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TN A2k E Actinoplanes sp. SE50/110 R KK HER SR EER
TCRYEYE R

T, R, KU, A, aHE

AR R A R RO B, MUE A R K E S E, I 200240

TE: [ HMY ] f#Mr Actinoplanes sp. SE50/110 (f&iFR SE50/110)H B - i b i 420 2 L0 o0 i AR 0 B JAL
il [ J7vk ] 20k BLASTp 4347, #EM T AcbA. AcbB F1 AcbV 1t 3¢ Bl < Ji b it 48 s Lt AT AR W
W B, ABFFEAE SES0/110 FRAr AN T achA . achB Fl achV W FIHEBL A FEI AR A kK . SRR,
R K AF T BL21(DE3)/pGro7 435l %t AcbA. AcbB Hl AcbV I3 El T rl stk %A, &J5, UL D-
AW -1-BEER R IR, BT RIMIEAL SN, BT A S W B T 1 A W s R R DG B 11 ) 1l
Pk, [ 455 ] 78 SES0/110 H Bk acbA . acbB T achV KNG, AN SRS MR E 2% T Bl i)
HIREETT, ¥ acbA. achB F achV FEF AN, & BRAR K T BRI A5 BCRE T, TR T EA1
BRI A W B DA RE SRR o AERSMEIR SO R, D-H - 1 -BER - M IR A NE AL RS I AcbA ik
D-7 45 - 1-W BRI dTTP 45 %, dTDP-D-#j 48, XF D-# 4 8- 1 -8 B2 Y K., {5°M(0.185£0.053) mmol/L,
Viax A (2.366+£0.217) pmol/(min'mg) ; Xf dTTP Y K. {H N (4.964+1.089) mmolVL , Vyw M
(60.310+5.419) pmol/(min'mg). dTDP-D-#Zi#i-4,6-1i /K AcbB f#:t dTDP-D-#Z W1k} dTDP-4-
Bl 5L -6 48 -D- 25 B, Ko (EF Vinax 23591 25(0.353+0.089) mmol/L F1(306.401+28.740) pmol/(min‘mg).
RIE L AcbV Ak dTDP-4-i J-6- i 4 -D-# 2 B 2E i dTDP-4-24 J-4,6- AU 42 -D-#i A b, K., (1
Viax 5381 47(1.411£0.293) mmol/L F1(3.447+0.279) umol/(min'mg). [ Z518 | ASHFFE B 1 BT e B 42 2
SRR AR A G AR, R A TR AT R R AR ) & GRS B TR . [, DU E T AHSGRE Y B )
2R, AR TGS SES0/110, £ BRI At 1 B L ny Eh ks
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BT < I 4 (acarbose) 15 by o~ 7 % B 1 i 410 <1
M, FEHATIGRIGST 2 B RN, Ba7, Bk
0 32 2238 1 Ui BN 2R TR (A ctinoplanes  spp.) & T
ARl SR ARSR, ABRWE PR R RO Uk
2017 4, HURABE &k 4.51 12, Wit 2045 4F
Kt 6.93 425, T, 2 RUBEIRIG 2 o5 B A5 B
TR 900%™ . BT I B VE by 3 14 11 AR A Ht 24
Yy, iR AWE I B, anfarde s
TREWE 7 HE TR I A 77 BE T 5 7 i ) JB B R R A T
1) i (R R

BT R BB RO AL 2 S5 A (8 1-A) 239 i —
B Cr- ¥ BE (Crcyclitol) . i & 2 3 b
(deoxyaminosugar) F12Z ZF il (maltose)d1 ™. H/E
Y6 MFER % (ach cluster) (K] 1-B)4& K24 30 kb,
fiE 22 DEMEEN, stz SR AR B R
(achbAB #1 acbVUSRPIJOKLMNOC) 3z (acb WXY)
F ALY T i (acbDEZ) . W58 & A 10 2
P S R L XT | RO 38 A 1 R il A4 Ak s
R TFBE, #R T C-BREE AT & L LA 7-

OH
HO/,(
Me6
HO TN >0,

(A)

WERR - 50 R BEIBE M ETIR, 28 AcbC LAY 2-
F-5-FATREEN, FE AcbM 1 AcbO #K AL
A TR -5-3R - AN . AR b, SR T
BT OB LE A R C- PR BB I SR
HOTAWESEA AR G, 5 — 0 T2 2P0
A, TR R A BT R T (AR T Co
I BT A B 7 A = A0 AR SO Y B 1 ) R
SRR LASL , HALR A BRI ARAFRNESS , Zead
RWS% T, B4 BT T R sh ik B %
EAER RS e Bl OB A AR A A
BT A W) 6 GRARBEE T R FEA . 3X 48 5 T
ARt hyad e A T AR RO = Tl Bk | 2
o BT R R e i TR AL T B AR

SE K Z R I AR SR OT T 12 AR AE T IR R
R SR AR Z IR B b, 5
B AEYFIE A . — BRI, XL
ARG 7= W 5 R v AL SR P AT R T b 1 O A
W 28 3 W LT R Wl ) AL T 2R B o Hod,
dTDP-JBi U530 L) D-H 25 W- 1- W5 R i ik, &

Acarbose

4
o Hm%
C,-cyclitol

4-amino-4,6- dldeoxy -D-glucose

Maltose

acbZ YXWV U S RP]JQ KMLNOC BA E D

[1Biosynthetase JTransporter llla-amylase [[MAcarviosyltransferase
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Figure 1.

