% 4”) qt % DOI: 10.6023/cjoc201401012

Chinese Journal of Organic Chemistry

REPORT

RERXMEREVERMRER
K OR O FAF OF e  AATH O EER

(R AR A A BB B WA I K g s Biig 200030)

WE MR RO EMORSEIPUER, S0 LI R AETEE VR 2- FY I el 35 RE AR -2- Pt
LT, BRAE R IEPEVERE A2 DNA 707 BRI 22 1), i) DNA (BRI, BB RAFROBRsiE e, gk
TR IR R K RPUER D G T SRt R, W LU R A R AN R R R R AR, R s S5 e
RAITIR =05 1A R A 2 R 53 A AR T FRO AR ABL S G, 0 A A X 6 e IE PR (9 D AR I, 4B T 2 32 M4k
P G R AE RN AN [ ke 03 2 ) S5 48 22 5 (R L TR R B BEAIE b, B 21 T 7R S 1 KT B b AL 5 A5 1
TIEr R R R RARRIR M RIR - PIRTE], JEoR TR BT E R LA A~ v .

REEIA R MR, R G R

Advance in the Research on Quinomycins Biosynthesis

Zhang, Chen Kong, Lingxin Lei, Xuan Deng, Zixin You, Delin™
(State Key Laboratory of Microbial Metabolism and School of Life Sciences and Biotechnology,
Shanghai Jiao Tong University, Shanghai 200030)

Abstract Quinomycins are a type of cyclic oligopeptide antibiotics, featuring a pair of moieties, either quinoxa-
line-2-carboxy or 3-hydroxyquinoline-2-carboxy group. The characteristic structural units are capable of intercalating prefer-
entially into particular DNA basepairs, thereby inhibiting DNA replication and transcription and hence confer remarkable tu-
mor-inhibiting potency to quinomycins. Herein, an overview is made about the development of the exploration on quinomycin
biosynthesis mainly during the past decade. Biosynthetic gene clusters are compared among various quinomycin family mem-
bers, common biochemical reactions experienced in the biosynthesis of these compounds and natural products of other types as
well as tryptophan catabolism are inducted with functional characteristics of the enzymes responsible for these reactions dis-
sected, concurrently lending profundity to the revelation of the reasons for the formation of structural features shared and
variances differentiated by quinomycins. Based on the elaboration, an exemplar is presented about the combinatorial biosyn-
thesis in E. coli, the heterologous host to produce the unnatural natural product of quinomycin family, showing the potentiality
of industrialization for the biosynthesis.

Keywords tumor inhibiting; quinomycin; natural product; biosynthesis
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fHE + WEEE 3R K A5 AT 9 LK LA B 2 (R 45 4
HoGE A H I ZEY) & = A D5 3T 2518

1 BEFEFEMARAERESHHE

(S S SN /[ PSY M e s/ a7/
FLAT o g 2% A [RD 00 SR BE v R AT O T i IR K3 A — B

Fe i

@]A ﬁ(vg O @fi

echinomycin

: | o
SW-163D R =Me
SW-163E R =Et
SW-163F R = i-Pr
SW-163G R = sec-Bu

1

NRP B4, [A]i ik 2 AT — 0w lg ibk-2- B I (QX C) k 3-
%:%ﬂi‘zwi-z- FERE(HQA)E (4. & UL IR 77 24T k%7

% (echinomycin). =% A (triostin A). SW-163C.
thiocoraline, ‘E A1 NRP ‘B 423424 2 /AN A8 [H] ¥ DU R BE R

ZRATEEUN KB T, el R =R AT, e
1) NRP VYK 2 AR 751 N i 2 C wig (1) 73700k
D-22 38 L-WRAMR. LV IR LR, 7 HiS
2 NREEMIBLEEAES AN o- A L F A 7
SW-163C 1, Br T 3 DMRARAFERIRIELSS, IBH 14
TG & LR 25 e R norcoronamic acid (NCA)Y&HE D,
% 5 I NRP B 225]. Thiocoraline /) NRP 5 42 (140 1%,
5 iy AR, HIUKEEH 3 AR
PEERRAN 1 N H IR K, I HAE & NRP I AE4R
SERIERIRFEN) a-Z IR 7 — NR IR IR AN a- %

