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P r o p e r t i e s  o f  a n  A u x i n - O x i d i s i n ~  S y s t e m  f r o m  L a c t o b a c i l l u s  b u l g a r i c u s  

The  e n z y m a t i c  d e s t r u c t i o n  of f l - indolylacet ic  acid 
(IAA) in  h i g h e r  p l a n t s  ha s  been  s tud ied  b y  severa l  work-  
ers* b u t  l i t t l e  is k n o w n  a b o u t  I A A  d e g r a d a t i o n  b y  
b a c t e r i a l  cells 2. On ly  2 series of e x p e r i m e n t s  need  to  be  
m e n t i o n e d  he re :  one  o n  A rthrobactera a n d  t he  second on  
Lactobacillus 4,~. T h e  p r e s e n t  s t u d y  was u n d e r t a k e n  in 
o rder  to  i n v e s t i g a t e  some  p rope r t i e s  of a n  a u x i n - o x i d a s i n g  
s y s t e m  e x t r a c t e d  f rom Lactobacillus bulgaricus. 

LactobaciIlus bulgaricus ( s t ra in  1416, Liebefe ld  Ins t i -  
t u t e )  was  g r o w n  a t  37°C on LactobaciUus b r o t h / 0 9 0 1  
(Difco). F o r  each  series of g r o w t h  m e a s u r e m e n t s ,  t u b e s  
c o n t a i n i n g  10 m l  of m e d i u m  (wi th  or w i t h o u t  IAA)  were  
inocu la t ed  w i t h  1 ml  of a y o u n g  cu l t u r e  of Lactobacillus 
( s t a n d a r d :  0.416 m g  of p r o t e i n  pe r  i nocu lum)  t a k e n  a t  
t h e  end  of t he  lag  p h a s e  of g rowth .  T h e  g r o w t h  r a t e  was  
expressed  in  t e r m s  of p r o t e i n  c o n t e n t  v a r i a t i o n .  P r o t e i n  
was  d e t e r m i n e d  a f t e r  p r e c i p i t a t i n g  t h e  w a s h e d  cells w i t h  
t r i ch lo roace t i c  ac id  s. T h e  p r e p a r a t i o n  of I A A - o x i d a s e  
a n d  t h e  m e a s u r e m e n t  of  i n d u c e d  I A A - o x i d a s e  a c t i v i t y  
in  lyoph i l i zed  Lactobacillus h a v e  a l r e a d y  been  desc r ibed  ~. 
B a c t e r i a l  su spens ion  was  cen t r i fuged  (3.5 × 103g; 15 min) ,  
p r io r  to  r e su spens ion  of t h e  p r e c i p i t a t e  in  buf fe r  for  a 
second  c e n t r i f u g a t i o n  ( 8 ×  10ag; 10 rain).  T h e  super -  
n a t a n t  was  m a d e  u p  to  10 ml  w i t h  buffer .  2 ml  of t h i s  
ac t ive  e x t r a c t  were  m i x e d  w i t h  2 m l  of H s O  a n d  4 m l  of 
cold buffer .  A t  zero t ime ,  2 ml  of I A A  in H 2 0  (50 ~tg/ml) 
was  added .  T h e  m i x t u r e  was t h e n  i n c u b a t e d  in a m e t a b o l -  
ic s h a k i n g  i n c u b a t o r  (28 °C) in comple t e  da rkness .  I n i t i a l  
a n d  re s idua l  I A A  were  d e t e r m i n e d  b y  color imet ry* .  The  
I A A - o x i d a s e  a c t i v i t y  was  expressed  as  [Lg of I A A  de-  
s t r oyed  pe r  0.1 m g  of p r o t e i n  a n d  pe r  hour .  

