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W E:hTHREEH H pET-28a(+)-cgt-T1/BL21 (DE3) * 4 &9 3K ¥ 45 & & 48 & 4 4 8  ( Cyclodextrin
glucosyltransferase, CGTase) HELA M 2-O-o-D-=t"h # H Az A -L-4 3 B2 (Ascorbic acid 2-glucoside, AA-2G) #
#F, MLBABEALAAZATHEE G CGTase-Tl, L F AL REE, ML - R F A L F
Mo A4 F C (Vitamin C, V) Feo -3 Mih A KA, Biikb R AA-2G, Fl@d ¥ AERLER, #—FHELT
TR AR R AR, RADIRE . pH. BE. KRALB, & OKREARE R E S AA-2G F 2 69% 0, A R AA-
2G AN N FHAITT o4, XA BELA SR AA-2G 6988 1, AMAAT AA-2G 897 F 4 0.67 g/L. #HALE,
HEERR A A RS, BT RO A& F AT R AR AR, SRR TR e B, RAIRE A 70 g/L,
BB pH4.5, RREE 37 °C, J&At) 3/3 (V/HERAEAR) | &GKE S.O0mgmL, REEEN 420, #Ea
CGTase LA R AA2G 89 = & &k F A ik 2] 12.68 g/L; LA ARG £ F MM, RBIKEN 0L, RE
pH5.0, BZBE 37 °C, JRABWLS 42, &Gk 5.0mg/mL, R FMH M A 30h b, ZE 4 CGTase LA & AA-2G
BWEERBDMAL 496 gL, AREFMHT, AA2GHZEH AR ARMEZ &4 T 09 18.93 1542 740 12, £3)
A F SR IT BN A AR RGO AR S T A4, AL, THEBRRBIEAEEBRLEZFHE L
BEHM®Y, GRFE AA2GHFZE R &, AFRTRAFHEE CGTase-T1 AT AA-2G 494, BT HRALER &S )
AR F, 2 AA-2G 9 2/FE T KRG, AFILAA2G T A FRELAF E L.
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Preliminary Study of Reaction Conditions for the Synthesis of AA-2G
by Cyclodextrin Glucosyltransferase

HE Yamei, LIU Zhenyang, ZHENG Wan, SU Ruiyang, WU Huawei’

(College of Life Sciences, Yangtze University, Jingzhou 434025, China)

Abstract: To investigate the effect of cyclodextrin glucosyltransferase (CGTase) produced by the recombinant strain pET-
28a(+)-cgt-T1/BL21 (DE3) on the synthesis of 2-O-a-D-glucoside (AA-2G), the recombinant protein CGTase-T1 was
expressed in the fermentation medium LB, purified by affinity chromatography and concentrated, followed by the
determination of S-cyclization and disproportionation activity. AA-2G was synthesized using vitamin C and f-cyclodextrin
as substrates. The effects of different glycan donors, substrate concentration, pH, temperature, substrate ratio, protein
concentration and reaction time on AA-2G yield were further explored by single-factor optimization experiments, and the
kinetics of CGTase were also analyzed. The results showed that CGTase could synthesize AA-2G, and the yield of AA-2G
was 0.67 g/L before optimization of reaction conditions. Considering low cost and economic benefits, soluble starch and

maltodextrin were selected as sugar donors in reaction condition optimization. When soluble starch was used as glycan
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donor, the yield of AA-2G catalyzed by the recombinant CGTase could reach up to 12.68 g/L under the condition as

follows: The concentration of soluble starch at 70 g/L, the amount of V.: glycosyl at 3:3, CGTase-T1 used at 5.0 mg/mL,
pH4.5 at 37 °C for 42 h reaction. While maltodextrin was used as glycan donor, the yield of AA-2G catalyzed by the
recombinant CGTase could reach up to 4.96 g/L under the condition as follows: the concentration of soluble starch at 30 g/L,
the amount of V.: glycosyl at 4:2, CGTase-T1 used at 5.0 mg/mL, pH5.0 at 37 °C for 30 h reaction. Under the optimal
conditions, the yield of AA-2G was 18.93 times and 7.40 times higher than those of the unoptimized reaction conditions

respectively. Through the kinetic analysis of CGTase-T1, it was found that the catalytic efficiency of soluble starch as sugar

donor was higher than that of maltodextrin. Therefore, soluble starch as sugar donor was better than maltodextrin, resulting

in a higher yield of AA-2G synthesis. In this study, the recombinant CGTase-T1 was successfully applied in the synthesis of

