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WE FRAHEGEDERBOREIE T NTRE 2 R IR K B (PoTeM) BRI, 15U R4 # 4 B ik
SR111-chmA- OX1-cfiC H15r B33 2 A~ PoTeM ZR{LA&H) preikarugamycin (1)F1 clifednamide K (2). B @R =
Iy W S M E AL A 1 0 ikarugamycin AW B A, LAY 2 NEEHIFTET 5/6 XK PoTeM. KFIIE4R %
WE TACAEY 10 2 BIPTA R AT B RV, 45 R SR 235 1E 20 pg B E TIPS TE. RAHEME L AEMTT)
TE TAAY 1R 2 AR RS, 4R ERMEAEY 1 0 A4 HepG-2 A1 FLIRE A MCF-7 B A B4 i &
T, MR BE(ICs0) 70 B4 3.34 A1 2.72 pmol/L, A4 2 b4 Ak C B S5 40 il 25 3 1
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Discovery of a New Polycyclic Tetramate Macrolactam
Clifednamide K
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Abstract The artificial hybrid polycyclic tetramate macrolactam (PoTeM) gene cluster was constructed through combinatory
biosynthesis approach and two PoTeMs, preikarugamycin (1) and clifednamide K (2), were isolated from the recombinant
strain SR111-chmA-OXI-cftC. The chemical structures of 1 and 2 were determined to be the biosynthetic inermediate of
ikarugamycin and a new 5/6 dicyclic PoTeM, respectively, by analysis of nuclear magnetic resonance spectroscopy (NMR)
data and high resolution mass spectrometry (HRMS). The antibacterial activity of compounds 1 and 2 was tested by filter paper
disc diffusion assay. The results showed that they were inactive at 20 pg/disc. The cytotoxicity of compounds 1 and 2 was
evaluated by methyl thiazolyl tetrazolium (MTT) colorimetric method. Compound 1 showed potent antiproliferative activity
against human liver (HepG-2) and breast cancer cell lines (MCF-7) with half maximal inhibitory concentration (ICso) values of
3.34 and 2.72 pumol/L, respectively, while compound 2 showed no cytotoxicity for the tested cell lines.

Keywords natural product; biological activity; polycyclic tetramate macrolactam; heterologous expression
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Figure 1 Biosynthetic gene clusters and chemical structures of clifednamide A, alteramide B and combamide A

R P450 BEFLRNFN CQ5)Mr R FALBIHE R RS, HT
PoTeMs AEW)4 RCHS R 1) (T v PE A ORSFPE, B 7R 412
S A A A R SEIL T PoTeMs 12 Mk R I
A G BmOEDSY, ER M ESERT EE 2
MK £ PoTeMs HIBFF4RIH.

ATHART AR clifednamides A4)& i 12 F R4
IR R CRC M RE T JefiEfb Z IR ATR T C(10)F1 C(11)
Z AT SRR, Z P AT CftC LB IE T
F & I Diels-Alder MK 5/6 XA, Hfa e PrE
K7 (HSAF) A6 Bug e b 1) 8 AL SR B OX1 A REL
5 JCHRIMEEYINIEM &R 5-5 SIMEAY) alteramide
B(E DBL N THERIT OX1 & B RERS IR A I3k CRC 1
fHE 40 7= 9 B T BE R (R4 T 1 LA A 2 SR R 1)
PoTeMs, FATFIFHAEHYE KSR combamides Ft
DR % 67 57 2 0 AT AR A BRI ebma FER (B DI
clifednamides & [K]#% 1 11 ¢ftC 3 K Al HSAF 3[R #% ()
OX1 RS, RGN TIRE PoTeM H:H %
SNBEE T S001 AEEFE 1 SR111 T RIEFIA (A 2).
BRI, REEIRGEE 2 ZHKRM PoTeMs. A
i, AHE TS 2 Ak A R AU A 4 A A 2=
FEMIY S, K13 T 2 A PoTeM 284k &, Horb, S0tk
AW 1A ikarugamycin A£G T, LA 2 ML
Y1 CODM R, VS EEN Rt
A1 R 2 BITEPUREEE; A 1 S AR A
HepG-2 FIFLIELHM MCF-7 JHAT 53R 6 40 i 3505 1,
A 2 SRR ARk TE A S 1k

