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Research progress in the production of a-arbutin through biosynthesis
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Abstract: Arbutins are a kind of natural glycoside compounds found widely in nature. a-arbutin, one of its isomers,
has received increasing market attention due to its efficient and safe whitening effect and other excellent
pharmacological effects. Studies have revealed that the production methods of a-arbutin mainly fall into three
categories: plant extraction, chemical synthesis, and biosynthesis. For the plant extraction, raw materials are widely

available, and the process is simple, but the yield fails to meet the requirement for large scale production and

Wi BHA: 2024-07-18 {&EIHHA: 2024-11-08

HESE: BREARZES (31970346), HIEBARZES (LY20H280012); IHEREITE (2023B1212060046) ; M mREE S (20191203802,
20150932H04); HMNIBERFEH SRR EZRAF N ERE

SIFRAY: HRA, BikiE, B, itx, TZH, MIT, T, KWE, NRE, TEH, DEE. EMEREEF - ERRENHFEREI] GmEWE, 2025, 6(1):
118-135

Citation: ZHONG Quanzhou, SHAN Yiyi, PEI Qingyun, JIN Yanyun, WANG Yihan, MENG Luyuan, WANG Xinyun, ZHANG Yuxin, LIU Kunyuan, WANG
Huizhong, FENG Shangguo. Research progress in the production of a-arbutin through biosynthesis[J]. Synthetic Biology Journal, 2025, 6(1): 118-135




$6% www.synbioj.com 119

applications. The chemical synthesis has a higher yield but with harsh reaction conditions, and thus is not
environmentally friendly. Through research has found that the biosynthesis of a-arbutin has higher yield, safer
environment, more competitive cost and other advantages compared with the natural extraction and chemical synthesis
as well, making it the mainstream production method. This article discusses the advantages and disadvantages of
different synthetic methods and studies on the seven enzymes commonly used in the biosynthesis of a -arbutin
including a-amylase, sucrose phosphorylase, cyclodextrin glycosyltransferase, o-glucosylase, dextransucrase,
amylosucrase, and sucrose isomerase. These enzymes use different sugar donors and catalyze the transglycosylation
reaction with hydroquinone as the receptor substrate to synthesize a-arbutin. Additionally, we provide a comprehensive
review on research progress in the whole-cell catalysis and microbial fermentation to produce a-arbutin, and potentials
for its industrial production are assessed. Furthermore, we highlight challenges that exist in the biosynthesis of
a-arbutin, such as the oxidation of hydroquinone during synthesis that increases cell toxicity and reduces the yield, the
low utilization rate of glucose and the generation of other glycoside products, and the poor performance of
experimental strains, and corresponding solutions are proposed. Finally, future directions for o-arbutin synthesis are
prospected, with the aim of providing new ideas for achieving more efficient and lower-cost production of a-arbutin

and enhancing its applications in the fields of cosmetics and medicines.
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Table 2  Studies on extracting arbutin from natural plants
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Fig.2 Synthesis routes for various arbutins

