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MNEBRNEERE FTIZZJ09 X E
IMEE R

HiE ik ZWHA FH TRE
(FEZGR RSP SRS L8 Fat 210009)

W E: REAROBESFHIEF ITS FASHER, F—HERRTHNEHSGHLZOALALT
B Ak FTIZZI09 %% A /= % F & (Penicillium chrysogenum), L EMAE HHEE KIFHREG gL £
FHE, 3 g/L & Ea Mk, 0.1 g/L K,HPO,, 0.05 g/L KC1, 0.3 g/L NaNOs, 0.05 g/L MgS0,-7H,0, 0.001 g/L
FeSO,-7H,0, pH 6.5)F 28°C. 160 r/min 4k4%3% % 7 d, KIF6 K B EA 7 5 7& M. AR EAD AR

Sephadex LH-20 #i}%iffnx&?% &’a ik, ANABRCBRLERBMY T B2 3 NNEHWHAE
HaG et , F) R R e A R R BRI I A ) BRI A B - ABR ). IR (I AUBR - A

BR)Fe 2- LBk -4 (3H)&E v B, m:Wﬂ;iiﬂeﬁm A RYEA LAY R G4 A, MIC 4
AlA 0.8, 0.8 47 0.4 g/L, faxt ¥ LK MAKEERLA D0,

KB MNEF, WAAR, FEFE, ZW%kER, BRE

The Endophytic Fungus Strain FTJZZJ09 Isolated from the
Bulbs of Fritillaria thunbergii and Its
Antibacterial Metabolites

TIAN Feng HE Ren-Fa LI Ming-Yue WANG Juan YE Bo-Ping"
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Abstract: In the present study, an endophytic fungus isolate FTJZZJ09, which isolated from the fresh
bulbs of Fritillaria thunbergii Miq., was identified as Penicillium chrysogenum based on its morpho-
logical characters and internal transcribed spacer (ITS) sequence. After being cultured in the modified
CzapeK-DoX medium (3 g/L maltose, 3 g/L peptone A, 0.1 g/L K,HPO,, 0.05 g/L KCl, 0.3 g/L NaNO3,
0.05 g/L MgS0O,-7H,0, 0.001 g/L FeSO47H,0, pH 6.5), it can secrete antibacterial metabolites under
the condition of 28°C in a rotary shaker at 160 r/min for 7 days. Three antibacterial compounds were
isolated from the ethyl acetate extract of the fermentation broth by silica gel, they were elucidated
as cyclo (Pro-Gly), cyclo (Pro-Val) and 2-acetyl-4 (3H) quinazolinone. All the three compounds
could inhibit the growth of Bacillus subtilis with the minimal inhibitory concentration (MIC) value of
0.8, 0.8, and 0.4 g/L respectively, while they showed no apparent effects against the growth of
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Gram-negative bacteria.
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FIE 19 e v ), A Sl & R e S5 A ) 1Y) 2H 41
R AF TR — SN AR B, HK S P AR L O
TEPEAB = P A5 TAE BB TR AERAZ 3T
ZrERY ., [ 1993 4F Stierle 45 P 2542
(Pacific yew)ZE B KR H 73 25 31 1 Bk AT L4310 2542
RS N A B Taxomyces andreanae LI, B NAEY)
A BLA B BAR Z SR AR &, BT
s LA A B )L A o ] R e A T
TER BT N s ) R P R0 T . RE
R YN A RS E ENLE g,
HACHE AR AT e 2 A A= 18 N ek s, I ZEAE K it
T T 23 6 — 6 45 K SR A 5 IR A 1 [ B
AR Z2 A8 4 9 A= LR AT D 43— 26k [ AR ) 19 3 1
RET= PS>, R — 2 e
I PR b R 25 9 g <25 50 () R AL T ) ik A% . a2
Ak, O —2e 2 AR Y N AR TR R LS PR AR
FEYIBE T R IE PO, HAR D WA S T UL B R AR Y
A B sl