AA-2G. By optimizing the reaction conditions of enzymatic catalysis, the output of AA-2G was greatly increased,

providing a reference for the industrial production of AA-2G.

Key words: cyclodextrin glucosyltransferase; 2-O-a-D-glucopyranosyl-L-ascorbic acid; biological enzyme method; f-

cyclization activity; disproportionation activity

43 C(Vitamin C, Vo) | IZAFE TR B 5%
SR ARV BUE AR N AN AT s R OT R . T
eI AR G052 S A0 50495 3 . TS FITVEY T I I
SN, fH Vo FES . pHL & JE AR T 25 5 [
i, MELA A LA, SRR ) T HA sk v H .
W V. IIFRRETE, 2 Ve RTEBAEZE SR, 0 Ve
GJ@EER, Ve BRISHN Vo i e SED . Horh v bl
X Ve By C2. C3. C5 Fll C6 JiiF L bl ibe
M J5 ARASF B Ve T 2-O-o-D- N g #2554 2k -
L-Pt A IfiL AR ( Ascorbic acid 2-glucoside, AA-2G) J&
Ve 1 C2 JiF bFids 17— AN 5 200 i e e
Y, T Ve BRI ST Z b, LD AA-2G
2GRt e 2, W 43 L 2 AA-2G
JECHRARY Ve ATAEY), 2 Ve I iR, il
TR K. BT EAYS Ve AHEITEHESN, iR
HA RArrkssetEfrde vk, Jos ibcsadert, 55
BRI, 7T Akl BE2h | B AR, B
HERWIFEME.

HAT, AA-2G G AW A 5, S102E1
A A T R R, SNSRI, A T e 7,
iG-S T AkA ™, TSR AA-2G WEEA o-Fi
PR FRRIRS f A P LA A I (Cy clodextrin
glucosyltransferase, CGTase) . JERYEE | FHOPEGE L
AT T a5 22 250 W 35 4] 5 MR g, o,
CGTase Jj&—FP ZIRERE, HAER—Fh Tl FHE,
H A R e m AR S S, B 2 S
M AA-2G Fe I, RS L AA-2G B
R WS R 2 1 — R, ek I T AA-
2G Tk Az =04, HA pl R R b S A A (R W
B BPEILAZ R C2 AL AR AP TRL ) AA-
2Gn(n < 6), R WL B K 1R G 20 7= 2k AA-
2G FIHAMFEI =), CGTase Fets Z2Fiobi LA H
T AA-2G 19 A B, (B 7= i 32 08 HE R 19 52 ) 58
KU, HHAT CGTase LG L AA-2G fFATESG b %
%, B~ AIREE R, S30 AA-2G 1A= AR =, BR
Hi TN A, rLMiib AA-2G G R E
RIS R, AR 43R 2R, B hn S5

PRI RS, N E G ™ i a5
LML T EE AR 7S AA-2G, PP ERIAEI T 35.7 g/L;
SR HFEY X) CGTase #E47 HEALIG Hil % AA-2G, ff
fifg ] DA H S A O s AR & s %) CGTase #4757
TSGR0, B T IS PR IS ) ) e e
PEm G B Y R SRR i S T R R AA-2G AE
SMPLEALTI A A R, Violaine P 5 T AA-2G
A EALRI B EMEIVE ] o Hbob, A TR TR
i AA-2G G I AR AR, (H B TRk
kst B B R P A R R, ASTE T O Tl AR
7, WO PEAMR AR AT AA-2G A BAf
IR S

