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KW #F H DHb5a b 50 B 15 £, ET12567/
pUZ8002 g K I AT T -5 85 1 Ja I 4% & 4% B it ik
B, Y OBE O OTK24 b B AR R B R
SBT4(ACDA Aact) 3 TK24 774 B bk, B 1 5 00 4
HOREFR) ., OB pSET152 & Bl i 8 2 ho vk 5L A
(aac(3)IV) RK2 #AFH R IG X (ori D) VL XL #
W B AR DC31 (LA A DIRE X Gint cae PYY

R ol 14 P D10 1 L B 1k B R A Fermentas 2y
H,pMDI18-T # k. T4 DNA % # # Solution [ .
DNA R & rTag X AHRIRF W H TaKaRa A # ,
E R E DNA B4 # KOD plus I3 [ TOYOBO 2
Al BB G R & W OMEGA AR, &7
BR PNARLE R L RIR R R AR R M = N g
G R A Sigma A A, HARKI W A E 2y
LM,

LB F i (A AR 10 g, BRI $2 Y 5 g,
NaCl 5 g, INZEM/KZE 1 000 mL.pH 7. 0) H T 1 3
RIGFFR . 2X YT B i (R AR 16 g, BEBE
MY 10 g, NaCl 5 g, INZE MWK £ 1 000 mL,
pH 7. O M F 2 & 7 B iof 55 B 1A 96 1) FA g b
P, MS B 9% 5 (B3R 20 g, HFEEE 20 g, 85 58
25 g, M E %K% 1 000 mL,pH 7. 2) FH T4 5 1

Bi e O URE ST
1.2 5l¥igit

HAE NCBI % #l 22 rh K #F 3 K12 DH10B 1Y
FEHFF(NC_010473. 1) #3518, T 2
B A RALEE (ACCO) 4 MW I EEH accA ac-
cBiaccC Ml aceD; MR8 20 % R itk & H ermE
(SACE_0733)J8 3 T FF 1 L3t 5190, JH T ¥ 40 %
EYiMEN ermE B8 31 F permE ., R8T 15 4%
TR RIR AN ace WHIER B IHFEER G4, DL 8
it S GENH PCR B permE 73 5 H 3 accA |
accB.accC flaceD FEPH ) IF 1 B2 HE B UiF . %31 4
A permE FiF51 ¥ (£ 1), H 5" K ¥ 20 nt
JFONE AR, 53505 4 ASFEH BT 9 EoAN 4 A%
SR 3 K 20 nt JFANMI YWY permE 73] H
A T8 4 AL E S o0 SRR 4 5%
S0 A P 50 5 AN B ACCA-F &5 permE-
RA J¥%| H 4b, ACCB-F 5 permE-RB H #b, ACCC-
F 5 permE-RC H#+, ACCD-F 5 permE-RD H #},
ARSI A ST R 1,

TIONRE T A IEHEA perm E Y H 4 3 [N 3 —
Al i i -l 3% 7 Sk — e IUF AT — R, AR
permE FHF51¥WH 5 K5 A BamH 1 BV 15,
1E accA . accB.accC Ml aceD R Tz W0 5
K| A Bgl Il Mg U s (R 1 TRk,
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Table 1 Primers for amplification of the promoter of the erythromycin resistance gene ermE and 4 acc genes

5144 # Name of primers

SIMIFEHI N 5'F) 3D Sequnce of primers (from 5 to 3")

permE-F GGATCCGATGCTGTTGTGG

permE-RA TCAAGGAAATTCAGACTCATATGTCCGCTCCCTTCTTCCG
permE-RB TTAATCTTACGAATATCCATATGTCCGCTCCCTTCTTCCG
permE-RC CAATAACAATTTTATCCAGCATATGTCCGCTCCCTTCTTCCG
permE-RD TAATTCGTTCAATCCAGCTCATATGTCCGCTCCCTTCTTCCG
ACCA-F CGGAAGAAGGGAGCGGACATATG AGTCTGAATTTCCTTGA
ACCA-R AGATCTTCTTACGCGTAACCGTAGCTCATCAG

