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The study on isolation, screening, identification and application effect

of an efficient protein derading bacteria in flue-cured tobacco
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Abstract: In order to degrade protein of tobacco and improve the
smoking quality of tobacco, 18 protein degrading bacterias from flue-
cured tobacco of Henan, Fujian, Yunnan province were isolated
through protein degrading selective medium. The activity of protease
was detected, and the strain with highest protease-producing was i-
dentified by the 16S rRNA gene sequence and physiological-biochemi-
cal tests. Orthogonal experiment was further designed to get the op-
timal fermentation conditions of protein degrading in the tobacco leaf.

And then the sensory quality of tobacco leaves after treatment was
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investigated The results showed that: (1) Strain HN-3 was the pre-
ferred strain with the highest activity of protease enzyme producing
(3 417 U/mL). (2) Strain HN-3 was identified as Bacillus pumilus
by the 16S rRNA gene sequence and physiological-biochemical tests.
(3) The orthogonal experiment results suggested that, by adding 3%
culture medium (with strain HN-3) to the surface of tobacco leaf,
the degrading rates of protein could reach 29.66 % after 84 hours fer-
mentation under the 37 °C. (4) The sensory evaluation results
showed that after fermentation, the aroma of tobacco leaves was
changed well. The amount of aroma and smoke increased, while the
gas content decreased, the aftertaste improved, and the overall sen-
sory quality of tobacco was improved obviously.
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1.1.3  Bigpst

ERHUE(NA B AR RE O 10 g. FRE 3 g. &Mk
W5 g EBFKEASE 1000 mL,pH 7.0, [ {1 35 50
15 g Hifg k. 121 "CRE 20 min, J T 4078 19 5 85 5 5 55 5

YEPD K e & We bk F 10 g, Ak 20 g, BAHE 20 g,
FEFKERE 1000 mL.pH 7.0, FERIGEFHILMA 15 ¢ BX
BBy, 121 CKIA 20 min, T BB 45 85 RIS 55 5

L % A % W B IR (PDA) B 97 Bk . TH 52 35 200 g, 7 45 Bl
20 g BEAR MY 12 g KB FAKEAE 1 000 mL, [ {45 55 55 m
15 g Bty . 121 "CREE 20 min, TN M 38 101 32 3 19 43 24
55 075 32 5

WO 9% 4. KH, PO, 0.36 g, MgSO, + 7H,0 0.5 g,
ZnCl, 0.014 g, Na, HPO, » 12H,0 1.07 g, NaCl 0.16 g,
CaCl, « H,O 0.002 g, FeSO, « 7TH,0O 0.002 g, Jii Ig ¥ ¥
10.0 g. B8 15 g, 2B F/KEARZE 1 000 mL,.pH 7.0,121 C
K 20 min;

SRR AL KK 15,0 g, BM1 15 g, AR 1.0 g,
NH,Cl 5.0 g,KH,PO, 1.0 g,Na, HPO, 5.0 g, MgSO, + 7H,0O
0.2 g.MnSO, 0.1 g,pH 7.0, & F/KEAE 1 000 mL,
121 °C KB 20 min,
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1.2 Fk
1.2.1 M EEE RIS B BRI 0.5 g MR oK,
AGH 4.5 mL THEAKM 10 mL K& 8 d, T8 IK
200 r/min KF- 33 15 min, X5 B H# H 5 min, B W
W EEE R 1 mL TE&A 9 mL EHKMKE 10 mL K
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B R R R 1072 F 1077 B B L T 0 B B 102,
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MRV b B 2 7 T IR e A R R A 3R Ak AN TRITE 37 C SR
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(L35 1 P W R B R Ok T 2 43 BT o B S AR
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1 BB 7 B 1 o I A P R R R Ok bR E W B Y B
B 3 AR RN A R IR B R 21 NA 3} YEPD B 3% 3%, 37 “C g,
30 'CF 150 r/min [EH B 9% 12 h, M 2% R A
50 mlL 778 (i & B FR R R H .37 *CF 150 r/min
KW 48 h, BURBEW T 3 500 r/min B .0» 10 min J5 L L
T 00 7
1.2.3 7R AR AR R 00 R BB M R R A AR MK
O RL 22 AR ORI .
1.2.4 MEMFEE S EMNE R Brad-Ford 37, D4 i
T EE A R
1.2.5 AR ARG 16S rDNA 4387 M AL DNA ) 2
TR B R Y SDS J7 i 4742 . PCR 4 4 % A 3l A 5
Y. A3 50 PCR P24 1 %6 (¥ B8 BEBE I s kR T & 4% J5 2%
F R A P B AR A BR A B R AT 00T I 45 S 4E NCBI
HOHR 7 R R FH BLAST E47 )5 90 53 #7

