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1.1 FEHMM KFFEFRE

- HERE S, R A T R A LR s A
FES, A SRR N R EE 1 5 (B2F) | = A 87
(B2F H1 C2F) , ph i o 38 1L 0 i B2 w243
FAETT , e ARSI DR P 4R B 3 - R a2
22 BE—B-D— ML 2 B 1 (2l =95% ) , AR 42 T
b K2 A 4 R S8 = Ay s el Ak r A
Be(Eakal) JoK CBE(ArHral) IR & EMR T
B G PR A B oK Na,SO, BEREWS B8R 11
NaCl, ¥ 2 43 #1 4l , 40 5 OB AL T 47 BR 2 Al
TS 0002 AP A5 it e 246 U, 1 ¥l 1 65 00 ol R
WA BRA AR AL

RV . 20 mmol/L B iR £ 2% vl i W, pH {H
H7.0,

LB K 5. R K 10 o/L, BERERY 5 o/L,
NaCl 10 g/L; FRIIABEREH 20 /L, Bk LB [ {A$:
Tk,

PR IR 3-SR —a— % L BE-B-D—NL I ]
BN 1 o/ L, TOHLERECTT .

HIFEE BRI R 2 o/L, TOHLERFL T

THLER B 7 . K,HPO, 1 ¢/L, MgSO, - 7H,0
0.5 ¢/L, FeSO, - 7H,0 0.005 g/L,NaCl 0.5 ¢/L,
KH,PO, 0.65 g/L, MnSO, 0.001 ¢/L, ( NH, ),SO0,
0.5 g/L, CaCl, -+ 2H,0 0.1 g/L, Na,MoO, - 2H,0
0.005 g/L,

1.2 FEMNEEESE
LDZX-50KBS %37 3 ) 28 7 K i 4, g

GERITAM 5 16-M1 BIA VR ES 0L, 92 [E Beekman
NFSW-CI-1F B TAE G M LR S A
A PR F] 56890a/5975 AU AR (1% - BT 1515 H ( GC-
MS) 1%, 36 E ZHE(E A /] TH2-C BUE IR 7R, K&
TR B &5 ) DEAE B2 A7 1 3 4% (20 mL) |
Resources Q BUZHHi%64: (5 mL) , 32[E GE Healthcare
N TY92- 11 DN B 75 41 g A wEBIL, 72 B8 2 4
YRk B0 A BR 4 Al B3R R A AR AN,
Syngene /A ;Q Exactive HF=X 8 MS 1%, 5% [# Thermo
Scientific 23T
1.3 EWAHE
1.3.1 WERBAREELEE HREKEESY
0o o3 IFRER 15 g A HERE G A0 % S5 JH A
FA4 300 mL JG B Az BEER K A9 = A, A
30 °C 150 r/min MJFEIR IR 2~4 h, B EIHHR,
e 1% (ARS8, B IR #efh i e H2 52 LB 3557 0
HUFE 30 °C 150 o/min BYPEIR PSSR M, A%
1% 1 45 T it 422 ABE AT 85 95 b 76 30 °C L 150 v/
min FJFEREFR 24 h, PRk A W] B & R AZ 1LY
R, B2 BERE b 11 2540 5 W I T e LB B )
JBT FRIAT) 7 TR <

2) R AL O 55 M0 . A0 U A AR P 2 R AR
TR | T 30 °C 150 +/min 50F R 155 24 h,
FIF GC-MS A3 bl e fige T I T s MR o
TR A4k, 78 NTST17. L g vh BEAT K & E 1
ST, TR HEA T2 0 B 5T

POWEE A TR B 5 24 h SR HEAT RSO IR, I
MBI, 7E 30 °C 150 r/min 51 AL 2 o/L 1Y
HIBEH 6 h, FIH] GC-MS {373 HroRL v A 3 iy 5 R
BT A R o 1 A8 Ak, 78 NTST17. L R A7 46
FOEMEATHT , IR HEA T2 AT

