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Tolerance characteristics of Bacillus licheniformis CGMCC 3963 and
tolerance mechanisms based on transcriptome analysis
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Abstract: [Objective] Bacillus licheniformis is the predominant microbe producing Maotai-flavor in
high-temperature Daqu which plays important roles in Maotai-flavor liquor making. Learing the
machanisms of tolerance to this liquor making environment with hypertonic, acid and ethanol stress

E&WA: 863 (No. 2012AA021301 2013AA102108) (31000806 31371822
31271921) 2011

*BIWAEE: Tel 86-510-85918201 Fax 86-510-85864112 X yxu@jiangnan.edu.cn

WisBHI: 2014-03-04 3EZHER: 2014-04-17 {HEEFH AR B B (www.cnkinet) 2014-04-30



2396 WA 2# ik Microbiol. China 2014, Vol.41, No.12

would provide an insight into characterisitcs of this liquor making. [Methods] The resistance to
hypertonic, acid and ethanol of B. licheniformis CGMCC 3963 which produces Maotai-flavor was
measured. The tolerance machanisms were analyzed on comparative transcriptomics level. [Results]
The growth of B. licheniformis CGMCC 3963 in 15% KCIl, 15% NaCl, pH 4.0 or 6% ethanol
concentration was significantly better than that of B. licheniformis ATCC 14580. Comparative
transcriptome analysis revealed a series of genes differently expressed in B. licheniformis CGMCC
3963. [Conclusion] Compared with B. licheniformis ATCC 14580, B. licheniformis CGMCC 3963
posessed a stronger tolerance ability and differently expressed a series of genes related to stress
tolerance. Differently expressed genes encoding solute transport, potassium channel protein played
important roles in imoproving the tolerance to osmotic stress; genes related to class II heat shock
proteins, dehydrogenase, oxidative stress and pH homeostasis made significant contributions to the
resistance to acid of B. licheniformis CGMCC 3963; class II and class III heat shock genes were
important to ethanol tolerance ability of B. licheniformis CGMCC 3963.

Keywords: Maotai-flavor, Bacillus licheniformis, Tolerance mechanism, Transcriptomics

(13 7’( pH

)
[12]
(]
6o°c ¥
2 3] 10% ( 15%)4
Bacillus
licheniformis
Bacillus

B. licheniformis licheniformis CGMCC 39631

[5-8]
B. licheniformis

B. licheniformis

CGMCC 3963
[9-11]

4
SigB
1 #E5%5E
2] 11w

1.1.1 [=#k: B. licheniformis ATCC 14580

B. licheniformis BL-L1

http://journals.im.ac.cn/wswxtbcn



CGMCC 3963

2397

CGMCC 3963
112 EFE. (g/L) 10
10 NaCl 5 20 pH 7.0 1%x10° Pa
20 min LB (g/L) 10
5 NaCl10 pH7.0 1x10° Pa 20 min
LB
KCl NaCl =1:1(
) pH
12 A&
1.2.1 =%% B. licheniformis M Z43{EM R :
2 B. licheniformis LB
37 °C 16 h
37 °C 200 r/min

600 nm oD

1.2.2 =% % B. licheniformis frE&HETEREE

ZERMEAR:  B. licheniformis CGMCC 3963
B. licheniformis ATCC 14580 LB
37°C 16 h
[14] 55°C
8 000 r/min
1 10 min
—80 °C B. licheniformis
(NimbleGen Reykjavik Iceland)
RNA
9] B.
licheniformis CGMCC 3963 B. licheniformis
ATCC 14580 2.0
0.5 SAM (http://www-stat.stanford.
edu/tibs /SAM/) One class P 0.05
qPCR
TaKaRa RNA
cDNA SYBR
16S rRNA
5'-GTAACCTGCCTGTA
AGACTG-3' ( ) 5'-TGTCTCAGTCC

CAGTGTG-3' ( )
yugo  5'-AGGCAAGGTGAACTACAGAGG-3' (
) 5-TTGCAGTGTGGCATCATC-3' (
) glcP 5'-AGCCTGTCACCGTACATC-3' (
) 5-CATCGTTGACTTCATCGG-3' (
) dps 5-TACACAGAAGCGGCAGAG-3' (
) 5-CATCGTTGACTTCATCGG-3' (

)

2SR5

2.1 F=%% B. licheniformis it 45 {E IR R
2.1.1 F=¥%B. licheniformis i &8 88 1 BYFF 5%
B. licheniformis ATCC 14580

B. licheniformis CGMCC 3963 KCl1
NaCl |
KCl NaCl
0 5%
10% 15% B.

licheniformis CGMCC 3963
B. licheniformis CGMCC 3963
2.1.2 =¥ B. licheniformis fi{E& 1A 55