The chemical structure and biosynthetic gene cluster of acarbose.
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D7 % W - 1- i 2 - ) it 6 W e R 1§ F1- dTDP-D-7f
%) W -4,6- 1 7K T #9416 A2 780 B4R dTDP-4- i
Se-6-WA-D-H A, SR, FAZEm A,
5 ZRE i R NG R B IE S R St
Z &R RIRTYIE R, BN AR T A
Wy LA W g TDP- R 28513 Shigella
dysenteriae W' (1) O-PiJil'® Streptomyces GERI-155
Y GERI-15517Y) S argillaceus W G40 B
Z 200D K S, violaceoruber Ti22 H I Z P, X
SERIF ST A Ay A BT B R S I e BT R A W
AR TR TR S

ST 5 AT I SR A W R A DG S
R 1) RE 2 AP AT B S M A= 15 UL ) Y 2
A7 e Htk, ASBFFEAETELN LLX 4B 5 K ) RE Y
fih EAED T achA .achB Fl achV 25 i S8 & FEHE .
T A G G R . RS AR A R DR B 5 [

Kb, BRRE T I SO DRy BT SR A 445 1 i
W e, s ARIMIEILEON, fa7n T B A 2 SEh
FOCHYEY G G RE , IR RAE T AOC R ARy
P, R E AT BT R B A= 5 s A A TR i
BOE T HEA

1 ApHfu &

1.1 BBk, R 519

PRI BT B . TR S | L2 1.
1.2 EFRERIEF

KA R TR 4035 LB AN [ A 1 35 58
Ui B TR TR 85 7% B A 45 8 G DR IR T B AR (SFM)
Bigedk . STY Kigedk, SM B3Rk, TSB Rigpdk
AR o R TR 3R Ak . KT DA R B0 ik 4% v
(15 R LB i FnRE 758y i34 2 BOSGAR[11].

F 1. TWHETAER. BRAF5

Table 1. Strains, plasmids and primers used in this study

Strains/plasmids/primers

Related characters or sequences

Sources or references

Actinoplanes spp.
SE50/110 Acarbose producer ATCC
ZDO03 Actinoplanes sp. SES0/110 AacbA This work
ZD04 Actinoplanes sp. SES0/110 AacbB This work
ZD05 Actinoplanes sp. SE50/110 AacbV This work
ZD03::acbA Actinoplanes sp. SE50/110 AacbA::acbA This work
ZD04::acbB Actinoplanes sp. SES0/110 AacbB::acbB This work
ZDO05::acbV Actinoplanes sp. SE50/110 AacbV::acbV This work
Escerichia coli
DH10B Cloning host GIBCO-BRL
ET12567(pUZ8002) recE, dam”, dem”, hsdS, Cm", Str’, Tet', Km" [22]
BL21(DE3)/pGro7 Protein expression host Sangon Biotech
Plasmids
pLQ752 pJTU1278-derived vector with the zs7 gene replaced [11]

by aac(3)IV and inserted codA gene
pDR4-K* aac(3)1V, xylE-neo, kasOp* [23]
pSET152 oriT™?, aac(3)IV, @31 int, attP [24]
pET30a ori?®®322 K", lacl, His-tag and S-tag coding genes Novagen
pLQ1103 pLQ752-based plasmid for achbA inactivation This work
pLQ1104 pLQ752-based plasmid for achB inactivation This work
pLQ1105 pLQ752-based plasmid for acbV inactivation This work
pLQ1106 pSET152-based plasmid for overexpression of achA This work
(52%)
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(B 1)

pLQ1107

pLQ1108

pLQ1109

pLQ1110

pLQ1111

Primers

acbA-L-F (Xba I)
acbA-L-R (EcoR 1)
acbA-R-F (EcoR 1)
acbA-R-R (Hind III)
acbA-C-F
acbA-C-R
acbB-L-F (Xba I)
acbB-L-R (EcoR 1)
acbB-R-F (EcoR I)
acbB-R-R (Hind III)
acbB-C-F
acbB-C-R
acbV-L-F (Xba I)
acbV-L-R (EcoR 1)
acbV-R-F (EcoR 1)
acbV-R-R (Hind III)

pSET152-based plasmid for overexpression of achB
pSET152-based plasmid for overexpression of achV
pET30a-based plasmid for AcbA expression
pET30a-based plasmid for AcbB expression
pET30a-based plasmid for AcbV expression
Sequences (5'—3")
GCTCTAGACGGATCTTCGCGGTGATGAC
CAGAATTCCTCGGTCTCGGTCGTGATGA
CAGAATTCGACAGTACCTGCTGGCTCTG
GCAAGCTTCACCTTCGACACCTACACCC
GACGACCGTAACCTGCGTCA
CACCGGAACTGTGGCAGTAC
GCTCTAGACGGCGAAACTCGATCTGACC
CAGAATTCGTGTGGCAATGTCGCCACTG
CAGAATTCGAAACGGTCGCGTGGTATCG
GCAAGCTTCTGCTGGACACCTTCAACCC
CGTGATGACCAGGATCTCCC
CGGATCTTCGCGGTGATGAC
GCTCTAGAAGGATGCGGAACGAGTCGAG
CAGAATTCCGAAGTCGTGGACGTTCCAC
CAGAATTCCGTTCGTCATCGACGAGACC
GCAAGCTTGTCTGGAGGACGTGTCGAAG

