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Abstract: Mangrove-derived microorganism is a promising and important resource of novel natural products and lead
compounds for drug discovery. This study aimed to find microbial secondary metabolites with novel structures.
Based on the bioactive-guided screening of mangrove-derived actinomycetes, Streptomyces sp. GP3T5 was studied
owing to its antibacterial, antibiofilm and anti-fungi activities. Three compounds (1-3) were isolated from the
fermentation broth by organic solvent extraction, reversed-phase chromatography, Sephadex LH20 gel
chromatography, and preparative high-performance liquid chromatography. Their structures were identified as
pyrisulfoxin A (compound 1), collismycin A (compound 2), and echinomycin A (compound 3), respectively, via high

resolution electrospray ionization mass spectroscopy (HRESIMS), nuclear magnetic resonance (NMR), ultraviolet
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(UV) spectroscopy. The activity evaluation of compounds 1-3 revealed that all three compounds showed antibacterial

and antibiofilm activities. Compound 3 showed potent antibacterial activity against foodborne pathogens with

minimum inhibitory concentrations (0,) of 0.06 wg/mL for Listeria monocytogenes and Streptococcus agalactiae.

The minimum biofilm inhibitory concentrations (pygc) of compounds 1-3 against Acinetobacter baumannii were 32

wg/ml, 16 pg/ml, and 1 pg/mL, respectively. Compounds 2 and 3 showed good antifungal activity against plant

pathogenic fungi, with half maximal inhibitory concentrations (ICy,) < 10 pg/mL and < 1 pg/mL, respectively. In

conclusion, these results on strain GP3T5 derived from mangroves provide valuable insights for further exploration of

bioactive compounds from mangrove soil microorganisms.

Key words: natural products; mangrove derived actinomycetes; Streptomyces; secondary metabolites; antibacterial;

antibiofilm; anti-foodborne pathogens; anti-plant pathogenic fungi
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T2 B R KR, BATREE . Ehit
TR LI AR+ A B A IR T, H pH (H I H A T
3~7M ARG, AR AR b RN
Hula) s 2R, TELLRIARIS A TR b,
AT M ELTE 5 91%, I T2 (7% ) F s A 3 W)
(2%)"" . LLREPRGLAE IR 7 © 2 RIR ) 53 5
R MR HAY G RGR R ER. R, BE
2021 4%, © MEZLAARTTAR D R IR G A= ) vh o g
500 Z M RARAE TEYI I, Herb 200 200k A
YT, 300 ZFck HETEY . FELLWARTTERY) K IR
MATE T, AR R R KRR &
BORUE

AR — B NG LLRARIA A DR IR IR )
MIRRSE, T & 2L MORIE R, 0
SRATTIG AL ) butenolide™ , [ 1B AL 22 FCBAME:
B AW B AL A 90 maipomycin AL UBIZH LA W)
PR T m, X AR MRS IS PR, AT 1
PR T £1 A PRAT ) AR 2R DR 14 GP3TS (Strepto-
myces sp. )RR, TR I A AR P HA HUAN TR |
PUAEPREAPTE RGBT A% GP3TS bk
IR PACH A TIR AT, 43 B IS IR
WA, PP A AL S W P T AT AR P I
.

1 MR5F &%

1.1 g EMARE

ST AN EEA . SRR 5 Y Waters
€2695 FIlfill 2 SRR (i A 2545 2 [ 55 [ IR AR
Nl BEE& T R T Luna C18(N4E 4. 6 mm
K EE 250 mm, HRPRIAR S wm) | il 8 (058 A

Luna C18( N2 21.2 mm, K& 250 mm, EERIE
5 wm) I | 3€ E Phenonenex 28 7] 5 WU B B
I PEFIEAY Triple TOF 6600 14 [ AB SCIEX; 600 M
AR IEAZ i AL PR35/ AVANCE T 3 1% [E Bruker
oyl vE SR R R B O HL Lynx4000 1 H
Thermo Fisher A H] ; i€ 7€ % /Y Hei-VAP Precision
MIL/HB/G3 Il [ Heidolph; Sephadex LH-20 I [ ¥
i Pharmacia Biotech A )3 +/\ e FE bl il & ik I
TR C18 S ARRE) W A T INAER 1A F] ;. ok
PSRN W A LA vk, Seis i A7) 3
sy Hrat.
1.2 XWHE
1.2.1 BAE