B. licheniformis ATCC 14580
B. licheniformis CGMCC 3963

3
B. licheniformis CGMCC 3963
B. licheniformis ATCC 14580 B.
licheniformis ATCC 14580 24 h
B. licheniformis CGMCC 3963
ATCC 14580 B.
licheniformis CGMCC 3963 pH 6.0
pH 7.0 B. licheniformis
CGMCC 3963

B. licheniformis CGMCC 3963
B.
licheniformis ATCC 14580

http://journals.im.ac.cn/wswxtbcn



2398

A=Yy~ 8 Microbiol. China

2014, Vol.41, No.12

OD(\()U

ODq

S N A O
T

0 12 24 36 48 60 72
1 (h)

—- CGMCC 3963
—O— ATCC 14580

s

T

- o —OC

Note: A: Without KCI; B:

A

ODG()()

0 12 24 36 48 60 72
t(h)

OD, 600
(= A
T T T T T

14
12}

14
12

OD()()()
NA N

(=]

=ty

- CGMCC 3963
—-O— ATCC 14580

0 12 24 36 48 60 72
1(h)

- CGMCC 3963
—O— ATCC 14580

S
-

—Eﬂa—:éz—@

0 12 24 36 48 60 72
¢ (h)

1 B. licheniformis 5 KCI #7189 bbE
Figure 1 Tolerant performance of B. licheniformis to KCI

5% KCI; C: 10% KCI; D: 15% KCL

_m CGMCC 3963
—o- ATCC 14580

ODG()U
S N & N
T

0 12 24 36 48 60 72
t(h)

—- CGMCC 3963
-O- ATCC 14580

ot

s

0 12 24 36 48 60 72
t (h)

OD 600

OD(»()()

14 -
12k
10 B
e —
6L
4r /§ _a CGMCC 3963
2F ~O- ATCC 14580
Ope®

0 12 24 36 48 60 72

t(h)
14 O
12 _m CGMCC 3963
10 - ~O- ATCC 14580
8
. i
r —

4r / o— \g
2 F " /
0 -_ :>3ﬁ§/0 o)

0 12 24 36 48 60 72

t (h)

[ 2 B. licheniformis it % NaCl &g 71 89 bb 3%
Figure 2 Tolerant performance of B. licheniformis to NaCl
Note: A: Without NaCl; B: 5% NaCl; C: 10% NaCl; D: 15% NaClL

http://journals.im.ac.cn/wswxtbcn



CGMCC 3963 2399
A

14 14

12 & CGMCC 3963 12 I

10F O~ ATCC 14580 10 A e S S
s 8¢ g8 L
Q oL Q
S ., 36 5

Ar I 4 / = CGMCC 3963

L o 0 O— 5 O
2 . = ° 21 L ATCC 14580
0L == ol =«
0 12 24 36 48 60 72 0 12 24 36 48 60 72
t(h) t(h)
147
—

12} / h 4 N

10| 3 Ty
g 8l 8 —3
g
© Yy = CGMCC 3963 -m- CGMCC 3963

; i / ~0-ATCC 14580 ~o-ATCC 14580

0 " &

0 12 24 36 48 60 72 0 12 24 36 48 60 72

t(h)

t (h)

3 B. licheniformis it §E 71 B4 LL 3%

Figure 3 Tolerant performance of B. licheniformis to acid

Note: A: pH 4.0; B: pH 5.0; C: pH 6.0; D: pH 7.0.
2.1.3 %% B. licheniformis it ZEZ 8t 71 BIFR 3 :
B. licheniformis ATCC 14580
B. licheniformis CGMCC 3963
4 0
B. licheniformis CGMCC 3963

2%

B. licheniformis ATCC 14580 4%
A
14 - é
12 - \§\§‘§
10F ST
g 8r
8 6fF g
4L _m CGMCC 3963
2 7/ _o- ATCC 14580
O ~ z/!
0 12 24 36 48 60 72
t(h)
14
12 - CGMCC 3963
10 -0~ ATCC 14580
: 8 *
S . §/ \i\
S A
4 s Q Q 1’\9
2 g \o
0l <
0 12 24 36 48 60 72
t(h)

6% B. licheniformis
ATCC14580 B. licheniformis CGMCC 3963
50% B.

licheniformis CGMCC 3963

14
12 \
10 I
T
8 6 3 \;,
4 -m CGMCC 3963
2 _o- ATCC 14580
0 g/ /
0 12 24 36 48 60 72
t (h)
14
12t -m- CGMCC 3963
10 -0~ ATCC 14580
S 6 .
4t ;/ \‘\
2} ./ .
0Ff @/?;54“" = ® ®