(a)1,4-Benzenediol; (b) Chlorobenzyl; (c) 4-Benzyloxyphenol; (d) 4-Benzyloxyphenol acetate;
(e) 4-Acetoxyphenol; (f) Acetylated glucose; (g) Acetylated arbutin; (h) f-Arbutin
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(a) glucose; (b) 2,3,4,6-tetra-O-acetyl-a-D-glucosyl chloride or bromide; (c) f-Arbutin
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Table 3  Arbutin production from hydroquinone catalyzed by different enzymes
52 S K (3N BRI
Sucrose phosphorylase Streptococcus mutans UA159 Sucrose 2:1 72.4% [43]
Sucrose phosphorylase Bacillus velezensis Sucrose 41 44.09% [44]
Sucrose phosphorylase Leuconostoc mesenteroides ATCC 12291 Sucrose 501 99% [45]
Sucrose phosphorylase Paenibacillus elgii Sucrose 501 60.9% [46]
Sucrose phosphorylase Lactobacillus mesenteroides Sucrose 20:1 95.3% [47]
Sucrose phosphorylase Streptococcus mutans Sucrose 6:1 80.15% [48]
o-Amylase bacillus subtilis X-23 Maltose 2:1 9% [49]
o-Amylase bacillus subtilis X-23 Maltotriose 2:1 22.4% [49]
o-Amylase bacillus subtilis X-23 Maltopentaose 201 24.8% [49]
o-Amylase bacillus subtilis X-23 Soluble starch 2:1 32.4% [49]
a-Amylase Thermus thermophilus ATCC 33923 Cassava starch — 83%" [50]
Amylosucrase Deinococcus geothermalis Sucrose 10:1 90% [51]
Amylosucrase Xanthomonas campestris pv. campestris 8004 Sucrose 80:1 95% [52]
Amylosucrase Thermal spring metagenome Sucrose 5'1 75% [53]
Cyclodextrin glycosyltransferase Thermoanaerobacter sp. Maltodextrin — 61% [54]
Cyclodextrin glycosyltransferase Anaerobranca gottschalkii Maltodextrin 6:1 25% [55]
Cyclodextrin glycosyltransferase Paenibacillus macerans Maltodextrin 6:1 20% [55]
Cyclodextrin glycosyltransferase Bacillus stearothermophilus NO2 Maltodextrin 6:1 14% [55]
Cyclodextrin glycosyltransferase Bacillus circulans 251 Maltodextrin 6:1 11% [55]
Cyclodextrin glycosyltransferase Anaerobranca gottschalkii Maltodextrin 6:1 63% [56]
o-Glucosidase Xanthomonas campestris Maltose — 72% [57]
o-Glucosidase Xanthomonas campestris Sucrose 9:1 94% [58]
Dextransucrase Leuconostoc mesenteroides B-1299 Sucrose - 0.4% [59]
Sucrose isomerase Erwinia rhapontici Sucrose 5001 33.2% [60]
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129.6 g/L, SABREFEALEN53%. Yo, FMELE
DA B 28 AT B o e 3, DASKE 2R 1 AR RE A S
Yy, RUERIERIET AL REEERE (Streptococcus
mutans) ) FE BE B IR 1L 8§ SmSP™. B 5 X
SmSPP AT B Bh AL S 2 48 DB G 3R0E, I
WEHABRLZA N6 1, a-RERFH™EA
99.14 g/L, AR BE /R A Z0h 80.15%, AHLIL T
RINBEMEA R IE 5 T 54.5%. T BE W R A0 g Sk YR
Iz, WEEAATT, BaEi gAY R AT LK
KA HAE R, 0] NG G 5T B & K o- g
FRE PR E B SR

4.2 o-iEWMES

o-JEM B (o-amylase. EC 3.2.1.1) & —F 1]
PR K A, v DAZK AR E ¥ 55 2 SEBE N a1, 4-
PR, PR R ERE . N N
FITRE A0 /D B 7 ) B o o-VE B 8 R TN T K i I 1Y
GHI3 X%, efEALEKE - qgw, /I
(B/a)-barrel "o - Ky Bl (1) SRIE 12332, AT A
Y. EY . AR IRE . EY TR a-TE R B
TEAEARFR TP K B R SE R, s
(1) - JiE Koy Il o 1 pHL R A B o it P 9 R A A, T 4
[V, vl N N Y NP % NS [ P % = B S T T A
1 PR N A S R o DRI L, A B - R B A Tk
AEFERE . I8 IR b A B Y o R B — A5
RIL, SRR F 52 R BOR, H2EAM=2
gh M) B A B AR AU, X U B o-E R I 1Y) D e
H5=ZREMBEME, a- i MBFFEELIEA. B
MC=Agikgid. S5 A AL d o, 2
(B/a)-barrel 4514, FHAFE T H o- €K B+ . 25
B 5 EMFr Rk A K, S C EiEtESd
ORGE, HEARRE, TaMEmEEE xR,
o-VE By B 4 AL AL A OB E e bL ], R — IR E R
W TR RO B R R AR . B IR E A, g — A
0T - AR R R % sCBOE K o> TR i e, 13
Bl o~ =4

