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O E ARERMAHE T ERTEEERAAE (6-BLA-LFENE B, 6dEB) & &Rifd%. i 4L 6dEB &
BRI FORBRSANAET S AR SRELRBBAT, RFLARETHARL; BAMBART Xbal/Spel L%
Bl REEO A LA A KR ) SR, KIF S AB EMAM4 pBJ130 A= pBJl44. ¥ % A B FA M4 4EL
BAP1, 3814 6dEB 4 if 3% 69 T2 #k BAP1 (pBJ130/pBJ144), SDS-PAGE #l4 R B 7@ 34 F & £ H 3
AR AR, AR LB, FHARE R m 2] 6dEB, 24 10 mg/L. RFARI FEIT 6dEB &K
BREXKMHFATHEE, AEZRXRANBEOREFRSHRBLET 46, CALEELRAREXRIAFA TN
TETHEABRRALRAEFOLSGBADSRRBELET 2F,

X417 6dEB, 3 & iA, SDS-PAGE, Jf#

Reconstruction of erythromycin macrocyclic lactone
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Abstract: We reconstructed the erythromycin macrocyclic lactone (6-deoxyerythronolide B, 6dEB) synthesis pathway in
Escherichia coli. We first cloned all the genes needed to synthesize the 6dEB into multi-gene co-expressed vectors. Then using
the recognition sequences of isoschizomers Xba I /Spe I of vectors, we assembled the related genes into a series multiple-genes
recombinant plasmids pBJ144, pBJ130. The recombinant plasmids pBJ144, pBJ130 were cotransformed into BAP1 to get the
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recombinant BAP1(pBJ144/pBJ130). SDS-PAGE analysis showed that individual genes were expressed correctly. After inducing
at low temperature, adding propionate as substrate, we validated the crude product by mass spectrometry and the 6dEB yield was
about 10 mg/L. These results indicated that the synthetic pathway of 6dEB was successfully assembled and reconstructed in
Escherichia coli, which will greatly facilitate the reconstruction of whole erythromycin synthesis pathway and finally help to
establish a stable research platform for developing of new derivatives of erythromycin and combinatorial biosynthesis of

polyketide-type antibiotics.
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7. HAEVIMRPTYESS R mihEl, ek
U N A e — 26 SR A B B IE
XA PUAER A Y, BT bR R
MR T R ARIF R i B, BRI I an g gt
SAAHEAEYE RSSO A KR
N FRCIR, FARHTRIPUER, BUER,

SRR 2 of R Tl e T A 1 — R A i
WEPEZRE . IRIRN A Z &Y. o KRG
J )RR B SR T 5 7S (Polyketide synthase,
PKS) M2 FEHES . I8P A HES 1
75 B0 o1 0 A NP BE | g R e A ——
X OGFR, Rl G A AN TS T, #17
HAPEUGERS, 2 % 20— Pl SR g AR e e 3R
FRETA 2, X218 2 4544 B eiC s R i e A ] fig
FEAE T A RO 6ol 4215 TS B (6dEB)
BARFREYA NG RT3 ORI —
LA, A BE AL © SRS S
B, A G FE R 208 2 R A A A 5 58
Y, ABLE R T B R SIS R 6dEB AI7E1E L
A B 2001 4F: Peifer 2 BRIk 4 rhg 4
ARG FAT TR BRI e i SE L R S A sfp I K
FFE BAPLAE aRik e 3, LASCELREN & Bl

Wiz E A ACP WEIIFEEM; FIRH KA
O EE R R T I -CoA R LB FEA accAl. pccB
PIAEEE 6dEB & RUATRAGHES, 5 #& ) 6dEB &
A e b T XU R R 48 pBP130 il pBP144
(3 3), BHIKAEKBFTE BAPL H IR RN A
Y0845 BT 6dEB,

AW B RS — N HE XA ALY S
W&, BITER AT vh i 2085 R K N TR
(6-Mi 4 -21 55 NG B, 6dEB) &g, S
ek 25 6dEB A T T IR Ay Bl i T £
LR I F R A AT A5 PR T4 TR ;
LA FH A Xba 1 /Spe 1 5.y [7] B i i1 4k 52
PUAHSCHE R ER R AL, A4S 2 R D 4 ok
pBJ130 Fl pBJ144, M Z HL K 4 ok J it ik
BAPL, #1537 6dEB £ hi i 1Y) TFE stk BAPL
(pBJ130/pBJ144), Ffxf HkAT T %% . M H
MR T GC. KR BN PCR Y44, LTk EL
R REEREA eryAl, eryAll, eryAlll; )
2 IR H 21 5 A% SR DR 43 S, T ST i 2R 5k
&, B S R e s T AR T,
SDS-PAGE #6145 5 {73~ f# v 45 56 K 19 1]
WARE; WP TIREERE, O OB
TRE B REAG I 2] 6dEB, FIZLF RbrEmiENS
B =2 10 mo/L, AP T 6dEB
A BUE B AE R AT R T R L, AR RN
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BRA S FB IR ML T &, WAL B R G GE
P AE K T T v 1 o e i A DA R R R P AE R
LGP B E T kA
1 MRE7T %
1.1 EHRFBAL

