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B RSB AE AR R R P ok HEES Acb D TREFEMER S FRIE

w2

BT 30 (Acarbose) J&—Fl o &1 BE T EEIMEIF, A RBTIE
I AUBE PRI o BEAE AT 8 AR S 7 SR e, 11 BURE RV 1) A0 %68
B BT, R R I RE T 3 R0 SR T o BT R 4R R
( Acarviosyltransferase, ATase) A& FH < I8 bl AR 7 B IR 50 0 2 1 22k
I ach D HERI w5 (1 —Fp R 418, 2 H & DUME—Re % LARIT R Uk
BE R A HAS R SR A S 1| (1) W L S A% Blg , AERRT - 8RS LR R A7)
RS R A EEAEH . A0S NCBI #¥5 5 3815 ach D %A
SIEBRT ), A BIAEAE TBon Fod AT 70, 4 o 2H B bk S IR A T )
RV TERIS , M B A SRR i 4, B TN R,
A PCR /31 5E M RALHAR AR THEG AL R R 2 ) X Bl 431
BEAT 0 . AT FUARAF I TR R

(1) MBI 1 ach B:FFEHIRAF ach D WIFF TR EAE,
KN 2175 bp, gwtd 724 NEHER. EWEEF0Irgi REIR Acb
D H1E 50k, YIEILSALT 26 127 MREFEMZ A, TE7E2 MRERIL
7 5 Acb D BRS8N 75,351.20 Da, & — M E ISR KE H,
AN E A7 7k Acb D AL T4 sk Acb D J& T o-iE ¥l (Glycoside
hydrolases 13, GH13) B K%, 51% 5K & 1) CGTase [FIF M i =14 42%:;
DTN 1SS R B oK Acb D 1E 30 °CH A # U ke k. BlJs
RIS RE S ach D, FAEBIREE AL pCold I K HEALE E. coli

I
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BL21(DE3).

(2) AIE R FRILFAF, B8 FHRELIRER 0.1 mM; R
FAF T WO VR A AN YERR A B RIS, VIRRAE S IR A )
WEVERIA R A 1 23.4 £ RER TN A] IR EEAT pH X g i A )
SO, RE T B N A 20 h,  BEE NR A 30 °C, HIEE
IR EBCE N 40 °CIY, B EiE /1 DU AR A PR 39.0%, i U i
G tE— M BOE RN pH A 7.0, BEEREREE MR 4 EE 1 22
RE 1B IF: TRFT Acb D BRYIMm AT, KB Acb D Xf D-/K#H 157
M fm, G711k %) 82.85 U/mL, H UG L-1h 40, Lhis /18 63.75
U/mL, X2 5 ORI L- L ALHE AT LA Ach D R HLAE AL s YR8
TR IUFE AN RAG B 2355 Ach D FIMEALIE 7177 A2 5

(3) BT RVEEBAR Y25 & DS T 56 ad, 3@ R85 5
LEXS 3 7 X5 43R 19 Ach D-Bil RIEHER G4, e i =10k
Asp231-Glu259-Asp331; 73 #rFi -~ Acb D-Fil = B HEAH ELAE FH B 2 2 12
B, SR Discovery Studio 2020 i iX L6457 JEFR AT 5 & BRI
JE AT KB FOL AN SR, MR R DLV RN 28 A8 R [R5 41 Lo 43 AT ) 5 51
FIH PCR A F 1 5E 5T R ARG 7 R Y106Q-W107Y.G146H.
L196R. 1199Q. A255F. Y261W. T296V. Q330H. T332M #1 F362Y,
B A AR R B, HorP 1199Q B /18 WT 1 126.4%,
F362Y FiE 172 WT 1) 127.2%. RAGAR ST X He 45 AN 4 M
M, 1199Q MEARCRIRTIR BIARAE T “JRMES & HR” §5, 1§
Gy TR 5y 256 - F362Y MEALRCR TR R o RARAE 2 1 )
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WG T A, RYIMBE 1AL T 2 A, XSRS T
F362Y MR 71, A BB s VRS 25

Kugia: PR, B-R4EILEAERE, SRIERIL, HRERAER, €A

%

111



RT3

CONSTRUCTION AND MOLECULAR MODIFICATION OF
Acb D, AKEY ENZYME IN ACARBOSE METABOLISM
PATHWAY

ABSTRACT

Acarbose 1s an alpha-glucosidase inhibitor, which can effectively
prevent and treat type II diabetes. With the change of People's Daily
lifestyles, the incidence of type II diabetes is gradually increasing, so the
market prospect of acarbose is broad. Acarviosyltransferase (ATase) is an
extracellular enzyme encoded by the ach D gene in the genome of acarbose
producing strain Actinoplanes. It is currently the only glycosyltransferase
discovered that can use acarbose as a substrate and is not inhibited by the
substrate itself. It plays an important role in the metabolic process of
acarbose and its homologues. In this study, the nucleic acid and amino acid
sequences of acb D were obtained from the NCBI database. They were
analyzed by bioinformatics means, recombinant strains were constructed
to achieve soluble protein expression, the catalytic properties and substrate

preferences of the recombinant enzymes were determined, and based on
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computer technology, PCR-mediated site-directed mutagenization
technology was used to modify the enzyme molecules with the aim of
improving the catalytic efficiency of the enzymes. The main achievements
obtained in this study are as follows:

(1) An open reading frame of ach D was obtained from the ach gene
cluster of Actinoplanes sp., with a length of 2175 bp and encoding 724
amino acids. The results of bioinformatics analysis showed that Acb D had
a signal peptide, the cleavage site was located between amino acids 26 and
27, and there were multiple phosphorylation sites. The theoretical
molecular weight of Acb D i1s 75,351.20 Da. It is a stable hydrophilic
protein. Subcellular localization shows that Acb D is located outside the
cell. Acb D belongs to the a-amylase (Glycoside hydrolases 13, GH13)
superfamily, and the homology with CGTase of this family is the highest
at 42%. The results of molecular dynamics simulation show that Acb D has
good stability at 30 °C. Subsequently, acb D was successfully cloned and
transformed into E. coli BL21(DE3) with the aid of the expression vector
pColld II.

(2) Optimize the induction expression conditions and determine that
the optimal final concentration of the inducer is 0.1 mM; To explore the
effect of signal peptides on the soluble expression content of heterologous
proteins, the removal of signal peptides increased the soluble expression

level of proteins by 23.4 times. The effects of reaction time, temperature
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and pH on enzyme activity were explored. It was determined that the
optimal reaction time was 20 h and the optimal catalytic temperature was
30 °C. When the incubation temperature was set at 40 °C, the specific
activity of the enzyme was only 39.0% of that of the untreated enzyme
solution, indicating that the thermal stability of the enzyme was average.
The optimal catalytic pH is 7.0, and the phosphate buffer solution has the
best buffering capacity for this enzyme. The substrate preference of Acb D
was explored. It was found that Acb D had the highest affinity for D-salicin,
with a specific activity of 82.85 U/mL, followed by L-sorbitol, with a
specific activity of 63.75 U/mL. This was the first discovery that L-sorbitol
could be used as the substrate of Acb D and had good catalytic activity. In
addition, it was found that different configurations of sugars also have an
impact on the catalytic activity of Acb D.

(3) Based on homologous modeling and substrate binding pocket
prediction, the Acb D-acarbose complex was obtained through
homologous sequence alignment and molecular docking, and the catalytic
triad was determined to be Asp231-Glu259-Asp331. The amino acid sites
of the Acb D-acarbose interaction were analyzed. After alanine scanning
of these amino acids with the help of the software Discovery Studio 2020,
virtual saturation mutations were performed. Based on the results of virtual
saturation mutation and homologous sequence alignment analysis, The

mutants Y106Q, W107Y, G146H, L196R, 1199Q, A255F, Y261W, T296V,

VI
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Q330H, T332M and F362Y were obtained by PCR-mediated site-directed
mutagenesis technology. Subsequently, the enzyme activities of the
mutants were detected. Among them, the enzyme activity of 1199Q was
126.4% of WT. The enzyme activity of F362Y was 127.2% of that of WT.
The results of mutant molecule docking and structural analysis revealed
that the enhanced catalytic efficiency of 1199Q was due to the expansion
of the "substrate binding pocket" caused by the mutation, making it easier
for the enzyme molecule and the substrate to bind. The improvement in the
catalytic efficiency of F362Y is due to the fact that the mutation has
changed the conformation of the protein, generating more hydrogen bonds
between the substrate and the enzyme molecule. These hydrogen bonds
enhance the substrate affinity of F362Y, thereby increasing the enzyme

activity.

KEY WORDS: acarbose, acarviosyltransferase, heterologous expression,

transglycosylation, site-directed mutagenesis
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B 1E %P

1.1 BERRmAVELA N & RETIK

B R J% ( Diabetes mellitus ) & — A 22 A AL A 70 WA, - S04 T R0 JR |
IT BOWE PRI « UF G PR A FUAM S B (o PRpT , L rp IO 2RO DRG0 R 98 N o 11
R o SR N B 90% M o BB PRI I R BB B 28 2R, (R AFF, —Fh
SERUARGH IS £ 5330 (9 8 R 7= AR KB, AT b LA ) & B U 358, 55
G R 5 B AH MR IR 3 B 3R A WA AN A AT ASE LA 14 LW T e 2
e MR B AR L #2 0 DA SO ML R 8 55 2t B iy SR ) O ACRE AV
7 T ORI AR i B, ek T BRI BT A, W] DU PR B i B
HE N 525 P,

ARk, BT ATH & ARSI s, JEREAE BN H RSN, B R
W EREBEERAE, H— Bz L EA 8. B bR B8
(International diabetefederation) A AT FIEHE 7R, 2IRE 2022 FLH 5.37 1K
PR R, IR ERE R B BRI 1.4 14, A5 ERREETEN 1/4,
fE T A E A AR, B RO IR B T Ak SR RO i I e S PR
FB B ] B Ak A i {8 B P AR A e v (e M i T DRI, R R [ 7 T AT 2R
[[IpERT

1.2 #ERmBNIaTT 454

TR R R D IR G EEATDUSE, 3R By 3R WA o B I
SRR OIS AR P e — S o 2 FR {5 2 A 751 5% ot e XA 2 ) I % 1
7, BEIESR 2NN FIALAAZ A ORI B A B 25 B 22 4 Bt 5 ZOR PR AR A 7K
o, XEGWRIAE AW INFRE . M DI . 4% 5 A HRANAE 1) LR EE . I I B
AT BV ML B A I A BB R B A B A BE 2 R B e BOR PR IR B
JE MBEKSE, AT B B2 R, 1220 T AR AT B R iR - X2

PIARER EEA RIS SIR R PR FILEL (GLP-1 SZREs075)D AN
1
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IDKE ST (4= JIREE R Ol0 - WHHF B 1) 772K 25 M i /R AL 2 e i
0] - R Il O SR T S AR B KT ARG AR 2 9 ARAE B EHE
KAS B EE AR B S o XIS A 2 1R AR — FOOUAIR, i 25 AN AT A o
B P i I 2 1 AR A JBRE % 7 28 B A A IR (A P 5 3 T A s e 0 ]
R 5L 18D 7 g 2 o PR O 2 R ) 2 8 DA 5 IR 741 o W e — A SR AR T LA 2
T 230 e PR 1 2 e d A P A ol i vt 200 L % T 2 11 803 ORE B BRI AU 114
H S, R IAAIR 2 RS 51 R AL 27 R 2501

1.3 BRI HERIHLA

BiT-R M (Acarbose) J&—FhEEEM BRI RVUBEDI BT, 28 MtHEE T
TR LU PRI ) o= 560 60 W B AT 77, Ll S8 S VE AR o b Bl PRV
T 28 HI N /AN B e B 7 A 42 1 e g 5 Wl A, T 8180 9 L P 4 B BT
B EAE G ZIRAE R AFIFERIE FH /NS A 1990 4F BT AR 5 48 T B b
i, TR R 6 A S R M DA A Ak i, TR E T SRASHR R
1 3 S A L A R i Bl R TR R RS

1.3.1 P-R3RBERYIR AL 1%

BT BB B8 At BOR BE O, IR N R, 597K, pKa M 5.1,
LR ION CosHsNOs, 0 FEN 645.60. BIRPHEIILEEM B C- 3R EE
4 FHk-4,6- WUt E I BT HEAT — 0 22 P B R (BT 1-1), B Co- 3R BEAT 4-2 55-4,6-
XLl 4 T 26T AR A S AR W 20 SRR B R 4ERE - (Acarviose) 1Ol

S0
(Maltose group)

/é /%L CHEOH
" /5§;¢%
(Acarviose) HO oy

B 1-1 BRI A A 3

Figure 1-1 Structural formula of acarbose
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1.3.2 PR PERIZ9IRAE R

NIEIE B 3AT B KAG S — IS RE RS N A4 BRI, — i 8 Sl i 3 Wi
VEM BRI FH 23 A T TR SRR, ARTITE o 20 RS IV FH R /K B
RER ORI o B -RUBRE 2 — R DU KBS B0, HAESE M B SRR Le SR AR AL, 1X
SRR A SRS S A o AT RIS PEAL AL, AT A TE ) RERERE . 2
ZFWE R A AR BEIVE T, DR 2 WE. SERERUOOREAS AT R AT . RS T
PN AR BRI R SRRE K R AR, AT B G 28 i B U b, R4l e 8 31
G, SCER I BRI R RN, A MU I AE R A IR,

1.4 fREEREIRENARHERE

1.4.1 PSR HE R SHR R R AE X EE
Wehmeier 252155 56 KB Actinoplanes sp. SES0/110 432 K 28 Hp &4 Bl - i b
WA AR EE R % Cach 3ER5%) . Schwientek 251315 Actinoplanes sp. SE50/110
(1) 4 HE DR ZH HEAT U PR SE T i B AH & 2B 1) ach BERIR, WG & IRAE
NCBI _EAH T 5 —A Actinoplanes sp.[f) 42K 4115 2. (GenBank accession No.:
CP003170) 4, Wendler 515t Actinoplanes sp. SE50/110 3834 T ) 25 (A 5 41
FOHT ach FEREAE IR AP FER . BHT, ach FEFZEIICEAIEM, H
AN B A 1-2.

