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S H O R T  C O M M U N I C A T I O N S  

BIOCHIMICA ET BIOPHYSICA ACTA 

BBA 63255 

Further evidence for two distinct acetolactate synthetases in Aerobacter 
aerogenes 

Previous work 1 provided indirect evidence suggesting that  Aerobacter aerogenes 
is capable of producing two distinct enzymes catalyzing the synthesis of a-acetolac- 
tate. One of these enzymes (pH 8 activity) is similar to the acetolactate synthetase 
of Escherichia coli2, 3 which is concerned with the biosynthesis of valine. The second 
enzyme (pH 6 activity) is similar to that  found by  Jo•I 4 to catalyze the first step in 
acetoin formation from pyruvate,  and serves to divert glucose catabolism from 
acidic to neutral products ~. In this communication direct evidence will be presented 
to support our earlier suggestion that  the two acetolactate synthetase activities of 
A. aerogenes are due to two separate enzymatic entities. 

A. aerogenes 35 (wild type) was mutagenized with nitrosoguanidine 6 and 
valine-isoleucine-requiring mutants  were selected by replica plating after penicillin 
t reatment  ~. The selection was carried out on media at two pH values, 5.8 and 7.4, 
enabling us to detect mutants  with a pH-dependent valine-isoleucine requirement. 
Twenty-four mutants,  including two which required valine and isoleucine only when 
grown at low pH (5.8), were purified and tested for the acetolactate synthetase 
activity at pH 6.0 and the valine-sensitive acetolactate synthetase activity at pH 7.5. 
Three mutants  were found to be deficient in the pH 6 activity and one (requiring 
valine and isoleucine at pH 5.8) had reduced valine-sensitive synthetase activity at 
pH 7.5. These four strains were further analyzed for their reductoisomerase s, di- 
hydroxy acid dehydrase 9 and transaminase B 1° activities (Table I). As can be seen 
from Table I, strain 9 which grew slowly in unsupplemented medium at pH 7.4 and 
not at all at pH 5.8, had normal levels of all the enzymes except for the biosynthetic 
valine-sensitive acetolactate synthetase. Among the three strains deficient in the 
pH 6 acetolactate synthetase, one (strain IV-2) also showed a 90% reduction in 
dehydrase activity, another mutant  (strain III-45 ) was deficient in reductoisomerase, 
while the third (strain I I I - i2)  had a double lesion, in reductoisomerase and in dehy- 
drase. I t  was of interest to see whether the pH 6 synthetase is required for the bio- 
synthesis of valine and isoleucine and/or whether the deficiency of strains IV-2 and 
I I I - i 2  in the activity of this enzyme resulted from the mutations affecting dehydrase 
or reductoisomerase activities. Prototroph revertants of strains IV-2 and 111-45 
obtained spontaneously were tested for the activity of the biosynthetic enzyme 
deficient in the parent strain (reductoisomerase in the 111-45 revertants and dihy- 
droxy acid dehydrase in the revertants of mutant  IV-2) and for the activity of the 
pH 6 acetolactate synthetase. No prototroph revertants were obtained from the 
double mutant  1II-12, either spontaneously or by t reatment  with ultraviolet light, 
ethyl methanesulfonate and nitrosoguanidine. The results obtained with IO indepen- 
dently isolated prototroph revertants of strain IV-2 and with 8 such revertants of 
strain 111-45 are given in Table II .  All the revertants tested showed large increases 
in the activity of the biosynthetic enzyme which was impaired in their respective 
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T A B L E I  

E N Z Y M E  A C T I V I T I E S  O F  z t .  aerogenes W I L D - T Y P E  A N D  M U T A N T  S T R A I N S  

