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Acetylated intermediates of arginine synthesis in Bacillus sub¢i!is 

In Escher ich ia  coli, ornithine (a precursor of arginixm) is synthesized from g lu tamate  
via  the following acetylated intermediates:  N-acetylg lu tamate l .  ~, N-acetyl-~-gluta- 
myl  phosphate  a, N-ace ty lg lu tamic-~semia ldehydO,  and Na-acetylorni thinO,  4. The 
formation of ornithine from Na-acety!orni thine is mediated,  in this organism, by  
the hydrolyt ic  enzyme, acetylomithinase~, a.5 In Bac i l lu s  subti l is ,  thi3 enzyme has 
thus  far not  been detected, nor has an acetyltransferase such as reported for Micro -  
coccus g lu lamicus  a. I t ,  therefore, was of interest to examine the pa th  of arginine 
synthesis  in B.  subtil is .  

Tracer experiments  have now indicated that  B.  subti l is  has a glutamic family 
(cf. VOGEL AND BO~NER r) consisting of ghitaxnate and its biosynthetic products,  
arginine and proline. Thus, Table I shows tha t  [~J4C]acetate labels these 3 amino acids 
at  approximately,  equal specific acti~-ity, which differs from tha t  of alanine and from 
tha t  of threonine and iysine (both of which are derivatives of aspartateg). Qual i ta t ively 
similar results were obtained in analogous expe.-qmaents wi th  [z-14C]g!utamate. [3-a~C]- 

T A B L E  I 

I I~CORPORATIOI~ O F  T I ~ C E ~  Ih'-l['O IPRO-I'II~I~ A M I N O  A C I D S  O F  B .  subtilis, A T C C  6o51  
(AS I~EI .ATIVE S P E C l H C  R A D I O A C T I ~ T Y  ON ~IOLAR BASIS)  

T h e  o r g a n i s m  w a s  g r o w n  i n  ~ g lucose - s~qd t s  m e d i u m ,  s u p p l e m e n t e d  w i t h  t r a c e r s  (o . I  m g / m l ;  
a p p r o x .  I m C / m m o l e ) ,  ~_~ -.'ndicat~-~d. T h e  i s o t o p e  m e t h o d s  u e d  w e r e  e s s e n t i a l l y  t h o s e  p r e v i o u s l y  

employed'. 

Tracer C.~ _ 4 rg Pro A l~ T h r L ys  

[2-14C] A c e t a t e .  s o d i u m  s a l t  1oo 
DL- [2-a4C] O r n i t h i ~ e  h y d r o c h l o r i d e  t o o  
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aspartate,  and [4A4CJaspartate. Table I also shows that ,  in the bacillus, ornithine 
is a precursor of arginine. Additionally, it can be seen that  the labeled ornitJhine, to 
some extent,  contributes to glutamic acid. This degradative formation of glutamic 
acid presumably proceeds via glutamic y-semialdehyde, as it does in Neurospora s. 

Evidence for acetylated intermediates between glutamate and ornithine was 
obtained in enzyme experiments with B.  subtilis, Strain 8 a+, isolated as a rever tant  
of the arginine auxotroph, Strain 8. These 2 strains were selected for study,  since 
Strain 8 (which gives a growth response to ornithine, citrulline, or arginine) was 
found to produce relatively high levels of ornithine carbamoyltraaasferase (EC 2.I.3.3) 
under derepressive conditions (H. I,EHRER AND M. E. JONES, persoiaal communication). 

TABLE II 

SPECIFIC ACTIVITY OF ENZYMES OF ORNITHINE SYNTHESIS IN B .  subtilis, STRAIN 8 a+ 
(AS /,moles REACTION PRODUCT FORMED PER mg PROTEIN PER h) 

The organism was cultivated, at 37 ° with shaking, in dilute Difco Axginine Assay Medium (255 mg 
dehydrated medium per ml). Actively growing cells were collected, suspended in o. i M phosphate 

(pH 7.o) containing I .o mM glutathiotte, disrupted sonicaily, and assayed as indicated. 

Enzyme Roaction product ,Specific activ/ty Assay method 

N -Ac e t  yl-  y -gI u t a m  ok in ase  
N - A c e t y l g l u t a m i c  ~ - s e m i a l d c h y d e  

d e h y d r o g e n a s e  
A c e t y ! o r n i t h i n e  6 - t r a n s a m i n a s e  ~ 
A c e t y l o r n i t h i n a s e  

N - A c e t y l - ~ , - g l u t a m y l  h y d r o x a m a t e  o. 2 

T P N H  o. x 
N - A c e t y l g l u t a m i c  ~ , - s e m i a l d e h y d e  o .8  
O r n i t h i n e  1.2 

Ref .  3 

Re f .  3 
Ref .  xo 
Ref .  5 

* , ¢ - N - A c e t y l - L - o r n i t h i n e :  2 - o x o g l u t a r a t e  a m i n o t r a n s f e r a s e  (EC 2.6.  I. I I }. 