LR AR TR 53 B0 10% 14 7 3 A8 v
b AT AL, T 30 °C 150 r/min £50F T 4L 3
6 h. HEALTERNUE , INA R BE, T-20 C vk4H
I 24 h, B 20 pl BVEWORIE T2 A%
1f, FAi 48 h J5, B9 44 HA M BT LR R PR B
K& B A TR E VT
1.3.2 WEEHEEAIEREEEREMRA 1) RS
T R RRARISCEE . WA R 5 TR AR 1% R4 i 4 A
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15 mL LB 535394 F 30 °C 150 r/min 5 F 3555
W, WG TRE B B A IS, PR B i, $E A
Z LB B A h B SR i, SR B R
1%AERVEHEA LB 5537 e rh A7 85 95 (B 95 45 1R IR
) RS RUR B R EERT 4 C (10 000 1/min 4%
B0 10 min, 77 B IR, DOVE D R BT A

2) FELBE VR T A o WSRO TR AR 5 e R O A R
m(E/g) + VOBEFR/mL) =1 : 10 JR4, FI I #
7 I8 20 A9 A AL AR A0 20 min, 4K 10 min , 39 ]
FRELWERE 5 s JFMIRG 5 s, WIS TE 4 °C (10 000 1/
min 58 N B0 10 min, WO IR, BIOAHLEG

3) Bl S5 AL . FPRE R TR B Y TEHLER 4H
A3H 20 mmol/L pH {4 7 AUBERR $h 28 whifd | I Ky
JEY, R A 10 mL Y 0. 2 mL G
WEMA 0.2 mL BERRERZE v i AS I B A 25
H, WIAAE BRI 37 °C 5% 100 r/min pH
B 7, Pl s —A8 it PN W] i e I (25 °C |
30 °C .35 °C .40 °C .45 °C) %% (100 r/min 150 r/
min 200 r/min 250 r/min 300 r/min) ; /i Na,HPO,
H1 NaH, PO, 43 HIECH] 20 mmol/L HIBE R 522 itk
pH {E} 5.6.7 .8; A 1 mL A[RIZEH 14 @ B 1
(K*.Ca™ Mg’ . Zn™ Fe’*  Co™* Mn™ Cu™), i 2
A FR T A B I AR FE A 10 mmol/L, R figt
BHER 6 h, B S 3 AN EE
1.3.3  JEAMRBEEEURBCA R A o A
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Mk[22],
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WA PR AR, 269 A TR 15 min &, A -80 C
UKFEORAE . BRIl A T A TR ( g ) ik
A BRA 7 58 A
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WGS) SR, W HA R4l A R Be i SCPE R A — AR
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BRI T v oG 2 1 G B R PR R AT 4 R X Il A
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F-p- ARG 3- A a2 2 BEEF RN
oy A AR, Hrh HZW-15 KB
T AR FIRRZ A 9 Fh, FIRET A
i BN AT 4 SRR . HZW-15 HZW-1 |
HZW-4 HZW-16,
2.1.2 ERER K LR 4 RIS TR SRR
WIS P T A BIORLBE A IR o3 7 A8 Ak WL 3R
2. FHE 2 AT, HZW-15 B9 R T 03 A foge A 10 5 SR
AP PG 3 - A - P S R A
33.34 peg/mL, [FIET, 538 1 Uron g Exd b, dH iR
A0 L T R A T A R B R R B D 2 3~
AR a5 B

T IR P 48 Y Ry O v K B 0 W A, 2
G35 ARMARI , HL & A R B R A RO RS
Yy, ki S P A A 1 AR W R A R, 4 bR
AT PR REL BB A $HL P 35 00 e 400 A, DA 3R U 7 S
BLAT R R T 28 U S AT B PR, 25 1 LR 3,

3 3 Al A1, & HZW-1, HZW-4 HZW-15  HZW-16
A FHLJ PP O P e 47 A 340 T i T AR R R
Hrp HZW-15 8CR e, 22 B0 A2 A TRk e
ARG, BN, AR TS, 5 GC-MS 4y
BTt 2R F0 e 4 VR A 5 SR R I — 2, P, 4%
HZW-15 {E R Lk bk AT 5 2R oE .