[l) 1|(] 2|l] 3|0 Kb
ach Z Yy X W 5§ R P I J 0 K M L NoC B A E D G F H
EDEEE MR RC DRSOl add
[ e-ieims [ Inormads [ | WEHEE I srEuhE-7-mEs [0 ABCREEH

] aBcizEa I FEARE [ +o-MEEEssm [ meatenil [ miska

1-2 Actinoplanes sp. SE50/110 [] ach 3[R %} ik =¥
Figure 1-2 Acb gene cluster and the corresponding expression products from Actinoplanes sp.
SES50/110

1.42 FREERREHER

SR B F) A AR B T Zhang SEPOHR Y, )5 B Rockser SFPUE . i
TR ERE, FIEIE 2 ZA AT 27 25 3 BUBGIE ] 1 %3845
i —

ih] TN, J 52 5 N3 3 AT PR Bk PR N 25 ik PR i 55 P i 13 1k R

3
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S, ELEEGE Tsunoda ZFPAANIEFE 563 1 B-REHEI & B te, 2@
I ESTIF

(1) Cr-MBERE R Cr- Il & R IR & 08 BEV, ZL &1/
YR [ W R R A 0 — AN R E b &9 SHTP 4 Acb C AR, %%,
EEV £ Acb M HIEH FIERILIZ R EEVTP, BEJG X4 Acb O % [ HAI LT ik
EV7P, H Bl =4 O 45 2 i 3 RUZ RS RIGIE RS2 SR 5 , EVTP TEIRL KBS Acb
L R FIUKTERR VTP(1), Fi 1 NADPH-KH 1 AR5 RE Acb N fiE1L
ARCVTP(2), JEAEBERRENE Acb U RIVEF N4y VI,7PP, FEH ach J ZwidHY
WEER T L BEIR AL A i VAP, G 7E Acb R HIfER M VIP ¥ ER1LAE K NDP-
Vi,

(2) WS AL A R A 1% B AR A B R B o A2 o oM 8
LR —HR 5, SR R IB & GIP, B, fE Acb A MEERT
G1P #%H ML A i dTDP-G. 4%, dTDP-G 7E Acb B /£ Rt 2 —7 T /KK
dTDP-4k6dG, fx# dTDP-4k6dG X IEZFEFE#EE Acb V /T N4 dTDP-
4a6dG, BRIV 4 2 Jk o A 27200

(3) ZHHERIRE L HEN: dTDP-4a6dG TEENESLFE R ME Acb | IO1EH R e AN
Y it T () 2 2R R S TR R G 4-aminoDGG, i Jn H &) 4-aminoDGG £ Acb
S ER T 5 NDP-V 454 fi 4 A Bl = i 22200

(4) [l 00 B Ho 5 2005535 (Carbophore 1B ): 156, MuAbEk i
¥ /Kl Ach E AT Acb Z fiEALA AN R SR & BE R TERE, ARl -R4ESLEE AL Ach
D HEHEIEAER Y Acarviose (FEZR EBTRENE) AHETE A R AP IR <3
BEFE R, SRR R R A ISR A E A1 Ach FGH #% £ INTE Ach K
TER T AE Cr A BRI, BhJE, M 4-o- 8 2 BEE R F R0 Acb Q 1EF B2 Fr
S5 (PR BE A BT R R T-BE IR, RS T — MR IE EE I B AR Acb WXY 4%
18 MU A BT R b, ZE U SE R AMIERR, M AE IR 5 4 P9 BRI
FIFA SRBN, bl T AR R I B 5] 2 W i AMRIETAE G 1 = A B AU Ach D
PIDIREAS 2 TUESE, Acb E f1 Ach Z 1IREMIABARA, Ktk “Carbophore 734”7
st TRV B (KE11-3)
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0PO,* OH oPO> OPO;™
HO, HO, OH
i, Acb C HO, Acb M HO,, Ach Q HOj, Achb L HO4, 0
OH > HO'
HO\ I HO r 0 Y 0 HO' Y ) HO' UHOPO.:
o oH G1P
SH7P EEV EEVTP EVTP V7P(1)
1 Ach N lAch A
OH OH 0PO;? OPO> OH
Q
HO,,, HOy,, Acb J HO,, Acb U HO,, HO
) Acb R : C .
HO™ ™ “ONDP HOY > “0p0- HoY Y PO HOY Y “on O arp
OH oH oA oH dTDP-G
NDP-V V1P V1,7PP V7P(2)

lAcb B
Ol
% il Ach I Mo o Ach VOST o
Ach § 2 NH; S
S HO on HO onH
0-4TDP 0-dTDP
. OH OH HO o

/% dTDP-426dG  dTDP-4k6dG
1§ 4-aminoDGG Maltos on O

€ o
oH

OPO;*
HOy,,

Acb ? HOx,

OH ()II (8} (o)
& i ok Acarbose %0" %ou

o Acarbose-7-P  uo
/% . OH

om

o
[} = TR e ry 0
oo Mn&w:]ko( W) Ho oH
HO OH o (0]
) S—
Acb D Aep EZ e OH "oH|
3.
on Starch Acb Q
HO (0]
OH
4 HO OH 4] 0POF
OH
HO HOy,,
HOy,,
. Me, Starch . /m
0 HO' Y ”’N OH
S il OH HO
on Moy OH | 0
OH
HO OH | 0 Acb K
> HO ol
HO OH ~“OH
Acarbose homologues . Acarbose homologues-7-P
C, -cyclitol Deoxyglucosamine Malotose enter Carbophore cycle

SH7P: sedo-Heptulose-7-phosphate V7P(1): Valienone-7-phosphate NDP-V: NDP-valienol
EEV: 2-¢pi-5-epi-Valiolone V7P(2): Valienol-7-phosphate GI1P: D-Glucose-1-phosphate
EEV7P: 2-¢pi-5-epi-Valiolone-7-phospl V1,7PP: Valicnol-1,7-diphosphate

EV7P: 5-epi-Valiolone-7-phosphate

dTDP-G: dTDP-D-glucose

V1P: Valienol-1-phosphate Acarbose-7-P: Acarbose-7-phosphate

dTDP-4k6dG: dTDP-4-keto-6-deoxy-D-glucose dTDP-4a6dG: dTDP-4-amino-4,6-dideoxy-D-glucose

4-aminoDGG: O-4-Amino-(4,6-dideoxy-a-D-glucopyranosyl)-(1—4)-0-a-D-glucopyranosyl-(1—4)-D-glucopyranose

B 1-3 B[R I R A
Figure 1-3 Synthesis pathway of acarbose
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143 F-REBREEENENARER
TR FE i 201 T30 256 B T A = B~ SR B BT A R B SR 0 ) R A0 (4H 59 ALB
C. D. 4a. 4b. 4c FVERT-RHESE) EREIGIN N i or B2lifl TAEMMERE, 1528
TR B A R 2EA5 R R 5 A A, ]I IR R T T Pk 1 43 O A TR K

MR, Wk 1-1.
® 1-1 B R BREACEHR AR B0 AT 7T e
Table 1-1 Advances in transformation of acarbose metabolic pathway

i} 1] B T R BFTE P25
2015 Actinoplanes 8-22 HUARIE T Tl @bk 5 E. coli ET2567

IR EE AR, PRI EH B tre Y
LD, R TR R R BRE SR AU C RS R T
AL,
2016 Actinoplanes sp. T pKC1139 it g, FIH CRIPSR/Cas9 %&
SE50/110 ER] 2w 45 R ik [ Actinoplanes sp. SE50/110 x| 2H
fis Z FRIE M D 36 (K MelC, (513 R BRI
B B PR, AERA T MelC 5 R B BRI
JAH KRBT
2017 Actinoplanes sp. VR | SRR AR A0 () 8 S b, ARAE T
SE50/110 i F N (RIS IR AL o MgCl ORI, A 4w e
P ZENE R R AN KT R ARG, 4R T AR
A ARSI . B AR T 1%,
ach FE PRI I A A BT R B K 7 B HE T T 35008,
2019 Actinoplanes sp. SE50 WX Actinoplanes sp. SE50 5 HA7AE Hitk
Actinoplanes sp. SE50/110 ] ach ZE[RIFE %K F, Xt
Actinoplanes sp. SE50 JE[IZH F & AE AR 8 M Ymhy
FERR O3 BRI, I CWT_4325 1Rk mT i
R RE P L 25%. HHEIIHZEE R (1 o B i
AN K CBRARE A 1 28R, 3 S8 T Cr-
MEEHT AT 7-BBR -5 X e B ) 25 B 1 vy 1.
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4k 1-1
(1] U B R TN
2019 Actinoplanes sp. TR A AN [ 52 25 W R B T BT - 3 b 1R o6
SE50/110 LR B oK, R 2R R IR T PR 4 vy fal 25 i ik

JEA achW % 5% . miilbR achW 3 DR gk Va2 A Bl - 35
R, IESE T achW 7RI R IR bE A= & pid 1) B 24
FH - # acbW FI acbWXY JE[R i ik, (BT R Jeop &
FRE T e T 6.4%7F1 8%,
2020 Actinoplanes sp. LAY UE B T R BRI P AR A B A A3
SE50/110 Yo, FHINA IR S B K R E IR K
KE o FU TR VBT 8 5 7 i il 25 [
ACPL_8310 fil ACPL_2834 J-#4 acb J & X 1) )5 3T
BRI T WVp Al kasOp*,  [R]I B KRR 23
TN 2 SR CURE 0 A3 R ) SR mes A o e B

KH T 7.4 g/LEEL

2022 Actinoplanes sp. SIPI12- IR Tet R S S 4% K7 I L R TetR1 i@
34 BRANEIRS, GRS H AT DU achB il achD [ 1) 5%

i, X BTRBE A S A 1 AR L,

144 F-REBERGHRENER
Bl B AR IR AR B £7 R %, (HIL VAR G — R AIAAE S YU R 1B
e NS FER AT, S 5B E N SRR WL 1-2, SHERNIhEE L iR
EE
R 12 PIREFEACIR AR 1 2R

Table 1-2 Enzymes of acarbose metabolic pathway

[AwZipEEs Acb FEH A PRk Thag
Acb C 2-epi-5-epi-valiolone £ i F2344-4%]
Cr- Il Acb M 2-epi-5-epi-valiolone-7-1 fif20.24.46]
Ach O 22 1) S ey g 24)
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R¥tE% Acb & H Z Rk Th g
Acb L At e g 20.26]
Acb N PR I 5

Cr- 31z Acb U valienol-7-P-1-iif[2226]
Acb ] HAD ZXji /K figf o2 261
Acb R KA e 75 ifg122.25]
Acb A D71 221 - 1-P- kg i s e 4 5 g 28290

XU 4 A 4 Ach B dTDP-D-#] % 4#-4,6- it /K g (2947]
AcbV EEL L R Rfg204T)
Acb | IR i)
B n ik Lol PN
Acb S IR 22
Acb Z a-TE A
Acb E a-TE A
Acb D B = G oL 1 s g [2-33.48-49]
Acb Q -0 ] 250 R R L s R g 22.25.34.50-51]
Acb K W] S -7 - g 120-20.31]
Carbophore ¥ Acb W ABC #1281 (ATP B4
Acb X ABC ¥z H (BBJEER 7))
Acb Y ABC ¥z H (BBIEER7)
Acb H ABC izt H (ATP Bg#E5)
Acb F ABC ¥z 8 (BB
Acb G ABC ¥z H (BBJEER 7))
ARFH Acb P NUDIX 7K fift i




RT3

1.4.5 FRUEELBEE

PSRN (GTs) & — ik il 7R Ik M AR JEC A i 5 3] 52 4 R Ao R
E IR SZARRYITT LR oK A . oK E Y. IRBRAKIL G,
FJ5i. B, DNA Y2 HAl N7, BRI EATEAR R YA 2 0 i A= P& il
2, LASCER 1 JBORE ARG B 1 R AR = P R0 B e 4% LA B3,

Hemker %5 B2I7E <y B R B R ORI T — P RSB e, 28 5 5 M N G
& ach D FEK Zmtid i 4E 3L L F2 i (Acarviosyltransferase, ATase) . AcbD J&
T a-VEKIHE (Glycoside hydrolases 13, GH13) #E51E, BEA a-¥ELFEE K 25 H
fiE, ME—— AR R AR A2 IRYIA S R R R B, 525Kk
IR RS B SL A6 F4F  (Cyclodextrin glycosyltransferase, CGTase) A # 46%1 [7] V5
P, {H Acb D I ANKIL CGTase HITHRE, H AT AL R - B A B A3 o A3
FATE Ach DB, T U AR VAR 250 R B, Acb D RE88 LART R I3 A 2 Bl
RUHER RME S Acarviose FEAK LK Z FoiE R AT AEYINE U RERE 3244, 128 B
)R/ Acarviose 3685 N 73 B AR BT -RIBBE B[R] &Y. Leemhuis 55
(48138 3o 52 A 28R Ach D R 55 17 81 (¥ 140 A & LR A8 A His 58 Z:4% CGTase J¥
FUIHH Y His140, KI5 MM TGV RTH0 7 B .V B IR S B 1) 42
By 7y B 445 2 Acb D, I HAEAGEA R B 5 A SE0E VR S 01 € 1 Bl ROk [R]
Z47 4b (Acarviosy-1,4-glucose-1,4-glucose-1,4-glucose) BT ALE]. Tk ik 22314
i HE[R ach D HGR K BERR, S5 R BUERT R B & B T R T 42%, Ji I 2R ][]
A, FE BB R B B RE ) SO IR, X R W] Ach D ERT R BE 1 & sl fi
RYEEEEEH.

