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R e c o m b i n a t i o n  in  Rhizobium leguminosarum 

T r a n s f o r m a t i o n  in Rhizobium has  r ecen t ly  a t t r a c t e d  
t h e  a t t e n t i o n  of bac t e r i a l  genet ic is ts  1-5. Cha rac t e r s  l ike 
infec t iv i ty ,  cys te ine  independence ,  r e s i s t ance  to  an t i -  
b io t ics  a n d  ab i l i t y  to  ut i l ize  f ruc tose  h a v e  been  employed  
as genet ic  marke r s ,  us ing  t h e  t r a n s f o r m i n g  pr inc ip le  
(DNA) f rom t h e  donor  cells. T he  p r e s en t  c o m m u n i c a t i o n  
deals w i t h  r e c o m b i n a t i o n  in  Rhizobium leguminosarum, 
using  d rug  r e s i s t a n t  and  sens i t ive  s t r a ins  o b t a i n e d  b y  
u l t r a -v io le t  i r r ad ia t ion .  

A H a n o v i a  m e r c u r y  v a p o u r  germic ida l  source w i t h  
i ts  m a i n  o u t p u t  a t  2537 A was  used for i r r ad ia t ion .  The  
cells were i r r a d i a t e d  a t  a d i s t ance  of 30 cm and  t h e  dosage 
was  v a r i e d b y  r egu la t i ng  t h e  exposure  t ime.  D u r i n g  t he  
i r r ad i a t i on  period,  t he  cell suspens ion  was c o n s t a n t l y  
s t i r red  a n d  a ! t e r  f ixed i n t e r v a l s  o f  exposure  t ime,  i t  was  
p l a t ed  on  yeas t  e x t r a c t - m a n n i t o l  aga r  m ed i um ,  us ing  t he  
d i lu t ion  t echn ique .  

The  F igure  shows a l inear  s ingle h i t  cu rve  of t h e  
v i ab i l i t y  of R. leguminosarum. 

B y  screening  t h e  i r r ad i a t ed  cells, isolates  showing  dif- 
f e ren t  deg§ of sens i t iveness  a n d  res i s tance  to  penici l l in  
a n d  s t r e p t o m y c i n  were  o b t a i n e d  i ndependen t l y .  TaMe I 
shows t h e  cha rac t e r s  of 3 s t r a in s  used in t h e  p r e s en t  s tudy .  
All  t he  3 s t r a in s  were car r ied  t h r o u g h  a series of sub-  
cu l t u r i ng  in t he  respec t ive  an t ib io t i c  media ,  i n t e r p o l a t e d  
b y  a series of t r ans fe r s  in  d rug  free m ed i um ,  so as to  
ensure  t he  s t a b i l i t y  Of t he  charac te r s .  

Mixed inocu la t ion  e x p e r i m e n t s  were pe r fo rmed  b y  
us ing  t o g e t h e r  10 ~zg s t r e p t o m y c i n J m l  a n d  25 ~tg penici l-  
l in /ml .  W h e n  equa l  n u m b e r  of cells of $4 and  P2 s t r a ins  
were b r o u g h t  t o g e t h e r  as a m i x t u r e  a n d  p l a t e d  a f t e r  11/2 h 
cel lular  c o n t a c t  a t  30 ~ on  p la tes  c o n t a i n i n g  b o t h  peni-  
cil l in a n d  s t r ep tomyc in ,  g r o w t h  occur red  to some ex ten t .  
The  f r equency  of such  S+P+ cells is 4.5 • 10 -~ (Table  I). 

The  fac t  t h a t  S+P + cells were o b t a i n e d  f rom mixed  
inocu la t ions  of t h e  2 d i f fe ren t  m u t a n t  s t r a ins  m a y  be  due  
e i t he r  to  r e c o m b i n a t i o n  t h r o u g h  sexua l  cycle or  t h r o u g h  
b a c k  m u t a t i o n s  of t he  i n d i v i d u a l  locus or due  to a d a p t a -  

Table I. Characters of the strains of R. teguminosarum obtained by 
UV-irradiation 

t ion  induced  b y  t he  drug.  B a c k  m u t a t i o n  would  invo lve  
b o t h  t he  $4 (P -  --~ P+) a n d  P2 (S-  --~ S +) s t ra ins .  Tes t s  
for b a c k  m u t a t i o n  were  car r ied  Out b y  r epea ted ly  sub-  
c u l t u r i n g  t h e  $4 and  P2  s t r a in s  in  d rug  free m e d i u m  for  
a n u m b e r  of gene ra t ions  a n d  t h e n  p l a t i ng  in i nd iv idua l  
a n d  c o m b i n e d  an t ib io t i c  media .  The re  was  no evidence  
of b a c k  m u t a t i o n  (Table  II) .  The  p h e n o m e n o n  of a d a p t a -  
t i on  seems to be  ru led  o u t  since series of s u b c u l t u r i n g  
w i t h  a n d  w i t h o u t  t h e  d rug  ha s  n o t  changed  t h e  pheno-  
t y p e  of e i the r  $4 or P2. P h a g e  m e d i a t e d  t r a n s f e r  of 
genet ic  m a t e r i a l  as a possible  e x p l a n a t i o n  m a y  also be  
ru led  out ,  s ince no  p l a q u e  f o r m a t i o n  was  obse rved  in t he  
m e d i u m  of e i t he r  t h e  p u r e  or  m i x e d  bac te r i a l  cul tures .  
This  leads to  t he  r e c o m b i n a t i o n  as a possible  e x p l a n a t i o n  
for t h i s  behav iour .  The  f ind ing  of HIGASHI 5 of t h e  sexua l  
cycle in  Rhizobium lends  f u r t h e r  s u p p o r t  to  th i s  con-  
clusion. The  ca lcu la ted  f r equency  of r e combina t i on ,  
4 . 5 X 1 0  -7, is c o m p a r a b l e  to  r e c o m b i n a t i o n a l  genes in  
o the r  mic roorgan i sms .  Because  on ly  2 loci are  involved ,  
i t  is d i f f icul t  to  d e t e r m i n e  t h e  l o c a t i o n  on  t he  genome  
w i t h  reference  to each  other .  Th i s  would  requ i re  more  
m a r k e r s  to  be  loca ted  a n d  work  is in  progress  in  t h i s  
d i r ec t ion  ~. 
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Strain UV Resistance Resistance Character Frequency 
(see) to strepto- to penicillin of S+P + 

mycin (25 ~tg/ml) 
(t0 [xg/ml) 

W (Wild) - + + S+P + 
$4 2 + -- S+P - 
P2 1 -- + S-P + 
$4 • P2 + + S+P + 4.5 • 10 -~ 

Table II. Plate counts of $4 and P2 strains on antibiotic media 

Zusammen[assung. Es  wird  die Rekombina t ionsh i iu f ig -  
ke i t  bei  Rhizobium leguminosarum a m  Beispiel  der  S t rep to -  
myc in -  u n d  Penic i l l in res i s tenz  u n t e r s u c h t  u n d  eine solche 
gefunden,  die in  de r  G r 6 s s e n o r d n u n g  ande re r  b e k a n n t e r  
R e k o m b i n a t i o n s h i t u  f igke i ten  liegt.  
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S4 (P-S+) P2 (P+S-) 

Drug free 31 42 
Penicillin (25 [xg/ml) - 40 
Streptomycin (10 [xg/ml) 30 - 
Penicillin + Streptomycin - - 

Values indicate the number of colonies/plate; average of 10 replica- 
tions. 
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