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SUMMARY: The biochemical changes occurring during microcycle 
sporogenesis of B.cereus T in glucose enriched Mackechnie and -- 
Hanson medium(l) was studied by using alpha picolinic acid 
and ethyl picolinate. Alpha picolinic acid inhibited micro- 
cycle sporogenesis by chelating with some metal essential for 
the transition of a vegetative cell to a sporulating cell 
probably by suppressing aconitase. The mode of action of ethyl 
picolinate did not seem to be metal chelation as its effects 
could not be reversed by zinc sulphate. 

I,NTRODUCTION: 

Microcycle sporogenesis, where spores germinated,elon- 

gated and resporulated without any intervening cell division 

has been reported by Vinter and Slepecky(2) in Bacillus cereus 

(NCIB 8122), Mackechnie and Hanson(l) in Bacillus cereus T and 

Holmes and Levinson(3) in Bacillus meqaterium WB 1551. 

During the present study, B.cereus T was selected because 

of the relative abundance of data concerning outgrowth and sporo- 

genesis of this organism. Microcycle sporogenesis has been 

studied for two reasons, primarily because of paucity of information 

land also because it gives a system uncomplicated by cell division 

for investigating the biochemical process associated with the con- 

version of a vegetative cell to a spore. Alpha picolinic acid(APA) 

and ethyl picolinate are the inhibitors of normal sporogenesis 
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with widely different sites of action. The effects of these inhi- 

bitors on microcycle sporogenesis have been compared with those 

of normal sporogenesis. 

MATERIALS AND METHODS: 

Media and culture condition: The microcycle medium described by 
Mackechnie and Hanson(l)enric with 0.1% glucose was used in 
these investigations. Spores for microcycle cultures were 
in sterile distilled water to give approximately 4.69 x 10 6 

uspended 
spores/ml 

and heat activated for two hours at 650C. They were washed and YWWS- 
pended in sterile distilled water and used to inoculate 10 ml of 
the microcycle medium to give approximately 6.7x107 spores/ml. The 
cultures were incubated at 3OofloC on a rotary shaker (160 r.p.m.). 
Under these conditions, aeratizn of the culture was adequate for 
resporulation. The number of cells completing microcycle sporogene- 
sis was determined by examining wet mounts under phase microscope 
and counting the percentage of refractile spores. Total viable 
count(TVC), heat stable counts (HSC-30 mts at 650C) and octyl stable 
counts (0%) were measured during microcycle sporogenesis by using 
standard plating techniques. Optical density(O.D.) of the culture 
was determined by 'Spectronic 20' spectrophotometer at 440 y. 

Preoaration of soores: The spores of Bacillus cereus T were prepared 
by active culture technique described by Collimwith suitable 
modification by Halvorson(5). 
on rotary shaker at 160 r.p.m. 

The cultures were incubated at 3ooCfl°C 

spores were formed (25-30 hrs). 
until a large percentage of free 

gerated centrifuge, 
The spores were harvested in refri- 

washed 8 to 10 times with approximately 3 liters 
of sterile distilled water mixed with 1 to 2 ml of octyle alcohol to 
prevent germination of spores during washing. The final 3 to 4 
washings were done with only sterile distilled water when the spores 
were to be used immediately. Before use, the stored spore suspensions 
were washed a couple of times to remove the octyl alcohol. 

Chemicals used: The chemicals used in these studies were of Analytical 
Reagent(A.R.) grade except ethyl picolinate which was prepared in the 
laboratory. Ethyl picolinate was prepared by the method described by 
Ulrich, Haug and Hanse(6). 

Inhibition studies: .The inhibitors were added at the times denoted 
to give the desired concsntrations.&ock solution of APA was pre- 
pared by dissolving it in water, adjusting the pH to 7.0 and then 
autoclaving. Ethyl picolinate was added without any pretreatment. 

Reversal studies: The reversal agent used in the present study was 
added to the cultures at the appropriate time to give the desired 
concentration. 

RESULTS AND DISCUSSION 

Nakata and Halvorson(7) have shown that during normal sporo- 

genesis of B.cereus T in a medium containing glucose, acetic and 

pyruvic acids are accumulated during logarithimic growth that 
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causes lowering the pH of the medium. These accumulated acids are 

further metabolised during transition from vegetative growth to 

sporulation and the pH of the medium rises. 