This work
This work
This work
This work
This work

acbV-C-F CAGGAGTGACCCGTGATGTG

acbV-C-R GAAGACGATCAGATGGCCGG

kasOp*-F (Xba I) GCTCTAGATGTTCACATTCGAACGGTCTCTGCT
kasOp*-A-R ACCGGCATGACGTCACCTCTTCAAC

acbA-F GTGACGTCATGCCGGTCTATGACAAACCGATGA

acbA-R (BamH I)
kasOp*-B-R

CTGGATCCTCACCCGGCGGCGGCGGTCAAGGCC
ATTTTCATGACGTCACCTCTTCAAC

acbB-F GTGACGTCATGAAAATCTTGGTCACCGGCGGAG

acbB-R (BamH I)
kasOp*-V-R

CTGGATCCTCAGGTCCACCAGGAACGGTTGGCG
CTGCTCACGACGTCACCTCTTCAAC

acbV-F GTGACGTCGTGAGCAGGCAGGCCGACCTGCTCG

acbV-R (BamH I)
AcbA-EXP-F (EcoR T)
AcbA-EXP-R (Hind I1T)
AcbB-EXP-F (EcoR I)
AcbB-EXP-R (Hind I1I)
AcbV-EXP-F (EcoR T)
AcbV-EXP-R (Hind I1T)

CTGGATCCTCATGCCGTCACCCGCCCGGCCTCG
GAGAATTCATGCCGGTCTATGACAAACCGATG
GCAAGCTTTCACCCGGCGGCGGCGGTCA
GAGAATTCATGAAAATCTTGGTCACCGG
GCAAGCTTTCAGGTCCACCAGGAACGGT
GAGAATTCGTGAGCAGGCAGGCCGACCT
GCAAGCTTTCATGCCGTCACCCGCCCGG

1.3 THEEKIEHF

S o T A9 R - B DNA B A Al T4 DNA
R A K e TRRA R A N
Hi DNA #3050 & . 4078 DNA BEP 2H 4 U]
B A EEEER Y TR R F] &R R
NI 3 Thermo Scientific 2w ; i I ]

& H Omega A vl ; FEMEIREGIE A Sigma 23] ;
HMHUAER . ATTP, D-Hi% 05 -1-85H2 . NAD'F
PLP 550 F A TAEW TR (i) e dn A R A
Al BEFR A OGN B i E 25 E A
RIABRAE BTG W EiEER A MR R
A vE I dTDP-D-#i%g i1 dTDP-4- i 5:-6- i
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A -D-H AR 8 B R 2= R RN A
RAF]
1.4  Actinoplanes sp R BK B

N acbd FEHBRR AR, H L
SE50/110 SE[K 20 DNA Jtsits , 75 LIAEHE Xba 1/
EcoR 1 B A5 acbA-L-F/R FIHHF EcoR 1/
Hind 111 BV 5 1Y acbA-R-F/R J 514, FI|Fi] PCR
P83 1.52 kb F1 1.62 kb i R R JE A B,
He Py TERA G R BeR WD) L T A A B A AR A
pLQ752, FRAGEL UK. pLQ1103 . K5 54 Jfoki 4%
AR ET12567(pUZ8002)H, R T 22 144
GRS BB S A SES0/110 H, Zhnsth A
i , AR A [N [T HE B R AT AR o fli B2 L JE (K] 2 DNA
Ve, LA acbA-C-F/R NIGUED|#iE4T PCR
P, PriaisE] 0.62 kb BB, ML SES0/110
FEH 4] DNA it , 735 1.32 kb B, W%
B AR RRR ), 544 ZDO03. #Ef9#E achB
FERIB R Y S8 BRINE, E /S LD SE50/110 KR4
DNA HHit, 435Ik acbB-L-F/R F1 acbB-R-F/R
H51Y), 2 PCR Y155 1.54 kb Fl 1.62 kb ¥ |
TR EIE B, ORI L A Y R B A Bk R
pLQ752 Hr, K45 HEZH Bk pLQ1104. KBk T A
KIGFFIE ET12567(pUZ8002), L3R . #
SIS, LA acbB-C-F/R NI UES | ¥ #k4 T PCR
BUE, A LA AR ARIE R 41 DNA IR, § 1415
# 0.63 kb [ F B, LA SE50/110 JEK 2 DNA
Bitl, 135 1.50 kb 19 5 B, WIZRIBLIIHIEE T %
ARk, 4N ZD04, FHR FRE T E AT
achV R B F AL TR pLQ1105, SRJm, MEffisk
EHI A8 RR, LA acbV-C-F/R A5 # T
PCR B0, #7 DAZEAEMREL 4] DNA it , 43
33 0.69 kb [ BE, LA SES0/110 3K 41 DNA

==
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ASEARARAT 1.67 kb B B, W BH 28 AR MR AL E 1E
W, frdh ZD05,
1.5 Actinoplanes sp JE:H [B1#p i) 77 8

FFEE acbd FEDRIAMY SRR, B, D
pDR4-K* itk DNA itk , LA kasOp*-F/kasOp*-
A-R 519, il it PCR 414133 0.13 kb 1) kasOp*
AT B, L SE50/110 JL4] DNA Witk
Pl acbA-F/R 51919 1515 31 0.85 kb Y acb4 F:IA
F Bt FELA kasOp*-F/acbA-R N34, 48 & PCR
Y1185 N 0.98 kb Y kasOp *-achA B, K5l
JPIEWR R BLA T . B EAE A pSET152 . 4K
58 45 8Ok pLQ1106 , I % A K I #F @
ET12567(pUZ8002) , 4 4% & 5k B4 ikl 5 A
ZDO03, | 51 %) kasOp*-F/acbA-R #£47 PCR H1iE .
1 LAk DNA SABR $45 K 0.96 kb ) PCR
FrBe, LA SE50/110 £E[K2H DNA AR Joy 1
e, N RBIEEDR Ry o e BRIRIRE 0 5 1 4
AT acbB Fl acbV [l #b ) 2 4 KU 5 k7
pLQ1107 1 pLQ1108, 43%lF A ZD04 F1 ZDO05
o, TR R AR B AR R, A B LA S W
kasOp*-F/acbB-R #/l kasOp*-F/acbV-R #/£17 PCR %
WE, A B 63545 1.09 kb F1 1.42 kb 4 PCR 7~
Py, WA IR R )
1.6 FHIFRBEWEE, Rk ki
1.6.1 FEERIEHROME: VIS AcbA HEMH
FeIRFORL, B 4ELL SE50/110 KR 4H DNA MAsiH
PAHEAT EcoR UHind 111 VI £ AcbA-EXP-F/R
5149, FIH PCR 744455 0.85 kb i acbA FE[H
B KWy B 0 R BEA ) . W I A AR
pET30a, FR1GEHL pLQ1109, LAIRIKE A )7 pfh it
435 FF AcbB Fll AcbV 2 13 35 K JF K pLQ1110
A pLQIIIL . K I3 kL 43 1 5% Ak 2 K A
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BL21(DE3)/pGro7 H, A FIRIAHIE