41 75 Z 5% # Streptomyces erythraea Il T+
] ol A A OR R G s RO B RE R
Streptomyces coelicolor JF ATCC; Fikfg £
BAPL MR AR 7 5EY TR Blaine
Pfeifer Z 5% I ; KT i DH5a Bz 25 A1 BL21
EZ BRI T R A A 2P BRI R IR H ik
pET-m22b (+) H1 pET-m28a (+) Hi A28 % by 4t
e, (+) REEH fLEHIX,
1.2 TEM5tFRAF

T4 DNA % 1T NEB; DNA marker 1y
T e EY AR EH marker 4
Fermentas 7=/ ; FR#EENYIEEF Primer STAR
R AWy TaKaRa 7 il s Ed TR/ MR &
BENEWEEERE IR & . il DNA ¥ aifiiad

x1 XPHRERABER
Table 1 Gene used in the study

FlE . MEEHZ DNA FEEGAH &350 T K AR
/NS

AR ERR. FEEWH AMRESCO 2
A5 AT I ok P A At i o
1.3 MRHBEANER

FEH S B 1 NCBI B . A F1-18
L[ groES-EL WAL 2= v AR AT, HAb LA
RHARLE R (R 1)

1.4 314t 5 R R E

51 AR IR NCBI R 8 b i3 Y 6 (A
A2/ I N B 1 B 7 L 2B S VP e g e B 1] 32 E DAY
ATk, BIRERE 2,

W B R P E & GC, HEREIE
fiti 3 NI A BER K, 249 10 kb, PCR J i 41
TEORE A% o m GC K Bt PCR W ¥R (M
#1): 94 °C 2min; 98 °C 10s, 70 °C 11 min,
25 Mg ; 72 'C 10 min, ERPMA 5%
DMSO; = GC. i F Bt PCR e )7 K. 94 C
2min; 98 °C 10s, 64 °C5s, 72°C90s, 304
fi5¥; 72 °C 5 min,

0

-e

Gene name Length (bp) Protein molecular weight (kDa) Function Resource
eryAl 10 638 390.1 Biosynthesis of 6dEB S. erythraea
eryAll 10 704 392.5 Biosynthesis of 6dEB S. erythraea
eryAlll 9516 349.0 Biosynthesis of 6dEB S. erythraea
accAl 1773 65.0 Propionyl-CoA carboxylase S. coelicolor
pccB 1593 58.4 Propionyl-CoA carboxylase S. coelicolor
groEL 1647 60.4 Chaperon E. coli
groES 294 10.8 Chaperon E. coli
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Table 2 Primer and sequence used in the study

Primer name Sequence (5'-3")
eryAl-F AAACATATGGCGGACCTGTCAAAGCTCTCC
eryAl-R AAAAAGCTTTCAATCGCCGTCGAGCTCCCGGCC
eryAll-F AAACATATGACTGACAGCGAGAAGGTGGCG
eryAll-R AAAAAGCTTATGCCGTTGTCACCGCTCATCTAC
eryAlll-F AAACATATGAGCGGTGACAACGGCAT
eryAlll-R AAAAAGCTTTCATGAATTCCCTCCGCCCA
accAl-F AAACATATGCGCAAGGTGCTCATCGC
accAl-R AAAAAGCTTTCAGTCCTTGATCTCGCAGA
pceB-F AAACATATGTCCGAGCCGGAAGAGCA
pccB-R AAAAAGCTTTTACAGGGGGATGTTGCCGT

Italic shows restriction enzyme cutting site.

