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Discovery of a New Natural Product from Marine-Derived Micro-
monospora Guided by the Biosynthetic Studies of Kosinostatin

Li, Hui" Zhou, Qiang” Tang, Yumin® Zhao, Shengyin™* Tang, Gongli*’
(“ College of Chemistry, Chemical Engineering and Biotechnology, Donghua University, Shanghai 201620)
(* State Key Laboratory of Bio-organic and Natural Products Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032)

Abstract Kosinostatin (KST), isolated from the fermentation extraction of Micromonospora sp. TP-A0468, is a kind of an-
thraquinones antibiotic with antitumor activity. To investigate the function of kstD3 gene, encoding a sugar 3,5-epimerase
involved in the KST biosynthetic gene cluster, the gene disruption mutant strain Micromonospora sp. TP-A0468 mKOSD?3 is
constructed. A novel compound, deoxy-isoquinocycline B was discovered and isolated from this mutant strain and its structure
was characterized by comparison to the HRMS and NMR spectra of isoquinocycline B. This compound could be considered as
an analogue of isoquinocycline B. Compared with isoquinocycline B, its antitumor activity decreased significantly. It is also
found that the glycosyltransferase KstD5 is more substrate-flexible than anticipated, which lay the foundation for further using

the characteristics of this enzyme to obtain more analogues.

Keywords natural product; deoxy-isoquinocycline B; glycosyltransferase; substrate-flexibility

ERET At VT (Kosinostatin, 1, & 1) & 74k 7 B PR
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= LR IMMIRIETY Z5%), 41 Daunomycin fil Adriamycin
(5% Doxorubicin)®. [Ktt, H7 ) B R A0 A 1 K LT
THUE BRI i i FAT EE 2 X

iR EF, BREFARYT 4> 1 IR A AR
FI—ANFFIR ) SRR RS PR T (B 1), Thr 4+ Hh ik
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A =W 0 A= i v LA A e S ) i, 4r
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Figurel Proposed glycosylation pathway for deoxy-isoquinocycline B
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1 ZR51HE
1.1 kstD3 ZEFE TR TIREVER KBEE RN
B R0, B T HEN /e R Ay T A &
JFE R 5 kstD1~kstD9 1X 9 A3 K] 15 Bl SE AN B4 (1 A4
HAE. Horh, kstD3 gatt 1 115 3,5-2 17 Sk i L
A —E M FYETE[CmmF (CAE17549); S. griseus, 64/52].
N TSR T RE, BATKEH 4% %)38) 1 Perm*
HHARIER B 28 84Tk pOJ260 it g [R]85 1
S NE AR Micromonospora sp. TP-A0468, i Ptk
A1 ) B AT e [ T A 58k, TR PCR MEAT &
DA RS TIE, T 1) DX o B S A Bk 44 2 mKOSD3 (14

2).
A
Micromonospora sp. TP-A0468
WT
; kstD3ID5 $
————",
Perm* kstD3/D5
Am
Micromonospora sp. TP-A0468 | Single cross-over
mKOSD3/D5
: [

B2 RASKRIIA SRR
Figure2 Construction and verification of the mutant strains
(A) Mutant construction method; (B) verification results for mKOSD3
mutant; (C) verification results for mKOSD5 mutant. (1) DNA marker
DL5000; (2) result of PCR
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FRAFRE mKOSD3 HEF AR (WT)XTLb R B2, K
PEHGAY HPLC F il g 3 5 on (B 3), RAEFE mKOSD3
ANFE PR A ALY T (DR BRI R B (2), Fmf =420
KL IRPELE 4 F05; [ RT=17.0 min L& 3 7~
T B E M B4R . LC-MS M1 Bonigib & m/z
601.41 [M-+H]". i LI ALY, STEIAE B Al
B3 = R AR (3] 3), FATHEN Z A& P e]
e T Ay TR ST BRI 3 B &5 el
12 HEMNIBRRIME

h T HEA G 3 4, FRATR AR mKOSD3
AT T KRR KBRS 0 B e B A 2 AT 2
3, W 4L RIS E] 10 mg LA 3.

a3 NiEE AR, B+ ARURT I,
AT A AR LR 418, UV (MeOH) Apy: 430, 290,
260, 228 nm; [a]d +126.1 (c 0.033, MeOH); ESI-MS i
AUES T I m/z 601.5 [M-+H]", HRESIMS m/z
6012175 [M+H]" (Cy3H33N,04 caled 601.2181), MM
HEMLEY 3 19> TR A Cy3HpN,0,. i3 'H NMR,
C NMR, HSQC, HMBC, COSY }2 NOESY %53 it $i 4k
et &4 3 4.

