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I n d u c t i o n  of  B a c t e r i o c i n s  ( P h a g e  T a i l s )  of  Proteus 

T r i m e t h o p r i m  (TM P ) ,  2 , 4 - d i a m i n o - 5  (3, 4, 5 - t r i m e t h o -  
x y b e n z y l ) - p y r i m i d i n e ,  is a p o t e n t  i n h i b i t o r  of  d i h y d r o -  
f o l a t e  r e d u c t a s e s ,  c a u s i n g  d e p r i v a t i o n  of  c e l l u l a r  t e t r a -  
h y d r o f o l a t e  1, 2. T h i s  d r u g  i n h i b i t s  d e o x y r i b o n u c l e i c  a c i d  
( D N A )  a n d  p r o t e i n  s y n t h e s i s  m o r e  e x t e n s i v e l y  t h a n  
r i b o n u c l e i c  a c id  s y n t h e s i s  in  s u s c e p t i b l e  s t r a i n s  o f  Esche-  
r ich ia  colt 3, a p r o c e s s  t h a t  is  r e v e r s e d  n e i t h e r  b y  t h e  
a d d i t i o n  of  t h y m i d i n e  a l o n e  3 n o r  b y  t h e  a d d i t i o n  of  
p u r i n e s  a n d  a m i n o  a c i d s  4. V e r y  r e c e n t l y ,  T M P  w a s  
s h o w n  to  e l i m i n a t e  a r e s i s t a n c e  f a c t o r  (R  f a c t o r  1818) 
f r o m  a s t r a i n  of  E.  coli; t h e  ' c u r i n g '  w a s  i n t e r p r e t e d  as  a 
r e s u l t  of  t h e  i n d u c t i o n  of t h y m i n e l e s s  c o n d i t i o n s  b y  
T M P  ~. I t  is  k n o w n  t h a t  t h y m i n e  d e f i c i e n c y  p r o m o t e s  
p r o p h a g e  i n d u c t i o n  in  l y s o g e n i c  b a c t e r i a  6, L 

W e  w i s h e d  to  e x a m i n e  t h e  s u i t a b i l i t y  of  T M P  for  t h e  
i n d u c t i o n  of 2 b a c t e r i o c i n o g e n i c  (b+) s t r a i n s  of  Pro teus  
rettgeriS, w h i c h  e l a b o r a t e  p h a g e  t a i l s  f o l l o w i n g  i n d u c t i o n  
w i t h  m i t o m y c i n  C (MC) ( m a n u s c r i p t  in  p r e p a r a t i o n ) .  
F o r  t h i s  p u r p o s e ,  t h e  b + s t r a i n s  of  P .  rettgeri No.  I I I  a n d  
V I  w e r e  e x p o s e d  t o  10, 5, 2.5, 1.25, a n d  0.63 v g / m l  of  
T M P  ( T M P  w a s  a g i f t  of  H o f f m a n n - L a  R o c h e ,  G r e n z a c h ) ,  
1 ~zg/ml of  MC ( S i g m a  C h e m i c a l  Co.,  St .  L o u i s  U S A ) ,  o r  
n o  d r u g  (cont ro l )  in  t r y p t i c  s o y  b r o t h  ( T S B ,  Di fco)  a n d  
in  S C A S B ,  a d e f i n e d  m e d i u m  9. T h e  t e c h n i q u e  e m p l o y e d  
of i n d u c t i o n  a t  32 ~ w a s  t h e  s a m e  as  d e s c r i b e d  p r e v i o u s l y  s ; 
P.  rettgeri s t r a i n  L F  9i s e r v e d  a s  t h e  i n d i c a t o r  s t r a i n  t o  

rettgeri w i t h  T r i m e t h o p r i m  

d e t e r m i n e  t h e  n u m b e r  of  l e t h a l  u n i t s  of  b a c t e r i o c i n / 0 . 0 5  m l  
cell  l y s a t e .  T h e  m i n i m a l  i n h i b i t o r y  c o n c e n t r a t i o n s  of  
T M P  a g a i n s t  t h e  t w o  b+  s t r a i n s  a s  wel l  a s  a g a i n s t  o u r  
c o n t r o l  s t r a i n  E .  colt A T C C  25922  w e r e  d e t e r m i n e d  u t i l i z -  
i n g  a p r e v i o u s l y  p u b l i s h e d  m i c r o t i t e r  p r o c e d u r e 1 0 ;  t h e  
cell  i n o c u l a  w e r e  a d j u s t e d  to  y i e l d  a p p r o x i m a t e l y  7.5 • 10 ~ 
a n d  7.5 • 10 a c o l o n y - f o r m i n g  u n i t s / m l  a t  0 t i m e ,  r e s p e c -  
t i v e l y .  S t a n d a r d i z e d  d i s k  s u s c e p t i b i l i t y  t e s t s  n we re  
c a r r i e d  o u t  w i t h  25 ~zg T M P - s u l f a m e t h o x a z o l e  ( T M P -  
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Table I. Induction of b + P. rettgeri with tr imethoprim 