As can  b e  seen in Tab le  I, t h e  g r p w t h  of b a c t e r i a l  
cells, expressed  in  t e r m s  of p r o t e i n  con ten t ,  inc reased  
w i t h  t ime .  P r e i n c u b a t i o n  w i t h  I A A  (1 × 10-SM) for 6 h 
caused  a s t r o n g  i n h i b i t i o n  of growth .  P r e i n c u b a t i o n  for  
12 h,  however ,  r e su l t ed  in  a s l igh t  g r o w t h  s t i m u l a t i o n .  
The  resu l t s  sugges t  t h a t  exogenous  I A A  i n h i b i t s  b a c t e r i a l  
g rowth ,  t h a t  t h i s  i n h i b i t i o n  is g r a d u a l l y  decreased  as t h e  
I A A  is d e s t r o y e d  (at  l eas t  p a r t l y  b y  a n  exogenous  
ox id iz ing  sys tem) ,  a n d  t h a t  I A A  d e s t r u c t i o n  is fol lowed 
b y  acce le ra t ed  g rowth .  These  resu l t s  are  in  a g r e e m e n t  
w i t h  o t h e r  o b s e r v a t i o n s  of t he  I A A ' s  ef fec t  on  bac-  
te r ia l  2,*,s a n d  roo t  cells v. 

Resu l t s  p r e s e n t e d  in  F igu re  1 show t h a t  t h e  IAA-  
oxidase  a c t i v i t y  increases  w i t h  t he  p r e - i n c u b a t i o n  t ime .  
Howeve r ,  t h e  exogenous  I A A  causes  a s t i m u l a t i o n  of t he  
I A A  d e s t r u c t i o n  w h i c h  could  be  expressed  in t e r m s  of 
a n  i n d u c t i v e  r eac t i on  acco rd ing  to  t h e  p r ev ious  obsc rva -  
t ions  o n  bacter ia l~ ,  ~ a n d  roo t  ceils 7, s. 

T h e  bu f fe red  so lu t ions  ( N a , H P O J K H s P O ~ )  a t  d i f f e ren t  
p H ' s  were  i n c u b a t e d  a t  28°C. P h o s p h a t e  buf fers  w i t h  
p H  below 5.0 were p r e p a r e d  b y  use of HC1 N. T he  resu l t s  
(Figure  2A),  for  a p r e - i n c u b a t e d  cu l t u r e  of 8 h w i t h  
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1 X 1 0 - S M  of IAA,  c lea r ly  show t h a t  the  o p t i m u m  p H  
found  was b e t w e e n  5.5 a n d  6.5. Consequen t ly ,  a p H  of 
6.1 will  be  used.  I t  m a y  be  n o t e d  t h a t  for  I A A - o x i d a s e  
f rom Lens  g, P i s u m  *° a n d  Phaseolus *1, t h e  o p t i m a l  p H ' s  
were b e t w e e n  6 a n d  7. F o r  A rthrobacter p r e p a r a t i o n s  a, 
t h e  o p t i m u m  I A A  d e s t r u c t i o n  was  found  a t  a p H  of 6.5. 

A cu l tu re  of Lactobacillus, p r e - i n c u b a t e d  for  8 h w i t h  
1 x 10 -SM of I A A  a n d  a t  p H  6.1, was  used  t o  s t u d y  t h e  

Table I. Growth (in terms of protein content) of Lactobacillus pre- 
incubated with (+)  or without (--) IAA (1 x 10-~M) 

Pre-incubation mg Protein]culture Control 
(h) - - IAA + IAA (%) 

0 0.54 0.54 0 
6 2.91 1.84 --36.7 

12 3.25 3.61 + I i . 0  
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Fig. 1. Activity of art IAA-oxidasing system from Lactobacillus in 
relation to the duration (in h) of a pre-incubation with (+) or 
without (--) IAA (1.10-SM). Enzyme activity expressed in [zg of 
IAA destroyed per 60min incubation (28°C; pH = 6.1) and for 
0,1 mg of protein, 
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Fig. 2. Effects of pH (A) and temperature (B) on the activity of 
an IAA-oxidasing system from Lactobacillus. Enzyme activity 
expressed in ~tg of IAA destroyed per 60 min incubation and for 
0.1 mg of protein. For pH variations (28 °C) and temperature varia- 
tions (pH = 6.1). 
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effects  of t e m p e r a t u r e .  As s h o w n  in F igu re  2B, t e m p e r a -  
t u r e  increases ,  w h e n  i t  r ises f rom 16 to  32°C; t h e r e  is 
t h e  a c t i v i t y  of t h e  I A A - d e s t r o y i n g  sys tem.  F u r t h e r  
inc rease  in  t e m p e r a t u r e  caused  r a p i d  i n a c t i v a t i o n  of t h e  
sys tem.  Assays  were  car r ied  o u t  a t  28 °C. S imi la r  resu l t s  
were  o b t a i n e d  for  r oo t  cells 9. 

