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Fig. 1 The structure of rebaudioside A, stevioside and steviolbioside.

W= B AF . WA SR R INE 0.3%
F i 1% ,NaCl 0. 5% , 31§ 2% ,pH7.2, y=Wf5s 3
.M A 1%, 5 AW 1%, KH,PO, 1% , NaCl
0.2% ,MgS0O, - 7TH,0 0.04% ,pH 7.0, £ i 25 W &
50 mL/250 mL,

1.1.2  FEKXF AL LS. & 1 (Shanghai Xingke
Biochemistry Co. , Lid) ; 0B @59 ( LA T4
P TR MR 55 A R 7)) 5 160 & K713 (L i H
RETZ AE MR A BR A R ) 5 CA-1390-1 2 B JZ Ik i
HIAEG (B d s A R w) s GNP-9080
AKAE R FRAE ( LR R LR B A A RA A ) ;
HD-930 A4 2H & X 4 i F8 R (VL I8 6 Tl 1l 3 R 5
WAL &% ) ) 5 ES-315 & ZE VR K W (TOMY,
Japan) ;FA1004 173 #7 K- ( B RPALAR )
HH-2 B0 A5 R K i 8 (8 M E RS0 se 88 )5
Agilent 1100 = %0k AH 235 4{% ( Agilent 23 7] ) ; Agilent
6310 BTG (Agilent 24 7)) .

1.2 EFEE

12,1 $2HC DNA: VL5 A 338 v i 8 17—k X it
B WA B AR RE T 1O A T -J2 , AR AR 37 15 h IR
HI K713 40 G50 & 42 L DNA

1.2.2 51¥ 7T 16S TRNA JEP 9™ 44 /Y 240 14 18
5l ¥ &/ 27f. 5'-AGAGTTTGATCCTGGCTCAG-3',
1492r; 5'-GGTTACCTTGTTACGACTT-3',

1.2.3  PCR [ : R 50 wb R RiAA 2, BB A5
98°C 5 min;94°C 35 S,55°C 35 S,72°C 1 min, 3k 35
ME ;72°C 4 min,

1.3 EHEHEAR

Flt 25 5 i H HPLC 34005 |, (435 45 14 : Agilent
1100 = %% W AR 0 3% A%, @635 A N Kromasil-NH,
(4.6 mm x 250 mm),210 nm 285046 W, 3t 2h A0 A
80% & W& K % W (V/V), i 25°C, i M
1.0 mL/min, 5} [A] 25 15 min,

1.4 EiEHuzE"

S 3CHR (6] Ik IFMEIE Yk gl , = i 1 97 2
BEW B 50 mL/250 mL,5% FEFp i A B 57 24 h 1Y
B ,37°C 220 r/min 535 36 h, KB 1776 xg
250 10 min Y B BRI AW . 4 0.2 mL KH
AW, N 0.2 mL B, IR 21 )5 50°C 2 )i 10 min,
A1 mL 3,5-Z /i 5L K 4 B8 ( DNS) i 5] Ji5 b 7K i
5 min, R H 578K E A E 10 mL, 7£ 540 nm T
FE WO B, BGRB8 1 mL il R TE
pH5.0,50°C FHEfL R R 1 min =45 1 wg 7 %5 b8 B
o ) Tl A — N ) B

WEAX N FEAREARMEMZL: y(0D,,) =
1.2064 x (728 & /mg) +0.0016(R* =0.999) ;

B -7 4 Wl 1 W 15 7 62 (U/mL) = 1000 x N x
(AOD,,, -0.0016)/1.2064 x 10 x 0.2 ; H 1 N F il
TR R ER
L5 WMEEEMBYHNREERBNE

i S5 A B 2% B AR (EST) , ZF 4k i &
3500V, 1E 2 A, I H R 40 IR 325°C,
Fil :50 — 1000 m/z,
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2.1 MEEHPFEREYNEE
2.1.1 )2 A KO U FEAE

JoFE O 2 F) 200 T R R B A T AR FTR LG
HAHES S 2 A A, 7 2R A, A R B IR 3T Al
FHEER R W AR RO LA AR
BHW
2.1.2 ]2 K 16S rDNA JE3 R G K & 40

X B AT B> T S E 4 W, H 16S 1DNA
JF 54Kk 1513 bp, [ Blast 5 GenBank H f{ % ik

0.05
—

KRS AT OR300, 45 R R W S8 R E
KZE A B ( Bacillus megaterium ) ) A8 {21 P ik
100% , N AR A% (18 2) AT RLE i, % 5 Bacillus
megaterium TAM 13418 ' Bacillus megaterium C1 .
Bacillus megaterium MP-5 F1 Bacillus megaterium
strain rif2008100 B # B JAE — &2, Wl — 7%, 1 5
ZEAUFF R A9 B 4 P I Bacillus subtilis NCDO 1769
" Bacillus badius ATCC 14574 " ; Bacillus cohnii DSM
6307 "AF TR KR Z ] 2 S AR K, T LSS S T
E R ZE AT B ( Bacillus megaterium)
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Fig. 2 Phylogenetic tree of strain J2 and relevant strains constructed from complete sequences of 16S rDNA. Numbers in parentheses

represent the sequences accession number in GenBank. The number at each branch points is the percentage supported by bootstrap. Bar,

0. 05 sequence divergence. T, type strain.

