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Abstract: Lincomycin, produced by Streptomyces lincolnensis, is a lincosamide antibiotic, which
inhibits the protein biosynthesis of bacteria, and widely used to treat the infectious diseases caused
by the Gram positive bacteria in clinic. Lincomycin biosynthetic gene cluster (Imb) was cloned and
sequenced. Biosynthesis and regulation of lincosamide and propylproline were extensively elusive
with the breakthrough of S-functionalization of lincomycin. This article reviewed the recent
proceedings and achievements on the process of lincomycin biosynthesis.
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Figure 1  Structure of lincomycin and clindamycin
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Figure 2 The lincomycin biosynthetic gene clusters
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Table 1 Genes and putative functions of lincomycin biosynthetic gene cluster

WK B ISP i1
Biosynthesis Gene name Function

LSM ImbR Transaldolase, generating octulose
ImbN Bio-functional enzyme, 1,2-isomerase, generating 8-phosphate D-octose
ImbP Phosphate kinase, generating 1,8-biphosphate octose
ImbK Phosphatase, generating 1-phosphate octose
ImbO Guanylyl transferase, generating GDP-octose
ImbL Putative UDP-glucose dehydrogenase
ImbM Putative glucose 4,6-dehydrase
ImbS Putative aminotransferase
Imbz Putative oxidoreductase

PPL ImbB2 L-tyrosine-3-hydroxylase, generating L-dopa
ImbB1 L-dopa-2,3-dioxygenase, catalysing ring extradiol cleavage and intramolecular cyclization
ImbW C-methyltransferase, key to formation of lincomycin A
ImbA Glutamyltransferase, possibly catalyzing C—C bond cleavage
ImbX Putative isomerase
ImbY Putative F-420-dependent reductase
ImbJ N-methyltransferase for N-methylation of PPL or N-demethyl-LSM

Condensation and ImbC Adenylyltransferase for activation of PPL with ATP

post modification ImbT Glycosyltransferase for activation of LSM by EGT
ImbN Peptidyl carrier protein, condensation scaffold
ImbD Condensation enzyme for assembly of activated PPL and LSM
ImbF Pyridoxal-5'-phosphate -dependent lyase, S—C bond cleavage
ImbV Glycosyltransferase, replacing EGT with MSH
ImbE Amidase, converting MSH S-conjugate into GIcN-Ins and mercapturic acid derivative
ImbG S-methyltransferase, S-methylation of lincosamide

Resistance ImrA Transmembrance transporter, invovled in secretion of lincomycin
ImrB 23S rRNA methyltransferase, increasing resistance of ribosome
ImrC ABC transporters, involved in exflux of lincomycin

Regulation ImbU Positive regulation confirmed by genetic experiment
ImbIH Putative regulation
ImbQ Putative regulation

Ribose-5-P OH OH O HO

LmbR - H_LmbN LmbN LmbP HO
Fructose-6-P TP oon~ OPO,™
ructose-0- OH OH OH

or
Sedoheptulose-7-P
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o~ ~OPO*
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3 LSM EHMERRIER

Figure 3 LSM biosynthetic pathway
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Figure 4 PPL biosynthetic pathway

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1142 A 2 A

Microbiol. China

A —ARRME R 253k, e 4n A O 2R SR
YERT . A 3eehs ImbC. ImbN F1 ImbD Be[A, A%
PN PPL Al EGT-S MRATERE . LmbC 336 T
PPL HI ATP, FFHEF25] LmbN A4 KRR 25 1 4546 1k
o T LmbD fi##4k PPL #11 EGT S-bKA[ EMZAY4E
AU EGT S-4561.

