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15 BE 105 A7 280 19 190 00 M0 R AT 010 1k 26 8 D I /b s A ik
U 5 0 2 B K A R B 4 o It E AT
5 R AT 74 0 3¢ e A0 ) B o R A5 () e fft 4 0
TR IR F) Bk 2 0 G 5 O R 2 I AR e MR RS A T
1A iR A%

ASHIEFUR 32 B H I 0 1% SR A5 BE 08 B A )65 A
G TRV Bk PR 0 T BT R > = A 0 RS AT ) Bk 2
W5 I AR A 5 0 T (] e R P el R e oxt K
PRI TG e JF PR 2R 07 8 21 18 B B A 05 RS AT 1) 1
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L1.1 #RERLEAZE: LIEFHE MY
(e ¥ 7 7 7 00 B R A0 A -4, B T R4S 4
CORAF % H -

1.1.2 BIAFEFRIE R MR T 5% 5 AR AT e
L 2R 48 0 9 T 9 0 K ol 0 S R R RS Y
ERE 3 =5 em K, ARG B & 7 A ks iE AL (L5
LK100) ¥, i 50 H § 5 i1k K £ 105 C I+ %
T 5 R AR BB AR H .

113 53R (1) PRI iR 7= 56 (g/L) 5l A
R 10, IF 15, H A& pH {H, 121 °C K %20 min.
(2) sy B alifh 55 55 5k (/L) < B8 11 1R 10, [ BE
5,NaCl 10, i fiF 15, B4R pH {ii,121 °C KB 20 min.
(3) LB bk 75 3% (g/L) : pRg (1R 10, i R
5,NaCl 10, ZfiF 15, H 4R pH {ii,121 °C K B 20 min.
(4) WA T 3 37 35 (g /L) - J5 JHAS FF R K 10, 4R
pH &, 121 C K 20 min. (5) NA R 35 % (g/L) :
A 10, 4= Ry 3, NaCl 5, 35 Jl§ 15, pH7.3 0.1,
121 °C K 20 min.

1.2 A &*

1.2.1 B¥KIFIE A & PR IOE &R A7 AR OKAR A I
FES 301 g/10 mL {1 LA FH G 11 K €35 35 46 12 h
(180 r/min) ,8000 /min (s 2 min, B I 375 W 46
Fa B B 10 7R 10 72 % o ik A 2 B 1P AR ) 07 1% 9%
BEF,37 ClEM R 3 -5 d, PR AE 0 78 W) 0% B o7
B ARG E R R LB B985 LT R4 9 &
aifk, i Ja R AR AE LB SHi R 75 5 1.

1.2.2 WHRETEFE: BEFZEE K210 1w Pk

15 NA Bi g 56 R4 1% 9%, 3% 82 JU R WL 48 B bk A K
ARV B VR TG A& S 85 R 1R KR G WL 40 W & 4
S8 5 T ) 5 0 1 £ 40 kAT %

16S rRNA K& K /7 51 43 47 - LB ¥ 4 85 77 56 b
i 3 21 1) B AR R AT K I 8% 9% 5 37 °C <180 r/min H i
e Ki 7% 8 — 12 h J5 H 40 i DNA 42 Bk 77 &
(Omega 24 #]) $2 U 41 B 2k F 41 DNA. % A Ja H 51
¥ D1 (5"-AGAGTTTGATCCTGGCTCAG3") Fl rP2
(5-CGGCTACCTTGTTACGACTT3") i 47 PCR ¥~
# PCR B FEF H:95 C 5 min; 95 C 30 s,
55 °C 30 5,72 C 2 min,30 M 72 C 10 min, =
YR AEAE 4 C 4% o PCR =40 3% 4 K 5L B R 4% i
55 A R w AT I W0 R A 5 T K AR )
AAr B ey (NCBI) ¥ 3t 35 [K] g v 33k 4T 7 471 Eb X .
T A LA B 5 o 1) T R R 48k B HEE R SR
MEGA 5. 1 A HEAT 2R 48 & 3 A B (6 4 2, 4
7512 4 Neighbor-Joining, Bootstrap ¥ 7€ > 1000, H 4%
KIS H0 B .

