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i (3), Horh Ak &) 1 8 T4 8 B b UGl o AL W 2 %) 6 B (03 4 BR TR RIAS 55 28 JR T T 10 A K R
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15 % W ke LA G R A B S . H AT, © 58 AR
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B S VEL A BRA A k& o B alif ot # b
1 FH B 38 FH 565500 S A 10% BRR 19 & T W VA K
PS5 B R ) 1 W a0 A, AR w5 e BT R 2
oy A gl n . BB WA R A H 57 HA7650 45
i 7 2 G BT MDS-QSTAR 2 57 35 A% ; #%
YR 3% H Bruker Avance 500 U A% ff 2L PR AL (TMS &
PUAR ) I 5 4 5 Fister-John 425 55000 52 43000 5 (I
ERRLIE) .
1103 B5 3R JE TR Fh DR A7 35 37 Ry 15 4% 38 4 76 W
NG (PDA) T K5 57 2k T A 5 8 55 FR Bk Oy CA Al
CYA B3 5 e b 37 3 g 16 7 0 WF 52 v A Ak i
() SDA $5 2, L hy: 4% FEWE, 1% B Ak A,
pH 6.5 3 3 P 0 5 35 95 6 0 Az B R 4
1.2 HHFR2HUESFLE
12,1 S5 RS T VR B S WAk A A 15 37
2,76 PDA Rbif 85 % 5 b O 2D =09 16, 53 5
FAET CA FI CYA K g Be-P-Al |, T 28 °C 1H ik 1%
FRAH L R3R 3 .5 A7 d R WEERIE SR [ iR A
V&, RN 5T b SRR
1.2.2  BAIRIE S %06 8% T PR AE SDA [ 44 1% 57 gk
AT R IR, O w5 3R DL 45° ff A A B IR
SR T d R RIS A KA T 2 AR S 3, R H
2.5% W I3 T W GE IS, PBS 28 vl AT VE VR
B BEBL K IF 28 CO, I i T, Rmmi 4 /5, H
57 H-7650 54 L - (5 0 BE O 4% HL TR IR O 25 A
Wk
1.3 ITS rDNA F 5|5
1.3.1 LR DNA 4 5. 5L F 241 DNA (1) $2 U7
¥ % M8 SDS-CTAB 31" |
1.3.2 ITS J3 44 3 5% %) 3 #7 : HL1A ITS rDNA
Howr of o ow o@m o5l % ITS1 (5-
TCCGTAGGTGAACCTGCGG-3')  fl ITS4 ( 5'-
TCCTCCGCTTATTGATATGC-3") t /i &% 4 Wi Bt A= W)
BHEA RS\ A T4 PAGE 2lifk .

25 L PCR e iR ZAH R AT -1 x PCR buffer,
2.5 mmol/L MgCl, 240 pmol/L dNTP 0.5 pmol/L
ITS1 #1 ITS4 5|4 . 1% DMSO 100 ng 3L K £ DNA |
1.5 U Taq-Plus DNA R &0, REG L RIK R G,
95°C il 2% M 3 min, $% 95°C 2% £ 1 min ,56°C iB 'k
1 minfl 72°C ZE ff 1 min ¥ 3% 35 MFIH, &5 T
72°C FEAf 10 min Z5 N . PCR 434 7= ) FH 1% Byt
FREE JE FL UK 43 S N 2l Ak )5, FE e o 4 BT B 2R R
B BR2 w58 By
1.3.3 JETITS JFAI M R G L B WA & 8 3R 15 1

ITS J5 % $& 52 %] GenBank 3k 1% J3° % 5 J& , ] H]
BLASTn ( http://www. ncbi. nlm. nih. gov/blast/) X}
AT RVR L 43 A7, 9 A CLUSTAL X ik %
2T A GenBank Hh [W] Y5 4 5 w5 14 17 91 2 A7 2 7
HNBREC 53 B , 1 — 26 F ] PHYLIP 3. 65 {4 71 i) N-
J 7 ( Neighbor-Joining ) F £ 3 55 % 8 Y , £ 2 40 b7
(boot strap ) YR F ik & 1000,
1.4 Gtk F12 AR B

