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Figure 1.
biosynthetic pathway of acarbose.
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1.2.1 HIMEEBEBRB: I 50 mL &K #
Je W Bh i R T 2244, 6500 t/min Z5.0> 10 min
Ji L 10 mL buffer A (300 mmol/L NaCl, 25 mmol/L
Tris-HC1, pH 8.0)H# A%, i1t 2 YK, #FLA 50 mL binding
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Tris-HCI, 1 mmol/L EDTA, pH 8.0)E &J7,

http://journals.im.ac.cn/actamicrocn



3670 Xuemei Wang et al. | Acta Microbiologica Sinica, 2021, 61(11)

F1. ZWHPTRAEK. BRG4

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

Strains, plasmids, primers Related features or sequences Sources or references

Actinoplanes spp.

SE50 Acarbose producer, wild-type strain ATCC31042
SE50/110 Acarbose producer, high-yield strain ATCC31044
QQ-2 Actinoplanes sp. SE50/110AtreY [20]
WXM-01 QQ-2::ACPL_1889 This work
WXM-02 QQ-2::ACPL 4236 This work
WXM-03 QQ-2::ACPL 7303 This work
WXM-04 QQ-2::ACPL 6479 This work
WXM-05 QQ-2::ACPL 8104 This work
WXM-06 QQ-2AACPL_5445 This work
WXM-07 QQ-2AA4ACPL 3989 This work
WXM-08 QQ-2::ACPL 7617 This work
WXM-09 QQ-2::ACPL 8270 This work
WXM-10 QQ-2::ACPL 5445 This work
WXM-11 QQ-2::ACPL 3989 This work
WXM-12 QQ-2A4ACPL_1889 This work
WXM-13 QQ-2AACPL 4236 This work
WXM-14 QQ-2AA4ACPL_7303 This work
WXM-15 QQ-2AACPL 6479 This work
WXM-16 QQ-2AACPL_7617 This work
WXM-17 QQ-2::ACPL_1889/ACPL_4236/ACPL_7303/ACPL_6479/ACPL_8104  This work
WXM-18 WXM-17AACPL_5445AACPL 3989 This work
Escherichia coli
DHI10B Cloning host GIBCO-BRL
ET12567(pUZ8002) recE, dam™, dem™, hsdS, Cm’", Str", Tet", Km", for conjugation [21]
BL21(DE3) Protein expression host Sangon biotech
Plasmids
pLQ752 pJTU1278-derived vector with codA gene and the tsr gene replaced [20]
by aac(3)IV
pDR4-K* aac(3)1V, xylE-neo, kasOp* [22]
pSET152 oriT*?, aac(3)IV, @3 1int, attP [23]
pET30a ori®®? K", lacl, His-tag and S-tag coding genes Novagen
pLQ1450 pSET152-based plasmid for ACPL 1889 overexpression This work
pLQ1451 pSET152-based plasmid for ACPL_4236 overexpression This work
pLQ1452 pSET152-based plasmid for ACPL_7303 overexpression This work
pLQ1453 pSET152-based plasmid for ACPL_6479 overexpression This work
pLQ1454 pSET152-based plasmid for ACPL_8104 overexpression This work
pLQ1455 pLQ752-based plasmid for ACPL 5445 inactivation This work
(5%%)
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(B 1)
pLQ1456 pLQ752-based plasmid for ACPL 3989 inactivation This work
pLQ1457 pSET152-based plasmid for ACPL 7617 overexpression This work
pLQ1458 pSET152-based plasmid for ACPL_8270 overexpression This work
pLQ1459 pSET152-based plasmid for ACPL_5445 overexpression This work
pLQ1460 pSET152-based plasmid for ACPL_3989 overexpression This work
pLQ1461 pLQ752-based plasmid for ACPL_1889 inactivation This work
pLQ1462 pLQ752-based plasmid for ACPL 4236 inactivation This work
pLQ1463 pLQ752-based plasmid for ACPL_7303 inactivation This work
pLQ1464 pLQ752-based plasmid for ACPL 6479 inactivation This work
pLQ1465 pLQ752-based plasmid for ACPL 8270 inactivation This work
pLQ1466 pLQ752-based plasmid for ACPL_8104 inactivation This work
pLQ1467 pLQ752-based plasmid for ACPL 7617 inactivation This work
pLQ1468 pET30a-based plasmid for ACPL 1889 expression This work
pLQ1469 pET30a-based plasmid for ACPL 4236 expression This work
pLQ1470 pET30a-based plasmid for ACPL_7303 expression This work
pLQ1471 pET30a-based plasmid for ACPL 6479 expression This work
pLQ1472 pET30a-based plasmid for ACPL_&104 expression This work
pLQ1473 pET30a-based plasmid for ACPL 5445 expression This work
pLQ1474 pET30a-based plasmid for ACPL_3989 expression This work
pLQ1475 pET30a-based plasmid for ACPL 7617 expression This work
pLQ1476 pET30a-based plasmid for ACPL 8270 expression This work
pLQ1477 pSET152-based plasmid for the overexpression of ACPL 1889, This work