0 12 24 36 48 60 72
7 (h)

4  B. licheniformis it Z Bz &€ 11 B LL 3

Figure 4 Tolerant performance of B. licheniformis to ethanol
Note: A: Without ethanol; B: 2% Ethanol; C: 4% Ethanol; D: 6% Ethanol.

http://journals.im.ac.cn/wswxtbcn



2400 A=Yy~ 8 Microbiol. China

2014, Vol.41, No.12

2.2 F=¥F B. licheniformis M Z43HE A 5 FHLE]

Hahne [
SigB  SigW SigM SigX
[°] B. licheniformis CGMCC SigW SigM  SigX 3
3963  B. licheniformis ATCC 14580 (Extracytoplasmic function ECF)
(55 °C )
B. 34 7
licheniformis CGMCC 3963 15
B. licheniformis
CGMCC 3963  B. licheniformis ATCC 14580
[13] SigB 1)
2]
B. licheniformis CGMCC 3963 K
B. licheniformis ATCC 14580 1 842 Kt
1842 825 Juigo K yhaU [15]
10 336 . . .
( B. licheniformis CGMCC 3963 K"
) 1017 ( 0.2 .
Na yugO ywcA ygeW
263 )
. BLi01229
308 Hypothetical . .
. K" Na ktrB2 ktrD (
protein 173 j R
Hypothetical protein Hypothetical protein b K Na yugo
( 99 ) K"
qPCR mRNA
221 ETHREBERNWMSE S FHLH: yugo 8.9 gPCR
Bremer!'®

x1 5WET. NEFHEHEXER

Table 1 Transport-related genes of potassium or sodium

Gene ID Gene symbol Gene function Fold change
3099416 yugO Cation channel protein YugO 9.9
3100662 yWCA Na/solute symporter YwcA 2.7
3097768 ygew Sodium/phosphate symporter YqeW 8.7
3101220 BLi01229 Major facilitator superfamily protein 19.2
3101577 ktrB2 Potassium uptake protein KtrB 0.3
3100122 ktrD Low affinity potassium transporter integral membrane subunit KtrD 0.3
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Table 2 Proline biosynthesis and transport related genes

Gene ID Gene symbol Gene function Fold change
Genes related to proline biosynthesis

3100671 proB2 Gamma-glutamyl kinase 2.3

3097972 proA Gamma-glutamyl phosphate reductase 2.3

3099789 proH Pyrroline-5-carboxylate reductase 2.3
Genes related to proline transport

3100102 ycgO Similar to proline permease 13.2

3099208 ycgH Similar to amino acid transporter 9.8

3099653 rocE Amino acid permease 7.7

3101521 yhcG Putative glycine betaine/L-proline transport 6.9

*3 CEMZAXER

Table 3 Genes associated with resistance to ethanol

Gene ID Gene symbol Gene function Fold change
Class II heat shock genes (sigB-dependent general stress response genes)
3099065 dps Stress- and starvation-induced gene controlled by sigB 4.8
3097623 ydaG General stress protein 5.1
3099367 yraA Similar to general stress protein 2.9
3099206 yabT Serine/threonine-protein kinase 10.2
3101554 yocK General stress protein 2.8
3101039 ywtG General stress major facilitator superfamily protein 4.5
Class III heat shock genes
3100277 mcsA Modulator of CtsR repression 2.1
3100565 mcsB Modulator of CtsR repression 2.3
3099047 clpE ATP-dependent Clp protease-like 33
31011251 clpP2 ATP-dependent Clp protease proteolytic subunit ClpP 2.8
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Table 4 Genes associated with resistance to acid

Gene ID Gene symbol Gene function Fold change
Metabolic rearrangements

3101039 adhB Alcohol dehydrogenase 6.90

3100484 yhxC Similar to alcohol dehydrogenase 37.60

3099534 yjmD Similar to alcohol dehydrogenase 5.20

pH homeostasis

3099067 rock Arginase 3.00
3101122 nrgA Ammonium transporter 2.90
3097717 cdd Cytidine deaminase Cdd 2.10
3099262 nhaX Putative regulatory gene for NhaC 3.80
3101312 glcP Glucose/mannose H" symporter 11.50

Secondary oxidative stress

3101594 katE1l Catalase 2 2.10
3101270 katE2 Catalase 2 3.10
3098958 sodF Superoxide dismutase 18.30
3099082 yojM Similar to superoxide dismutase 24.60
3100352 perR Transcriptional repressor of the peroxide regulon 0.22
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