162 FJHRZX: HEORBEKRERM TS
50 mg/L FHREE 2 M 25 mg/L A E XY LB Kk
il SR, MR EZE A 0.5 mg/mL L-fif
AR . 50 mg/L RABEE R M 25 mg/L A %=1 LB
Rege gk ep fE 37 °C 220 r/min 578 F R 5% % ODgoo
k5] 0.6-0.8 I, T AZYE 2 0.8 mmol/L #) IPTG
WATIES, 16 16 °C M4 FUk2eEi % 2022 h, 1%
Jo, B FEW LA 5000 r/min 2.0 10 min, YEEFIK,
Il E T80 °C f-A4E

1.63 HEA4ifk: HE 25 mmol/L Tris-HCI,
300 mmol/L NaCl /i) Buffer A (pH 8.0)H B /A, £
MRS, 16 4 °C BL0HLP, LA 12000 r/min
2.0 30 min, K FIEW EEEBEAEN L,
WY Buffer A 1 25 mmol/L DKM 4255 1,
A 250 mmol/L PKMEBENE HARE A, M5, 2
10 kDa #9 Millipore #UE45 i Eh k4 )5, #IH
SDS-PAGE 73 #r# I Ry 4k 115 1

1.7 ZEEWERINRE T B B R AE

1.7.1  AchAZEHIIEEERE : 7520 uL AR
LA 50 mmol/L Tris-HC1 (pH 8.0). 24 mmol/L
D-# 2 BE-1-B#% . 12 mmol/L dTTP, 12 mmol/L
MgCly. 0.12 U 852 . 20 umol/L AcbA [,
B 30°C i 12 hJ5, FH 40 uL 2k Oy,
15 A F LC-ESI-MS #6074 i A A% 10 o

1.7.2 AcbBEHINEBXEE : 7620 uL AR
A 50 mmol/L Tris-HCl (pH 8.0). 5 mmol/L
dTDP-D-#j%j %% . 1 mmol/L NAD", 20 pmol/L
AcbB [, BT 30°C KW 1 hJ5, J40 pL H
BELE R, SR 5 I LC-ESI-MS #6774y (7
HENE L

1.7.3 AcbVEHINEEERE: 7520 pL KR

JmA 50 mmol/L Tris-HCl (pH 8.0). 5 mmol/L
dTDP-4-Jii J-6-Jil 2 -D-#j % 8% . 1 mmol/L PLP,
8 mmol/L L-4+ 22 . 20 umol/L AcbV HH, BT
30 °C W 6 h &, FI 40 pL FIEEK R, A
FH LC-ESI-MS il 74 it £ A% 130 o
1.7.4 REXNEEEEEZN: FHEAIREEE
IR AR ZR, 43 ETF 20, 25, 30, 33, 37,
40, 45 150 °C PEFTR, AT T 3K
eYEER . Hd, AcbA. AcbB Fl AcbV (R
MR 235 8. 1 A 6 h, ZKikJni)E, FIA
HPLC-QQQMS 4341l %E AcbA Fll AcbB [ v i)™
P e R B AcbV RN SRR FE R, T
J N7 R, T PR RS T R T A i
TE .
1.7.5 pH X E§IE MW 78 ik IR B AR
, BRI pH 5.0, 6.0, 6.5, 7.0, 7.5, 8.0,
8.5 Ml 9.0 LR AR AT AT
3 kAEYrELE ., HP pH 50-70 K H
Na,HPO,-KH,PO, 2% #h % , pH 7.5-9.0 % H
Tris-HCI ZZ #h , AcbA . AcbB Fl AcbV [ 5 i
[E 50500 8., 1 F16 ho Zukhif5, FIA HPLC-
QQQMS 435I E AcbA Fl AcbB J i & F=# i) A=
B AcbV KN R SICHI IS AE S, THE SO R
o HE B ARXIE M, PR Bl pH.
1.7.6 "Iﬂﬂm%mﬁ#‘%ﬁ- E AcbA XTIEY)
D-#ij %6 W5 - 1-BE BR M B 20 1 2 S8, fE R VAR &R
(20 pL)# A 50 mmol/L Tris-HCl (Ji& pH).
12 mmol/L dTTP. 12 mmol/L MgCl,. 0.12 U £
R . 20 pmol/L AcbA & 1L M D-#ij % B - 1 -0 12
(W EE 2351 0.06. 0.08, 0.20. 0.40. 0.80 .
1.00 mmol/L), FEfxitilE NN 8 h J5, H
40 pL FEELe kv, BiJE, A HPLC-QQQMS
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W5 74 dTDP-D- 4 b5 (14 A6 Uit ke 133 F o ik
R, BAKRMEHTT 3 WEYEEL, &,
H% A GraphPad Prism 5 221l Michaelis-Menten 12
SIS 1% 280 7EIE AcbA XK
Yy dTTP WIBGZN 1S5, KR % D-A%HE-1-
PRI 24 mmol/L, JEEY) dTTP (R B 43 5]
0.4, 0.6, 2.0, 4.0, 10.0 1 12.0 mmol/L, H:
SR, @ E dTDP-D-Hi 45 B AE
HORTHE RN R, WA 2S5 N
M E AcbB XJIE# dTDP-D-#5% B3 J12%% 2
B, 1€ 20 pL AR R F A 50 mmol/L Tris-HCI
(f%i&i pH). 1 mmol/L NAD", 20 umol/L AcbB &
VA K dTDP-D-4 Z M (M EE 233 4 0.1, 0.2,