I I T8 43 3 AT < 3 A A A B I R R G e
Z 4 (MIDI) A 90 1 #K 169 i 5 19 4 B o T U7 TR 428 L
J7 10 B S £ S S W B 7 2 % MIDI Sherlock 4 45
sk
1.2.3 BEHRBREBEEF KR/ LB R L
PR 12 3 LBy R 885 9% 3 v iR A B 97 i R R
WA R R R B o, He b i N B 50 mL WA K I BE
FEIE PR M IS L 5 mLe 37 °C 220 r/min fH 5
TR
1.2.4 MABAENFEREBEERONE: A8/
HALREBE 5 d MR R 2 85 57 b I 5 mL R %
W, 12000 r/min 5.0 2 min 5 HC F 3 B L 0
JT A 1t 3 b 00 W YA 3 IR AT

A 2 A A Tl A o - R T 5 I AR Ak )
(LiP) 3 4 4R 4 22 7 W S pk i s ™ — AN 3%
BT E SRRy Bl A AL T mol B 2T BT T 5 A R
B0 B o 4 I Atk W Bl (MinP) 3% 4 i Mn® ™ 41
ikl s AN IE 3 R Xk 4 Bl AL
wmol Mn®* BT 75 B2 1 4L W W 10 . % WG WG OE
ABTS il sz ", — AN W IE 3 3 5 Sk 4 43 i
41 wmol ABTS Jir 75 2 [ KHL G 0 11 2

SF Y 3 S Ak I 2 O I -k X R 4K g (FP
Fi) ¥ FHOOL 4 4 2 W (CMC i) A0 0 &1 4t 2
(C1 i) 1B Ay £ 4t 2% W S I 35 107 & 1 b o 95 I 52
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JH DNS 31— AN WGy 5 i Xk A 4 R i
AR )43 31 1 pumol ] 75 4 T 757 4 1R HH 18 8 1) 52
1.2.5 KREEFY) SRR E BN E 4 5 1% W
TR ) Rk B2 88 i 0 » R T 6 TR A% KR D' Ol J8E v 0 R
T 352 B A A B B AT T T . S R
(I e A P JE AERE S d B E 1R BRI E i 3
DO ST I e A K (D) 5.

JEBE 5 B (%) =1.059 x [y, —0.5 x (A, +
Ay 1 x100 x 100/W x (1 = 7K% ) x34.3 x 1000
A (1)

Hph 1,059 MHEREGW A THEHE34.3 4
TR 1% 5% 22 % (1000 mL ZE 487K T 445 1 g 0 B
WG
1.2.6 REABEHABATYPRARALEZESEN
M ZE WA KB~ AE 121 C KB 20 min 533 384K
FET) 4% [ Ak Bk ¥, 55 C kT £ 1H E 5 2 | Van
Soest "™ [{) A T £ 4k 2% 5 ik 77 v W 3P I R 5
T YE R AT R O, LUK R I MRS R X
HEL, JE T 550 H 008 R AT 85 AR 0T 21 4 3% 201 43 (1 AH X B
R0 X HRORUR I P ) S A 3 IR A

2 SRR

2.1 EHNRIFIEREESER

2.1.1 EEFHUELETE RS E T SME S C K
HEAS g T L B DRI S Uy v T ) A T 4 R
RO o ASHIE ST A ATD O 355 7R e Loy B4 B — Rkl 1
PR G5 o0 1 TR 2% RRAE 5 5 45 R IR - 72 NA
Bt BB A GRS I % B0, AEY, R
SRS (B 1) 5 A 22 I A BH S AR BN 2R
F(E2) .

2.1.2 BERAEE A & S A8 R e 05 R 1 o3 o3 T 2
BT A2 % 5 o O T A0 RV A P 40 B S 8 T k. A
AT 5 4 o S AT IR DT IR R o 5 4l e DNA HL AT
e B R RS 5 DR ke vy DA i S 7 R 43 4 A
ST 0 R (R Al o ASHIE S0 R B TR RR T B A IS D
12 1 o3 SR (03 23 A 25 R L B35 TR RR T 3 T
fig & C15:0 iso, & & A 37.96% , C15:0 anteiso 2 &=
N 39.07% » J % T B 8 (Bacillus sp. ) (1) 4 7 Jlig
iR .

2.1.3 16S rRNA ERF F 3 FELE R 4 M i &
IR T I FR S, X L EAT T 16S rRNA JE [ J3° 471 %

1. Bt I NASEFE PR SHE
Figure 1. The morphological characteristic of strain T grew

on the NA medium.

B2 EHIEMESHFE

Figure 2. The microscopic character of strain I.