Mackechnie and Hanson(l) reported microcycle sporogenesis 

of B.cereus T in a chemically defined medium which did not contain 

glucose. In the absence of glucose, the pH of the culture continu- 

ously rises and most inhibitors of normal sporogenesis which are 

effective in the presence of glucose, lose their activity in the 

absence of glucose. The biochemical changes occurring in the 

presence of glucose may, therefore, be different from those in the 

absence of glucose. 

In the present study,it has been found that addition of 

glucose to the microcycle medium did not affect microcycle sporo- 

genesis in B.cereus T. In the presence of glucose, the pH dropped 

from 7.2 to 6.95 by 8th hour and subsequently increased to 7.25 

by the 30th hour of incubation (Table-i). Upto 5% of cells showed 

the evidence of single division. 

Addition of APA (3.25x10B3M) at different time intervals 

showed that APA inhibited the microcycle sporogenesis only upto 

6 hrs. The pH of the culture stayed at 6.5 in the presence of the 

i.nhibitor. The 0.0. of the culture did not show significant rise 

beyond the level reached during outgrowth whereas,the 0.D. in the 

absence of APA increased steadily even after outgrowth was com- 

plete. It indicated that APA was effective only if added before 

the pH started rising. Similar results were obtained by Gollakota 

and Halvorson(8) who studied the effects of APA on the normal 

sporogenesis of this organism. 

Hanson(9) found that APA specifically inhibited the for- 

mation of.aconitase. Szulmajester and Hanson( Fortnagel and 

Freese (11) found that mutants of B.subtilis devoid of aconitase 
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TABLE-1 -- 

EFFECTS OF TIME OF ADDITION OF APA (3.25x10-~M) ON MICROCYCLE 
SPORULATION OF Bacillus cereus T IN MICAOCYCLE MEDIUM -- 

WITH GLUCOSE 

AGE OF AT THE TIME AFTER 30 HOWS OF INCUBATION 
CULTURE OF ADDITION 
IN HOUKS OF AF'A 

PH 0.D. pH O.D. SLIDE TVC/ml OSC/ml HEC/m 
STUDIES 

CONTROL 7.2 0.38 

0 7.2 0.38 

2 7.2 0.32 

4 7.1 0.31 

6 7.1 0.43 

8 6.95 0.45 

10 7.0 0.46 

11 7.1 0.57 

12 7.1 0.63 

14 7.15 0.63 

18 7.2 0.72 

25 7.25 0.74 

30 7.25 0.75 

7.25 0.75 

6.5 0.49 

6.5 0048 

6.55 0.46 

6.5 0.50 

6.6 0.53 

6.8 0.53 

6.95 0.67 

7.2 0.74 

7.2 0.74 

7.25 0.75 

7.25 0.74 

7.25 0.75 

Spores 7.1~10~ 8.1~10~ 7.9~10~ 

Veg.cells - 

Veg.cells - 

Veg.cells - 

Veg.cells - 

20-30% 5.9~10~ 5.1x106 4.2~10~ 
Spores 
60-7s 6.1~10~ 2.5~10~ 2.0~10~ 
Spores 

90-95s 6.1~10~ 7.1~10~ 8.8~10~ 
Spores 

90-95% - 
Spores 

90-95s 5.9~10~ 6.1~10~ 7.1~10~ 
Spores 

90-95% - 
Spores 

90-95% 
Spores 

were asporogenic and conditions that caused the repression of the 

synthesis of aconitase resulted in inhibition of sporulation. 

Gollakota and Halvorson(L2) showed that fluoroacetic acid(FAA) 

specifically inhibited normal sporogenesis of B.cereus T in the 

presence of glucose and suggested that this inhibition was due to 

the inhibition of aconitase. 
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TABLE-II 

EFFECTS OF DIFFEHEINT CONCENTRATION OF ZINC SULPHATE ON HEVERS& OF 
APA (3.25 x lo-3M) INHIBITION* 

TREATMENTS AFTER 30 HOURS OF INCUBATION 

SLIDE STUDIES TVC;/ml OSC/ml HSC/ml 

CONTROL Spores 5.2~10~ 7.1x107 6.5~10~ 

II +APA Veg.cells 2.1x105 5.1x104 3.9x104 

;1.0:10-4M) 
" tZnSo4 Veg.cells 4.1x105 5.3x104 4.1x107 

+ Spores 

n +ZnSo4 
;4.5;10-4M) 

Spores 6.4~10~ 5.9x107 6.2~10~ 

" +ZnSo4 
;1.3:10-3M) 

Spores+ 3.2~10~ 3.5x104 2.1x104 
unelongated 
vegetative 
cells 

* APA and zinc sulphate were added at zero hour. 

