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Study of Antibacterial Components of Endophytic Streptomyces S009 from Dracaena Cochinchinensis

SONG Wei!, XU Xiaorong?, GE Jie!, LI Huilin!, WEN Aidong!, WANG Jingwen', ZHANG Xiaomei*",
ZHANG Juanli'*(1.Department of Pharmacy, The First Affiliated Hospital of Air Force Medical University, Xi’an 710032,
China; 2. Yunnan University of Chinese Medicine, Kunming 650500, China)

ABSTRACT: OBJECTIVE To investigate the antibacterial components of endophytic Streptomyces S009 from Dracaena
cochinchinensis. METHODS The fermentation extracts of S009 were isolated and purified by Sephadex LH-20, reversed
phase column chromatography, silica gel column chromatography and semi-preparative HPLC. The chemical structures were
identified by MS and NMR spectral analysis. RESULTS  Four macrotetrolide components, including nonactin(1), monactin(2),
dinactin(3) and trinactin(4), were isolated and identified from S009. The bioactivity results showed that compounds 3 and 4
possessed strong antibacterial activity against various G* bacteria, G~ bacteria and Candida albicans. In addition, compounds 2—4
also had strong anti-methicillin-resistant Staphylococcus aureus(MRSA) activity, and the minimum inhibitory concentration(MIC)
values of them against a variety of tested MRSA strains were less than or equal to that of positive drug, vancomycin(MIC:
1-4 pg-mL™"). Especially, compound 3 had the most significant activity (MIC<0.125 pg-mL~!). CONCLUSION The results
of this study can not only provide lead compounds for developing new anti-MRSA drugs, but also has important meaning for the
effective utilization and protection of the rare and endangered Dracaena cochinchinensis.

KEYWORDS: Dracaena cochinchinensis; endophytic Streptomyces; structural elucidation; macrotetrolide components; methicillin-
resistant Staphylococcus aureus
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Tz, MEREZ, FRNARKHELE R ES
T =5 A 0 AH ) AR R0 B4 36 P A, 2 O e PR e
P25 0 T R AR 0 B A e v [ 5 44
SR I ) B R AR 2 —, SR ARk B
i 1t 58 s PR 7 P AT SRR, 8ol Ly A
VR H Eak i, B K4, L, W58 e e ik
PN A T LA T A R S A i A e e S
00 0k, A B — kR @I i e i B P A b R T
(Streptomyces puniceus S009)[JHFHHE X} Z g it
Y HA B M. Rt ARBFSE U I
WA= WA T R G5, B NI REDL B
245 S A ORI 80 I AR B IR B IR 2 A B
1 3. AFSHHK

LC-10Avp = R AH 3% A (H A B )
MALDI-TOF HL M55 - PU 2 AT~ ® AT B] AR I T 154
F1 Advance I-400M R4 IE4RIL (Bruker A H]);
Sephadex LH-20 Bt (3 [E GE A H]); RP-18 JAH
RERE (P2 Merck); HEENTHRERE . mRURER )2
M GFasa(F B IFFEAL T 7); N-1100-WD JeRs 78 &
{X(H 7 EYELA); DLSB-S120 i IG5
GBI IR THAARAF); GM-0.33 11 FR i E s
ORI LI i A IRAF]); ZF-C B4t
AT AL (T ARG AR A BR A H); BSA124S
BT R FEZFIERH A R A R ; MIM-168
T WIS (TR AR )3 GNP-9050 fH 4%
FAAKE AR o

HE . U . AT R 2R R (AT At
#2050 20211202, 20190115, 20190501 Al
20201010, KN & FAEAMLTHIRAF); LG
T B (g, #5405 103183 F1 110301,
Fisher Scientific 23 F]),