Wi Ul B (Fritillaria thunbergii Miq.) & H & FHHY
— A, TR 2K D B T AR L kAR
DI, TEhBE R HITIRI T ST . IR . NEK
Jili 5 T Mg P S A R . AR R W DL RREE R
(14 4 B 30 LA T Sk ) i T IR R A S S A
FARE T, FRATT N DB fif f 25 vp 43 5 2] 1) 22
PR N A LT A R TR A ke B A TS, e N
AR 126 7rek B A [ 5 58 rh & WA R A5 7Y
KW TR ORI HA T R M s s e, i
BESRCaER 2 s, eN2A BENIME
FVEE T T P CRUE T A ). BRI, i — 2D TR IT
S8 JRONT IX B8 PN A LR T R B S A ) 1 40 B
aifb TAE, WA BT 1 fif DLUBE & Al 400 B 0
MYASTT, (AR, L Sy 25 9 W i S ARt o 22 1 o
&Y.

TRk FTIZZI09 J& AW DL ff il 25 v 43 9 5]
) —PHREWH, 7EEA L S5Ek Jze MR AR, HE
TR Y% A 22 TG BH M 240 T 19 A 4 B A B A o
FH, AT 22 PG 9 A A R TG S 8 90 o 3
FEAM T I, ARIZ AR AIE S22 R-E S ITS J751
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SRTES R, K AR FTIZZI09 % a8 o 7= ¥ i &
(Penicillium chrysogenum), I MNH% W R . TR
PR R R 3 MRS, W T e RSk
TR TS

1 MRS

1.1 &k

PR FTIZZI09 J3 5 F WL 0 M i) DU EE sy i
=%, 24305, UL PDA BASHAIE: F=%E 4°C 1%
FET AL 5 0B 0GP 48 s TR R R 2 96 AT T
(Bacillus subtilis) F1 2% MFT B (Pseudomonas  aerugi-
nosa) i A= 5256 % ARAF o
1.2 EFERIRAFH

PeAk I 0 i B A TG A e FR Bl i R 3 g/L
FIFHE, 3 /L K, 0.1 g/L K,HPO,, 0.05 g/L KCl,
0.3 g/L NaNOs, 0.05 g/L MgSO,7H,0, 0.001 g/L
FeSO,-7H,0, pH 6.5, SCHBRFRIR B Bl 51 o8,
BN E o A Al
1.3 EMEE
1.3.1 BEMES: HEM L =k ST A R
(CYA)REF: 34 (90 mm) |, 28°C K535 3—-7 d, MEE
FEHGR B IETEAR . b B (0 S5 T8 A5 R AE
1.3.2 BRRA: WML T CYA KR
e, BHEALH S A, 28°C & FE 5d e, s
e 2.5% 0 R W, H 37 S-3000N 7] 4%
JEF B T B MBS (HITACH A ), HA)WEH 1
()7 A1 DL B SRR AE
1.3.3 ITS F5I4#7: ITS JFHIY #5144 5-TCC
GTAGGTGAACCTGCGG-3' (_Fii#514), 5'-TCCTC
CGCTTATTGATATGC-3' (FiF514), a4
i A= W R A BR A T A . #5725 pL PCR X
K& : 2.5 pmol/L dNTPs, 10 umol/L [ ¥iF5| %)
(TS FiF51 % (1TS4). 3 U Taq plus DNA 5 £ i}
(B4 T, 1 x PCR J W28 (7% 2.5 mmol/L
1) MgCl,, ¥4 T)A & 50-100 ng it DNA,
# PCR RN RIRA), W& HM: 94°C 5 min;
94°C 1 min, 57°C 45 s, 72°C 45 s, 35 MEH; 72°C

10 min,
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PCR =% & [ W AN J5, 7 31 4 52 %)
GenBank "', F|F] BLAST #X {4 (http://www.ncbi.
nlm.nih.gov/blast/)FE A7 FALF S &R, #E— 2Pk H]
ClustalX (Ver.1.83)%F &5 [F) 53 51 17 2 15 51 B AL 43
i, SKJ5 Ml Phylip 3.65 # iy N-J &%
(Neighbor-joining)f4 # R 48 & B W, & & H B IKE
h 1000 K% .