AT PR A7 1 57 55 F PRI F12 R Bk 3 Al 3 5
100 mL Fift 755 FR WY 250 mL =M Beiirh , 75 28°C |
160 v/min Z& 44 T 4R 15 9% 24 h, RS F T 1 FR M
WOz Fp 7 85 952 W, %6 1% W #2 Fh i 3 8 3%
200 mL% [ 85 9% W 9 500 mL = fi b2, & F
28°C 160 r/min FEIR LR IR T d, L=
A1 3k g SR O R 2R R T B R R
1.5 KREFUHIBELLESERBHN

e B B9 K BEWR (150 L) T 60°C i Jis ¥ 4
J& R C R 22 B, #2018 2 TR 2 MO IR vk 4 I
BESRE 82.6 g, KIZRE AR AR AE S, U
TR - EE (2000 1 - 00 1) Sy 35 B AT R R U
JiE, 73 BB WA B Uk B L 2292 R A (TLC) 23 #r )5 & JF
AEARL % 358 150 W, 48 B 52 A JE #E J2 A L sephadex LH-
20 L EERETETEGAGALSY 1
(22.4 mg) 2(5.3 mg) #13(10.5 mg) ., MEkE
Prit  H-NMR " C-NMR i Fl 3% , O 0 52 4k & 9 1
1.6  HiE &M E SN

] JC 96 FLARAYES 1 - 10 FL43 50 fim A 100 wL
FH A 15 3% L A% Lo s B B 15 DN AL & W0, 08 4% FL A
K2 W) e B N 256,128 (64 32,16 . 8.4 .21 Al
0.5 ng/L,f 1] & Lt 43 5 m A 1 x 107 cfu/ml -
2 x10° cfu/mL 95 5 B B WK 100 pL, DL [] e
W % 2 (0,0.25, 0.5, 1.0, 2.0, 5.0
10. 0 ng/L) 1y BHE X B, B AS I i i B 3 BR
FIAS I GR HRB 25 R IR A% — o B AR AL B 3 - F
FTREFE,37°C 537 12 h 5 WSS TR RR O 2B KRB

2 SRFpA

2.1 E#k F12 REFHE

PR Bk F12 78 CA Fl CYA #5323 BAEK RIF, H
e CYA Fi R 25 28°C 1 3R 7 d Jm i B4R A 3k
50 =75 mm, IR0 RV 0 @, bl AR
O, 5 e o BRAE 0, 1 ZOIR, JC 8 O, VR T T
H,
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Fig. 1 Morphological characters of strain F12. A. Morphological
character of the conidial head (bar = 50 um); B: Morphological

character of the conidium (bar=5 pm).

Bk F12 190 A28 7k 2B, B 70 -
100 wm ; 73 A2 78 74 % A T B o, A A A 25 R/
(600 —1000) pm x (5 -10) wm, BESGH, #H FE—
(10 =20) pm x (3 =5) wm, T RRIE, B2
40 - 55 pm R 4 Al F, 7 A5 BUE (K 1-
A) ol ORI BRI, AR 2.5 — 4 pm, BEH B
(EI1-B) . EdREES MEE Aspergillus ¥ 58 . J&
Subgen.  circumdati {0, 4 Sect. nigri 1Y
A. awamorifl A. niger[s]i‘ﬁ{u,{By\%Hﬁ F12 I E %
Bl LA ZERERE, R B S EEEIE T
A. awamori(F 1),
2.2 ETITSFIEMEHNRRZERESN

K 0 J5 3R A5 19 1TS J3 41 $2 22 8] GenBank i3
57 %5 bankit1331524 , BLAST /3 #7 45 5 B /R iZ 7
515 4508 Aspergillus sp. ELHTHY TS 1 9 BLAT AR 75
RO TR Y8 M, Hooh 5 B Bk Aspergillus sp. LZ1. A.
awamori F A. tubingensis {) ITS ¢ 51 ( & 35 43 H
& GU258410. 1, AM087614. 1 Fl1 GQ461899.1) [q]
PEAEITE 99% UL | He T 1TS F 4 Jefilt b R 48k

X1 BE# F12 5 A. awamori 1 A. niger 7S LB
Tablel ~ Morphological comparison of strain F12 with A. awamori and A. niger
Morphology Strain F12 A. awamori (MQ347) A. niger (MQ5334 MQ9376)
Colony size (mm) 50 -75 65 -70 50 -70