0.4. 0.6, 0.8 1 1.0 mmol/L), £ IE TN
1 hJ5, 40 pL HEELIERNY, &&0054E
3 WAYEEE . W E Y dTDP-4-1 J-6-
JIid 4 -D- i 2 0 04 A R R IR S N R AR, T
WA E M) 122258 HIE AcbV XEY)
dTDP-4-ii| 75 -6-JIit 5.-D- 8 A W5 1 il 2l 1425488

7E 20 pL VAR R HOIA 50 mmol/L Tris-HC1 ($x
i pH). 1 mmol/L PLP, 8 mmol/L L-A% R .

20 umol/L AcbV & [ LA J dTDP-4-filil 3-6-fIii 42.-D-
AW RES SN 04, 06, 08, 2.0 F
8.0 mmol/L), TEfmidiilt/¥ N 6 h )5, F 40 uL
HIEEL RO, B 3 IRES . itk
JIEY) dTDP-4- i k-6 - i 48 -D- 7 2 A ) TH AE LK 1
RN, GRS 2S5

1.8 WEYHIEESERSTITE

1.8.1 REEBEHFT-REAERERNE: WK 1 mL
B R B, 22 12000 r/min 550 5 B F W WA T
IE, FF|F HPLC (Agilent HPLC 1260)3E4 746
i 5. i Agilent phenomenex NH,

actamicro@im.ac.cn

(4.6 mmx250 mm, 5 um); Fisht: 65%2ME-35%
W2 £5(0.6 g/L KH,PO,. 0.35 g/L Na,HPO,-2H,0);
REDE K : 210 nm, JEEE : 1.0 mL/min, SRR
10 uL, A1 25°C,

1.8.2  BiAEEN R ITAH AL S Y i e P E

LR RN R A P14: 12000 r/min 5.0 10 min,
W T UPLC-TOFMS (Agilent UPLC 1290-MS
6230)7E B FRI PR . ARk A Bk
Agilent ZORBAX SB-Aq #: (4.6 mmx250 mm,

5um); JBNAH: 0.5%MHEE-99.5%K; Rt

254 nm; Wi : 0.4 mL/min; PEFEAFH. 10 uL;

FEL: 25 °C,

1.8.3 DA EENE R ITHIAL S YR E BRI E :

BELAE S5 1R SO R A 122 12000 r/min 5.0 10 min,
3% W HPLC-QQQMS (Agilent HPLC 1260-
QQQMS 6470) kil . 3% 245 UPLC-TOFMS
ZAEAAIE] . dTDP-D-# 2505 0 E£E B 5 563.0685,
SERF BN 320.80, dTDP-4-ii 1k-6-Ji 4 -D-4 %
WERYEEE 70 545.0579, &R A BN 321.40,

2 HRFAH

2.1 B AT R BN A B ROT S R
A

K1 BLASTp X -1 JBehs A= -6 U DR 5 B
MR E AT IIRE TN, &I AcbA S E. coli
#J RfbA Fll Pseudomonas aeruginosa ) RmlA 7E2,
BERRIKOF- E 435I BAT 53.61%F1 55.00% 09— B,
N D= % B - 1B TR g v e e A Il (R DT AL
D-H %W -1-BBR A1 dTTP /£ B dTDP-D-Hi %4 ;
AcbB 14395 E. coli B RfbB F1 P aeruginosa
) RmIB # 45.11%F1 45.75% % — Bt , K
dTDP-D- 4% Hk-4,6- B K, A4k dTDP-D-4i%]
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Wikl dTDP-4-Fii J3E-6- i A -D-#H 2 B ; AcbV
5 5 A WA B 1 — B, AT RESh dTDP-4-
1] i -6- it 40 -D- ] ) WH 5% (B, i fk dTDP-4-Jild
$e-6-i A -D-H B AL K dTDP-4-% 3% -4,6- WU
SA-D- . I, HED SR fsiX 3 A8 i A
A RES: 5 Bl ORI S SRR BT S

TN i b AR R SR EA TR N T RE I
UE, FIH PCR 18, 3K13 T acbA. acbB Fl achV
O N -8 s [ e A B ae S ISR
kR pLQ1103 . pLQ1104 11 pLQ1105, #RJm,
W 5k 53 Ak 2 KB FF T ET12567(pUZ8002)
o, PRI G RS 0 R A B R A R
SE50/110 Hr . FRIGHEG T 5, Zemsth | fiiik 1 PCR
I E AT B E R HAR L R AR bk, o,
SE50/110AachA .SE50/110AachB #1 SE50/110AachV
SRk 4% ZD03 . ZD04 F1 ZD05 (I8 2-A—C, i,
i), W2 ARRIEAT R BE, FIH HPLC b sE
BRI R B . 5R B/, 1€ ZD03., ZD04 Fil
ZDO05 MR Bl ¥ TChT R MR (B 2-D), %
4E KM achA . acbB Fl achV SWIBMEAS ST
B = M 1 A P B