1994 £, Nishimura 25 ™ B &R iE 7 X T
o-VE KD B FH TG B - BE SR IO 9T, 1K EAG 5L
EHAFF B (Bacillus subtilis X-23), 24 DLZZ 2 Fi |
FEHEZWE EIF TR VR VEVE R b R A
ERESEB N2 R, SR B IR T AL 2 43 )
N 9.0% 22.4%. 24.8%. 32.4%. 5 HEBER 1k
BEAHEE, o-VERBERILH T Z MR B, vk
At a-RE R EFRME Z MEEEJ7E. 2020 4,
Rudeekulthamrong 55 " DA 25 & ¥ A i 14 2 7,
DA o- B SR R B- R SR E O 2 ARy 7, dEad EAH E
K7y A R A 1) 2 B D Ak S LG B ou- BE SR T - 0-D-
1 B-RE R F-a-D-FEFF o a-RE R AT EL B-RE R {ETE
Ky B AL T P A9 R v oS VR AR R 3 R
WA TR W) BN o- R R -o-D-H
H (a-Ab-0-G) Ml a-fERHH-0-D-Z FHEH (a-Ab-
0-G,) o PIMBEE I KIETELL o-RE R B8R, HIF
FEXT N BS A TR B B A 7S PR o IXFhARE P 1T B8 2 Bl



126 BRENE H6B

USRI AR R B . 34N, I e
By o, o RESRTEVKIE. BEKRE. pH. LIS
Rt 1% 6 AL, A T B 83% IR EF =K,

4.3 EHENELS

Ve HENERS (amylosucrase, EC 2.4.1.4) J&—
Tl ) p S A Rl Y, SRJE T GHI3 KR, & —Fh
ZUIReRIRERERI G . BA 2P BIEAL, DA
thRA . T BT KRR AL 25 2 Fh S .
HiB THAAMEEK. REREIE&SEMS, £
B A AT & IZ N o VER IR g A
T o-FEE B, (AR o T 5 8 B & FhAERE S
ARG b, TRRRE P E R EY) . TR
FEAERAY 2, SRR AE 6 PP B IR 38 R I Y
TR O AEAE ), H 2 W4 SR R P U o R A
Al () G R 2L (R A5 BN o 22 00 2% JBE BR AT i b IR
g HA AN kI, 5 R B TE YA A
F) FLAt GH13 SR (R 7K fd B A B, € Ko R 0 Il 1)
PEAL FUE 73 T R FAR R s

2012 4F, Seo % Y MHWER#NE (Deinococcus
geothermalis) " AEACTER) RERERE, T2 BRIEA
PPN VE Ry R BE B v B A M HIE R, Seo SEAE
BE ST HOIN T A IR AR o S e 1) 4 A Il
EREFE S ERE10 D 1IEET, BIhé K a-BE R,
SRRV B R B AR TA 51 90%. 2019 4F, Zhu % ) 7
LN 0] (Xanthomonas campestris pv.
campestris 8004) T % HUE R BERERE (Amy-1) .
%A B AR R, eaiiE, R
pH 7.5, M®FE35 °CHAF T, BEWE S SR 1) BE K L
80 LI, BEIREALARIN95%. it R pE
SR LU AE T B A2 PR O SR I AL T D 6T Amy-1 B
BIHIER . 54h, R 44 i i fh ik mr B B Fx
BN S SR IWIE ] . 2021 4F, Agarwal % &
S5 — MO I U B BE B B Asmet JF HEAT B AT
Asmet BE DLEEBE BB BL b4k, R AR dE RIS
BRI EESARES 1, &MB48h, SR
WL N T5%.