ACPL_4236, ACPL_7303, ACPL_6479 and ACPL_8104
Primers Sequences (5'—3")
Pwy-F CTCGAAGCTGATGTCGTCGAC
Pwy-R GAAGTCGAGGTATTCCACACC
Pagp-F GAGATTTCTGAGATTGCCTC
Pag-R CGAGCCGTCACCCAGCAAC
ACPL_1889GB-F TTGAAGAGGTGACGTCATGGCAGCCACTGGCACAGCT
ACPL _1889GB-R (BamHI) CTGGATCCTCACGCCTTCTTGCG
ACPL_4236GB-F TTGAAGAGGTGACGTCATGGGAAGGCCGCGAGCGTT
ACPL_4236GB-R (Not 1) CTGCGGCCGCTCACCGACAACGCTGATCTTGGC
ACPL_7303GB-F TTGAAGAGGTGACGTCATGAAGCTGGTGACCGCGGT
ACPL_7303GB-R (BamHI) CTGGATCCTCAGAGGGCGTCGAGGC
ACPL_1889GB-F TTGAAGAGGTGACGTCATGGCAGCCACTGGCACAGCT
ACPL_1889GB-R (BamHI) CTGGATCCTCACGCCTTCTTGCG
ACPL_5445GB-F GTTGAAGAGGTGACGTCGTGCGCGTGAAGTTGATGGC
ACPL _5445GB-R (BamHI) GTGGATCCTCAGTACTTGCGGGTCGGAA
ACPL_3989GB-F GTTGAAGAGGTGACGTCGTGTCCATTGACCTGATCGC
ACPL_3989GB-R (BamHI) GTGGATCCCTAAAGCAGATTGAGGGCCC
(1548)
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ACPL_7617GB-F
ACPL_7617GB-R (BamH 1)
ACPL_8270GB-F
ACPL_8270GB-R (BamH I)
ACPL_8104GB-F
ACPL_8104GB-R (BamH 1)
kasOp*-F (Xba I)
kasOp*-R

ACPL _1889-LF (Xba I)
ACPL_1889-LR (EcoR 1)
ACPL_1889-RF (EcoR 1)
ACPL_1889-RR (Hind III)
ACPL _1889-YZ-F
ACPL_1889-YZ-R
ACPL_4236-LF (Xba I)
ACPL_4236-LR (EcoR 1)
ACPL_4236-RF (EcoR I)
ACPL_4236-RR (Hind III)
ACPL_4236-YZ-F

ACPL _4236-YZ-R
ACPL_7303-LF (Xba I)
ACPL_7303-LR (EcoR 1)
ACPL_7303-RF (EcoR 1)
ACPL_7303-RR (Hind III)
ACPL_7303-YZ-F
ACPL_7303-YZ-R
ACPL_6479-LF (Xba I)
ACPL_6479-LR (EcoR )
ACPL_6479-RF (EcoR I)
ACPL_6479-RR (Hind III)
ACPL_6479-YZ-F
ACPL_6479-YZ-R
ACPL_7617-LF (Xba 1)
ACPL_7617-LR (EcoR 1)
ACPL_7617-RF (EcoR 1)
ACPL_7617-RR (Hind III)
ACPL _7617-YZ-F
ACPL_7617-YZ-R
ACPL_5445-LF (Xba 1)
ACPL_5445-LR (EcoR 1)

TTGAAGAGGTGACGTCGTGTACGTCTCGGCTCGCAC
GTGGATCCCTAGTTCTTCTTTATTGAGG
TTGAAGAGGTGACGTCATGACCGCTGAGCAGCTCATCTCGT
GCGGATCCCTACCGGCCCCGGACCTCGTCGAT
TTGAAGAGGTGACGTCATGGATGAGGTACTGGCGCG
CTGGATCCTCAGACCCGGGCGCGCCGGGCGAGAC
GCTCTAGATGTTCACATTCGAACGGTCTC
GACGTCACCTCTTCAACTCAG
GCTCTAGAAAGGGCATCCTGCTGCTCGA
CGGAATTCGAATCCTCACGTCGCAGACA
CGGAATTCAAGAAGGCGTGACGGCGGACA
CCAAGCTTCGTCGAGGTTGTACGACTCG
TCTTGGAGAGCCTTCCGGGT
TGGAAGCCGGCTATCCGATC
GCTCTAGACTGCGATGAACGATGTCGCG
CTGGATCCTCATGCCGTCACCCGCCCGGCCTCG
GAGAATTCATGCCGGTCTATGACAAACCGATG
GCAAGCTTTCACCCGGCGGCGGCGGTCA
GAGAATTCATGAAAATCTTGGTCACCGG
GCAAGCTTTCAGGTCCACCAGGAACGGT
GAGAATTCGTGAGCAGGCAGGCCGACCT
CGGAATTCGCTTCATGCTCAGTCCTTCC
CGGAATTCACGCCCTCTGATCCCATGAC
CCAAGCTTGATGTCGGGCAGCAGCAAGT
ACCGTGTTCTCCCTGGTCGT
CAGGTCGAGGTCGCTGTA
GCTCTAGACTGTCCAGGTCGTACGAGAC
CGGAATTCGTACTGTGCTGTGCCTTCCC
CGGAATTCGTTCTTCGCGAGCTGACGCGCT
CCAAGCTTCCAACGCCGAGTACGAGATG
CACGGGACGGGTCGTTAAAG
CTACGAGCTGCTCTTCGAGC
GCTCTAGAGGAGGATCTCGGTCATGAGG
GTGAATTCCTTGACCAGACGTGGGTGC
GTGAATTCGAACTCTCCACCACCTCAA
GCAAGCTTCTCGTCCATCAGCAGCACGTC
GAGCCCTGGAACATCAGGTG
CGATGTAGGTGGCGTCGATC
GCTCTAGAGTTGGACCACCACGTTGGAC
GTGAATTCCTGGATCGACTTGGTGTTCG