R R R B AR Y 16S rDNA JF 51, 500 45 ) 51 @
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1.2.6 MM P EAREARENESSS5EAEE 7 NA
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i 1 5 BB T B LR A T AT,
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S NA B3R5, F 37 °C.150 r/min B35 24 h. &
# & OD {Hk 2.0 B} ,3 600 r/min &.0» 10 min, F _E3E .0
N SRR T TR A R K AR B AT

B 100 g 4 B A2 5 M 0, 326 5 P IF i) i o 81 9 L &
e T A R e R 26 e B TR R B G S T 4 TR R N K T
Bl I3 = 3R =K IE 58 I 5 16 1 T 6 A 2 e A e -
BB AT . ECRB N RERKEILE 1,

K M0 D) 22 ) B S RLAK (20 64) mm X 24.5 mm )

1 EXEBEAHEAMEXRKEERMAKTE L (3°)
Table 1 Factors and levels of strain degrading tobacco

protein orthogonal text L, (3*)

K A RBERE /b

B st/ % C R/ C

1 60 1 35
2 72 3 37
3 84 5 40
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T A e A 2 B % 3 R O 3 K 1 B 68 7 2E i WA TR Y T Bk
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Figure 1 Transparent circle of protein degrading selective

medium (48 h)
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Figure 2 Transparent circle of protein degrading

selective medium(72 h)
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Table 2 Rate of transparent circle to strain colony diameter of protein degrading selective medium (48 h and 72 h)

48 h 72 h
R FRiC T 5 - = -

FA7 1 FAT 2 B pisil A7 1 AT 2 ¥ME g3
HN-3 10 15.4 15.0 15.2 A 15.3 15.5 15.4 A
YN-6 7 11.1 11.8 11.4 B 11.8 12.1 12.0 B
YN-10 8 10.9 11.3 11.1 B 9.3 9.7 9.5 C
HN-4 12 10.6 9.9 10.2 BC 10.1 10.8 10.5 C
FJ-12 2 9.0 9.3 9.2 CD 6.3 6.5 6.4 DEF
HN-8 5 9.0 8.7 8.9 CDE 6.8 7.0 6.9 DEF
HN-9 11 8.8 8.8 8.8 DEF 7.1 7.2 7.2 DEF
YN-11 9 8.7 8.3 8.5 DEFG 7.0 6.7 6.9 DEF
FJ-5 17 8.0 7.7 7.9 DEFGH 7.0 7.7 7.3 DE
FJ-7 16 7.4 7.7 7.6 EFGH 6.3 6.0 6.2 EFG
YN-17 15 7.7 7.1 7.4 FGH 6.1 5.8 6.0 FG
FJ-14 14 7.3 6.9 7.1 GHI 6.6 6.7 6.7 DEF
FJ-2 1 6.6 6.9 6.8 HI 7.7 7.2 7.5 D
HN-1 5 6.0 5.8 5.9 1 7.7 7.3 7.5 D
HN-15 3 4.6 4.2 4.4 J 5.0 5.2 5.1 G
YN-16 6 3.4 3.7 3.6 J 3.3 3.0 3.2 H
YN-13 13 * * * % * *
FJ-18 18 * * * * % *

T 9900 ek B S IXA] L 4 4 AN SR E R 2 0 B B2 5 ¢ Rt TR SN Rk AR sk

JETC 5 ol iB W B 5 % AR L T 5.

Hi, HN-3, YN-6 Al YN-10 [ bt {8 5 K. 22 54 oy L 35 R 3
EEE.ERMEEE. HNA W 48 h HEXR AR H . % K
B 72 h MRS B UGB BB AR, B Ok 1 25 SR TR bk
YN-13 Fl FJ-18 B ¥4 J& 25 A B0 I, 5 5 B WL 2% o 355 WA P A%
K PRI RE 31 A 15 25 B2 T bk
22 WMHPEARERENER

A 6 A B RRIERN 7 R AR RS R4 1,30 'CF 150 r/min

PG HFE 48 h 5 . &M E OD 3 5. 45 R W 3, Hop,

HN-3 FA7 s H & BB J1 (3 417 U/mL) , Rk 454 1

60 T bR 5 IO T 8 A O A
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K H 16S rDNA 2 [H H BriE H 514 FP/RP. % HN-3 it
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Table 3 Protease activity of rescreening strains

10\0% 9‘5% 99%

HN-3
Bacillus pumilus
Bacillus licheniformis
Bacillus boroniphilus
Bacillus simplex

Bacillus megaterium

Bacillus cereus

Bacillus fusiformis
B4 HN-3 8 Z%ELF ALK
The phylogenetic tree of strain HN-3

Figure 4

2.4 HN-3 WEENE

16 37 CHEFF 48 hJ5  HN-3 V& & A B R M AR
TGP AEW] L F TR M B R R BB SR B
TGOS 7E B R B R R AR R AR KU
. WK 0.6~0.7 pmX2.0~3.0 pm, ZFRK (& 5), 7R
D EERIR MR .

