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FEE [ H 0] 5 L — bRXT G 48 1 B R 5 AL PR I A TR, O X% T B A W AT M8 R A T K Tl
X AE T M EE ARk o [ D7 vk Ll AL 16S xDNA F7 51 387, 1 1208 R Ge AL WY, 45 45 B MR 25 B ¥ P AIE
WISLZTR R G R T A o I OB @3 (HPLC) B Bk A (LC-MS ) sk A I O 28 5 f Ak = 4. T
TR0 X A BEA T 5 A AT S8 T B e AL BE 0 o T 200 B M AP 9RFT P 38 %) i 2 2 ol B AT o e
TECBE S IR SC R IF X AT Fe AL RRPE T 9T o [ 45 2R 1 Z MR 5 BOAT 1R 1Y 16S tDNA J 51 AR BL 1 Hy
99% , 45 G AR L TR v IR AR AL, M2 58 1% B 0 BT 18 J& ( Chryseobacterium sp. ) BFF T o 5% A7 W) 22 8 30
R KO BT E P ks v R IS T . TRV 4% % 4k 48 h Tl 10 o/ L A 3G ME P R4 1 (7.2 o/ L) 52 2 %%
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FIERE 2 B 1Y 300 A%, (H RAME AR RIS & (R L
FHRR Ay 2 4, X6 i IR W8 R s 55 A — 2 1Yl BT
B, I BEAL HE TR e T B R 2
FIT2% JE A A A6 T8 B g O b b X, 2 G R
AR F U 500 m — 1000 m, L RS (14 3k 5 52 %% U5
R M A BR AR

WAVEET T — PR A 1 R 5 5% 1k 08 00 2 il
R Ak T R AT TS R R 5% 4k SS Ol RS
FEVEBIESE , B 2 1 8 S 5 A 7 AR B2 6 K
U /D i 2% PR R A S PR B Y R S, R R A
TR A 2, I A Ei 4G 0 0 0 BE 5 B A — AR
1) JEL %

1 AR %

L1 #a
1.1.1 W k. ¥ FF B JH ( Chryseobacterium sp.
CCTCC NO:M209202) "' MY 55 4 HE v 16, A% 5
K% o E AR
L1 2 Bk G A ORBURG R 56 W B 3R 2. (1)
WAL F 3 VE B 10 /L, 28 11 10 /L, KH, PO,
5 ¢/L,K,HPO, 5 ¢/L.,NaCl 2 ¢/L.,MgSO, 0. 4 ¢/L, &t
HbE 1 /Lo (2) B A IR AL BRI S HE S
10 g/ LAk, H A0 5 % & 5% A5 FR B A [
113 2 ln A 2 @l 46 0% (SS:72% ) (Filt 46
TFbR e il (SS = 98% ) IR 2 10 45 h #5 JH 35 ZE AL A4
FRAE . FIRESFE (4 =95% ) I (HPLC %) .2
Ji§ (HPLC 2%) . #7519 ( Bl E TAEY) TR
PR S5 A R A ) 5 a0 & K713 (L 1 BE R
YRR RA T ) . CA-1390-1 I )2 i i T
YEG (A 3 4 A7 BR 2 5 ) 5 GNP-9080 [ 7K X
TR 55 IR A6 (RS 2 SE g i A BR A 7))  HD-930
AU B 2 A IR R IR (VL 75 R0 1T 19 3 A 5 36 A %
J7); ES-315 & R 78 13 K | % ( TOMY, Japan ) ;
FA1004 173 #t K °F ( B RPALER ) 5 Agilent
1100 %55 % & AH {4 335 {2 ( Agilent 2\ &) ) ; Agilent 6310
JT i AL (Agilent 2 ] ) ; & 3 B 0 Hl Sigma 3K30
Laboratory Centrifuges ( Sigma 2\ &) ) ; /& & B% 6% #HL
(Thermo electron Corporation) ; H #f {fill 7K #L Scotsman
AF100 automatic ice machines (S. P. A. ),
1.2 EMHHESERE