(k)
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(=3

ACPL_5445-RF (EcoR )
ACPL_5445-RR (Hind III)
ACPL_5445-YZ-F
ACPL_5445-YZ-R

ACPL _3989-LF (Xba I)
ACPL_3989-LR (EcoR I)
ACPL_3989-RF (EcoR 1)
ACPL_3989-RR (Hind III)
ACPL_3989-YZ-F
ACPL_3989-YZ-R
ACPL_1889-EX-F (EcoR I)
ACPL_1889-EX-R (Hind III)
ACPL_3989-EX-F (EcoR I)
ACPL 3989-EX-R (Hind III)
ACPL_4236-EX-F (EcoR )
ACPL _4236-EX-R (Hind III)
ACPL_5445-EX-F (EcoR )
ACPL_5445-EX-R (Hind IIT)
ACPL_6479-EX-F (EcoR 1)
ACPL_6479-EX-R (Hind IIT)
ACPL_7303-EX-F (EcoR I)
ACPL_7303-EX-R (Hind III)
ACPL_8104-EX-F (EcoR I)
ACPL_8104-EX-R (Hind III)
ACPL_8270-EX-F (EcoR I)
ACPL_8270-EX-R (Hind III)
ACPL_7617-EX-F (EcoR I)
ACPL_7617-EX-R (Hind III)
hrdB-F

hrdB-R

acbA-q-F

acbA-q-R

acbB-q-F

acbB-q-R

acbW-q-F

acbW-q-R

acbV-q-F

acbV-q-R

Pw-FAM-F

Pw-R

Pv-F

Pv-FAM-R

Pa-F

Pa-FAM-R

Pb-FAM-F

Pb-R

GTGAATTCGTCAAGGACAAGCAGGACGTC
GCAAGCTTGTGTTGTCCAGCTCCTCGAC
CTCTCTTGACGCGCACGATG
CTGGTACACGGTGCTGATCC
GCACTAGTGGAACTGCAGGAGTCCTTCC
GTGAATTCCGTACGACCAGAAGGTGGTC
GTGAATTCCCTCGATGTACGTCTCGGTG
GCAAGCTTGCTCGATGAACAGGTTGGC
CGCATGTTCTAGCCGTGAAG
GCTGATCGAGACGGACTACC
CGGAATTCATGGCAGCCACTGGCACAGCT
CCAAGCTTTCACGCCTTCTTGCG
CTGAATTCGTGTCCATTGACCTGATCGCGGATTCACC
GCAAGCTTCTAAAGCAGATTGAGGGCCCGC
CGGAATTCATGGGAAGGCCGCGAGCGTT
CCAAGCTTTCACCGACAACGCTGATCTTGGC
CTGAATTCGTGCGCGTGAAGTTGATGGC
GCAAGCTTTCAGTACTTGCGGGTCGGAAGCG
CTGAATTCATGCCGTCTGAGTACGCGAAGTCAC
GCAAGCTTTCAGCTCGCGAAGAACGCCCG
CGGAATTCATGAAGCTGGTGACCGCGGT
GCAAGCTTTCAGAGGGCGTCGAGGC
CGGAATTCATGGATGAGGTACTGGCGCG
CCAAGCTTTCAGACCCGGGCGCGCCGGGCGAGAC
CTGAATTCATGACCGCTGAGCAGCTCATCTCGT
GCAAGCTTCTACCGGCCCCGGACCTCGTCGAT
CTGAATTCGTGTACGTCTCGGCTCGCACGGACTA
GCAAGCTTCTAGTTCTTCTTTATTGAGGTGGTGGAG
GAGGTCGAGCTCTCCAAGG
CGATCGAGACGACCAGTCG
GTGCTGTCCATCGAGGAGAAAC
GTTGACCTCGGTGATCTCCAG
CCTCGTTTCAGCTTCGTTCG
CGTCCAGTAGCACCTGAGTG
CAGTCCTTCGGTGATGATGC
GACATCACCAGCATCTGCG
GACCACCTCACCACGCTC
CACGTCCCAGTGCACCAG
ACGATCATGCCGGTCGTGC
CGCGACATTGTGGAAACTCGG
CTGAGTGTGCGGCTCGCTG
CGCCGGTGTCGAAACGAAC
CCGCCGGTGACCAAGATTTT
TCACCGGTCGAAGCCGTGAG
GTTACAAAATGGGACCCG
CCAGCAATATTCCGCGCAC
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i FH R 75 R A HEA TR, R P — > TR B
B S min, #7575 3s, B 5s, TFN 40%, It
A 3 AT, MAREERELE 4 °C.
12000 r/min #.0> 25 min, BB, EEEO 1K,
i 3 kDa EBUEREHIE, 5RMRLE NIl R
B

1.2.2 DNA FMEMr: il PCR ¥ 4524y
FARICH DNA 4, ¥ 100 L S5 FUZHT BT FHE
#HGE A Y Streptavidin-agarose) & 0> 52 LI,
F 100 pL binding buffer FA )55 10 pg 24 DNA
WEHREGH4], B3k BiE, A 1 mL binding
buffer FAE S5 B0 LR SERE G0 DNA, ¥
SEA A BRET RS 150 mg 2247 HEE 3 50IR
&, B 250 pg 2245 fads DNA DA/ AR &
PR I AE G R B MR R ICE T 4 °C KIS,
BEFGIRS) 1 ho B, 35 I K UTIEERAE 1 mL
binding buffer 1, Bf.0Jf% B, EH 1-2 K,
Bas 5 HEAM DNA HAFTUEA 100 uL 1Y
elution buffer (10% V/V H i, 20 mmol/L Tris-HCl,
1 mol/L NaCl, 1 mol/L EDTA, pH 6.8)F &, B>,
IR 5 DNA PREFARZE G I 1 o B S
i) iy b SRR AR IR B BR A W SR, SR
Label-free 5& & 25 1 424 40T B R , il i LC-MS/
MS H¢ AN H 115 e K B tE A 7 BT i 43 #T

