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Antibacterial and Antifungal Secondary Metabolites Produced by Endophytic
Actinomycete Streptomyces sp. PRh5-from Dongxiang Wild Rice
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Abstract: An endophytic actinobacterial Streptomyces 'sps, PRh5 isolated from Dongxiang wild rice ( Oryza rufipogon )
showed markedly antibacterial and antifungal bioactivities. Guided by antibacterial assay, the bioactive components in
fermentation broth of the strain PRh5 were separated by various chromatographic methods including silica gel column and
Sephadex LH-20. Four monomer-compounds were purified and identified as dibutyl phthalate (1) ,nigericin (2),13-do-
cosenamide (3) ,nocardamin/(4) respectively on the basis of 'H NMR."”C NMR and MS analyses. It was concluded
that strain PRh5 could be potentially developed as a new antimicrobial agent.
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FEAL WAL 2 4R, ARSI 2 i X R T
PUE 7R £ B AR R R ORAP I AR & B 2R R S gk AT
PN AR T I R =0 i, I P 3RS —HR A
SR AT TR PE Y TR R PROS  ASIF 58 032 T B 410 T T
PEFEAT T 307 , X6 AW BRI PR A 7 1 i AT 00 1 8
TE , B TE BT B A WA 25 OB K B 5 B Al
1 #MRE57FE
1.1 #YEREETE

ARSI i A N 2B 2 PRBS 70 25 HTLPE 4
KRG IXHK FREAR S BAERT RO R XN AR £ B4
et i R A R, O T b ] R R ) LR b O
(CCTCC M2013487) . S5 feff T Ay s Jot 240 T .45 K
[ FF T ( Escherichia Coli) | 4x 85 {2 %5 7 BK 7 ( Staphy-
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Table 1

lococcus aureus) 7K A8 20 B P 45 5975 1 ( Xanthomonas
oryzae pv. oryzicola ) . W& /K 5, B MU T ( Aeromonas hy-
drophila) R4 5L ZE 0T B ( Bacillus subtilis) 75 = 45
PEHUFTHE ( B. thuringiensis) FHE 2 )\ B 3K ( Sarcina
luteus ) 5 53 Ji EL TR B 45 W 3% TR A% 9 T ( Sclerotinia
scleotiorum) 2 FRAL 25 T ( sesame Fusarium wilt) /)N
% B ( Fusarium graminearum ) | SRAEUE 5 ( Phy-
tophthora capsici) . K K& S Al 9% B (Rhizoctonia sola-
ni) SRV AR 7 B A P 22 I K
1.2 BFRERFELF

SCH T IR AL LA L, PCR IR W b i A
TAYW TS AR A, GF254 {2 Z ik
BRI B S AT A TR A

BHRE

Culture medium

AFR B &

Name and use

[
Prescription( g/L)

F k1 SRR

AT PESE By 20, NaCl'0. 5 KNO, 1.0 K, HPO, - 3H,0 0.5 ,MgSO, - 7H,0 0.5 FeSO, -

(PRhS5 4lifh K &R AF) 7H,0 0.01, Eg15 ~25 pH 7.4 ~7.6;
RIERG SR A KA 44.0 JER 34,85 TR 10.0,K,HPO, 0.5, KNO, 1.0,NaCl 0. 5g,CaCO, 6.0g,pH 8.
(PRhS 1) & FEIESR) 0

T4 S A A ] (A B 7R 5 (PDA) . ) N ‘

R L 72 ) g4 25 2001 %420 BeliE 15 ~20 B 4K pH
AR R (NM) [ A 57 L. L

P BN 5 ) H4EF 3.0 . FIi 10.0 NaCl 5.0 35008 15 ~25 g .pH 7.4 ~7.6,

1.3 EZBHENH&E P LGRS W 22 A K IHET . B

KM 500 mL FEHR A TR I5 R 120 mLL, 43
FhE 10% ,FEIRFE 3 140 rpm|,28 Clefs 15 3% 10 K
Jo ¥ & B 35 358,000 tpm Zils 20 min, £ JCH TFL
PEHE (0. 22 pm ) UELSIAAG IH R, & T 4 CE&H.
1.4 E# PROS R EE R AL EE

RPERE SR 0 R TR T 80, B0l
8000 xpm 115, = )220 A i vk, WA K A
e A SRR K ARANIE T B A =,
45 Cy ez BB E .