JEo KM G191 13 20 Rk T 16S rRNA JE
PP AU 8 2 1365 bp, GenBank K& [N 5 %5 5% %5
SUB861909 SEQ1 KP903365. 7 NCBI ¥ il t1 iz J]
BLASTn 2 3 55 $fi i b P AC IR 40 19 16S rRNA K
P P 47 BEAT AR ACUPE LG 800 17 Pk ik 5 T pk T AR AL
B R R IR 16S rRNA KL D 91 44 4 3R 48 kB k4L
B CE4) o AHLEE LERL A A 45 R R W bR T 5 K
2R (Bacillus megaterium) F1 [ HE 22 2 14 ¥
(Bacillus aryabhattai) B AR AL S 8 e B9 1A ) 99% LA
b o 5 EOR ZE U B (Bacillus megaterium) (1) Al
LS F vy 0 99.92% o

CEETE A& SRR AE % oE s IR W R B 2y o BT R
168 rRNAJEN P81 73 M 45 R, e A B e bk 1 o B
KZEHIAT B (Bacillus megaterium) o
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The name of different components
3. E#k T B9 RS B BR 4 A B 43
Figure 3. The fatty acid components of strain I.
43] 1
89 Bacillus aryabhattai strain BSW22 (NR 115953.1)
98| | Bacillus megaterium strain NBRC 15308 (NR 112636.1)
Bacillus simplex strain DSM 1321 (NR 115603.1)
Bacillus flexus strain NBRC 15715 (NR 113800.1)
Bacillus circulans strain NBRC 13626 (NR 112632.1)
B
0.005

4. ERIFMBUERNRARREELH

Figure 4. Phylogenetic tree of strain I and some related species. Numbers at branching points refer to bootstrap values (1000 resamplings) , 0. 005

was sequence divergence. The sequences accession number in GenBank of the strains was shown in parentheses.

2.2 HEHRBRIKREEEFEIEMN

2.2.1 BAERBEARZSMEETFME  ARJEHA
A TR A8 9% P R A T AR RS R R R 5T 2R PR A e
() g AR, AWFSCIEEL T Lac il LiP i f1 MnP
3 NS L IR 2R AR B S A D B RR TR R
ST 2 1 i 48 Ao IS w45 R LI S, fE DL
P RRRE AT B FR W) AT WA R4 AR
T AT 3 MR R A AR RE 1o Jor, Bk T
7 Lac [ 1) 68 7 S o, F R0 5 28 10 R I 36 V1A 2]
418.52 U/L; ™" MnP B [1 B8 JJIRZ» K G A58 15
K> MnP il % P 3% 2 56 KAl 64. 71 U/L; 7 LiP (¥ fig
J1 8% 25, LiP W & K% 245 19.71 U/L. MnP Jig 1
LiP i (1) 3% P 1 i {% T Lac B % o 3 AR 5T 35 44
TG il % 44 5 I 1) 5 I T M O /N 2 I LR A T ) A
e, Lac By PE4ERER M K ARBEIREE 5 REH
15 R FIH Lac WG M, LiP 53 P WAL AR Kk %
JE I HS 10 RAEE 15 KRR 2o 255 F K, Wk T
AU W R 8 S S A = R Be T, A —
R I (E R
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BRERBEHTEK M RBBERBEF~K
RESUEBEBFEETL

Figure 5. The ligninase enzyme activity of strain I when

fermented with tobacco straw in liquid state.

2.2.2 RiKEEEFAYERFEWEEIEIF M O HIEH
B T M) FH 08 0 RS AT 7 2T 4 2% S A0 g 1 BE 0, AR Sk
WY CMC g FP g A1 C1 g 3 ANl a5 45 b g T
BRI PR TAN [ A T IR 300 01 P 66 00 65 AT 7 2T 4 25 1 14 3



piNe oy A

ek A 5 0K R TR0 0 T A 10 9 32 B FG 7 R / B A 4 2 4R (2015) 55 (12) 1547

Vo T I 5T 45 0B 6, LU MRS AT b s B R
VIR A RS E B B FE 1 IR 2F 4 Z i v (D8
ARRE) 5 A J5 A 10 RIS 25 K, b 0.35 U/mL;
CMC g 3% 1 & W J 36 10 K 7] #F 1A 2 5 KAH 0. 46
U/mL; C1 [ 3% g W) 15 R W o 28 15 Rk B e K, 0
0.48 U/mL. %28 2F 4 22 Wi o5 M AR IR A — 30 K
P o5 25 RETE R IEVEY B3 N .
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Figure 6. The cellulose enzyme activity of strain T in