2.2 EBMREFHRLUERSWN

2.2.1 BERRRIE AN [5) i AA R R TS REL I VA T A
P B WL 1, HPOR [R/NG R R TE 0. 05 7K
RS T S N i D= NS I B S R 32 )
40 °C B, R R R Fre i I SOR Bl B Tl A i
R T = 8 A SRR RO T B 3K AT R R R A e
A R R AL A A U SR PRI E (i
R (1 o3 1 R o o (3 3y S P D O S
M AL Sl 40 C

2.2.2 BRER AN [ TS RNV TS 0 ) B i
ULIE 2, HIPE 2 APR, 2EE N 150 v/ min B KL

A1 A LA AR S F T
Table 1  Changes in the content of aroma components pre- and post-fermentation of crude glycosides
ey BRI E8/ (g - mL™")
2 H HZW-1 HZW-2 HZW-4 HZW-9 HZW-11 HZW-12 HZW-14 HZW-15 HZW-16
KM 4.02+0.06 5.08+0.12 11.46+0.05 — — — 4.70+0.04 5.01£0.06 6. 14+0. 06 —
R — 1.82+0. 05 — 3.22+0.11 3.98+0.06 2.09+0.07 2.12+0.08 4.33+0.08 3.40+0.05  3.91+0.07
ToE 0.55+0.07 0.75+0.05 1.78+0.06 1.54+0.06 — — 1.13+0. 17 — 1.01£0.07  1.17+0.08
R — 24.58+0. 13 — 39.83+0. 15 39.13+0.10 15.02+0. 16 26.82+0.13 46.85+0. 14 37.33+0.19 45.93+0. 11
2,4-HUT AW 55.09+0.23 51.64+0.35 83.06+0.26 — 61.18+0. 15 61.72+0.27 61.26+0.33 60.63+0.14 57.27+0.25 67.89+0. 17
F S =M b 1.21£0.07 1.17+0.05 1.19+0.06 — 1.76+0.07 1.85+0.03 1.23+0.05 — 1.27+0. 07 —
G- H-B- "R 7.75+0.09 9.53+0.11 17.07+0.08 26.61=0.19 10.61+0.08 10.82+0.09 10.80+0.06 24.04+0.18 11.47+0.13 13.18=0.05
CA BT 2 —  3.45:0.05 7.110.06 — 480007  — — — 5.370.04 —
F 5 =M d 0.98+0. 04 — 1.40+0. 03 — 1.29+0.03 0.99+0.05 1.07x0.05 — 1.28+0. 06 —
3-EMR-a-EP 2 1.93+0.02 140.97+0.04 4.89+0.05 131.76=0.23 9.75+0.09 12.79+0.12 37.71=0. 19 — 138.29+0. 34 32.56+0. 13
Bt 71.53£0. 78 238. 99+0. 95 127. 96+0. 65 202. 96+0. 74 132. 5+0. 65 105. 28+0. 79 146. 84+1. 10 140. 86+0. 60 262. 83+1.26 164. 64+0. 61
WRZ/% 234.11 78.89 183.74 85.24 47.18 99.13 91.02 256. 43 123.27
AR, T,
A2 BRI G AAEE AAR S EF R
Table 2 Changes in the content of aroma components in crude glycosides pre- and
post-treatment with crude enzyme solution
o N W VA ng - mL™' )
2 H HZW-1 HZW-4 HZW-15 HZW-16
E — 6. 76=0. 04 4.75+0.05 11. 100. 03 6.94x0. 04
R — 20.78+0. 17 11.19+0. 09 18. 08+0. 12 9.42+0. 09
RRERAGIES e 4.23+0.04  15.10+0.07 21.19+0. 13 33.34x0.21 22.34x0. 17
3-SR -B- 4% 22 10. 13£0.01  10. 0620. 05 8. 380. 06 9.12+0. 04 8. 08£0. 06
3-FEAR-7,8- " F oLV LW — 3.79+0. 02 7.92+0. 04 7.96+0. 04 4.81+0.07
jeSan 14.36+0. 15 56.497+0. 35 53.43+0. 37 79. 6+0. 44 61.59+0. 43
BaR R/ 9% 293.43 272.08 454.32 328.90
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Table 3  Sensory quality evaluation results of cigarettes
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- -5 B 2% (1 B 5 K 42 T, i O 1k m i
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h 5268,
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BRI X L AR A 20 1 W 45 B M 5645 BLUR BEAT 5 9
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AL GBI (5515 S N0 M AR 4 R R
e, o Beas R ILIE 5, Bl 5 AT, 7 HZW-15
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Enzymes, CAZy) 481 R H Hmmscan X4 150
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( Glycoside Hydrolases, GHs ) #H 3¢ 2 % 25 4 % K 76
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Fig. 5 KEGG annotation map of protein-coding genes
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AR Y BT BE CAZy FEf#, DI, HZW-
15 REREARARIN FOBEH G, LEAnREfg 3 - —a— 5%
= BE-B-D-HI A AR N 3o 22