1.5 RMAEMLZE PRhS MEFEEANE

T 2 BT 1 SR ) AR R TR R Y
T KRS 45 Ciliht NA R 70 /MR A0, il
TRBEFAR, LU + 7 S X FRAT AL A B b 2 JEAE B
150 WL JCPE R BERE AR AR, DU IR 25 g/
ml (8 G5 3 PR T B 4 AR ) T T e e 3 5 i
PR IE,37 C 1557 24 hJE , WUEETI0 H TR FE
HEE,

VB ST U8 R IRV, I R B 1 Y PDA 5 55 3k v | B
20 mL & ARG 7 BB K R B SR LA i BT
B, K AT AL AR A A F (D =5 mm) # 1
Mg, DUIN 4 5 J0 TR /K 35 52 5L 1Y PDA P-4l Ry Xf
HH;28 CHEFR3 ~7 K, ME AW EEAEKER, R
I T AR R 2 A KA 5
BEAKAZR(mm) =N FAR-FERAZ
Rk K & =
HBAEZLKAR-AEAXZLKAR
TRE % AR AEZ
1.6 PRhS =14y 5 R &R
SR TLC-AEW A 52 38 B 0 A 06 M 40 K
Ak BT LR LR KA IE T A B ST
TLC Az L, sk 8 H G PR A B ZE TLC Lk A 738
ZENr (IR e 5 HEE=9:1), HAAWR T, &
AN, TETCTR 2514 T MR 251 il 25 4 1 4 3
00 2 BR R TR S S 2 2 AT S R R Al Lo

x 100%
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BERARE TR R F 4 CRrkFE s 1 h, 2R 5
FHE T 37 CNRBHESR,24 h 5 U RERC R, 7
AR B EE R W (MTT) , 29 10 min J5,
RUAT AL S IR 25 0 . P IE AR KAk, 28 MTT B8
S, MEHEE & AR AN PR A3, B AR
B3 A EE,

VEPE TG MR B At 2 S5 JE A U, 48
I Ve A R A B A Tk AE U IR A (2.3 g) Al
FUTAEBYRE B(1.9 g) . BE A BITERTH
FURE AL JE AT (A1 T k- £ 2 £, 50: 50 ~0:100) ,
e I BRI P B el . 5 T AR R 5015
6 NGy (Fr. 1 ~Fr.6), 04 Fr.2 RAMSKHEE
Br, AR £ 2 TR (90 10 ) 14 22 B0 B2 e i,
346G 1(40 mg) FIfLE4 2(300 mg) ;=E B 4
Tk A A A6 B2 Y WO (A S ik - 2L R T , 102 90 ~0:100)
FH st e JE ek e A L R o, 459 17 A (Fr. 1
~Fr.17) o Fr. 13 #2045 R AR BT JZ 0 (A

fik- 2,12 .18 ,30: 70 ~0: 100) , 5 H-HH R 415315 El 4k
H913(6 mg), Fr.16 fyik—4 43 % K1 Sephadex
LH-20 #2877k, A5k 59 4(76 mg) . FHJFE
G 72 AR AL & W 1 43 F £, Bruker AVANCE-400
MHz R RESEIRAC & PE T H NMR F1 C NMR
TV T AT , 45 A B X T A 40 S R A T 45 A HE KT

2 #ERESH

2.1 WAERMZE PRhS BHDEE SN E

SR FHAS) BSE 32 G2 D0 T ik PROS e 19 410 400 T 1%
P, G5 SRR W TR PRhS & R on 55 == [ BH s Jit
A EL A ] S A BT R R R AR R T 10
mm |, X 22 PG 2 R 0 T A e (R
2) 5 R IR 224 AN BITER I Bk PROS & RN S
ook A PR o 358 A | 5 SR S s s R TR 2
FATE R T (25 3) , e rhoxd i i v A e
( Sclerotinia scleotiorum ) )R 51k 86%

2 H#k PRhS 3R E = RIS A

Table 2 Antimicrobial activity result of PRh5 against pathogenic bacteria

I S T

Tested pathogenic bacteria

M Bt

Inhibitory diameters

W22 [CPHPE R Gram-positive bacteria

S WA HERE Staphylococcus aureus TR
Wi B SRR Bacillus sublilis e
B MIFT I B thuringiensis o+
WERE )\ B BRI Sarcina luteus T+ o+
22 G Gram-negative bacteria

IKFEYHTE P 4 BEI% 18 Xanthomonas oryzae pv. Oryzicola ¥
J W KT Escherichia coli .