14 RS BHUREHETE

il & Bk FTIZZI09 MR T, LA 1% 3 i
HEAhEHA 200 mL & BERE SR LY 500 mL H#ETE I,
B TE IR R PR EE R AR, 28°C 160 r/min 5% 7 d.
FEBURRER 130 L, WM 2 5 L, IS ARH
(1 TR TR 7857 2 B, BRI 28 98 s Wk 4 J 3R A% &
%2 CBREE Y 50.1 go FIHIRSLA R D-101, 1EARAE
JiZF1 Sephadex LH-20 454 (4 4K U o 5 42 HL, 153
FEEY 1 (30.5 mg). tLEW 2 (15.0 mg)FIfL&H)
3 (13.0 mg). FIH] MDS-QSTAR % i {¥ 43 7 %&
MMEB PR, LAY E "TH-NMR fil PC-NMR
A Bruker Avance 500 %I 4% % 4z {3 & (TMS R
MHR) o
1.5 RFEINEFES

BUE LAY, BeRZRER 1 oL M%
W, FH0.22 pm FLAR BRI JE R I G 4°C TRA7 %
Mo B 1 g/L BFESBERAR BEAL 8 MR EERERE, 43
MM 1. 0.8, 0.4, 02, 0.1, 0.05, 0.025 A
0.0125 g/L. ¥ _LiBFEMFE 50 pL/ALIMAZE 96 LAk
L, B AL A 50 uL RN R, R
BHZAE N 1 x 10°-2 x 105CFU/L, L) 0.1 g/L i
7 B FAE Ry P X BE TR Bt RS R (4 A AR
B SR B 93 1 BERUAS IN R B 2S L B A
R E 3 AEE ISR 96 fLARE T 37°C
WEFRAATIESE 20 h, WLIAS I B P A KRB, DA
A6 A K E BR T v B R S A 0 B v R
(MIC).

2 R

2.1 Bk FTIZZI09 RIS F451E

Hikk FTIZZI09 76 CYA ¥535 3 | 28°C 4B K 5d
JEHIEE BN 27 mm, 7 d f5ik 30 mm; V&R
A 6-8 MRS, Bk, ARRRME; <
A2 A A, WHRER, R4 KERZEOQS

HOR (B 1A), B s (8 1B), HHBE T,
Wk FTIZZI09 7 7 HREP- 1, T tRA =%
AL A R A, DO R SO, BIE 2 S, 15 pm x
2.5 um; AHIEFEE 34, 7 pm x (2.5-3.0) pmy; T
K, Wit 3-6 4, BFIE(E 10), srAflFik
BRIE G IE, KT 1.5 pum=2.0 pm, BET 7
(1% 1D).

iR AN EATIESSE
%= & P H % V8 (Subgen. Penicillium) T 7 4 (Sect.
Penicillium) ¥~ J& % % 2 (Ser. Expansa) W) ;= ¥ 75 &
(Penicillium chrysogenum) "FI1l .

1 E#k FTIZZI09 RS HE

Fig.1 Morphological characters of the strain FTJZZJ09
HE: ArCYA L 28°C 53 7 d INHEIE A B: CYA L 28°C HiJf
7 AT ILA: C: AMET TR, D: 4TI,
Note: A: Morphological characters of the colony cultured on CYA
medium at 28°C for 7 days (Front view); B: Morphological charac-
ters of the colony cultured on CYA medium at 28°C for 7 days
(Back view); C: Morphological characters of the conidiophore; D:
Morphological characters of the conidia.