H A E s al T AA-2G Tl AR A: 7 i i,
i ERIPIRN R S ik CGTase 1 FEISMEL, Mg+
3 BB, FRRRAEA T AT, AA-2G RFRSIIIE
T HAMIFEEFRA BRA A, Ga28Wh iz, RIHEE 2
FEE AR IS G A" AA-2G ) CGTase, ARSLH 2
DA S i B 2H FOR BRSBTS SR, T Ui =
T AA-2G BIG I, IRFEHA ECR, [FIRT, X35k
AA-2G M FAFHEAT BRI ZZ AL, e PEGaE Hol
AARBE I PR, 1 78 i 15 iR F, DAdE R AA-
2G myyae, A E Y OIS, ot ol oA 5~
PRESE T L
1 MR5REE
1.1 MRS

FLHBEE pET-28a(+)-cgr-T1/BL21(DE3) K
ARSI EAIRARATE; 4,6- . 2 FE- X iEIE - a-D- 22 2
-E4# (4,6-Ethylidene-p-nitrobenzene-a-D-maltopep-
tide, EPS) . SN &E-4-D-if L ZLENE 1 (Isopropyl-
beta-D-thiogalactoside, IPTG) . AA-2G Fll V. Frifidh

R A YRHCA R A Wl Gk, S5

TEDDIA A wl; V. TS TETER 20 254
P22 G AT BRA Wl 25 Sl se s R250, Mk K
R 251G A R 5 a-FR MG (Cyclodextrin,
a-CD) | f-FA 1K ( Cyclodextrin, f-CD) | y-¥ H K
(Cyclodextrin, y-CD)  #i#&Z b Tl & A R
Fl; o-FAPHE TG . BEALREE(100 U/mg) | 4 L34 1 45
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M JERZRESEERHA R FL SR RIS 2 (Kana-
mycin sulfate, Kana) . ZZ 250K, . 2270 _RigZE 50
MAACBHE AT BN F s PRI . R el
OXOID Al s W A ICH LG A HLE 77 320 0 FE =43
Hrali; LB Braedk: BEREEEY) 5.0 g, AR IR 10.0 g,
AN 10.0 g HfRE) 1 L EB UK, i NaOH P47
pH % 7.0~7.2,121 °C KB 20 min.

TE3102S, TE124S B F4rHT R fEEZEZH]
WS wl; MI-54A & R KB 35 E i ER LA w5
TU1900 284Mr 006 EE T db et HT 28wl IS-RDS3

TEIRFEIR S5 Crystal 23 Hl; SPX-250B-Z AR Ak 1%
FeAf RS BR AR 541 7R M R B

UL fEE Fritsch 23 7] ; SCIENTZ-1ID #8755 I 411
ML TR AR RO RN F]; DYCZ-
24DN XX H H kAl . DY Y-8C B E, kX HE ¥ b
TN —AY 28] ;s Gel Doc EZ Bt K144 £ H
BIO-RAD 7\ 7l ; Ni-NTA His Bind Resin 2 fll 4fi 1k,
£ iR ZR A YRR A FRAA 7] ; Millipore 48
B NS TR A R F]; PB-10 pH
it EEZE LA E] HH-4 KISH  SIET AN
IRHL#RA PR A X-30R B0 4L 321 Beckman 2%
Fl; Water €2695 HPLC =3 AHAY € E Water 2
Hl; Enspire B FAE ISR BRI A # ()T
BRATF] S
1.2 EWHE
1.2.1 EEHPHRRIS SR E SO E Ll L ERTHIRESE
TR E T B S AR, I E AR AR
30 mL & 2% R 50 pg/mL Kana 19 LB AR 7%
Frr, 37 °C, 200 r/min iR EEFE, SR )5 ¥ 1% Befh i
s 1 L &4 N 50 pg/mL Kana B LB ##AK
Bgrarh, YA ODy,, 1531 0.80 I, #INZuk
J& 4 0.30 mmol/L ) TPTG A4, 25 °C, 200 r/min £&
7F, ¥53% 10 h, 1E 4 °C, 10000 r/min Z5.0> 5 min,
0.01 mol/L PBS L& EIF 4N, 15 2| B2, vKiE
R A, BEORE 75% IR ATIER 500 W), T.
fE 3 s, [ABR 6 s, S BT 35 min, 4 °C, 10000 r/min
B0 15 min, Y8 FIE, BRI AHEEWE

