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A High Cellulase-producing Bacterium from Tobacco Lamina
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(1. Technology Center, Fujian China Tobacco Industry Co., Ltd., Xiamen, Fujian 361021, China; 2. Third Institute of
Oceanography, Ministry of Natural Resources, Xiamen, Fujian 361005, China)

Abstract: [Objective] Bacteria with a high cellulase-producing capacity were isolated from different varieties of tobacco for
the potential of upgrading the economic value of tobacco raw materials. [Methods] Candidate bacterial strains were isolated
and purified from 37 flue-cured tobacco strip samples using dilution coating method. They were screened by the Congo red
staining combined with shaking flask culture and cellulase activity determination. Phylogenetic property of a strain identified
by morphological observation was confirmed with 16S rRNA sequencing. The cellulase activities were investigated.
[ Results] FX-1 was preliminarily identified as a strain that produced high cellulase activity of 56.261 U-mL™" after 48h
fermentation at 37 ‘C. It was a gram-positive, rod-shape, spore-producing bacterium that showed a perfectly matching 16S
rRNA sequence in a branch of Bacillus subtilis phylogenetic tree. The cellulase from FX-1 displayed a peak activity at 60 ‘C
and pH 5.0. Greater than 90% of its relative activity was retained after being held at 30-55 °C or pH 3.0-7.0 for 30 min.
[ Conclusion] A high cellulase-producing bacterium screened from 37 flue-cured tobacco strip samples was preliminarily
identified as a strain of B. subtilis. The cellulase produced by the strain FX-1 exhibited a wide-range temperature and pH

stability, and thus, had a considerable potential to be developed for new commercial use in tobacco manufact.
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RAALIRIRLZL, AEPRS AR 2227 2 R R T RA 3 41.23%,
SRR T, SN, R AT AR e A N T
LA VDA G Y Sk 3 i £F 4 3R R A o 1 6 0 A =
bR SRR A AT AT P o AR e 8 G g [ R )
Ph 37 00 MR S AR S 0T 52, 3l ek W SR 21 Gt ik
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- Jpe frg O R 1 (i 4 O 5 PR D R
1 #MH5 7
1.1 R
LL1 #& SRR ERA DM RES
[ AR 3277 X, IR 1,

112 324 %  LBRFHM. WEANK 10g, B
5g, @fk#10g, 7&K 1000 mL, pH7.2~7.4,

nu\:

WA E R IR RPRLTHERM (CMC-Na)
5g, NH,NO; 1 g, BEBEF 1 g, MgSO,7H,0 0.5 g,
K,HPO, 1 g, Z&M/K 1000 mL, pH 7.0,

e SR . CMC-Na 5 g, NH,NO; 1 g, F#EhE
#H 1g, MgSO,7H,0 0.5 g, K,HPO, 1 g, Fifi§ 18 g,
Z&47K 1000 mL, pH 7.0,

PR MR A RER R CMC-NaSg, JEEA

Wr10g, Webk#y 5g, Sfb#h 10g, ZEE7K 1000 mL,
pH 7.0,
113 E&MEAXA  fUEF: GR60ODF 4 H 3 =
K (E TSR AR AR ), MQT-60R
WA (LR RS ARAR ), SW-CI-
IFD i TAES (ME b AR AR ), AIEFR4E
(THEBBEARAA ), PR &5 DM570
(BRRALEFARAT ) o

A KISRL, 3,5-T RSk IR . T A R AP
LR B LR A RE AR R RN 38 o B A Al
PCR 5| LA T A i, 4 SER 24 DNA $2 Bt
R A e E BB FRA A .