a -Ace to lac ta t e  s y n t h e t a s e  was  de t e rmi ned  in i - m l  reac t ion  m i x t u r e s  of  the  following compos i t ion  
(in /zmoles):  s o d i u m  p y r u v a t e ,  40; t h i a m i n e  py rophospha t e ,  o.188; MgC12, io;  L-valine (where 
indicated) ,  30; p h o s p h a t e  buffer  (pH 6.0 or 7.5, as indicated) ,  IOO; cell-free ex t r ac t  equ iva len t  to 
2 m g  protein.  The  m i x t u r e  was  i ncuba t ed  for 2o m i n  a t  37, ° af ter  which  t ime  o.I ml  of  lOO% 
tr ichloroacet ic  acid was  added  and  t he  m i x t u r e  was  au toc laved  for io m i n  a t  a p ressure  of  I a t m  
and  cent r i fuged.  Ace to in  was  de t e rmi ned  on  o. i - m l  a l iquots  of  t he  s u p e r n a t a n t  by  t he  colorimetr ic  
m e t h o d  of  WESTERFELD 11, us ing  pure  ace to in  as a s t anda rd .  The  p H  6 ac t iv i ty  was t e s ted  on 
e x t r a c t s  of  cells g rown  ove rn igh t  in n u t r i e n t  b ro t h  s u p p l e m e n t e d  wi th  o .3% glucose and  o.o6 M 
p h o s p h a t e  buffer  (pH 6.o). For  t he  p H  7.5 e x p e r i m e n t s  the  bac te r ia  were g rown overn igh t  a t  37 ° 
in t he  m i n i m a l  m e d i u m  of  DAvis  AND MINGIOL112 ad ju s t ed  to p H  8.o, f rom which  c i t ra te  was  
omi t t ed ,  wi th  o .3% glucose as t he  source  of  carbon.  To cu l tures  of  the  a u x o t r o p h  m u t a n t s  L- 
leucine,  I2. 5/~g/ml,  DL-valine, 25/~g/ml, and  DL-isoleucine, 25/~g/ml were also added.  The  ex t r ac t s  
were p repared  by  t r ea t ing  cell  suspens ions  in o.o67 M p h o s p h a t e  and  o.oi  M/~-mercap toe thano l  
in t he  M.S.E.  u l t rasonic  d i s in tegra to r  for 2 min .  Reduc to i somerase  was  de t e rmined  according to 
ARMSTRONG AND WAGNER 8 wi th  some  modif icat ions.  The  reac t ion  m i x t u r e  con ta ined  in i ml  
(in /~moles) : a - a c e t o h y d r o x y b u t y r a t e ,  1.55; tS-mercap toe thanol ,  2.5; MgSO4, 5; T P N H ,  o . i5  ; 
p h o s p h a t e  buffer  (pH 7.5), ioo;  cell-free ex t rac t ,  o . o 5 - i . o o m g  protein,  a -Ace to - a -hyd roxy -  
b u t y r a t e  was  ob ta ined  by  hydro lys i s  of  e thy l  a c e t o x y - a - a c e t o h y d r o x y b u t y r a t e  in 2 M N a O H  
a t  37 ° for I h and  s u b s e q u e n t  neu t ra l i za t ion  wi th  conc. HCI. U l t r a son ica t e s  of  ove rn igh t  cu l tures  
in m i n i m a l  m e d i u m  wi th  a m i n o  acid s u p p l e m e n t a t i o n  where  required,  were cen t r i fuged  for 
I h a t  IOO ooo × g and  dia lyzed ove rn i gh t  aga ins t  o. i  M p h o s p h a t e  buffer  (pH 7.5), o.oo2 M 
m e r c a p t o e t h a n o l ,  and  o.ooo2 M MgSO~. This  t r e a t m e n t  reduced  the  s u b s t r a t e - i n d e p e n d e n t  oxi- 
da t ion  o f  T P N H  to a negligible level. D i h y d r o x y  acid d e h y d r a s e  was e s t ima t ed  according to 
MYERS 9, wi th  a , tS-dihydroxyisovaleric  acid as t he  subs t r a t e .  The  a -ke to i sova le ra te  fo rmed  was  
d e t e r m i n e d  by  t he  m e t h o d  of  FRIEDEMANN AND HAUGEN la. T r a n s a m i n a s e  B was m e a s u r e d  by  a 
modi f ica t ion  of  t he  m e t h o d  descr ibed by  ]~AMAKEISHNAN AND ADELBERG 10. The  reac t ion  m i x t u r e  
con ta ined  in I ml  ( in/~moles) :  a -ke tog lu ta ra te ,  ioo;  L-valine, 12o; py r idoxa l  phospha t e ,  i ;  Tris  
buffer  (pH 7.8), 20o; cell-free ex t rac t ,  1.2 m g  protein.  The  bacter ia l  ex t r ac t  was  p r e incuba t ed  
w i th  pyr idoxa l  p h o s p h a t e  a t  37 ° for 3o mi n  before t he  add i t ion  o f  t he  subs t r a t e s ;  t he  comple te  
s y s t e m  was  fu r t he r  i n c u b a t e d  for 3 ° min .  The  reac t ion  was  s topped  wi th  t r ichloroacet ic  acid, t he  
m i x t u r e  cen t r i fuged  and  t he  a -ke to i sova le ra t e  fo rmed  was  ex t r ac t ed  wi th  to luene  and  de t e rmined  
accord ing  to F E I E D E M A N N  A N D  H A U G E N  18. 

Strain Enzyme activity (izmoles/mg protein per h) 

Acetohydroxy acid synthetase Ratio Reducto- Dihydroxy Trans- 
p H  6.o/ isomerase acid aminase 

p H  6.o pH 7.5 p H  7.5 dehydrase B 
activities 

no valine no valine plus 
added added valine 

A. aerogenes 35 (wild 
type)  8.50 0.62 o.14 13.71 1.o6 13.13 13.34 

A. aerogenes 35/IV-2 o.13 3.05 0.32 o.04 2.1o 1.26 25.09 
A. aerogenes 35/I I I -45  0.08 2.24 0.22 0.04 0.05 22.03 13.36 
A. aerogenes 35 / I I I - I2  o.12 o.48 o.13 0.25 o.oo 1.81 22.79 
A. aerogenes 35/9 11.98 0.22 o.08 54.45 5.98 11.o3 13.23 

p a r e n t s .  I n  n o n e  o f  t h e  18 r e v e r t a n t s  e x a m i n e d  w a s  a n y  r e s t o r a t i o n  o f  p H  6 a c e t o -  

l a c t a t e  s y n t h e t a s e  a c t i v i t y  o b s e r v e d .  