280 LI L SRAG 3 bk R i A0 4 A AL Y T R
o3l a4 JHIB (JQ. ik 4% Hovh % AL BE 7 d5c 5 1Y)

—tk JH #4755, il o W IR B B Mo A 2 5
FE T EIEAT SEAE o TE 5 B TE bR 09 A b X i O
() T AR 2 ) 85 55 0T A7 % Ak 52 56, HPLC Fi LC - MS
A ERAL Y

O3 T W M B AR IR 1S h (TR
K713 40 7] & 42 L DNA, HIF 16S rRNA 3t X
Py 40 B H 51 4 o 27f. AGAGTTTGATCCT
GGCTCAG,1492r; GGTTACCTTGTTACGACTT,

PCR W& % (50 wL) :10 x PCR Z il 5 pL,
dNTP(5 mmol/L)1 wL,10 umol/L 5[#)4 1 uL,#
Bz DNA 1 L (20 ng), Taq fif 1.5 U, fn K%k &
50 wL, PCR N 2% 14 24 : 98°C #il 42 #£ 5 min J5,
94°C A5 35 S,55°C iR k& 35 S,72°C FE A 1 min, 4t
35 AMEER,72°C 4E 1 4 min,

16S tDNA /¥ J5 , ¥ )7 5] 5 Gene Bank ¥ 31
HEAT HL XS, e HC 12 A 55 B il 5 30 AR AP 5 e 4 i el
&, A W8 clustalx Fl MEGA4 | % F Neighbor-
Joining 44 HE AL AR B
1.3 F#H3HER HPLC &

3% 25 AF : Agilent 1100 &5 ZOBAH 6 1% X, €435
& Kromasil-NH, (4.6 mm x 250 mm) ,210 nm %8
HIKE I, i 3h A R 80% £ BE KW (V/V) , M iR
25°C , i 1. 0 mL/min,

1.4 LC-MS &3¢ 7= # 8 4a il

J i S F: W %5 B T AR (ESI) , % 4k L R
3500 V, iF & DA =X, A R A0 4 IR E 325°C
F#H T :m/z 50 = 1000,

1.5 HE&EH%E

H— s B4 H T 105°C BEAS HE 2 46 o, o6
BCil 11,52 /L (%) Tt 28 1 b 1 75 8, B0 J3E i B 2
BEAY R 5.76 g/L.2.88 g/L.1.44 g/L.0.72 g/L.
0.36 g/L,% 0.45 wm i FL U8 B & , HPLC 5 5 i)
6 NHE S Y SS U AR, 2] SS Mk B — 0 T AR U
Mk RyEbnuEh 2t 5 SS ik 2 RS 4 i, 28
Fav/(1

SS PRUEM L .y (WETHIAR ) =2988. 3x (MK J& ¢/L) +
463.51(R* =0.998)

RS A4 it (g/L) = (JEWH SS Wi - ¥ 1k
WSS &) x RS JEEJR Bt 5t /SS JBE IR ot i

SS Ak (% ) = (JEW T SS B - ALl
oSS &) x 100/ 5 SS Bsfin &
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1.6 HEFRIT SS Wi

JH B0 B 35516100 mL 25 24 h 3G 1L 85 35 10
B 10% (V/V) Befp i A5G AR 3738 78 30°C
(£1°C) 180 r/min (Y& F R % 48 h, HPLC ¥
K SS & &,

¥ B 40 AL . 100 mlL 283 Ak 85 3% 00 T TR &
14972 x g 4°C & U 5 0 12 min 75 %) 15 &, B 1A H
pH 7.0 B2 L 28 vh VU 2 WK, I FH AR 7] 22 b ik
R, EAZE 30 mL RIS B0 E S 408 0 EH A
LA R 10 g/L, 8555 12 h, HPLC 3L A0 SS %

il

JE AN 7 - 100 mL {7 Ak 55 37 09 T R 7] B 2% 1
AT R L A AN

BB A 1 76 JHL DY ¥ - 100 mL 375 Ak 55 37 1 1

Y UR B0 BT A AR T pHL 7. 0 B R £h 2% vh g Uk TR Y

U, I A0 i 22 o R B E o R B ORI

0.5 ho R 20 M@ #42AX T 1% g 8619 KPa R X

79

PR PEAT W, B A2 BERE 3 Ok, S BRI B TR IR T
4°C 8228 x g B .L» 10 min, 2 BRUUTE, BI N ) 4R i
R

JE AN R B B PR SS I B AL - BUR A6 L A R
TR 26 o L S8 00 10 o/ L Hig Hi S0 Ol 4
(o e BE TR AE D 100 /L, A PN L A0 3R 45 S
1 mL 0.5 g/LAAREF- KW, T 30°C (= 1°C) & AMF
XSS #EAT AL HPLC 354G SS & 4