R T 2 B 1R S AR MR O BT R R
BCHE 7 A 2 P SR DR IR BT 38, A3 achA
acbB Fl achV 4 PCR P ¥iJ5, WEZEMwE3IF
kasOp* By 45 1 &, R4 T 40 Bl #5255 N &
kasOp*-acbA . kasOp*-acbB Fl kasOp*-acbV #&
A RFORL pLQ1106. pLQ1107 il pLQ1108, FifH
A B0 I EE R 430 BT #h 2 ZD03 . ZD04
fl ZD05, £ PCR ik IE# )5, R 5 A8 bk
ZDO03::achA .ZD04::acbB 1 ZD05::acbV(E 2-A-C,
i) MG, WIS A AR TR A e,
HPLC Kl AH W ) & B4, 453 Bon (8 2-D),
GEASRIIRI T PR & BLRE T . AR R

M, acbA. acbB Fl acbV HIHGFEIT-RIMEAY &
Y B

2.2 AcbA BYTIRESIMT B AR R RAE

2.2.1 AcbA BHMFRAKHINEESHT: AcbA &
F & T D-7 20 - 1 - R M AR ms v i R iy, ARt
RS RICAE Y G MER— . NIRRT EN
FEIGUEILIIRE, B, He MR 1.6 TP TR A v A
T B OB pLQI109 , H ¥ H S AR
BL21(DE3)/pGro7 H', ZiETRiE. HEMZENT
He4lifk & SDS-PAGE 43#r, MIhalifb 2] 7K/
2% 36 kDa [N (K 3-A), TEEARRLREF,
HFEAGIAS TR, s B RE,
FFLABUH & A pGro7 ki) BL21(DE3)E H #ik
5 £ B T4 F 18 GroES-GroEL #ikBHK,
AR SR B 2 R AR AT IEORE [, BT RLRI 2
o TR ST A, AE B AR I R AT
SRFR AT 51 GroES-GroEL 5 1. A It , # FH GIS 1D
ST AcbA B 31.51%,

WiJG ., =7 D-i %0 - -0 2 i g ms g 5% 4%
B 10 207 25PN, #8171 Frk o5, L D-3
%) B -1- 1% B2 (Gle-1-P) fil dTTP MK, F A
Tris-HCI (pH 8.0y A& b, DL Mg MR 7, &
32T AcbA BRI NAKFR . 1E 30 °C 2 12 hJF,
FIF 2 A5 AT B 28 1k S . R AT LC-ESI-MS
SyHT, #E 8.0 min AL T 24 dTDP-D-j 44
(dTDP-Glc) 1) 73 1 B + & (Ci6Has016NoP)
m/z=563.0664 [M-H] (it 5 { m/z=563.0685
[M-H]), 5 dTDP-Glc Frifefh i) H IR R A m/z
W4y o TAESR G 26 (T B vl A B
dTDP-Gle 55Kl 3-B). LM 45 R KW, AcbA
A AL D- % B -1- B IR A dTTP S B A= AR
dTDP-D-#j % #
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(A) 1922.bp ii & iii 05
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HHQEO<G< D HFWT  bp

Ybal FicoR L.coR 1 .
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Oril
aac, 3/VpLQ1 103m

znoz 100
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1.32 kb 1000.
200 <= 0.96 kb

0.62kb 200

(B) 1504 b i S
p 1 X
acbB-C-F [ 1 acbB-C-R SN
HHQCOSBLD< W DyCHrwT P

><I:'coR I coR 1 ><

Xba LT 547cplf[ 162 kp}eZrd I
il pLQI104 bla
)y g

qacy
4
acbB-C-F | | acbB-C-R
628 bp

©, 1669 bp
acbV-C-F [ 1 acbV-C-R

il
L6710 1300
1000
g 69Kkb 700
(H_KYKXK7 (U5 > HH7DO05 500
acbV-C-F L] acbV-C-R
686 b

P
(D) . Acarbose

M_d\ . i SE50/110
: i ZD04

K/\Mk_h_/\/ iv ZD05
W

_

1.42 kb

ii  ZDO03

E v 7ZDO03 :: achA

JWN\N\_/\_,J\ v ZD04 ::acbB
/ f v ZD05:: achV
0 5 10 5 20 25

t/min

B 2. acbA. acbB F achV HIEFE FRK 5 B4 R SR HE =4 F R IR HERY 1B R
Figure 2. Deletion and trans-complementation of genes acbA, achbB and achbV and productions of acarbose by
mutants. A: i: Schematic diagram of acbA deletion; ii: Verification of ZD03 by PCR amplification; iii: Verification
of ZD03::acbA by PCR amplification. B: i: Schematic diagram of achB deletion; ii: Verification of ZD04 by PCR
amplification; iii: Verification of ZD04::achB by PCR amplification. C: i: Schematic diagram of achV deletion; ii:
Verification of ZD05 by PCR amplification; iii: Verification of ZD05::achV by PCR amplification. D: Fermentation
product analysis of mutants by HPLC.
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(A) A M kDa (B)
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5 5630664
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Figure 3. Analyses of enzymatic function and properties of AcbA. A: SDS-PAGE analysis; B: LC-ESI-MS

analysis; C: Effects of different temperatures on enzyme activity; D: Effects of different pHs on enzyme activity;
E: Fitted curve of reaction rate and substrate concentration of AcbA at varying D-glucose-1-phosphate

concentrations;

concentrations.