W& K S BB Aeromonas hydrophila

FAE B EZ -0 mm; +,10-15mm; + ,20-25 mm; + +, >25 mm,

Note ; Inhibition diameters’; - ,0 mm; + ,10 ~15 mm; + +,20 ~25 mm; + +, >25 mm.

&3 HEF PRhS XBERNEYREERNINEFNE

Table 3~ Antimicrobial activity from PRhS fermentation liquor against plant pathogenic fungi

G S5 LT

Tested pathogenic fungus

EUITES

Inhibitory rates

IKFRESURR I Rhizoctonia solani
BHUER R Phytophthora capsici
PG ZEE Sesame Fusarium wilt
IR B Sclerotinia scleotiorum

/N JREE Fusarium graminearum

30%
70%
65%
86%
66%
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2.2 PRhS REERPMMEREEE=WERS B
Witk PRhS R b3 28 ad A1 i 5407 2R
L BOKAAIIE T b BE A BUS , MTT e ik o2
R 2 PR AN ) A JCZEL 23 RO T 6 PR 2 2R R, &
PR HH AT e 0 o 2 A A ik B S 05 P (1

1A) . RH TLC-A:9 [ 52 s it — R A i B AR
55 AT FH AR B % 4 €0 ) 2 BR A A A oV L A
PN TG PSR AR vh 7E RE{H 0. 62 ~0. 65 Z i
(K 1B),

svM
wF
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Fig. 1  Antimicrobial component screening of the strain, PRhSwextracts by TLC-bioautography

T A S AN AEY) B 255 B. Witk PRhS S-S5 B (0 f) TLC &5 5545 TLC-ZEY) B g4

3 SYM Sl eI 5 LE Sy sd i

H¥ys YSYZ o LR CHREEIY 5 ZDC DK AANIE T BEFE B s YY O R Bl I e AT £E 40 R, JER 0. 62 ~0. 65,

Note ; A. Bioautography of extract liquor from each organic reagent; B. TLC results of the extracts colour-developing agent of Iodine chloroform and TLC-

bioautography ; SYM was the extract of petroleum leve ; LF was the extract.of Chloroform; YSYZ was the extract of ethyl acetate ; ZDC was extract of water

saturation n-butyl alcohol ; YY was the extract of fermentation broth. Rf range of of the antimicrobial substances component is 0. 62-0. 65.

BHE A EREAY 1(40 mg) fiL &)
2(300 mg) , HiZFF B 1254 3(6 mg) AL A
4(76 mg) . X FTAS A FRAAR AL G B BE Ay o R
SEPRIE 0T, BRI T

CEWL WA ORI CE ) ;mp. 35 ~
340 °C ;'H NMR ( CDCl, ,400'MHz) 3 7. 71 (2H,dd, J
=3.2,5.6 Hz, H3,H-6),7.53 (2H, dd, ] = 3.2,
5.6Hz,H4, H-5) 4730 (4H, 1, ] = 6. 6Hz, H-8, H-
8'),1.72 (4H/m,H-9,H9%) 1.44(4H,m,H-10, H-
10"),0.97(6H,t;J=7. 3Hz,H-11,H-11") ;*C NMR
(CDEI,,100°MHz) §167.2(C-7,C-7'),131.8(C-1,
C2),130.4 (C4,C-5),128.3(C3,C-6),65.0(C-
8,C-8"),30.0(C9,C-9") 18.6(C-10,C-10"),13.2
(C-11,C-11") ; ESI-MS m/z 301.1 [M + Na]*, C,,
H,,0, . 5 3CHbE " HGE —B0 i E LW 1 J4R%
“HRZTER(E2),

