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fiiSephadex LH-20+ il 4 HPLC 7243 BS A0 1% B PR I R TR B2 4, 38 ESI-MS . NMREE i 1% 24 7 8 915 SClkoxs B 1k
EIEER,  RAEEREY BOE R BRI 2 AE AL S W 50 5 1 B PN A0 B 0 LI S (I 41 B8 9<% (minimal inhibitory concentration,
MIC), F|FHLC-MSEHIA 8 HEAIR R 3 b S AR e Ve se i . 4585 MStreptomyces sp. 90+ 7 B33 El6 MU A4,
T8 3 o U AL LRSS R T ARSI, 2 E A G P collismycin A(1). collismycin B(2). pyrisulfoxin A(3)-
SF2738C(4). SF2738D(5)MISF2738F(6); Ak AH1ont 2 iz 71 4 BR i 2 B A2 W 8 (04 6, MICHEAES~16 pg/mLZ ], % HI4
AR 24 1 4 (3 A BR B (MRS A) R B — IR, MICTE32~64 ng/mL, T % 35 2% [k B 40 MR 89 o AL & e VR
RAE T XOGIBUR, xR ERRE. i AU Streptomyces sp. 90T ZEVEYI I, (HXHERA T E .
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F& 50 5 I TV IR R B B 1 Streptomyces sp. O0IR A =M RIWE I R EE .655.

Abstract Objective
Streptomyces sp. 90. Methods
of the Streptomyces sp. 90 by reversed-phase silica gel column chromatography, Sephadex LH-20, and semi-

To study the secondary metabolites produced by a Taklimakan desert-derived
The secondary metabolites were isolated and purified from the fermentation extracts

preparative HPLC. The chemical structures of these compounds were elucidated and confirmed by ESI-MS, NMR
spectral analysis, and comparison with the data of literature. The bioassay-guided isolation of secondary metabolites
and MICs of compound 1 against 37 bacterial strains were obtained by the paper disc-agar diffusion and agar dilution
method. The stability of compound 1 was studied by LC-MS. Results
the extracts of the Streptomyces sp. 90 and identified as known collismycin A(1), collismycin B(2), pyrisulfoxin
A(3), SF2738C(4), SF2738D(5), and SF2738F(6). Compound 1 showed strong inhibitory activity on Staphylococcus
epidermidis with the MICs value of 8~16 pg/mL, and displayed moderate anti-MRSA activity with the MICs value
of 32~64 ng/mL and weak activity against Gram-negative bacteria strains. The solution of compound 1 is sensitive to

A total of six compounds were isolated from

light but stable to temperature. Conclusion Compound 1 is the main bioactive substance of Streptomyces sp. 90, and

it is unstable to light.
Key words
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CRAPAE RV — D, HJLER, SR
ANWT, T AR 5 I BT B R L b PR R B A T )
AR T BARE PRI RS R A RS Y
chaxalactins A~CHI% 5% 2 KW & Pchaxamycins
A~D: MRS Hr Vb B R W b A B AR B R
BRFBREMTAEY2-amino-N-(2-amino-3-
phenylpropanoyl)-N-hydroxy-3-phenylpropanamide,
ZAL A L P B A B M B . 2R B SR
PR — 5 BB i PR AEES

B o o F b A T T 5 R A R
fly, RRERKMVNE, [FK IR A KR
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FOE AL GO Nt — R R I e h S T b
KR A I PUBE G PE T, AR SO — RS T S T
VO R YR EE 55 B Streptomyces sp. 9077 AT 2%
R =t 5, L EasleMeaY, ik
WA 5 T E A G AT T SRR, o e
Acollismycin A(1). collismycin B(2). pyrisulfoxin
A(3). SF2738C(4). SF2738D(5)FISF2738F(6)(K1),
It HoHp 2 BEE PR AL A 0 R PR T R R AR s Mk AT
52,
1 MR5E%
1.1 8. AR A

I TAF G (YT-CI-IND, bl W R RF AL 2%
AIRAF); mEZERKHE#(SQ810C, iR,
A (L) BERAT); MHER IR (ZDP-2120) 12
PR(ZHWY-211C, iR a M8 dliE A a); &
L Hl(Centrifuge 1-14. K-14. 4-16KS, f#[ESigma
A#]); PCRY 94X (Veriti 96 well Thermal Cycler, 3
[ Thermofisher); %% 2% KAU(N-1100, ZRKutEflas
Widk R &th); PR TF(YPS002, LRl 24X
BAMWAA); BT KF(BT 1248, 2 F
BEAAER (LA R A" H a2z —H TR
“F(AB265-S, Fii-t:Mettler Toledo); ¥ AH(LC-20AT)
TR -5 1 B A (LCMIS-2020, & A b 5 2 (e
ENABRA A LRI [Bruker AV 111-600 NMR
instrument, &AL REARAF]; PRidEs] &
A €615 [ Biotage Isolera One, FEZ= 5% 2 (L) AR
NE: £ EEMERMIT-P, HAK kA A ).