4.4 HREHERIETSES

POMKG BE 5L % R 1§ (cyclodextrin glycosyl-

transferase, CGTase, EC 2.4.1.19) & —FK s,
)BT GHI3 50k, AILAMEABE . 224 5F R P AN
B 5L 5 A ) B R AW AR R RIRS (cyclodextrin,
CD) "o FRRIRE (1) 2 7 5 46 D b 2 1R TR [ £ 7
EIRARGE R, NER B KIX, A5 oK P
MR, BASEKME ™, R CDER A
7], 34 W] ORE IR M) RS BE R B % B8 CGTase 77 N
a-CGTase. P-CGTase. y-CGTase. A HAE b 5t %
B EA S a-iE BRI AL By C =4k
DLEHFFA M D, ES M. [HREERNLE, C4
FIRAEAE T IR VER I 45 G A o 7 D 4 M &
B-HAR&S ), AH L R AR AE T PRRIRS 0 5 5% 72 g
o U4 E G E TR RS A AN, HERX
(19 Th B8 55 Ve Ky PR RE S R R B A o0 s BRI LA
HEAL VY FAS [E) R BSCRE 43 A S T A J
B B A O DA B KR S T T = A 3 D e
N, FEEMm. L. EAETMAH £
&

20224F, Zhao%§ B il % 7 —Firlr A = kL5 1
SCHEFF BRI T — o i I L5 R TR 7 . 1l
Y T 52 PR RIT RS 1 26 0 B 5 R i () AL R Ak, OF
il A U BL A, DU 36 28 7 20 4% o-BE SR .
5 mg/mL & ZE BRI RS A1 10 mmol/L X 2% — )y 43 7]
VE o- & FEF AR WA 10 00 7 260 0 2 (AR RS2 4k . AE
ALK TR, a-RER T E40 °CF 24 h WU ZIA F|
61%. 5K CHSE W IEHE T RIS [F] 1 4 Fl MR R
PEER LN S R o-RE R T HATH A, 1F
40 °C. pH 6.0 %11~ , FFFWEMIAS 5 & MR L 4
N6 LI, SRR T RV R T R A A B
(Anaerobranca gottschalkii) 1] CGTase ] &l #% 1t
i, L3 25%. XA gottschalkii CGTase HEAT
T, RS2 AR AT B I I 2R 299 2 FEER AT
KA R RAAK Y299A, XD T IRV S 456141
PR T 2 R ) A R A2 BHL, R A R B R SR R
TR AR S 1) JEE IR B A R T 0K 40% . 2024 S X
5% ¥y 25 U A BE R F 4. gottschalkii CGTase K I
INHIRS H w ME B R AT R AL, DL PRI A
fefk, XK TE N, BAE R e-RERTE, &
SE T AT S AR A I J5 49 B R AR Ak 4gCGTase-
F235G-N166H, 7£60°C, pH N 6.5, F##HHKs 5
AR Ne 1, AR a-REREF &R
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154 g/L, ¥ALRAIE63%, B RREHILIER T
42%.

4.5 «-BEEEEE

o-#] & FEF S Ca-glucosidase. EC 3.2.1.20) &
— BT AR REE K EREE, 8] LUEA o-1,4-
B B ) KA, R o 0 W AL B W 00 D
PEA Sy —MAE Y. BR T KM SR BLAE, — g
o H] ) B EF Bl AL R A R A TE 1, T DA AR
FEEH MO ", o~ E M EELE B RSP AE
RS2, AR F B NG 2 B3R, Bl i
WEINRA W (Thermoanaerobacter tengcongensis) "
AR TE (Acremonium implicatum) ) /4y B
M o-HEEE IS . DECRIE TS S5EY, W
e FE WL (Culex quinguefasciatus) . 1R 12
%  (Hyophilla nymaniana) ™ . 10 H AN [8 KI5 1
o] 0 W Y B FLRR I AR 2 BOK

o= 1 ) W T AR 4R A R e MR T BL AR O =K
I Y o8 7Z6) AR EF B At 2 7K A S5 R G, A B
102 s e /K e 5] IS, 22 25 b AL S 1A
FRAL, AR AT DK EE R, ety Y. MR 48 4
AT LA 70 9 TU AR H K i Mg X 1R . GH4. GHI3.
GH31. GH63 f1 GH97 ™. I #!J&F GHI3 K &,
11 ALA0 T2 J - GH3 1 5% ™