1 &R511R
1.1 RIS BERLEY 1 NEBEE
K BioBrick 4% 5 5 471 51 2 0 AT R T2 BN

chbmA FEE | cftC TR OX1 FEEHEEF R FE PoTeM
FERFEA 2), Hor i 28 % S001 Al SR111
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RS EAHE R S001-chbmA-OXI-cftC F1 SR111-chbmA-
OXI1-cftC. IR 2 520 B R AR =1 1) v RO €2
WH(HPLC)Rrill, & I EE 2H Rk SR111-cbmA-OX1-cfiC X
PR AR S g 1 R0 2, T E A ERE S001-chmA-OX1-cftC
AR A 2= g 1B 2), (&Y 1 F1 2 B EAXGR
PoTeMs [RFIESEAMRNL. v 7 It &40 1 F1 2 (14K
SReER, X EAEE SR111-chmA-OX1-cftC #4777 5 L
[ A B B BOR B A B ARG S DB R . B 1N
REOM AR, moPRSscieEyw 1 o108
Ca9H3604N; (caled. for CooH3;04N; [M+H]™ 477.2753,
found 477.2748), i8I K% G LR 1% B al LT e S
2014 4 Zhang %FPHRIERY ikarugamycin AE¥)& AT AR
ghik—3, FEARAE 2018 FHRIE K hydroikarugamycin &
IREER B C(19)F1 CQANLIIBRA AL # B T &
Y1 CQoYh kg (Bl 3)4.

S001 270 nm
4,”‘4|*M,4,,'Jmﬁh;h . L
cbmA ox1 cftc  S001-cbmA-cftC-OX1 1
__n
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Figure 2 HPLC profiles of metabolites of the recombinant
strains  S001-cbmA-OX1-cftC, SR111-cbmA-OXI-cftC and SR-
111-cbmA-cftC
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Figure 3 Chemical structures of 1 and 2, and the key 'H-'"H COSY, HMBC and ROESY correlations of 2

1.2 k& clifednamide K (2)BIEHILE

WG 2 RIREER R, =0 P e H 13
N Ca9H3605N, (caled. for C2oH370s5N, [M+H]"
493.2702, found 493.2696), HAHX 7> = LG &P 1
K16, HEMALEY) 2 FTRE NG 1 R4,
1D 12D NMR ¥4 Bontb &4 2 5 1 4544+ A, 3
BA 56 WIMER(E3). NEZAAIETHAEY2 ) C31)
BN H R (o 4.01/3.76, oc 63.5), Hilid Me(30)5
C(10). HB31)5 C(10). CA1)FI C(12)F) HMBC #2515
SHRE. BAh, "H-'H COSY ##E &" H(2)/H(3)/
H(4)/H(5)/H(6)/H(7)/H(8)~ H(6)/H(14) H(9)/H(10)/H(11)/
H(12)/H(13)/H(14)/H(15)/H(16)/H(17)/H(18). H(9)/H(13)-
H(11)/H(31)~ H(23)/H(25)/H(26)/H(27)/H(28) 1 H(29)/
H(31)H5¢; HMBC ¥ 278 HQ2)5 C(1)/C(4). H3)5
C(1)/C(5)~ H(4)5 C(6). H(8)5 C(6)/C(9)/C(10)/C(13)-

H(10)5 C(12). H(11)5 C(9)/C(10)/C(31). H(12)5
C(9)/C(11)/C(13)/C(14)/C(31). H(14)5 C(5)/C(6)~ H(16)
5 c(14). H17)5 C(15). H(25)5 C(23)/C(24). H(29)
5 C(9)/C(10)/C(11)/C(30) H(30)5 C(10)/C(29). H(31)
5 coyc(y/C)tx, #E— L 71 &9 2 1P
[H4584. "H NMR #4i 2r b &4 2 H C(7)=C(8) AUk 1)
BEHHN 9.6 Hz, C2)=C(3). C(4)=C(5)F C(17)=
C(18) B & H %N 15.0 Hz, C(15)=C(16) XU 8 &
N 16.0 Hz, RUMLEDY) 2 HIXEE T 5N 2E,
4E, 77, 15E 1 17E(F 1). ROESY %# &7~ H(6)/H(9)/
H(14)F1 H(9)/HB1)/HQ9)AHE, A EATLE IR F M
FE H(11)S HA3)BIAHRAE 5 B EAESCA I 5 —
. =T Ey 2 54a 1 BG —3mxa s, |
& 2 ML EY) 1 &0E TR R BB,
AT EY) 2 MAXNHAEH 6S,9R,108,11R,135,