BB IR R I M (Ao 1 B R AR B R IR A
Al); AR (EEBDAA]); PCRIAGIAL R 24
EEARAGIRAF): Chelex-1008 5 (3£ [E Bio-Rad 2
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HE PR R E20224E7 H SR47E BT

#]); " il £ 4 Yamazen Ultra Pack Columns(26 mm X
300 mm, 5 um), HARILFZEKRASH]; P&
[Agilent ZORBAX SB-C ; column(9.4 mm X250 mm,
5 pum, ZHEREH (T ENERAA] ok [Agilent

ZORBAX SB-C , column(4.6 mmX 150 mm, 5 pm, %
IR (HEDA IR 2 A

T Al H AN LS Gl SR R AR Hxoy
Hraf kR in Ik OB LR LR AT I A5 1R 25

E1 L E1~61 41 X

Fig.1 Chemical structures of compounds 1~6

Jea AT i T AR .
12 HHKIR

BE B W Streptomyces sp. 90(Genbank No.
MT705175) 435 H ¥ 0 di 351 0 ) N B v 2k 1
RS, EARARAT TP B B S B R 2 AR E AR
AT AE I 2 =

T P AR P A 58 B ER PR G 2 T A AL R T
MR AL, VEAEE WKL BTARE W ORAF
T o [ 5 2 B} 2 Bt 12 25 A2 0B R BE 9 B L K G 245 )
7T AL T A SR
13 HFk3t

SEALEE FRIELNISP2 [E R KE F2 B (R AT HE4.0 g, T
BHE#4.0 g, ZHIRHF10.0 g, FE15.0 g, 200K
1000 mL, pH 7.2~7.4); KGRI NISP2URAR RS 77
By YRS E B 1) 55 77 2 Y Mueller-Hinton(MH)
IRk,
14 BEHRAM

URAT I B K Streptomyces sp. 90FFP T 1SP24li4k 55
FRF, 28°C FIHIRHFET~10 d, F L HAT 25 B &
HTE B AR R0 T 57 100 mL ISP A1 7% 34 /1500 mL
HET Y, 7E28°C, 180 r/minZk i NIEFE2 A A,
TERHM T, #4751 L ISP2IUA IS - 5 15 LEEIR
LA Ak 2 A W S~7 dEP T SCER, SRR R B 18 Lo
1.5 ®"RBELH

P R T 52 AR R B2 #4300 1/min 250220 minf5
W TE R R R R LB A3 IR, IR IR SR &
T, SR REPRER2.3 g BEEU T ) 5
FHEE S B, HIEE 7K FE BEB(10:90, 30:70, 50:50,
70:30, 90:10, 100:0, V/V), ZiEMHEAENFILCMS-2020
MR G, 155682 (Fr.90al~Fr.90a6); i
PEIE 73 Fr.90a3 HEAT BEIG LH-20 (8 i k4 55, H Ik
i, 32141485, FEEEEAILCMS-2020%
A A5 2035 M 5> (Fr.90a3a, Fr.90a3e~h), %%
Fr.90a3f. Fr.90a3g. Fr.90a3hilid i[5 A i 4%,
65% M I 45 FE Ve il 4, RIS R E91(3.0 mg)
A12(1.3 mg); 15 Fr.90a3eil i il %A, 65% H %
LV, WA E R AY3(1.6 mg). FA, X
53Fr.90a4, VAAH[E )53 85 771613 2465 4)4(1.8 mg),
5(1.3 mg)#16(1.4 mg).
1.6 HUH 7E A
1.6.1 7P BR B AR

S CHk[16], KRABNE-AC ¥ 80E, Dl
B R 25 B 2 A AT BFONR E B, 37 C R B S
F212~24 h, WL EINEERE, TFRIRFARSE 1)
IETEIB R .
1.6.2 HWAEYHMICHE

ZHCLSHER!™, FBUIR AR E &)
VSR TETE. BRI 2PN A AR R, (a1



F& 50 5 I TV IR R B B 1 Streptomyces sp. O0IR A =M RIWE I R EE .657.