2.2.2  AcbA W FHRIE: NRS T AcbA
IR R LR | T e85 TN AR EE A pHL X I
AL TE MR . DFFREE SR R, AcbA [ AH X il
TG FE 2050 °C RIS LS T REM#a, 78 37 °C
KB AR (A 3-C). M5, W T AcbA #E pH
5.0-9.0 WG, g5 N, FEE pH MAR{L, i

F: Fitted curve of reaction rate and substrate concentration of AcbA at varying dTTP

% J17E pH 7.5 Wik # i m (& 3-D). Kk, AcbA
AR Bl S 0 i A pH 4351 R 37 °C il 7.5,
BEJG, 15 AcbA EGE RN AT, WE T
RN BN 1% 580 VR RS AcbA MR
20 pmol/L, MUY D8 % k- 1-B5 R sk dTTP 19
W AT RN, VBRI 8 ho &

0

AN
=
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HPLC-QQQMS JE f&/r#r, i@ #ll dTDP-D-#j
EPER AR R, A T[RRGS0
KoomfE, FIABME GraphPad Prism 5 2] T
Michaelis-Menten 15 HIZ(& 3-E. 3-F), & T
AcbA XY D-HIEHE-1-BER AN dTTP () K fE 4
H°4(0.185+0.053) mmol/L F1(4.964+1.089) mmol/L,
Vaax % 9 N (2.366£0.217)  pmol/(min'mg) I
(60.310+5.419) umol/(min-mg) (£ 2).

2.3 AcbB W TIRBA T B B SR AE

2.3.1 AcbB EHMFARHINEEMT: AcbB &
1} dTDP-D-#j%j#-4,6- KM, fi#ft, dTDP-D-
HIEWE RS FNIBOK U . o T PR 9%
FIRIRE, EeiF T T E AN RKMmal, &
SDS-PAGE 73#r, %45 7 R/NA0h 41 kDa BYHE
(B 4-A), IR TEANEEN 63.96%.

Wif5, 2% dTDP-D-#%Hi-4,6- T /K i i
I 4 PEPS FE I8 1.7.2 FRR i, LA dTDP-D-Ai%
Wi MY, Tris-HCl (pH 8.0) M ZE v, fin A
1 mmol/L ¥ NAD #[H 1 20 umol/L AcbB, #£
30 °C i 1 h J5, R 2 AR A A s gk R 0
%] LC-ESI-MS H6: 10 5 i 7y i A JiAg O, & R
£ 8.4 min Z&Afihdz i HAR Y dTDP-4-[d 5-6-
JIi 4 -D- % 5§ B (dTDP-GlcO) i) 43 T & 1 1%
(C16H24015N,Py) , m/z=545.0551 [M-H] (it % &
m/z=545.0579 [M-H]), 5 dTDP-GlcO #rifEdtiHY

HUERT AN m/z —B, e AT X i
T =Y R(E 4-B). %545 R LM, AcbB
YA dTDP-D-4 %1 -4,6- i K i , 41k T dTDP-D-
AR K A i dTDP-4- i 3 - 6- i 480 -D-75 4 4,
Sy it A B TS U B A U
2.3.2  AcbB WIESAMERAE : Jy 1704 AcbB K
B AL SO P , B SETEAS 1O RIS R pH X
HEALIE PRSI . A 4-C i, AcbB HIAH X
TG AE 2050 °C 2L ETHE TR &S, 1L 37 °C
BHE MR B RRME., MiJ5, WET AcbB 7E pH
5.0-9.0 IUATXI TS , 455K ANEl 4-D s, & pH
T, BRSSO, 7E pH 8.0 BN EI &
R R, Hitk, AcbB fEJREEF pH 435N
37°C 8.0 B, SR T i AELRCE

BiJE, ERGEREM pH XM, MET
AcbB M3 77 2% S8 A8 AR & H 43 30 B
T 20 pumol/L ) AcbB Z5H . 1 mmol/L [ 4f H
T NAD' LA B ARV B 19 IS ) dTDP-D-7 %5 1%
W75 0.1.0.2.0.4,0.6. 0.8, 1.0 mmol/L,
RN 1 h JEZak . FIF HPLC-QQQMS &
A =Y dTDP-4- il 5 -6- i 42 -D- i %5 Hl
HORE S0 g = N A AT SR SN Ao 1V o 7 <
AcbB A WIS 1S 8(K 4-E ik 2), H
K 5 F1 Viax 23 5124 (0.353£0.089) mmol/L 7l
(306.401£28.740) pmol/(min'mg).

2. AcbA. AcbB # AcbV BIEN T FSH
Table 2. The enzyme kinetic parameters of AcbA, AcbB and AcbV

Protein Substrate K,,/(mmol/L) Vinax/[Hmol/(min-mg)]
AcbA D-glucose-1-phosphate 0.185+0.053 2.366+0.217

dTTP 4.964+1.089 60.310+5.419
AcbB dTDP-D-glucose 0.353+0.089 306.401+28.740
AcbV dTDP-4-keto-6-deoxy-D-glucose 1.411+0.293 3.447+0.279
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Figure 4. Analyses of enzymatic function and properties of AcbB. A: SDS-PAGE analysis; B: LC-ESI-MS
analysis; C: Effects of different temperatures on enzyme activity; D: Effects of different pHs on enzyme activity; E:

Fitted curve of reaction rate and substrate concentration of AcbB at varying dTDP-D-glucose concentrations.