Clone color

Stipe length (m)

Vesicle

Vesicle diameter ( pum)

Conidium

Conidium diameter (um)

Black brown

600 - 1000 x5 -10

Sphericity

40 -

55

Nealy sphericity, coarse wall

2.5-4

- brown

400 - 1000 x9 - 15

Sphericity or nealy sphericity,
coarse wall

3.5-4.5(-5) 3-4.8(-5.4)

Black brown or dark chocolate

Sooty

1500 - 4000 x9 -20

Sphericity or nealy sphericity Sphericity or nealy sphericity
(20 -)30 x45( -60)

(30 - )40 x70( -80)

Sphericity or nealy sphericity, coarse wall

Aspergillus niger strain [IEM 54309(AB369898.1)

1000

Aspergillus tubingensis strain UOA/HCPE 8806(GQ461899.1)

—100

— 292

587

995

Asppergillus sp.strain 205(GQ120973.1)

629

& 2

1000

Aspergillus tubingensis strain 3.4342(EF621571.1)

P Aspergillus niger strain LT3 003-2(GQ229077.1)
1000
e Aspergillus tubingensis strain NJA-1(EF178271.1)

Aspergillus niger strain wb209(AF455522.1)

611

Aspergillus niger strain IMI050566(AY 656630.1)

Aspergillus niger strain FIO(EF151435.1)

803

Gliocladium cibotii(AF021264.1)

Aspergillus awamori strain ATCC 16877T(AMO087614.1)
976

strain F12
Aspergillus sp.LZ1 (GU258410.1)

EFITS FHERM IMNER FR EEEHMERERANRGZRESN

Fig. 2 Polymeric analysis of strain F12 and other Aspergillus strains based on the sequence of ITS.
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B R (K 2) RPEK FI2 hih &8
Aspergillus YR58 J& Subgen. circumdati B0, 4H Sect.
nigri FLEE I —Ff

S A TR F12 BB S FRIE , A BF 52 5 12 TR ik 4
E N A. awamori,
2.3 BE#FI2 RBEHRRXERBZYHEE

B #R F12 k& B £ TR O B IR 5 i 3Ly 88
3 B AR, Horp

fea 1\ @ R R E AR (45, 0,,:55 -
56°C , ZAk& W H-NMR (500 MHz, CDCI,) £ 1% 3%
X {5 5 8: 6.86 (s,4H), 7' H-NMR ¥ 5 3 X
3.81 (s, 6H) {5 5 Ky H 4 3 ik {5 55" C-NMR
(125MHz, DMSO ) &: 165.31 (C),133.26 (CH),
52.22 (CH, )., 'H-NMR F1" C-NMR 5 #5 #i & 3%
(SDBS No. 1160HPM-00-091) A1 [ , B4k 44 1 %
EN1,4-“HEREFK (1, 4-dimethoxybenzene)

ke 2. BEAKmK(HE),H,,:250 -
252°C, %54 "H-NMR F1"” C-NMR #i5E 4> T2 C,;
H,,0.,'H-NMR (500 MHz, DMSO)$:12.10(s,1H),
12.04(s,1H) ,11.18(s,1H),7.52(d,J =0.5 Hz,
1H),7.19(d,J =0.5 Hz,1H) ,7.13(d,J =2. 5 Hz,
1H),6.60(d,J =3.5 Hz,1H),3.29(s,3H),2.42
(s,3H) ;" C-NMR (125 MHz,DMS0)§:189.63(C),
181.40(C),165.61(C),164.40(C),161.36(C),
148.16(C) ,135.10(C) ,132.82(C) ,124.07(CH) ,
120.41 (CH), 118.40 (C), 109.81 (C), 108.78
(CH),107.87(CH) ,21.43(CH,) ,"” C-NMR & /R 4%
T AEALE 10 > ZE Bk (5:189.63,181.40, 165. 61,
164.40, 161.36, 148.16, 135.10, 132.82, 113. 38,
109. 81, Hrf 2 A 3L) 4 B (5:124.07,

A__.

