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In a glucose ammonia minimal medium not supplemented 
with uracil, the uracil negative strain MA22 of B.meqaterium 
cannot grow and its sporulation remains repressed. With the 
aid of mutants deficient either in glutamine synthetase or in 
glutamine (amide) : 2-oxo-glutarate aminotransferase (NADP 
oxidoreductase) it is shown that the first enzyme involved in 
the repression of sporulation is the glutamine synthetase and 
that the organic nitrogen containing compound required for 
repression is glutamine but not glutamate. 

Earlier studies (i, 2) concerning the pathway of 

glutamate synthesis in B.meqaterium have shown that glutamate 

is synthesized by the coupled functioning of a glutamine synthe- 

tase (GINS) and of a glutamine (amide) : 2-oxo-glutarate amino- 

transferase (NADP oxidoreductase) termed here glutamate synthase 

(GluS). Because B.meqaterium has neither an aspartase nor a 

glutamate dehydrogenase and because alanine dehydrogenase is 

not involved in alanine synthesis (unpublished results), GInS 

would appear to be the major enzyme involved in ammonia incor- 

poration. 

This raises the question of whether GInS plays a role 

in the repression of sporulation. According to Schaeffer's e__~t 

a__~l, hypothesis, sporulation would be repressed by nitrogen- 

containing catabolites (3). In that case, glucose and ammonia 

might be considered as the first substrates in a sequence of 
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reactions the last of which acts to repress sporulation. As 

will be shown, GInS is the first in the series of enzymes 

that are involved in the reaction chain. Subsequently repres- 

sion of sporulation is derived from glutamine but not from 

glutamate. 

MATERIAL AND METHODS 

The experimental procedure for studying sporulation 

had first been developed with B.megaterium MA22, a mutant that 

requires uracil for growth but not for sporulation (4). Strain 

MA22 was grown in complex medium (5) until just before the end 

of growth when it was transferred to one of four sporulation 

media, containing the salt solution of the complex medium plus 

either 2 mg glucose/ml (G) and/or 0.038 M ammonium chloride 

(N). All media were free of uracil. Good sporulation occured in 

the G-N-, G-N+ and G+N- media, but sporulation was repressed in 

the G+N+ medium. These results are in agreement with the Schaef- 

fer's et al hypothesis (3). 

Isolation of mutant Gln-26, devoid of GInS activity, 

and of mutant Glu-ll, devoid of GIuS activity has been descri- 

bed previously (2). Revertants Gln-26 R 1 and Glu-ll R 1 were 

isolated by their capacity to grow on glucose ammonia minimal 

agar. All strains sporulated nor[:lally after growth in complex 

medium. 

RESULTS 

Sporulation of MA22, Gln-26, Gln-26 R I, Glu-ll and 

Glu-ll R 1 was studied in the four transfer media. Results 

reported in Table £ show that : i) sporulation of the two rever- 

tants was similar to that of MA22 ; 2) both Gln-26 and Glu-ll 

differed from MA22 and from each other in that sporulation of 

Gln-26, in the G+N+ medium, was less repressed than that of 

MA22 whereas sporulation of Glu-ll was more repressed than that 

of MA22 in the same medium. 

Due to the need for the combined action of GInS and 
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Table I. Sporulation of B.meqaterium MA22 strain, of 

Gln-26 and GIu-I] mutants and of Gln-26 R 1 and GIu-II 

R 1 revertants. 

Transfer media 

: : : : 

G-N- G-N+ G+N- G+N+ 

: : : : 

MA22 : 44 : 45 : 30 : 0.2 

Gln-26 : 50 : 50 : 7 : 8 

GIu-II 
w 

0 : <ooo : <o.00  
Gln-26 R 1 : 45 : 26 : 22 : 0.7 

Glu-ll R 1 : 40 : 45 : 28 : 0.2 

Sporulation is expressed as %. Each media contained 
about 25 x 106 cells/ml. 