o~ ] 28] W Y It I8 e A A P AR AR R B A L
YNGR R, U2 a-BER T . HRAR
{147 ou- 71 260 W T X SR 1) A A S LAIE ™ 2023 4,
Wu 25 U7 ik 5 ok 5 S B (Xanthomonas
campestris) 1) o~ % BE 1 1§ AglA I 05 S JE TR %
£ Leucine145, 5f 1% 5% B bk & 1HE AT 0€ m A AN 5
B, R T AR T2 AR AER L1145V,
e R ARSI AL, R 3 h WABR L 21k
N 72%. MESRGE T o-WEE RS, NEREL
o-BE R E SR L B AME S E . FEER RS BV R
I RVE T X, campestris W) o-FE EF i 3 (R 33847 57 YR
Fak, MR T A a-RER T R E o B8 H 5
HHAKWITE, e M A 85 K o-HEH .
FfEpH N 7.0 % MF T, MRS EMLILL 8901, &
R212h, 4 a-RERE WL 105 o/L, HALFN
94% .

4.6 FERVEEVELS

B WEREFERF (dextransucrase. EC 2.4.1.5) X
MR RN, R TR KRS GHT0 K ik, =&
— PR R o- R E B, T DU A R BE AR A B Rk
RSB SRR RO SRRE T R BE R R B2 AT AE
T, MY, wAEdH, ETEMH, BT
THCAE ) SR R P TSR0 R R I R A A . S 3RS
S R T BRI BT K 2 B TR TR A e L
A—YMEMEW, BFEAES K. NAR A&
X o R ST R Ak 45 AL RN C oA s A 26 i &5 A 8
WEE R AR KR, H R 4 A5 R0 I B ) & k45
¥ C AT . 73 %N GTF180-AN(1). GTFA-AN,
GTF180-ANCII ) f1 DSR-EAN123-GBD-CD2 ¥, #j
SR TR AR T B AL = PN R P RO, AR R A
I 0 W A IR o MR AR 7 A 1 A S 5 A 11
ANTE], SR B R RE B 0T 23 A e bR I A A
RVERERERG . 200 R RE A . 2SR B T I A
by IR BRI o JE R SR, A T I A I T
PLF= 42 & P A 28 AR R WS AVE 2 B AR Y03E v )
B o

Seo %5 " DUABRAE N WE L 52 0, REWEAE it
&, FIFH AR BH BBk TE (L. mesenteroides) 117 %
B RE RS Y o-FE BT . 7E28°C. pHS2 44T,
IS T 49.5 g/L AR A1 73.7 /L I RERE, AR K
0.54 g/L ] a-RE 7, SR BE R LR AR
0.4%, XUl B ZE A E G H T A7 a-RERTT,
HIR AR B T 6 A o- BE S I AH S 7L

4.7 FEHERNES

JFERE M B (sucrose isomerase, EC 5.4.99.11)
e MR E SRR W, )R TR K AR GHI13 X
T o ERE S AL Wl ELA KRR SR AT, AT UK JRE
BT o-1, 2-BE B R AL N o1, 6- 8 HF B
HE T S 22 SR A RE . RS T A B SO iy 4
B, R RNE, BAREFNREENE. )
G R WS M A R R 22 A P H R RE R v B
)2 N T A A 7 e 2 S A R R
Kl B A YR R, 2 SO A 5 v A A8 7 AR
AR, 6 %) 05 A0 SRR 2% 38 A% 8 K 5 4 1
IR, AE A X A R SE A ) R B s
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FEVE MBS 2 A T A, HRIEE
KNGy B0 B SRR A7 B 5G i, Zhang 55 Y #
i 75 % Erwinia sp. Ejp617 T ¥k v (1) 1 B 53 1 Bl 5
[AIJTE E.coli BL21 (DE3) W Ri#RiA, HAFM
JHE A S M B AT 300.0 g/L JE BE 5 468 240.9 g/L 5
FEEEAE, FALAik 80.5%. Zhang & U i@ E
B AN KVE T Klebsiella sp. LX3 B kk 1 E BE 744
B LR (Pal 1) AT 40 720, ) 2 B AR
Glud98 1 Arg310, 50 °C2&PF T 135 I L KSR g
e 1L AE, B S R R B AR A
27%.