1.5 ISR I E PSR R

Acb D J& T GH13 %%k, JtH5iZZik+ 1) CGTase MR M & =BEd. H
i, 2% Acb D 7€ M efis v 1, RIikisE 7755 % CGTase. CGTase /& —
BEMZATIE R AL R BIRS (Cyclodextrin, CD) B HoAth FY o-1,4- 93 5 4 4 61 4
WA YIEE, HP Y & o-CD, B-CD M y-CD HIESY), XEFS5H CD
Wrzig Rl am. B AR 2 il e, CGTase # H ki
i E RRARE FABMRA, JEFRAH E RN CGTase #E4T it )

9
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TR TSR WK 1-3.

& 1-3 CGTase € i AL [T 50 33 e
Table 1-3 Advances in site-directed mutation of CGTase

FELR SRR RAFN i 2 R
B. circulans STBO1 A599. Y633 GEARA ABION/Y633A [#AL T IRE

RIP=p 40|, {8 CD BI/= R 9 5l 7
22.4%FI1 15.8%[5¢1,
B. stearothermophilus E142. L277 FAFR E142P/L27TM ] 0-CD 7~

e B AE ALY 1.7 g/L A1 14.3%0571,

il

B. stearothermophilus E142. N355 FRAFK E142P/IN353A ] a-CD =
B HIEE T 9.65%71 15.620581,
B. clarkii 7346 F91. Y186 FOIN/L &R AFR T2 18.72
19.32/U/mg; Y186W [¥] y-CD =448 7t
2 94.6%0%,
Paenibacillus sp. Y100. S145. Y1001, S145G #1 Y167H = B-CD
Y167. A315  =ir; S145P. A315H/R/S 7 y-CD &

E: A315D #a e M e el

Bacillus sp. G-825-6 Y211 AR Y2111 7= y-CD HIiR &5
AT F] 97%16Y,
B. circulans STBO1 N603 FARAR N603D [AIK T IRA =)

i, AALEGRY CD 7= H BT A YR

7 23.9%f621,

B. circulans STB01 L600 L600E/R [#AIK 1 ¥R & =1,
T+ T B-CD Ky~ Hesl,
B. circulans STB01 A315. D577 A315D F1 D577 KHfE 60 °CIrF

FEWI IR T 80%A1 130%(641,
B. circulans F183. F259 F183S/F259N fiff v 4: b by B A 7Y

7 1:90 $2 731 15:10691,

10
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232 1-3
e R SRR GEAZT 15 i 4
Bacillus sp. FIAT-44876 G208 G208S 7£ 60 °C N #vka e - 42
7 1.85 {66,
Bacillus sp. Y112 R81 R81T fii a-CD F11 B-CD it /5 He. A5

TR i T 8% 7%,

1.6 EMERZF
1.6.1 FMEEEBMERERE

APE B —1TH 1990 43 [E JE ) A FEE B 21 v il i XA 128 X F}
TR ENUAME BRE RS B A ar kL, JUH 18 H 315 T ARV S i 7 v
81, W& TFENEARI AR, EVE B R RS EmED, FIEMEER
FOARNE BT 7 .

BB H, AEVE B R DI KB =B B, 20 40 50 4F4R
% 20 4 80 AFARANL AT RIZH I AR, 31X — BRI 78 AT T 4 436 A TS LA T AR
PIBCE (18T AL BT, W00 L AR B e AN R B R R TR AR, 20
20 90 XA 21 AW A HE R A AR, 1X — IS8 B T &P AR )R S 1) ik PR 4
FeHE, W8 RGuE D@, A8 H S TR K, DUE L7
fig Mo i S AR A R 21 Y 24 N e AR, 1 — i I 7L
B R B R A AR R AL 5 T, B AR M GER AR A A KT
IR R 5T SR G AT 51 T A R 5 R T RE L ik DR 4 I 2% R AR AL,
R8RS R W5 BN ERAR AL iy DL R R & A AL o) 254 (3t 5 4 i R A A .

1.6.2 £MMERENMRGE

A B B RE PR T i, B — 2% B F0 R0 2 [ S5 R 7
72, Fp 5 it 5 7 i — o DX IR B B 17 B D kA, WTiEIE NCBI #ds
JE i) BLAST MR 1 D e SR ENE T 51, SRA5 00 R8P 51 w] AT Fe 51 LL X 43
BRSPS BE TR, AT C 0 B N R A B T I ThRe, X —20

11
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TR el P A 1 RIS R R 0 R S A R A R RS, DRI T
o2 IR S5 AL B AR [F) A5 B2, B H AT 70 TR A B8R B s 5 A 1 U
g Ja T IA R AU ECR . ARG IR MRS IR I RE 7 HE R S R LS LN
SR 2 A e, (HIX R AT KR SRR AW, &R T
P03 BEUR IR BRSL. R PR TGRS e AR H] T A E R 2 S A5 T
SUSHAT T OBt e, IR 1SS E AR R, (H CURNER F 5 A1 S Se R E
R o 24 ) 2 1) ) 22 BE TS AE AT RUeL, R, A Bk SR PO o 1 U
—HRAEOR T B, BEE R GELED, BB @, 5L
UM el B ) = AR P v Tt AR A B

1.6.3 EAZEILEMHNMAES R

A BB T SO AR o = 4 A5 R 1) B TR T R R A, Bt
HINEAT K TIIE I 2 2637 o [RIVR ERASE 2 BT R0 £ 1 1) =24 45 g ok Tl o e
ARG B R B A FIAE L M . SWISS-Modell™®1
Rosettal’”®l, Modeller®IA1 FAMSIEULE, {H [R5 R A5 ¥ B R B 22 5 b
)R VA 8 0 7 AUAR B, TR Rl R A 00 SR BR P AE T R A B P sl 5 2
EneE AR RIVEVE 2L = T 30%, Al Ub RV B ANE H T BT A IO aR B PR Ak
TR AR YR B AL 2 R B, R AR R B IR P A R, F a0 (8] AH HAE
PSSR 2, i v A R Ae A I = 4R 45, 18 T 00 O R 4546 1 B 1 R
HZ T I R A, HERR MR Rt B2, R H AR B 7 41 5 2
B 0 S RS EAT VLD, 4R B A& I 25 R BOR AL AR Y, mT T /7 514
AR A IE B, (HIZ 7 VR SRR R AR K 83). N T R IR M S A 2 1 o = 4 4
1032 S5 Fee i 5 e A 41, R AREE 7 2 DeepMind & Alpha Fold,
EETHERARNEERTSY, sl RIEERERBOCE A RrE . 5%
XF A B K 22 P 9 L BEAT R AE SR I, 456 36 T Iod ¢ FR2 4o 222 IR 4 Tt 2 19 o 46 )
ATHT o VPAl, B AR R A5 1, BN AR B R s RS R R L. Rtz Ak,
T A S5 A TN B AR AR R R RE 45 Pymol BSE FTAAL B - H e 1o i, 1
BB SRl TR AR AT AL B, AR ATTRERSIRAFINT S (S 2, oMK IR
TR T T SOE A)iE T A

12
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1.6.4 S FXIaVIEIL R HE N

X (Molecular docking) 721z H AR5 I8 2743 B S A R L Ak 8] AH ELAR
MR EZE T B, R AT RNV T B Ny TR A R 77 (EE R,
BREENGT T BD) TRAE — RS HEATAE HE Y 2 AL B VTS, [RIIF40Are A1 18] ) AH
TEFATEGL, DAL TRIN — 25 (¥ 45 & 75 sCRMSIE AN 7 R /N BT, AR 224 i A (R A =,
Xf e 7 AR B MR PSR MR RN R e 1 =2, I e R 2 2
FARFE A7 I A FLAE 5 20 2 M 0 B R0 S o 3 5 i I8 F Tk 97N o
TACE Y5 F AR PR ELAE T, 3T DL UM 7 20, AR5 UK
k4L 1) 1, 40 GOLD. AutoDock Vina. Smina LA A Discovery Studio (DS) %%,
IX G A 1) SR Y SR 70 X 5 DR 35 R B i SR I 2 AN AR [R] N 9 B R IR T T T
— N E BB, EBAE TR 12 Ja 456 #8015 5550, LUK B 5 ks i b e R
Gy F 1RV AH ELAE FIALE IR B 88l i, 43704 32 218 FTE 25 R U, 1
FURL 2R I0), g2t 70 A MR i R 2 92 A

1.65 ERRTHARENH

E S 5RAF (Site-directed mutagenesis) &AM B A 1E A ay Rl AT 7T A
HIEARFBEZ—, EHT DNA &1l PCR HAR B & A AR AL s i 5%
BHEBRIIY, HHS5ER DNA HAMEG, 7E DNA KEEIEH T LGN
F RS I DNA B, 283 22 %0 53 ) S AR 28 B 14 5 40 L 4 N BB 2R 198,
SE RURAR TN AR AR YR 2GR AR ) TR S B ST ek, JC R R I A5 1 5 Th g
T, s EE RAE T A AT B, W Yu SRR T A RHE A E R
AR R R DI 4 TR A0 L ) S e il AR RS ORI R e, B IR AR B A
Ry 1 L BT A RN T 52.8% .« 8 A5 %N 1o B 1T 40 R T S R R R AR N
ROHR T R R A £ P AN RS T I . Emruzi 251900 5 S RS R 1 Serratia
marcescens BAA JL T J5ilEH) 191 7 B9 H & MR A VA iR K K $e i 1 LT Bl iy
PR E N B EBEED @ RV ST, 50T AT RER I R AL R I A B T RE ) 3
ANEIERRAL A, R AR W o T AT IR M i i 1 Mg s

13
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1.7 AREXRAS
1.7.1 HAREX

(1) BEPRIFILLE T 28 R A E o o I8 505 2 b 58 — R Rl N 284 i
e RGP HOR FEABAR, [ Brow O K B R A B0 o, R 2022
LA 5.37 ACHIRE IR B, o 1 BURE R A o5 LA 90%I0%8L, T E. AR
AL 10 LS R G P TR0 FFE T T B R S 45 5 R 7™ B i 5 5 AT A= i f e
bEE N R AE B, B PRI IR R a5t oinadfie, TR0t B I R W 11
5 SR B R el

(2) B B A AN BAAE TR TR R 1) o-WEEFBEH0HI77), B 1990 4F
bR AR BOR A L et E R B N R A2 B AR AR DUt 4 T
WA IR FERE 21K T 51000 BT, RS iobE 3 B2 sl I R R SR, H
HH T IR R AE R B R T AN R 3 BUR T 7 A BRI SN 2 7 A 2 MR )
——RIRA R B R R . b, BT-REE S AR R — S 2 BRI S %
Y, AR, BT T AT 2 48 v T A2 7 TR AR 1) P50 K 5 BT R TR W £ 7 i o
17 e 55 AR LA TR AN T RS A5 e o T Ach D & — R4 S B, 1 AER
RUERER) A AR TP E o EERER, BN S 50-RERER S, E5)1
Tt TR (1 [) R W FOAF DR 1200 DRI, AR 2 0 PO A 285 K RN T RN T B = B b %
FLIR R )& L AT 2 B

(3) BT, AEWME B2 IR R o) A ok S BRI i e B, DO
WU g SR (1 78 A A S i 43 S0& (78 AT B — Do, i v LA B,
WG 5 IR I s PR AR, X OR B S FERAT s AT RAR, WP IRER %
LA T Ach D AT D 3 0] ) R B B R R XU PR 42

1.7.2 ARARE
(1) {#H NCBI $¥8 2248 13 FI 3 K acb D, FIFH AW {5 B8 AE AR 5%
AR, B S I SR R R A P e FE 1S 2 ach D, #y i H 415k pColdll-
acb D, J5S A E. coli BL21 (DE3) H3k18 E A Ktk E. coli/ach D J:X} 1% 5%
AT ARAL
14
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NATTT Ach D A BE L A 45 1k

(3) 7341 Ach D I =4EREA, 3z 70 TR BT Ach D I =4EZ5#) 5%
Yoor5xb4%, XN EEA EIRAGEE 5 IR AR IR IR, JFRR 2%
#27t Acb D AT D8 3 18] A S0 B 2 2 PR SUE R 2k

1.7.3 H¥AREEZ
AT BRI 12 S e 28 WL 1-4.

D meseR ] (mumebukis) [ Asekfiorh ) [ w@ilsim ]

___________________________________________________________________________

R [ |

___________________________________________________________________________

[ REALATse (mgstereth s | [ mzassrovgtr | [ mtie ]

___________________________________________________________________________

()
B
w3
¥
®
g i\[ wposckiEa ) oweesnitd ] (wemsesss | meis )
*
@
B
=3
b

— ﬁ !
R ] .
g oo ) (e ) ((assesm ) (cekaaem )

1-4 FOREZE
Figure 1-4 Technology roadmap
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E2E RHEREEBE A D EYEERESNMRRIERIE