EW2 AHEME(TE);mp. 183.5 ~ 185
C;[«]25 D (c0.842,CHCI3) ; ESI-MS.m/z 747. 6
[M+Nal]*,CuHgO, ;' H NMR( CDCL, ,400 MHz) &
4.31(1H, m, H9),4.13 (1H, m, H7),3.90 ( 1H,
dd,J=3.6,7.6Hz, H24) ,3.60 (3H, s, CH,040) ,

1.50(3H,s,Me-35),1.08(3H,s,Me-34) ,1.04(3H,
d,] =6.0 Hz, Me-31),0.99 (3H, J = 6.8 Hz, Me-
37),0.97(3H,J =4.0 Hz, Me-39),0.93 (6H, J =
4.0 Hz,Me-33,Me-36) ,0. 87 (6H,d,J =4.0 Hz, Me-
32,Me-38) ;" C NMR(CDCL,,100 MHz) § 177.0(C-
1),44.0(C-2),73.1(C-3) ,27.5(C4),26.3(C-5),
23.1(C-6),69.2((C-7),35.3(C-8),60.2(C9),
32.2(C-10),78.6 (C-11),35.5(C-12),108.0 ( C-
13),39.0(C-14),41.8(C-15),82.1(C-16),82.2
(C-17),25.9(C-18),30.7 (C-19),83.6 (C-20),
86.1(C-21),35.3(C-22),32.9(C-23),75.1(C-
24),78.6(C25),31.8(C-26),37.0(C-27),37.2
(C-28),96.9(C-29),68.8(C-30),16.2 (C-31),
17.4(C-32),15.6(C-33),22.9(C-34),27.5(C-
35),13.1(C-3),12.9(C-37),10. (C-38),13.1(C-
39),58.0(C40) . L b-¥cds 5 3chk ™ il —3%,
W LAY 2 S )e H R % (Nigericin, [8 2)
wEW3 HEKEK; mp. 79 ~ 81°C ; ESI-MS.
m/z336.3 [M-H]",C,,H,;NO; '"H NMR( CDCl, ,400
MHz) §5.35 (s,2H),2.31(s,1H),2.05 (s,3H),
1.63(s,1H),1.42 (m,26H),0.88 (s,2H);"C
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NMR ( CDCl,,100 MHz) § 175.6(C-1),129.9(C-2,
C-3),35.9(C4),31.9(C-5),29.8(C6),30.1(C-
8),29.6(C-11),29.3(C-14) ,27.3(C-18),25.6(C-
20),22.7(C-21),14.2(C22) . I F ¥ 5 ik
15" 38 45 ) — 24, # % 5 N 13-Docosenamide ( 4]
2),

a4 FIOKE;mp. 192.5 ~194.5 C;
ESI-MS:m/z 623.3 [ M + Na]* fil m/z 599.3 [ M-
H]’,C,, HiN,O, ;' H NMR ( DMSO-d, , 400 MHz) §
2.27(6H,d,J =6Hz,H-2,11,20) ,2.59 (6H,s,H-3,
12,21),3.46 (6H,t,J =6.4 Hz,H-5,14,23),1.49

S SN

SOPe

(6H,s,H-6,15,24),1.20(6H,m,H-7,16,25) ,1. 39
(6H,t,J =6.4 Hz,H-8,17,26) ,3.01 (6H,d,J =5.6
Hz,H9,18,27),9.60 (3H,s,N-OH),7.73(3H,s,
H);"”C NMR ( DMSO-d,,100 MH) § 171.9(C-1,
10,19),30.4 (C-2,11,20),27.9 (C-3,12,21),
172.5(C4,13,22) ,47.3(C-5,14,23),26.3(C-6,
15,24),23.6 (C-7,16,25),29. (C-8,17,26) ,38.7
(C9,18,27) . LA b%cde 5 ek (it 2%, o
LG 5 E ML G Pis R IEE (Nocardamine) 45
H—3 (Kl 2),

B2 &5 1-~4%1

Fig.2 Chemical.structures of compounds 1-4

2.3 WMEEE
BERTA SR 2 CRIE TS 1 (AR R

4172 (Nigericin) &4 3 (13-Docosenamide ) Fl4L,
£y 4( Nocardamine ) Xf 5 B4R & B9 A= KA HIAEH