liquid when fermentation with tobacco straw.
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R T 7 0 M Ak v AR R R RS AT A 7 A £
EARRAEY Z A RATE RN WE T AR K
I 30T A IR 5 S v ) O 5 AR A, LU 2 AR T
X AT P o 188 B 0 o AN [R] A T IS 300 A 1R 908 o AR ik 5
LB T B A TR IS ) PR SE K e I 7 0 R A
IR WA, AR R A (5 S — 10 KM B R
DU WS R BE R A A A 5 10 R B8 B C IR
T AT T PR FT ) o A B R R A B 20
KRBT ) 71 O T A A3 R I 2o 3 W 1 B T AN
LAY TR Rk 2 72 905 081 55 T 140 fE 0o T EL R AT i 08
ik (¥ € 3> 7T LA 5 4 3 Al Jes R RS 352 B2 080 1) Rk
XF R JAHRS T R 54 O 75 A0 Ak BER AT R N
fE -
2.4 BEHRXHIERFEIT RO PERRR

N T B E TERR TR R RS AT A 5 2T 4 3% 10 B i
RIS %o IR R T 6% LR T R R % 200 S 096 M R AT o
AJHER 2T 4 32 R 27 4 32 5 b AT T E, 45 3L
8o MW LLA A KW 20 d J5 i b T XS
5 JHA AT A R A S 2T 4 38 25 21 0 9 A7 38 e BE 1) %

025 -

The content of nicotine/%
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Figure 7. The nicotine concentration in fermentation

products during the liquid fermentation.
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Figure 8. The lignocelluloses content in tobacco straw 20 days

after fermented in liquid state.
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FCRT B B I B (Aspergillus sp.) « i Sk 7 14
(Moniliales Gliocephalias sp. ) %5 (a1l BAR R R
TR 10 8 J0RRE FE e fft 25 SRE 9 kg BLARL L R % O
B PR A B B AN I SR R B S O RS R A A 1
AR B A o T I i 0% R AR 005 R RS R ) 400 T R R
K SEAT A T 52 DU MRS AT A= e A R ) o AR
WEoL | I W T OB R AT ( Bacillus
megaterium ) FLAT P fift 05 JOH RS AT ¥ 68 00> xF T B
it 65 JOLRS FFT 440 e T R 7T 328 PR AT 9 EL A R ) PR AR
3.2 AEEMRIERBITPERYR

AWTILR W, AE WA K 20 d )5 EORZE AT W
(Bacillus megaterium) X AR RS R OR I 2R 1 B R R
Jy18.12% » B W) BAR T 2540 0045 0 SR 40 A
KWL KFEA 16 d J5 24% IR TR & MR . 7k
P A R T BRI RT e AL G LU PN T T R
FEA AR JBE v 3 3 38 A 4 G AT, A FC Bl AR )
il T A L S Bl 2 A 5 — 2 A WIF 0 O R 0 I A A
AT AL o ARBFFOEUEW] T WA KB 20 d JFE K
2E T B (Bacillus megaterium) %o %% M F5 FF A Jit %
CRRGT 6 fff 2 18. 129 ) 1) B fift 28 2 W Wil v 1 6 4 4
% (RHXT B fif 22 10.39% ) Fl Y- 2F 4 35 R ) B fif 26
12.63% ) [f] B fift %, X 15 Chang Young-Cheol 43 "
R 5t 45 R — B0 3 W B OR F A B (Bacillus
megaterium) X AR R Z AT 4 R R EH —E W
b 3 SN PN B R N VR N 7 DR U B A QP o 1/ B 8
P 55 I 2 A 0 DR 8 A7 3 2 0 0 FE T S ORI
e PEVEBEAR , O K8 00 G AT b 21 2 2% (% [ o R 4 it
11 %& 1%

K R T 610 24 40 Wi 82 R P AN A 2 TR o 21 4
3511 2 AR 5 0 S ST M ) R AR o R A Ay 5 O
R H AT (A 27 ) J5 5 A5 065 RS AT A [ e ) o
T AE TR AE I MR K P9 G K, JF A T RE G B
g RN o DRI ey S 3R 0 RS AT IR TG Al
Ak B L R MR AT [l AL AT S B e B AR A
B 11 2 00 8 AR T 9 L 39 3 0 PR Bk B v
XSS TR Rk N T T 05 M RS FT B A B0 E 5 40 6 A 4R
o AWFF L B K AT A (Bacillus
megaterium) [ T FLAT fe W B fift K5 0 RS FF 10 B 775 1)
R AIE WY LA B A A 6 1) FE 0 R 200 d e T 8 A