1.5 BMBERHIEFS DNA BIIREL

R % 52 95 3 97 2 B [ G0 A: 0 R R R i
EME RS EMEY TP ORI ESRERT
PR TR IR A 3557 05 1 o 2 OB 04 TR Rk B TR V%
R OB ARE SR 3, 30 CHRIAHEFR 3~5d,
SRR, AN A4 DNA 2B &
PR L RIZ] DNA, TR 7555 37 % i [
— SR AL
1.6 FHERMEIDE

Set4 PCR ZRELHY H iy 5L 43 51l vi e A 2 5L 1K
EBEXF A 3R pET-m28a (+) = pET-m22b (+), i
FY O] Sy S5 5 P T 22 56 D e G R TR A4
Ht Xba I 1 Spe 1 B4 [F] EEGHRed:, B EY)
MRS A S 1 BB AL A . ZRE WA AR
WEIE 1N, HARULE 3,
1.7 EEMRIELETE

4 48 g B ) i B R DN A R 4 ) A Ak
BL21 HEATUEFRINMEIE ; KAl e e 1) 2 L

20 JFoki pBJ130 il pBJ144 43 %% 4k BAPL, H
FHIL AT TR B a e, SRATF IR TR E BAPL
(pBJ130) #1 BAP1 (pBJ144); ¥ T 41 Fi ki pBJI130
i pBJ144 464k BAPL, AN H B E MR E
HIFE A TERE, FA5 7 6dEB A Wl 1y TR
¥k BAP1 (pBJ130/pBJ144) , 5 Hii Je i B A
YRR R PR S, AR 1%
WIFERE R 2 mL st R FR 3k, 37 TR Y
1 h, % ODgufHi5%] 0.4~0.6, MMA IPTG (&
4 0.5 mmol/L), F 37 CAkLERi37 4 h. £ HL
1 mL EREEE.C 1 min, JEET 100 L
1xSDS BEE FFEE v, oK 6 min, BRI
LW, BUD RS ETT SDS-PAGE %7€ .
1.8 6dEB RI&E M SHL

% 5 BAP1 (pBJ130/pBJ144) % 2 mL #fif
MANEFERMRIBER LB Ffkkd 37 C
RS, KRR R AR 1% By 45 TR R
2 mL R LB (An) Kigedkph, 37 C
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250 r/min &% 15 7%, 1§ ODeoo (H 14 F 0.6 4
FW T 22 CH{® 5 min, A 0.5 mmol/L
IPTG. 2.5g/L INfRHN, ¥ T 22 °C. 200 r/min
kSR T2 h,

¥ LRGSR EE .08
12 000 r/min &5.0> 1 min, BB E S —TCHIE
DT, AR LR ORI K2R HU
APV T, FHAT 100 pL FHIEE, #
ik 2 PR AR AR B A PO BEA T BT A
e R CFERZEICHT, 1R A 10 mg/L
iBEAREE LR AT (S OE L

®3 XHATRER R
Table 3 Strain and plasmid in the study

1 ZEEARAZHIREREKM

Fig. 1 Schematic diagram of combination strategies.

Strain or plasmid Description References
BAP1 F-ompT hsdSB (rB-mB-) gal dcm (DE3)DprpRBCDHT7 prom-sfp, T7prom-prpE [9]
pBJ130 (AmpF) T7prom-eryAll-T7term-T7prom-eryAlll-T7term This work
pBI144 (Kan®) 'EI'Z;_)_:_()?rtr;-ri;:f:_?%;I;)?r;e_r;)r&-:;%(ig-rﬁryAI-T7term-T7prom-groES-T7term-T7prom-gro This work
pBP130 (CarbF) T7prom-eryAll-rbs-eryAlll-T7term [9]
pBP144 (Kan®) T7prom-pccB-rbs-accAl-T7prom-eryAl-T7term [9]

2 &R

2.1 BmERIRE

IR IR 2L 5 R BE R AL 4 DNA
B, HIBGHRYS 1k +E Primer STAR J3illi#E4T
PCR ¥, mIFRHL eryAl, eryAll, eryAlll =
AN, FRF SR, SSRILE 2A-C, LIR
IO R s (B R T L N 4] DNA it T
51 E R Primer STAR G W, MMy I
accAl Fl pceB, 454 ILIK 2D,

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

22 JRRRMIE
221 MyERRELI T4 AL

N FHB BN, K PCR &7 HUR H 1Y)
FEH eryAl, accAl, pceB 4335wl A pET-m28a
(+); eryAll, eryAlll 535l 7 A pET-m22b (+).
Fi Nde T A1 Hind T 43 51 X 447 g 14 B BE R B 201
R T RIS, FUKES R ILE 3, WUITF
FENE 0 R B o R 5 190145 G 3 agil )y
1 b 3 T A B R SR ) R A T I 2
SE, PO 25 R A SE R B O 9 AR
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2 BBIREBIPCRYIE

Fig. 2 PCR amplification of target fragment. (A) eryA. (B) eryAll. (C) eryAlll. (D) 1,2: accAl PCR product; 3,4: pccB

PCR product.