1.3 RAHRIG R

1.3.1  FEFEERR: UL ACPL 1889 KR (A2 45
E I A A NCBL B 15 3k 1,
GenBank: CP003170.1)# b B R 1A £ R 1] LA
WEsh 2 SES0/110 JE[H 41 DNA Wit , FIH]
ACPL _1889-LF/R il ACPL_1889-RF/R %54,
G338 A A AN A I RN T Ui TR VR
e W0 Py TE B 00 R B 22 Wl V) i 4 A U s A A
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pLQ752 H, ARASFFPE 4 kL pLQ1461 . K E4H
RS A KRR ET12567(pUZ8002)H, %
AN AN Wl L Tk A N ) €2 A
QQ-2 A, F SFM K53k 30 °C 538 5-7d ), #k
HIEGFY RIS, @ik 2 o ihitk sM 557
FERN 5 TR OB T 8, ARATHE R il 2 9 A8k
Ytk $REBCLNZ DNA, LI ACPL_1889-YZ-F/R
51 T PCR Bk, 1528248k WXM-12,
1.3.2 FEmEIbFEX: L ACPL 1889 KN4k
FIRFERAE A, L pDRA-K*Fk, DNA A
Bk, FIF514) kasOp*-F/R, i1t PCR 41475 7]
126 bp [ kasOp*Ja 3+ h Bt LAWRSh R TA
SES0/110 #: [K 41 DNA A #Ei M, FH 59
ACPL_1889GB-F/R, il PCR ¥ #5755 228 bp
) ACPL_1889 3£ Bt o LAARAR Y kasOp* i 8l F
Bl ACPL_1889 B:IN v BOMAR AR, #5149
kasOp*-F/ACPL_1889GB-R, ifjlH & PCR 4 1
55 354 bp ) kasOp*-ACPL_1889 3K Bt . ¥
WP OF B 0 5 R B & Bl YD )R i 3 U
pSET152 i, R34 RIFR. pLQ1450, K Fiki
ARG IF# ET12567(pUZ8002)H, R 2244
AR P R S A QQ-2 . F SFM
BRI 30 °C 15 3R 5-7 d i , PR A T8 KI5 3%,
2 PUPE SR S AR HUEE K 4] DNA 1 PCR $iiEf=
15 B LR i Ak Rk B MR WXM-01
1.4 RAPKRAKBE

W TR TR A 2 STY “FAl 30 °C 1558 2-3 d ),
PR SEF 2 SM 15572, 30 °C. 220 r/min 557
30-36 h, #:8 4 mL & 40 mL Fh i3RI,
30 °C. 220 r/min §55% 30-36 h, SRJ5%5#% 7.5 mL
FhF 2 42.5 mL KRGS, RS T oK
F-30°C. 220 r/min 3% 24 d.
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1.5 RT-qPCR 2R R B A 1A AR L R % 5%
K

WCHL 1 mL & 48 h EEIR, B0k b
JIA 1 mL A3 3L ER Y Redzol IR, 76 4H ik
PSR R R . A 300 pL B-54)5, RAEH
5]F 4 °C. 12000 r/min .0 10 min, "H F¥,
WAL IR 3-4 HRIE A LPERE . A 200 pL
ToKCEE, FOTRMEMABE LY, T 4°C,
12000 r/min &> 2 min, FFRICEE N, ME
LOAEFL A 50 L DEPC AbFREA K, 38 F %)
J&F 4 °C. 12000 r/min 5.0 2 min, 3% & mRNA,
JUHE S cDNA. L cDNA WA . 2t RNA R
& M Sigma 189 hrdB % [H (GenBank No.
AEV82165.1)/E AN Z 1T RT-gPCR, ffi il SYBR
Green A5 S A ok, BARTHE /3t )ik 2 IS
fik[24].
1.6 RHMERRIX RS

1.6.1 {ERINEEERAEE: LI ACPL_1889 &
PR R R B, DL Sh R B SES0/110 JE
[KIZH DNA it , 514 ACPL_1889-EX-F/R,
i i PCR ¥ 444551 228 bp A EcoR 1/Hind 11T )
ACPL_1889 A 7 Bro 4l Fp R4 (1) 3 A R Be 2
W L) I 2 R 3K pET30a H, 15385 11335 Fok:
pLQ1466 . ¥ & [ & ik T kK A K W A @
BL21(DE3)H, #AGHE FIRIA R

1.6.2 FEEFRKGLAM: K@i E A RIkE
PRTE T 50 mg/L RARE Z= A9 LB ¥ 5 137 °C.
220 r/min SRR R, SR IG I 2% 00 e e fe e 4
£ 1L+ 50 mg/L FARFE R AY LB FE IR IR LG 57
2 ODgo 3551 0.6-0.8 If , AL ¥ & 24 0.8 mmol/L
1) IPTG, fE 16 °C &4 FARELTE 3557 1820 he
SRIG B DIEERE IR, F buffer A EEFEA, FIH

P A TR, ORI, SRR
MEHNTE, LA 20 mL ¥JE 2 50 mmol/L FY B SE
RZE N, FLL 10 mL ¥R 250 mmol/L [ KMk
Yeli H A H . 4 Millipore #UE &S B Eh k46 f5
RAET 10% .
1.7 BEBCPHA K5

DL SR B SES0/110 JE[K 2H DNA WA,
FIF FAM 5E6FRIC 514 Pw-FAM-F/Py-R, i i)
PCR §" #7551 100 ng 2¢EHRICH DNA #R4] K3k
B H A8 U B 2N [R] R 2 (0—4000 nmol),
i il EMSA itk Z&, [FEFLL 1 pg dEFRICHRETE
R FETE A XT B 1 ug poly(dl:dC)YE M AERE R
TR, 25 °C W 30 min, 7E 4°C., 100V F
HEATARAR PR R P AA BEBBE A FB VK 60 min, 7EZ )
REO RO WSS AR 1 o
1.8 BREME 25T

B 1 mL ARG, Y 1T, H ddH,0
W LR 5 SR IMASERRE D, BObREE
P B R, SGugiidug, FIF HPLC i
P& R, {#H Agilent phenomenex NH,
(4.6 mmx250 mm, 5 um), FSIHHN 65%2NE-35%
WRRER(0.6 g/L KH,PO,, 0.704 g/L Na,HPO,- 12H,0,
100 mL ZJiif), A4 A 210 nm.