T h e  r e s u l t s  d e s c r i b e d  h e r e ,  s h o w i n g  t h a t  i t  is  p o s s i b l e  t o  s e p a r a t e  t h e  t w o  

a c e t o l a c t a t e  s y n t h e t a s e  a c t i v i t i e s  o f  A .  aerogenes b y  m u t a t i o n ,  s u b s t a n t i a t e  o u r  

e a r l i e r  c o n c l u s i o n  1 t h a t  t h e  t w o  a c t i v i t i e s  a r e  d u e  t o  d i f f e r e n t  e n z y m e s .  T h e  e n z y m a t i c  

a n a l y s i s  o f  p r o t o t r o p h  r e v e r t a n t s  ( T a b l e  II) f u r t h e r  s h o w s  t h a t  t h e  p H  6 a c e t o l a c t a t e  

s y n t h e t a s e  is  n o t  r e q u i r e d  f o r  t h e  n o r m a l  f u n c t i o n i n g  o f  t h e  v a l i n e  b i o s y n t h e t i c  

p a t h w a y .  M o r e o v e r ,  t h e  b e h a v i o r  o f  s t r a i n  9 (see t e x t  a n d  T a b l e  I) i n d i c a t e s  t h a t  

Biochim. Biophys. Acta, 139 (1967) 5o2-5o 4 



504 SHORT COMMUNICATIONS 

TABLE II 

ENZYME ACTIVITIES OF PROTOTROPH REVERTANT~ OF A. aerogenes MUTANTS REQUIRING VALINE-- 
ISOLEUCINE 
For experimental details see text  and Table I. 

Strain Enzyme activity Strain Enzyme activity 
(#moles~rag protein (#moles/mg protein 
per h) per h) 

Acetohydroxy Dihydroxy AeetohydroKv Reducto- 
acid acid acid isomerase 
synthetase, dehydrase synthetase, 
pH6 .o  pH6.o  

A. aerogenes 35/[V-2 o.13 1.26 
A. aerogenes 35/IV-2R1 o.16 2.9o 
A. aerogenes 35/IV-2R2 0.08 12.94 
A. aerogenes 35/IV-2R3 o. Io 7.32 
A. aerogenes 35/IV-2R4 o.o9 16.o 5 
A. aerogenes 35/IV-2R5 o.I2 5.46 
A. aerogenes 35/IV-2R6 o.12 2.97 
A. aerogenes 35/IV-2RIo 0.09 4.18 
A. aerogenes 35/iV-zRI7 o.io 18.o8 
A. aerogenes 35/1V-2II28 0.07 7.47 
A. aerogenes 35/IV-xR3I o.i2 12.5o 

A. aerogenes 35/III-45 0.08 0.05 
A. aerogenes 35[III-45R1 o.12 2.52 
A. aerogenes 35/111-45R2 o.12 0.38 
A. aerogenes 35/1~II-45R3 0.07 1.21 
A. aerogenes 35/III-45R6 0.07 0.33 
A. aerogenes 35/III-45R 7 o.13 8.47 
A. aerogenes 35/III-45RI i o. io 0.30 
A. aerogenes 35/III-45RI 2 o. i I I 1.83 
A. aerogenes 35/III-45RI7 o.13 1.61 

t h e  p H  6 e n z y m e  does  n o t  s u p p l y  a c e t o l a c t a t e  for  va l ine  b i o s y n t h e s i s  even  d u r i n g  

g r o w t h  a t  low p H .  This  s o m e w h a t  su rp r i s i ng  f ind ing  m a y  p e r h a p s  be due  to  c o m -  

p a r t m e n t a l i z a t i o n  of  t h e  t w o  s y n t h e t a s e s ,  or to  c h a n n e l l i n g  o f  t h e  i n t e r m e d i a t e s  of  

t he  t w o  p a t h w a y s  b y  some  o t h e r  m e c h a n i s m .  F u r t h e r  e x p e r i m e n t s  are  r e q u i r e d  to  

e l u c i d a t e  th i s  po in t .  

T h e  a u t h o r s  are  i n d e b t e d  to  Dr.  H.  E.  UMBARGER for his  g en e ro u s  gi f t  o f  

a , f l - d i h y d r o x y - f l - m e t h y l v a l e r i c  acid,  a , f l - d i h y d r o x y i s o v a l e r i c  acid,  e t h y l - a - a c e t o x y -  

a - a e e t o h y d r o x y b u t y r a t e  a n d  e t h y l - a - a c e t o x y - a - a c e t o l a c t a t e .  

D e p a r t m e n t  o f  Bacteriology,  

Hebrew U n i v e r s i t y - H a d a s s a h  M e d i c a l  School, 
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