SI I AR PR A= 5% 5 TR 2 Fig R 2 R A A
fill B2 27 Be sk Rt DR £ 41, 385 16S rRNA )7
IINTHEE, Y5E N Streptomyces puniceus S009, 13
PR O R A . G A HE K W FE R (. coli
ATCC25922) . 4 ¥ 4 # % Bk | (S.
ATCC25923)., [I{OHIEERIF (S, albus 1029), AfH
SEAUFT R (B, subtilis ATCC6633). Hik¥5 /KA1 i
(Mycobacterium smegmatis 1037) . Z€ I Bk &
(E.faecalis ATCC29212) , fili REEEK R (Streptococcus
pneumonia BNCC338425); G 3% BUGZEV TR
B (S. typhimurium ¥8956) . i &% {5 i W (P
aeruginosa PAO1) . fiti % 5o 5 {1 & (K. pneumonia

aureus

-2574 - Chin J Mod Appl Pharm, 2022 October, Vol.39 No.20

ATCC13883) . fifl & ‘&~ 3l ¥ & (4. baumanii
ATCC19606) . ii/& I Ifil (5 (Haemophilus influenza
ATCC10211); E# N F 4 &K (Candida albicans
ATCC10231); 9 #k MRSA Ifi PR 4> B k4325 1 ity o
HE— NREERBAFHEH , 4’5 R 1505, 1450,
1591, 1957, 2024, 1-20, 1-67, 28299, 28300; 5
R BRI A i 2 1 €00 A R R I DR 4 B Ak (05 R
BRI R A5 — MR B Be S BRBHE ), g5 234,
63#, 1725#, 1730#, 17324,

ez Wi g2 F(ISP3 JE 3R 0k) . M3 J (B8 by
1R)20.0 g, /K EBEZ) 20 min J5 i B8 E K,
I TR WE 1 mL, 20 g Biflg, SiKERR
1000 mL, pH & 7.2~7.4; Wik LB B4t B
AR 10 g; BERFEIUY) 5 g; NaCl 10 g; 7%
17K 1000 mL; pH I8 7.2~7.6. W& SAB 557
B WKV ICHEFRHE 50 g, Z8087K 1 000 mL; pH
FE 5.60
2 Hk
2.1 BRI ER IR & A

S009 bk Ze e 4 Bl 15 72 3 AR & 8% 20 L,
BT 28 CHiFAaFIE IR 11 do B REIASEFREY)
et 3 R, RPORCH R L FE-H BE- £ 1R
(80 : 15 :5), AIF 3 WIRIRML, 7 40 °C T I JiE
RET, BREHEY . RIS R E-
KU s DR, LR LR AH S i k-
(12 DFERUMH, HHERIR11.2 g).
2.2 IEMERT T S Alidh

H AR B 28 IE AR RE RS AE 28T, DA 5 -
FEERGE(100 = 1~2 ¢ 1) HUEMERGHA TR BE VR , 2
PRl sy, il EEriiE FRdE @ R150(8.04 g).
AR R 3 2 RWHEERE Sephadex LH-20[160 g,
TR 2), B S mLIEENE, R
FHRE RS2 Z T BRI, — & Be- T BE(LS < 1)
YERRIFH, 2ot Rk sl a, S35
KOG ERR Y, R4 Fr2(4.09 g). Fr2 £
o R SABEE 2T (RP-18, 40 ), MK & HIEE 0%,
30%, 50%, 70%, 90%, 100%FYH EE-/K iAW HEA T
BEREPEE, 4580 VEE 400 mL, UEE 90% H EE-7K
VeI Fr2D(2.5 g), M 630 mg x4 srift—0
22 HPLC(Inertsustain-Cyg, 5 pm, 10 mmx250 mm,
UV 193 nm)73 5, CME-7K(95 : ST, WesEiR
WA 11.5, 12.7, 15.5, 19 min A5 51455
&Y 1(102mg) . L&Y 2(144mg) . LEY)
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3(93 mg) {54 4(10 mg).
2.3 ZE%E

BUE R4 b EY 1~4, 20EMT 0.5 mL
TAREEI(EE Y 2 FRRETT kG 1, 3, 4)
o, BT EEE T, TR IR ek
'H-NMR, *C-NMR . 'H-'H COSY . HMQC . HMBC
1 NOESY %% E {5 B .
2.4 PUETE D E

