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LclashicBEsT 2 LHEES Ny v s BT 23 A
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KEEE % L 7z Nonribosomal peptide synthetase [Z &
D THEEMEINDIRAME KUIERARELEMEED =D
DEFIVEEKR Y XA T LEBE

PR ) 7 4 V=T R IR
1. Echinomycin 4 &8B8EEFDI/O0—=24

Echinomycin & &BGEE T 1$ Streplomyces lasalien-
sis DL DNA KO FllsNca R I RS54 75 ) —%2

F R E&E ecml, -6,-7 BLU fabC iz &k » Tk S 1,
Bl eeml7 BEV -18 1T & » THHHII 7S thioacetal #id
NEEBENDE ETFHE N, COEDPAS SRS IR
Mt E s TEEINZ, &3 17 [AOBEEFHITIEE7S open
reading frame (ORF) & 1 HOMFEAIH ORF 8L 1
DORNEW, S voxsBha—-FLIBRETEEGATVE
(Table 1).
2. QCHEEMEEE LU QCELRFRENRT F—DEE
QC 2 DHEARFEIK S FH[EE D & W R T O HEREIC

s —=vrghrllick-THLNT.
7z 2 HOFHAMR 2 &3 3 2 3 ORI 5, AEARKSE
EZF7 529 —-—DEEEM40kb DS ETENDN-
7. MG ZOFEE, primer unit T % qunioxaline-
2-carboxylic acid (QC, 2) & eem2, -3, 4, -8, -11, -12, -13,
A4 T K - THEARRS NS T &,

TNENENL -

£ 1 O_BERRT

%, Schemel IT/RL7ckHICTFHEL L.
"B CTd % L-tryptophan #3—H adenylation & 41, amino-
acyl thioester %3 F AL & 1172 %, hydroxyla-
tion, IR EIC L O 3NEEBEN S (Ecm2, -8, -12,
-13). FROWTA v N — VERORR(LBIZ,
12L& 0 B-hydroxykynurenine (4) 5.2 % (Ecml1, -14).

Table 1. Deduced function for the open reading frames of the echinomycin biosynthetic gene cluster.
ORF Amino Acids Sequence Homolog Putative Function
ecml 527 Peptide arylation enzyme entE QC activation
ecm2 248 Type II thioesterase grsT QC biosynthesis
ecm3 362 Isopropylmalate dehydrogenase leuB QC biosynthesis
ecm4 472 FAD-dependent oxidoreductase ubiH QC biosynthesis
ecmb n.a. Transposase (inactive) Unknown
ecmb 2608 Nonribosomal peptide synthetase feiC Peptide synthesis modules 1-2
ecm?7 3135 Nonribosomal peptide synthetase acmC Peptide synthesis modules 3-4
ecm8 70 MbtH-like protein mbtH Unknown
ecm9 181 DNA-binding response regulator ompR Regulation
ecml0 252 TetR family transcriptional regulator pip Regulation
ecmll 220 Tryptophan 2,3-dioxygenase tdo2 QC biosynthesis
ecml2 395 Cytochrome P450 oxidase cypX QC biosynthesis
ecml3 598 Mannopeptimycin peptide synthetase mppB QC biosynthesis
ecml4 402 Erythromycin A esterase ereB QC biosynthesis
ecmlb 285 Helix-turn-helix transcription regulator marR Regulation
ecmlb 806 Excinuclease ATPase uvrA Self resistance
ecml7 313 Thioredoxin reductase trxB Disulfide formation
ecml8 224 SAM-dependent methyltransferase smtA Thioacetal formation
fabC 82 Fatty acid synthase acyl carrier protein acpP QC carrier protein

n.a.. not applicable.
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EFESSIERBSE R8BI~ ¥ —BaHuvik.
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Scheme 2. Predicted pathway for echinomycin biosynthesis and the modular organization of the echinomycin NRPS.



Scheme 3. Proposed mechanism of dimerization and cyclorelease of the quinoxaline-tetrapeptide intermediates by the TE

domain.

H,3C —es% S-adenosylmethionine
oy

\ ey CHs s
KB o F St e A - AR
Ho., A

B
Ecml18

Scheme 4. Proposed mechanism for the conversion of
the disulfide bond to thioacetal bridge in
echinomycin biosynthesis.
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