{diJf] Ni-NTA His Bind Resin £ f4ifbfl:, 218
gAY S ULBA A XL R I T alifh . ARENE
AR o T TR RSO P, 4 °C, 5000 r/min,
B0 40 min, P TBRERFNEE [ e 4n, 152 a1, T
—20 °C f#4%- F SDS-PAGE 43#r2lifb, 1/ 10%
P B IEFN 5% PIHERIE, BGE B alfbiin A _L 22
W, RS, 2B 10 min, 8000 r/min B.0> 6 min, B
F¥EW 10 pL _F#E, 5 pL Marker, 80 V HL7K 25 min,
PR EZE 120 V, YK 1| h 2245, R B8R % 5
WrstiE R250 YLty ge (o, FAMAmLe, 55 H
BERE MR EL 45 3 . >R A Bradford 5P ] %2 4l
AEREAC R, T e S2 FUBRES A AE o
1.2.2 4lifbfify g-2IbiGHEAMIE S5 Tesfai 501

A 325, % HORS s A, I e LS S LTS o B
0.10 mL i& >4 #% F& 04 4lifL i % (0.01~0.03 mg/mL),
A 1.00 mL 19 4% (w/v) TER3 7 I (fF ) pH6.0 119
10 mmol/L BEIREL 2 MR L), 1R 5], 65 °C /KB
7 10 min, JiIT A 3.50 mL 30 mmol/L NaOH ¥ & £
1B, B ARE Y A 0.50 mL 0.02%(w/v) iy
PKVAEWR, EIRFE 15 min, 550 nm &b & 56
LIZEMR/K Ry s AR, IOIG B AT B — il o
B (U) BRE SR BS54 N 5580 A AL 1 pmol B-31
TR A i

1.2.3  ZifkBasAbiEHRE 2% Vanderveen 2502
PR 925, % RS s A, I e LTS S LTS o B
1.00 mL 6 mmol/L [¥) EPS A1 10 mmol/L Y] ZF ZF b
(FH 10 mmol/L pH6.0 B liREh 22 i B ) i TR-& IR
), 65 °C T 10 min J&, A 0.10 mL & 2455 B4
2ifb B (0.01~0.03 mg/mL), 65 °C JZ)¥% 10 min, B
0.10 mL IR & W9, A 20 pL 1.20 mol/L 1§ HCI
B (4 °C), 60 °C W& 10 min 2575, FAIA 20 pL
1.20 mol/L 1 NaOH & A, WA 60 pL a4
PEEERE(1 U, fi ] 10 mmol/L pH7.0 B§HR 2% h i 1%
fi#),37 °C J2¥ 1 h, FJFILA 1.00 mL 1 mol/L Na,COj
WG pH 2 8 LA 1), 401 nm I EWSGREE . DIZE
K as PR, JOE B X R . —BE B
(U)W SR R &4 N 55380 % 46 1 pmol EPS 119
fiff i o