2 ERFpM

2.1 EHEMBESERE
2.1.1  JH & WIS F o V& FRAE : BT 07 35 B A4 AT
ROIEERN, G BAHES, T4 il 7E PDA K 5%
FOAR F A RBEE, EAE 1 mm -2 mm, 2 %
G A %5 BEaRAEY,
2.1.2 JH [E#Y 16S rDNA JF I RGE K E 401 8
L2 7 AT S8 S RGeS, DLIET 1,

99 JH

99| Chryseobacterium sp.(AY278484)

9 Chryseobacterium sp.(EF471217)
0 Chryseobacterium sp.(DQ337556)

Chryseobacterium sp.(F1870662)

Xanthomonas campestris(AF123092)

Chryseobacterium indologenes(EU221399)
Pseudomonas oryzihabitans(AF501362)

28 Flavobacterium pectinovorum(D12669)

Flavobacterium psychrophilum(AY 662493)

22

Chryseobacterium gleum(AM232812)

8B Chryseobacterium balustinum (AY468447)

Flavobacterium aquatile(AF029070)

E1 JHEHREHEUHE

Fig. 1 Phylogenetic tree of Chryseobacterium sp. JH. Phylogenetic tree of strain JH and relevant strains constructed from

complete sequences of 16S rDNA. Numbers in bracket represent the sequences accession number in Gene Bank. The

number at each branch points is the percentage supported by bootstrap. Bar, 1 sequence divergence.

JF B ) 16S rDNA J¥ 51 4 K Ky 1478 bp,
Blast 55 Gene Bank ' (4 1% IR %5 4 it 17 L X 70 #r
ZER G MH 5 & % B J8 ( Chryseobacterium sp.
[AY278484 1) ¢ SIAHMIIE Sy 99% o WA 1 4L
Wl S AT R R G OR R i, 5 H
FHAR J& 8 (0 47 18 J& ( Xanthomonas campestris) | {i& B
M B J& ( Pseudomonas oryzihabitans) 3 Zx 5= Z& W) bt
B, 458 W AR B 25 OM T V8 R AR 23 AT L WA S

S B FT R B A RRAE , (H 5 0t i Al A L A X
A ER 25, K H 8 1§ ( Chryseobacterium
balustinum) 7K A= ¥ AT 7 ( Flavobacterium aquatile) |
Al B KT B ( Chryseobacterium gleum ) %5 22 [8] i) 2% 57
AR K, M UPE AR L 50% |, [H L 25 2 1% Wk & 85 T
W J& ( Chryseobacterium sp. ) 4z ¥ FF # JH, 4 85 FF
B ( Chryseobacterium ) X Fr # ¥ B ( Flavoba-

cterium) ',
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2.2 FYEE

2.2.1  AMARIEXSEEAL WY S0 B RS AR E ST
T B E A A Wb, HPLC A8 0 RS 033 1 4 55 it
), 25 S an il 2 FroR o SS 58 4k Ak /) i 2 0 €6 1% /]
wmE s frx.

g g
5007 w =
RS SS
4001 4 4
3001
]
<
g2 —
2001 bet
o
RA
100 ’
0

0 25 50 75 100 125 150 175
t/min

B2 & RSHK#ZFHE HPLC
Fig. 2 The HPLC graph of RS-containing stevioside.