2.2 FEEHHMRK
2.2 1 BRSO 7 O R 0 < DA A L FLE L R K E
H AR S VE by RN AR B SN TRl B e R (B 2% ) T pH
7.0,37°C . 220 /min ¥ 3% 85 35 36 h, % W &
50 mL/250 mL, %5 SRl J5 0] TR Bk ™ B - 48 W 1T B I
pARiiE A S

B3 AT UL, K UE AR Al U B R
B -1 2 Y i O ) e i, 3K 23.56 U/mL, DLK B g
13 Ry e U5 B IS 00 11,49 U/mL, HA DL EOKTE By
A R i 5B 1 48. 8% , 48] 2 W A Ay ik U5 B 5 il 3% )
B ik, AR 0. 83 U/mL, B4 v i U5 W 5 K BE# .
2.2.2 FIEXFEERSZ M LL(NH, ) ,S0, JRFE (&K
FUVR EEREE OO A5 AR [ & i 2% |, B8R A
TR X B -4 4 A TG T A S, 45 B DL IR 3 TR .
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Fig. 3 Effect of carbon source on B-Glucosidase production. 1.

Corn starch; 2. Cassava starch; 3. «-lactose; 4. Bran; 5. Glucose.
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Fig.4  Effect of nitrogen source on B-Glucosidase production. 1.
Ammonium sulphate; 2. Urea; 3. Defatted soybean; 4. Yeast

extract; 5. Peptone.

2.2.3  ESIAS 0 B IR L 2R AT T, )
TR KEMEERILE 1R 2,
#1 FEHEHELG) EXKEERKAF

Table 1 Factor analysis is table of orthogonal-
test of enzyme production
A Corn B Defe C
Level slaijl /% soybz::/e;o MgSO, /% D S5/%
1 1 1 0.01 0.05
2 2 2 0.02 0.2
3 4 3 0. 04 1

®2 FEHEMHLG) EXRRBRER
Table 2 Factor and level table of orthogonal-

test of enzyme production

Test C D B-Glucosidase
number activity /U/mL
1 1 1 1 1 40. 64

2 1 2 2 2 13.70

3 1 3 3 3 6. 66

4 2 1 2 3 96. 04

5 2 2 3 1 153.93

6 2 3 1 2 196. 34

7 3 1 3 2 674. 40

8 3 2 1 3 439. 41

9 3 3 2 1 228.03

K1 61 811.08  676.39 422.6

K2 446.31  607.04  337.77 884.44  1849.15

K3 1341.84 431.03 834.99 542. 11

k1 20. 33 270.36  225.46  140.87

k2 148.77  202.35 112.59  294.81

k3 447.28  143.68  278.33 180. 70

R 426.95  126.68  165.74  153.95

I(l‘;s]mal A3 BI 3 D2

e

M2 AT, K404 A3 Bl C3 D2, ik
e 3 B A 1 5 R e Ry oK BERY 4% , KEKIRY 1%
AR EE 0. 04% ,SS 0.2% , £ 4 R Z i, fe YT 7™
it %) 5 ) i W 2, G AILER AN SS Wz, BB /. FE
I ML 44 T G )T ik 674.4 U/mL,

EasupE i F U NS IS S o
55 I MR KoK TERY 4% , GOHIB 1% , B R B
0.04% ,SS 0.2% ,pH7. 0,3 F 1 10% ,36 h,37°C 4%
T, B -7 % W 1T B TS M 779. 68 U/mlL,
2.3 EXF#W#FE-J2 (Bacillus megaterium-J2)
BB E WL

100 mL AL h it 35 B B2y 1%, A 10%
(V/V) B, pH B 4K ,7F 37°C (180 r/min #%4k 3 d,
HPLC W5 % AL AT J5 SS 1 RA (W Lt 7l 45 3R R
(& 5-AB) , Ft 4517 SS K ik B i RA 4t LA fi
FEAAS Mt RA A 4l B2 45 B A i $2 . #%4k 3 d
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Fig.5 The HPLC graph (A) of Stevioside before transformation by
B-Glucosidase and The HPLC graph (B) of Stevioside after 3 d

16 18 min

transformation by B-Glucosidase.
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AR 10 o/ L B G M Wb SS E s FEME 74% 5 dJE
SRR A A R A OB R, R i R EL A AR
(R Al R B . A S 36 v S it ik | A R 48 0 L
il (RA/SS) ALY 0. 38 L 7H% 0.99,
2.4 HUFUHKRIRER SR