Wi 28 005 OG5 AT P P R k> T A 280 e 0 RS AT ZE A
ek At M) D o o ) OB 5 4 el RS A RE 98 5 A
AT A 4 R K3 P i) 3 K A R T S B A

FE IR L2
3.3 BB NE R A IR R T RO RG4S 0 R B
#i g

AHE 5T G 1k B 1 B OK EF LM (Bacillus
megaterium) 7] I H A7 F) H] K5 M0 S A1 A2 77 27 4k 52
R T 2 AT 1 AE o 76 B35 PE AR A6 5 T, £F 4
B 1 T AR AR AR T 42 R 5 R A Bl
() AR A B Sy T B Lac i (035 1 76 & %3R8
LT B R BB S » M s D — D5 T 8 )
SR W A 2R TP K A3 9D R AR A OIR VL 52 B 5 e AT
X5y — U7 5 BOK ZE #U A B (Bacillus megaterium)
B 7 i e 0 5 R TR & B AH G AN K AT K> Kharayat
Yogita 25 " ) BF 50 45 4[5 R E W 5K 5 90 FF
(Bacillus megaterium) y” LiP g [{) §8 J1 5 K EBEAA R R
AR E A HEA K

A g ™ 5 1 AS BT 90 0 B EORCEE AT B
(Bacillus megaterium) 7= = F £ 4 2% W 11 fig ) 3 A
—EHH AL TERACK Y BE R R T R ZF AL
(Bacillus megaterium) % £T 4 25 18 A1 X6 B A 2 A 11K
PRI I B o 7 R 5 3R SA A0 I 10 BE 0 U 22 0l SO
L7 Lac g B9 BE J) 2] WAL T MnP g A1 LiP 4 1)
filE 7, 1M Chen Yue hui 5% ™ (13 fF 5 I UE 13 57 94 2 A
¥ ( Novosphingobium) {F [% fi# K it % id 72 /7 MnP
WS P 2 T Lac WS PR DR, 0 3% AN [
J5 KR AT e At 4 vl A7 B2 A 5 O R AT A 0 B At A g
i) ot B B 2 i M T A

0 T A TR A ) R T A Il ) AR A R A
JOURT A T AL B T 7 R 0 M 4 R AT R O
SR R CE SRR IOE R AN 7Y N N 7 S
3B K B K ZFE AT B (Bacillus megaterium) % iiF B
B A BUF 1R A B JE RS F 7 Lac B (19 68 07, Hodw K
Lac Wi 800 BT BLA BFIUK T2 o AR 4 )R
20 T 5 AR R P 8 R RS AT T 9 T 1) 22— A TR WE
FR) B R ORE A Wl 7 4 s R ) 1 28 A
BUgH: AR AR S RGOS R T A5 2T P R SR B R
A RE R B I R T ST BT 5K I U R A O B IR 20 4R
5 IR A ORE A 23 1 6 Ve Mt o TR AR R 2 e A
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Isolation of microorganisms producing enzyme capable of
degrading tobacco straw and nicotine
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Abstract: [Objective] The aim of this study was to screen tobacco straw and nicotine degrading microorganism.
[Methods] The bacterium was isolated from tobacco field soil using medium containing tobacco straw as the sole carbon
and nitrogen source. We identified the bacterium through morphological and physiological characterization combined with
the result of 16S rRNA gene sequence and data analysis. We also studied the lignocelluloses degradation and enzyme
activities related to the degradation of lignin and cellulose in liquid state fermentation of tobacco stalk. [Results] The
bacterium was identified as Bacillus megaterium and we had demonstrated that it has a good ability to degrade lignin in
tobacco straw when fermented in liquid state. It showed the highest laccase production of 418. 52 U/L while the highest
lignin peroxides and manganese peroxides activity was 19.71 U/L and 64. 71 U/L. On the other hand, we also found that
nicotine in tobacco stem was totally degraded 20 d after inoculation. [Coneclusion] to the isolated Bacillus megaterium is
capable of degrading tobacco straw partially and nicotine totally.

Keywords: Bacillus megaterium, nicotine degradation, tobacco straw degradation, laccase
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