2.1 5|18

BT R BHE (Acarbose) 52— a- Bl EFREINHI ], FAY AT 56 G- PEA ] oK
B )9 P R Y SR R TR UK KT, 30 i 2 AT e B i R S A A R B 1
RS, PR G245 1990 4 BT 2 JE A iz B TR PR (R T AR o7 oA, i
LR TR R A 7 B R R R AR T B, W R B 2 A BRI U R, F Hemker
SEALE TR B R RV 3 TP 4 B4R B — PR iR, 2 BB YOG 2 B ach K
PRI R 1) ach D K gm i IR R 4E 2% #2 (Acarviosyltransferase, ATase) ; W4T
R, AL TR TR R I A 7 B - e B PR AR A Pt AR, SRR
W 2 LR R T FSOAE 5%, K1 b B 6 A28 10 45 4 T R R A e o A 5% B s
R A AR A R, IR RETE 9 R VR 2% T AL 4 i SR LT TR

Hil, EPNAT Ach D B s/, VG B3R RS TR E D
AW R G SR BE 2, AT R08k e BAESER I E B D08, A s Bt
SRR U PR a2 9 R 5 5 B2 0 tH e sl TR B SR I 2 A ¥ Ach D IFdsd 2R )
BB A, @R TR E. colilach D S Acb D [ 7R
5, AR R A AR SR A S 00 B

2.2 KR
22.1 EHREIESE

[ #' Actinoplanes sp. SE50. & 7 8 33& FkL pCold IT I #k E. coli/pCold
1T A 5256 =5 (558 TR E. coli IM109 1 E. coli BL21(DE3)I4 3K 4 3% [# Invitrogen
AHl; SEBEFURL pMDIS-T JK [ FigA TAM TRKR MG ARA R RikFk
pCold I 3% H HA TaKaRa A, AEfTH ARG FRIEE )5 U0 F -

LB Hidt (g/L) : JREEMR 10, BEEHERY 5. NaCl10, pH 6.5~7.0;
PR FREE 5 AN INER G 20,

B RHERFER (g/L) . BERE30. EAMK 5. L-FRER 1. KC10.5.
16
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MgS04-7H20 0.5+ KoHPO4-3HO 1. Eifli 18, pH 7.0~7.3,

FhFREFREE (gL) « HEYH 40 A =B 20. £ KiEHr 10, CaCO32, pH
6.4~7.0,

MR EERFRIE (g/L) « HZENE 23, ZZ4HE 96, HE WY 10, CaCls 3.5,
BEIRH 5+ KoHPO4-3H,0 1. A = 5. CaCOs 3. FeCl3:6H200.5, pH 6.4~6.7,
DA REFRELITRALE 121 °C, 25 min K 516

2.2.2 LR

AP A 2 DNA P st 171 & % S is R250. A R HHE R 9(Amp)
A5 2-B-D-ii AR FUME T (Isopropyl-B-D-thiogalactopyranoside, IPTG): _if§
A TAY TR AR AT PCR-Advantage®GC 2 Kit. DNA #2877 £ . DNA
marker (250 bp) i [ e it 751 G0 A0 B 1l VA% R N ) Nde TAH Sal1: H 4% TaKaRa
22 F); DNA AifbidGf @ bR eE i B 2l & B o RAEMEARAIR 27 ; CaCla.
Na,HPOs. NaH,POs. HZ& R Tris. SDS. ¥KESHR S F 7= 43 14 175 2 S5 [
[ = 25 S FIA IR A ]

2.2.3 LI ES

R 2-1 EELISAA
Table 2-1 Primary experimental instruments

INEZ s il AFETR
s TAEG VD650 TP B AT PR A
AR E DAL ML TGL-16M T R TRAX
BT R ME104E MR 3-1E4 2
4 H B ARUK A HVE-50 HZ SANYD
(ENTRE ] QZY-85BS R AR A PR A F
PCR {X A300 BUM BRIERZA AR A R A 7
IR kR E DYY-6C BN AR
B B R Gt G: BOX iChemiXR Syngene
H AR B AR DHG-9071A FigH
PH it FE20K MR 8-1E4 2
P AL KQ-500CDE B2 1L i A A AT IR 7

17
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2.3 SEWTTE
2.3.1 BRERBHE

248 [ SCHR 3RS Actinoplanes sp. SES0 7£ NCBIChttps://www.ncbi.nlm.nih.gov/)
Bt PR AR S5 SR (CP023298.1) 5 M ach FEIHI %P ik i Acb D % itk
acb D

2.32Achb D £EMERFEDT
ff F 7E 28 W %h  SignalP 5.0 T Acb D 0915 5 K A1 47 % £z 5

Chttp://www.cbs.dtu.dk/services/SignalP-5.0/), #2354 F W%l TargetP 1.1 Tl
P sERL Chttp://www.cbs.dtu.dk/services/TargetP/) 104, #R¥% SignalP 5.0 T
g LBk Acb D 15 5 K5 &5 Bl Protparam 11 ERRARXS 0 i & & EIREH .
e pl. R FAHRA AT E RS (http://web.expasy.org/protparam/ ) ;  fifi F
NetPhos-3.1 Chttps://services.healthtech.dtu.dk/services/NetPhos-3.1/) Fiill| 434t Acb
D MR Ar ;s A NCBI T A=) CDD %45 PE 43 it Acb D JrJ& 1) & Hil
TGS AR5 2544358 Chttps://www.nebi.nlm.nih.gov/) , #2351 | Alphafold v2.3.2
Xt Acb D HEAT [FJYR A Chttp://easy2md.com/ Alphafold2/), #4) % ()4 74 { FH
SAVES 6.0 H1) PROCHECK BiH Al B & (http:/services.mbi.ucla.edu/); 18
Caver 3.0 Tl Acb D JRM454 1048 (http://caver.cz); 1 B4 Amber 22 FFfE 43
TN/, ] pdbdamber Z:FRESHE G K £19SB 113 H TR RS K 113
ZHUL, SRJ5, A TIP3P /KA ATV AL IR A NP 851 (Na'/Cl ) Sk
MAGE, RGREER/IMEJETE 500 ps LN RS 0K 3l i) 303 (30 °C)H
323 K (50 °C)o EMLER S REAPHHT R R IRGI, XA L5 BIRE T #EAT I
VAT, BEEAEFIRSE R RS AT 100 ns 43 B CLORER A BAVE D 264, B )a
S AmberTools23 73 #r3h /) 2% 45 R & 5+ R 3 77 i 2 (Root-mean-square
deviation, RMSD).

2.3.3 MkEEEFEBIRE
H$4-80 CCLRAF I FAARIN H T 4 °CAR%E, 1E B, RUIE 7L R R 2%
M, T 28 °C, 50% RH HITEMEEMRIE IR TR EE 7 5~7 K (d), HEMHER
18
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BRI 21 em? K/ANETE BRI FREFR 5, T 28 °C, 50% RH, 220 rpm fHi
TEIRPRIR PRE G5 9% 48 h G TG R AH AR AL, HRHUSCER B 42 5 DR 4 1) HL A
BRI Bl mL BRI ERE 1.5 mL BO08 T, =i, 8,000rpm, Bl 1
min J5 7 ISR DN 180 uL ¥ B (USSR U TR AR L B, 37 °C, 7K 40
min J& A 400 uL Buffer [¥) Digestion H{ FHESAGRITIR ST, T 65 °CIrI/Kift 4
FBCE | h RYIRARAE . B, NSRS AR, B IRAEUE 5~8 Kk
iz SRS, E 2~3 min f5 10,000 rpm B0 5 min J5 7 L. WA
1 mL 75%JC/K LB, EfRIEYE 1~3 min, 10,000 rppm 250 Smin, 2 L3, B
WP RES R, &5, BEOE G TITIEE 5~10 min 5% 1K) L8434
K, Hif8 DNA Fi| 50~100 uL %) TE Buffer V&f#, T K52,

2.3.4 HIVERER =

RAEIEE ach D HIFEF, 454 pCold 1 2 7o B AL 15 i FF FIAFE 1 PCR 4%
SRSV, AR EIRA SIS W3 2-2, HAk PCR Bz PCR-Ad
vantage®GC 2 Kit #AEUiE45 Chttps://www.takarabio.com/documents/User%20M
anual/PT3316/PT3316-2), # 445 W) K FH BTG MBI H bk 36 UE,  Re S0 1IE LE 4 1Y)

SER AN, BAF PR W, SanPrep AE38 DNA [ B &0 i 45
% 22 LRSI

Table 2-2 Primers used in the experiment

51444 Fx F5 (5'—3") FHi
acbD-F1  CATATGGCGGGCGCGAGTGCGGTTGT b 2k Ach D
acbD-R; GTCGACTAGCGCTGCCAGGTCAGGGTC 57 514
acbD-F»  CATATGGTTCAGCGCCATGCGCGC BT 2k Ach D
acbD-R, GTCGACTAGCGCTGCCAGGTCAGGGTC 57 514
PMD18-F  CAGGAAACAGCTATGAC B9 POR i 7|
PMD18-R  GTTTTCCCAGTCACGAC )

pCold - ACGCCATATCGCCGAAAGG i POR e 3 |
pCold-R  GGCAGGGATCTTAGATTCTG )

VE: FRIZ 5N Nde TR Sal TABEDINL S, BT ARERK GC HEERE, LN 70%,
IE7E PCR R f# ] PCR-Advantage®GC 2 Kit.
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2.3.5 mRERFRIIDE

DI IRIWOUE B 7270 5 pMDI8-T AHIE, AR R 5 BN 2-3,

7% 2-3 DNA %8R
Table 2-3 DNA link system

il RRL (ubd
pMD18-T 1.0
JRZ R4 1.0
DNA Ligation Kit 5.0
KK 3.0

2

ZAMH S (1) PEBUIREEFRN E. coli IM109 HV& T %4 5 mL LB i
PR IR MR T 220 pm, 37 CCIERAREFR: (2) BFId W EEFRI E. coli IM109
WL 1% M S 2 275 100 mL LB RS 7R 2L =M+, 220 rpm, 37 °C
B:3: % OD fH N 0.4~0.5; (3) # 0.1 M CaCL i&E¥AT 0.1 M CaClo-15%H it T4k
WA, JEEATE B PBRITE L TAEG MUK by (4 KRR 2 BIHRAS 50
mL KK BOEF, FIKERER 10 min; (5) 4 °C, 4,000 rpm 2.0 5 min;
(6) E0JaFr B, BAEOERIMA 20 mL A M CaCly, 1FFHBBMKIT
RO E R, T UK EiE 20 min; (7) 4°C, 4,000 rpm 250> 5min; (8) &
OJEF B, BAEOE I 2mL HA K 0.1 M CaCl-15%H i, AR
WFTVR A B R (8) 433 100 puL £ KE M) 1.5 mL &0 T8 T-80 °CH
ENCE L s
W AR (1D FdP oinRE g LB B IR3E, BRERANETHE
A DABESZ I IR R NN IR A 1 mM 1) Amp $HittE: (2) FEIIN 20 pL 200
mg/mL [¥] IPTG £1 100 pL 20 mg/mL (1] X-Gal % =& 1R 51 JGEI1 P, AR P
TG IE B AERE 7RI TR s (3D I-80 CCHUH AR A7 I B 32 4H A A A2 0K -
6, N 10 pL FEEEREY), BRREWETIRS, UK EE 30 min, H5E7E 42 °C/K
R 80s, HATREVIZIESIRE; (4 RS EH B OEBEK LA
10 min; (5) fEE0EH 400 uL 1 LB ifARRE#:%E, 37°C. 220 rpm K557 1 h i
EARE TR (6) EEHEAET =T 6,000 rpm 2.0 5 min, F 400 uL i

JEAE B BHREWATIR ) (7D RGBS E B AR B AT 2P b, 37°CRE TR TP IEE
20
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9% 1h Ja B EER.

A TR (1) 2R LA & B H B M SRR ARG R IR BRI 1
AMEDE oD FEE BB, M3 5 mL LB IR 5 (Amp Z9KRIEH
ImM) FIEF; () B ATEIRF 37°C. 220 rpm £55% 5h; (3) %%

2-4 TR B W PCR R R NAE & .