2011 4F, Zhou %5 " jd i X K 3% WK S KB
(Erwinia rhapontici) W) &S 7 4 B 247 BF 5T, X
A OIS RN R R R AT B B, TER
AR AL G, AR F29TA 4y F 1) 5 B 4
(1 O3 1 L R ARS8 N 1 4 £ o RAZAR F321W %)
LB I B AR 33.2% $ETH 28 88.2%, HLALRIETF
THE, WESa-RERT LR T H
BWZEE X

Bkt T A= o-RE R H B A BENL R, FE
Re/b, IR H R, &S DA, 54k,
A DLUE S s, AR TR A T
2 T BT T R R AT 07 0 AN 280 DL SR A5 5 v 1) B
M= 2e ., BIRBHEN AR Z, (AHARRAFER
FA T AR 72 B G 508 e PR AN, 7 B0 Al AT
WS, HoA T 4 RE FLOE MR T B SR A
W TR AR R E A, T EME R,
KRR RN T N . AT X —
S, BT SRR A A A VR AT o- R
HHER=.

5 AUMIEALIE A o- BT IIBT ST

A A A VE 2 Tl AR o RE RN E
Bz, IR 58 B AN R R i A A
90 AR &R, IR SR AE R R R
AR, "E K a-RERH . 2
AAE AR PR T I I 75 S 0F 40 1 HE AT B W
2 [ E S5 1R R, 3d AT DL ELERAE N AR AL TR N
IR R R P REAT AL, BRA R, &5 G
. ST KT ZMBEER GRS TEEREN

2, MM AN T, ARMEIISE SRS
SRR 521, (H X R MR U B AR
PAER o BT DL TR 0 SR v B kAT SE R IS,
DU BRI 7 ke I8 21 v ik B e A o R 4 40 i i
TR 0T BB (AR 5 52 A (1 JBE R LU BESR AR, BT
T ER = M RERE W AR IR T o X 2 R A v VR B R R
B R DL B A R0 PR /K A 22, 3K 5 I A A )
At B AR S REARABL 0

2019 4, Zhu %5 ° Xt BF i 3E 9 RO B
(Xanthomonas campestris pv. campestris 8004) i
e VR HERERE (Amy-1) B, TR E
B, Amy-1 B S5 — M a] DA e 250 o SR
HEAT B I S BT, {HL R 6t AR 1 AR Ak P P R
FRURE, T 4 T AR e ) R L HE T SR 1 R A = 9
HAE &2 Eaapmit 2y,
AN E/RL NS D115 01V, Ao Rk
95% F199% I BE /R AR . i 4b, AT SEHP K
A7, ZhuZE IR AE 5000 L )R BEGE 1 52 % T 3500 L
F14000 L J S AR Z A 7=, i ok SR I 4% AT
SrHEANEL, ODy N 10 IR EESRAE T, m & o-fE
T EE 9 102 g/L #1108 g/Lo X% a- A8 B HF (1K) T
WAL= B IR S I S0 E .

2023 4E B Y K ok ¥ T Leuconostoc
mesenteroides ) i H T 8 A0 B 75 K AT B Hp S 3%
K H TR AL SR AT B T — PREGE PR KRR
A 161% I RAZ K RI37F, fEpH 7.0, 30°C. Hik
ODy,, /9 50 (R I& 2610 R, /I 28 — Wy, 4E
S5LORFEHER N 24 h, HH R KL E o-FE R
R8N 11.93 g/L, BEREAFEN6.5%, R
SRIUBE IR = IR 5 1 47.5%. 2024 4 2045 P i@t
W7 B & ¥k (Leuconostoc mesenteroides ATCC
12291) [ 786 W Bl R AL g R 2 N K T A v, A 22
T M AR o-RE R TRER MR fEpH N 7.0,
FEFE S AR N2 1, AT L 20 °C, AR
OD,,, N 401}, a-RERTFF SN 158.8 g/L. M4,
16 FH V5 TR BN - R 26 MBI D [ 5 A6 4 M %%
e, PL4 g NifEmIManieE, pHIE4ERRTET.0,
PLJ 55 o/L SRR T S B, A R 1 st B ] e A
AL AT . X — R A4, [ e gl
JRLHE AL BT 77 o- RE R 1) L IR 31 323.9 g/L