XoF I 4 W 0 1R Ak P W 54T T HPLC-MS 4347,
SR 3, R 3 WU, H g OB EC A MS g,
[M-Na] "y m/z Jy 827.3, 3 MS 3% b = B i K1Y
BN m/z665.2 ,MS2 i b AR IYE + m/z
503. 3, FH 23 AUHE R MS 15 EER RIE TR
m/z 503. 3, 545 17 MS2 % F i K B+ m/z
AH TR, 150 B 28 1 0 224 ik 1) v B oAy 40 2 0 B0 T
A HURE i B G A6 77 ) i MS 335 v =F B8 o5 KW 85 1
m/z 55 it 45 BOE B 58 42 A0 [\, 8050 B i Ak ) ok
At 25 O K

R3I HERBUFUNEFUYORE
BFUFUR S FERIESN
Table 3 The molecular weight analysis of Precursor, sodium
ionized and product ions from the standard compounds and

biotransformation product by mass spectrometry

Samples [M-M]~ [M-Na]~  Main product ions
stevioside 803. 4 827.3 665.2, 503.3
rebaudioside A 965. 4 989.6 827.3,503.3
steviolbioside 641.1 665. 2 503.3

unknown sample 641.1 665. 2 503.3

555 2 R b, A RORE U 5 5 R i A
(943 B, T2 A O B A5 A 19 17200 R B4 S i ok
FUE B H 7454 vh RS — 40 FRRBE Rl — 5
Filt 2 W 1AL, Tt 4 U BAE R 25, K i A v B
AL ) AR A S b A R e A A S I SR, I
I B A A5 ) A FH AR 1A
3 it

TE I 38 W5 00 158 2B ) B AL T 30T 9F 52 b, Nakano 45
B T T I A TR T R A A OB SS Y C19 {7
FRRE T R B, Kk I S T -0 0 A il SS B
e R E RO R A A RCR R E A T
VR 1 B LR 2F AT B 2R ™ B 2 T AE
J3, R T2 Bt T4 I 48 T 2 B M I A, E I AT i RA
1) 4l B 1% B $2 /. Oliveiraa 55 1 it 18 T 77 % &
Gibberella fujikuroi W [ fift It 44 11 , 10 B fi#% B 18] 75
7-15 d, %4k 8 d JF KR FAIIET 20% 1, A& TR
FHP O 2 09 B R ZF AT W &8 3 d 1 &6 Ak, vl d
10 o/ L35 B W P 19 SS ek T4% 19 fife 3 i A1 34
e B, FOOR ZF A T 2 e AR AR b ) 2 i

(2 A bR R 2 A RS T T

BLOR 2 AU T 7™ 22 B i , 60 355 21 H0RG 7 249 W 4k
FeAp g R BOREEG Y T M S B A
PRI L R 2 FRAT Tt e P 1 LAt — 28 ) o ) (AR
Fedbo i ARG T s Ak = S5 I A5 I (ent-
16 beta-hydroxybeyeran-19-oic acid)"*" | % {k, X} 5 3t
IRFE IR SR I A2 Ak A K 2E F0FT B Bk
DAL AW AT R AR R E K 2R AT B
B I P T A 4 O A TR v aRaE

%% Lk
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Identification, culture optimization and biotransformation of
a stevioside-degrading bacterium

Hu Liu', Yuru Chen'?*, Zhongyu Jiang'

('Jiangshu Engineering and Technology Research Center for Microbiology Resources, College of Life Science,
Nanjing Normal University, Nanjing 210046, China)

(*Department of Biotechnology Taizhou College, Nanjing Normal University, Taizhou 225300, China)

Abstract ; [ Objective ] Our study aimed at screening and identifying a specific bacterium capable of degrading stevioside.
We also studied the conditions of enzyme production and stevioside conversion. [ Methods] Taxonomic group of the strain
was confirmed by physical characterization and phylogenetic analysis by 16S rRNA gene sequence analysis and
phylogenetic tree construction of the strain. The optimum conditions of enzyme producing and stevioside degrading were
studied by single factor and multi-factor statistical analysis. Degradation product was detected and identified via liquid
chromatography-mass spectrometry. [ Results] Based on the result of 16S rRNA gene sequence analysis, the strain named
J2 shares 100% sequence identity with the sequence of the Bacillus megatertium. The activity of beta-Glucosidase
produced by this Bacillus megaterium strain was up to 779. 68 U/ml with 4% maize starch, 1% defatted soybean, 0. 04 %
MgSO, and 0.2% stevioside as culture medium when fermented under the condition of pH 7.0, 37°C, 220 r/min and
10% inoculum for 36 h. The results of conversion showed that 10 mg/ml stevioside can be converted to steviolbioside by
74% after 3 days which has been identified by LC-MS. The ratio of rebaudioside A and stevioside was increased to 0. 99
compared to original solution 0.38, which lead to 160.5% increasement of rebaudioside A in the relative amount.
Stevioside can be converted completely after 5 days. [ Conclusion] The isolated strain J2 was identified as Bacillus
megaterium. It was a novel and safe strain with high, specific conversion stevioside to steviolbioside ability.

Keywords: stevioside; biotransformation; rebaudioside A; B-Glucosidase; Bacillus megaterium
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