O B 2T PRTCR R IR AY B Bk GP3TS SR MS
gk (TR 20 g/L, D-HEEM20 o/L, RIS
3g/L) “FARIEAL, 28 ‘CHiFR3 d e b ) H fe - o
K3 (mannitol soya, MS) 4} I 55 77 5 (85 &k
20 g/L., D-HEREE20 ¢/L, BRIRES3 o/L) L5 @ $Fp
J5 28 CHiFRE 3 d, WKk 18 T R 42 Fh
PR ST D3 SR A (A 10 /L, EOKIE
10 g/L, ¥EEH 10 g/L, MBREL2 o/L, EARFKT
¥55 o/L), TEFRIK (28 °C, 220 v/min) 555 1 d;
@ K P55 IR FELL 5% (RFRAE0) HePh i B2 T R
1) SCTYP R F25E (R IAHEVE MY 5 o/L, HIHIBES ¢/L,
MAEWEAM oL, BREAR oL, BRI
1g/l, NTUER17 o/L, L-%BR0. 1 ¢/L, L-Hi%
fiz0. 1 g/L)H, FEPR(28 °C, 220 r/min) F1H557 8 d.
1.2.2 Wodhey s &Fashil

HBS 9% 67 B T Bk GP3TS K BE IR 2 10 L &S
L (8 x 10° r/min, 10 min) 5 FiEHR, L5 ARM L
MR LR A< 3 3, it FH e &% 2 ANk 4 5 15 31 24
L1 g8, 54, MO IR K, &
FERBUR MR AR5 2N 2 2. 5 g MURYY . KPR or kLR
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YaIt, Tk BREE CI8 M RE AL, IR
53 B 20% ~ 100% W) LEER BRI, 7354 &
BTG R 30% . 50% Fi180% 1 it A7 PR AV 4
¥ 34340343 3 Sephadex TH-20 % i k2 Mr itk —
A Al Gty 1 A0 2 FH BBt dat O 3 S8 0 1k
Jit) . e I A e RO (% o s aliAk, 153
a5 W o e RS L (DR ER IRFE] D 121 min,
4.8 mg) . LAY 2(LAFEISR] 4 18. 5 min, 4.8 mg)
FLE Y 3 (LA I 1] 4 27. 3 min, 62.9 mg).

i F WORH (35 (5% AL Luna C18, JShARN
IKFNNE . BREEVERABRUTT . 0 ~ 15 min, ZAF
PRBUNMECH 10% ~ 30%; 15 ~ 40 min, ZJEARBUY
$H 30% ~ 100%; 40 ~ 45 min, ZHEHEBECH
100%; 45 ~ 46 min, ZJEABIECH 100% ~ 10%;
46 ~ 50 min, ZJERFUIECH 10%.

1.2.3  Au&dh A4 beml ik

U AE = 2 B R RN 52 56 28 AR i P 2%
(clinical and laboratory standards institute, CLSI) )24
FOR I T HR I MOT-A9 FI M4S-A, SR FI I LA B¢
2, 96 TRCAL AR I 7 Ak 5 W A dsc /)N 4000 T Joi o e J32
(minimum inhibitory concentration, MIC; 1E4E pyc)
[Fi] B 2 B SCHR (7 ] 0% 50 0 2 e /DN A% TR JB Ve B
(minimum bactericidal concentration, MBC; it {E
Puc) - PE 25 TG PHPE TR 5 F 7 7l 8 3R (vancomycin,
Van) A BHPEXS B, 22 [RBAMERMEHZF R R E
(polymyxin E, PE) A FHPEXT R .