80-

60-

FRBEA

20_ I
N | .-
GTs PLs CEs AAs CBMs GHs

Thees|

B 6 HZW-15#) CAZy e R H
Fig. 6 CAZy functional Classification map
of HZW-15

X HZW-15 1) CAZy i 28 5 A A7 56 A i
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BEH R GHI K 8 AR AT GH3 KRRy 2 A2k
s D i o— R A WE T B R GH3T %Y 2 4
FEPURT GHI3 (19 3 AR ; i 6 - R — B — i 20 4l
HEGH R F 2 CHI KIG M GHA Kk, ik 3
AR AT AR O—WEH 5, Ak R ol L B R
T H BRI R 7T
2.4 BEBIBAUREEERSHT
2.4.1 WHFEHEBSBEMAML ETERGE R R,
R o 1 A I 3G 1 o R v 7R B R A RN R
20% ~40% H1 40% ~ 60% I # H i LI & 1 b,
W, J5 2 R B IR 5 18 R BE 20% ~ 60% 1) 2% 44 % H
PREEHEATULUE 73 25 . AT BT IS W 4 DEAE
RUZ M WAL Z TS 20 4 A2 50 WE 7,
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Screening of tobacco glycoside-degrading bacteria and mining of glycosidases

FENG Yingjie',QI Wenyuan®, LIU Wenzhao' ,ZHANG Tingting' , YANG Jinchu',
YANG Zongcan' ,ZHU Li* ,HUANG Shen’
1. Technology Center ,China Tobacco He’ nan Industrial Co.,Ltd., Zhengzhou 450000, China
2. College of Tobacco Science and Engineering , Zhengzhou University of Light Industry , Zhengzhou 450001 , China

Abstract; [ Objective] To develop enzymes that degrade tobacco glycosides and generate aroma components.
[ Methods] A strain capable of degrading 3-oxo-a-ionol-8-D-glucopyranoside was screened using 3-oxo-a-ionol-3-
D-glucopyranoside as the sole carbon source. The genome of this strain was analyzed, and the glycosidase from it
was isolated and purified. The enzymatic properties of the glycosidase were investigated, and tobacco glycosidases
were identified and mined. [ Results] Strain HZW-15 was capable of degrading 3-oxo-a-ionol-8-D-glucopyranoside.
After treating crude tobacco glycosides with its crude enzyme, the contents of aroma components such as 3-oxo-a-
ionol, benzyl alcohol, and phenylethanol increased significantly. Treatment of reconstituted tobacco leaf concentrate
with the enzyme solution resulted in prominent sweetness, a clean aftertaste, and improved aroma quality. Under
the conditions of enzymatic hydrolysis temperature 40 °C, shaking speed 150 r/min, pH value 7. 0, and K*
concentration 10 mmol/L, the content of 3-oxo-a-ionol increased by 2. 3 times. The genome of HZW-15 consists of
5 554 921 bp, encoding 76 glycoside hydrolase genes. [ Conclusion] We identified the purified enzyme
components by mass spectrometry, which indicated that 6-phospho-B-glucosidase, 8-glucosidase, and 1,4-a-glucan
branching enzyme are functional enzymes, providing a reference for the development of tobacco-used glycosidases.

Key words :tobacco glycoside ; glycoside-degrading bacteria ; glycosidase ; enzymatic property
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