1.2.4 AA-2G WEFHE G  SFaiEnkt ik,
Fa Atk 5 00 FRR0RY 4 25 B FL 5% 2 1 T] 10 mmol/L
TR -2 TR AN EE vk (pHS5.0) 7 B 3 85 1 BT e i
1.00 mg/mL, Lk 5% (w/v) 4l {u BRI A R 9 283k
JEHA 10 g/L 119 V. il B-CD CHEEIMA) 1925 HE) (V o/
PEEEALAOIR A )R T ORISR AL 10 mmol/L
pH5.0 ZPRENZE MR BCHI, Vo W WAT H 20% NaOH
VEUWOE pH 2 5.0), IRA 5], I pH i 5.0, A4IR
FAYETF 37 COXMNIREE) . BB LEMSM T E
IR 24 hOR R o 554 10 U Biiks (54
SHCH A R ) 22 a2 A T ECHD INA B BR S
Pyrh, 7E 60 C M R 24 h, firP A AA-2Gn
(CHorp n S22 3 L-BUR i /e o L 80 B ) 7K i,
w435 AA-2G,

1.2.5 AA-2G Wbr#EINZ MoE 5 e |k B
5.00 mg AA-2G FrEShFH pH2.5 9 0.01 mmol/L #f
FRZMWBRIEZRZE 5 mL 25, Bk 1.00 g/L bR
WESOIS IR o P PR E SR pH2.5 79 0.01 mmol/L
W 1R 2% vh R WO il Wk 52 4330 24 0. 0.025. 0.05. 0.10.
0.20. 0.40. 0.60 F1 0.80 g/L 1) AA-2G W » KM
HPLC G i5AA I AA-2GE, 354 Inertsil ODS-3
C g FE(5 pm, 250x4.60 mm); $E4MEME+: 238 nm;
WBhAH: 2% i H ST 98% 0.01 mmol/L BERRLEE ik
(85% MR JH pH 2 2.5); Jiii#: 0.60 mL/min, ¢
.10 pL; FE¥R: 25 €. HPLC E#EHF AA-2G 19l
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M AL (uV-S) A B (g/L) IE EE, PL AA-2G A& T
BURGANAENR, AA-2G WRBE A AL, 22l ARl 2 .
BRERAERIZE A2 y=25901377x+24727, [H1J- 2R %
R’=0.9994, A {5 BEATH

KA AR S 1 OB A3 47, 8000 r/min,
B0 10 min, B VW, IHHA 0.22 pm BT DR,
TRFN S B RE S, 5 AA-2G Fl Ve BOBRAE & [R] sk
A7 HPLC K], 44w Lo AR AR5 51 if) o33 B i,
X AR UE i 5 5N R il 0 B R R S — 3, X
AA-2G FATREMESIHT; B VR E S AA-2G U4
BURASRHEI L A2, 15 AA-2G IR EE, XT AA-
2G #ATRE ST
1.2.6 AA-2G MEFL G SERIIR 2R RS0
RSB S AR ()7, X HFS s .
1.2.6.1 WL B RET B AA-2G BifFE A
A HEEE(L A B-CD 4333 4 4 o-CD, p-CD, y-CD,
A EVERY, 22 ZERIRE , 22 ZE0E R 24, oAb 2%k
5 1.2.4 #FE, RN F=##EH HPLC (Aig @il AA-
2G W& H.
1.2.6.2 JIRYIHBEXT B IIREN B AA-2G BfFEA
S LA S5 43 I BEHe 2y 10, 30, 50, 70, 90 A
110 g/L 19 Vo FUPE LA (AT 335 MR TE 8y 1 42 2881
), HAth 25k 5 1.2.4 AR, S8 =418 FH HPLC &
TR AA-2G &, 115 AA-2G AR, H
TR AR, Tk T AA-2G FE M HLER, i)
P AA-2G AR A PR 2R 1) LR -