£1 LAY 21 'HNMR A 13C NMR $4(600/150 MHz)
Table 1 '"H NMR and '3C NMR data for compound 2 (600/150 MHz)

Position 9 (JHz) Position 0 (JHz)
'H NMR 13C NMR 'H NMR 13C NMR
1 166.6 (C) 18 7.97 (d, 15.0) -
2 6.53 (d, 15.0) 126.3 (CH) 19 -
3 7.64 (dd, 15.0, 10.2) 138.9 (CH) 20 102.6 (C)
4 6.30 (dd, 15.0, 10.2) 132.0 (CH) 21 -
5 5.71(dd, 15.0, 10.2) 141.0 (CH) 22
6 3.33 (brs) 46.0 (CH) 23 4.09~4.06 (m) 61.4 (CH)
7 5.58 (dt, 9.6, 3.6) 129.1 (CH) 24 197.3 (C)
8 6.00 (d, 9.6) 130.7 (CH) 25 2.22~2.13 (m) 28.0 (CHz)
9 1.87~1.82 (m) 49.4 (CH) 2.07~1.99 (m)
10 1.58~1.51 (m) 47.1 (CH) 26 1.63~1.58 (m) 23.5 (CH)
11 2.56~2.51 (m) 41.4 (CH) 1.47~1.42 (m)
12 2.26~2.17 (m) 33.1 (CHz) 27 4.14~4.09 (m) 39.0 (CHz)
1.42~1.37 (m) 2.86 (t, 12.0)
13 1.54~1.49 (m) 43.2 (CH) 28 8.47 (d, 8.4)
14 2.64~2.58 (m) 45.5 (CH) 29 1.70~1.60 (m) 21.6 (CHz)
15 6.04 (dd, 16.0, 5.1) 142.5 (CH) 30 1.04 (t,7.2) 14.0 (CH3)
16 6.28 (dd, 16.0, 9.5) 133.8 (CH) 31 4.01 (dd, 10.2, 5.4) 63.5 (CHz)
17 7.53 (dd, 15.0, 9.5) 141.8 (CH) 3.76 (dd, 10.2, 7.8)

“— Undetected carbon signals due to the poor solubility of compound 2.
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14R,23S(K 3).
1.3 AW 02 FEYEMS

KHAMEAFENE THEY 1R 2 XK E
DH5a. # 5 2EfAF B (Bacillus subtilis) CMCC63501.
S ER W (Candida albican) SC 5314 FNZLH 5 42995995 [
W (Valsa ambiens)IPUBIETE, S8R BRUEEM 1R 217E
20 pg FHAFE N BPURTENE. KM (MTT)
e kil s 7 AL A% 1 A0 2 5 A KT 4 HepG-2 AN
FUIE AN MCF-7 A aigtt, 4R ray 1
o 0 200 P A L B ) A M R, 2 9 BE (IC s0)
5328 3.34 A12.72 umol/L, TiiAk-&4 2 Jo i S 20 i 25 14
(& 2).

R2 LAY 1A 2 AR S HE[ICs0/(umol s L 1))
Table 2 Cytotoxicity [ICso/(umol*L ™ ")] of compounds 1 and 2

Compd. HepG-2 MCEF-7
1 3.34%0.05 2.734+0.07
2 >20 >20
Doxorubicin 0.93£0.04 1.12£0.09
2 Zhig