ImbV Zifi% )& A8 T DinB-2 M H G, WA
PRSP DinB-2 IZ5HEY, 2 5 AR i
WREEAI SN . R ImbV JEDH, AR BARAS =k
AIREER, I AR R — B KA T A T
RWAES T LmbV S FIMELAAAL ok, T LmbV
(FEVEE T CcbV (fFAAETRE W R AV A IER
e, AR 57%) ARG EGT S-455 W MK
Y1, SimiEE(Mycothiol, MSH)#EA A4 sy 52
B, AR MSH S-25-6% . Rt A] I LmbV
SRR, K EGT B4y MSHI®L, MSH Sy bk ] 2
REE IR THTE,

LmbE J&—FhEERERE, ImbE 3[R Y a2
AR R A AR T & E AR S R KBRAL, ARRT
MSH S-#PRATEE AT o 3 3 PR AL 43 B 1 ] e
SCH R, MR B E YA R R R A
ImbE3457 /2 ImbE () [7] Dy 3 [H , FH: gt il 7K i MSH
S-ZEAY), A REERIREE S-A5 G54y, RO
LA B - UL (GICN-1ns) . X UFSE T LmbE Jift 7k
A, 257 MSH BITA 3 R0 wms bR e At
S-ZE A WA IR 25 2 WA i R BE S-45 A
ISR AT 2 o

LmbJ S22 A H RS, 205 Imbd JE[A
BELRT T 278 bk N-2 F bk ] 25 R 5 ). foeale
FeF WP SAM Sy LA A, Lmbd fi Ak A4 i I
R S-45E W PPL g N-FREAR RN, Az ) N-H
FE N FEfifi 2 12 (N-methylpropylproline) .

LmbF JEBRRMES AR ERE 2, it
R S-EEA W S-C BEVIEI RN , A= B T 8 SO 1%
P P T T A (2 R R T 5 28 ) A R L= 40 D
R . a—4, 7EW B LmbG i1k

220 SAM R IR, Xt B L AR
MATEZE A, LSM il PPL 454 M HJG 1644 Bipk
AR AR ILE 5,

5 HWaRiAES bk

MRATEE R A A NIE B BR T 453, &
{35 3 AT RERYIRTEZE A ImbU ., ImbQ FT ImbIH,
PIK 3 NPtk SEA ImrA L ImrB A1 ImrC.,

ImbU JEHE—AIERAERE, SEAREFTER
FHUERAEY A RIEHF P novE. couE A —E
(ORI . AR BT Ry oi B R P e 4 Pt
ARATEEREA B ImbU &R, ERRASTE = A pRn] 22
%, £H ImbU BAE— N ERFEIEA, LmbU fE
S ImbA . ImbC. ImbJ 1 ImbW JERIAYEL %, BH
i ImbK Fl ImbU #5358, & — MR AR T i
T ImbIH ., ImbQ J Kl Zh ith 7 Wy ik LA Ao A= P45 5L 2
PN HAEAL I RE , T I AT B BAT 9835 ohRER.

LmrA FHHJET MFS #Z% (Major facilitator
superfamily), {245 12 ST REAYES ST K X 1),
IR N A BB 2R B R R . TR
HREEPILRE ImrA FEH, BFREEW AT 5
Fhirk. LmrB & 504 508 WAL 23S rRNA
JEPR AR AR N® - g B A R AL il LA
R RRUPER® AT SRR (RNA I, 4R
AT I A F Pk, LmrC AR T ABC #isE A
K, 3% 2 4~ ATP S5&07 . FRATERAE T
ImrC ZHTE AL RO, Ml ImrC JE bkl 85 %
PR R TR, FIRREAC T ik il as ImrC
RE R SR AR T B R P

6 4iEERYE

fE B T LA AR A FB RO AN TS, 45
BN BB IS, ST TR R R A A
BARFEARELL . PR3 2R (0 P B AT bR T Bt
NN FERf =R & B RSSOV | 465 BRI
HIEAL S 2T, o ARR] B 2 ™ Mg 3 7
et TSR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



X Fie: AT 8 R A G DT T

1143

OH

HO OH
N o OGDP

HO™ ~CH,
LSM-GDP

LmbT I?
NIy
H
COOH
LmbC
HJC

N
4 Nw
HOO

DS

HOOC CH

PPL AMP
HC OH %C O
G]cN Ins H,C
ACHN AcHN
GleN-Ins
4 "
H,C ,C_.0
. OH He O %H
LmbJ H o LmbF N N LmbG
OH ~ ’ H O
S
SAM SAH H,C SH SAM SAH

0 NH,, Pyruvate
H,N H,C
) H

El5 HASEALEMERIER

Lincomycin A

Figure 5 Lincomycin A biosynthetic pathway from LSM and PPL
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