K FH 2 A5 R B 2 Fe A 1 ¥ B (minimum
inhibitory concentration, MIC), ¥ 12 #3# fi 7
YA 9 Bk MRSA 3 I & 70l P i LB Kr
FeHEh, 37 CCHHIRIEFE; K id oSk 5
TR TRURRE WA T 24 11 €00 2 B TR 0 Sl B2 b IR SAB K
Fidk, 28 CHHEIEIEFE; 12~24 h J5 4> 3MdiFH LB Fi
SAB i 1A Br 37 M P R Wk R R R A0 B
0.5x10° CFU-mL~!, EF 1.0x10* CFU-mL~' %& .
BUE AW 1~4 K BHPEXT 25O 8 R . Atk
#HE B, KRER. ATHHERMRIER), H
DMSO AR BC 8 25.6 mg-mL~" AHER S AW
B 198 uL 9% JE B I A 96 FLARCER 1 L, A
2 L FRINZGH (M), RA), (EHAUkE N
256 pg'mL™", 2~12 fLAIA 100 pL R, BUGH 1
FLIR G 100 pL S 2 FL, TRA1E WA 2 FLEK
100 uL IASE 3 FL, DIdb2RdfE, EHRE 12 FLEL
100 uL E5F, FELL 100 pl 5 5 B R AE R 4 T
W, REASCERHE 3 IRER . Wk, L8240
WK 256, 128, 64, 32, 16, 8, 4, 2, 1,
0.5, 0.25, 0.125 pg-mL™'. # 96 FLAE T1H iR 5
FEFAHRREFE 12~24 h, WIE)FE 2T A AL ¢,
R AR 12 he AIZALREEEMCRE, AT
WL ZAY TChUR I TE ;. 2 S EIRAS, UamIxt
I FE 0 25 ) LR B G 1 o BE SRR a3 Bkt
IoF PR F IR 265 25 3% P B Rz 2590 MIC
3 HERESW
3.1 S5

&Y 1 A ass T, 5 T A58 . DMSO
SHHEF . ESI-MS: m/z 775403 0 [M+K]", 4%
TN CaHesO120 PC-NMR BRibEH 1 4 10 4
WfE5, 454 "H-NMR F1 HSQC X Hit 17 E,
TiE oc 174.0 KW AEEEREE, 5c 79.8, 76.1 il 68.8
AR EBUR IR F L, oc 45.0 AL 3L, oc
42.1, 31.2 1 27.9 ARG MIEFIE, oc 20.3 1 12.6
AbH R 3L it COSY MG E S ] 15 5]
C2-Me—Cs-Me 1Y 9 fiJv B, i#f—25f#H HMBC AH
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KAG'T, K on 4.02 KWl T 57 5c 76.1 FEAEH
KE, BE TG 1 S5 TP AFTEKIR 3R 5 0n 1.08
() HMBC {5 5471 dc 45.0 SEEHEL oc 174.0 #HiE
Z A5 5-C1oH1603 A5 HIT . 45 SR L B
Tk g, RUPZCEYTREE 10 fEFITHI DR
IRE5H . L85 A G W TS A 0 5 5
DL K 3ok 5 A O ek Ox T L, A 1 A
nonactin,

& 2 AT EMRY), SN . 5.
DMSO A HLAR, ESI-MS: m/z 773.446 6 [M+
Na]®, 773K CaHeeO12o MITERHEKE, 1k
EY2H 12T 11-CHo (b A Y 3 19 NMR %5
G 1AL, XBIFE TG 2 76 on 1.20 £bD
T 1AW, TAE on 0.88 b T 1 AMHIIE, 7E on
1.65 /b2 T 1 MIHEL, HEW C-8/8'/8" /8" i Y H:
BRI ILAZ G T 25, X — I 5 g 2
—B, A EY 2 M HEERGER, DL GER
EjHHOESCIRINT e, S8tk & % 2 24 monactin,

& 3 ARy, ST Wk,
DMSO %A HLiAEH] . ESI-MS: m/z 787.459 0 [M+
Na]®, 773K CaoHesOr2o MITERHEKE , 1k
EY 3127 240-CHo (bA&Y 3 1) NMR %5
WEY 1AL, XAIFETAY 3 78 ou 1.22 Ab/0
T 2ANHIE, TAE on 0.88 b T 2 ANHIIE, 7E o
1.60 ZbZ 1 2 ASWEHI L, HED C-8/8'/8"/8"fifi 2
AR, ISR T 23, X —HE 5 s
GER R, A 3 T dERREEIE, DI
i 3 5 A SCHRBIN EL, 2tk A& 3 04 dinactin.