2 [T UL, RS AR E ARG £ BRI ) O
5.899 min, 5& 5SS 5% 4 e Ak J5 (9 K 0 £ B
i T[] by Ot ) A0 4 W7 Bl 5 o o R e ] 6 Dhy it
2.2.2  LC-MS 3L R0 W) 1 25 <l — 2B 3 = )
AT (LC-MS) 43 #r, &5 R WL 38 1 A 3
JI7R o

£1 HERBUFONEFULORE
BFUFONS FERED

Table 1  The molecular weight analysis of Precursor, sodium
ionized and product ions from the standard compounds and

biotransformation product by mass spectrometry

standard compounds [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
rubusoside 641. 1 665. 2 503.3

unknown sample 641. 1 665. 2 503.3

1R R A IR 3 MhbR
sty AU HUVRE it B B3 20 T 285 51, el 3% 1 AR 3 T L
At A MS 3 b [M - Na] ™ (9 m/z Jy 827.3, K
MS i f = JEE e R B 5O m/z 665. 2, MS2 i i
JEB ORI B T m/z 503.3, FHZK #CEg MS §i v
JEBRIES T m/z 503. 3, 5 45 4 MS2 i 4= 2
R E T m/z AR TR, 6T 2 28 2 YRR 26 4

8273

0
W

2.0 e
1.5
1.0

0513278 i
ol 3ms 4977 64326995 Wil

0.
300 400 500 600 700 800 900
m/z

Intens X 10°

2.5 665.2

2.09
B
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Intens X 10°

o
19

0.0 .
300 400 500 600 700 800 900
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B3 #MEE(A)MIMER(B)HW—RREE
Fig. 3 MS spectrum of stevioside( A ) and rubusoside(B) .

PSR MR, T 2R & — IR B i o 4wl — A
WEERLAL o T A A i BIOVEE A6 7= W) i) MS 33 v F i
KRWEF m/z SRS LM 4546 S s 5
e 2 e A 7 W A 2R o

2.3 HEHFE JH ( Chryseobacterium sp. ) 31 & %
ok 244

2.3.1 JHEXF SS M HHEFAL ARYE 1. 6 SE5 Jr i
AR XS SS B4R BEAT 1 4k, e 4k J5L i A % Ak 58
WAL HPLC EDLIE 4 FIE S,

11.421

5001

SS

AN

4001

3001

mAU

2001

17.561

100+ /

0

0 25 20 75 100 125 150 175
i

B4 FH3EERN HPLC B
Fig. 4 The HPLC graph of stevioside before transformation.

4 5 AL, SS (LR BB E] 11,4 min) 8K
AN RS(AARE BT 6.0 min) o JH [H 51k 48 h
A 10 o/ L G 45 BE VP SS e i Ak, B AL Rk
100% 55 A0 5 W43 8055 5.7 ¢/L (% RS # AL, 7T W,
ZBE T SS HLA i URE I AR
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600 1
500 _~ Unknown substance
400 A

=
< 300

200 A

RA
100 ] “
0 PANAS

t/h

15.363

E5 SSHUZEE£HEFNE HPLC B
Fig. 5

The HPLC graph of completely converted stevioside.

2.3.2 HEANNE ML P BN SS B AL -
W71 1.6 JHH SN 1Y i PN R S I SRR SS 14T
Bl o B PUWCRHE AN SS Ry e Ak i B o A Bt
Az 2R DA A 20 B 00 A I, 3 AR AT LA S
A A TH AR o 3 FRAL ALY X SS #2145
U 6 fros.

100 1

80 1

—HB— intracellular fluid

604 —@— live bacilli

—A— extracellular fluid

40

w'“*/Aw/”4””4

0 12 24 36 48 60 72
t/h

Conversion rate of SS/%

6 LERER,EAMNEXTSS HEL

Fig. 6  Conversion of SS by equivalent live bacilli, intracellular

fluid and extracellular fluid.

MIEL 6 T UL, 76 A A5 TR B A AF R, I A XSS
ML R B o 12 h Ay SS il e fk, If 76 12 h i}
Ak 2355 95. 0% ,24 h WAL 355 100% . JH #
i R Sl A I, SS ANAT A BERE AR, 12 h B9 B
R 53 51 16. 8% F1 6. 0% , i 5K T M P9 T A 7% 1k
AR T LAHE I e AL g e T N T
2.3.3 XN R AL SS RS IR  £E 25°C 30C |

35°C 40°C 45°C F1 50°C %%#F_F,ﬁj\jty'lJ:F 150 r/min %

1k 4 h, IARTHE E X AR 52, 25 18 7 B .
70
65- { ]

o \

55—: / Y

50-
45+ /'

40

351

304 @

T T T T T T T T T r T

25 30 35 40 45 50
7C

Conversion rate of SS/%

B7 BEMELIREZM

Fig. 7 Effect of temperature on conversion of stevioside.

