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1.1.1 T #k:B. licheniformis ATCC 14580 JijF
TN Ak A T e DR B R0 o AS AR 5T A B 32 e i
K r=% % B. licheniformis BL-I ) s A T
W A W R OR R E EE L, dn 58 CGMCC
3963,
112 3Eomd RHm s 75 5% (/L) R RE 5,
WA MR 10, NaCl 5, Bifig 20, pH 7.0,1 x 10° Pa K 14
20 min. LBy fA87 77 55 (g/L) @ 4 (IR 10, % B F
5,NaCl 10,pH 7.0,1 x 10°Pa K 1% 20 min. %k % ¥
vt Ek 2 200 g, ik 800 mL, in A UE ¥ i Ak BE 10
mino £V HIE S I8 B AL 21 30 mine i yEIRC L
W FH 1mol /LNaOH 3 1 pH £ 7.0
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Fig.1 Thermotolerant performance of B. licheniformis. The level
of biomass was expressed as the growth percent compared with the

cells growth at 45°C  (nominally, 100% ) .
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Fig.2  Electron micrograph of B. licheniformis CGMCC 3963. A, B:the same sample of the strain

cultured at 37°C ; C, D :the same sample of strain cultured at 55°C..

2.3 FEEVRAEENSEND FUH

3 A TR R LR T A LR A
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Table 1  Genes in polyglutamate biosynthesis system

GenelD Gene name Gene function Up regulated fold change
3101045 ywtB Similar to capasular polyglutamate biosynthesis 21.1
3101046 ywtA Similar to capasular polyglutamate biosynthesis 10.0
3101047 ywtC Similar to capasular polyglutamate biosynthesis 12.9
R2 RERSHARTERERREMEAXAEZER
Table 2 Heat shock related genes and regulators
Gene ID Gene name Gene function Up regulated fold change

Class I heat shock genes and regulator

transcriptional repressor of class I heatshock genes; Acts as a negative regulator of the

3097788 hreA 0.5
grpE—-dnaK-dnaJ and groELS class 1 heat shock operons by preventing heat-shock induction

3097786 dnaK class I heatshock protein (molecular chaperone) 2.6
3097774 dnaj heat-shock protein (activation of DnaK) 2.8
3097786 dnaK class T heat-shock protein (molecular chaperone) 2.6
3097787 grpk heat-shock protein (activation of DnakK) 2.8
3100069 groES class I heatshock protein (chaperonin) 4.5
3097938 groEL class I heat-shock protein (chaperonin) 9.1
Class II heat shock genes and regulators

3097766 sigh RNA polymerase general stress sigma factor; general stress response sigma factor 1.4
Class III heat shock genes and regulators

3100085 ctsR transcriptional repressor of class III stress genes 1.1
3099047 clpE ATP-dependent Clp proteasedike (class III stress gene) 2.4
3098420 clpX ATP-dependent Clp protease; binds and unfolds substrates as part of the ClpXP protease 2.5
3099395 clpQ heat shock protein involved in degradation of misfolded proteins 2.5
Class TV heat shock genes and regulators

3098418 htrA serine protease (heat-shock protein) 1.9
3100023 yutA similar to HtrAike serine protease 2.7
3098618 fisH cell-division protein/general stress protein 2.7
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Thermotolerance of Bacillus licheniformis CGMCC 3963
from high-temperature Daqu

Qun Wu, Yan Xu

Key Laboratory of Industrial Biotechnology of Ministry of Education, State Key Laboratory of Food Science and

Technology, School of Biotechnology, Jiangnan University, Wuxi 214122, China

Abstract: [Objective] The use of high-temperature Daqu is an important characteristic in Chinese Maotai-flavor liquor
making. Thermostable bacteria are predominant in high-temperature Daqu. They play important roles in Maotai-flavor
liquor making. Learning the mechanism of thermotolerant performance of bacteria would provide insight into characteristics
of this liquor making. [Methods] We determined the thermotolerance of Bacillus licheniformis CGMCC 3963, and
analyzed cell morphology, genomics and transcriptomics. [Results] B. licheniformis CGMCC 3963 could survive at 55°C
and produce many capsules. Genes of class I heatshock proteins and polyglutamate biosynthesis were both up-regulated.
[Conclusion] Much heat-shock proteins and capsule polyglutamate maintained the survival of cell with heat stress.

Keywords: Daqu, thermostability, B. licheniformis, heat-shock proteins, capsule
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1953 SE AT LR BTy SR 430 B
WA 2008 4F 1 FFH CBCED)F IO 0BT SR IFH A S0 R T o ROD) K B B AT 2 5 (http: //journals. im. ac. en/
actamicrocn) § YA S0 90 FARASCL T GO G S A 7 B TN LR LA R

(HEDER T it &
2012 4 7 A 4t

B 8] T #A 55 s
1953 - 1956 2 4 1-4 1-2
1957 - 1958 Z ¥ 5-6 1-4
1959 Z 7 7 1-2
1959 - 1962 &9 3 4E

1962 Z=1 8 3-4
1963 - 1965 Z= T 9-11 1-4
1966 B 12 1-2
1966 — 1972 51 6 42

1973 - 1988 Z 7| 13 -28 1-4
1989 - 2007 XA T 29 - 47 1-6
2008 - 2011 HT 48 - 51 1-12
2012 AT 52 7