1.2 R FHE

121 AW TELFLE REUEESEHR M2 g &
T 50 mL R BT £ B SRk, 37 €L 180 rrmin | 4
Vil R 48 W, BUE 5 Y B % WA R IR AT 2 0 1k
FEFR AP b, 37 C EFRARE E 55 5% 48~T72h, T
HEATRIR L Ge 0, BERE AR . 3 W] R A R Y TR
MRA%E TRV AN LB BB Fe 3

122 DNS &K #l#1 & HIWEH : 6.9 g 45 MR MIF
T 15.2mL 10% Z A ALEH, nZE KB 2 69 mL,
TN 6.9 g WHLRR SR & CWIECH . 225 g
A TR BP AN IR T 300 mL 10% A 1640, hn A 880 mL
1% 3,5-ZHH KR . ¥ . CWIRA T A
B 7~10d Hpn],

1.2.3 HLERR & & B0 kAT B0 W bR A T
LB} a4, 37 C. 180 rmin  ¥2¥% iE Lt K5 |
% 5% $EFP T 100 mL & BERE R 5L rh & 24 h, 3R4%
(1 R BEWAE 4 <G, 10000 r'min | BS.0> 6 min, Fif% b
TH R AV ARG, 5 SL AT RIS I 2 o

12.4 B&EH MR

1.2.4.1 FE bR fE M2 2l B 6 32 10 mL %I B
WAF IS, 18 2 P BIMA BRI N 1.5 mg-mL
107 2 BH VA TR . 2RI K A DNS 5, S A ) 4 4
WES IR H&ERSE, WAKE 10 min,
HF 4K EAZE 10mL, BUEITR A W E 200 uL &
96 FLAR A M ODsyo fH, LA %508 0 i (mg) B Ak
Br, FHERZS S 9 ODsyo 18 B AR F5 22 il b v i 2k
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Table 1 Source of flue-cured tobacco strip samples
i 54 i L
Number Grade Number Grade
| =M DIEYLC1Y-2019 5 M 20 IR KM T REC3F-2019 17
Yunnan Mazhan YLC1Y-2019 flue-cured tobacco strips Hunan Yongzhou Ningyuan C3F-2019 flue-cured tobacco strips
5 =ML CAFY-2018 /74 o IR KM T HEB2F-2019 15
Yunnan Mazhan C4FY-2018 flue-cured tobacco strips Hunan Yongzhou Ningyuan B2F-2019 flue-cured tobacco strips
3 Z MR ILAB-201977 L » JLT*YELC3F-2019 5 A
Yunnan Baoshan AB-2019 spice tobacco Liaoning YELC3F-2019 flue-cured tobacco strips
4 TR HEYLC1-2019 )7 3 1L 5*B23F-2019 )4/
Yunnan Chuxiong YLC1-2019 flue-cured tobacco strips Liaoning B23F-2019 flue-cured tobacco strips
s B REAEZYLCIY-2019 70 ” BN SR AT YLC2Y-2019 44
Yunnan Dali Xiangyun YLC1Y-2019 flue-cured tobacco strips Guizhou Zunyi Tongren YLC2Y-2019 flue-cured tobacco strips
6 ZE B HELCLY-2019 /4 ’s B S YLCLY-2019 44
Yunnan Mazhan ELC1Y-2019 flue-cured tobacco strips Guizhou Zunyi Tongren YLC1Y-2019 flue-cured tobacco strips
; Z MR HEELC1-2019)7 2% Ll AR D 1 RB2F-2019 J A
Yunnan Chuxiong ELC1-2019 flue-cured tobacco strips Shandong Weifang Zhucheng B2F-2019 flue-cured tobacco strips
0 ZH KRR ZELCIY-2019 H 4 » Ll AR ¥R YT 1 SRC3F-2019 )7
Yunnan Dali Xiangyun ELC1Y-2019 flue-cured tobacco strips Shandong Weifang Zhucheng C3F-2019 flue-cured tobacco strips
0 Z A M RF03-2019 )71 - PR 7KB2F-2019 H 1K
Yunnan Quchu Da F03-2019 flue-cured tobacco strips Chongqing Pengshui B2F-2019 flue-cured tobacco strips
10 Z A HEF03-2019 7 1 2 PRIV JRIFEC3L-2019 )7/
Yunnan Chuxiong F03-2019 flue-cured tobacco strips Heilongjiang Harbin C3L-2019 flue-cured tobacco strips
" Y = YLC2YCB-1-2018 A 4 30 ELFTMB10-FI-2019 A4
Fujian Longyan Sanming YLC2YCB-1-2018 flue-cured tobacco strips Brazil TMBIO-FJ-2019 flue-cured tobacco strips
. HEE = JLRYLC1CB-2019 4 . ELFEB10/C-2019 A4
Fujian Sanming Youxi YLC1CB-2019 flue-cured tobacco strips Brazil B10/C-2019 flue-cured tobacco strips
3 fag A K EYLC1Y-2019 )73 3 EPHL10-2019)5
Fujian Longyan Yongding YLC1Y-2019 flue-cured tobacco strips Brazil L10-2019 flue-cured tobacco strips
14 WA A =B YLC2YCB-1-2019 5 3 AT FL10/C(REE)-2019 1 i
Fujian Longyan Sanming YLC2YCB-1-2019 flue-cured tobacco strips Zimbabwe L10/C(Tianze)-2019 flue-cured tobacco strips
s A =B JTIRELCICB-2019 /4 2 AEAHLION (JeE) -2019 41K
Fujian Sanming Youxi ELC1CB-2019 flue-cured tobacco strips Zimbabwe L10/C (Anglo-American)-2019 flue-cured tobacco strips
16 g K SEELC1Y-2019 )7 @ 3 HEAFHLIOA (FFER) 20191
Fujian Longyan Yongding ELC1Y-2019 flue-cured tobacco strips Zimbabwe L1OA (Global)-2019 flue-cured tobacco strips
. e 7T SLC4A-2019 /1 4 36 BETELIOL-3 (CNT) -2019H
Fujian Longyan Nanping SLC4-2019 flue-cured tobacco strips Zambia L10L-3 (CNT)-2019 flue-cured tobacco strips
8 Ha @ e = HCF03-2019 40 37 R A ZASBOCF-1-2019 /4
Fujian Longyan Sanming CF03-2019 flue-cured tobacco strips Argentina ASBOCF-1-2019 flue-cured tobacco strips
1o HEE = RIX2F03-2019 F |