3 TDMSO, B 5 HAE1 2250°C 72 47 IMH $5
FREBREERRE, 8 S P A B AR . 1k
BV E N0.125~128 ng/mL. A& B ¥k A MH
W EER 7724 h, REMBEEIZ110° CFU/mL,
Bl FARE100FT, 4% 106 CFU/mLIF &, 7%
o FAMIT-PZ s8R (3T Ee Pl )4 A 00 1 2
R B S U B R PAR b, 37°CHEE 18 hfa M4
F, O AR KT I i 245 4 1 e /N TR B R A B
AN IR (MIC).
1.7 tEmAREEHF L

AP H R EEMRE, (LR, 22 CHEIEMT
e, RALC-MSHEEMEAFR BT, HaJelix)
AR E R thAh, RAGAE AL S
W, BRASCHRIAMET, BTHEE8CRFHM T, R
FLC-MS MM ZEA F I RL BN, 25 8800 FEXT & 1
FOEMERISMT . st ok b ot 53% RS T bk
i, A 240 nm, K-

1.0 mL/min.

2 %R
21 HMEE
twEWL: At EEEmAR, BTEG. =

AT A HEE; ESI-MS m/z 276[M+H]"; 'H NMR
(600 MHz, CD,OD) §,: 8.02(s, H-3), 8.94(s, H-7),
4.11(s, H,-8), 2.39(s, H,-9), 8.54(d, J=7.8 Hz, H-3"),
7.92(td, J=7.2, 1.8 Hz, H-4"), 7.46(dd, J=7.2, 4.8 Hz,
H-5"), 8.65(d, J= 4.8 Hz, H-6'); *C NMR(150 MHz,
CD,OD) §.: 158.3(C-2), 104.9(C-3), 168.9(C-4),
123.5(C-5), 154.1(C-6), 148.8(C-7), 56.9(C-8), 18.3(C-
9), 156.6(C-2"), 123.4(C-3"), 138.7(C-4"), 125.8(C-5"),
150.0(C-6" . £ SCHR, %A BV £ s 5 5L
R HE i collismycin A(SF2738A)202—5, s e ik,
A1 N collismycin A(SF2738A).

twEw2: AtLEm AR, BT, & F
LR HEE, ESI-MS m/z 276]M+H]", $&RiZ&Y)
RSN E PR TH NMR(600 MHz, CDCl,)
5, 8.16(s, H-3), 8.70(s, H-7), 4.17(s, H,-8), 2.42(s,
H,-9), 8.13(d, J=7.8 Hz, H-3"), 7.89(td, J=7.2, 1.2 Hz,
H-4"), 7.40(m, H-5"), 8.72(d, J=4.2, 1.8 Hz, H-6'); 13C
NMR(150 MHz, CDCL,) 3. 156.9(C-2), 104.9(C-3),
168.2(C-4), 121.1(C-5), 140.2(C-7), 56.7(C-8), 18.4(C-
9), 121.1(C-3"), 137.5(C-4"), 124.9(C-5"), 149.4(C-6"),
C-6M1C-2", THEAE S . SdICHk, 2k &5
K YR 5 SRR IE ¥ collismycin B(SF2738B)20-211—
M}, WA Y2 Hcollismycin B(SF2738B).

a3 BELERRAR, BTEM. K
FBEFIHEE ;. ESI-MS m/z 292[M+H]"; 'H NMR(600
MHz, CDCL,) 8,: 8.11(s, H-3), 8.87(br s, H-7), 4.14(s,
H,-8), 3.07(s, H,-9), 8.50(br s, H-3"), 7.86(t, J=7.8
Hz, H-4'), 7.34(t, J=6.0 Hz, H-5"), 8.65(br s, H-6"); 13C
NMR(150 MHz, CDCL,) §: 159.8(C-2), 104.5(C-3),
165.8(C-4), 150.8(C-6), 147.6(C-7), 56.8(C-8), 39.4(C-
9), 154.4(C-2"), 122.2(C-3"), 137.4(C-4"), 125.1(C-5"),
149.2(C-6"), C-5, L BAE 5. L& R, ZLEaw
HI R s 5 SRR IE I pyrisulfoxin APP—2, #H%E
E A3 Npyrisulfoxin A