2 ERFAHN

2.1 FYERT R B AE Y R R R I e R
EH

#E SE50/110 1, 171 357 B[R MR 2E 40 5 i 2k
PR o1, AN ach JERF%E . Hob Py, PP
AR JE Sl T B R s A P R TR Y
%, P 5 achA 5 acbB WI¥5 5%, Pyy ¥
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acbVUSRPIJKMLNOC FGs 6N acbWXY 0%
o MBRTE ach HE TR AR A BL R A TE
DL FATHEN ach kR 1% SRAR n] B2 2 BL A
21 rh HA A A A R R R . BT R,
AWFFEFIFH Py Pap WAL JE 35 X S8 DNA
VERERE(E 5-A), LIERUZHT 7 NS G 3h
TRREGNEND, FSESEAHRES T, N
Hh i G T RE AL SR IREE R o SRAZE AT R R
W25 SDS 2 PN 975 Tt FHie 58 JKE H bk R e A, )
A W A A7 AR B 1 S DRI S o

Bueli 2 W5 3 WY B DR B 17 8
P TREAGI , s % e g R R, 5 Pp4ia
EAA 2281, 5 Py AEREAIA 220 1,
Wit 5 KEGG B EHAT I 738, TE PupZhd
HEPA 234 18 PSS EATAE 16 T
RN SRR OC ) s B E TR R 4% K
FIEAIAE 14 4>, H ACPL 566 . ACPL 1896,
ACPL 6780, ACPL 3083 H 5 P, Jii5h 1 XIl4h
4, ACPL 151 HY5 Py, i FIXIE44S,
ACPL 1889 . ACPL 4236 . ACPL 7303 .
ACPL 6479 . ACPL 8104 . ACPL 3989 .
ACPL 5445, ACPL 7617, ACPL 8270 5 P,s.
Py IR 8 F XI5 45 G, mA&HEX 9 M EH

(R )RS RE D R FE D, WEA TS SRR AN |

PRSP IRERIE .
22 fREFEFEK NIRRT

221 REREFEAR BRI KRBT
¥ ACPL 1889 . ACPL 4236 . ACPL_7303 .
ACPL 6479 . ACPL 8104 . ACPL 7617
ACPL 8270, ACPL 5445, ACPL 3989 % PCR §I”
W5, Bl ARG 3 F kasOp* 3 72 P& 2 2% (&
pSET152 HaRiH AR TR pLQ1450 (& 2-A),
pLQ1451 . pLQI1452 . pLQI1453 . pLQI1454 .
pLQ1457. pLQ1458. pLQ1459. pLQ1460, K
TR 22 IR F0 5 e B 1Y) O OB R S AU Bl i 2R TR
QQ-2 Hr, ARl ARAR I H 5 A F 18 2 A fk WXM-01
(K 2-B) \WXM-02 . WXM-03 . WXM-04 . WXM-05 .
WXM-08, WXM-09, WXM-10, WXM-11, ¥ ff
KiHE 5 W 5 S bR T & W, A HPLC A5
R BRI . 25 R B (Kl 2-C), #ik
%35 ACPL 1889 . ACPL 4236, ACPL 7303 .
ACPL 6479, ACPL 8104, &7 Ry =& & &
AHAK pSET152 MXT BB HIEE = T 25%.
26%. 18%. 22%. 15%; smfbFRik ACPL 5445,
ACPL 7617, ACPL 3989, ACPL 8270, 275tk
7 FX BB R A3 IR T 12%.23%.39% . 9%

x2. FRESHHE I MREIFIERER

Table 2. Nine candidate regulatory proteins identified by mass spectrometry
Proteins Score Putative gene products
ACPL_6479 79 XRE-family transcriptional regulator
ACPL_5445 72 HTH-type transcriptional repressor PurR
ACPL 1889 54 Transcriptional regulator
ACPL 8104 51 Regulatory protein HlyX
ACPL_7303 47 Nitrogen regulatory protein P-I1
ACPL_8270 39 GntR-family transcriptional regulator
ACPL 4236 35 YezE-like HTH-type transcriptional regulator
ACPL 3989 23 HTH-type transcriptional regulator MalT
ACPL 7617 16 BadM/Rrf2-family transcriptional regulator

*score: The score of the results of mass spectrometry and the comparison results of the corresponding proteins in the database provided.

actamicro@im.ac.cn
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Figure 2.

for the overexpression of ACPL 1889; B:

TR L [ 58 1L 3R0A X BT K IR HE = E B R i
Effects of the overexpression of regulatory genes on acarbose yield. A: recombinant plasmid pLQ1450
verification of WXM-01

by PCR amplification of the

kasOp*-ACPL 1889 fragment; C: yield analysis of mutants with gene overexpression. *: significant difference at
P<0.05; **: significant difference at P<0.01; ***: significant difference at P<0.001. Error bars, meantSD (n=3

biological replicates).