EWF TR AW R, B TR I B I 2 A R
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FUIR I S SR AR R B AR R AR, B T
7% . 2024 4F 55 5 1 @ ik 0] ] Ji i 77 A 1) 2
R CUASRAS T w4 A& . W o LRE SR 2 Ik
AR, DKt E N A, 2iRERY, Kil
FHE60gL KEM. 70 gLBEAM. 50 gL
(NH,),SO,f10.2 g/L CaCl, k5353 b, F 30 °C.
180 r/min 15 7% 48 h, K M 5 4= 40 M £ ¥ &= 08 3
6.28 g/L, BAIMEEEFREESE w7 43915, HERE
AL HIE 99.55% . 1H & LR A 5T 4 4 i 4 AL 5
I & R R R e AT B, R T 2 Tk Ak R
) /3K, 38T AL R IR U 7 1 o — 2 R AT .
FA, AT AR AR S o- A8 BE IR R JE P )
AR CRFEREEHE), Zhouss "™ —JrTHIm % T
TRENE K fAAH < ) B FE K] sacB sacC~ levB Fl sacA,
15 24 h BERE F] B PEAK 17.4%, BEREFEAL RIS 2
51.5%: S —J7 PR T — Ml 8 & A i b g R
Gt, A% FH ML AR 23 B Lon 28 1B (MfLon)
FER K b ok 35 1) PARA W5 M, AT 5 22 1)
RWE-6-TEE (FOP) At N % BE-1-T 2 (Glel1P)
AT a-RER B AR, T BERE RIS, 1R
e EE AL AR . d e, I B G P o- 1 R
A (Pgi) AFNREER I % B2 ALEG (PgecAD B
—/NEDL, AR T FOP E Gle1P Fd g, Rk
FER a-RE R FF, #2120 g/l X AP 0440 ik
VAL & R T R

A R AE AR T Bk UL, T2 T
i, HAE Tl KB A FRAEERA, H
B A A0 ML A 7 o-RE R B BN, 25T
e, WO+ e, EAHETESENBIT.

6 PAEMIRREEA o-RERTT WIS

T A W R R e i AR — JA A KT — AR
P&t A S B EAT BRI & R, A2 R I
PR P SC B AL N FE R I AR, JE A )
KWEFAT, ARG KR %k
TEMmE, SOAdm R, B FBoRgr
HATRERS . AR DL S R a- 78
R, ol DUE A ROy R R, Sk & p-1
R o A EERAY KBRS R o-FE
R

2013 4F, Liu%§ " R3E 7 — bR IR T X0 22
R (Xanthomonas maltophiia) W) B A &
ou- S ) A 3 3 P R R A T M LI A% AR 1 SR AR A
BT-112, ZRAMRLET LSRR =4 7 18.5 g/L 1)
o-RERTF, RE MBI 1565, B/, LiusEx
REEFAEATIA, 165 LREEES, IR N30°C,
Pt P33 4 300~500 r/min, JXUEN 1.0 VVM,
AWML N2 1, a-BRETFRTEN
30.61 g/L, AMEMIFEEH93.6%. BEJE Wei5F 1
X SEABAR BT-112 #EAT A2 7= 4 KWE 9L, WF 5 R0,
7E 50 mL [ R B4R R A, RN 4 /L (1 3% T 3 14 A1)
I -80 P DL 32 & - RE SR I 2, 5 RN
HIE-80AHEL, o-RER T = HIE 5 1 124.8%. X2
EA] g s o A 85 - 3% T 9% A 7R T DA G e 38 44 A e
{14 188 375 1 Sk A0 DA i 0 o 1 T B T B 1
FAh, AE30 L KBRS, A 1.5 L% 3.6 mmol/L
FERE. 1.5 LAY 1.8 mmol/L Xf 2K [ Al 4 g/L it 5.-80,
a-FE BE PSR N384 g/L, HERILEME T KE
3000 L FJ2E =K, a-RE R I~ % N 38.2 g/L,
AR RN 93.7%. 1E TR L3RG T 530L
REEGER 8, XU BOR 72 4 Nl R
(17, FTRARLFHF Tl Ak 2E 7=