“”TWNWLQ
J&%&

triostin A

: | o
SW-163C
0
N\
[::[ OH  axc
7
N
0
N
S oH
P HQA
OH
OH

e 27 2% SR B DA S HE 5 A T L LT SW-163 TR AR AT 1 28 v 110 25 R RE e IR 140 27 44

Figure 1 Chemical structures of members from quinomycin family, their aromatic chromophores and norcoronamic acid (NCA) in the

NRP backbone of SW-163
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ERE RN, BRAF N NRP B 28 A (19 45 AH [H) IR ik
BT R DL — AN ERBE R LA, 75 3 Na SRR A
R Dbz R Bk ik 2 RIS T 1 1 R a3 7 5. =i
% A. thiocoraline il SW-163C H, WAz R L% H
(PISREETE W A B, T 25 v i Bl Ay o 4 e 454
AR (B 1), B =X R PUAE 2=l LU e
RAERIEAE] DNA S, I HAEA Py Ba—
SE MR, IRl P2 e AT NRP B 28R 2
FEMRTR AL S DNA e (1 Ji M SE AR Ry e AR
TAERP=AER. BT AEEPIEA, DNA [F5HIF 5
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il PRk, B 2 AR R N PRI 5 T AR R A T
e ok i Jed A B A P IR & R g2 0 T AR A )
#E L.

2 BREZREVMERERZNZESHH

20 22 80 4EAX, Glund 25 Rl 7E kA 2= 2k
WEL R IO P RV 2 AR 0 ) QXCHIE ] T QXC & i 5= 2k
WA IR, JEHEWT L-0 %R e QXC A Hr a4,
fE=HE AR S. triostinicus F A QXC M5
BEaifl ok, S HEH TG MERSE, AIE AN QXC F
ATP I, %BEREMEAREBUEREIR. HEIR 2 2 AT A Il
T A S N 1R P ) 2 — 55 A 2 A BT TR I AL 1
QXC HAMFMITE R, T &MERZMRER QXC #t1r
MREFBEAL. Schmoock 254 H =& 22 44 & A1 NRPS 5
JEME NRP 20 2SR R e AR EAE ), = %
7 AR TR ) TR 22 AR oy B Al B T e AT AR A
(1) NRPS. FIHZH7r & 301 QXC T ELEET N i
FAvct PCR 514, JFRIH—4 A-45ifgi ACMSI,
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(5), &K Ecm14 fE4L=E(2S,3R) f-FRHERIKE
FR(7). H& AT FAD RIS LI IR B Ecmd f#10 & 2E
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Figure 2 Proposed hypothesis on biosynthetic pathway of the aromatic precursor of echinomycin and thiocoraline, quinoxa-
line-2-carboxylic acid and 3-hydroxyquinaldic-2-carboxylic acid and tryptophan catabolic pathway
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WG BOERARR, EEIER 7, TR RN, 7
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MY QXC 5 HQA M EW) & ATAE V2 AR L R, T
HeMs ez 2R 2 AR 4. PIFiX
RACUHAE 4 A2 LU 5 B FEERL I T O RAUIN
ST AL T 1| R A B T S 0 1 T A AT V- I 11
IKfEF=AE 7, A AR A R XU AR 2 B -t SR
A, XA ZE A T AR 0 O R AR AT
TACH = IIAE B 7 B b — AN, AR X
W N SE A PR AR I e LR IR Z R (8), X2 IR AR
WXL RN 2B L-B R R A D T AR AR &
(1) B-FRAIE ), 15X N A S TG, EARE
8 G I =N SR, AN SRR 8
A Mg EC2.6.1.7 M 4k I B 28 7= A2 R PR W R 2 (10,
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M TioG AL R NARRL, SNt WA wrid
() B i 225, ULttt/ S ig e &, 400
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erf 8 K2Rk N E IR N AL = S5 2K R (17, anthrani-
late), 8 =4 SR 8 SRR EIR 3- 5 NS
EC1.14.13.9 ALF= A RIR R AL 3-F 23 R IR
1R(18), RE1ZNEYS QXC HW& Mg kT FAD
FEAIE G Eomd (EZIEMR AT LR ETEIA R 34%,
(R Z A A g R B, Bomd (AL 7 R AE+ 00 5 2%
AT HE SO, 2 AR 1] B ok R R TR AL,
LI 5 18 HIR K45t 2 5. 5 QXC H HQA 12k
Y& BORAA T —FE, RIE R NIZX—D RNV IFLE, QXC
A S AR R T 43 3(K 2). Bbah, 41
X F W thiocoraline “E4) & il R FE L/ TioG B
THEMEAL 7 PR A L FRIE ) 9 LUIAh, tfgfiEfk AR
)4 8 A I SN, 77 A e R 1 108 2), X 7R
% TioG £ L FRE AV EC2.6.1.7 e, ik
Ah, I QXC MG gt 1 £ 5 X)L SIS
RINKE, i = AR R AR E R R T
fEAIX LD I Y I T e /e DhRe B H AR, T QXC ZE
Y& g 7 27 AT HE SN A A B SR IE,
IEAffiE QXC ARG s % L B gt — 20 e W = Fhig 1%
I LEIR R, 0% S T HE s N (1R BF 58t - 0 22
).
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WG SE R TP ORI T — NS L 70 DR
F =R/ E AR, 258 ecm8. trsHy swbl8
AU tioT. "EAIVHR S I AL 73 SORF R AR K R AR & ik DA
WRHORILI) mbtH FEPH = BE IR, R e AT R i 2
‘U5 mbeH e 5 [R5 RS R 0% S8R R 2 mbeH BEDS. =
82 b, I mbeH FEN T IZAEAE T NRP $UA # AEY G
AR, 26 MbtH 85 11 %Y 70 MR, 74
B AR S, S5 I B AN (] 36 DR % B 2 AN [m] BT AR b ) 2
mbtH L] UH AN 26 MbtH 25 (1 BR T Sl A7 41 LA
Ab, WA LA— a5 e U £ T NRPS dEE . X)
MR A BN —20 NRP 28514 % novobiocin.