PUA T A= ) s M . 2 ISk (5 1/ U7
2, fdH 24 FLA AR S W I i AR W) RSO I BT
R B0 AR W TG M, /DN AR ) AT Al e
(minimum biofilm inhibitory concentration, MBIC) &
SCRAMTIAEPIEIE it & o 75% A& W e
INTERE, ICEpusic- fiﬁﬁéﬁ%%(crystal violet,
CV) YL ok 5 A= W) i, I MEME 5 (3- (4, 5-
dimethyl-2-thiazolyl) -2, 5-diphenyl-tetrazolium bro-
mide, MTT) 4 005 AR YR D A0 LAY TE g, e/
A W B Bk B iR W B (minimum  biofilm eradication
concentration, MBEC) 5 S A AL & W7 bR L= 9)
A At o B I 50% B Ak B ) B /N o R
IEYEP MBEC *

U EOR B E . S IROGIRI8 17
2, NI A By B R #EAT 0006, iy
e i Je FH — H LK (dimethyl sulfoxide, DMSO) %
2% 50 mg/mL. WO T E I3, 22

AFUIMATFIRES,, BN FUMAGR], X IRZALA L
Rl NS R N E S|

1=(1—Z‘_r)x100% (1)

o= T
Hrb, d, IR WAL 7 BAR, AL
mm; d, N X IR 22 A DAL IR G 7% AR, R
mm; r=5mm, AR T Y TR T 22 B
CEI b O) TR i 5 S B i 20 L P 1
ey, SIS E YRR (B 6 em) I EM
S

T 0 3 A O AN T A BT A A BR T
(Methicillin-sensitive Staphylococcus Aureus, MSSA)
ATCC 25923, ZE7 KT (Enterococcus faecalis ) ATCC
29212, R W ¥R B (Enterococcus faecium) ATCC
35667 it FH 4R P bR 5 B 5 % %5 BR TR (Methicillin-
resistant Staphylococcus aureus, MRSA) ATCC 43300,
2% 2 ) % BR & (Staphylococcus epidermidis) ATCC
12228, JoFL 5% EK & (Streptococcus agalactiae) ATCC
13813, BARAASULALETE (Listeria monocytogenes YATCC
19115, 4 2 15 24 i (Pseudomonas aeruginosa)
ATCC 27853, K @ ¥ & (Escherichia coli, E. coli)
ATCC 25922, i RIP TR (Salmonella enteritidis)
CMCC 50335, fifd 2 ANBFT H (Acinetobacter bauman-
nii) ATCC 19606, JoFL#%EK I (Streptococcus agalac-
tiae) ATCC 13813, fili 2 B BR 14 (Streptococcus pneu-
moniae) CMCC 31002, Jiff 4¢ 5& 75 (1 [X B (Klebsiella
pneumoniae) ATCC 13883 1 | ¥ ML 14 9K B (Vibrio
parahemolyticus) ATCC 17802. FEYIIi B : A IH
I B (Colletotrichum fructicola) . K 75 9% i (Botrytis
cinerea Pers) FIFRGIEIR [# (Magnaporthe oryzae) .

2 #R5H%®

A LRI PRI TR TR GP3TS A4
e 3R A, &M 5E 430K pyrisulfoxin A
s . collismycin A fkE2) . echinomycin
A (EEY3), XA AN LTS . ORI P
RGN, 2F3PUREIETEZ A, HAHIEUR
e ELE AN AR EIE BGE . Ho, AeE
30 KA GE BA ST IR I S a2
3 Ry B R AR HAT AR e i L TR
2.1 ZMEE

5 1(4. 8 mg) HHEKIAR, FT HRESIMS
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1 e R ie s s
A); (W) B 2(collismycin A) ; (¢)TbE%) 3(echinomycin A)

Fig. 1  The chemical structures of isolated compounds. (a)

(a)fEA9) 1 (pyrisulfoxin

Compound 1 (pyrisulfoxin A), (b) compound 2 (collismycin A),

and (c) compound 3 (echinomycin A).