B 7SN SR T T R BSOS JE A I [ A Ak
AR MRS a-ERE~EMNFER. &
& U HRGE T AR AR BT-112 B bR AE 3 B R 5
EWED T a-RE R T 2B . 15 KEE
MR 28 °C 3£ 180 r/min 214 F, #M N & (A Bk
0.25g/L, KI#48h)5, o-RERFHI=EN1.62 g/L,
M A X AR [ A DL S, a-RESR T R~ &N
1.82 g/L, 1 12%. fxfa, i E IR
BEATER S, R IR 10.47 min. B UCEEE 9K
AL ER 26N, o-RER TR BEF= 228 1.12 g/L,
EARMBE AR, 32m T 11.2%. hridE
SRPEERE S AR, ARRM TH e, A
R Ik b R A R R R AR i, W RS
oy T4 r=BHA BESENE.

7 REERE

a- RERH BT T H S A R ) C 2 O H i
TSR A7 b, 5 A SE F ) VI & 18 1 RT3
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IS ABR . BLAL,  o- BRI A 29 B AT AT A B
Pt 52 BRI (1 5¢7E, RSt H
FO N 25 8] o AR T 3 HOGE 5 46 5 5 A R
Y, EVMEREGRo-RRRFEZE T mA, H
WRMS T EF B K, BHELE a-
SRR ML RE S, DAASE BRI B A ik,
PAERRAE B 24K, SR AR o- A8 SRHF
PR, ML, BRI TS
J o- RERFFIIWETU IO Z ], AR EAR &
REREEERLL, X TR REE, WM
T A ARA = o oS Bl U AT LUK 22 20 0 22 5F
=R RIZFIOBE . AT PEVE R R O BE R AR, R
Vi FEPE s, fH2 H 7 R 5 SR A AL R AR,
P A FF AN IE & Tk A A7 o TE A5 10 A Pl DL JRE B O
PER AL A, MR AR HELh
RGN RS S N s AT K (S I R A s
(e WS o RMIHS i SE L RS R VR iz, BAE
K EH TR RAR, ARE LR iR,
W7 FBRME, BT 2. KRR a-HE
R T SR P A PR R, Tl T T B
W5, o- B8 REF I 3 A A BRI R A it e,
AR TV AL 77 o- BEER R # E Wg2K .  RBE
REREREH] T o-BERF ROWT T D, HLOX o- AR
7 A0 R 1 e A R AR, A& & HIAE Tk Al
e RORERENE MR S RIE A IR, R
WA P AN, HLG B 0 R R L AT
AR, g T T B AR 2 S T o AR
N TNACE =B T10 538k, A g fE A v A
a-RER MO 1 MR 2y AL BRAE, B RA
PR FBA RS, RS TR AE™ TR
1113 okt 25 40 A e 3% 5 AN W 20 4 L HEAT B 0 Wi
A 7 #AE DR, Bonth & som il R e .
CONHIE SRR E o 1IN A S (R KR TR U
7 Tolk B A Bl

RE a- R AR ELBAS T2 ERNR
W, ERAAAEVEZ B, B, ARBAEYK
PRI WS e R Wy, LR IR R TR ML AN, HAT i
AN, A JE BRE T 5 1A N TR A A RS I 1
e, PR AR R B A LS. R B AR TR
AR AR AT A e RS O DR R Jee s BRATTRT BRI
E M SEF B, PR e AR T —

P, MR E o-RE R TR @S TE
SRRV A B R A 7 S R o AR R
T AE I T 0 e 0 SR, ARAE E R I R
WESERE A K. TE6 K o-RE RIS, S
AL ) — B2 W B E A, S e N TR
X S B AT O B AR, SN B R A 7 BRI
HAMNSE — RV FBOEATH L. £ R,
HWERENAIHEREELE, @y FEMY.
5T RO B AR AT O, SO B, ISR
PR B R 2, 38 Tl A 7= 1 4 5F &L
mAEWEE . &E, ST MAEYRESLEF o-
RERAT, W LR AW FEAS R R B 26 A T X o- FE

=R, AR P&, B0 SR 5 4
BE, g W B PR R 05 3 X T Ui L2 E R 3
friem, VWHINBERF Gk R g S

i

2 % X W
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