OH (o}

" O‘O

0
Compound 1

Compound 2

120.41,108.78,107. 87) F 1 M5 (8:21.43) , X
S Y LA A R E Ak A B R A 8 T H-
NMR 55048 7l DL E .4 /1\75%L1ﬁ¥(8:7. 52,
7.19, 7.13, 6. 60) [a] /) i & EH /N, 7R H oy [6]
i Z&, " H-NMR (37 X 18 (5:12.10,12.04) 2 5
S FRIRIEIE R T4 F N A )RR,
11. 18 fh R — SEWE B BHZ FR 5L 5 40 T N SR &
AR, R B AL IR K R G L H-NMR 1" C-
NMR 5 K # % (emodin) "/ M1, HUKE fL &4 2 %
ERNKREER,

&Y 3. HETEIEHAK(DMSO) .0, :120 -
124°C R TR0 B0 R 10% BB 2 BE A (5, o o¢
o EI-MS 3E 45 T 4> 8 F I m/2 294 [ M ] ",
317[M + Na] "o 256 B 0 50t #E W 4y + X o Cy
H,,N,0,,'H-NMR (500 MHz, DMSO) §:7.88 (s,
1H),7.28(t,J =15 Hz,2H) ,7.21(t,J = 14.5 Hz,
1H),7.04(d,J =7.0 Hz,2H) ,3.97 (s,1H),2.58
(dd,J =5 Hz,5Hz, 1H),2.25(dd,J =6 Hz,6.5 Hz,
1H);"” C-NMR (125 MHz, DMSO) §:166.1 (C),
136.5(C),129.7(CH),128.1(CH) ,126.4(CH)
55.36(CH) ,37.10 (CH,), & f'H-NMR j& f1" C-
NMR 3 53 5] b 7 A B A AH [ 4k 27 A0 78 19 196 i ot 5
55 87.88(s) Mk IR (55 5.166. 1, KW Z LA
Yro& — A~ 2 A [R) 8 22 56 1R B 6 ) B 1 % R 11 346
TR 2 o B H ARG RS HE N oy AR RN
GAMRIRHE B 52 AL G W) S WIS R TN 2R 2H B Y 2R
TR ARAY 3 DR A SR o — B
WO EZAL B 3,6- R I BRIR -2 ,5- i (3,
6-dibenzylpiperazine-2 ,5-dione)

ZT

6}

Tz

Compound 3

3 LEMLI-3HUFEEMN

Fig.3 Structures of compound 1 —3.

2.4 REF-HHMEEES T
FIH Staphyloccocus aureus 1 Bacillus subtilis N

T BIA 3 LS YRR SN TE T SRR Ak

Y1 LG 3 MIEEEASRE, mkEY 2
X} Staphyloccocus aureus F1 Bacillus subtilis 1) A4 £ B
A BRI IAEFH , MIC 43594 16 ng/L il 32 ng/L
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Table 2 Antimicrobial activities of the compound 1 -3

The minimum inhibitory concentration (MIC, ng/L)

Compound - —
Staphyloccocus aureus Bacillus subtilis
Compound 1 >256 >256
Compound 2 16.0 32.0
Compound 3 >256 >256
Vancomycin 2.0 0.5
3 itk

it 5 s FL TR 2 A AR bR R — SR A LA
TEAL e i Rl A S AL TR EE 25 h B )iz
(9 FH 3 o 3 AF O (9 BF 58 S - K i R T AR
Pt e L R A R gy B E Y
22 o it 5 J LR B AT A BT R L BT MR DL R Ak
8 22 Tl PR U AR W 1 fE

TEHTAOT T, FATA 09 ) AR A R Y 6 A4
2T R RETE T B B 200 Ay bk ECE L il 2 R R
F3m$ﬂ F717 B 0 5l B 48 5 i Aspergillus fumigatus
N Aspergillus flavus , Fo ' il 55 J8 Bk 09 % 2 TAE IE
TESEATH o Ok B T L0 M AR B 1 398 0 T ik F12 7EJE
SESHEEER R F3 FE K F7 U8R, KA
CA I CYA B % Jk v 55 3% I /Y 45 18 £2 308 T ith 25
Aspergillus YR58 J& Subgen. circumdati B0, 2H Sect.
nigri i 52 B9 A, awamori F1 A. nigerig] ,H S
A, awamori i K T, M T H TS £ 81 ok 1 T
Aspergillus sp. LZ1 B ITS /£ 3%] (GU258410. 1) B/
100% B[R] IR, T 52k F T AL niger 1) TTS J3 51 7]
VRYER 99% AEAWETE RS Tk F12 %5 i % it
7 (A. awamori)