ACCB-F CGGAAGAAGGGAGCGGACATATGGATATTCGTAAGATTAA
ACCB-R AGATCTTCTTACTCGATGACGACCAGCGG

ACCC-F CGGAAGAAGGGAGCGGACATATGCTGGATAAAATTGTTATTG
ACCC-R AGATCTTCTTATTTTTCCTGAAGACCGAGT

ACCD-F CGGAAGAAGGGAGCGGACATATGAGCTGGATTGAACGAATTA
ACCD-R AGATCTTCTCAGGCCTCAGGTTCCTGAT

D5 AR BamH 1 Fl Bgl 11 v 5 F R4k 32 7/8 BamH 1 and Bgl Il sites were noted with underlines.

1.3 DNA# i KRESIEM PCR

4 ermE JA8)F R B, LK AT DH5a 9.8 DNA

PIFk. DNACE A Z#5 T E L0 ) MEBARY MBI Y 3 acc ) 4 DN WHEIEH accA.aceB.accC
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FlaceD ;38 3 # & It PCR R NV ermE J& 8 F
A5 accA . accB.accC Fl aceD 3 R BF 8 %
PCR JH & 4 fit PCR KB 45 £ : 94 °C 5 min;
94 °C 30 s;60 C 30 s;68 C 90 5,68 C 10 min;30
MEFR . PCR Y15 09 7%, 43 %l £ 1« DNA
AW rTag 47N A KW ,72 °C 30 min,
1.4 PCR =iy E i & #  FE L FOI0IE

¥ PCR P78/ H iy Jv B ik OMEGA i [l i
WA G T m 4k, 4ifk DNA F Bt 5 pMDI18-
T % . T4 DNA i# 4% Solution [ 5 uLL,pMDI18-T
0.5 pL, AMNE A BE 4.5 pL,16 °C 1 h, #IERNIEA
Wik KT HE DHS o fL2F B Z 5400, 3 i3 Amp
Ptk IPTG/ X-gal # 11 BE i 1€ 5 240+, 832 A 4
M il & (CaCl, 20 M e fb 2 BOSCHR 15 109 4 1k i 4T
PR @ BE Y OR By 9R, $2 MCBT R DNA,
BamH | 1 Bg Il i U158k , -0 ¥ 56 30F 7y 51 .
1.5 acc RiLRAHIHE

H 5 1E B ) B 4 S RE ] BamH 1 Fil Bgl 1l
Y1, 4 0 e o 8 i Ak el H 9 R Be. I BamH 1
filg U] FR DNA L #0553 25 464k , 75 JH 880V ol 1R 1 3k
TR # . LB AL S NIk & . i V) O 4l 1k
) pSET152 £&PEfk Jfiki DNA 5 pL.H, O 12 pL,
10 X Buffer 2 pL, B2 1 1L, 37 “C,10 min;
70 °C,5 min, {f 08 PEBERR BE TG . K 4 A B AR
Bk vk i B ) pSET152 K H AT A= i L Y
BamH I {7 5, )G R H 4 DS ace WM

M 1

100

BARRIRFOR pHLZ11,
16 EEHE®

e A 5 K AT W s [ 4 A B S 0 SCEk
(137, K pHLZ11 # 4k it A K #F 1 ET12567/
pUZ8002 Jg&% 32 25 40 M, ¥ A 75 & A R AP % R (50
pg/ml) E E F (25 pg/mL) M BT 5 & (50
pg/mlDE LB F 4 .37 C 5% 20 h, #1LF
ET12567/pUZ8002/pHLZ11 N4 At Ik # .
AR B TK24 2 SBT4 N2 K., 46
IS AT MS P-4, 30 “CH5 3% 14 h J5 JH BT 1 55
# (50 pg/mL, 20 ¥k ) = H 4R BE (50
pg/mL, Sk ik B AT A, A R A B
FHBETFEN.