MHHAEED & RIS T NTRE PoTeM
i, G HEE-RBEE 2 AN RIGRAE W, KA E
HBEFE S001-cbmA-OX1-cftC F1 SR111-chbmA-OXI-cfiC.
i I} B A R SR111-cbmA-OX1-cftC I3 KR FEAI =
RRIEPIRE RS, ROLT 1 ACREY 1 /11
AN PoTeM 2K4L A4 clifednamide K (2). H1F1&41
A2 ¥4 5/6 IR PoTeMs, M AN b 5% B — AR A% B 14
K& ComA FIEAIE R CRC LG K, AL R
fiff OX1 KR EFETRE. N TUESE BikdEe, METIEH
cbmA Fl cftC B8 ) A Bk SR111-chbmA-cfiC. 1ENFK,
FIIF0CEA, AT AR = AR A 4 1 F 2. OX 1 7EE 4
AR AR RIEDRE, W] REA T HBETCE IR ChbmA &
BRI 2 AR, WIGEAER T CRC AL A2 1 5/6 XU
PRI RER R AR, T N TG PoTeM JE[HFEH
NEHBRIENERER, #HENLEY 2 1 CEDAFREEH
WA SRI11 B SRR SLRH A K. PR A4l e
PEIEPEEY Bon AL AW 1 A 2 78 20 pg AR T LA
P, A 1R AR 4 HepG-2 A FL I 40
MCF-7 A B4 M #E0E v, & 2 %5 F iR g0 ok Be
EEE.

3 SCIERR4Y
31 NHBE5HF

Bruker A &[] AVANCE NEO 600MHz ¥l L3R 1%
7& 4%, Bruker A ) [ BioESI-Q-TOF = 4 #% B i 1X,
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Thermo /A & NICOLET iN10 ZM4L4MiE4%, Thermo
Scientific 24 @ ) DIONEX UltiMate 3000 7= 2 /UAH (i
Z 4, Buchi 22 A [ R-100 JEFe 28 KA. &FPIEHI N5 B
afial o 4l
3.2 XWHE
32.1 FHE A S001-cbmA-OX1-cfiC. SR111-chmA-
OXI-cftC #= SR111-cbmA-cfiC #9493

FERFH S001 JEANSLLG = T By 087 1 - FE 4y B 3115
M —PREE R B, BRI ST R G R e
BT R A0S, BERE R SR111 AR A S 3 I i 1] 435
[F)7H 7 B I RE R A LZ3S MG UG Wbk, RIESE R
T 7 AN REA SR AR 1A AL R A L R AU AT
SR HH IR AR BE B B 9 U A e TR

DLl 15 FF 1 (Lysobacter enzymogenes) C3 F1bH
B (Kitasatospora sp.) S023 12K 2H DNA AR, 1@
I 5 A Bt XU BL(PCR)Y 16 43 A 3R15 51\ Ndel il Spel
fity VI AL 5 1 OX1 A cfiC 5 R B (51 90 4 5N
OX1-F/OX1-R # cftC-F/cftC-R). #Hifk pUC-kasOp* K
Ndel F1 Spel XUEGVIIG, 53515 Ndel F1 Spel XY
OX1 F cftC Jr B 345 3|5kl pUC-kasOp*-OX1 F
pUC-kasOp*-cftC. JFiki pUC-kasOp*-OX1 % Mfel K1 Spel
KB 3RAF kasOp*-0X1; JFiki pUC-kasOp*-cftC 4 Xbal
A1 Pstl XUV AS kasOp*-cftC, 3 3L[E] 5 Mfel 1 Pstl
MUEFEY) ) ) pSETS035 #ifk fr BOE SRS kL pSET-
5035-0X1-cfiC. Jithi pSET5035-0X1-cftC £ Xbal F1 Psil
MV 3513 kasOp*-OX1-kasOp*-cftC; 5 ki pUC-EE-
cbmA % Mfel 1 Spel XUEGVIZRTG ermEp*-cbmA®), —3%
LA 5 Mel #1 Psed XU V)5 ¥ pSETS5035 % fA by Bridi4
AFFIR RIS KL pSET5035-chbmA-OX1-cftC. RN, #
Mfel F Pstl LBV () pSET5035 ik A B S ermEp*-
cbmA F kasOp*-cftC 4343 8K I8 iUk pSET5035-
cbmA-cfiC. It B A A TR pSET5035-chbmA-OX1-
cftC 43l ENBERE A S001 FIBERF# SR111 3K FE 40 14
¥k S001-chbmA-OX1-cftC A1 SR111-chbmA-OXI-cfiC;
pSET5035-chmA-cftC ‘T NFER P SR111 3R B
Pk SR111-chbmA-cfiC. bk HEAHFEHEZ PCR LI UE (5]
)4 InS10-verF # InS10-verR).
322 HERRBERI G F 45 5