Fujian Long Sanan X2F03-2019 flue-cured tobacco strips
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Table 2 Parameter of glucose standard curve

(852 R I PN
Tube number ~ Glucose solution/mg'mL™"  Distilled water/mL DNS/mL
0 0.0 2.0 1.5
1 0.2 1.8 1.5
2 0.4 1.6 1.5
3 0.6 1.4 1.5
4 0.8 1.2 1.5
5 1.0 1.0 1.5

Fee MERHEWCA1S mgmL
Note: glucose solution was 1.5 mg-mL .
1242 CMCIHIE 2% % w5 Wk,
VAT Bl . 78 10 mL ZI A P (3 A )
A 0.2 mL # BEE W, S A 1.8 mL 1% [ CMC-Na
W (pHS), ¥4), T 60 °C £ F/KH 10 min, HL
B ZE I, A 1.5 mL DNS ik, MR
WA RN 10 min, R EE, MKERZR 10mL, 2
B - FHEAY, B U BRI 0.2 mL A1 0.1 mol-L ' pH
KSR 1.8 mLAENZS 1, A CMC %,
FIAEAR EaR D ER, Az AAE A, TUK 540 nm I
W EEAA

Wi 3% S i X o 7E 60 °C, pH 5.0 544 F, i
£ 1% CMC-Na &3 43 40 A4 5 1 pg 3 BRI 75 119 1l 22 1
1 AEEE J1 B U ( ug~min*1-mL71 )
Ni XNy xG %103

10x0.2

Kb G th bR E R 2 A AR R R A B TR
(mg); Ny: HIERRRGBEARAL Ny HOER SO iR
WRAEG 10’ 2S5 HMoTi s, 10 BiKmR
NEEFE] (min )5 0.2 0% BTG 7 B BT AR 1 4
A (mL),
12.5 Atkay %z
1.2.5.1 JERWE K EBEAMEE SR (ARKE
FMEY U R A R e T ) U I bk