2 RS54
21 accEEWEERHEALE

KHESIEM PCR Y H 5 permE 735 &
HE 44 ace W LUE, TRV ermE B 3IT,
LI permE-F & 3£ [6 89 I W7 51 9, permE-RA.
permE-RB, permE-RC I permE-RD 435 b F i 5|
WY G permE, R18 K/ 88 bp B9 7 B, 43 il
Ay permEa . permEb, permEc # permEd , pece
P3G 77 W) AT SRR R B TS P VKR I (BT 1D, B A3
B AR S A R . LA (G D) 43
PCR ¥"#% accA.accB.accC Fl accD , 3 i & 4 P
(1 2) o3 1 I A Sy o B S A A AR

M:100 bp marker; 1:permEa PCR j%4) PCR product of permEa; 2: permEb PCR j=4) PCR product of permEb; 3: permEc PCR
7=#) PCR product of permEc; 4:permEd PCR 7=4#) PCR product of permEd.

1
Fig. 1

ermE BEFHI 4 A~ PCR P4 ik o #f

Electrophoresis analysis of 4 PCR products of the ermE promoter
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M:1 kb DNA ladder;1:accA 5 permEa ) % #& % fiff PCR %) Overlapping extension PCR product of accA and permEa; 2: accA
PCR 724 PCR product of accA; 3:accB 5 permEb [ 8 & #Effl PCR ;=4 Overlapping extension PCR product of accA and permEb;
4:accB PCR/™™# PCR product of accB;5: accC 5 permEc B # & & ffi PCR /%) Overlapping extension PCR product of accC and
permEc; 6:accC PCR 74 PCR product of accC; 7:accD 5 permEd ) 8 & #Effi PCR 7*4#) Overlapping extension PCR product of ac-

¢D and permEd:8: accD PCR 724 PCR product of aceD.

B 2 acc EEREHacc EEFR PCR # =¥ 4 1

Fig.2 Electrophoresis analysis of the PCR products of 4 acc and recombined acc genes

DESEMEEEH acc FEH., 251 PCR
RAGH) 4 B permE F BL LA B H ace FEHR Y44
PRI AR AR, L permE-F AE S 3R B E BT 4,
LI ACCA-R., ACCB-R, ACCC-R il ACCD-R 473 3l
YER TS| M 34T 4 20 H & 4 i PCR SN, 3R A5 &
HermEJGsF0 4 DNEU acc W, 75 4 44 4
permE-accA , permE-accB | permE-accC # permE-ac-
cD(H 2-2,4,6,8),

D EH ace FEFRTTRER A % . H4H iY E 4
FHT=Y permE-accA | permE-accB ., permE-accC
FI permE-aceD 43 3 # g M1}, 5 pMD18-T #% {4
HEAT W% 5% A6 K AT B DHb5 o, X 5 21 50k i 11
DB AR TINS5 o [ 1 g
pHLZ4 .,pHLZ5 . pHLZ6 F1 pHLZ7, ##3X 4 /> JFk:
H BamHIH BglIEGYI, 254 A0 B 19 4 48 A acce
F Bt ¥ permE-accA ToEF| pSET152 ) BamHI
{7 5453 pHLZS . Fi¥f permE-accB FElES| pHLZS
B BamHIA 5515 3] pHLZ9, F-4¥ permE-accC ¥
BeF pHLZ9 1 BamHLZ 5 74 8] pHLZ10. £ K
permE-aceD FaEF| pHLZ10 1Y BamHIA 15 15 3|
pHLZ11, 7 pHLZ11 H,accA . .accB.accC Fl aceD
WK HES, Hg A EH EFEYEH permE
(K 3),

22 acc ERAEHEEHRIE

¥ pHLZ11 #1 pSET152 43 9l %% Ak 33 A K W T
W ET12567/pUZ8002 , P38 it 4% & H B itk AR5
ST A B A LT bR TK24 1 ACT 3 PR B vb B 1 Ak
SBT4 1, W% ace SIRFTIBXT 2 FhTER A9 838 4L
AR (ACT M RED) AW MW, pSET152 fE
HES AR B, R ACT JEFE P I Y SBT4 2
TR R A AR ACT 4. T B b WL 2 41
Hitk % RED 4.