BiE, 45 FXHCHNOS(IM + HIY, Fiflh
(mass-to-charge ratio, m/z) =292.0757, C,H,N;0.S
HIB AR X4 T iR 292. 075 6), AR N 9.
AT RS, AW IR 199, 240 FiI
282 nm AL A FR R, HEESMR IS E L&)
caerulomycin A FHRL" . FE& W 1 A% R L 4R S0
(hydrogen nuclear magnetic resonance, 'HNMR) ,
DMSO-d,, 600 MHz, ft2# i %% 6, 53 %0 11. 94(1H,
s, N-OH) . 8.82(1H, s, H-7). 8.74(1H, ddd, #
HEBT Sy R 4.8, 1.8 0.9 Hz, H-6") . 8.41
(1H, ddd, J43 5K 7.9, 1.1 fl 1.1 Hz, H-3") |
8.08(1H, s, H-3). 8.00(1H, ddd, J 451K 7.8,
7.7F11.8 Hz, H-4") . 7.54(1H, ddd, J 53K
7.5.4.8F11.2 Hz, H-5') ., 4.07(3H, s, O-CH,) .
3.02(3H, s, S-CH,) ; fb&H 1 B9 i 3L 3R e 3%
(carbon nuclear magnetic resonance, BCNMR) ,
DMSO-ds, 150 MHz, §. 43 %]k 164.9 (C, C-4) |
158.4(C, C-2). 153.9(C, C-2"). 150.6(C, C-6) .
149.4(CH, C-6'). 145.9(C, C-7). 137.6(CH, C-
4'). 127.8(C, C-5), 125.2(CH, C-5") . 121.2
(CH, C-3"). 103.6(CH, C-3). 56.7(0-CH,) I
39.4(S-CH,). %7 Scifinder 045 J%E (http://scifinder.
cas.org) B AIS % CHk[10], ATAMMLSY 1 AE
LA W) pyrisulfoxin A .

G 2(4.8 mg) M EHA, FET &P
Mt 55 H, 55 i 1% (high resolution electrospray ionization
mass spectroscopy, HRESIMS) %{ 4, 4 F X h

CH:N,0,S([M+H]J*, m/=276.0802, C,H,N,0,
S EIB AN /> T i N 276. 080 7), ANHFIE N9,
EHMGE TR, AW 27E 247 240 #1262 nm
A B RKWE, H SIS 2 LG caerulo-
mycin APFALL. A2 1 'HNMR %4 (DMSO-d, ,
600 MHz) 8, 43> %]}y 11.75 (1H, s, N-OH) , 8.73
(1H, s, H-7), 8.72(1H, ddd, J=4.8, 2.0, 1.2
Hz, H-6'), 8.41(1H, ddd, J=8.0, 1.1, 1.1 Hg,
H-3"), 8.03(1H, s, H-3), 7.99(1H, ddd, J =
7.8,7.7, 1.8 Hz, H-4"), 7.51(1H, ddd, J=7.5,
4.8, 1.2 Hz, H-5"), 4.07(3H, s, O-CH,), 2.35
(3H, s, S-CH,). 1L&% 2 1 *CNMR %4 (DMSO-
d,,150 MHz)3 43512k 166. 9(C, C-4) . 155.7(C, C-
2).154.3(C, C-2")., 152.6(C, C-6). 149.1(C, C-
6'). 146.7(C, C-7). 137.6(C, C-4")., 124.8(C,
C-5"). 121.2(C, C-5), 120.9(C, C-3"). 103.0
(C, C-3). 56.4(0-CH,)fi117. 8(S-CH,). k&9
VAL, fbA% 2 450 1 5 5 a5 i SR 3 A8 Bl At
I, DT IDMEEF. 4 Scifinder 045 2 (http://sci-
finder.cas.org) f1 2% SCHR[ 11 ] A ifgHEE, W] LUK
A 2 HE G Y) collismycin A