2.4  AcbV HIHEEA BT K H B 2E M R IE

241 AcbV EEMRIEREINESHT: AcbV &
PSS AN, oTfck B A d R M2 LR 3
dTDP-4- i 3 -6- 5 5 -D-H 45 W5 1 C-4 v 174 1 &
b, A dTDP-4-%3-4,6- XU A -D-# 2 b . N
THWHGE AcbV IAELDIRE, HEE T AcbV 15

JRFR R pLQI11L, K5, K HFEE KA
B BL21(DE3)/pGro7 ", #F47 TEHAFR KM

it B R AE s )s, 5358 7 R/hg

4 53 kDa I H(E 5-A), FIH GIS 1D #ff & &
BT R R 71.99%.

bif5, 2% dTDP-4-FJk-6-JIi 4 - D- 1 i %
S AR, Fe B 1.7.3 frik ik,
dTDP-4- i 55-6-JIi 48-D-F Z WM IS . RN
FIEAHA | BERR VS ¥ (pyridoxal phosphate, PLP)
JEF T, A 20 mmol/L Y AcbV, 3T 30 °C
JVE 6 h JE 21k, F ] LC-ESI-MS K50 52 i
P, RIAE 9.3 min 4b 1 B H AR dTDP-4-%(
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H-4,6- XU 44, -D- 1] % % (dTDP-QuidN) 1 43 T 24
T I (C1sHN3014P2) , X AL & W 1R T 17 Eb
m/z=546.0878 [M—-H] (it 5 {6 N m/z=546.0895
IM-H]), [[IEF, XFHEZHTCiE = 2(E 5-B).
MR AR T, AcbV E AL T dTDP-4-fii -
6- Mt S -D- A e A R R SO, AT dTDP-4-
A HL-4,6- WU E-D- A A, BB b 3 A
BEIC A BUR IR L)

242 AcbV WEEZEMRRAE: N TIRAKK
AcbV PSRRI EE T AN [ S I EE
VW pH XL TE MRS . ARl 5-C o,
AcbV AR XS BEE 7E 20—30 °C B Bifi 5 5 T A
R B RORME, 1F 30-50 °C R R s,
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dTDP-4-fii J&-6-li A -D-# A b ) IHAE &, 11T
AcbV SRR . 2, FIFAE A GraphPad
Prism 5 #I& A H AcbV HEAMW K=(1.411+
0.293) mmol/L, Vyu=(3.447£0.279) umol/(min-mg)
(K1 5-E F1% 2),
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Figure 5.

Analyses of enzymatic function and properties of AcbV. A: SDS-PAGE analysis; B: LC-ESI-MS analysis;

C: Effects of different temperatures on enzyme activity; D: Effects of different pHs on enzyme activity; E: Fitted
curve of reaction rate and substrate concentration of AcbV at varying dTDP-4-keto-6-deoxy-D-glucose

concentrations.
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il BLASTp Zr#r, B WML &
FE R g 0 B T EAT T DD RE T , R I
AcbA . AcbB Fl AcbV = MEHAMEE T HES Y
o = Jp W 58 A 2 S B T 1 A B B A AR S B
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afi {375 T AcbA  AcbB Fll AcbV i A 2 1,
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Biosynthetic pathway of deoxyaminosugar moiety in acarbose
from Actinoplanes sp. SES0/110

Dan Zhang, Qingin Zhao, Ming Jiang, Qianjin Kang, Linquan Bai"

State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong University,
Shanghai 200240, China

Abstract: [Objective] Elucidation of the biosynthetic mechanism of the deoxyaminosugar moiety in acarbose from
Actinoplanes sp. SE50/110. [Methods] On the basis of BlastP analysis, AcbA, AcbB and AcbV were proposed to be
associated with the biosynthesis of deoxyaminosugar moiety. Firstly, the in-frame deletion and trans-complementation
of acbA, acbB and acbV were performed in SE50/110 to investigate their involvement in acarbose biosynthesis. Then,
AcbA, AcbB and AcbV were heterologously expressed in E. coli BL21(DE3)/pGro7 and purified by Ni affinity
chromatography. Finally, using D-glucose-1-phosphate as the starting substrate, the biosynthetic process of
deoxyaminosugar moiety was elucidated by enzymatic assay. In addition, the properties of these involved enzymes
were characterized. [Results] Deletion mutants of achA, acbB and acbV in SE50/110 were named as ZD03, ZD04 and
ZDO05, respectively, all of which lost the productivity of acarbose. And then, the production of acarbose was recovered
through trans-complementation of achA, acbB and achV in ZD03, ZD04 and ZDO05, respectively. In vitro enzymatic
analysis suggested that AcbA, a D-glucose-1-phosphate thymidylyltransferase, is responsible for the biosynthesis of
dTDP-D-glucose from D-glucose-1-phosphate and dTTP. It showed a K, of (0.185+£0.053) mmol/L and a Vp,x of
(2.366+0.217) pmol/(min'mg) with D-glucose-1-phosphate, as well as a K, of (4.964+1.089) mmol/L and a Vi, of
(60.310+5.419) pumol/(min‘mg) with dTTP. AcbB, a TDP-D-glucose-4,6-dehydratase, catalyzed the dehydration of
dTDP-D-glucose to dTDP-4-keto-6-deoxy-D-glucose. The K, and V. of AcbB are (0.353+0.089) mmol/L and
(306.401£28.740) pmol/(min'mg), respectively. AcbV is a dTDP-4-keto-6-deoxy-D-glucose-aminotransferase and
catalyzes the transamination of dTDP-4-keto-6-deoxy-D-glucose to dTDP-4-amino-4,6-dideoxy-D-glucose using
glutamic acid as amino donor. The K, and V., of AcbV are (1.411£0.293) mmol/L. and (3.447+0.279)
pmol/(min‘mg), respectively. [Conclusion] This study elucidated the biosynthetic pathway of deoxyaminosugar
moiety in acarbose, which paved a solide way for a full elucidation of acarbose biosynthesis. Meanwhile, the
characterization of the involved enzymes provided important information for the metabolic engineering of SE50/110
to improve acarbose production.
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