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Biosynthesis-based production improvement and structure

modification of erythromycin A

Dandan Chen, Jiequn Wu, and Wen Liu
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Zhejiang, China

Abstract: Erythromycin A is a clinically important macrolide antibiotic with broad-spectrum activity. Its biosynthesis involves

the formation of the 14-membered skeleton catalyzed by polyketide synthases, and the modification steps such as hydroxylation,

glycosylation and methylation. Based on the understanding of the biosynthetic mechanism, it is reliable to genetically manipulate

the erythromycin A-producing strain for production improvement and structure modification. In this paper, we reviewed the

progress regarding erythromycin A in high-producing strain construction and chemical structure derivation, to provide insights for

further development.
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Fig. 3 Strategy of constructing high erythromycin A-producing strains and analysis of the fermentation products
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AT domains in the extender
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5 JE{HiEHR KR #1 ER DhabiEikiFERA 4 BB
éI ?ﬁi m EE 8_ 10[37,43-44]
Fig. 5 Novel erythronolides 8-10 produced by

inactivating the KR and ER domains in the extender
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LI R PKS HYAH A HAE A AN AETE
) KR, DH Fl ER ZHAEML, [AFERERS ™ —Lk
g5 25 L ¥ . McDaniel % F & I & &R
(Rapamycin) PKS &3t 4 #1/9 DH-KR X35 7 5]
B LLRE R PKS ik 2 FIfE 6 i KR, ™
AR AEE C10-C11 {7 F1 C2-C3 7 & A ALl
ISR LLRENER 11 F1 12, THEME R PKS
BiHe 1 ) DH-ER-KR X0 B L5 &
PKS ik 2 Ffsidh 5 i) KR, WA KIR N B
C11 il C5 (AR IR LA N TR 13 A1 14, SR
1M, P IX B e 21 85 R PKS B3k 6 1 KR B,
FEREI C3 AR EM LS Y I B, SO A 5
Z sy 12 f1s LR e, i
JA REE ER oG ME, KR HA MG, XA
A DL B 4 A RS ) 1 57 3 8 R AR 2
HIsI . FZ2m [ % PKS s iR Eib &4,
FEIREE (Tylosin)*® | #7452 (Pikromycin)*"
Z A& W R ok & R
(Oleandomycin) %% | HE IR 7E AT-ACP X
Y Hi S A B- TR I L S B (B-ketoacyl
synthase, KSQ) MIREE. &G, AT iRHIN Mt
CoA, WH 4545 ACP & FfiJ5, KSQ#fbH

(Spinosyn)** |
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JITH ZME CoA 1 AT A%, FH LA #2185 % PKS
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BEH R 240 SR 1 B 218 K PKS 25— E
iy KS b, 7oA C13 it A LAY L0 5
M 16°° (& 6).

6 MEH{EHR KR 1 ER-KR ThAEEIENFF=E /Y
FRABRE 11657
Fig. 6 Novel erythronolides 11-16 produced by

inserting the KR and ER-KR domains in the extender

modules?”*”,
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HIE Tk CoA St tf st K b3 2[R i
iy ACP _EPY. FIBT4E T % PKS AU BB L s
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substituting the loading module

Novel erythronolides 17-18 produced by
[52]

214 % DEBS3 Kl TE MRS £ 57 2R 1
BE B OKfE, IR R AR B U ot I B R
6-dEB), 1% TE it S I 14 4 J3E A5 450 85 7% 2
JE BB LA A AN [R] 4 A 04 3R i % T A
[ RN NS 3R, ¥ TE #4353 DEBS1 A A i
A 7 N OUER IR AL S 195Y (D 8A). Tk
TR PKS b 5 fll 6 & TE ) DEBS3 %
RS AR KGO Sreptomyces coelicolor
CH999 ', TEASEGEINIELL T, DEBS3
T HETR FH LN 8k CoA NIEYY, WRRIEIRA
[ e e o T I T2 SN V| AT waw v N o Ui
207 (I&] 8B). 3% 5 il i BT iR AR WA 5 A KRQ
SERI I REAL L] AR, A 19 5 20
AR RARTR],  JEER7E T KR AR A0 S A b
Hop, BEHe 19 KR 7EAEAL B SE A Ji il 5 3k
B, M7 R AR i HABAL ) KR
WER= A S MR =47, KR & T Bl
A R
reductase, SDR) Z ™, fiifb =4 R M7 fb &
P KR 6 — 035 A 1 B ORAF I R A5

(Short-chain  dehydrogenase/

Mgk Ik, ffbr=4 S WAL AW KR i
O U e 70 1P DR 4% 0 1 Ak 35 T A 3% M v o F T 1Y
— WA O R AR I . WA 2 5 0 2R i Ak
B ESEA KR 3G M O i 5 ) AS ], DT
HOL JF YIRS [ 7 ARy IS TE 34
PERIBIH 5 MR SR RERS ™ A4+ e A 2157
(K 8C). Hr & MAEE R PKS Rk 2 Bifsitl 546 A
FA R R PKS I 1 ZJ5, B4 750
&Y 22 F1 23 LLRAE CL3 (i BB+ oGk
P 24 F1 2519 (K 8D).

IEAEEXT DEBS 1Y Sa iR # 05T H 25 U8
A, TN ER L ARG AR AR 1 S A LR
F 34 L BT LA H PKS 46 B g R 47 5 1] i 3
WFE R, ACP Dy REI 45 H XoF 4 fift o 174 2R il
e AL Py RS B 7] F) 42356 41 2 S T 0 5l
W EE 4T R PKS B 3 Hh iy ACP, K
Bri i 2 () ACP, A DISCEIREANEIEL 3 1
FAE M, R 2617 (& 9).

32 FEIGREREEB TSNS

LR A EYG N R 8 i R A A
6-dEB I (25 2 Ak A5 310 DA K e AL
E A, TR TR EE S S
KRR SGH S Z R EAEA, 35S 51
ARG, R, EaER A S B®RE
W5 v B A 1 1 30 4 2 PR PN T 2 )
fb. C5 171 D= Es e JL-F- 774 T T A 1+ Dy
TCRIANBEZIEHE KRR = b, Bk N &40 %
A OGS G DA T 00 T A0 R A — AN G
SRR PN i C3 i L-BREEAE A AEAE L T
SRR A MPLEEETTEIRA R, KB
T RATEY RO BB e ]k — 2L £ 28 H BLAY 4 7T
Mt 2Pk ] RO P AR, XTI R A R
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Fig. 8 Domain organization of hybrid PKSs and their products™***>***! (A) A novel six-membered erythronolide 19
produced by coupling the TE domain with the loading module and the extender modules 1-2. (B) A novel six-membered
erythronolide 20 produced by coupling the TE domain with the loading module and the extender modules 5-6. (C) A
novel twelve-membered erythronolide 21 produced by coupling the TE domain with the loading module and the
extender modules 1-5. (D) Novel sixteen-membered erythronolides 22 and 23 and fourteen-membered erythronolides 24
and 25 produced by inserting the extender module 2 or 5 of rapamycin.
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Fig. 9 Engineered module 3 with the chimeric ACP domain exhibits iterative chain elongation
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Erythromycin intermediates based on the
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Fig. 11
promiscuity of EryCIII!%*,
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Erythromycin analogues based on the substrate
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