h&Ma: AELERHAR, BTEM . ZK
FEAIFREE, ESI-MS: m/z 263[M+H]"; 'H NMR(600
MHz, CDCL,) 5. 7.99(s, H-3), 4.95(s, H,-7), 4.12(s, H,-
8), 2.36(s, H,-9), 8.42(d, J=7.8 Hz, H-3"), 7.84(t, J=7.8
Hz, H-4"), 7.34(dd, J=7.8, 4.8 Hz, H-5"), 8.66(d, J=4.8
Hz, H-6'); °C NMR(150 MHz, CDCL,) 5.: 160.6(C-2),
102.9(C-3), 167.4(C-4), 117.8(C-5), 155.0(C-6), 62.7(C-
7), 56.5(C-8), 17.6(C-9), 155.5(C-2"), 121.3(C-3"),
137.2(C-4"), 124.4(C-5"), 149.3(C-6"). £ [ ik, %
1B P T R S SRR GE Y SF2738CRI— 8, ik
K ZME Y HNSF2738C.

thE&Ws: AL ERHR K, BTEM. =
AR EE; ESI-MS m/z 258[M+H]"; 'H NMR
(600 MHz, CDCl,) 8, 8.19(s, H-3), 4.14(s, H,-8),
2.54(s, H,-9), 8.47(d, J=7.8 Hz, H-3"), 7.85(td, J=7.8,
1.8 Hz, H-4"), 7.37(dd, J=7.8, 6.0 Hz, H-5"), 8.66(d,
J=4.8 Hz, H-6"); C NMR(150 MHz, CDCl,) §_:
158.6(C-2), 105.8(C-3), 167.1(C-4), 127.4(C-5),
137.4(C-6), 116.6(C-7), 56.8(C-8), 18.1(C-9), 153.9(C-
2", 121.9(C-3"), 137.4(C-4"), 125.0(C-5"), 149.2(C-6").
A ) SCHR, 1A G B U HHE S SR AR 1
SF2738DPI—3, e %A1 NSF2738D.

th&we: AMILEEHA, WTERM. =
AH BB, ESI-MS m/z 244[M+H]*; 'H NMR
(600 MHz, CDCL,) §,: 8.10(s, H-3), 9.13(s, H-7), 4.14(s,
H.-8), 8.56(d, J=7.8 Hz, H-3"), 7.88(t, J/=7.8 Hz, H-4'),
7.38(br s, H-5"), 8.72(br s, H-6'); 3C NMR(150 MHz,
CDCL,) 8. 159.0(C-2), 99.7(C-3), 160.4(C-4), 136.4(C-
5), 154.1(C-6), 156.2(C-7), 56.2(C-8), 155.5(C-2"),
121.6(C-3"), 137.1(C-4"), 124.3(C-5"), 149.0(C-6"). £
BB SCHR, R I E P B E E S SRR E 1
SF2738FRI—%, % iz &4 NSF2738F .
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22 A A TE R FAVE R RSt . S RWMEF LR, LEY