Table II reveals tha t  extracts  of Strain 8a+ contain four enzymes tha t  can act on 
acetylated intermediates o f  ornithine synthesis; the specific enzyme activities are 
given and the assay methods indicated. The biosynthetic substrates of the 4 enzymes 
are considered to be the L isomers of N-acetylglutamate,  N-acetyl-~,-glutamyl phos- 
phate, N-acetylglutamic y-semialdehyde, and Na-acetylornithine. 

In the bacillus, acetylornithinase act ivi ty is markedly st imulated by Co 2+ and 
by glutathione (cf. VOGEL AND BONNER6). However, addition of g lu tamate  does not 
st imulate the enzymic cleavage of Na-acetylornithine, either in the presence or in 
the absence of Co s+ and glutathione. These results indicate that  the Na-acetylorni- 
thine-split t ing act ivi ty is due to a n  acylase such as the hydrolytic acetylornithinase 
of E.  coli ~, and not to an o rn i th ine -g lu tamate  acetyltransferase, such as reported 
for M .  glutamicus.  Accordingly, the Gram-positive bacillus would seem to resemble, 
in this respect, the Gram-negative enterobacterium rather than  the Gram-positive 
micrococcus. 

In extracts of the auxotrophic Strain 8, no acetylornithina~e act ivi ty could be 
detected. In cross-feeding experiments with an E. coli auxotroph as responding organ- 
ism, Strain 8 was indicated to excrete N~-acetylornithine. The enzymic block and 
the precursor accumulation of this strain support the conclusion that ,  in 13. subtilis, the 
4 acetylated biosynthetic substrates mentioned above represent the main functional 
pa thway between glutamate  and ornithine. Since Strain 8 contains ornithine carba- 
moyltransferase and responds to citruiline, B. subtilis is concluded to convert or- 
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nithine to arginine by way of citrulline and, probably, of argininosuccinate (cf. VOGEl. 
A,~D BO~.~ERV). 

W~hen Strain 8 a+ was cul t ivated in the general manner  described in Table I! ,  
bu t  wi th  the addit ion of L-arginine hydrochloride (o.2 mg/ml) to the culture medium, 
all 4 enzymes listed in this table were found to be repressed. I t  seems likely t ha t  such 
repressibility (by endogenous arginine) contr ibuted to earlier failures to detect  the 
acety!o~ed intermediates  in B. subtilis. 

This invest igation was aided by the National  Science Foundat ion,  the  Office of 
Naval  Research, Depar tment  of the Navy, and the Damon Runyon  Memorial Fund.  
The authors are great ly  indebted to Dr. I. _~/IAHLER for kindly providing Strains 8 
and 8 a+, and  to Drs. I. MAHLER, J.  NEUMANN, and J. MARMUR for furnishing un- 
puolished da ta  on the  genetics of axginine synthesis in B. subtilis. Excellent technical 
assistance was rendered by Mrs. H. CARNF-VALE. 

Institute of Microbiology, Rutgers, The State University, 
New Brunswick, N.J .  (U.S.A.) 

R U T H  H .  ~r. d E L  

HE.~RY j .  Vo~EL 

t H .  J .  VoGF.L, Proc. Natl.  Acad. Sci. U.S.,  39 (I953) 378. 
t H .  J .  VOGEL, V. H.  ABELSON AND E. T. BOLTON. Biochira. Biophys.  Acta, x r ( t953)  384. 
t A- BAICI-I AND H.  J .  VOGEL, Biochem. Biophys.  lfesearch Communs. ,  7 (1962) 4 9 i .  
4 H .  ~. VOC;EL, AbstT., A m .  Chem. Sot.,  Atlantic City .'vleeting, (I952) 43C° 
$ H .  j .  VOGEL ANO D. M, BONNER, J .  Biol. Chem., 218 (I956) 97- 
a S. UDAKA AND S. KINOSHITA, J .  Ge~. App l .  2~Iicrobiol., 4 (I958) 272. 
* H .  J .  VOGEL AND D. M. BONNER, in ~V. RUHLAND, Encyclopedia of  Plant  Physiology, Vol, i I ,  

S p r i n g e r  Ver l ag ,  H e i d e l b e r g  1959, p. 1. 
* R.  H .  VOGEL AND M, j .  KoPAc,  Biochim. Biophys . .4cta ,  36 (1959) 5o5- 

H.  J .  VOGEL, Biochim. Biophys.  Acta, 34 ( t959)  282. 
le A. M. ALB.-tECH'r AND H.  J .  VOGEL, Federation Proc., I9 ( t96o)  2. 

Received August  3rd, x962 

Biochim. Biophys.  Aeta, 69 (1963) 174-176~ 