£t PCR ¥ WY J5 4R 1S Y B Bk FTIZZI09 1Y 1TS J7
5 4 K 514 bp (GenBank ' 4 ¥ 5 5 N
HM150998b), BLASTn 7 #r45  W/R %751 5 7 5
J& LA (Penicillium sp.)f) 1TS 31 A 1R & 59 A IR
P, Hod 55—k 5= ¥ 5 B (Penicillium chrysogenum
complex DAOM 216700)/Y ITS /%51 (GenBank H1
JFA5 R AY371628)[FVEYEN 99%, PI#FELL N-J
BHHEN RS LB R LR F R (& 2).

I, 256820 as R, ¥k B T bl &k
(N A B F R FTIZZI09 %58 N —Wk = 5 5
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—— Gliocladium cibotii (AF021264)
Aspergillus niger strain LT3 003-2 (GQ229077)

1000 [ Penicillium implicatum (AY380456)

1000

63 1000

1000

1000

Penicillium lividum strain FRR 1228 (AY373922)
9946: Penicillium spinulosum strain FRR 1750 (AY373933)

Penicillium restrictum strain FRR 332 (AY373928)

Penicillium sclerotiorum strain FRR 1202 (AY373931)
Penicillium chrysogenum strain FRR 807 (AY373902)
Penicillium chrysogenum strain UWFP 772 (AY213670)
Penicillium chrysogenum partial sequence (DQ336710)
1000 ——— Penicillium chrysogenum isolate 3 (F1791142)

Penicillium chrysogenum complex DAOM 216700 (AY371628)
Strain FTIZZJ09 (HM150998b)

100 04 penicilium glabrum strain FRR 835 (AY373915)

B2 BSEEHEEITS FIMBERDF
Fig. 2 Clustering analysis of ITS sequences from various Penicillium species
TE: 733 EREUE Y Bootstrap 156 i S5 T 70 3 (%); s 44 5 Y2 5 2 X R 1TS FHITE GenBank H1 i FF315.

Note: Numbers on the branches were the bootstrap value generated from 1000 pseudoreplicates. Accession numbers of the ITS from these

fungi in GenBank were listed after species names.

22 EYIRSEHEE

MR FTIZZI09 AR LR LRI E T o
BE 3 MMEEY:

a1 AR EE), B2 R EA, mp
162°C—164°C , ESI-MS m/z: 155[M+H]", 45 &
PC-NMR #dis, #Eil5rFh CHoN,0,. "H-NMR
(CD;0D, 500 MHz), 8H: 4.23 (1H, t, J = 6.9 Hz, 9-H),
4.10 (1H, d, J = 16.8 Hz, 3a-H), 3.74 (IH, d, J =
16.8 Hz, 3b-H), 3.49-3.60 (2H, m, 6-H), 2.30-2.34
(1H, m, 8a-H), 2.00-2.05 (1H, m, 8b-H), 1.90-1.98
(2H, m, 7-H); “C-NMR (CD;OD, 125 MHz), 8C:
172.0 (1-C), 166.4 (4-C), 59.8 (9-C), 47.0 (6-C), 46.3
(3-0), 29.3 (8-C), 23.3 (7-C), VA L %¥s 5 CHk[ 1014
B I CH A mR-TH AR A —2, sy 1
A (HARR-IE ) [cyclo-(Gly-Pro)].

AW 2. IRBEEPIRES W (GE ), B2
4, mp 187°C—189°C, TOF-MS m/z: 195[M-H]", 454
BC-NMR %8, H#Ell5r T3 CioHieN205. "H-NMR
(CDCls, 500 MHz), 8H: 6.4 (1H, s, 8-NH), 4.07 (1H,
m, 6-H), 3.94 (1H,s, 9-H), 3.65 (1H, m, 3a-H), 3.55
(1H, m, 3b-H), 2.63 (1H, m, 5a-H), 2.38 (1H, m,
5b-H), 2.05 (2H, m, 4-H), 1.90 (1H, m, 10-H), 1.08
(3H, d, J= 7.3 Hz), 0.92 (3H, d, J = 6.8 Hz); *C-NMR

(CDCls, 125 MHz), 8C: 170.0 (1-C), 165.0 (7-C), 60.4
(6-C), 58.8 (9-C), 45.1 (3-C), 28.5 (5-C), 35.4 (10-C),
22.4 (4-C), 19.2 (11-C), 16.0 (12-C)., VI F ¥R
SCHR[ 11143 0 20 (0 2 R - T 2 R ) e As — B, il e
SEAGY) 2 I (SRR - 2 8R) [cyclo-(Val-Pro)].