P. rettgeri Induced with Titer (against P. rettgeri LF 9i) 
b + strain No. SCASB TSB 

III 

VI 

Trimethoprim (~g/inl) 

10 0 a 0 
5 0 20 
2.5 i0 80 
1.25 20 160 
0.63 20 160 
0 (control) 10 0 

Mitomycin ([zg/ml) 
1 320 160 

Trimethoprim ([zg/ml) 

10 0 10 
5 0 40 
2.5 20 160 
1.25 40 160 
0.63 40 320 
0 (control) 0 0 

Mitomycin (~xg/ml) 
1 320 320 

�9 Lethal units/0.05 ml. 

Table II. Minimal inhibitory concentrations (MIC) of tr imethoprim against b + P. rettgeri strains and control strain of E. colt 

MIC (~xg/ml) 

Strain 7.5 x 103 cfu/ml at 0 min 7.5 • 103 cfu/ml at 0 mill 

P. rettgeri III 50 3.2 

P. rettgeri VI 50 3.2 

E. coli ATCC 25922 3.2 3.2 
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SMZ) disks (N/ ih rb6den  und  Chemie  G m b H ,  Wesel)  a n d  
M u e l l e r - H i n t o n  aga r  (MHA, Difco). 

I t  was found  t h a t  TMP,  a t  a c o n c e n t r a t i o n  over  t he  
r ange  of 0.63 to  2.5 btg/ml, i nduced  syn thes i s  of P. rettgeri 
bac te r ioc ins  a t  t i t e r s  c o m p a r a b l e  to  those  o b t a i n e d  w i t h  
1 ~g/ml  of MC (Table  I) ; however ,  in  SCASB,  t he  def ined 
med ium,  T M P  yie lded far  lower t i t e r s  of bac te r ioc ins .  
B o t h  b + P. rettgeri s t r a in s  p r o v e d  r e s i s t a n t  aga ins t  T M P  
(Table  I I ) ;  no  de t ec t ab l e  i n h i b i t i o n  zones were o b t a i n e d  
w i t h  T M P - S M Z  disks  on  M H A ;  t h e  con t ro l  s t r a in  of E. coli 
yielded i n h i b i t i o n  zones t h a t  m e a s u r e d  29 m m  in d iamete r .  
I t  m a y  be  a d d e d  t h a t  T M P  was found  to induce  e labora-  
t i on  of g roup  A bac te r ioc ins  (phage tai ls)  of subgroups  I 
a n d  I I  of Serratia marcescens~2 as well, t h o u g h  a t  lower  
t i t e r s  as c o m p a r e d  w i t h  our  two  b + s t r a in s  of P. rettgeri 
( unpub l i shed  results) .  

A t  t h e  m o m e n t ,  we h a v e  no e x p l a n a t i o n  for t h e  see- 
ming ly  pa r adox i ca l  f inding,  n a m e l y  t h a t  T M P  a t  sub-  
i n h i b i t o r y  c o n c e n t r a t i o n s  is a n  eff ic ient  i nduce r  of 
defec t ive  p r o p h a g e  (phage ta i l  bac ter ioc ins)  in  b + s t r a in s  
of P. rettgeri, t h a t  are r e s i s t a n t  to  th i s  drug,  as d e t e r m i n e d  

w i t h  c o n v e n t i o n a l  a n t i m i c r o b i a l  suscep t ib i l i ty  tests .  
Most  l ikely,  t he  2 s t r a ins  of P. rettgeri e x a m i n e d  are n o t  
comple te ly ,  b u t  r a t h e r  ' r e l a t ive ly ' ,  r e s i s t a n t  aga ins t  TMP,  
t h u s  a l lowing for sub t l e  i n t e r ac t i ons  b e t w e e n  t h e  d rug  
and  t h e  cells '  me tabo l i sm,  wi th ,  a m o n g  other(s) ,  r e s u l t a n t  
p r o d u c t i o n  of p h a g e  tai ls .  

Zusammen/assung. Zwei bac te r ioc inogene  (Phagen-  
schw/inze) S t a m m e  y o n  Proteus rettgeri k o n n t e n  m i t  
sub inh ib i t o r i s chen  K o n z e n t r a t i o n e n  yon  T r i m e t h o p r i m  
(0.63 bis  2.5 [zg/ml) i n d u z i e r t  werden .  
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Antagonism Between Plant Growth Regulators in 