&Y 4 ARy, ST W,
DMSO %A LA, ESI-MS: m/z 801.474 1 [M+
Na]®, 733K CasH00120 MIIERHE K, 1k
AW A3 LT 1 41-CHo (bA Y 3 1) NMR %5
G 3 AEH AL, XBIHE TAY) 4 B "H-NMR
fE ou 123 407 1 AL, MITE 61089 b2 T
1A, 786w 1.61 b2 T 1 AR,
C-8'/8" (i [ HEAN B BEAE B T 2 3, 3 —HE]
SR — GEEY 4 N 4ERRGE A,
PR 3 AR S SRk IO e, Ktk A 4 R
trinactin,

A9 1. "H-NMR(400 MHz, CDCl3) § 4.99~
491(m, 4H, H-8/8'/8"/8"), 4.02(q, J=7.1 Hz, 4H,
H-3/3/3"/3"), 3.96~3.80(m, 4H, H-6/6'/6"/6"), 2.52
(p, J=7.1 Hz, 4H, H-2/2'/2"/2"), 2.01~1.93(m, 4H,
Hp-5/5'/5"/5"), 1.92~1.87(m, 4H, Hg-4/4'/4"/4"),
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1.80~1.63(m, 8H, H-7/7"/7"/7"), 1.63~1.55(m, 4H,
H,-4/4'/4"/4"™), 1.51~1.44(m, 4H, H,-5/5'5"/5"),
1.22(d, J=6.3 Hz, 12H, 8/8'/8"/8"-Me), 1.08(d,
J=1.0 Hz, 12H, 2/2'/2"/2"-Me). *C-NMR(100 MHz,
CDCl3) 6174.0 (C-1/1"/1"/1"y, 79.8(C-3/3"/3"/3"),
76.1(C-6/6'/6"/6"), 68.8(C-8/8'/8"/8"), 45.0(C-2/2'/2"12"),
42.1(C-7/777"17"), 31.2(C-5/5'/5"/5"),, 27.9(C-4/4'/4"/4") ,
20.3(8/8/8"/8"-Me), 12.6(2/2'/2"/2"- Me).

&% 2. 'H-NMR(400 MHz, CDs;COCD;)
54.98~4.87(m, 4H, H-8/8'/8"/-8"), 4.01~3.94(m,
4H, H-3/3'/3"/3"), 3.90~3.80(m, 4H, H-6/6'/6"/6"),
2.52~2.43(m, 4H, H-2/2'/2"/2"), 2.03~1.97(m, 4H,
Hp-5/5'/5"/5"), 1.95~1.88(m, 4H, Hp-4/4'/4"/4"),
1.81~1.68(m, 8H, H-7/7'/7"/7"), 1.65~1.57(m, 6H,
H,-4/4'/4"/4" , 8-CH,), 1.53~1.43(m, 4H, H,-5/5/5"/5"),
1.21(d, J=6.3 Hz, 9H, 8'/8"/8"-Me), 1.07(d, J=7.0 Hz,
3H, 2-Me), 1.05(d, J=7.0 Hz, 9H, 2'/2"/2"-Me),
0.88(¢, J=7.4 Hz, 3H, 8-Me), *C-NMR(100 MHz,
CDCl3) 6173.6(C-1), 173.4(C-1"/1"/1"), 80.2(C-3),
80.1(C-3'/3"/3"),76.0(C-6),75.9(C-6'/6"/6"),72.7(C-8),
68.5(C-8/8"/8"), 45.1(C-2), 45.0(C-2'/2"/2"), 42.3
(C-7'17"/7"), 40.0(C-7), 31.3(C-5), 31.2(C-5'/5"/5"),
27.9(C-4), 27.7(C-4'/4"/14"), 27.3(8-CHa), 20.0(8'/8"/8"-
Me), 12.5(2-Me), 12.2(2'/2"/2"-Me), 8.8(8-Me)-

