1.181 • 10 -9 
( increase • 10). 

The  r e su l t s  of t he se  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  t h e  
s u b s t a n c e s  i n v e s t i g a t e d  h a v e  m u t a g e n i c  proper t ies .  

Zusammen[assung. Eine  s t a r k  m u t a g e n e  W i r k u n g  wird  
d u t c h  ~ t h y l e n c h l o r h y d r i n ,  A t h y l e n b r o m h y d r i n  u n d  A t h y -  
l e n j o d h y d r i n  auf  Klebsiella pneumoniae ausgei ib t .  
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C y t o l o g i c a l  Ef fec t  o f  G o n a d o t r o p i n  R e l e a s i n g  F a c t o r  A c t i v i t y  f r o m  B e e f  H y p o t h a l a m i c  E x t r a c t  o f  t h e  
P i t u i t a r y  C e l l s  in  v i t r o  

A c c u m u l a t e d  ev idence  ind ica tes  t h a t  the  h y p o t h a l a m i c -  
re leas ing  fac tor  s t i m u l a t e s  t he  re lease  of g o n a d o t r o p i n  b y  
ac t ing  d i rec t ly  a t  t he  level of t he  an te r io r  p i t u i t a r y  g l and  1. 
T h e  a c t i v i t y  of t h e  gonado t rop in - r e l ea s ing  fac to r  ha s  been  
d e m o n s t r a t e d  b y  i n c u b a t i n g  t he  a d e n o h y p o p h y s i s  in vi t ro .  
E x t r a c t s  of h y p o t h a l a m u s  (rat, pig, sheep,  beef etc.) a d d e d  
to  t h e  m e d i u m  m a y  ac t  d i rec t ly  on  th i s  g land  a n d  induce  
secre t ion  of gonadot rop ins3-4 .  

I n  t h e  p r e s e n t  e x p e r i m e n t ,  f r a g m e n t s  of r a t s  an t e r io r  
p i t u i t a r y  g l an d s  were i n c u b a t e d  in order  to s t u d y  w h e t h e r  
an  e x t r a c t  of beef  h y p o t h a l a m u s  m a y  m o d i f y  t he  cy to -  
logical f ea tu re s  of p i t u i t a r y  cells. P r e p a r a t i o n  of c rude  
(HEc) a n d  semipur i f i ed  (HEsp)  h y p o t h a l a m i c  e x t r a c t s  
were o b t a i n e d  fol lowing t he  m e t h o d  of SCHALLY et  al. ~. 
T h e  b r a in  cor t ical  e x t r a c t  (BCE) p r epa red  in t he  s a m e  
m a n n e r  se rved  as control .  I n c u b a t i o n  of g l ands  was  m a d e  
accord ing  to  ~V[ITTLER'S t e c h n i q u e  5. T h e  a c t i v i t y  of b o t h  
e x t r a c t s  in t e r m s  of t he  release of F S H  a n d  L H  f rom 
h y p o p h y s i s  was  e v a l u a t e d  in c a s t r a t e d  t e s t o s t e rone  pre-  
t r e a t ed  m a l e  r a t s  6,7 a n d  in ca s t r a t ed ,  e s t rogen  and  pro-  
ges t e rone  p r e t r e a t e d  female  r a t s  s,9. Fo r  cytological  s tud ie s  
t he  an t e r io r  p i t u i t a r y  g l ands  of n o r m a l  a d u l t  ma l e  W i s t a r  

r a t s  (200-250 g) were  used ;  t he  i n c u b a t i o n  p rocedure  is 
de ta i led  in t he  Table .  B ra in  cor t ical  ex t r ac t ,  saline,  
m e d i u m  TC 199 a n d  v a s o p r e s s i n  were a s sa ye d  as controls .  
T h e  h y p o p h y s i s  f r a g m e n t s  were f ixed in formol-C12Hg, 
d e h y d r a t e d  a n d  e m b e d d e d  in paraf f in .  Sect ions were 
s t a i ne d  w i t h  PAS-co l lo ida l - i r on -Kernech t ro t  a n d  alde- 
h y d e - t h i o n i n  to d i f fe ren t ia te  t he  t y p e s  of basophi l ic  cells. 
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