AP 3(62 mg) MK, HT HRESIMS
s, 7k CHNL0,8, ([M+ HIY, mk=
1101.431 7, CyHN,,0,,S, B A XF 43 7 i & 0
1101.428 6), ABFIEE R 26, EIMEREHHTIR,
1AW 3 76 243 nm F1 322 nm A B KW USCE . ba
¥ 3 () 'HNMR %% % (DMSO-d,, 600 MHz) 3,43 5 N
9.55(1H, s, H-3/3"). 9.54(1H, s, H-3/3"). 8.76
(1H, d, J=6.4 Hz,Ser-NH) . 8.53(1H, d, J=7.9
Hz, Ser-NH) . 8.16(1H, d, J=8.4 Hz, H-7/7") .
8.11(1H, d, J =8.4 Hz, H-7/7" ), 7.77 ~ 7.55
(6H, m, H-5/6/8 #1H-5"/6"/8" ). 7.06(1H, d, J =
7.3 Hz, Ala-NH) . 6.98(1H, d, J = 7.4 Hz, Ala-
NH). 6.48(1H, d, J = 8.6 Hz, N-Me-Cys-a-CH) .
6. 11(1H, d, J = 10.7 Hz, N-Me-Cys-a-CH) , 5.17
(1H, d, J = 10.2 Hz, N-Me-Val-aCH) . 5.12(1H,
d, J=10.0 Hz, N-Me-Val-aCH) ., 5.00 ~ 4. 89(3H,
m, Ser-aCH/ Ala- «CH/ N-Me-Cys-SCHS) . 4.85 ~
4.79 (2H, m, Ser-aCH/ Ala-aCH) . 4.75 ~ 4.61
(4H, m, Ser-BCH,) . 3.42(1H, dd, J=16.2, 2.1
Hz, SCH,) . 3.18(3H, s, N-Me-Val-N-CH,) . 3.11
(3H, s, N-Me-Val-N-CH,) . 3.00(3H, s, N-Me-Cys-
N-CH,) . 2.98 (3H, s, N-Me-Cys-N-CH,) . 2.86
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(IH, dd, J = 16.1, 11.0 Hz, N-Me-Cys-SCH,) .
2.35 ~2.29(1H, m, N-Me-Val-BCH) , 2.26(1H,
m, N-Me-Val- BCH) . 2.07 (3H, s, N-Me-Cys-
SCH,) . 1.41(3H, d, J = 6.9 Hz, Ala-B-CH,) .
1.38(3H, d, J =7.0 Hz, Ala-B-CH,) . 1.06(3H,
d, J=6.4 Hz, N-Me-Val-yCH,) . 1.05(3H, d, J =
6.4 Hz, N-Me-Val-yCH;) . 0.89(3H, d, J =6.7
Hz, N-Me-Val-yCH,) #10. 86(3H, d, J = 6.7 Hz, N-
Me-Val-yCH,). fL&43 i *CNMR %4 (DMSO-d,,
150 MHz)8, 53 4 144. 0 F1143.9(C-2/2" ), 143.5
FN143.5(C-3/3"), 132.0F1131.9(C-5/5"), 129.6
M1129.6(C-6/6"), 129.2F1129.1(C-7/7"), 130.9
F1130.8(C-8/8"), 139.9F1139.8(C-9/9"), 142.3
F1142.2(C-10/10" ), 163.9 Fi1 163. 8 (C-11/11" ) ;
53.4 f1152.2(Ser-aCH) , 64.9 F164. 6(Ser-BCH,) ,
167. 6 Fl1167. 3(Ser-CO) ; 46. 6 F146. 2(Ala-aCH) ,
18. 1 #1 16.9 (Ala- B -CH,) , 173.5 #1 173. 3 (Ala-
CO); 59.9 F1153. 5(N-Me-Cys-a-CH) , 27.2(N-Me-
Cys-SCH,) , 51.7 (N-Me-Cys-SCHS) , 15.2 (N-Me-
Cys-S-CH,), 171.1 f1168.9(N-Me-Cys-CO); 62.7
F161.9(N-Me-Val-aCH) , 27. 8 Fi127. 7(N-Me-Val-
BCH) , 20.4., 20.4, 19.1 FI 18.8 (N-Me-Val-
vCH,), 31.6 f131.0(N-Me-Val-N-CH,), 170.9

170. 2(N-Me-Val-N-CO) .