1454 3. "H-NMR(400 MHz, CDCl;) § 4.97~
4.92(m, 2H, H-8'/8"), 64.91~4.86(m, 2H, H-8/8"),
4.04(q, J=7.2 Hz, 4H, H-3/3'/3"/3"), 3.87~3.79(m,
4H, H-6/6'/6"/6"), 2.55~2.47(m, 4H, H-2/2'/2"/2"),
2.02~1.94(m, 4H, H-5/5'/5"/5"), 1.93~1.86(m,
4H, Hg-4/4'/4"/4™), 1.80~1.68(m, 8H, H-7/7"/7"/7"),
1.64~1.54(m , 8H, H,-4/4'/4"/4" , 8/8"-CH,) ,
1.53~1.43(m, 4H, H,-5/5'/5"/5"), 1.21(d, J=6.3 Hz,
6H, 8/8"-Me), 1.07(d, J=7.0 Hz, 6H, 2/2"-Me),
1.05(d, J=7.0 Hz, 6H, 2'/2"-Me), 0.88(¢, J=7.4 Hz,
6H, 8/8"-Me), *C-NMR(100 MHz, CDCl3) 6 169.6
(C-1/1"), 169.4(C-1'/1"), 79.7(C-3/3"), 79.5(C-3'/3"),
76.3(C-6/6"),76.1(C-6'/6"),73.3(C-8/8"),69.3(C-8"/8"),
46.6(C-2/2"),46.4(C-2'12"),43.8(C-7"/7"),41.5(C-7/7"),
33.5(C-5'/5"), 33.4(C-5/5"), 30.3(C-4/4"), 30.2(C-
4'/4™), 29.6(8/8"-CHa), 23.0(8'/8"-Me), 16.0(2'/2"-
Me), 15.5(2/2"-Me), 12.4(8/8"-Me).,

&% 4. "H-NMR(400 MHz, CDCl3) 6 5.00~
4.82(m, 4H, H-8/8'/8"/8"), 4.10~3.95(m, 4H,
H-3/3'/3"/3"), 3.89~3.77(m, 4H, H-6/6'/6"/6"),
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2.58~2.48(m, 8H, H-2/2'/2"/2"), 2.03~1.95(m, 4H,
Hg-5/5'/5"/5"), 1.95~1.87(m, 4H, H,-4/4'/4"/4"),
1.81~1.70(m, 8H, H-7/7'/7"/7"), 1.69~1.53(m, 10H,
Hg-4/4'/4"/4", 8/8'/8"-CHz), 1.52~1.43(m, 4H,
H.-5/5'/5"/5"), 1.23(d, J=6.2 Hz, 3H, 8"-Me),
1.10~1.06(m, 12H,2/2'/2"/2"-Me), 0.89(¢,J=7.3 Hz,
9H, 8/8"/8"-Me). 3C-NMR(100 MHz, CDCl;) 5174.3
(C-1/1'/1"), 174.0(C-1"), 79.8(C-3), 79.7(C-3"),
79.6(C-3"), 79.4(C-3"), 76.2(C-6/6'/6"), 76.1(C-6"),
73.1(C-8/8'/8"), 68.9(C-8"), 45.0(C-2), 44.9(C-
272", 447(C-2"), 42.1(C-T"), 39.8(C-7/7/7"),
31.4(C-5), 31.3(C-5/5"), 31.2(C-5"), 28.0(C-4",
27.9(C-4/4/4") | 27.2(8/8'-CHz), 27.1(8"-CH) ,
20.2(8"-Me), 12.9(2-Me), 12.7(2/2"-Me), 12.5(2"-Me),
9.1(8/8"/8"-Me).

Zi b, it ESI-MS HI NMR %5 &5 b A1 SC
BREEXS, MR S009 &b T e it 4E 1 4
NI ENBEZEMLE Y, 4504 nonactin(1),
monactin(2), dinactin(3)#1 trinactin(4), HAk2#%k
UL 1,

Nonactin (1): R4=R,=R3=R4=CHj3;

Monactin (2) R1=CH2CH3, R2=R3=R4=CH3
Dinactin (3) R1=R3=CH20H3, R2=R4=CH3
Trinactin (4): Ry=Ry=R3=CH,CHa, R;=CH;

1 a1~ B &
Fig.1 Chemical structures of compound 1-4
3.2 YIS PEDAGS

MAEY) N 5B T Streptomyces sp. S009 & I
W a2 4 MEEY, i e T T
IRER DL 1, M 24 I il A PRSI 3R 2,
4 itig