K F M4 [ R 3R B 5 72 B (AT I e B 25 ¢, KM
15 g, FERHEHM) 2.0 g, Bifli 15 g, pH 7.2)% B H B ik
SR111-cbmA-OX1-cfiC AT 7 5 L ¥ RKF30 C, 13
R). WARE R B IR I V) il NS F R B8/ /K 2
FR(V 1 V1 V=80 : 15 : 5YIRIILEL =X, & IRIEHI
FERA BT, b5, MY RASHRCKR S
BEANKELEL 3 IR, LR CBEARTR R R 4E 5 Fr 4 S Ll A
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T AT (AR B0 95%) 2 I, HREAR IR0 R 4 &2
T A A I TR R AT DO I T SRS S
Hbrtb &3 UTie, VIvE 4 — &L (DMSO) ¥
fife J 30 3L - 1) 2% 1 R AR €538 (YMC-Pack Pro C18, 5
um, 10 mm X 250 mm, 4 mL/min, UV 270 nm, JizhHikf
J&: 0~11 min AR ECRN 49% K1 215, 12~19 min
4l D H SR EY 1 (k=18.8 min, 10.0 mg)fll 2
(®=9.9 min, 5.4 mg).

Preikarugamycin (1): UV-Vis (CH3CN) Amax: 269, 364
nm; HRMS caled for CyH3704N, [M+H] ™ 477.2753,
found 477.2748.

Clifednamide K (2): m.p. 208 C; [a] +192.3 [c
0.05, V(CH,CL) : V(CH;0H)=9 : 1]; UV-Vis (CH3;CN)
Jmax: 270, 364 nm; IR (film) v: 3329, 2964, 2856, 1654,
1622, 1463, 1260, 1026, 866, 796 cm ™ '; HRMS calcd for
Ca9H3,05N, [M+H]" 493.2702, found 493.2696.

323  HEEEAK

¥ KW B DHS o A 5L ZF fA B (Bacillus subtilis)
CMCC63501 #1 4 {4 2Bk B (Candida albican) SC 5314 4y
AT LB ARG SRR (R E B R 10 g/L, BERHEHY)
5 g/L, &A%Y 5 g/L, pH 7.2), B F#IK@G7 C, 200
r/min) 5 3£ & ODgoo 21N 1. IHALJE BRI AT B AA BEAT
BRAZAFALL 1% LB B IR 55 77 510 51 Ja il 4t 1 45
ANECPAR, B R ERE AR LE 1% 00 YPD B Jlg 55 77
BL(FeBHERU 10 g/L, MR 20 g/L, W& 20 g/L,
g 15 g/L, pH 7.2, 115 “C = K 15 min)ii 2] J5 #il %
P REFR 7N TR TR ST S P AR T 205 i D T P T B
(0.5 cmXx 0.5 cm) & T PDA FEABEAR Pl o, 30 CHIl
BEIEFE 2~3 d R R TR R B PR, Bl S, 20l
THLEY 1R 2 FIUEAUR (20 pg, 0.5 cm X 0.5 cm) i T
TR PRI, RIBERG ng) MFIEH RS ng) 7l
SRHTAH R AT I TV 1 U PR BE X R, DMISO Ay 94
. AN FIEERE R 37 CEFFRIIIR, ZREH 30 CH;
Fr 1~2d, WS R/

324 s EEN T

¥ N 40 HepG-2 FI N FLIR S 41 i MCF-7 4333l

FeRh T 96 FLIR (AN E TN 3X103~4 X 10° 4V/4L), ¥

1228 http://sioc-journal.cn/
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96 fLIRE T AL FRAE(COL R HN 5%, 37 C)h
FrUfsBE F5, 2y AINNTR E IR EE AL &4 1 F1 2. B
P R (SE AR DMSO)FIBHPERT IR (2 R LA, [F—iK
FEVCE 3ANTAT. dEMUNZG 3R 48 hs, LI 10 uL
MTT (5 mg/mL)4k£:853% 4 h, BEJEW 2 BiEWOEIMA
150 uL DMSO, F|HEgFR A4Sl OD {E(570 nm).
SEIGE A =K, (E B Prism 9.0 1HE 1Cso {H.

4 BI#1 kL (Supporting Information)  SZI6 T FH B Pk
KA S| YME BAEA R i s 2 E, LAEY 1
12 /) UV, HRMS. R RN . X s kny
LA %% AT Y 3 (hittp://sioc-journal.cn/) | T #K.
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