AA-2G IR AT

A(%):Exloo #® (D

o A RFEERPHE T AA-2G AR, %; c:
XFREEAA T A AA-2G & E, g/Ls a: XRS50
J’Y Ve I8, g/Ls
1.2.6.3 pH XMW A2 AEf il IS = T, F
AA-2G [il§ i G L N pH 43 5 S5 #82ky 4.0, 4.5,
5.0, 5.5, 6.0/ 10 mmol/L I Z.1%- Z. k4N SE ik tic
FURPIIE#) 6.0, 6.5, 7.0(JH 0.01 mmol/L #fRsZE rh
WBCHICIERD , HAhZE 5 1.2.4 AHIE], )R-
{#iFH HPLC (Al AA-2G & .
1.2.6.4 JRJEXT N SN TERGE ISR E RN pH
T, B AA-2G RifF: 6 B0 N 18 R 43 B 5B 4k 23,
30.37. 44 F1 51 °C, HAWZEAS 1.2.4 FHIFE], L4
{fif] HPLC taisykniill AA-2G 198
1.2.6.5 JERY LB RS psEm  FEfE pH FIR
T, % AA-2G BfFE A B9 ] (V A A4
SRR 1/5. 2/4.3/3. 4/2. 5/1, HAh&F 5 1.2.4
FAIEL, SN HPLC @it AA-2G Y&
1.2.6.6 FHEHMEXT N B fFiadE pH, 1EE
FURPI LB, B AA-2G B & BRI EE P 5351
Bk 1.0, 5.0, 10.0. 15.0 F1 20.0 mg/mL, HAh 5%
5 1.2.4 A [H], S 8= 48 ] HPLC 2,33 12 4 i

AA-2G & &

1.2.6.7 AR RN RN s pH, TR, IKY
e AIER A T, B AA-2G A 8 S st Ta]
SFFIEH N 0. 6. 12, 18, 24, 30, 36 Fll 42 h, HiAth
A5 1.2.4 AHIE, SN (8 HPLC (3 s K
M AA-2G HIEH

1.2.7 AA-2G WIBHES B 155007 FopiRiA
PR R E (2.0, 4.0, 8.0, 16.0 g/L) #EATIH &,
MEHAFEHE T V(4.0. 8.0, 16.0. 20.0. 32.0 g/L)
B AA-2G W77 R, TERR S IOV IR AN pH T, 2
B 6 h, ARE N =0, AL A AA-2G 3]
AL ==

e B )z WAL
Vi XaXb
Vzlgmxb+K@xa+axb A (@
S S AL -
Ve Vi XaXb £ (3)

+axb

1+
K.s xa+K,, Xbx

e Ve AR 14 SN 3358 (22 S fiff
B/ NIRRT AA-2G FYED), g/L/mg/h; V2 B
M IGHER, g/L/mg/h; a: 2R (VO UM, g/L; b: HE
IR (G ZERRS /T TR TE M) BUMR S, g/Ls KA
Ve BIZRFIR B K g, B 22 F1H 806 Kig: IS
PESLAAR A A 2R
1.3 IR

Fif I P I R SR A I B R 3 IR, BRI R AL
IS B IOV B 2 AT, B DL B bRiE
2= (mean+SD) K R, HFIFH Excel 2019 JHF75a 47
FIZE, I SPSS 19.0 A F 7 8m ge i 434, &
Z MK P<0.05,
2 ERE5S5H
2.1 CGTase-T1 BIZE{L

CGTase-T1 Z&4lifb FIEL ¥k 46 s, 1528 740+
R 75 kDa BYEA—55R7(E 1), 5REH0 CGTase HY5)

M 1

kDa

120
100
80

60
50

40 =

30 =

20 -
&l 1 #4iifk CGTase-T1 1) SDS-PAGE HiJk[&]

Fig.1 SDS-PAGE electropherogram of purified CGTase-T1
1: M: 2 H marker; 1: 2L CGTase-T1,
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AR , 55 HIREHERTEEE RSB 6 L AA-2G RN

F LR IEN - 207 -

TFHEARFTE, LIS R T alifb B BRI 75 280 hH 3 %
ot
2.2 FEEFEMNE

Sy RIE T 2l bl S- R P A AL T 1,
AR LEATE IR Ry 7.368 mg/mL, £5318845 H =it
W5 ELEG o UNFR 1 BTN, B-BRAK N B9 Tl i P e
=, e AR AT 3K 1169.40 U/mg., KZEZEH) CGTase
VI i R i, SARSCEEIRARIR], nTRe& i T
CGTase TS0 TEM 437 F N HRIY o-1,4 8%, K5
RS BRI SE SR BERIA e 2 F B A RIS I, 7=
A a-1,4 FRBC, i HERAL W S CGTase FI4FHE L
R, J—Fp o NS R N, IR RN BLAE 2 ZRIC
BHE AR IFOR SR O-4 5% C-4 #:43|[F—H4E b
B JFAR Y C-1 B O-1 b, IR 6-8 KL A ERAR
LEARET