% 2-4 B PCR MMk &
Table 2-4 PCR system of bacterial solution

5%l (A At
ddH20 17.25 A PE: 95 °C 5 min
10 x Ex Taq Buffer 2.5 A k. 95°C 30's
dNTP 3.0 iBk: 47°C30s
pMD 18-F 0.5 FE{H: 72 °C 1 min
pMD 18-R 0.5 30 MEH
R 1.0 Far4EfH: 10 min
rTag A 0.25 fRA7: 4°C

PCR [ V. 58 U AT 5 T At L bR 9 34 25 51, 4 BV PCR B0 iE TE 1 1) e e Jo ot
4 N pMDI18-T-ach D, 3% Z ¢ 2 70+

2.3.6 FTIBEHMAHIEE
S L EH AR pMD18-T-achb D, 41 7IH Nde 1A Sal TAEFEFRL pCold TS

%Ak pMD18-T-ach D, Y] [ ik & W% 2-5.
K 2-5 XEFY) VAR F

Table 2-5 Double enzyme digestion reaction system

VAR 7 pColdII (20 uL)  pMD18-T-ach D (20 uL)
10 x H Buffer 2 2
EEELIVIN 16 16
Nde I 1 1
Sal I 1 1

B, RUBEYL a1 e -G & 2lid, aiAB 3R . (1) 4 DNA
PRSI SRS SRR TR T A 8RS0 (2) JEIRSIR RIME il 2 2 DNA
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AN, FIRACE 1 min. 8% =R BCEHE AR IE B 2 R RITAT ;. (3D

%, 12,000 rpm, B0 1 min 5 R BECEEE A BB (4) I 700 pL K 1T
% DNA ik, SEHEE 1 min; (5) 12,000 rpm & Imin, MHEEENRNT
Vel e, B0E T LWCEEE R (6) N 500 uL ¥ 11, 12,000 rpm 55
O Tmin, JBIREA T HE— DB E500, BHEE N IE; (7) 12,000 rpm,

B0 1 min, MOPRREA T ZRIRBEBRAIFE AR ER: (8) ¥ DNA 4ifl
HE T M0 1.5 mL 0% b, SN FIA 30 pl 3 11, J3UE 1
min; (9) 12,000 rpm &0 1 min J5/3 BIFRAAR A S 40 DNA, 5K 4t )5

HIF= 35 IR R 2-6 FIMER R T 17 °CI NI

% 2-6 DNA 44k R
Table 2-6 DNA link system

L%l AL Culd

afi{L¥) pCold 11 5.0
AL IR A B 3.0
T, DNA Ligase 1.0

10 x T4 DNA Ligase Buffer 1.0

218 2.3.5 BTk 7958148 E. coli BL21(DE3)&Z A4 AT 4k, R
Amp HUIE AR L E L, TEIE BB R T AR E PRI P B v, TR ISR 2-4 11
4 Z W PCR AlF, @514 pMD 18-F/pMD 18-R 2 N3l FH 514 pCold 1I-
F/pCold II-R; 1B Kk FEAR R 53 °C, HoAth A& A AR . £F PCR 45 55 R HU B A il sk
R IKERIE, B0 UE IE A A 45 Sk P A mJIN e, R IEBR K Bk i 208 E.
colilach D

237 BHEEKNIBESRIE

LA 1% M B RBU E. colilach D #5012 5 mL LB KIVRARE R (Amp
ZIRFEDN 1 mMD, 37°C. 220 rpm 5% . K ROBFRMFIFI, DL 1% 4%
FhEFEAN A2 100 mL LB FHEZIRT, F55H9R 2 ODsoo N 0.6 A IPTG (£
WEN 0.4 mM), 15°C, 220 rpm i F3KIA 24 h J5 BLUEE R A (12,000 rpm,

2 min). 4% T B A 7K NapHPO4-NaHoPO4 2233 (100 mM, pH 7.5,
22
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1 mM Ca?) BE, FHEHEFRE ODeooiEF] 7.5 I G0 FE BRE, HFE %10H
Ih# 30%. HEFEFF 3 s K 5s, SAFEA 30 min. 475 BB 110 B A FH A Uk
THEEODHLLE 4 °CEL (12,000 rpm, 5 min), 2500 Jo I8 55 A1 2 M 315 4l i,
B ARG AR D IR WAR S A A & S 1, #2358 SDS-PAGE 4047 H
EASEOESEN

24 BRER
2.4.1 ERBUMRSH

R & SignalP 5.0 TR (K45 AT %0 Acb D 27645 Sk, Sec/SPI fF1E ML H
0.9569. VIFEINL Sl RefiT58 26 NEIEMA 27 NMEER M, W 2-1, JFE:
FT- 53 T 7 5035 9 25 B A5 5 BRI P 31

]:?‘;_% 0.4

021 =
N

¥
0.0~ =TT

fAvVAVSLLPRS LPAHAAGASAVVPYA GNPASLEQOLEYQI

10 20 30 40 50
SV
fe 5 hik DIRIBL RS JeAib

B 2-1 55 ik RO
Figure 2-1 Signal peptide analysis

HA KBRS TR AAS A2 EEZ L 2R A NS EY
BERRAGAL S BRIR AL 5 BRI, LLnhs SR & By, LR 22 S TR vk L 1k
BN 22 e 23 1, T FI DR 5 & Bl s — S 2 1 O e e A IR A0 7 R PRI A e 2
BHSHEN, LA HE S B AR, H Thrl4 1 Tyrl5 7 SUBRRAL,
e ¥ BE CE 20 o rhr 06197 Ach D B RR AL AL sl TN 45 SR LI 2-2, ] 2-2 T
Threshold A BEMR A AL fIRIFEAELL, B HE IR (Y (BB kv 42 Ui W AE Ak
BRI/, Serine NZ2%Z R, Threonine NI Z R, Tyrosine NE .
HiF& 2-2 AT BB, Acb D fE(EE 2 MR AL AL, o 22 SRR M B R A A7
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F 4. 15, 30, 87. 172, 239. 243, 250. 266+ 280. 292. 302. 377. 406. 505.
539, 581. 614, 640 Fll 645 I Z IR L5 IR IIBIRLAL AL T 264 70, 120,
143, 289. 296. 313. 325. 337. 358. 473. 491. 529. 542. 561. 590. 593.
683, 691 Fll 695 &M s SRR IR AL AALT 159, 189, 193, 270. 288,
368 384, 396, 417, 430. 465 F 682 A& KM I, HEMAFTEZ AR AT 25 1)
JE A AT RE R T Acb D & S IS i .

Tyrosine
Threshold

i
]

B AL A T et
=
F_p

T T [ [ |
0 100 200 300 400 500 600
B2 IIVA- s

K 2-2 BRI AL R AT s
Figure 2-2 Analysis results of the phosphorylation sites

R4 Protparam 7 M4 A1, Acb D 70 TN Cs324Hs06sNoaoO104sS 12, Hi
698 MRIERA K. T8N 75,351.20 Da; FHIGZEHEH LN 5.02, fRlEgtE;
ARl Asp AT Glu 3% 82 A, 1L HLATED Arg 55 Lys 3% 58 4y RAGIRECZ A
Witk A TR EAREEAN—ANEESL, MRRIBEUERT 40 B, T
FlEZEAR - IMAREEN, SRBEREANT 40 1, sarHEiREAL—
MEEEH, iR Ach D FIATRERR N 2437, AIHIKT AcbD & —MasE
HE: BKEEFES (GRAVY) KMESEAREH/KIEMEXR, EAM GRAVY E
KT 0 B AT A B FUOABK & E, B AR GRAVY EH/NT 0 B AT W7 85 5K
HH, TS REH Acb D ] GRAVY {E 4-0.440, Z{E/NT 0, AW Acb D
e AEAKEN, HEANEIERRA SR KE I 2-3; TargetP 1.1 V40 & f7
7~ Ach D 43 A fE A 4t
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3
Hydropath. / Kyte & Doolittle
> L ]
gy | | fl V
#®
« 0 rlllJI‘ ‘ || ’& '1 I'[ |f| | | ]]|| !
-1—"|L ||'$(l. 'J Iﬁ‘”“‘l."l“
2 - ] 0y 1 (| I:‘ | | b
-3 | 1 1 1 1 1 1

0 100 200 300 400 500 600 700
(DA

K 2-3 Bk AT
Figure 2-3 Hydrophobicity analysis

242 —KFHI5Hh

f# F§ NCBI 17 CDD Zi#f 5 Tl Acb D 4 #a 3k, 25 R ILKl 2-4, H1E 2-4 7T
MFEH] 17~411 MEIERE T o-TEMEE (GHI3) MK, HAFEILHE CGTase
XIg. o-JEMBERBE&H Ay By C =/AMRSFEEMIR, T CGTase B i Hi i
FKIEILH W =AY, ERAW MG A D M E (CBM20), CAHK
W7 Acb D 1 CGTase A 4 FL/MH I 25 MU0, LR~y 25 Rt b (¥ S0 B 21
FERRAL AR R LR, A SR 8 A a-tZ e 8 A B-Ir BALRI (Blo) s AR
IR, B 2T A HEE=A o BHER B4 2 2 A — M FRRIXEL, A 5 B 5
ZIRAELE— MO 2R, AL =FkE (Asp. Glu F1 Asp) i, Z =Bk
TEFNAT oV A P e FE AR SO0, RSP R4 B8 125 B S T A B8R B 32 I
G b, CERIEH R R ER S R AR, C g B-REM, HA
—ANEIERELGE AL, ATHENTE Ach D 9 C dlth a] 5 R K AR ZE &
TR P51 421~508 NI 2 o-VEMEEN C dimgi fl! 112, 751 514~593 A
ZEEIR 2 5 CGTase AHBAR) D Z5 4448k, 12 25 A4 38k 1) D e i A B AL 2 PP 1) 595~684
FIEMR L CBM20 38, RRIER I8, A MAFAE T R R IE R P mg 14

1 75 150 225 300 375 450 525 600 675 698

Query seq.

Active site || A A M4 A A Starch bindingsite 1 | J}
Catalytiesite | A | Starch binding site2 .44}
Ca binding site | | A A A
Sepeific ks [ —
Superfamily. AmyAc_family superfamily amylase_C superfamily | IPT superfamily ‘ CBM20 superfamily

2-4 RSy & R T

Figure 2-4 Conservative domain prediction
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2.4.3 [EFER MRS TE
WEFCRN, BB A F R LA (R G54, 20 () 45 1 4R 11 52 B o

SR TIAE DR M T 103 M T A T 0 % 151, L) Ach
D ff— 27 FI KR, 5 Alphafold v2.3.2 % Ach D (17 [ 45 a7 de, 2t

TG BRI S5 K WL 2-5.

A Domain
2-5 Acb D ) =445
Figure 2-5 Three-dimensional structure of Acb D

f# /] SAVES 6.0 H* PROCHECK HMERA DAl [R5 @ 45 J b A ot =, =X

VI P 300 3 e s e B e e 1 2 [+ ] A L 3 BV A4t B 1 TR B P 5 B S AR

P hr PG B b 5 AT A, SRR AR TS 99.7% R IR IR IE VR AE Fo VF X A& K L

X, 2 B 12 [ Y S AR R 1) ot o w3 RE R, AR Pty 1) e X T 0 I 246 B
LEA

{#FH Caver 3.0 TINZERI R L& 1048, 451 B8 Ach D BIEY 45 & 10 4350]

BENL T A GEHIENT B S5 AE I ], 1245 2R [ PR < 45 Ry sl ) T 45 R — 3L

S

! I
e T = = = J ‘ H . ta
-180-135 -90 45 0 45 90 135 180
i fagE)
2-6 Acb D [ =4k 451y

Figure 2-6 Three-dimensional structure of Acb D
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244 SFENIFEM
IS 432 7 2 AR TR TN A R B B R E M, B A SR
FEVER S IR TE VA BB VIR R 3N 1R S Hh, RMSD (B RN 7EHF
TS N AR G5 R AR 45 2 (R )T ¥R 25, RMISD R /)N i3 B 2 11 ok
gkt iaa e M. g 2-7 froR, fEARRE& TR Acb D £E 30 °C (303 K)
[¥) RMSD {H LU #E 50 °C (323 KD HMEAR B AR /)N, 5] Acb D 7E 30 °CHYA
S S5 B RRSE .
0.7

—30°C
0.6 B 50 °C

05}
04}

0.3 s JK
0.2

0.1}
0.0

RMSD (&)

0 20 40 60 80 100
B8] (ns)
2-7 BRI SRR
Figure 2-7 Reaction process of acarbose

245 BRIERERY 1E

AR EX ) 3 T 2 1 4 ZE DRI ZH N AR, ach D-Fi/ach D-Ry H1 acb D-Fa/ach D-
Ry 51904 3T B (5 SRR (S S IR ach D LR . 748 J5 1 45 R A Bl i v
Yt P LRGN, &5 SRR 7R 43 BIAE 2100 bp A1 2000 bp kb H HISH CREIN 45 3R I
2-8), VEWIZED ach D BIN S RE L, K B R BOUIR R, e 2 S st
o
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bp M 1 2 bp

5000-
3000-

2000-

-2100
-2000
1500-

1000-
750-

500-

VKB M: Maeker; ¥KIE 1: A5 5HKM acb D; ¥Ki&E 2: TofE 5 KM acb D
P 2-8 XL LKA 25
Figure 2-8 Nucleic acid electrophoresis detection result

2.4.6 EHEMRIDE

SR &5 SR IE A (0 se B kL pMID 18-T-ach D, 4183 2-5 Hi Mk &R
5 FH BR 1)l Nele T A1 Sal 153 BB AT pCold I1 #EAT XUEEY), S B 58 R 1% % 2-6
IR S R AR ke R . B, MR IR IA IURL pCold 11-ach D 5K 4R
AU & 47 ) E.coli BL21 (DE3) 24U, A Amp $iiPEM) LB T
Rk EA T, PRAGE AR REE S 5 mL LB A 730 (Amp KRN
1 mM), 37°C. 220 rpm #EPR 1% 4~5h, FIEH 514 pCold II-F/pCold 1I-R i
AT PCR, PCR 45K B HE eI ke dl, B 2-9 ATAIE 2100 bp Al
2000 bp XA H B4k, RUIEMAE E. colilach D F LI

bp M 1 2 bp

5000-
3000-
2000-

-2100
-2000

1500-

1000-
750-

500-

VKIE M: Maeker; JKi& 1: G155 KM achb D; ¥Ki& 2: ToA& 5K acb D
2-9 K PCR &5
Figure 2-9 Bacterial liquid PCR result
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247 BEEKRNBESRIELER

Y EH BRI E. colilach D #' PRI 24 h WA B R,  WCH 00 o4 F i
g E R, (A SDS-PAGE il #2408 i) RA SN . HEl 2-10 AfA1, Xf
bLVkIE 1, VKi& 2 7€ 78.1kDa AL T S AR B RIE, HICA &1, SEAHEALE
E. coli BL21 (DE3) thThseil 1 midkik, (HisExf HikiE 2 MykiE 3 &,
HHEAE FIEPEENERD, Kl MR IEEE, G0 ERES
PRI EE 1 R ik S A AT IR R

kDa M 1 2 3 kDa
200-

116-
97.2-

-78.1
66.4-

44.3-

M: 5 marker; VKIE 1: E. coli/pCold IIE4Hfl; JKiE 2: E. colilach D 4=4}Y; ¥KIE 3: E.
colilach D R 3%
2-10 SDS-PAGE 43 #fr45
Figure 2-10 SDS-PAGE analysis of recombinant Acb D expressed in E. colilacb D