HS HN3HARBER
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Figure 5 The morphological character of strain

HN-3(1 600X)

2.5 HN-3WEBE{EE

HN-3 Z 9850 0 M7 - & 1% 1A 5 22 IR Y 0 2 PR, F 3k 21
SN St A 42 S Al S 7 S B L VP B8 S PH L R R R
B TE 720 NaCl oK BE A4 K, s 5 K A BOME 22 BH L 3
KA N 2 BH P o A R 3 DA 06 2 B L e IR R
10 C.BEAKIEE S0 C(ED, SHUARMELEETF
WO B e HN-3 Sy /N 2 AR 7 .
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Table 3 Physiological biochemical characters of strain 3
5 H e 45 R R SEIE| R e

B2 QY £ SN + T A8 TR A 2 L +

B 21 2 L - TR -+

V-P il + i R £ i Ji -

2 fih 6 S L + ARKIRES C —

T R K gt + AR 10 °C +

TE B K iR + AR 50 C +

7% NaCl - H KR 55 C —

2.6 HN-3 BEfMEMHFEARMIYR

A5 % BRI 8 R Bl 112,47 mg/g. HER 4 7T
LR EKEHA A A B Gy B[R] g 84 b, B 3806 fin L 41
o 306 KREEIREE A 37 °C 5 T WCHE i B 1) % A A A%
A Je R H KR R R T 2 IR e IR ) 5 I S

F4 HNI3EMEMHEAMEZRESH
Table 4 Orthogonal text result of strain HN-3 degrading

tobacco protein

pis:! A B C EERER/(mg-g 1)
1 1 1 1 102.73

2 1 2 2 106.10

3 1 3 3 83.91

4 2 1 2 81.19

5 2 2 3 107.06

6 2 3 1 101.23

7 3 1 3 90.77

8 3 2 1 101.33

9 3 3 2 93.39

7777 b 9758 9Ls6 lol.ze

ko 96.49 104.83 93.56

k 95.16 92.84 93.91

R 2.42 13.27 8.20

HTRAHAS AsBCIFATE 9 HIEREIE RS,
B ) O A AL 3 5 R AT T B AIE S BG . 25 SR K T TR
HE 306 F 8 v J55 Sk B 80 4G Jon AR S 4 K 3 TR L R IR R
37 CHI &M T KBE 84 h )G M & A B R RE vl ik e =
1(29.66 %),
2.7 HN-3 4 EBHEMHFEEITERIE

HE— 25 % TR R AL BRI S 0 AR AT R IR IR A5 R
W5,

S5 AL AN ZS MRt E, FIREE, &S
IR R TR L A D R R BT 5 X B
W, BAR A ERE 1.13 2 AR R R BT A B B AR T
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Table 5 Evaluation of sensory quality after treatment of tobacco leaves with bacterial fluid
R HRBEA  FHEB WEC  FHMED RKE KA F Rl G BT
ydids 5.89 5.86 5.89 6.27 5.79 5.77 6.23 59.92
CK 5.78 5.77 5.75 6.16 5.67 5.68 6.09 58.79

t T=(A+B)X23+CX1.5+D+E+F+G,

3 g5k

AT TS [ 26 B 52 8 S A B v 8 18 R B
Ve e bk A A A TR M W e R Je B FAEK 48 h
72 h PEARE E A ST A, HN-3 . HN-4 . YN-6, YN-10,
YN-13.FJ-18 FEf# 2 (0 Re 1 B #F — 200 W dk &R A
JoT Tt 32 W1 L 6 D A BR 09 AR 1 B 200 Dy 8 417,2 217,
3 246,2 789,2 217,3 017 U/mL, & M B % 71 & = 00 & AF =2
TERE MR R SR 3 RAE R A E U 5% HR
W AE BRI HN-3,

@1 16Sr DNA | %, HN-3 5 %5 /N 2F 0 #F # (Bacillus
pumilus) B EITEVE RIK 1002, RE LR IE 5B E¥S
PR . S (AN 40 B %08 T 8 8 HIN-3 S 50N %
HOFT B (Bacillus pumilus) . TEZ H BIBFSE . 3 i S0 &0
NI A 2 T 43 5 3 1 BRAEN ZE AT B Van35 6 H: i B R
W T &ML, 22 *CF 6000 10 IR AR K BE 20 d. 25 1 3R
B 2T 3R B BRI R AR D 2R AT A SR
B A I A L A 2 ) R L A L 2 R
TR B R IR 4 /DN 2F AT B Van3b 2 75 B FE A i
FIR T AE . AT 508K B HIN-3 b B 1 18 Y8086 4 1 40 - %
A7 R B R R A R T AA 29.66 %6 . I BT 4 D ZF LR
HN-3 B2 A 2% A A0 v o i 2 8T, EL AR B3 B0t A i i
PRIRE Ui . £ Z W W 5T AT HE U 0 2 AR B AT R R
R ks S VSIS N NS i a7/ TR A 1 N e a7
JBEAE R Pt AR R i 77 A g SR S AR B T A 2850 2 0 I g T
A BT AR S R A R — P IRIE .
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