clorobiocin, simocyclinone D8 Al vancomycin [F2EH) &
S &I B novobiocin #b, 74 JUMPTAE FE A
Wit e, 25 MbtH £ FI6 NRPS [ZSE IR s hie
LA s B AE U020, 3F: H. Lutz Heide i 2 %
B F BV A BT B A28 MbtH 45351 NRPS &M
SIgNT1 [¥)73 [A] G5 A, UESE T 1P BhAE ] 2 A e
MbtH #5 (155 NRPS £ [ 1) A-45 4358 A i s B =,

3.3 A-PCP W&%#iEl NRPS &EH

TERRRE Y NRP B 48 248 2107 ik A 8 A1 4
GG, aEEUAEE b, R4 RS K NRP 548
PIADE B R TR P (R A7 s 1o M R S 56 e W A
B AE -t s R A k. B B 3R ARG O A
PR E, MR R ARG R AR e, AR
WG R G 0 BRI N A 2 L- R N4 EI A
PCP XUZ5 68k ¥ NRPS H 1 F. SR 1% NRPS
TR LW AE B 2% 40 Br, 16 28 4K F (http://nrps.igs.
umaryland.edu/nrps/cgi/nrps_parse.cgi) A fg T Hi - A-
S Ry AR ) SR TR, T A 26 BRI (http://202.54.226.
229/~ zeeshan/webpages/home.html) &I T It A- 45 43k
PUN P2 EEIR AN L- R NARR. T2 Hilg ATl KA A Ak
WBZH UL S. griseovariabilis subsp. bandungensis subsp.
nov "HIREEEE 2 ARG R I X 4, KHZ NRPS &
H Quil8 MG PEREAT TSNS, i T A-PCP X451
1 NRPS £ [1 Quil8 73 MbtH &1 Quis [ An] >
MIFIBVERT, AR T BT 25 Hh 16 05 B e 2 AT W b
WY BRG] - RrmE. 7 H Quis
Quil8 i HL IR T e — SR I — SR A A RS I ) H A=
Wi O,

3.4 “HEatE P450 £{LEs

Novobiocin 1 nikkomycin 254 & B B2 2510
WG AT T AR R B, B GG 20 SR ) B SR AR
MbtH & H BT, I NRPS d A L. Jf Hitk 3 ff
PUAEZ AP E LIRS A 41 3 P450 ALl
FEN . Walsh Z522E 2001 44718 T novobiocin 17 &
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(1) B-FR Ak S W 5 i 7 25 v 1) -4 20 (1) 45 N 2%, 31 NRPS
wE KR AR KB, S griseovariabilis  subsp.
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Figure 3 Loading and S-hydroxylation of amino acid respectively in novobiocin, nikkomycin and echinomycin biosynthesis
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