BE 71(U) =

MREFRIEAS . RO 52t , IR E H AR
A ACRFAE

1252 Sp Y R%E  RAATH HEH 21 DNA $2 K
o & (B FEA ) RIS DNA, (AR IES Y
27F (5'-AGAGTTTGATCCTGGCTCAG-3"), 1492R
(5-GGTTACCTTGTTACGACTT-3') 14 16S rRNA
JF5], PCR =MIEE 1% B Na b e e i vk ks i >hy i — B

SEA, R AW AR PIGAR & (R4 ) [
W PCR 913k M 77 28 w) ()7 9N Bk gt B ) kA7 0 )%
I 45 5 1 4% NCBI #£4T BLAST 20 #1, 2R JH MEGA
5.1 8 AP a9 4B 43 (Neighbor-Joining ) 1% R 45 &
B/ AR

1.2.6 4F 4 7 BBl 52 4 P2 50

1.2.6.1 et o kB2 A 7E 10 mL 21 B i/
INAK BB 5 1% 9 CMC IR (pH5) 5, TA
[ 30, 35, 40, 45, 50, 55. 60, 65, 70, 75 C
MKW, HAb &R <1247 0077 B, I E A
R CMC B .

1.2.6.2 fidi i pH IIE 78 B — 2245 1 fdd iR
EAMET, BEIMA 1% /) CMC % A pH 4351 8
3.0, 40, 5.0, 6.0, 7.0, 8.0, HAb&KMFRI“1.2.4"1
Jride, AT RN E -

1.2.6.3 BEryAFEER N 2 FE AT BE TS VAT,
Je B Bl 43 ) B 30, 35, 40, 45, 50, 55, 60,
65. 70, 75 C iR E T P 30 min, FHZ <1247
vk, EATRGTE RO N AE o F e DA Ak B G A
5710 100%, 15 % 2T 4 R B XHEE 1 52 1145587
1.2.6.4 R AR E e 09I 2 7E JEAT TG B N
B, JoBs W 2 BF pH 3.0, 4.0, 5.0, 6.0, 7.0,
8.0 ML, 4 °C {30 min 5, Fif&fE«“1.2.4”
7, IEAT NG SN I A o G v DA A B )
filf 7% 710 100%, 15 2% £F 4k 2% Bl xoF 36 19 1 52

45

2 ZERE5oH

2.1 HEHBSBESiFHE

220 B A AR B D R T e RS 3R 2L [R5 5% 48 h
G, EARIEIRL YA, ROKRE AR (H) FIE S
HRE (C) K/, EREE R EKRIETZ T, &
KA T BRGS0 56.261 UmL ™ MK, %5 h
FX-1, FCNIZRer e s B 035 3, 25 4k Kl /K i P L
Bl 1, DAHAEN G S5 4.

®3 FX-1ERNIRIREER
Table 3 Congo red staining of FX-1

. WVEEAE KR EAE
Bk o
. Colony Hydrolysis circle H/C

Strain

diameter/mm diameter/mm

5.8940.41 23.584+0.38 4.01£0.23

FX-1

(§D=0.3141) (8§D=0.3138) (8§D=0.2529)
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B 1 Bk FX-1 T4 REKEE
Fig. 1 Cellulase hydrolysis circle of FX-1

22 BHMERE

221 MHOHBERAR AL  HkFX-11E LB
BRKE IR EXEFR 24 h )5, WEE MK A . T
FMA AR 8, DG BRR, 252 WE 2-A
JT7R 5 8 LB W AR R TR IR SRR B R, K
250 1.6~22 um, H ) 0.8~ 1.0 um, £ K 2k
2L R ARERIR G, S5 RANE 2-B iR 4G
Pt fat:, RIREBONFRIR, Y EohaRE, Bk
herta, A, MR, AR, S8R wE 2-C.
D fif7n s HER A Az B AR AL AR IR L3R 40 AR R X 2Lk
Tk, WIR A HI W B bk ZE AT 8 ( Bacillus spp. )
il