&M 3 (miz 601.5 [M+H] )5 FERIAE B (m/z
617.5 [M+H]HHLL, 7 F&ZE 16, RALED 3 LR
FRIRZE B M 740 1 M. a3 SRR E B 1)
NMR $E"M LA (R 1), 5 R R ARG R IRIE % B
KA ERIER 2 B 1 PC NMR %, afLLRBL & 3
(RIBERE | C-2" (0¢ 23.72)F1 C-3" (Oc 27.16)[FIALF AT B 15
WHEBB R EY. £ 'HNMR R, 52 FEIFE B,
WEY 3 EmnZ T 2 N HE 50 1.54, 1.91); ¥
HMBC H' C—H R4 #r, 1X 2 A H A 5B N T
C-3" (5¢ 27.16). BRItz Ab, &% 3 JLF-HiAa ) NMR
Kl 4 5 S EPA % B AR, % HMBC #% & (1 Bc-'H
R S HEE S SRR BUIAI LA, AT D
JETHEY) 3 PRS4SS5 i #E B A
). Hf HARYE NOESY i 3-H 5 10-H Z [l f#izfe
6, BATHERL G 3 PR RIS T 27 1 S Ay 7Y
5 RIRI B A, TAR X I H A Ydr 4
IS5 B EA 2% B(E 4).

PLEEIRRY], B TR E B 3)2& 2 My,
P 45k EACE 19 22 S A TR IR 25 C-3"1%
4. 4R b B AR AR W 2k & 5 1 A 2 R
FAH R A g 12, R AN [R] OB 36 A & 1
I kstD3 WIREFRBHNT T 1 A1 2 FpOIE R BEIE GBI,
A A5 B A4 T mR AN oy DR A I A R B T A S BB
THCHEE b, 7Ekieai R FARI ) mKOSD3 H 3 1™ i B
BB 3). (HUENAE RN R B A
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Figure 3 HPLC analysis of fermentation extraction of wild type and mutant strains and UV absorption of compounds 1, 2 and 3
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Table 1 Comparison of the '"H NMR and *C NMR spectra of isoquinocycline B and deoxy-isoquinocycline B