—_ 11]
CUTHR) MG BRI AT R T (R 4),
x4 HEW23 4 HMEENE
Table 4 Antimicrobal activities of compounds 2,3 and 4
U NERE ek ES
Inhibition zone diameter of growth Inhibition rate
&Y (mm) (%)
Compound I - I . S, T, YN e
TR ZF AR B O E R KIGHT IR A TR L 2% TR T KA SO o T
B. subtilis S. aureus E. coli X. oryzae pv. Oryzicola R. solani
A
feai 2 17.53 +1.02 22.31+1.35 0 0 25.89 +2.46
Compound 2
53
Gompound 3 0 0 0 0 54.59 £2.78
&4
Compound 4 0 0 0 0 0
e
A 21.05 +1.54 20.51 +1.22 22.14 +1.13 20.21 =1.36 -

Chloramphenicol

TE - R AP FIR = bRifEE, - R4

Note : Data in the table are x +s, — :No test.

MFE 4 nl A, kiR R 100 g/ mL B, DA
T2 (50 pg/mL) FEH EXHB, % BAL 4 2 5
PR 22 PR PR TR A B B A0 TR 0 2 TR 75 b 7
Pk 2 PGB B X A Al R ) IRk 7K S0t
TR EL— S AR TG 5 AL 5 3 X 4 MR 4R 1 2 JC

R (X KRS SO 1 BAT BT 1 5 A 54 4
Xt A R 32 JETE Pk

3 g
YE4 1 SRR 2 BT BF 52 2 4 T P 40
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PAJ T, JF A R S N A UGB R, AR 9 A ik
LRI RGE " . ARSCIEXT R £ B AR R AR
T TA PROS i T 410 T 376 M 000 v, B HL X 3
22 D BFPH 05 i 4 R 4 Dt L T B o T S Fg 41
TG o X PRhS ik R FH AR B 26 HUES & 4E W) H
b 5 T AN [R) A5 BORH A 35 PR R A T AR, e A TR
T P o AR o3 A T T AR S DA o DA Tk
FH A AR 53 85 21 4 RG50S 48R — H
Bz —THs (1) . Jé HFE 2 (2) .13-Docosenamide
(3) JERIEHE4) .

AR W TR ( XFx DBP b5 1) £ H
IR TR AR P W IR AR P ) h 2R G A
B, I BN —E R EYE N AT AT e
AR AR B TS VUL G-19 KB /N o 116
PR S oy B alidb T, AR TE Y AR R — R — T
B, 0T R i - AT TR A B0 A A0S M. ROY
SISURSE T 4% % 18 S. albidoflavus 72 4 [ DBP X
G 2R G 4 PR B B2 i 1 22 R B TR AR A 8 i 1) 41
FIVEM . ARSEg Z Wi T/ B AR — R =T
TR X7 INAZ A T /KRS SO i 1 55 22 R R VR DL
FUR R T T ARSI E I e, S5 R R —
SEFRIE MR . A 28 A FIEH %)
FrimE , WA ML aT A e HADE T 2 H
AU 22 I PH P B R B TR P 3 5 I B B
ARG B e H ORI # R F T A PKS B
PRI 2R (R SRR B0 3R ((Polyethers ) SRR 1A R
FEAEH T, T B itz , 5 R 4R N
BT R AN A SE T Nigerinein 5 HE
25 In], AT B TR PR R DO R R BT
BE AV ke 20 B AR T, AR e RS 2 (R IF I A AE
PRHE A E A P 3. (13 Docosenamide ) |7
FETE TAHY 5 St LA B A= W) 2 T T Pk ¥ oy, FRAR
W9 RN, &4 13:Docosenamide Y44 % Il K AR THI TG
PEFNBAT) 15 30 TR B0 B PR TS M DL R K
A s VEEEE 13-Docosenamide FAAL 5 44
Wi PE g e DL RE T L AR BFSE K, 13-Do-
cosenamide X 4 & 15 A 0 65 2, (H B ROL LA
ALK RSO R W A TE . Y 4 O
R ) J&—Fh AR R 2% A 0, A i 2o 4y
WAl P RS R e R A S
HEMA Aot 2, DT SE 3R] 422470 1995 Jt o
M E P o BR84S AT B ( Proteus vulgaris ) 45 1))
AR Ah, X HE 4L T A L 0 T
2 g B AT WA, A TR PRS0 T
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