2.5 KB

j#id NCBI #2411 3513 Acb D 2 I 4RIGIEIN ach D, f5BAYIME B F B
T PR A 5T 0 — G A1 RN R (B G5 A AT 4 Ao I AE SR T TR, Acb D
FEE SR, VIBIN AL T35 26~27 ANEFERR A BB BT 404 v] A,
Acb D. H 698 MR, HAorF 58N 75,351.20 Da; FRSEH SN 5.02,
fRERTE, FE— MR MK [ ; 38T TargetP 1.1 W40 E A7 s Acb D 43
ATEAM S : I NetPhos-3.1 I/ HT 45 AT 41, Acb D fE(EH4 2 /MR AL
s BT B T A R R OR, Acb D 5 CGTase M RVEM: i, 5 CGTase —
FEAEMFIR A, 8%, (£ Alphafold v2.3.2 X Acb D #EAT [F] YR A
FKH SAVES 6.0 KITALGEAELE#); Caver 3.0 T Acb D {45 & DA AT RE
BT A SRR B Rtz ], X5 R AE S I TN S R — 5 R 13
TIEERAERT Ach D iR RS E HEATAR A, 45 R K IL Acb D 1E 30 *CHIA ST BN
faE. B, % ach D EFFATFELL pCold 11 NEMK HFLLZ E. coli BL21
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(DE3), S #RIAM 4554 SDS-PAGE ¥, IS T ach D 3:KIFE E. coli
BL21 (DE3) HIFiEEIX.
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£ 3E EH Acb D BFMEUNE REEREEIE M O

3.1 5|§

fi] 4L R 748 (Acarviosyltransferase, ATase) F2&ME—AENS LUK < 0 0E A i
P 1 B R Wl ELAS 52 B = B e o, AR T RE 24 2 Fh SRR T e 4% 2
i e b 5 BT R Y B % G ) R TR T FSAE O, T T B T 1 T A 7 B I U
AR AR e 2 DGR T B2, o T R A A AR A S5 R R B R R, BT
ST PR A 7 TR (1 4 i DR A 0 AT T o I B 1) AU A 008 A B AT
Horb 2 5 3R HE AR b 5 AN B0 56 KR ) At &3 H kM7 (HE RN, A
5% Acb D (AL ThBEFIHLAILE [ Py S EEEG AR T, DRI B e 12 5 ) T B gk
— B SE AR A PR R R AR R AT R 8, gk, KiisgpiAdal
KI5 B RS [F) RV ARG, AN bR AR TERE 10mg LT
2L e, BRI B B B I e A MU RO R R, 4R 7015 B R bl S G () R
) ) 4 2 8 9K R AN AT LA T i Jp Bl P47 i S B, 4% S 28 2 ot (4045 52 D7 T
WEA T,

T J BAVE B ARG B A W W10 00 7 28 P B0 1 RSB 254, 3
I FE R R IA B FBRAG T EABME E. colilach D, EAZRANTKEILELL Acb
D M F3RIE A, Bl R FEAIN 4k IMAR 2R S SIS )L S SR . pH A
N TR 3R A4 A P 2% T S0 B L R A 35 1 2 A O R

3.2 SERaptHt
3.2.1 EtRBIETRE

EA FIFIE TR pCold 11 I #E E. coli/pCold 11 A& LK ach D W E A
Pk E. colilach D HHASES = AR580, A% % Fir FH M E5 IR L0 7 0 F

LB #5583k (g/L) : BREER 10, FEEHEEU 5. NaCl10, pH6.5~7.05 [
PREEFREE ST ANAINER G 200 FEFRIEFRAE 121 °C, 25 min KEE1EH .
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3.2.2 LRI

BERREN. VKEERZ . NapHPO4. NaHoPOs. NaOH %5 [E= 43 #4735 K H
FEEGEBARAR, BARZEFHIIKTAREREME LR 3-1, BELH Ll
BTz T AR A IR A 7]

#* 3-1 PEAAHAIC R
Table 3-1 Summary of glycosyl donors

eS| HFR CAS No.
b D-#i 4 4 50-99-7
L &b 921-60-8
D- A 58-86-6
L- Ak 609-06-3
D- Rk 7660-25-5
L-Biyhiffrp% 5328-37-0
D-H & b 3458-28-4
L-f 10485-94-6
L-1li 243 87-79-6
BURE g 69-79-4
AR 6860-47-5
D-£14E — bk 528-50-7
D- i b 57-50-1
D- R 99-20-7
D-FLKE 63-42-3
=Hi Ea = 1109-28-0
i 512-69-6
WERETEY) o e -D-mia 154-17-6
o-D- F R AT 1 97-30-3
D- /K H 138-52-3
2 2 HEIE 585-88-6
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3.2.3 SCIG{YES
AT B E AR W 3-2, Hfh B S EE WE 2-1.

* 32 FEANA
Table 3-2 Primary instruments
P& EA 5 AR
IEREY AR 7N WS-100 UG TG IR A 7
EASEVIES PowerPac™ % [EBio-Rad /A 7]
EAERTIE R G IMS-20 AT SR A R A
R P VR AL KQ-500CDE B LT R P A 2 PR A )
TR 75 A4 B A JY92-1IDN TUH L AEVEA B G IR A A
[GATY Hypersil APS-2NH, SRR R H R R A F
e O (T A 2695 [ Waters 2

3.3 KWHE
33.1 BFFEHHMK

AT AR SEa6 8 7 B FE E. colifach D, {Hi% S &1k 5 HALE A K0 #
CAELIRR A R B SUAFLE o« 228 ) SCRRAS RS 5 IR LE S5 B0 IR AR IO 1A % DD IR 9%
FUL, AR AT 25 SR R Ach D AT REFELELS K, IR SRR T a2
W2 5 41 ) SRR 55 A 14 N A 35 (JAVA Codon Adaptation Tool) R 3E A AT
X BRI A e B AT A X A R AT T A S RIL . B4, I
RS R A A R E A E R KRR, IR sEE, JA15 0%
FHIALIKREBN 04mM, 0.3mM. 0.2mM. 0.1 mM f10.05mM, %Sk
JE U fH F SDS-PAGE ML%2 H & [ R IA 50l

3.3.2 ERTERNIAYFHRIENL

B4 Acb D KGR INT VAR A S RO (3, AhRE, AT A%y
Thermon Fisher Hypersil APS-2NH, 431 (250 x 4.6 mm, ® 5 um), sl
KH>PO4-Na,HPOs (3.16 mM, pH=6.8) :ZJF =30:70 (vA), LAMGIK 210
nm, & 1.0 mL/min. #8840 °C. HEFEARFR 10 pL, 7ELL FAS IS A R R
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PBHE ORI 18] 2908 13 minoe ASCH, B 7758 SONTENNE 26 T 6E h ¥ #E 1 pg
Bl B I s 2L Bl RO — NS A AL (UD.

333 RN#HIEMER

(5 BN ABRT - 3B B A0 22 2F =W RS AA 22 IR 2 2 2% T HHARGE (1 7 22
FEREFHPERE ™. 6 mL MRMEIR (B AP RBHERIZZ 28 =0, Z9RkEHR 2
mg/mL), A 4 mL BERALE 25 °C. pH 7.5. /KIBFEIRZEH KX 24 h, A5
SIZE Oh. 4h. 8h. 12h. 16h. 20h #1124 h BUFE 600 uL, HEPEEIIA 600 L 6
IKOEEAIE N o SNTRE L (12,000 rpm, 5 min) JE3RTEH)_EEZ 0.22 um €
5 908 SR FH HIPL.C AT ] = W3 PO 0 A i, o] e I T [ - = g WA 82 it 28

334 Ei AcbD REREMREREMER

e EALE A BOE AR, TR 3.3.3 FTENMALIA R, OB ]
SR E Va2 BB E N 20 h A 15~45°C ([EFE 5°C), MEBRRIIEIE T, %G
Medw i RUBOE IR BE T Acb D I ELTE 7728 100%, 2 il FE- A L iE Jy 2. 5%
FREREME T, KERRLE 15~45°C (REAIFG 5 °C) B F{RIE Sh, J5H&
3.3.3 BT i G R AR A A R AE SR iR B TN S RE 20 h, 43531 0 5 VR P A% LUV
A2 DR A BE B LU T8N 100%, 2l ila B -AE 0 blvg J1h 2k .

3.3.5 E4H Acb D &1& pH HUE R

e UL Ach D FIRGE RN pH, 4 AL 100 mM (B BRA-BEHR (pH
4.0~6.0) Na;HPO4s-NaH,PO4 (pH 6.0~8.0) 1 NaOH-H % (pH 8.0~10.0) Z&f
W G 1TmM Ca?™), %8 2.3.6 ik B SLI8 75 0 nil il & B, 7ERoE iR T
JSRE 20 h S IISE LU, WEREE VSR e, WIBGE pH R Acb D HIELIE /)
N 100%, 2] pH-AHX i 7 Hh 28

3.3.6 E4H Ach D LA EHEEMARRITE M E
NT SRR EH Acb D WJEMIE, BIER 7% E A [B) B8R A N 4L
MR ZER, BIRAEAR R PR 2 =0 5B o 21 B W, X, =4
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PLEFERATAEY) (38 3-1), SR L IRELN 2 mg/mL, %08 3.3.3 At
BRI RIFE T BOE RS M pH NN 20h, B4 E e teig 4, 9t
PLZZ 28 = HEAERE SRS Acb D BIVE J7 bRt (100%) TFEAIXTHE

3.4 LWER
3.4.1 HEEFRIIL

T A A — ol ek 8 o S RT3 3 A e R v AR Ak Y B R R IA
TP IIHTHOR o I8 2218 1 8k S R G 2 65 1, B %% % 5% 1~ (Preferred codons).
fEi b mRNA )4t IRAUESFH]. HERIRGIEEUIM A, A% GC &%
TIEEF IR, DR R R, HE MR e R B R KT, AL
= R FH SRS [ B A o s T S B I BT P 1) 5B i e RS [, 3 2 i
FEANFIYTh A AR AT L) tRNA FEBEANF], H S 7E HEAT B A9 T O0 A0 I A AR
B T[] SR iZ AP R T B CRNA I Bt i RN 205 7, AR EA
PR AEROR, Al ReifE R &2, %60 7iE N R % (Codon adaptation index,
CAL & 1 2t 56 [R] 2 15 ) v 5 7 =3 40 L 59 ) 1l 25 G R % 1) B4R
T VPG R R E RS 1 R R IAE 0, B 3-1 AR AT 5 2 R 13 B e 4

[122]

Codon Adaptation Index (CAl)

After OPTIMWIZ Optimization

Codon Usage Distribution

Ty 1

2

0 100 m ) 40 500 §0 70
Amino Acid Position Amino Acid Position

0.77 CAl 0.97
Figure 1a. The distribution of codon usage frequency. CAl =1.0 is considered to be the best in your designated expression organism in theory; CAl >0.8 is
considered to be fit well in terms of high gene expression level.

K 3-1 T d MR

Figure 3-1 Codon adaptation index

B EIF 4% (Frequency of optimal codons, FOP) &7 3L [A b e fIt %
WA B LR AR, A Fa AL S e FTA L DR A AR de s S 7, AT
NE— AR IS € O REE A KR E T tRNA AR
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R #7021, FOP R 3 0% 7 7E R B h B, EfE— R LRER
W A5 R TE T R A A P (1 A A5 . FOP kg, i B i DR Hh e L 25 0 11
fil PR ey, X R 23 DAL 1 AR AR (B B R R e e, Bl A 4
N#KiE; [z, FOP{HIKAI fERRE LN RIB MRS BAR, Bl 3-2 AEALeT /G
B L 2 5 A

Frequency of Optimal Codons (FOP)
After OPTIMWIZ Optimization
Codon usage - original sequence Codon usage - optimized sequence

100 100
80 80
60 60
40 40
20 2#

0 0=
1020

30-40 50-60 70-80 0-100 10-20 3040 50-60 7080 90-100

Relative Synonymous Codan Usage Relative Synonymous Codon Usage

Figure 1b. The percentage distribution of codons in computed codon quality groups. Horizontal axis: Codon preference; Vertical axis: Codon usage
percentage of the optimized sequence.