T A: BRATES: B: BSTHEIE (20000X); C: FERERYE (1000X) ;
D: ZFfIHt (1000X).
Note: A: colony morphology of FX-1; B: TEM image of FX-1 (20 000X); C:
gram stained FX-1 (1 000X); D: bacteriophage staining of FX-1 (1 000 X).
2 BE#k FX-1 BEASHHE
Fig. 2 Morphological characteristics of FX-1

222 HFAEMFEER  FX-116S rRNA FEH K
7 1416 bp, NCBI [t X} i 75 FX-1 % 16S rRNA J3 %]
Y Bacillus subtilis F L & fe mp (100% ), ik — 20 fiff
Fi MEGA 4 (WA 5.1) FIH NI FX-1 R4
KEM, W 3 AR, 58 R FX-1 5k ZE AT
W (Bacillus subtilis ) . 45 7 37 2F #0 47 B ( Bacillus

tequilensis ) (KL 99.79% ) &b F W — 732, EAS
JE R 86%, LA ERIAALRRE (£ 4), 4 FX-14%
E NGB AT ( Bacillus subtilis )

2.3 BEEENNE

231 #EHEAEEE  HE 4R, tRAELZ )=
0.309 4x —0.010 2, LVEHIXCRER K 0.998 4, L1k
RLAF, A LU T4 4 R s I .

232 HfEFEEEE LA AR K e R] i A
WM 5 FX-1 B AR 1 CMC BiIE T, [R]E0  AH R s
B R AR SO, SRS, R FX-1 Wtk
TE K& T 48 h IS 2F 4 3% [ B 15 ) Je . 1K 56.261
U-mL, 1 H A 4 e i B2 7E 36 he 1E 48 h ),
TR R 1) 7 il % M B R 2R W R BRI TR AR, 7R
— RN A R IEA G, BRI, IR A R
kR TR

2.4 BHKFX-1 Bi =A% 2B ESF T

241 FX-1 4 F8RER B BE URFP R4
ZHCNIRY), RN 30~75 °C, MEARFEEETF
CMC 3G 71, 450K 6, FW FX-1 =4 (4 41 4
FHGLE 60 °C 551 T B Sk KA, HAE30~70 C
B IEPE o 33X U8 B f Gl RN TR 60 ¢, B
KA e A

242 FX-14%FmrE RN pH HHEHREEE
AT, LUASIE] pH 3R F L 27 2 RN WO IR,
MizE CMC IS 1, Z50anp 7, FW FX-1 Hbk™=4:
() £F i 2 Wi 1Y f6 0l 2 R pH oA 5.0, L% i 7F pH
3.0~8.0 ¥ IEE, 5T &S 0 i K 4 A AT
P CMC-4 JIT 7 £F 4 2 il 1 7k pH i AL, HE
BRI R R, I 2 R O 7 7 24 25l pHL 3 7 318 [l 4%
I, BT A R T A

243 FX-1 4% F ey kA2 e FESEFTBENS SN
A, SRR BI'E T 30, 35, 40, 45, 50, 55, 60,
65. 70. 75 C i FE T ORI 30 min, Pl CMC i
W1, #RmE 8, FH CMC 7 30~55 C M#F
ERL, HXTEFEA 90% LU b AR E =60 C {4
T 30min B, TG VR R R, EURE X S AR AR
T 30%, UEAIZEEEA —E 1

244 FX-1 4 % F B a9 BR AT A ) ZE AT BTG
BN A, 56k 4 5T pH 3.0. 4.0, 5.0, 6.0,
7.0, 8.0 ZErH T, 4 °C fik 30 min, FHIE CMC
fitg G, Z53uE 9, KM pH b 3.0~7.0, CMC fifff&
FagE, 4 pH N 8.0 B, &M B TR, (HAHXSBEIE
AR & T 60%, 1t BH 32 il AT — 2 1 T 192 Bl i
A FZ R pHAAE I SR BN R 1, Al 0%l o R
i
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R AL AR %37 4%