AW FE B YN S e i N R B R R
Streptomyces puniceus S009 H1 73 Z 15 2] 4 4~ KIF MY
HMNBEAEY), IR MS Al NMR 4% H R
YET 4 MEEWaEEER, 43518 nonactin
(1). monactin(2), dinactin(3)F1 trinactin(4), SCH#k
EZRA Y HA TN . PLEE . UM .
A% HUFN SRR 0) A i 10 LT BRI ML %
FUEYRAENE T HIK, Wi 4 DIRmEREL
AFHE TG0 Nat, K. NH 45 & 37U,
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®1 W14 L ER R WS

Tab. 1 Activities of compound 1-4 on common pathogenic

bacteria pug-mL™!
- [ N S
AW 2 WEB WE WHE WK

Kkt >128 16 1025 - 32 32 16

w

SO >128 32 2 025 - - 16 8
FEAAERE  >128 64 1 16 - 4 16 05
MR >128 >128 >128 >128 — 128 32 16
HER PR >128 1 64 64 - - 128 05
B2 >128 64 4 05 - 32 128 >128
Jili RAEBR T >128 025 025 05 - 64 32 64
FUHFEDITIGE >128 32 1 025 - 8 <0125 4
AR >128 >128 >128 >128 — 128 >128  —
MRFETEFE  >128 64 32 1 - 128 128 64
S ARSTE  >128 64 64 025 — 64 >128 >128
TR M P >128 >128 025 025 64 64 128

PR T >128 >128 16 16 16 - - -
e “OFIRRIATEL

Note: “—” indicated that no experiment was performed.

w2 WA 14 LT E A E M
Tab. 2 Activities of compound 1-4 on drug resistant bacteria
pg-mL™!

LS 1 2 3 4 TNER WEEEB
1505 32 0.5 <0.125 0.5 4 -
1450 32 1 <0.125  0.25 1 -
1591 >128 1 0.125 0.5 4 i
1957 >128 1 <0.125 1 4 -
2024 >128 1 0.125 0.5 2 =
1-20 128 1 0.125 1 4 1
1-67 >128 1 0.125 0.5 4 -
28299 64 2 0.25 1 4 -
28300 16 1 <0.125 0.5 1 -
23# >128 >128 >128 >128 >128 8
63# >128 >128 >128 32 >128 4
1725# >128 >128 >128 >128 >128 8
17304 >128 >128 >128 >128 >128 4
1732# >128 >128 128 >128 >128 2

e o7 FRARRIATIEL
Note: “—” indicated that no experiment was performed.

TEMIERE I, ABFRX 4 AMEEWRPTE
WEHET T R %55, SR BRbEY 3 fl 4 A
BIIEMPIENYE, X G GRIHEASEREY
TN BB PR TG, LI P ERE R A BH 1 24 R R
HBE. ATHEREMRINE R ER, XL
RE DGR —2 . AR5 E Rk R E
C-8/8'/8"/8" i L EEWARAEWIE i, L&) 1~4
(AT P I PRI BTG5, PR ISR K. X
i SEURRE A 1 (8 R T, BR TR B 4 X 4T 63#
TR AR B EE I RITEHE(MIC: 32 pg-mL)3t,
HAp b W RRI N B E M. 735, MRSA
TS R B, (hEY 2~4 BRI
MRSA {4, HXFFrila ) MRSA FEER MIC )

PR FHZ55% 2022 48 10 55 39 57 20 )

INTEEE TR T EER(1~4 pgmL™), JLH
DAEEY 3 Witk R, FR T X MRSA 28299
) MIC 2K 0.25 pg-mL-", XF HAfMR A MRSA B
PRI MIC #]<0.125 pg-mL~', Ht, L&Y 2-4
BATIF R 3T MRSA H25 011,

g5 b, ARRFgT I R G AR S e B P A TR
S009 T TE ALY , BT AL &Y RKIF U N
PR BAr PP G PR 5 L C-8/8'/8"/8" i & HEHUAR,
MECEVIADG; RINEGY) 2~4 BAR T RR
BT MRSA I 14 o iX S 45 FEA AT 5T MRSA
B IR A RALS Y, [FIRHE SOR AU 2
WG S P e AR S A E A
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