1 BN A ERRIE A BON, A 6
Table 1 Activity of cyclization and disproportionation
reactions of enzymatic reactions
G PE(U)
2.62+0.33
1.74+0.28

FiEE T
S-SR
A

LU (U/mg)
1169.40+5.88
189.60+0.42

23 AA-2GHIEMSEENE

i HPLC %50 AA-2G &, i T Ve
5 AA-2G WSS AELEE SR S, 7 238 nm AbHH R
SERE, K 2 Bz, IOVFES AA-2G Fil V. B H IR
[E] 4350~ 9.6 min F1 8.9 min, 5HRE S B4 HY W) TE]
— 2, 0] CGTase-T1 H. A5G Wl AA-2G BIHE 11 .

2.0 bRifEdh
AA-2G

AU

N I

0 20 40 60 80 10.0 12.0 14.0

A (min)
2.5 R
2.0 Ve
1.5
-]
<
1.0

0.5
Jlawso
0

0 20 40 60 80 10.0 12.0 14.0
LR EAITE] (min)
Bl 2 FRifES AN AR S B HPLC [#

Fig.2 HPLC profile of standard and reaction samples

HRIE AA-2G brUEINLL, THE TS VAR & AA-
2G &R 0.67 g/L, H T HEAR, FRKEMN Ve
ARYANAE, VEHIHEEESZAR Vo RISk AR AR R
WEFFRE, AR A R T aHAS ™ W) . Pl 2802
WAL TS, RRVRT Bacillus alkalophilus 7-12P%1
Paenibacillus sp.®”'. Bacillus sp. SK 13.002"° Bac-
illus agaradhaerens Y 112" Paenibacillus macerans
1543 Anaerobranca gottschalkii™ . Bacillus circul-
ans 251"V F1 Thermoanaerobacter sp.** 1Y) CGTase
G AL S 5 S 0,095, 2,98, 5.50. 10.60., 17.50.
28.90. 35.70 F1 143.00 g/L, 5 KREZHFTE M AA-2G
i CGTase #H b, CGTase-T1 BY-G A== 8K, FF LA
X LR FREA T, IRITHE I AA-2G 1T .
2.4 AA-2G BEESREHAIR
2.4.1 FEFRLAAXT RV IIFEIH CGTase 1] 5 AN[H]
HHEELAMAZE I AA-2G, Bl S FE 38 P LA T 1Y
i AA-2G i, IR 3 TR, SadBEEIMA S o-
CD, H:K Ny p-CD. Wl PETERY FIZE 2PN o di
i, TFH THM AA-2G IR ZH CGTase Y HGEHH
FMUAN a-CD, B5 CGTase A7 H =ML —ME, 8K
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Fig.3 The effect of different glycosyl donors on the
synthesis reaction
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2.4.2 JRYPHEEXT N IRENR PSSR BEXT
AA-2G GRS, W T AN SR BT AA-
2G ME . HE 4 i, MPHIL A T S pE 0y
B, Fad ISR BE N 70 /L, AA-2G AR R
R A 2 TR ), Bl R PR E N 30 g/L,
AA-2G WA SRS . R, REAENC IR )E o,
ANZE ZERIRE e RIS 30 o/L B, &34 AA-2G /Y
G, FE AA-2G A BCE R, TRE S IR
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REBLHIAE SR, 4540 22 () A nT s e iV A b o
HEAET, 110 g/L 2405 30, 90 g/L WigH 2 A 34 .35
P25 5, ARYELE A, IR BE T IS HETER SN I il
SIS E Ry 70 /L, 22 ZERIREG S5 1) 53 JIS 42 e 3
4 30 g/L.
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Fig.4 Effects of different substrate concentrations on the
synthesis reaction
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Fig.5 The effect of different pH on the synthesis reaction
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AT, AA-2G 1y B TR, 7l Re2 iR AR T