T R8T R ) 3 T R v, T AR R
B A T A 2 RME I R AR A AT
P WS PR B B FEABE R R, TR
IINHE BRI TR CERR B P & 3] 3 Fife &
Y oAb A Y (1, 4-Z AR T/ F i O il
TR EE PRI G 2 A3 S TR i it A
R,

& 1 5 —Fh 2 A T 0k, W s AR '
PR SO A 50 CRe 2 0 T Rl R ek ) L JF
A AR 125 ) KA HLAL Ty il kT 0
REWEK, BT, G 2k A T HAE T 1
R R A A AN T A S MR Ak, A
WFFE T Ay BRI R A, awamori F12 iZAL& Y
AR T —ASE R OR IR . AW 2 AR A TE

Yy, 02 v 24 R 32 5 ROy 7 P BRI R B BA
NBEAETHEM . BB pE 5 R e B
U 28 PUR R | e e 4l DR T AT S 21 4 4k 25
PR A BRI 5T R M. AR5
o AT AR AL G W s AR SR A TR S M AT
REZ A bR F12 FE PR EHERE 2 —. G
Y3 JE T3 KRG Y, RS WO 2k
Wy P9 R ) A A A AR v R A
PR LR DL AR Y A R AR S A AR Y
FEAZHE 22 KB B 2 B — S8 35T 19 26 (40 1-amino
acid a-ligase) 2545 ¢ ARBFSE 4> B B 4 Cyclo-
(Phe-Phe) fix JC 4R 18 H Streptomyces nourse >, 75 #i
9 BB SR B G R 0 4
BRI X RS Y, B BT O | BT R
FRIEAE 2 A (AT IR R R B A
Y B Ml Staphyloccocus aureus F1 Bacillus subtilis
AR, A BT DA S CH: & 2 39 7 5 T Y
i AN PE i TAE IEAE HEAT o

B, LT REAR B 3 vh 73 B 2 19 Aspergillus
awamori TH Pk F12 HA7 73 i —SE J5AR A T Y 1)
PR = (21, 4- AR SRR 3 R ) 19 fg
7,4 B I T AR Y B B A X S A S R T
PR TE P, AT WA 1 A M o

it ASE TP n i RHIE=F
E X F KAEE LR 2 F 34T LHEAR T B %
GEEAETL A TS LT EEE T AR
e st — Rk
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Antibacterial activity of secondary metabolites from
Aspergillus awamori F12 isolated from rhizospheric soil of
Rhizophora stylosa Griff

Min Chang, Juan Wang, Feng Tian, Qinghua Zhang, Boping Ye"
(School of Life Science and Technology, China Pharmaceutical University, Nanjing 210009, China)

Abstract: [ Objective | To identify Aspergillus awamori strain F12 isolated from rhizospheric soil of Rhizophora stylosa
Griff and to characterize antibacterial compounds from the ethyl acetate extracts of its fermentation broth. [ Methods ]
Strain F12 was identified based on its morphological characters and internal transcribed spacer (ITS) sequence. Iis
secondary metabolites were purified by chromatography, and elucidated by mass spectroscopy, 'H-NMR, "C-NMR and
physicochemical characters. The antibacterial activities of these compounds were tested against Staphyloccocus aureus and
Bacillus subtilis. | Results ] Strain F12 was identified as Aspergillus awamori. Three compounds, including 1, 4-
dimethoxybenzene (1), emodin (2) and 3, 6-dibenzylpiperazine-2, 5-dione (3), were purified and elucidated from the
ethyl acetate extracts of fermentation broth, among which compound 1 was first reported for the genus of Aspergillus.
Compound 2 suppressed the growth of Staphyloccocus aureus and Bacillus subtilis with MIC values of 16 wg/mL and
32 wg/mL respectively, while the other two compounds have no effects on these bacteria. [ Conclusion | Aspergillus
awamort strain F12 isolated from rhizospheric soil of Rhizophora stylosa Griff can produce 1, 4-dimethoxybenzene and
emodin, among which the latter can suppress the growth of bacteria apparently.

Keywords: Rhizophora stylosa griff; rhizospheric soil; Aspergillus awamori; secondary metabolites; antibacterial activity
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