o3 B R S 2 SCk [ 12-13 1 A0 0f) . HESE,
AT ARG G4 3 B RIS ) echinomycin A, 1%
EY AR FRI ARG H , L ME R, 22 2R
(Ser) . AR (Ala) . N-H I B2 (N-Me-Cys)
HIN-F B4R 22 (N-Me-Val 45 & 500K, RZIL
K.
2.2 ImEEMEEN

XA 2 F0 3 HEAT fies N e v B P B 1 1
TR, AR T R 2 R 2 ECBH M TR (4 0 € 5 Bk
P ATCC 25923 F143300) 1 3 #k &5 = FCE T (K ig
FEBE SR B T D R 2 AN hAT R ) . S50
N, AE Y 1 AU 4 B (A 3K TR (ATCC 25923) B
H—EMPEENE, pue = 64. 00 wg/mL, XTI AY
3RS R A U TE s (B2 X 45
6,748 % BRI ATCC 25923 Fl il 2 S B FT 1 (ATCC
19606) 1 pyic ¥4 32. 00 wg/ml, X 4> 85 (4,4 %9 Bk
B ATCC 43300 1) pyye = 64. 00 pe/mL; L& H 3 A
AR 4 B €0 4 48 Bk P AT AR 3 09 T B S 1 (pye =
0.06 pg/mL, KT ZFEH R ), &XF KT
R B = R B R R B A BRI T, pyc
43514 2. 00 pg/mL Fl4. 00 peg/mL(F1).

R ALEY 1 203 /M BRI A E

Table 1 Minimum inhibitory concentration of compound 1-3 pe/ml
HNEWESE 7S [acr7/Bl &y 2 &w3 Van PE
MSSA ATCC 25923 64. 00 32.00 0. 06 1.00
MRSA ATCC 43300 >128. 00 64. 00 0. 06 1.00
E. coli ATCC 25922 > 128. 00 >128. 00 2. 00 0.25
AR S B ATCC 27853 >128. 00 > 128. 00 >128. 00 0.50
2 AN BIFF I ATCC 19606 > 128. 00 32.00 4.00 1. 00

XACA B 3 AT 2 B PR MIC I 45 2R oR
A9 3 %22 P E A AR O Y BT R
PE, X MSSA ATCC 25923, MRSA ATCC 43300,
2% W BK B OATCC 29212, B4 38 2% Hp 4 B ATCC
19115, JCFLBEER T ATCC 13813 4 pyye ¥4 0. 06
pe/mL; XFBRIGERE ATCC 35667 pyye = 0. 50 pg/mL;
Xof 2% Bz i  BR T ATCC 12228 pye = 0. 25 pwg/mL; X
Jili RAEER B CMCC 31002 pyye = 0. 13 wg/mL; X K
FIFEE ATCC 25922 Fl 1 8 S B #T B ATCC 19606 [
pwc 1 2.00 weg/mL; XJ &l % 1P 9K # ATCC
17802 K pye = 4.00 wg/mL; X fili 48 78 5 1A &

ATCC 13883 Flfizn R P T TG CMCC 50335 1Y py 3
$8.00 weg/ml. A FEREMZE, L&Y 3%
T2 DU R B U M A T AR B A R Y B TR
P, O HIE XS BB R R ATCC 19115 FIJCFLBE
BRTA ATCC 13813 WUHLIR TG M, pyc BIEE] T 0. 06
pe/ml, /NFH N RR (K2, EENEMHRR
SRVEHTER ) b HAT AR Y T

S MIC 2558, XHEAY) 3 AT I/ N R R T i
WM. R4 R EIR, LAY 3 X H L KA
PR R TR PRS-, X 38 J 4 3K T ATCC 12228,
BRI ER B ATCC 35667 Al & AN shAT B ATCC 19606
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1 pyne 2924 2. 00 pe/mL;  JUHXT G IE PR i b B
2T ATCC 19115 A JCFLAE BR 1A ATCC 13813
1) R TS PERCIR , pyge 2370124 1. 00 pg/mL F1 0. 06
pe/mL; XAt 4 7E B ATCC 13883 Al 4 Vb1 ] K
B CMCC 50335 A EA ARG