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H R . T B ER 1 A S DATT PR TE R A Ve M
Yy, HR W& it g A 15 °C, AL 5, HomoE iR
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Fig.6 The effect of different temperatures on the
synthesis reaction
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Fig.7 The effect of different substrate ratios on the
synthesis reaction
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AA-2G F MR, W T AFEAREHT AA-
2G WAL, HIE 8 s, 24 al B PETE s R 22 ZE0 kg
SRR, FaE SR HH)E I 5.0 mg/mL. 4K
e BRI 5.0 mg/mL B, AA-2G B~ Rz i FR%E,
FHLEHEAREAFT AA2G BIE K. HEHE
JINEEEE ARSI, AA-2G BUFERIFEAA BE N, v B
&7 CGTase J&—Fh 2 UiaelE, v LMLk 4 B2z, H
HR B AR S 3 R S BT DA RS LA = A /NSy
T, FEE DR AR 0, 33X 2 Bl 5 B R, /NGy
TR =, /NG TR AE S A BN & S
JinJgl, /NG FRETCIE 5 SZ ARG G, AT RN AA-
2G My mPY, Kl Z WA W R R, iR RS,
SR, IR AT S T TN 22 RIS S 7 ) e e 4 1
HeREHESA 5.0 mg/mL.
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Fig.8 The effect of different protein concentrations on the
synthesis reaction
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SBEIEBUHART, [ 30 h J& AA-2G BOr= Rk E i
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Fig.9 The effect of different reaction times on the
synthesis reaction
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Table 2 Kinetic parameters
J[ist7] V max (@/L/mg/h) K, (1/h) Kna(g/L) Keo/Koa K,p(g/L) K./Kup Kig(g/L)
& 2RI 49.26+0.01 4678.20+£0.01 182.78+0.03 25.59+0.01 6.94+0.05 674.48+0.01 26.85+0.02
AT R 102.04+0.02 9690.50+0.04 629.47+0.01 15.39+0.01 1.91+0.01 5051.42+0.01 19.56+0.01

TE: A: Vs B FEEAHA GEZPBIRT TR ) o

2G B A ISR IRHRE 70 g/L, IV pH4.5,
SNIREE 37 °C, I Lb] 3/3(V/AERAIMA), S
W 5.0 mg/mL, JVIE] 42 hs GBI HAR S 22 2
WIKEET, AA-2G Bt BSR4 IR E 30 g/L,
JZ I pHS.0, JZ W #3537 °C, iKY Hef] 4/2, B uk
J# 5.0 mg/mL, X B AFTE] 30 ho FERGESAF T, AA-
2G W Byl 12.68 g/L Fll 4.96 g/L, R4
AN A5 89 18.93 /51 7.40 5 [AII, XF HAA
1 AA-2G 1B TI2E ST IEAT S0 BT, S PR A AT
T TE B AR ARSI T 22 2R, BUlE . AA-
2G By, RIS AT i P TE A 0 AR e A
TR, AT B S S IR B A
BN AA-2G,

CGTase J& AA-2G Tl A=y i E 2R, (04
7 RAS R AL AR BR ) T RAAEE AA-2G |19 Tk A=),
SECHATHS E Dt TTASHIESE LA AT I P TE R 22 200
HEVERN AA-2G SIS, BEAR T A7 liAs, vl ok
H AA-2G iy T AR P 32 k22 . (EARWFSEAIAF
TEE AR AR, 7R e e 22 o IS
FAALZRAIL . G~ A RS, J22n K CGTase-
T1 FHAT5FO0GE, PR IIESE MR Rr S, 3E
— R AA-2G By R

SE
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