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Fig. | The organization of the gerA operon in B. thuringiensis.
Immol/L The arrows show the gerA operon and its orientation. Drawing is
L- to scale. The gerA gene was interrupted by an erythromy-
cin-resistant cassette (erm) in gerA mutant. The entire gerA
1.5 RNA HIIRERFNE R4 operon with its promoter was inserted into pKSV7 to generate
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Fig. 2 RT-PCR analysis of gerA transcription in B. thuringien- 50
sis. The RT-PCR products of gerA and spolllG with their spe- 40
cific primers are shown. Lanes 1-5 show RNA extracted from 30
cells grown in CCY medium for 10 h, 11 h, 12 h, 13 h and 14 h, 0 10 20 30 40 50 60
respectively. The signal of 16S rRNA is used as control.
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Fig. 3 The role of the gerA operon on the germination initiated
> gerA by L-alanine in B. thuringiensis. Spores from wild-type strain
pGAC pKSV7 ( 5 ), (®), gerA disruption mutant (m), the complementary strain with
the plasmid pGAC(A) were heat activated and subsequentl
gerA : pGAC plasmid pOrERl a0 e

incubated in 10 mmol/L Tris-HCI (pH7.4) buffer supplemented
( 4) with 100 mmol/L L-alanine (A) and Immol/L L-alanine (B)
(spore were pretreated with 0.1mmol/L D-cycloserine), then

0
ODggg 45%(  3-A), the fall of ODsgp of each sample were measured periodically and
D- plotted as a fraction of the initial ODggo versus time.
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Fig. 4 Germination of B. thuringiensis spores observed by phase-contrast microscopy. All spores were pretreated with 0.1mmol/L D-cycloserine,
and germination was initiated by addition of 1mmol/L L-alanine. Wild-type and complementary spores became phase-darkening during germina-
tion, but most spores of the gerA disruption mutant still showed phase-bright after 60 min incubation. Bar: 2um.
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Fig. 5 The role of the gerA operon on the germination initiated
by inosine in B. thuringiensis. Spores from wild-type strain (#), ’
gerA disruption mutant (m), the complementary strain with the > L-
plasmid pGAC( A )were heat activated and subsequently incu-
bated in 10 mmol/L Tris-HCI buffer (pH7.4) supplemented with
3 mmol/L inosine and the fall of ODggo of each sample were gerA
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The gerA operon is required for spore germination in Bacillus thuringiensis
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Abstract: Spore germination of Bacillus could be triggered by germinants like L-alanine which is thought to bind to and
stimulate specific receptors. The GerA receptor responds to L-alanine in Bacillus subtilis. A homologous gerA operon of B.
subtilis was isolated from Bacillus thuringiensis subsp. kurstaki. RT-PCR showed that the transcription of the gerA operon
was switched on 3 hours after the initiation of sporulation and this operon was cotranscribed. Disruption of the gerA op-
eron led to blockage of the L-alanine-initiated germination pathway and showed a delayed inosine-induced germination
response. The germination rate of the gerA complementary strain spore deriving from introducing gerA operon into the
disruption mutant was even faster than that of the wild type strain spore. This is caused by overdose GerA receptors which
could enhance the sensibility of complementary spore to L-alanine. The overdose GerA receptors came from introducing
multicopy plasmid- pKSV7 (about five copies) which could increase the amount of GerA receptors. After treatment of
D-cycloserine which could inactivate alanine racemase irreversibly, L-alanine-induced spore could germinate faster than
untreated spore. The combination of 0.1 mmol/L D-cycloserine and 1 mmol/L L-alanine could trigger spore germination

induced by L-alanine effectively.
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