KRR HEBEY BOEMK, RIS 1 B EUMR GO R T 24 (1 3 5 4 3R B2 R I

HABEOVM S ME e, i, RARBERE WU EKMmeERN, MICHAES~16 ng/mLZ

N GEA SR 3TERE WM 5 22 B E A =2 Ja) R O SR PG BRI 24 A < B E A BR R S
£33 WA= X7/} GOEINTRER AR S

Tab.1 Antibacterial activities of compound 1

Name 4 b 2 MICheL)
1 Lev*
Staphylococcus epidermidis R EER ATCC 12228 MSSE 8 0.12
16-4° MSSE 16 0.12
16-5° MRSE 8 8
Staphylococcus aureus G O SRR A ATCC 29213 MSSA 128 0.12
ATCC 33591 MRSA 64 0.12
15° MSSA 128 0.12
16-1° MSSA 128 0.12
16-30" MRSA 32 8
Enterococcus faecalis 7 ATCC 29212 VSE >128 1
ATCC 51299 VRE >128 0.5
ATCC 51575 VRE >128 2
16-6° VSE >128 2
Enterococcus faecium PR A7 ER ATCC 700221 VRE 128 64
16-5" VSE >128 64
12-1° VRE >128 32
Escherichia coli PN ATCC 25922 ESBLs(-) 128 <0.03
ATCC 35218 ESBLs(+) 128 <0.03
ATCC 2469 NDM-1(+) 128 4
16-1° ESBLs(+) >128 0.5
16-7° ESBLs(-) 128 0.5
Klebsiella pneumoniae Jiti 98 7 7 A B ATCC 700603 ESBLs(+) >128 0.5
ATCC BAA-2146" NDM-1(+) 128 >128
16-2° ESBLs(-) 128 0.06
16-14 ESBLs(+) >128 0.5
Pseudomonas aeruginosa IR (Lol ATCC 27853 128 1
PAO1 64 4
16-11° 64 1
Acinetobacter baumannii il S A BT R ATCC 19606 64 0.25
Enterobacter cloacae B AT ATCC 43560 >128 <0.03
Enterobacter aerogenes P AT ATCC 13048 >128 0.06
Serratia marcescens B E T ATCC 21074 >128 0.12
Citrobacter freundii IR IRAT R IR T ATCC 43864 128 0.06
Providentia retigeri T AR ATCC 31052 32 <0.03
Proteus vulgaris W AR T 1 ATCC 29905 32 <0.03
Proteus mirabilis A A ATEAT 1A ATCC 49565 128 0.06
Stenotrophomonas maltophilia WG LA AT ATCC 13636 64 1
Shigella flexneri HE IRE B ATCC 12022 32 <0.03

“ IEKERE, *: MSSE, HUEPUARBBURR A & ERE: MRSE: i H A PG MRER BT &I BR T : MSSA: HY SR DU MR ABURR 6 3 ] ) BR 1A
MRSA: fiif A VG 3 R & ERE ;. VSE: i B R BURMIGERE : VRE: Il &8R4 %EKE: ESBLs: # &B-ABLIZHE; NDM-1:
PR G R B EE:  PYEZS. LSRR
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PERILH — & ME/EH, MICTE32~64 pg/mL; ’
Bebh, AP LB R I —E HIE 5 0 Oh
FI. B BRI 2 0060 8 R M OMICEA 8 | ]
64 ng/mL, XS O EIMICH J64-128 ng/mLo 5 ) ]
23 bR R £ 100 ] L
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Fig.3 The effect of temperature(28°C) on the stability of
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B2 JEHELE AR E Y R
Fig. 2 The effect of light on the stability of compound 1

AN B S P 3TV R YRS 57 B Streptomyces
sp. 90T IR AR =W dkAT T 9L, o EE a6
WEY, WEMI~63E TEILERNAEY), BTk
EN3E1999 I RIE SN, HRWEVIITE1993F il
ey, AR B Al AT B s, T2
N VE S P E G, 4~6B A DU, X
MRS 45 WA &5 A, EwIRZE R
W BT R R, O HIE R A AR E R
100 mg/kgltf, FHEA Sonth @tEdsrE. 30k,
WEW3RE T HBEAUMIEER, A PR
TETEAHSCHRE R SRR R RN, X SRR IE 1L &
VIR ER /R FHMLARAE i AR 40

1B P12 52 C=NXUEE IS S M 48, 43 A &
TTIPT RIS M RS &R, A WTE SR T &
2, Uk BA fi 2 RIS S A o VG P R K . AR PR

compound 1

T, ARSI KAM T 2B Wi &2,
X5 2 [ SCHRARE 1B e R A A I AE IR R
KR R —ENe, TR PR AT R A 5 U B e S
IS R, TS S INIR T RS T N A
BeAh, A IRIEFRA A Y18 AT DL 5 H 28 KA -4
B R BER AR 4 G i R FEPLRAE RO X BHE
YR IE 7 B A A A SN f1 7 F T BRI 2 LR A
A, FFCHE T AR B gt g RS ) B AR
VA IR P, (E LA 0 ) A R AR R PR3,
Wi A AW B AR R B s R g

AT FE A 2 K R B 3 b U 24 R R
AR SR —, REMEYIPTE MR
s Ve SRR S, E O B T A 2 T 24 1 i A
AT B FIMICIE 64 pg/mL A IXIRE . dniit—5
TER B, ARSI SR, K15
H A T SR P T B 0 S 2 1R 62 AN E AT A
Yo BT AR VR A B o R T b R TR A AR )
R T ZHKRBE KB ERRZVHPUER, MH
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