Abscisic acid is a n  i n h i b i t o r y  h o r m o n e  found  to  be 
i nvo lved  in con t ro l  of g r o w t h  r egu la t i on  t o g e t h e r  w i t h  
o the r  n a t u r a l l y  occur r ing  g r o w t h  p r o m o t e r s  1. S tudies  
w i t h  s y n t h e t i c  abscis ic  acid h a v e  shown  t h a t  app l i ca t i ons  
of t h e  chemica l  caused  i n h i b i t i o n  of ge rmina t ion ,  cessa t ion  
of ex tens ion  growth ,  leaf senescence and  f o r m a t i o n  of 
reseing buds  in woody  species ~. B u t  c o n t r a r y  to these  
obse rva t ions ,  r ecen t ly  abscis ic  acid ha s  been  r epo r t ed  to  
induce  pol len  t u b e  e longa t ion  in Calotropis proceraK The  
poss ible  role of abscis ic  acid in t he  r egu la t ion  of pol len  
t u b e  g r o w t h  led us to  s t u d y  i ts  i n t e r a c t i o n  w i t h  g rowth-  
p r o m o t i n g  h o r m o n e s  w h e n  appl ied  in  c o m b i n a t i o n  w i t h  
t he  abscis ic  acid in  cu l tu re  m e d i u m  exogenously .  

I so la t ed  poll inia ,  d issected  ou t  f rom ful ly  opened  
flowers of C. procera were i n c u b a t e d  in h a n g i n g  d rop  
cu l tu res  cons i s t ing  of basa l  m ed i um ,  0.3 M sucrose 
(analar)  w i t h  or w i t h o u t  abscis ic  acid a n d  o the r  g r o w t h  
h o r m o n e s  (IAA, GAs a n d  k ine t in )  s epa ra t e ly  a n d  in 
c o m b i n a t i o n  w i t h  abscis ic  acid. The  pol l in ia  were al lowed 
to  g e r m i n a t e  u n d e r  t h e  cond i t ions  of l igh t  rece ived  f rom 
two 40 -wa t t  f luorescen t  l a m p s  h a n g i n g  a t  a d i s t ance  of 

Growth of pollen tube in relation to different plant growth regulators 

Treatment Length of pollen tubes (~zm) 

Control 660 ~= 140 
ABA (1.0) 1110 ~= 120 
IAA (1.0) 909 • 75 
IAA (0.1) 872 ~ 120 
GA 3 (10.0) 1180 ~c 180 
GA 3 (1.0) 1050 i 135 
Kinetin (5.0) 740 4- 130 
A B A + I A A ( I + I )  360 ! 40 
ABA+IAA (1+0.1) 285 -4- 60 
ABA + GA s (1+ 10) 393 + 150 
ABA+GA~ (141) 480 =k 150 
ABA+Kinetin (1+5) 440 =k 30 

The nmnber in parenthesis indicates concentration of the chemical 
in ppm. 

Pollen Tube Elongation of Calotropis procera 

1 m. E a c h  h a n g i n g  drop  cu l tu re  c o n t a i n e d  3 poll inia,  
and  3 rep l ica tes  for each  were run.  The  m e a n  l e n g t h  of 
pol len  t u b e s  were m e a s u r e d  a f te r  24 h of i ncuba t i on .  I n  
o rder  to  avo id  gene t ica l  d iscrepancies ,  po l l in ia  were 
o b t a i n e d  f rom flowers of one a n d  t he  same p l an t .  

I t  is e v i d e n t  f rom t h e  resu l t s  p r e s e n t e d  in t he  Tab le  
t h a t  all  t h e  g r o w t h  h o r m o n e s  t e s t ed  p r o m o t e d  t he  pol len  
t u b e  e longat ion .  The  m a x i m u m  p r o m o t i o n  of pol len  t u b e  
e longa t ion  was obse rved  in basa l  m e d i u m  c o n t a i n i n g  
10 p p m  GA 3. The  g r o w t h  h o r m o n e s  w h e n  app l ied  a lone  
caused  increase  ill t u b e  length ,  b u t  in  c o m b i n a t i o n  w i t h  
abscisic acid t h e y  ac ted  an t agon i s t i c a l l y  a n d  g rea t ly  
i n h i b i t e d  t he  e longa t ion  of t h e  tube .  I t  m a y  be  p o s t u l a t e d  
t h a t  some sor t  of phys io logica l  a n t a g o n i s m  exis ts  be-  
tween  absc is in  a n d  o the r  g r o w t h  h o r m o n e s  s tud ied  as 
regards  t h e i r  role in  pol len  t u b e  e longa t ion  of C. procera. 
Such  a n t a g o n i s m  b e t w e e n  absc is in  a n d  GAs or abscis in  
and  k i n e t i n  ha s  been  r epo r t ed  ear l ier  in  r e l a t ion  to p l a n t  
g r o w t h  1 

Zusammen/assung. W / i h r e n d  Abscis ins~ure  al lein das  
P o l l e n s c h l a u c h w a c h s t u m  in Calotropis procera s t imul ie r t ,  
h e b t  sie in  b in~re r  K o m b i n a t i o n  m i t  Auxin ,  Gibbere l l in -  
s~ture (GA3) u n d  K i n e t i n  deren  f6 rde rnde  W i r k u n g  teil-  
weise auf. 
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