K 32 FARE A TR

Figure 3-2 Frequency of optimal codons

3.42 EFFIIRERNRL

LR R TR AESELC AR P, R AR Ry T 0 B B B A5 SR AR TR U VA — 58
JEARMEE . —J7H, S SR E A B H T 5 E E AR AR IR AME Sk,
WA G L. H—J7m, ERARKAERFEAREEL S, @RANTE
WU I, 7 A IR BE AN RE A B IR AT Bt 2 AH LR TE BB A 1124, 7E 5k
K ERBRAE S IKG, 59K B 2 B A B A RIAHEE, XA
PRI BT B S AEE N R I E 2 . I 3-3 T, K TPTG (MR I 40 513N 0.4
mM. 0.3 mM. 0.2 mM. 0. mM fl1 0.05 mM i, KILFEFE IPTG LK [ A%
LM A FRIBEIERK, HEATVEEREEBEESH S, JHIE IPTG
ZIRIEDY 0.1 mM NIk KAE, BATESRIN IPTG FZKE N 0.1 mM, JE42:
7 P HE ARIEN IPTG FIZIREEN 0.1 mM.
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g M N e e 2 VAT

KDa M 1 2 3 4 5 KDa
200-

116-
97.2-

66.4- -76.6

44.3-

M:Marker; ¥kiE 1. %R, ¥kid 2. &40 (PTG &KE 04 mM) ; ¥kid 3: #iwE HiE
(0.4mM) ; JKiB 4: B ETE (0.3mM) 5 JKiE 5: BERE EE (0.3 mM)

KDa M 1 2 3 4 5 KDa

M:Marker; Jkif 1: %PH; JkiE 2. 240 (0.1 mM) ; ¥k 3. BFF 1% (0.1 mM) Jkid
4: 24 (0.05mM) ; ¥KiE 5: B _EIE (0.05mM)
K 3-3 AN[A] IPTG #KJE ) SDS-PAGE 73 #7145 R
Figure 3-3 SDS-PAGE analysis results of different IPTG concentrations

343 FERMNELAEATLAMRIZF N

i SignalP 5.0 T &5 R 2/~ Acb D FIREAAAEAS SK, WIARM, (55K
FEINRE R 5] 55 R SRR 40 M B AT i s IS B, #5155 KT A R
WS TE A A AL AN IUEC, H 1 AT BE TG TR 8 6 B 1 2
AN AANZSA], T E S AR S ANE A BN R, TG 0 SR AR T A A 1
RERUB), R LRSS BKP B 2L K 43 I E. coli BL21 (DE3) RFEKIA G I
FRHEAED, BHRENEAOERM Quantity One 4341 SDS-PAGE 45 H:
R, RUIRESKKELSA Acb D JLTF AR LA RATERAAE (Kl 3-4a, JkiE 2
3o WIEFEKT EVIRRAE S IR BRF HU)S . E. colilach D FIREEE 5 1) i
WA 76.6 kDa ALAFAEW R K A BIER E 561 (18] 3-4b, ¥KIE 2 M13), RS T&
W T HER T R, EAL Ach D VIR S G T RIEERE T 234 5.
DL g FAIE B A5 5 oo S B B i TV MR A BRI E
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g M N e e 2 VAT

kDa

-78.1

-76.6

M: £K i marker; 1: E. coli/pCold 44l fil; 2: E. colilach D 4=41}}fl; 3: E. co
lilach D WRF 13f; 4: b5 4 Acb D
Kl 3-4 HH Acb D 7E15 T IKVIBR AT () M5 (b)E E. colilacb D Wik SDS-PAGE 75 #ft
Figure 3-4 SDS-PAGE analysis of recombinant Acb D expressed in E. coli/ach D before (a) and
after (b) signal peptide excision

3.4.4 BHEIXTELR Acb D LIE RIS

Bl R BB AU R R B M BE D F 2 5 [N, AN 4-o- W I HESE LRSI L (2
FERE M < 712 W - 1 -G i iR v e e A2 WS, R AP HAR A AR E I AN ThRE, B
X LU S N ELORIC . A ELFZIR, AT AR — IR H B i) RS v e S g A
WA, XEAEH A2 A EE S BB B . 140, 1 ach O SERIGHES I 4-o-F %)
BESLAL N, ARG IS PERS, SRV 5 hy 1MTHT ach V 3K gt i)z 2k
MM LA S ach A HE TR G b 0 761 26 4 - 1 -0 2 i v e e R I ARG M) IS 12
I, A2 6 h M 12 h, FRWKYE TS5 3R AL 3-5 f) S Mgtk it 2k
REMETEMT AR, AR S ST R 20 h J5, BT-RBMERWRE JLFA M. |
BERfisE, B4 Acb D SERMINSNIN KT 20 h, J5E SR Y S ML (]34 LUy
Pt
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— N
= - T —)

}\*

N

R £ PR VR B (mg/mL)
[—]

— o (==Y o —
. . . . .
[\

'}\‘}

——4

=]

8§ 12 16 20 24
Bf 4] (h)
Bl 3-5 Bl R ) S b HE AR

Figure 3-5 Reaction process of acarbose

=
& F

¥ Actinoplanes sp AN LIRSS Acb D 1E NS IREERE, IR SRR AR
FIRUGH Acb D 550 T 4 he XJEGEE 3-6 1M 0 h A1 20 h FVEAH (i (], mTBA
EAEE], RN 20 h 5, BTRERER SRR EREIC JFHAE 19.5 min B HIL T
HHIYIRE, X —25 55 VR BRI 70RO .

0.06 Wﬁﬂﬁﬁ? — KRiOh
E 0.04 — 7 Ni20 h
0.02 / x
0.00| o
12 14 16 18 20

B ] (min)
K 3-6 HLAL Acb D HEALRT RN 5 2 2 =Bl S K] HPLC &
Figure 3-6 HPLC spectrogram of reaction between acarbose and maltotriose by recombinant Acb
D

3.4.5 E4H Acb D HIIRE 44

TP = L T R 38 3 I 41 R A A T TR IS R A 2R AR R S R B
775 BRI o Wl A A A P P AR R U200, DRIk, FRATTER T 1A — e YU B i
TEH Acb D FIEFE SR EB T EROC R BIE 3-7 hRTAT, RN A
F 15 °C2 30 °CIX A IX [AIH, FEAL Acb D BB 12 B 5 IR 1) _E g b 2
Fio AR, — HIREHIN 30 °C, BHEEEIM4STm, BEE S PoE TR,
BT b s B, FRATAT AN H AL Ach D [ 50E B N IRE N 30°C, X —
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iR 5505 Acb D TG IR — 3. WK 3-7 1, RATEESEWHES], L E
IR BE N 40 °CI, B ECIE T AR AR AL BERR R 39.0%. i 7 s2 5 AT
LATS A1, SES0I i€ ) #0ER E ME 5 43130 0 54540 RMSD 43 87 (1 45 AR BLW) &
BPE2H Acb D RN FPE BB EE, AN KIE & 7RI LR s IR TP AT |ROBE .
T DMV AE P IR I SR R K, SRS AT LU B E 18] UG SRR B, k4RIt
Acb D [T, SCHRUIXS KRB AN A S % .

100

HRTELTE S (%)
g 2 2

(=]
=

- —e— mERER

0 1 1 1 1 1
15 20 25 30 35 40 45
I (°C)

(100%HXS ELiE F1HRIME Y 49.76 U/mL)
K 3-7 WX E AL Acb D AL TE S FI5E
Figure 3-7 Effect of temperature on the catalytic activity of recombinant Acb D

3.4.6 E4H Acb D IEIE pH

FEANTE ) pH FREE T, BEEE 1 4132 1 LA SIS PE A O I R B R AR I 2 R A B
FAING o PP RS A 3 SR 5, T X 3 PR 50 P i A ELAE Y P AR 5
Wi o 13X — ZR A S AL 45 UL G 2 R B, T3 5 R 45 G T i 8] B 54 1)
WA, LSRR TR AL R BDIRES , A AR BE RS T2 B U8, A
K 3-8 g A, HEAME Acb D 7 pH (BT V2 rh il LR E AT, KR
VERIB MRS E B O U . 2 pH AT 5.0~7.0 XA XA, B35 pH (& i T
i, AZEER AT TR RE 2 . ARTAT, 4 pH EET 7.0 J5, MEALTEVEEN 2 BE
% pH EA) EFMFEAR. Tk, FRATATAHEN 20 Acb D M1 R M. pH {H A
7.0, X HJRIR Acb D W& pH & —Fe. 546, fEMFER pH {E (6.0 A1 8.0)
1T, E4 Acb D £ Na;HPO4-NaHPO4 i R 25 22 h K 2 JR B i T o e 1 ff
LRGP
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100

=]
=]

X ELIE ST (%)
s 3

—o— B N-FH R
—e— Na,HPO,-NaH,PO,

—a— NaOH-HE &

5 6 7 8 9
pH

[\
(=]

(100%AH Xt LLiE /1 HI N 56.55 U/mL)
] 3-8 pH Xf B4 Acb D fEALTE 150
Figure 3-8 Effect of pH on the catalytic activity of recombinant Acb D

3.4.7 E4H Acb D HIRYIE S 47

B PR AN — W R A% A — PR A 22 T JER A s L, S [ JER A FR) 222 57 5 PT Re skt
A () PR A 35 i 7 2 B B B U200, Hemkeer %58 A ZE SCRRPH AR (B 7T SR W], Acb
D RENEHEYN 2 POt B (A4, JFG rhoieR 26 48 T L 22 28 SEHE L RWE LS e I AT AR
FT U, AWFFUEI T 21 FhvE WAER R ILATAEMERNIRY), BAAERFAEA R
PG 1O T BERE I 2 BRI ST 4 RAVE R 3-3. TR, EAH Acb
D X} D-/K#H BTG M de e, JLEGVE V)38 3 82.85 U/mL, 2357 =HELLIE )
(1) 146.5% . H UL LA L1 B0 /E RIS, B2 Acb D HILLIE F1REHEIAF] 63.75
U/mL, 2325 =FELIE 7110 112.7%. ER—3RM2, X2 5 IESE L- L A4 hfE
i51E N Acb D FIFERALK, I H'E5 AcbD Z I A BIFHISER 1. BRIt 4h,
BEATE S5 B 5 SR IR B B3 AH oG, WA BY [R5 Acb D IR HEAL TG VIS Y
magtsol, b, 2443 5 LA L-ARBEAN D-ABEVE A EHE AT, L-ACHE R S 1 Lo i 7
7& D-ARHER 1.76 1
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# 3-3 B4 Acb D LA [FIBE R A LIS /)
Table 3-3 Specific activity of recombinant Acb D towards different glycosyl donors

R bR EL3E /37 (UML) XA (%)
D-/K¥H 82.85 146.5
L- 111 B HE 63.75 112.7
=N 56.55 100.0
K 56.37 99.7
L-AH 49.87 88.2
o-D- LA 43.88 77.6
B 38.37 67.8
D-£F- 4 Wk 34.75 61.4
L- %1 % 4 33.30 58.9
D- 41 %] B 30.62 54.1
D-AHE 28.25 50.0
2- i A5 -D-H] 2 16.88 29.8

TE: ARATI RS E PE I BEARAT LBl fFbs . LSR8 D-H &b D-JERE . D-FLB . & 2F
WEEE . D-MEEERE. L-SRASHEAINE 0.

3.5 KRENE
UAK T 81 16 40T 26 B - (R IR BT VERT ach D SERIBEAT 1 3589 01k B
JG, WRSL T SFIVRINZIREE A 0.1 M 4L A AN AMERIA S B A B B,
TE R RS SRS IACAE T 0 S L S MORARBUL & S ELL Acb D LA
SIS S ORT R AR [ B B LR A P AR R FRIT T RS [E] L R AT pH Xt
FIH Ach D ALTEHEIIEN, #i5E 7 B4 Ach D RIS R M ] . RIEIEE &
FORHRE T 32 A i AR A pH )5, TR T HZH Acb D 1E 21 MhA AR5
BHA TG HZESR, KIEA Acb D AL DK E I E I fdd, HkE
L-th 248, X2 H O L-LLAE AT Ry Acb D IR (A4 IF HLAE A IS PR
Uf o RETHRE T Acb D BIMEWMERT, DL 25 R IR N B FE B - bl 4 i 251l
Ry R IR 1K e e S I 5 ) S A 51 S0 A% N 17 s o S AV G Rl =
SRR 2 T EOSTRE Ach D IOEILALER.
42



RT3

F4EF Acb D B FHIERIZUE

41 3|5

SE i TR Bl 4y T U A A Y B BEROR T B, RRERE R R BB S P O
LR AL , B RE E SR ISR AN 77 8 S B A RO A e - WA R L 2 (1 g
B I 58 R R AR ORE A AR, AT R THRE I A E M B KUK AR A
E 5l RAR B SIS T 200 ok B AL TIAT B (Arthrobacter oxidans) A5 R T
B “PEIEREE G AL T R BT s, JRECERR EXT 507 AL B R it
ATVERIRAR A4 7 T Wi T g 1) s 0 R A 253 KM . Wang S5 LT
“IEIBIFLRRA” Bk, KRR TR R Kk B R EE (Clostridium
bolteae) D-F] % Hil B -3-72 ) 5 A4 B (X0 VE SR T BT AR BVE T 110 2.0 i X536 5%
(1340 368 3o [m] 0t A AT 23 - 0 4 S5 R, IR B SRRV R T IR L A B
(Anaerobranca gottschalkii) IR Hl B B g (1 78 rho O v BB 4S5 524 45 4 1
AR ST > T H0E, 8 s SRR R A RAR R AT B AL 5 Bl o- FE
RE T HEILF] 154 g/L, MR ZEHEAFRILT] T 63%.

AR TS T AR AR 45 & S TIO 1 JE i, ST 2 X 423K 43 AcbD 5
BT R B R 5 A EATF R BB AL AL, AE B Discovery Studio 2020 i ixX 484
FEREAT R R, 1 R R R L AT LA 2R, MR R AL A
SRAR [ 45 AR AT AR R FE R AL X Ach D #EATEE DU T Acb D HIfEEAL
s ORIEAS R MRS HE S B85 Acb D HEAT )P4 LLXE, LAEETE Acb D )
AL AE N B HEE Ach D 2 A RN 2228 (A AL 1

£

HI

._

4.2 KR
42.1 EREIESRE

E. coli BL21(DE3) MEFEIk E. colilach D HIASSZIG %55, A2 B FH I
B IR E LT R

LB #5583 (g/L) : JEEER 10, FEEHEEUY 5. NaCl10, pH 6.5~7.05 [
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PR B FRIE AN INER G 20, B5FEREFETE 121 °C, 25 min K G .