It can,therefore, be concluded that for microcycle sporo- 

4enesis of B.cereus T in the presence of glucose aconitase is -- 

indispensable. 

Though, zinc sulph'ate (4.5x10s4M) itself inhibited micro- 

cycle sporogenesis, it could completely reverse the effects of 

APA if added at zero hour(Table-2). This indicated that APA 

inhibits microcycle sporogenesis by metal chelation leading to 

the suppression of aconitase. 

Ethyl picolinate (4.38~10 -2M) added at 4 hour or later 

inhibited the microcycle sporogenesis(Table-3). Ethyl picolinate 

was found to be effective upto 12 hrs,, even after the recovery 

of pH to neutrality-a time when APA became ineffective. This 

shows that it did not interfere with the utilisation of the 

acid intermediates. Similar results were obtained by Upreti et al 
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TABLE-III 

EFFECTS OF TIME OF ADDITION OF ETHYL PICOLINATE (4.38x10'*M) ON 
MICROCYCLE SPORULATION OF Bacillus cereus T IIJ MICROCYCLE 

MEDIUM WTH GLUCOSE 
-- -- 
AGE OF AT THE TIME OF 
CULTURES ADDITION OF AFTEK 30 HOUKS Of INCUBATION 
(IN HOUKS) ETHYL PICOLINATE 

PH 0.D. pH 0.0. SLIDE -TVCi OSC/ HSC/ 
STUDIES ml ml ml 

CONTKOL 7.2 

4 7.1 

8 7.0 

0.38 7.25 0.75 Spores 7.8~10~8.1~ 7.9~10~ 
107 

0.31 7.05 0.59 Veg. - - - 
cells 

0.46 7.0 0.57 Veg. - - - 

12 7.1 
cells 

0.61 7.0 0.65 3-5% 
spores 

6.7xL07f0~x 1.8~10~ 

14 

18 

7.2 0.69 7.1 0.71 30-407; 6.1~10~3.0~ 2.3~10~ 
spores 107 

7.25 0.74 7.2 0.71 90-95s 6,6xlO7&~x 7.1x107 
spores 

TABLE-IV 

EFFECTS OF DIFFERENT CONCENTHAI'IONS OF ZINC SULPHATE ON REvEKSAL 

OF ETHYL PICOLINATE (4.38~10%) INHIBITION* 

AFTER 30 HOURS OF INCUBATION 
TREATMENTS 

SLIDE STUDIES TVC/ml OSC/ml HSC/ml 
-- 

CONTROL Spores 7.1x107 6.8x107 8.1~10~ 

CONTROL+ETHYL 
PICOLINATE 

Veg.cells 6.1~10~ 4,9x104 3.9x104 

(;.~xlo-~M) 
+znsoq Veg.cells 5.1x107 2,9x104 3.1x104 

+ZnSo4 
(;.oxlo-4M) 

Veg.cells 5.7x107 L lo5 L lo5 

* Zinc sulphate and ethyl picolinate were added in the cultures 

at 4 hours of incubation. 
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(13) where ethyl picolinate inhibited the normal sporogenic cul- 

tures. The effects of ethyl picolinate on microcycle sporogenesis 

could not be reversed by zinc sulphate(Table-4). It suggests that 

ethyl picolinate inhibition of microcycle sporogenesis of s.cereus T 

may not be due to metal chelation and but ethyl picolinate may be 

interfering with the metabolism of some amino acids. 

It can, therefore, be concluded that in B.cereus T in the 

presence of glucose, formation of a new spore from a germinated 

spore is characterised by the same biochemical changes whether 

there is intervening cell division or not - normal or microcycle 

sporogenesis. 
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