To t e s t  t h e  spec i f ic i ty  of t h e  a u x i n  p r e t r e a t m e n t ,  3 
I A A  ana logs  ( f l - indolyl -carboxyl ic  ac id ;  f l - indolylpro-  
p ionic  ac id  a n d  DL- t ryp tophan )  were  used  in  a pre-  
i n c u b a t i o n  of  12 h, a t  t h e  s a m e  c o n c e n t r a t i o n  (1 × 10-SM) 
as  IAA.  F o r  t he  s t u d y  of t h e  I A A  des t r uc t i on ,  a s imi l a r  
p r o c e d u r e  was  fol lowed (10 m l  of t h e  a c t i v e  m i x t u r e ,  
2 m l  of I A A  - a t  50 ~zg pe r  m l  - were  a d d e d  a t  zero 
t ime) .  T h e  re su l t s  s u m m a r i z e d  in  T a b l e  I I  show t h a t  
m o s t  I A A  ana logs  i n h i b i t  t h e  in  v i t r o  I A A  des t r uc t i on .  
Such  o b s e r v a t i o n s  a re  in  a g r e e m e n t  w i t h  t h o s e  o b t a i n e d  
w i t h  A rthrobacter 3. 

Table IL Specificity of the auxin pre-treatment (12 h) on the IAA 
destruction (60 min; 28 °C; pH = 6.1) by Lactobacillus 

Pre-treatment ~tg IAA Control IAA pre- 
(I x 10-~M) destroyed (%) treatment 

per 0.1 mg (%) 
protein 

Control 11.2 0 - -  16.4 
IAA 13.4 + 10.7 0 
~-indolylcarboxylic acid 9.5 --15.1 --29.1 
fl-indolylpropionic acid 8.5 --24.1 --36.1 
Dr--tryptophan 10.9 - -  2.7 ---18.6 

T h e  i n d u c t i o n  of a f l - indolylacet ic  acid (IAA) inac t i -  
v a t i n g  e n z y m e  in  Lactobacillus bulgaricus was inves t iga t ed .  
A n  I A A  p r e t r e a t m e n t  of bac t e r i a l  cells, w h i c h  induces  
a n  IAA-oxidase ,  causes  a s t r o n g  i n h i b i t i o n  of g r o w t h  
a f t e r  6 h ,  fol lowed b y  a s l igh t  s t i m u l a t i o n  a f t e r  1 2 h .  
T h e  o p t i m a l  p H  for t he  ox id iz ing  s y s t e m  is 6.0 a n d  t h e  
m a x i m a l  I A A  b r e a k d o w n  was  obse rved  a t  32°C. The  
ab i l i t y  of I A A  to  i n d u c e  t h e  oxidase  was  i n h i b i t e d  b y  
some  I A A  ana logues  (fl-indolyl ca rboxy l i c  a n d  /~-indolyl 
p rop ion i c  ac ids ;  DL- t ryp tophan) .  These  r e su l t s  show t h a t  
t h e  i n d u c t i o n  s y s t e m  for  I A A - o x i d a s e  h a s  a h i g h  speci- 
f ic i ty  for  IAA.  P r o p e r t i e s  of t h i s  e n z y m e - c o m p l e x  were  
found  to  b e  v e r y  s imi la r  to  t hose  of I A A - o x i d a s e  p r e p a r e d  
f r o m  severa l  p l a n t  t i s sues  a n d  exp l a in  t h e  g r o w t h  reac-  
t i ons  of Lactobacilh~s i n c u b a t e d  w i t h  IAA.  