250 300 350 400 450 500 550 600

ARTICLE

Isoquinocycline B

Deoxy-isoquinocycline B

Position
O Jc Ou e
1 161.58 161.65
2 7.42 (dd, J=1.2, 8.4 Hz, 1H) 124.78 7.45 (dd, J=0.8, 8.3 Hz, 1H) 124.93
3 7.84 (t,J=8.0 Hz, 1H) 137.29 7.87 (t, J=8.0 Hz, 1H) 137.46
4 7.77 (dd, J=1.2, 7.6 Hz, 1H) 119.03 7.79 (dd, J=1.0, 7.4 Hz, 1H) 119.14
4a 132.94 132.77
5 187.53 187.05
Sa 114.58 115.61
6 158.11 158.08
6a 133.71 133.08
7 3.90 (d, J=3.6 Hz, 1H) 43.47 4.09 (lH)b 43.29
2.15(d,J=11.6 Hz, 1H) 2.66 (d, J=11.3 Hz, 1H)
8 2.53 (1H)* 34.33 2.30 (d, J=6.5 Hz, 1H) 34.22
9 83.14 84.75
10 4.43 (s, 1H) 76.41 4.50 (s, 1H) 75.49
10a 144.31 143.02
11 7.76 (s, 1H) 119.97 7.78 (s, 1H) 120.48
11a 131.47 131.73
12 186.99 187.83
12a 115.75 115.05
13 1.58 (s, 3H) 22.54 1.66 (s, 3H) 22.23
2! 112.75 113.54
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BHULE WRIEX
Position Isoquinocycline B Deoxy-isoquinocycline B
on Jc on on
3' 5.09 (br s, 1H) 126.71 5.17 (br s, 1H) 127.67
3a' 142.39 140.94
4' 2.52 (2H)" 21.61 2.66~2.75 (m, 2H) 20.57
5' 3.98 (m, 2H) 57.28 3.48 (2H)" 56.87
6a' 169.43 167.18
1" 5.33 (t,/—4.8 Hz, 1H) 95.68 5.22 (t,J=4.6 Hz, 1H) 94.09
o 1.70 (ddd, J=4.4, 7.2, 14.1 Hz, 1H) 1284 1.38~1.50 (m, 1H) 2372
2.04 (ddd, /=4.4, 5.6, 14.1 Hz, 1H) 2.02 (dt, J=3.2, 13.7 Hz, lH)
" 1.54 (dt, J/=4.0, 12.2 Hz, 1H)
3 3.77 (m, 1H) 70.08 1.91 (dt, J=4.0. 12.6 Hz, 1H) 27.16
4" 80.73 77.65
5" 4.49 (q, J=—6.4 Hz, |H) 66.11 4.05~4.23 (m, 1H) 67.81
6" 1.04 (d, /=—6.8 Hz, 3H) 14.55 1.05 (d, J/=6.3 Hz, 3H) 18.54
7" 210.76 214.46
8" 2.15 (s, 3H) 26.69 2.24 (s, 3H) 26.35
3"-OH 491 —
4"-OH 5.49 —

SRR G LM T, RIS IR MR DMSO-d, A SRFA3E H 5 5.

Isoquinocycline B (2)

B4 BASTHER R B MUREREAE B 1045

Deoxy-isoquinocycline B (3)

Figure 4 Structure of deoxy-isoquinocycline B and isoquino-

cycline B

AR~ A0, H A,
1.3 AkstD5 SREHRBIME R & BE

HFAERE R, FUR L —AN Al B w3 4
%W [RdmH (AAL24450); S. purpurascens, 72/57]113&
kstD5. FATTHEN KstDS 7] §E & — ARPHESE it A4 )
AR, 3 THED 3 57T E B
T PRI FE L R R . Rk, Fedilis 55
L1 AR TR T kstDS 135 DRI v I 58 A8
mKOSD5 (& 2), ¥ mKOSD5 5 WT XLt &%, M B
SER (B 3) A 1 S B BRI N kseDS Bl
S, AW 3 FETALYT . RERIA R B A E A,
I 2 A ZRE IR R & 4 RS,

MR LL ESeg g5 L, AR BILL R 4518 WaY 3
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SEREF ALY T AE A BOSEAT IR -, AT E Y 1, 2
13 G I KstDS J&— Rl 2 AT R U 2 2 ARl i
Foll, 2/mTLLRG] 8, 10 PRI PR AE 1),
TR A I e 3 BB i |
1.4 RESFEEIRE B EMEMENR

DUE R 45 R o, BEE TG ) A s vk
A EHE 5™, 12 epirubicin A EE T doxorubicin,
INFERESE C-4 ALIMFRIE R AR 22 ) S ), R 1O I
BEPE RO AR, 1 Bl S8 B AR I PR B IR 25 D). S
BRIR 2 B A0S 1 O SeikdE!) mife & 3 5
BREA 2R B I DX A A TR 3" A7 AR, IS A B2 X
RUR/IN B 22 S U TE e e A G ) B AR s PR AT R BRI
EMaNE? Ak, FRATH M 40 B h1299 Ik T i 48
FRIR 25 B ARSI fegtE, JF5 BT fhy T F R PR 2 B
PE[FIFESAT NS B — LU (K 2).
F2 AR E B BT R ERIAE B ARSI
s

Table 2 In vitro cytotoxicity of deoxy-isoquinocycline B, kos-
inostatin and isoquinocycline B

ECso/(umolsL ™)