7 ol 0L, 78 25°C - 45°C L N, SS i fh %
BE IR B0 T S K, IR AE 45C A B e, N
65.0% . B RS T = B B AL S R R, O 38 %
Ll 45°C
2.3.4 pH XJ PN fGFL AL SS 5 fE 4.6.5.0,
6.0.7.0.8.0 f1 8.7 A[F pH W h, T 45C |
150 v/min 4L 4 b, 542 pH X} SS HALRY i , 45
W 8 R .

50
—1
u TT—a—un
X 404
&
w2
3
o 30
g
=]
(=}
'z 204 [ |
(5]
>
=]
[=}
© 104 /
[ |
O T T T T 1
4 5 6 7 8 9

pH

B8 A% pH MELHRMIM

Fig. 8 Effect of pH on conversion of stevioside.
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Al IR E s R O SS 4k RS, AT AT
(9 TF % BRI T — 4 Bk A%, ) OB 2 T
25 A DR AR 1 R o T A2 B I A R i AR
LA B R SS LY A B AR T T X i
A PR 4 0E (%) RA N R A, DR e X i 2 0
RA A Yyl g i g it T — R B 7 ik,
FI oA 5 H T3R5 b A ) B aneE | H R T A ik
(MTBE) . Z It T e 45 m B 0 ™™ R TR ¥ @
T BT A T

T8 %ot i 50 8 o v B B AL B WE A b, AT
ARSI R AR A
SE A N AR TE T8 S i B A A 2 T A BT 7
XT 28 1 Y A R AR AL 18 . 40 Oliveira 45 F1] H 27
5 1 ( Gibberella fujikuro) H %54k SS LI RA &
i, R AL ) 3k 8 d, SS Bk R LR T 20% .
Kaneda fiff FJ 2K il 25 fr )7 V€ ¥ B 6T SS #E 47 5% £k L3k
5 v ] P R 2SR (E 5L AL ] 5 3% 80 W'Y

AR T A A B 5 35 1) 2 T BRT 1 2 %o T A 0 2R AT
el SIS AN 4 48 h A 10 g/L Ef g B SS
SEAEEAL o DR I X 2 A e AT TR AT 5 X T A
FIFZEAE P ) & J 8 B AT B 7 3L

%2 X ik
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Identification and biotransformation properties of a

bacterium that converts stevioside into rubusoside

Zhongyu Jiang', Yuru Chen'?" | Hu Liu'

'Jiangshu Engineering and Technology Research Center for Microbiology Resources, Jiangsu Key Laboratory for
Biodiversity and Biotechnology, Jiangsu key Laboratory for Microbos and Functional Genomics, College of Life Science,
Nanjing Normal University, Nanjing 210046, China

’Department of Biotechnology Taizhou College, Nanjing Normal University, Taizhou 225300, China

Abstract: [ Objective ] The purpose of our study was to separate and identify a bacillus that could convert stevioside
specifically. Then we identified the conversion product and studied the conversion capability of the bacillus. We also
studied the enzyme with conversion capability and the conversion characteristic of the enzyme. [ Methods] The bacillus
was identified on the basis of morphology features and 16S rDNA sequence analysis. Phylogenetic tree was constructed to
determine its taxonomic status. The product was detected and identified by high performance liquid chromatography and
liquid chromatography-mass spectrometry methods. We use bacteria media directly to studied the conversion capability of
the bacillus, and use resting cells, extracellular fluid and intracellular fluid to convert stevioside to determine the enzyme
and made further study to learn its conversion characteristic. [ Results] The 16S rDNA sequence of the strain had 99 %
similarity with Chryseobacterium sp. , which was ultimately identified as Chryseobacterium sp. JH. The product of
biotransformation was rubusoside and the enzyme that converts stevioside into rubusoside was intracellular enzyme. The
conversion rate could reach 100% , obtained 5.7 g/L rubusodide solution after 48 h by bacteria media when the
concentration of stevia glycosides was 10 g/L, including 7.2 g/L stevioside. | Conclusion] The isolated strain JH was
identified as Chryseobacterium sp. . It was a novel strain with high, specific ability to convert stevioside into rubusoside
which had potential applications.
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