Rdsumd. U n  t r a i t e m e n t  ~ l ' ac ide  f l - indoly lac6t ique  
(IAA) a p o u r  effe t  d ' i n d u i r e  - chez  Lactobaciltus bulga- 
t i tus  - u n  sy s t6me  i n a c t i v a n t  I ' IAA.  Le  p H  o p t i m u m  de  
ce c o m p l e x e  e n z y m a t i q u e  es t  de  6.0 e t  sa  t e m p 6 r a t u r e  
o p t i m a l e  de r6ac t ion  de  32 °C. Ce t te  i n d u c t i o n  es t  inh ib6e  
p a r  des  ana logues  de  I ' I A A  (acides f l - indolyl  c a r b o x y -  
t ique  e t  f l- indolyl p r o p i o n i q u e ;  DL- t ryp tophane) .  L ' a p p a -  
r i t i on  de  ce t t e  (,IAA-oxydase~> p e r m e t  de r e n d r e  compte ,  
d a n s  u n e  large  mesure ,  des ef fe ts  de  I ' I A A  sur  la crois-  
sance  des  m i c r o o r g a n i s m e s  test6s.  
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Kinin-Releasing Activity of Pronase 

REIS et  al. z obse rved  t h a t  a f t e r  f r a c t i o n a t i o n  of p r o n a s e  
b y  p a p e r  e lec t rophores i s  a t  p H  8.6, a c a t h o d i c  f r a c t i o n  
was  s e p a r a t e d  w h i c h  w h e n  e lu t ed  a n d  i n c u b a t e d  w i t h  
h e a t  d e n a t u r e d  p l a s m a - p r e p a r a t i o n  re leased  b r a d y k i n i n .  
P ronase ,  a c o m m e r c i a l  p r e p a r a t i o n  f r o m  Streptomyces 
griseus, c o n t a i n s  severa l  p e p t i d a s e s  ( ca rboxy-  a n d  a m i n o -  
pep t idases )  as wel l  as p r o t e i na s e s  ac t ive  t o w a r d s  casein,  
of w h i c h  one  possesses  in  a d d i t i o n  es te ro ly t i c  a c t i v i t y  
t o w a r d s  N-benzoy l -L-a rg in ine  e t h y l  es te r  ( B A E E )  ~-4. The  

specif i ty ,  i n h i b i t i o n  a n d  h o m o l o g y  a b o u t  t h e  d isul f ide  
b r idges  of t he  l a t t e r  e n z y m e  sugges t  a close s i m i l a r i t y  
w i t h  t ryspinS,% T h e  e x p e r i m e n t s  he re  r e p o r t e d  were  
m a d e  in  o rder  to  i n v e s t i g a t e  w h i c h  e n z y m e  of p r o n a s e  
is r e spons ib le  for  t h e  k in in - re l eas ing  ac t iv i ty .  

P r o n a s e  P (Serva,  He ide lberg ,  G e r m a n y )  was  s e p a r a t e d  
in to  seve ra l  f r ac t ions  b y  c o l u m n - c h r o m a t o g r a p h y  on  CM- 
S e p h a d e x  C-25 us ing  a l i nea r  buf fe r  g r a d i e n t  (Figure  1). 
3 of t he  f r ac t ions  o b t a i n e d  showed  p ro t eo ly t i c  a c t i v i t y  
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Fig. 1. Chromatography of pronase (300 mg) on 
CM-Sephadex C-25 (column 1.5 × 22 era) equili- 
brated with 0.02 M ammoniunl acetate buffer pH 
5.0. Elution was carried out using a linear buffer 
gradient (0.02-0.2M ammonimu acetate buffer 
pH 5.0) at  a flow rate of 30ml]h (5Inl per 
tube). BAEE hydrolyzing activity is expressed 
in [zmoles BAEE hydrolyzed per min]ml, casein 
hydrolysis in units/ml. 