Deoxy-isoquinocycline B Kosinostatin  Isoquinocycline B

3.6504 0.3781 0.4042

© 2013 Chinese Chemical Society & SIOC, CAS

LA 85 R AT LA VB3 B i3l R A & 4
PEVRE R AR W (AR A R B SRS ER B
HTEE, SRR 1A ECREZE). 3t DU T S e Hh e A4
PN R AB U BEA TR AT S 1) HE 2 R 3
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2 4t

BEIEAL 5B 1 2 AR 22 AR = 0 H A (1) 3 3 R Ak
T ey P AR A B L 00 2 5 2 A R Ak 2 TRD 1)
MIEAER, SHFEW A e RAA E i P K
B, AT T RAR =Wl S s 1) 22 — AT, W
Walsh 1 Nicolaou 8 ZH 2141 v 15 38 1 FH Ak 2 7 vk
FEALI SRR AE R AR MBS IESE vancomycin R TTEC
e B e A B 2R, S A, A BRI Idarubicin
M1 epirubicin  CAAE N HUMIR M BNIMIRAEH], A7
OB MEN10775 WA I AR S0 1 4R, i T4k
2R LAk S AS 5 1 e R, R P O A ) ]
FERYH B — AN IR RS, AR SCHGE T R AR =4
WA ST ERIA 25 B (3), L ARSI B E YT SRR R
B BL, (HZ2FEE R IcEAE. B, EZE R,
BSOS IR Gt T — AN R kR,
AMNETESEI AR R, SBREALTT R BRI R B AHLL, BE
FLEE R IO A S D AR s T AR T W
Wi, JGAL, I E W 4h R ) S g I 1) e 3 SR AT A I
EREF ALY T A& OB ) KstDS & — AN & 21k
U AR L AL g 3K VN N U FRDB 255 B T S HOXT Y. T B
S % il O BT T ik PR IS S N ) R ER R R AR
PO AT RE RS R I T R (R

3 RS

3.1 SIMR
3.1 k. AR RIS

JFCkE pOJ260(AS 525 %), pLHD3(A L4 ), pLHDS
(AR ). KA (BRI T AR SR %) E. coli
DH5a, E. coli S17-1, Micromonospora sp. TP-A0468(/A
S %), mKOSD3 (A ST ), mKOSDS(A 3R ).

LB 5:3735(%): F- T XA v 1) 40 B 2 5 R BH 2 e
FEFIImIE. AR 1.0, BERHEIY 0.5 A1 NaCl 1.0,
pH=7.0. AR FEMAL 2.0. Seed culture 15775k
(%): i+ Micromonospora sp. TP-A0468 H 2L 7Y K 584y
FRIOREFE. vl PEvER 1.0, #2490 0.5, NZ-case plus
0.3, MEEHEIY) 0.2, B E R 0.5, K,HPO, 0.1,
MgSO, 0.05, CaCO; 0.3, pH=7.0. KE#3=5(%): ]
T Micromonospora sp. TP-A0468 B 2L T4 K 584X RV &
FEREgE. FLBE 4.0, FRFFHY 2.0, TWL-4 K5 953E(%): H T
Micromonospora sp. TP-A0468 F1 E. coli S17-1 ¥ & )4z
EEER. WTEIEVER 1.0, K.HPO, 0.1, MgSO, 0.1, NaCl
0.1, (NH4),SO, 0.2, CaCO;5 0.2, FeSO, 0.0001, MnClye
6H,0 0.0001, ZnSO, 0.0001, EERFREE 0.05, &AM
0.1, #HfF 2.0, pH=7.2.
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P T 2, R P & FA B A R (Am,
50 pg/mL), ZEBERAR(NA, 50 pg/mL)
3.1.2 B 5|

Diamonsil®C18 5250 mm X 4.6 mm {4354, 24

W E BOBM 2 48, Bruker DPX-400 74 542 1 3 4R 1%
& E{RE DNA B4 M DNA marker I [ TaKaRa 2y
). FRFIPEAVIEEFT DNA ZEZEEE Fermatas /A ).
Tag DNA RAHEE AL =AY A F. DNA g
5ok /N g3 & H Generay 22 F]. PCR k%
TR51Y Bl TAEYAHRA R AR I b ik
AR H 25 AR A R A W] HP-20 W H H
AZZEFE, R B R SES A B R IR AT 5
Ji&. HPLC s>k H Merck 2.
32 XWAHE
32,1 REMGGMET X