222 EEEERBBREREER &0 Eid
PCR "1, /913515 ACPL 5445, ACPL 3989,
ACPL 1889 . ACPL 4236 . ACPL 7303 .
ACPL_6479 ,ACPL_8270 ,ACPL_8104 . ACPL_7617
A R, BEDIEE S pLQ752 iy i[RI
W41 R pLQI1455 . pLQ1456 . pLQ1461 |
pLQ1462 . pLQI1463 . pLQl1464 . pLQI1465 .
pLQ1466 . pLQ1467. KW RS H 1

B FORL S A SR T QQ-2 HY, ZRATFEI SRR R
Rk WXM-06, WXM-02, WXM-12, WXM-13,
WXM-14 | WXM-15 . WXM-16 . K f& 3K 1%
ACPL 8270, ACPL 8104 iX 2 IEN Wy mt b2 A8
GERE, #HEMEATATRE TR . K R RS
RASRRIEAT R BE, FIFH HPLC 60 & BER B
Wi S5 RN (E 3-C), T H ARk,
ACPL_5445F1 ACPL 3989 2375 ¥k iy 77 i 43 Bl 5

http://journals.im.ac.cn/actamicrocn



3678

Xuemei Wang et al. | Acta Microbiologica Sinica, 2021, 61(11)

(A) (B) R
, ACPL_ISS9 YZF ACPL_1889 YZ-R &N«
QQ- [743bp] p &P S
|]|]<1887H 1388 )?1 1390 1891 >|]|]
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Figure 3.

Effects of the deletions of regulatory genes on acarbose yleld. A: schematic deletion of ACPL 1889; B:

verification of WXM-12 by PCR amplification; C: yield analysis of mutants with gene deletion. *: significant
difference at P<0.05; **: significant difference at P<0.01; ***: significant difference at P<0.001. Error bars,

mean=SD (n=3 biological replicates).

T 13%. 8%, ACPL 1889 FS7BtRI ™ SFEA% T
22%, ACPL 7617 . ACPL 7303 ., ACPL 4236 .
ACPL_6479 575tk 07 i T B A8 4k

223 BI-REREEY S BERFEFAKF5Hr: K
PRl 5 Ak 3R 35 R R 28 8 Bk R 45 R BOR
ACPL_1889 wnJfg & 1E 45 Hl+, ACPL_5445 Hl
ACPL_3989 Al fig /&= A+, K, FIH qPCR
GIFTIX 3 AFED Y 58 Wk b BT W A )
acbW . acbV. acbA F acbB W45 55K, WEE

actamicro@im.ac.cn

RS 2 RIFMIEST RNA $2EURT qPCR 430Hr
ZRERE 4, 55@‘,\“1‘%%3, AL Rk
ACPL_3989 ffi acbW . acbV. acbB WFiEKE5
BIFPRL 445, 2 %A 5 6%, wiBE ACPL 3989 fii
acbW Hl acbA iR KFEAr R T 29 90 f5H1
40 155 94K ACPL 1889 1#i acbW . achV ., achA
FRIBACF IS 729 2% . acbB BZRBIKF-4
BT 6%, mibk ACPL 1889 fi achW . achA .

acbB WFRIBIKF- T W) 2 %5, acbV Fik/KF- T M
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2y 9 1%; smAb Ik ACPL 5445 J5 achW . achV,
acbA .acbB Rk KV-ZEAA K MR BR ACPL_5445
i acbW, acbV., acbA. achB [FFIEKF-43 54
FT2 345, 2 /%, 5.6 f5F 4.7 fiF . X segh Lt
— KM, ACPL_1889 Xif ul < i 4 i A= ) & e
FEJE#EMER, ACPL 5445 F1 ACPL 3989 Xif i
U A B R B R AR

(A)
81— QQ-2:pSETI52 .
— WXM-10
- — WXM-11
.g 6 — WXM-01
s
&
§ 4f
% | 4LAA_i I_I i_i
o4
I T k3% .
EE3 sk . sk
O LI 1 II
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®) 140
120 [ o QQ-2
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E 6r - ITTS
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4. AEERRBEAIRIER RIS TR EEY
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Figure 4. Effects of the overexpression or deletions
of regulatory genes on the transcription of acarbose
biosynthetic genes. A: effects of the overexpression of
regulatory genes on the transcription of acarbose
biosynthetic genes acbW, acbV, acbA and acbB; B:
effects of the deletions of regulatory genes on the
transcription of acarbose biosynthetic genes achW,
acbV, acbA and acbB. *: significant difference at
P<0.05; **: significant difference at P<0.01; ***:
significant difference at P<0.001; Error bars, meant+SD
(n=3 biological replicates).

2.3 fEEEEE NSRS

S BB E RE A E  S IR R R, E A
pET30a # /A H4 & ACPL 1889 . ACPL 4236 .
ACPL 7303 . ACPL 6479 . ACPL 8104 .
ACPL 5445 .ACPL 3989 .ACPL 7617 . ACPL 8270
Y 23K T kL pLQ1468 . pLQ1469 . pLQ1470 .
pLQ1471 . pLQI1472 . pLQl1473 . pLQl474 .
pLQ1475,pLQ1476 ¥ ix L& ik T A BL21(DE3),
Lo IRV A LA B AT R R o

PR 1.6 SR 1, 43 B FAM 2E6hRiC
(4 Pyy F1 Pys ' 4 A I 31 F X3 DNA Py Py, Py
Py (Bl 5-ARHREE, FIFHEERE AT S50 (EMS A
Mg 6 1 5 )3 3 F XS 25 B RE e DL 10 £
YA | S Tal = ) R N A R (K o e SO
poly (dLAO/ENIEFFFHETE RN, 25 R BIR,
ACPL 1889 FE 15 Pys Al Py P4~ 317 DNA 3
REZS 43, RAIERERHNT, FlE 8 1k B2 11 in bH
ViR, AR S T e PR A ) BELVR B S 9
55, A ERE S0 5 G BT (0 BRIt A5 A [ A
JEREES, Ui ACPL_1889 RENESIEHILS & Pas
M Py WA B 31T DNA, {HEZEARE T Rk,
ACPL_3989 e PR3+ DNA 454G, kK4
IERE R, Bl AR Uk B A 1 I BEL A B, A
Fr S B P MR A BRI T O, I A TERE SR T
GeMEORER BRI AR 4k, iR ACPL_3989 2
15 P57 DNA £ 55254
24 HAERBERFR-REES R

R R RN SRS R R, iR
ik ACPL 1889, ACPL 4236. ACPL 7303
ACPL 6479 . ACPL 8104 8% il 5 H
ACPL 5445, ACPL 3989, ZE7kkmy &t m
T 8%—26%. KU, AR & 0 B o
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(A) 1163 bp 439 bp
Py probe
N N / \ /
\ / \ /
AN ’10 20 AN ,/ 30 40 kb
|

-D“- -.