4.2.2 KR

SanPrep FE AL DNA /MRl BAG &: FigE TAY) TR A IR 2
s PCR % 45 PrimesSTAR™ Max DNA Polymerase FI fiL il i Dpn I: [ 4< TaKaRa
A]; DNA GG 382 RAEMBOARA IRA ] JeAbiim 4 Bt

42.3 FrAERH K MG

Iy R BRI K AU AT R AR S B B 1 Discovery Studio 2020 (/5
B8 DS) + fEBIEAF PyMOL X5 SR Al ¥k 408 514886 SnapGene: 7]
Y5 Fe A B RBUAE T NCBT #idi i ;- 22 7 51 Eous A s AL A T X ClustalW2;
bt Xt Ji 18 Bl F ESPript 3.001357,

42.4 SLIGFRASIH
AFEFTFTH PCR W59 H DNA Y H = &I E YR A R A A

SER, RAZFTH RN B Y ILE 4-1.
R 4-1 REFTHSY

Table 4-1 Primers used for mutation

Gl EZY i JF51] (5'—3D
Y106Q-F TATCATGGCCAATGGCCGCGCGATT
Y106Q-R AATCGCGCGGCCATTGGCCATGAT
W107Y-F TATCATGGCTATTATCCGCGCGATT
W107Y-R AATCGCGCGGATAATAGCCATGAT
G146H-F AGTGATTATGGATTGGACCCCGAACCACAC
G146H-R TTGGTGTGGTTCGGGGTCCAATCCATAATC
L196R-F CAGTATTATAGCCGCGCGGATATTGC
L196R-R TCCGCGCGGCTATAATACTGATCT
1199Q-F GATCAAGCGGATCTGGATCAGC
1199Q-R GATCCAGATCCGCTTGATCCG
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43R 4-1

CIEVEZ S FEH (5'—3")
A255F-F AAGCGCGTTTATTTTTGGCGAAT
A255F-R AAATAAACGCGCTTTTATGGCTC
Y261W-F TTTGGCGAATGGTGGATGGGCGATCAGAG
Y261W-R CTGATCGCCCATCCACCATTCGCCAAAAATC
T296V-F AGCATTCGCGATGTGTTTGC
T296V-R GCAAACACATCGCGAATGCTG
Q330H-F ATAACCATGATACCCGTCGCTTTG
Q330H-R CGACGGGTATCATGGTTATCC
T322M-F ATAACCAAGATATGCGTCGCTTTG
T322M-R CGACGCATATCTTGGTTATCC
F362Y-F CCTGTATTATGGCACCGAACAGT
F362Y-R GTTCGGTGCCATAATACAGGCAC

4.2.5 SLIG{NEE

A B it FH 380 ) A WA 4-2, HAmE AR WK 2-1 F1 3-1.
*4-2 FEAA
Table 4-2 Primary instruments

B4 ne 7R
WAL AR O |
o mﬁmk%“ 5418 AR AR A T
KRR 7 BT X HBS-SCANX A AR A R A IR

43 KWHE
4.3.1 HF¥#E

M PubChem #7#&)% Chttps://pubchem.ncbi.nlm.nih.gov/) T %k 1< I b ) = 4
iR A DS, /N T RIS K )T T CHARMm /1. ZJ5K Acb D H2H
= EL5 3N DS BT U xR I HE A CAEJFIR T CHARMm /1375,
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FH L EL#* Receptor-ligand Interactions H' Dock ligands H 3t [\] CDOCKER ¥4 Acb D
SRR AR IEAT o TR, X fE B4 R A PyMOL #E4T AT 437

432 RREFE

B, B0 TR RSO SN DS, 6 AT (S R HE 4 R O
¥ CHARMm #13%. Bfija, EF AR A EEN 8 A A IR N4
FILRRAH, 3 F T BA% Macromolecules Design Protein 11 f¢) Calculate Mutation %
P Energy (Binding) W[ iZHZEMMAT N AR TR il it , ¥R ER
[fii () Input Typed Molecule A1 Ligand Chain &4 Acb D; Mutation Site ¥ &
N Single Mutation; pH Dependent Electrostatics ¥ & A True, 14 [ 4LT i3
s, HRSHENEBME.

4.3.3 EINBFIZREE

DA 2B 444 J s 15 380 W] B 8 R/ 37 AH LA F P AR S i i R 1R
XX L S PR AR B AT AN RAR, {E T A A~ Define Mutants 7136 H i 126 3R 45 1 &
BEWR A AR S I BRI L IRAR R oA 19 PRE IR o ¥4 2 8% E AR 1) Input
Typed Molecule 1 Ligand Chain ¥ & > Acb D; Mutation Site 15 & 4 Single Mutation;
pH Dependent Electrostatics ¥ B4 True, 54T M ,, HRSHIN
ENINIER

4.3.4 FrHILLd

PASCHRB A H5 . NCBT R ERDU A A R RIE H 5 Acb D[RR & 1)
CGTase, HKIRBEEAE XS5 9N Thermoanaerobacterium thermosulfurigenes
(P26827)+ Bacillus circulans 251 (P43379). Paenibacillus macerans (P31835)#!
Klebsiella pneumoniae (P08704) . Ff 5 , ff H £ 2 # # Clustalw2
Chttp://www.ebi.ac.uk/Tools/msa/clustalw2/)  5¢ il [R5 5> 51| 1) 22 7 51) Lb xo ke s 54 ;
i FH} ESPript 3.0 Chttps://espript.ibcp.ft/ESPript/cgi-bi n/ESPript.cgi) AT ELXT fE1E
.
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43.5 RLAFHEE

¥ E. colifach D N\ 5 mL [ LB AR 775 (Amp Z9REH 1 mM) 1,
WA TR (12~16h) {1 SanPrep #2050k DNA /) & fli #1277 & $2 M 41 i i
pColdll-acb D, VA pColdll-ach D M, £ 4-1 FH5I¥HPIE PCR K&

PrimesSTAR® Max DNA Polymerase #17 PCR, HA& PCR W25 L3 4-3.
# 4-3 59735 PCR [ itk 2 46 AF

Table 4-3 Mutation PCR reaction system and condition

%l AL (Ul 1
PrimeSTAR Max
25 A 98 °C 3min
Premix
L5 1.5 AF: 98°C 10's
ElEY 1.5 1BK: 62°C 5s
AR 1.0 ZEfH: 68 °C 3.5 min
KK 21 FR4Y4EAH: 68 °C 7 min
TR 50 TV E 30

PCR S MZEH G, HX S L (740K FH B I B o fie rR ke U 36k H 19 %7
B UESE SRR TSR I DPnl LAV BR PCR 44 & HH % 42 1) pCold -ach D,

SN AR 37°C, 1h, RNAARRILE 4-4.

# 4-4 DPnl EALIA R
Table 4-4 Catalytic system of DPnl

ol L
10x T buffer 2 uL
DPn1 Luk
DNA =1lng
Kk up to 20 uL
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FRHEM e RS, RS & ai bl 5 1) PCR =4, BAkaifh big
5 2.3.5 PR EE R A PR — 8. KA iF ) FURL 2 A 2 E. coli BL21 (DE3) &
AN, KA AR R Amp PutEFPARER SR 12 h G R AR
VA R LB MARE 7R3 (Amp Z9KEEN 1 mMD 1, 37 °C, 220 ripm, K
5h Ja TS PCR BAlE (461 [F2 2-4 W PCR Il —F0), I8 IE LRI
PREIE AW A T o

4.3.6 REFHIESE IR
X IR R AR AT V5 3 3RAE, DL AR A (i A el - B AN 22 2F =,
GEARAATE I BRI 75325 07] 2.3.2 715 AR ARSI A A — 2

4.3.7 RERG TR

{8 H] Alphafold v2.3.2 LA Acb D AR A R SAR AR AT Rl A4 31 AR
IR =4E4E Ry (http://easy2md.com/ Alphafold2/), B J& %2> 153 220 BB - ik
Wi 5 SRAR B A I AE ELAE FH 77

4.4 KR
4.1.1 FFHEER

G PR B R AR SECA (N ZIREE) SRR 855
BB EAEH V1288, andd s PGB AT IR A R 8 1 5 /N T RCAR A Y 7
Ao RBIHHLHI TS AKIETO) . 3R Acb D FART -RIEWEAH HAE F IR 2
LR AL, (AT DS K Acb D 5B BT 7070 e, 0455 14 FR A
PyMOL 7341, 455K E7R Acb D 5 R -RIEEAR BLAE I & MEAL AL T A S5 R AT
B gt ), i I [R5 A1 L i e DR SF I HE AL =Bk A D Asp231-Glu259-
Asp331, IXANPRAF S5 My I — 30 (& 4-1).
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7Y
= o N

) % by
Gluzgg/(‘f

|

1

I

1

| ]

= !

{ 5 & % !
Asp331 l&_ " \Asp231 |
LD /B 1
= 1

\ Ny ]

1

1

1

1

1

1

1

1

l 4-1 G TRHESHT S
Figure 4-1 Result of molecular docking analysis

442 REREFMER

P2 IR T S R IR M A A 11, A 1 R ) e B IR R i B S A
TRANEE R 2R, B A 9T AR A J5 £ I BT Dh e A2 75 B, DAUMSRAf € 2 5 1
REEE LR AL A, BET AT 9 2 1 R R (1 1 i AR LR 25T DAy T4
(g FONFERL, XTEEFIRY) 8 A ValE A IR B R ST 4, M RILE 4-5,
RN RAL G V] Re 2 se A B A B AR e TR A4S R, SRE (Mutation energy) FHIF
F 5 MR RS, T GLU259 Al ASP231 F 44 i Ak = 6 (1 B B4 Ik 1R
BexF R GLU259 Al ASP231 4k 4L HEAT AU M R4S,
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R 4-5 NWRIRAH RS,

Table 4-5 Alanine scan mutation results

Mutation
Num Mutation Effect of Mutation
Energy
1 A: LYS234>ALA 0.51 DESTABILIZING
2 A: LEU196>ALA 0.52 DESTABILIZING
3 A: GLU259>ALA 0.59 DESTABILIZING
4 A: ARG229>ALA 0.6 DESTABILIZING
5 A: PHE185>ALA 0.69 DESTABILIZING
6 A: TYR261>ALA 0.76 DESTABILIZING
7 A:ILE199>ALA 0.77 DESTABILIZING
8 A: HIS104>ALA 0.83 DESTABILIZING
9 A: TRP107>ALA 0.84 DESTABILIZING
10 A: ASP231>ALA 0.91 DESTABILIZING
11 A: ARG386>ALA 1.16 DESTABILIZING
12 A: HIS235>ALA 1.25 DESTABILIZING
13 A: TYR106>ALA 1.29 DESTABILIZING
14 A: LEU196>ALA 1.58 DESTABILIZING

443 EINEFIRTLER

VRN GEAR R — Tt 15 65 5 2 DX B DNA X sk 1 454N TT BE A7 A SR AR 1) 3 PR
ARFIR , FAT 2 DX I AT % TR B TR IR A AT ML i A A S 1% R B
BRFELAR, AT 6t — AN L5 & Fh AT e SRR 1 ST, W R T e BE R T e
EEAPE S D RER R, KRR I3 2 1) S AL MR 4k SE AT IR R A, R
PR RAZ 45 A RE NI, B e I R NY261W . L196R . Y106Q-
WI107Y F11199Q (& 4-6).
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R 4-6 B A AR 5 R
Table 4-6 Virtual saturation mutation result
Mutation .
Num Effect of Mutation
Energy
A: TYR261>TRP -1 STABILIZING
A: LEU196>ARG -0.78 STABILIZING
A: TYR261>LYS -0.66 STABILIZING
A: TYR106>GLN -0.62 STABILIZING
A: TRP107>TYR -0.58 STABILIZING
A:ILE199>GLN -0.52 STABILIZING
A: LEUI96>LYS -0.50 STABILIZING

4.4.4 ZFHILEXER

Z 7 AR AEYE B2 op— TR AR HL 3 ZE (W 40T 73, a4 7 o K
P55 TR S AL, 5 5 Tk O AT 2 Z1 AR Bk, AT eI A AR T R,
M NCBI 4 23RS DU AP AS [ A AR SRR 1 CGTase, 8 ClustalW2 1 ESPript
BT Z P I R, Lot 5 SR W 4-2. TR RIS R, K2 P 514D
AR R TR N PR S AR, HoX B B B A DR 00 E 2, JRATAR M 2 47 Lo
(48 SR 12645 21 1AL T AL =TRSO U IR A7 55, X SEE FE IR A7 i AE oAl T
PSR CGTase FFIIANAS, L IRATH: Acb D A A7 4 A Z LR B # il CGTase
R IER , B &0 M) B K 2248146 G146H . A255F. T296V. Q330H. T322M.
1 F362Y,
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Figure 4-2 results of multi-sequence alignment

4.4.5 SEEIRHHE

LAEEZH UKL pCold H-ach D JyBiti, 5B PCR HRGIANRARGIELRR, 4 1
52 Bk AT 44k JS BN E.coli BL21(DE3)E 2 A4, BHERAME LB P
W BB, KRR FR R VE B RS Amp $UIER LB AR IR b 4k 4 1%
7, fEH B PCR W uF %A 110, PCR PRI BRI I W, 4-3, B W40, 11 Ff
FEARARAE 2000 bp 357742 T H 4T, J5 S2K 0 UE IE R 1 B AR 1 B A A JTIT
I FSCEA 3t B SRR A J A )
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M: Marker; 2~12: PCR ;=¥
P 4-3 B PCR 4524
Figure 4-3 Bacterial liquid PCR result

4.4.6 REMHEGENEMER
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127.2%. T332M WIS /738 WT, 2 WT [ 96.4%, HARRALIRIIHE 7142
WT M LA BT, 0 W107Y RIEEE J100h WT /) 16.3%.
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Figure 4-4 Detection results of mutant enzyme activity

447 RTER S FIIERER ST
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¥, X5 K H pyMol 7381 — & fH BAE 45 R an 4-5, B 4-5(a)F1(b) 7378 WT
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Figure 4-5 Analysis of docking resilts
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