GluS in glutamate synthesis, neither Gln-26 nor GIu-II can 

synthesize glutamate. Since, in Bacilli, glutamate accumulates 

inside the sporangium in the early stages of sporulation (5, 

6, 7) and serves as a precursor of many other metabolites (5), 

it was necessary to study how glutamate addition, at a growth 

factor concentration, affected sporulation particularly in the 

G+N- and G+N+ media. 

From the results reported in Table II it can be seen 

that, in the case of Gln-26 the addition of 20 ~g glutamate/ml 

led to normal sporulation in both media. However glutamate ad- 

dition had little effect on sporulation of MA22 or of Glu-ll. 

The fact that supplementation of G+N+ medium with 

20 ~g glutamate/ml allowed Gln-26 to sporulate suggests that 

the GINS- mutation permits the strain to overcome the repres- 

sion of sporulation by nitrogen-containing catabolites. If simi- 

lar reasoning is applied to the behavior of Glu-ll, the opposite 

conclusion is arrived at for the mutation GIuS-. In other words 

GInS appears to participate in the repression of sporulation and 

GluS would not appear to do so. 

If this conclusion is correct, the first product of 

GInS activity, i.e. glutamine, should repress sporulation of 
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TABLE II. Influence of glutamate on the sporulation of 

B.meqaterium MA22 strain and of Gln-26 and Glu-ll mutants. 

Transfer media 

G+N- G+N+ 
: 

: + G l u  : : + G l u  
: - G l u  - G l u  
: : (20 pg/ml) : : (20 pg/ml) 

N A 2 2  3 0  5 7  0 . 2  0 . 2  

Gln-26 : 7 : 62 : 8 : 70 

Glu-ll : ¢.001 : 0.05 : <O.O01 : <0.001 : : : : 

Sporulation is expressed as %. Each medium contained 
about 25 x 106 cells/ml. 

Table III. Effect of increasing concentrations of glutamine 

and glutamate on the sporulation of Gln-26 B.meqaterium 

mutant in the G+N+ medium. 

Concentrations 
:+Gln : +Glu 

(~g/ml) 

O : 7 : 7 

: 

2 0  6 0  6 2  

5 0  : 4 0  : 5 6  

1 0 0  1 6  6 0  

2 0 0  : 2 : 6 6  

Sporulation is expressed as %. Each media contained about 
25 x 106 cells/ml. 

Gln-26 and the first product of GIuS activity, i.e. glutamate, 

should not. Results reported in Table III show that this was 

indeed the case when increasing concentrations of glutamine and 

glutamate were added to the G+N+ medium. The activating effect 

of glutamine at low concentration is readily explained by the 
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fact that Gln-26 is GIuS + and therefore can rapidly transform 

glutamine to glutamate. 

DISCUSSION 

In B.meqaterium, GlnS is the major enzyme responsible 

for ammonia incorporation. As sporulation of Gln-26 is insen- 

sitive to repression by nitrogen-containing catabolites when 

the medium contains both glucose and ammonia, it may be concluded 

that GInS is the initial enzyme involved in sporulation control. 

On the other hand two kinds of results lead to the 

conclusion that repression of sporulation depends on glutamine 

and not on the closely related glutamate : i) sporulation of 

Gln-26 in the G+N+ medium is insensitive to the addition of 

high concentrations of glutamate, but is repressed by the ad- 

dition of high concentrations of glutamine ; 2) sporulation of 

Glu-ll, which is GIuS- and GInS +, is most highly repressed in 

the G+N+ medium. 

One point that deserves discussion is whether glutamine 

acts through a specific or through a non-specific pathway. Glu- 

tamine can be metabolized via the Krebs cycle but only after 

conversion to glutamate. The fact that glutamine and not gluta- 

mate represses sporulation of Gln-26 rules out the possibility 

that this repression resulted from glutamine having been meta- 

bolized via the Krebs cycle. One may therefore conclude that 

repression of sporulation is related either to glutamine itself 

or to another compound derived from glutamine, but not from 

glutamate. 
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