53 IEEXS Micromonospora sp. TP-A0468 1) 3,5-7 1]
S5 K il 5 R (kese D 3) FIVRH 55 66 7% T 55 IR (kest D 5) J7 1) W
ARG P(For, Re), JEEFERFHIM S'FN 354
S I BRI 1 N DR DA s 5 AR R

kstD3s-For: 5-TAC GAATTC AGCTGCCCGGC-
GTGTGGAAC-3' (EcoR 1)

kstD3s-Re: 5'-TAC AAGCTT GGTCCCGGTCCGA-
GACGATC-3' (Hind III)

kstD5s-For: 5-TAT TCTAGA ACCTGACCGA-
CGCGATCAC-3' (Xba 1)

kstD5s-Re: 5-TAT AAGCTT CGTTGTACGG-
CACGTTGC-3' (Hind III)

FH iR, i ¥ A1 Micromonospora
sp. TP-A0468 (WT)If].it DNA 1E MR, PCR % 4414
H:94 °C 30s, 62 °C 30s,72 °C 40 s, fi¥k 354, 72 °C
10 min, 238 1%50 IR BE IR HL vk 2 2505, VI el H i A
B A 51 A S BE 1K) Xba 1R Hind TIT EEYIAT 55 A0 1
[NCE E R B, B2 2 [RIFE 2 b I o il Ak 2 3ok
1) pOJ260 #ifk b, W) pOJ260-kstD3 Fl1 pOI260-
kstD5 ¥6AY E. coli DHSa JESZ 4541 M, 75 LB(Am)T-# I
GRS B PR AG . R TR AL E. coli S17-1 JE3Z23
M, 75 LB(Am) AR EIiifs Bk b+, - TE %
GHEBMAE. BB TR E N R
Micromonospora sp. TP-A0468 (WT). &id )& & #
¥Ja, T IWL-4 VAR BRI T 2 5 25 0e i
i (NA) BT A 7 85 2% (Am) 99 20 B b i i e o4 B
Am PUPERIBHPESEAR bR, PCR K F HL L R 77,
322 REMKBEALLI. N7k

PRE Ak mKOSD3 A1 mKOSD5 H g i fh 2] 3
mL seed cultural £57EXH1, 30 ‘C 240 r/min 557% 2~3 d
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BREFRY RIS, i 2%3) 50 mL KR SR,
30 °C 220 r/min 757 1.5 d JG A &2 LE 4%[¥) HP-20, 4%
SRR 2.5d BREELE .

R R IR 50 mL 2508, 3800 r/min &0 10
min; FF B3E, JUECGEEAWAEPE HP-20) A
40 mL I, 7 10 min f2¥%. 3800 rpm £5.0 10 min,
FUUHE. BIEEA 2R M, RREZA 2R D EK
W, N CRROBEEATL 1~2 K, &IF LR LEEAE
W, AR TR, T4 2 mL WESEW. B EA4E
HPLC 74T, HAR PRI g -0/ 4£ T-—20 C.
323 tbdaE . Kngik

A E S R R B ] 100~200 HEEREEZHT 4>
B, VRIS P -G, B REUEE. BRI R L
V(R @ V& =1 : 25 WEE Hbrb &8, B0 &
afi fhvs TR, BT HPLC A, NMR % 7 1
DMSO-ds.

3.2.4 Ao dpiRshtm e At R Ty ik

N9 40 i h1299, 4218 MTT vE#4%.

BOE B H A E BN K T R 5L R W %
Micromonospora sp. TP-A0468 Tl PR ET Ath 7T hr vk i .
ARSI T R B b A HLAG SRS A A L
% S = RIS 0L DR 58 hl, R SR A 1K
U [ 22 451 1) 4R 5 SCRFRE R B
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