2222 tEZIHE R

FIA Xba 1 F1 Spe I B R [R]REGHFHE, ik
BATE MR 5 (A Bgl I, Sph T 4), %A
1 Jit7R 22 5L R HR B 4H 6 S et ] p 2 B3R 3 A&
B T8 M DGR R AL, 30045 22 25k DX 401 oo
pBJ130 Al pBJ144. I Nde I 433l it £ 5L K &
Lk, HLIKZE RN 4 Bios, YR AYFER A B
BIS5WH—8, Nde I igVIJE, KA B 1YY
WA ) 265 bp HYETEFS

23 EEMRIEER
231 BEREFREER

B R i 21 SR A K A FF T BL21 5 435
P, & B A T SDS-PAGE fill, Hi
BEHAATEW, K/NES, A5 RE7E KA

&k (& 5).
232 ZEFILRFFRLER

Rla, HEERRNIETT SDS-PAGE £
W, FERIAAT T BAPL HAH I A% 25 PR A e B I
Uik, Hb eryAl, eryAll, eryAlll 53 FEEK
K, RRFAAXEAN. 95 2 H eryAll, eryAlll
ol B L, eryAll FEEAXTED; i 3
5 AN EE ik, groEL. peeB 4 TR A%
WHEZ, accAl A, eryAl FKikEAH
XK, groES JrFEBU/NEHITEIR; HiT 4
7 AR ILRIA, Hdr eryAlL eryAll 43 i
PP E M &S, groEL., peeB 4> %
PITE 1 5P E S, accAl. eryAlll £ 140 i
groES 73 F /M ML K (K 6).
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B3 BERSBHRNMETILE

Fig. 3 Restriction digestion analysis of recombinant plasmid. M: DNA marker. (A) 1: pET-m28a-eryAl; 2:
pET-m28a-eryAl/Nde I+Hind [1I. (B) 1: pET-m22b-eryAll; 2: pET-m22b-eryAll/Nde I+Hind IIl. (C) 1:
PET-m22b-eryAlll; 2: pET-m22b-eryAlll/Nde I+Hind I11. (D) 1: pET-m28a-accAl; 2: pET-m28a-accAl/Nde I1+Hind IlI;

3: pET-m28a-pccB; 4: pET-m28a-pccB/Nde I+Hind I11.

B4 ZERASBHRMNHOETIEE
Fig. 4 Enzyme digestion analysis of multi-genes recombinant plasmid. M: DNA marker. (A) 1: pBJl144; 2:

pBJ144/Nde 1. (B) 1: pBJ130; 2: pBJ130/Nde I. V shows vector.

http://journals.im.ac.cn/cjbcn
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B 5 SDS-PAGE #&il| 5 £ FE RIiALER

Fig. 5 SDS-PAGE analysis of the induced single genes expression individually. M: protein marker. (A) 1: BL21
(DE3)/pET-m28a-accAl uninduced; 2: BL21 (DE3)/pET-m28a-accAl induced; 3: BL21 (DE3)/pET-m28a-pccB
induced. (B) 1: BL21 (DE3)/pET-m22b-eryAlll uninduced; 2: BL21 (DE3)/pET-m22b -eryAlll induced; 3: BL21 (DE3)/
pPET-m22b-eryAll induced; 4: BL21 (DE3)/pET-m28a-eryAl induced. Arrow shows target protein.

B 6 SDS-PAGE #ill% HFEHRIXLER
Fig. 6 SDS-PAGE analysis of the induced multi-genes expression simultaneously. M: protein marker; 1: BAP1
(pBJ130) uninduced; 2: (pBJ130) induced; 3: BAP1 (pBJ144) induced; 4: BAP1 (pBJ144/pBJ130) induced. Arrow

shows interest protein.

2.4 6dEB BY& R S5 4t 13 6dEB FO N4k, 734.4753 4 10 mg/L

I BAPL (pBJ144/pBJ130) KR5S = LL8E R AR E T G g s 6dEB 1Y MK & T
Y, ZEMUGE AT PR3 1 B, R ok 2 i WS LR MES, ¥ FIWT 6dEB Y™ & 2
AT, PRREZS AN 7 BN 7E 409.2565 10 mg/L.

cjb@im.ac.cn
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7 BUERMER

Fig. 7 Mass spectrum results of 6dEB. % shows target profiles.