2 LA 3 e NI R B TR R 0

Table2 Minimum inhibitory and bactericidal concentration of

compound 3 pg/mlL
—— Pric Phc
WA A3 Van PE A3
MSSA ATCC 25923 0.06 1.00 4.00
MRSA ATCC 43300 0.06 1.00 4.00
P A ERE ATCC 12228 0.25  1.00 2.00
FMERHE ATCC 29212 0.06  2.00 1.00
JRIERH ATCC 35667 0.50 0.50 2.00
il RAEEBRF CMCC 31002 0.13  1.00 >4.00
PAREZASHTAETE ATCC 13818 0.06  1.00 1. 00
TCABEBRATCC 12228 0.06  0.25 0. 06
E. coli ATCC 25922 2.00 0.25 8.00
il &% REFT B ATCC 19606 2. 00 0.25 2.00
Jiti 4 56 F5 /AT ATCC 13883 8.00 8.00 > 128.00
ARV TR CMCC 50335 8. 00 0.50 > 128.00
I i MESEE ATCC 17802 4.00 1.00  8.00

A& 1 3 %60 i 2k (B LR ATCC 27853 AN HLAT
PURTEYE, pue> 1024 pg/mL(£3), i 4kEW3
SRR 32 pe/mL B AN ZRR-K AR -B- 25K
(Phe-Arg-B-naphthylamide, PABN) &} ZE #01 if 551"+

*

HRFHIS, BERSIE AL G W) 3 BUii S FA L T ATCC
27853 HITEE, (8150 Al p e (EL5 4 8 g/mlL A 32
pg/mL, 732N E 45 £ (fractional inhibitory con-
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Table 3 PABN increased the efficacies against Pseudomonas

aeruginosa ATCC 27853 of compound 3
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Fig. 2 Inhibitory activity of the compounds on A. baumannii biofilm formation. (a) Compound 1, (b) compound 2, and (¢) compound 3.
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Fig. 3 Biofilm eradication activity of compound 3 on MRSA and A. baumannii. (a) and (b) represent the CV and MTT stain results of

compound 3 on eradicating MRSA biofilm with a series of concentrations. (c) and (d) represent the CV and MTT stain results of

compound 3 on eradicating MRSA biofilm with a series of concentrations.

P, AR ELA T B 02 A Zh AT 5 A P I (121 3
(¢)). it MTT Yok A B, S1bE4) 3 kg
H 4 we/mL B, SN BT R AR PR Y A T
BRI E30% UL F (F3(d). HREEY 3
NRETE bR A SN ST R AR, A
TR FEAIG, (H 0] B8 38 1 28 A6 A P 1 v i 3 0 2
W, SECEYRER A TR

2.5 FEYHREEREERE

FETEHERITRT, (208 . By
R 3L A YRR A TG MR IR, S5 OR,
TAAE Y 2R3 BT S AR T . KN TR
FIREIA DR — 2 A RIVE R (I 4) . 28 I X ke
JEL I TR 3 7 R4 ) 29 6% . 64% 1 63%, Xof IKFFHR
B 203 2 6% . 50% F152%, X A 9 ik 1 0
A2 1% . 81% F154%.

T VAR R B X A 2 N 3 AT IR
. AN, LAY 2RI . KB A
e 905 95 TRT 1 = H50 00 i) 5 5 96 FE (median inhibition
concentration ) ICy, 73 1] A< 30, < 40 Fll< 30 pg/mL;

it Hi i1 i) i

B4 DI, 2803 2 E R GT 1 ~ 3 B
[l UENERER 3
Fig. 4 The anti-plant pathogenic fungi activity of the

predominant components 1-3 in fractions 1-3.
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Fig. 5 The anti-plant pathogenic fungi activity of compounds.
(a) and (b) represent the inhibition of the compound 2 and 3 on
three kinds of anti-plant pathogenic fungi with a series of
concentrations. Circle line indicates Colletotrichum fructicola,
square line indicates Botrytis cinerea Pers, and diamond line

indicates Magnaporthe oryzae.
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