TEASHY 5 55 55 W TK24 32 1K 1Y #5476 B M
. pHLZI11 W46 777 R A r) ACT, 1 %5 £
& pSET152 WA FMEA ACT M4 i S
TR B ff MS P 3 5% 5 ] I ] TK24 12
pHLZ11 K & & B &k % 20 % (& 4. 5 4,
TK24::pHLZ11 A KW B A 55, H= & [ 6 S
22T 25 AR A F TK24:: pSET152 7 KK,
2 A EEE AT

£ SBT4 R Z ki 84+, SBT4: 1 pHLZ11
)+ — ke R R LT R (40 ) 7= i W W v (R 5)
M5 Ak pSET152 W4 + DL S E X IL-FR
AR

IR 2 UL L ok [ R A FF TR 9 £ E-CoA 1k
Fit i [ i 0% 70 61 25 T 3R 0k, L3R GK RR A% OIS LR
PiE R WAL
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Fig.3 Construction of the acc expression plasmid pHLZ11

4 pHLZIl iETHBFEEE TK24 H
MEMMEEIENEN
Fig.4 Activation of the silent actinorhodin production
in S. lividans TK24 by pHLZ11

3 i it

ik A TR R R 2L R R L A SRR A A
JLEN =4 Z DA 1 O GAH W & 2 N % L BR
DRERFE (2015 1020 g 5% © AL & ¥ 56, 80 0 ~
90 Vo 1Ay PR e 24 B A R 1R IR A iR A I AL &

5 KBHHE acc RH#ETHEHEEH SBT4

T—IRERBEIENEGR
Fig.5 Promotion of the undecylprodigiosin production
in S. lividans SBT4 by E . coli acc
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Effect of heterologous expression of Escherichia coli acetyl-CoA
carboxylase genes on the secondary metabolism of Streptomyces lividans

ZHENG Hua-liang" BAI Ting-li' TAO Mei-feng'*’

1. State Key Laboratory of Agricultural Microbiology s Huazhong Agricultural University ,
Wuhan 430070,China;
2. State Key Laboratory of Microbial Metabolism ,Shanghai Jiaotong University ,
Shanghai 200030,China

Abstract The Streptom yces lividans genome carries two gene clusters encoding the biosynthetic
pathways of actinorhodin and undecylprodigiosin. However neither antibiotic is produced in S. lividans
under the conditions of common laboratory growth. Malonyl-CoA as precursor was needed in the biosyn-
thesis of both compounds catalyzed by the committed enzyme acetyl-CoA carboxylase (ACC). This stud-
y was aimed to clone the acc genes from Escherichia coli and introduce them into S. lividans to investi-
gate their effect on the production of actinorhodin and undecylprodigiosin. The E. coli ACC subunits are
encoded by 4 acc genes. These acc genes were cloned with adding ermE promoter to each through over-
lapping extension PCR to gain 4 recombined genes. The recombinant genes were then cloned into
pSET152 successively to gain a heterologous expression plasmid. The constructed plasmid was trans-
ferred into S. lividans by conjugation,and the antibiotic production in exconjugants was examined. The
exconjugants could not only produce actinorhodin but also showed a prominent increase in the production
of undecylprodigiosin. acc from E. coli can improve the production of pre-existing antibiotics and activate
the expression of silent gene clusters as well in S. lividans.
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