3 Wi

A FE N 22 3 I R I R B AR LI T S
Y5 6dEB A B £~k KA K AT i b i e 3k
ik, SERLT 6dEB A i B 7E KA AT R HH A A
T URAE [ PN S5 B DA TR TR 44 R DI AE K v
SIS T 6dEB, VIRIE S AR, IR RN
HESERNSHH 82 10 mg/L, X5 2001 4
Pfeifer ZECV3RAG 1= LA — B, MFFEMEg T
Peifer 251N Je ik ems, (e T2 TR I it
PR FRATIM TG e, R T ARSI
(1) 22 FE DR B R AL R A FEAS I ST A6 2 (1) 6dEB
GG, S S BIF AL FRE &,
RSB o B 7 B F &R T (3R 3),

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

T Z I IR 3h 7 i 0 B RN, A AR
S 393 AR A 5% v S Ao 9 YT B0 5 5 3 PR A
BT RS AR, LIRS 6dEB FE KT
TR A R

5% v 114 21 %5 25 B A B R i (L R R O
KIZH GC & & A , 1M & &% GC J¥ 41 Y DNA
BURRAN R B BERY PCR 8 38 #5776 — 22 IR ME
FERIAMETE T, FATT3EHE Roche 24 H] 1) Expand
Long Template PCR System, i i A [H) 24RO LK
1, 91T 5 kb & % GC pFEH I, i H] Finzyme
/A F] i) DynaZyme EXT, 7& PCR AR HIA 10%
i) DMSO, JEhy B T R A& 5L eryAlll,
(AR AR B AR AR Seghep, JRATT YO
GC. KA BHENAY PCR ¥ HGHAT TR, i
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TaKaRa A #) Y Primer STAR -4 i 1)) Sz 31
eryAl . eryAll, eryAlll {45524 18, ¥ PCR 3K
YR E A B R 43 01) e R A 22 i TR A I R 3 K
WG, BFYISE TR, MPEs R s & 3L H T
LSRR

TERIGFFEH A 6dEB & Uil I, T
R EAFEH I HERTR, HE REAERGFE D
MRk, B BTG, s
FRA N FH 22 56 R ER R IR A, (B S T AH
B R ERA A5 W AR AR TR, W]
DA #EAMEAE A dT &, 30 E R F A AT iE
e, ML RIS FRIKEESERER: 25
6dEB G ALY AH SC R BEAE KT 14 vh S5 R 3R
ik, HEBSEEE (& 5). rEEZERNNIFFILE
IREES R, BT R P AR
FEENS, A FRERMILRE eryAl,
eryAll, eryAlll FikEAXTAR, HAF4HXT LA
DKIE TR E B 9 2R IR 0 AT LA D ) 5
RISTRER R IR o AT ) 1) B3 43 A B I 52
FHOCHEE R R AR IE ARG T, IRl itk — 25 F
T AT B A 2 R R R R AL SRR A
HEEMN TS, TRESAFEEN . KA
B IRk

6dEB 7E R AT 1 H Y LT 5 U B
A RAIA A 2T R R FE N TR ST A — 53T a5
Z 2001 4 Pfeifer Z5C0E R B h S U85 0L
6dEB LIk, LI RILH TRMMIITA TG M
K, FEHEE 6dEB A MU R, Lau IR
JH e 200 2% B Atk R R i, OLAR R 3 R
fifi 6dEB [/~ LT 1.1 g/L; AA —SifsR
TESL A B ZRIB T AT TR, R IR R

w5 T 6dEB 1E KM Ak e e
6dEB JEIEMfBIgE ., Peiru 2501 Lee 4518
3 328 BBOR Y5 T L A e g T R AR L,
#T 6dEB WJE &M, LA 6dEB MIEMITEKR
Wk A T Ery D Fl 6dEry D %5; 2010
4 Peifer 250N T T R BB H LN AT 2 5405
FHALAY 18 DI R T 3 AN [FHT I A Tk
H, Ll 6dEB MIKHIA B T Ery Ao L4k, Menzella
AP0V i T 4T A5 2 PKS SEDHR, i o i R
e PKS yisid, G TIERIRIIRIR W) o

AW T 6dEB A Bl H 1E R T B
P, BN T L% R ORI R s A o7
&, WRHZFLRER G @A R
BE AR R AR A G EAEY A A
T RS SR

i RHEFEFHEREHDHFLNE
30 B 5 B e SR 0T AR R A ) i 6 A B
FodeF; RMEFEFHFRAY TRARLE
G R AR A TR N A A F IR T KR
T H A
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