-“m-;
achZ YX U S RPI J Q KMLNOC E D
240bp/v \257bp 253 bp 246 bp

[ Py probe| | Py probe | [ Pyprobe| | P, probe |
(B) Polydl:dC) 6 0 0 0 0 10x (C)  Polydl:dC) 0 0 0 0 0 10x
Unlabeled Pw () 0 0 0 10x 0 Unlabeled Pv ¢ 0 0 0 10x 0
Pw v v v+ o+ 4 Pvoo v+ -+ 4
ACPL_1889/(nmol/L) ¢ 1000 2000 4000 4000 4000 ACPL_1889(nmol/L) ¢ 10002000 4000 4000 4000

—te U
Band shift . Band shift A
Py f— Py -
(D)  PolyddC) 06 0 0 0 0 10x (E)  Polyd:dC) 0 0 0 0 0 10x
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Po v v+ +  + 4 P+ v 4 4+ o+ 4
ACPL_1889 (nmol/L) (¢ 10002000 4000 4000 4000  ACPL_1889 (nmol/L) ¢ 10002000 4000 4000 4000
~
Band shift Band shift
Py - =y
P: &8
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Po v+ + 4+ 4+ 4 P+ & + 4+ + 4
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P - - e Py wm mm @ N =

5. AEEBSEMTFIREIEREER

Figure 5. Acarbose biosynthetic gene cluster and interactions between proteins and promoter probes. A: acarbose
biosynthetic gene cluster. The Py and P4p probes for DNA affinity chromatography are indicated. The probes Py,
Py, P4, and Pg for EMSA are also indicated. B: the interaction between ACPL 1889 and Py. C: the interaction
between ACPL 1889 and Py. D: the interaction between ACPL 1889 and P,. E: the interaction between
ACPL_ 1889 and Pg. F: the interaction between ACPL 3989 and P,4. G: the interaction between ACPL 3989 and Pg.
Lane 1—4: increasing amounts of proteins (0, 1000, 2000, 4000 nmol/L) were used with 100 ng biotin-labeled
probes; lane 5: 1 ug of unlabeled probe was added as specific competition control; lane 6: 1 pg of poly(dl:dC) was
added as nonspecific competition control.
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KA, Bk ACPL 1889 . ACPL 4236 .
ACPL 7303, ACPL _6479. ACPL 8104 iX 5 3k
[R7E pLQ752 HhE ik, WEm 4l Fiki PLQ1477
(B 6-A) o T 22K 45 5 A% 1 T 0B Bk A
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Figure 6.

Construction of acarbose high-yield mutants and yields. A: recombinant plasmid pLQ1477 for the

overexpression of 5 positive regulatory genes; B: yields of high-yield mutants. *: significant difference at P<0.05;
**: significant difference at P<0.01; ***: significant difference at P<0.001. Error bars, meantSD (n=3 biological

replicates).

3 W

W% ach JEHFR A& SEEThRE I AFAT, Rkl
UM R T R AR I TR R R T IR S E AR
SR, 24 Rk, ¥ R W AR A i R Y
B SRR R TSR IBAR D o BARAE BF 5T K R
1£ SE50/110 7, [ AcrC B85 ach 5L S acbD
M acbE Z A BY X AHZE 5, XF acbD Fl acbE W%
A PR, DT X BT Y 1 0 A5 B —

ERVAEAVER, 8 achD F acbE F RSB il b
AW R SRR I DR, X TR I P R R AR
BRI, I, ARBFIELL ach FEFFRH 2 A4
ALJw] Ji3 )5 DX Py M1 Py 9 4REL, B3 DNA SE
= TRt s S N e O I ok 1 B S LA
VR TS i B R ey NN N A DY AT 9 0] 1)
RUHELEY G B TR

DNA JERUZHTEA H HTC Ak & A 51
i o A A A WY K B A X AE R 5008 (S.
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hygroscopicus var. jinggangensis 5008)7 L3 3l +
valK-valA-int FRE, FIHCE] 4 5 v R A 1
GInR". Ajith ZEF|F DNA RFZHTE S.
peucetius 29050 H B —Fh HA A NEMEIE
Z i (DLDH)TEPE P 515 7 DNA 256811,
ZEATRES S T RAFREYH B Ta#ER,
ARSI, ) DNA SEFZ TR 152 i 4
B, WIHEIEE] 9 A SBTR BN AE Y & R 2
ARG S F X Pyy . Pap YIESG Y £
ACPL 1889 . ACPL 4236 . ACPL 7303 .
ACPL 6479 . ACPL 8104 . ACPL 8270 .
ACPL 5445, ACPL 3989, ACPL 7617,

