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Dormancy in an organism is an adaptive response to environmental stress. The initiation, maintenance, and break-
ing of dormancy are adaptations to environmental signals. In active cells, an environmental response is genetically con-
trolled general phenomenon. However, no such system is available in dormant cells, in which almost all gene expression
is repressed. Bacterial spores are dormant and highly resistant to many environmental stresses. I analyzed the protein
profile of Bacillus subtilis spores by a combination of SDS-PAGE and LC-MS/MS to reveal protein modification in dor-
mant cells. I found that protein modification was mediated by spore built-in enzymes YabG (a protease) and Tgl (a
transglutaminase) in the spores of B. subtilis. The rearrangement of spore coat proteins caused by the activities of these
built-in enzymes proceeded independently of gene expression or de novo protein synthesis in dormant cells. The results
suggest that some built-in enzymes are activated under certain conditions and thereafter become involved in the modifi-
cation of proteins and other cellular materials in dormant cells. I propose the idea that ‘“Active’’ adaptation in active
cells is dependent on gene expression, and that ‘‘Quiet’’ adaptation in dormant cells is dependent on the activity of some
built-in enzymes independently of gene expression or de novo protein synthesis. Other enzymes are involved in restora-
tion of dormancy in response to signals such as the nutrition.
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Fig. 1. The Protein Profile of B. subtilis Spores
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Proteins were extracted from mature spores of B. subtilis 168 wild-type and yabG mutant cells. The yabG gene of B. subtilis encodes a sporulation specific pro-
tease which is involved in the processing of several spore coat proteins. The protein samples were analyzed by a combination of SDS-PAGE and liquid chro-
matography coupled with tandem mass spectrometry (LC-MS/MS). Uncharacterized proteins are underlined.
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Fig. 2. Immunoblotting Analysis of Germination Protein
GerQ

(A) GerQ is crosslinked as sporulation proceeds. Protein samples were
prepared from wild-type sporulating cells (lanes 1-6) . The times shown are
hours after cessation of exponential growth. (B) GerQ is the common sub-
strate of YabG and Tgl. Purified spores were prepared and protein samples
were solubilized from wild-type spores (lane 1), yabG mutant spores (lane
2), tgl mutant spores (lane 3), and yabG/tgl double-mutant spores (lane 4) .
(C) GerQ crosslinking is controlled by temperature. Purified spores were
prepared and incubated for 20 min at 0°C, 37°C, 45°C, 60°C, or 80°C. The
temperature (°C) of the heat treatment is shown at the top. Proteins of yabG
mutant spores were solubilized (lanes 1-5). (D) The enzyme activity of Tgl
is inhibited by ammonium sulfate. Purified spores were prepared and e-
quilibrated spore samples were incubated for 5 min on ice with 20 mM am-
monium sulfate (pH 7.2) (even-numbered lanes) or control buffer (10 mM
phosphate buffer, pH 7.6; odd-numbered lanes) . Spores were next analyzed
either directly (lanes 1, 2, 5, 6, 9, 10, 13, and 14) or after incubation at 60°C
for 20 min (lanes 3, 4, 7, 8, 11, 12, 15, and 16) . Protein was solubilized from
wild-type spores (lanes 1-4), yabG mutant spores (lanes 5-8), 7g/ mutant
spores (lanes 9-12), or yabG/tgl mutant spores (lanes 13-16) . Arrowheads
show the position of GerQ (upper panel). YaaH was analyzed as a loading
control by using anti-YaaH antiserum for detection (lower panel).
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(A) Protein modification in progress of the sporulation
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(B) Protein modification with heat treatment
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(C) Diagram of dormancy
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Fig. 3. Scheme for Activity of the Protein Modification System in Dormant Cells

A possible model for the crosslinking of coat proteins is shown. Coat proteins are synthesized in precursor forms in the mother cell compartment during sporu-
lation. Some coat proteins are processed or cleaved into intermediates by a protease such as YabG, after which they are further modified by other enzymes. (A) Pro-
tein modification is progressed during sporulation at 37°C. Precursor proteins (substrates) are first processed into intermediates by YabG. The proteins are next
probably crosslinked by Tgl and/or Enzyme X. (B) Protein modification is occurred with heat treatment at 60°C. Precursor proteins (substrates) are first modified
into intermediates by Enzyme Y but are not modified by YabG. The proteins are then probably crosslinked by Tgl. Because a temperature of 60°C is optimal for the
enzymatic activity of Tgl, the two-step modification of precursors into crosslinked products is presumably mediated by Tgl alone. (C) Diagram of ‘‘Quiet”’ adapta-
tion during dormancy. ‘‘Active’’ adaptation, which requires control of gene expression, is a general phenomenon seen in response to adjust environmental condi-
tions such as nutritional starvation or extreme temperature in active cells. The ‘‘Active’’ adaptation is not available in dormant cells, in which almost all gene expres-
sion is repressed. Under certain conditions, some built-in enzymes are activated and become involved in the modification of proteins and other cellular materials in
dormant cells. The ““Quiet’’ adaptation is dependent on the activities of built-in enzymes in dormant cells, without induction of gene expression or de novo protein
synthesis. Other enzymes are involved in the restoration of dormancy in response to signals such as nutritional status.
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