77

100

[Hh 5 2 R Bacillus subtilis NR112116
Wi EZEAFF R Bacillus subtilis. NR112629
86| FX-1
W E AT Bacillus subtilis NR027552
65 || FEIL 4 AR I Bacillus tequilensis NR104919
T LERUAT B Bacillus subtilis NR113265

741 Uit 5 HFF 1 Bacillus halotolerans. NR115929

m WO ZEFAT 5 Bacillus nakamurai NR151897

10 BEAS EHUAF I Bacillus vallismortis NR113994
o8 SRS AT B Bacillus vallismortis NR024696
UISE ZE AT B Bacillus velezensis NR075005
JE VRN Bacillus xiamenensis NR148244
W ZRZEAIFT B Bacillus camelliae. NR159341

P95 WA 18 Bacillus isabeliae. NR042619

72

IS W 2R AT 18 Bacillus pakistanensis NR125453

WA B Bacillus solani NR145633

UZ 55 ZE A AT B Bacillus firmus_ NR025842

TESZ5E AT 18 Bacillus sinesaloumensis_ NR147383

i

PR 2R AT B Bacillus methanolicus NR040985

BRI Bacillus fenggiuensis_ NR133973

B RAE ZEHIAT I8 Bacillus acidiceler NR_043774
o G KT Bacillus thuringiensis. NR112780

0.01

100

E 5 FUFFIE Lactobacillus brantae NR125575
W FLAT I Lactobacillus rhamnosus NR113332

100 Bl Tl&FLAF# Lactobacillus paracasei NR113337

77 || FKFIFE Lactobacillus zeae_ NR037122
701 -l FLFTF 8 Lactobacillus casei NR113333

B3 FX-1 ARG LER
Fig. 3 Phylogenetic tree of FX-1

F 4 B FX-1 EERE CHHE 0.6
Table 4 Physiological and biochemical characteristics of FX-1
0.5 |
Ml =Y *\ é’—t :|'!| (== *\ é:l:
vy GES WiEtEbs A o4 | 27 03094:-0.0102
Measurement item Result Measurement item Result T R=0.9984
R TR LA g 0371
+ +
Gram stain Nitrate reduction test 02
A FER 56 V-Pi 46 0.1 kb
+ + )
Exposure to enzyme test V-P test
0 1 1 1 1 ]
¥R Eh ikt 18| I 0 0.3 0.6 0.9 1.2 1.5
+ - = W
Citrate test Indole test % BE Glucose/mg

e o+ MM - BATES

Note: +: Positive; —: Negative.

B4 BEFERERLZ

Fig. 4 Standard curve of glucose
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100 ¢ 1 1.8 S 105

~ 1.633 S

T 90 t 1 1.6 E 90 |

580- 114 %ﬁ

~ Q B

ESA 56.261 {12 E

E 60 2 60 -

2 5 10 g 0

a >

Q d 0'8 o = 45 B

%40 o =

1y 10 230

H—E 20 + 104 Z 15|

jaetl =

gl 02 Bl o L
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0 12 24 36 48 60 72 84 96 110
[} 5] Time/ h

B 5 EFrE AN EARE KR~

Fig. 5 Effect of incubation time on growth and enzyme

production of FX-1

55 ¢
50 ¢
45
40
35 ¢
30
25 ¢
20 ¢
15

fit% 77 Enzyme activity/(U-mL ")

25 30 35 40 45 50 55 60 65 70 75
%)% Temperature/°C.
6 FX-1 AHRMAERMREZFH THEEELER

Fig. 6 FX-1 cellulase activity at different reaction temperatures

fitg % 71 Enzyme activity/(U-mL™")
— N W W s A
W (=} W (=} W S W

—_
(=]
T

W

oo L

2 3 4 5 6 7
pH
B 7 FX-1 AHREAE pH £HTHEETLIER
Fig. 7 FX-1 cellulase activity under different pH conditions

3 kbt

GHERXEMBE) 20T ARR, WE. 5
B R AT — E A P EREE S .
SUEEm. AMEEMEY AR, B2
MIHE . SHBEA, A0 KRS, PRSI N
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