BE 5, ERNIET, @ s] AR s 8T
kasOp* F0 [m] 15 55 2H 4 J7 270 1) Ay d ik PR si Ak Rk
IR Rk, ®FT ACPL 8270 F1 ACPL 8104
X2 AR, FATRAERIIE QQ-2 Wbk, i—
LM KB ACPL 8270 5 ACPL 8104 i% 2 3k
PRI 35 PR 2 v 8 7 " P g A TS Ui, FLad
NCBI Bl LAt &L, ACPL 8104 [A]J5 %A
F Crp 7£ S. coelicolor Hi R , & FEHEHIE A%
RE R, &2 T BOR G Y& N ek
AP ACPL_8270 J&F GntR FEMEEHN T, X
SR DR A R TR R BRI IR A gt v o 4
HEER, AW EKIAE S, coelicolor M145 H
K GntR FIEVAVER T dasR FEH, RAMRIGHEIE
WK AW M T W, AT
ACPL 8270 5 ACPL 8104 W] fig i sh it &k &
SE50/110 R 20 Hh iy b 75 BE 1A .

e NS I N N i gl T - o (W I T
ACPL_1889 w] gy Bl - B W A 1 B A 3 425 A
¥, ACPL 3989 Fl1 ACPL 5445 nJfEHN 2 i
FERT. HAEl, %F ACPL_1889 & 15K It HiIH]
BEAONAXIREFET D, EALR D,
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ACPL_1889 B&-5 ach FE H % H 2 WL Ji 8 F Py
H P g 925G IEXF BRI AR W5 URE IR 57 2
By % e B 7 i LA —E R R, SRk R IR L
ACPL_1889, Bil-REWELEY) G WA I acow
acbV, acbA., acbB FRIK/KF-IHEE, B-RPBHE
PR TE 25%, mRIZIEEE, BRI i
TRET 22%, RIVHIEREEAER, H5HMmIER
MU A FFit— 4458, ACPL 3989 J& HTH i
R T MalT, HJgT LuxR KEREERT, AFHE
(1 LuxR 158 2RI 2 2 R L], K86 43
WIERERT, DS RAREEER. £ S
hygrospinosus var. beijingensis /', AniF BEBLIE
aniR-G FEH W 4I5S 8 £ AW A >,
Az, B ACPL 3989 g 58+ Py X,
SEA I IR PR R AR G RO e SR, sk
TR ACPL 3989, Bl A= A% 39%,
MUBRIZHE RS, BRI R R 8%, RUIHIR
AR . ACPL_5445 J& HTH FUmi| N+
PurR, PurR JA#E K ¥ B4 57 PR 45 S A= W1 5 il
BT FEH purCSQOLF M purDEK VI X A%TF ABC
s R VA (3 SR PO AR S v ACPL_5445
A A3 5 B R OB AR G S TR i 2l X
ghty, HIRILFIB LN ACPL 5445, Bi-Roksrs
HFEAL 12%, mBRIZIERE, BTREEEEY & &
FER A T i, Bl R R R 13%,
F W) LAY g3 o A P i A A R D) B

AP A R BT, Lhoach
PRI 2 A3 g sh T 4%, FIF DNA SERZ
Pre AR E RN 5 5 o K & s E A, JF
ZEA NSNS IE LS, TR BB R PR AP &
BRI R, ASE 38 78 B R R A= 06 )
FESEVRPE ML BEE T IR, i L3 B R 3 N 1Y)
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Mining and function studies of regulators for acarbose
biosynthesis in Actinoplanes sp. SE50/110

Xuemei Wang, Qianhui Weng, Qingin Zhao, Linquan Bai’

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

Abstract: [Objective] Identification of regulatory factors for acarbose biosynthesis and harnessing them for the
improvement of acarbose yield in Actinoplanes sp. SE50/110. [Methods] Firstly, regulatory proteins binding to the
two bi-directional promoters of acarbose biosynthetic gene cluster were obtained using DNA affinity
chromatography. Secondly, to validate functions, these coding genes of regulatory proteins were deleted or
overexpressed in Actinoplanes sp. QQ-2. Next, soluble proteins were obtained by heterologous expression in E. coli
BL21(DE3), and electrophoretic mobility shift assays were performed to verify the interaction between these
regulatory proteins and promoter regions. [Results] By analyzing the results of affinity chromatography and mass
spectra, we identified nine regulatory proteins (ACPL 1889, ACPL 4236, ACPL 7303, ACPL 6479, ACPL 8104,
ACPL_8270, ACPL 5445, ACPL_3989, ACPL _7617). Furthermore, we studied the potential function of all the
nine regulatory proteins by deleting or overexpressing their coding genes in the strain QQ-2. The overexpression of
ACPL 1889 resulted in 25% yield increase, whereas its deletion led to 22% yield decrease of acarbose. Respective
overexpression of ACPL 5445 and ACPL 3989 resulted in 12% and 39% yield decrease, whereas their deletions let
to 15% and 8% yield increase, respectively. Meanwhile, transcription level of acarbose biosynthetic genes achA,
acbB, acbW and acbV increased when ACPL 1889 was overexpressed and decreased when it was deleted; the
transcription of these four genes increased to a certain extent in ACPL_ 5445 mutant; whereas the transcription of
these four genes decreased in the ACPL_3989-overexpressed mutant, the transcription of acbW and acbA increased
by 100 times and 40 times in the ACPL 3989 deleted mutant, respectively. Moreover, we found both ACPL 1889
and ACPL 3989 were able to bind to promoters of the ach gene cluster in EMSA experiments. Eventually, we
increased the yield of acarbose by 32% applying a combinatory strategy of overexpressing positive regulatory
genes and deleting negative regulatory genes. [Conclusion] This study identified nine regulatory proteins binding
to the two bi-directional promoters of acarbose biosynthetic gene cluster, among which ACPL 1889 is a positive
regulatory factor, while ACPL 5445 and ACPL 3989 are negative regulatory factors. This work not only laid a
foundation for studying the regulatory mechanism of acarbose biosynthesis, but also substantially improved
acarbose yield by manipulating these regulatory genes.

Keywords: acarbose, DNA affinity chromatography, transcriptional regulation, electrophoretic mobility shift assays
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