&Y 3. HEBRGED), BZESDHA, mp
188.0°C—188.5°C, TOF-MS m/z: 187[M-H], 44
PC-NMR %idfs, #E05F 20 CoHgN,0,, "H-NMR
(CDCls, 500 MHz), 8H: 9.9 (1H, s, 3-NH), 8.36 (1H,
m, 10-H), 7.82 (1H, m, 7-H), 7.82 (1H, m, 8-H), 7.58
(1H, m, 9-H), 2.76 (3H, s, 2’); “C-NMR (CDCl;,
125 MHz), 8C: 194.1 (1°-C), 160.5 (4-C), 147.7 (2-C),
145.3 (6-C), 134.8 (8-C), 129.4 (7-C), 129.2 (10-C),
127.0 (9-C), 123.5 (5-C), 24.0 (2°-C), VL ¥ 5
BR[ 12134008 1) 2- 2 BEHE-4(3H) s R i R A — 2, e %
FEALAY) 3 0 2-2 i FE-4(3H)ME M i [ 2-acetyl-4(3H)
quinazolinone],
23 HIEEME

RSN TG P B 45 SR R W 3 Ak & W XA
FFAAFT W A K EA — 2 MIHAER, MIC 4
Bk 0.8, 0.8 F1 0.4 g/L, {HXFERIMAT B 0 A= K TCH
B AAENE (R D).

F1 LESY 13 NHEFHATERERTHAOMEER

Table 1 Minimal inhibitory concentration of compounds
bl EYE] [azx/B | ey 2 &y 3
Test organism Compound 1 (MIC, g/L) Compound 2 (MIC, g/L) Compound 3 (MIC, g/L)
Bacillus subtilis 0.8 0.8 0.4
Pseudomonas aeruginosa >0.8 >0.8 >0.8
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FEARBRFE Y, ARG EAR A TESRIER ITS J7 5
SYMTEE S, BB T DL RE BT e 65 25 1Y P AR L B
¥ FTIZZI09 Y55 N 7 ¥ 75 % (Penicillium chry-
sogenum), FIATHICHIE B 57—k A T )L
(9 A B U8 TSR Sl

PR R E B R E N, T R
MATHEERAT . BT WPt il ™= (n i %
RN, 7R R AT 40 W HLAG i R A
o UV E AR =, AT A — S BT Ak
MR R AR R (RO L EAREE ST, FRATA
T AR FTIZZI09 (KB h oy B3] 3 FpCigh™
Yy, EATREE 2 EC PH M A R R 2 AT B A AR K R B
HR — S A B T

2- 2, TR 5 -4(3H ) M M il 7 235 440 1 /8 1 e il 2%
i, SR AP e N — At U g )
oA R, HET R k2 A R A U
D7 AR AR 200 s s bR R 2K A A 0 LA B 4
HIV i & 612 Breat™ . puimh . grRt™ ., i
FEAE O il TR R B P B R R PV 2 R
A BRFNZ R MR R, EATWE 5-FR A A RSB
FNOL AT AR SZ BN 2 T ARG
YSE 2- Tk I -4 (3H) W I ] e LR — MR il 21 ik 40
& (Fusarium lateritium Nees) T35 29, HA
HIV SR8 E I RE ", (M1 858 E i e e
WRM, HAE= B EREE FTIZZI09 i) &l ™
2N 100 pg/L,

AT B R 54 2 Mk S YR T R
BERAAY), HmAAAET AR, B 2R
Yris e, n: PUeE . PUBGL . BUMOE . SRR
W55 Foll e A A K AE, E— e b B
&R B BB SEMERY . REXRLEY
FERE DU AE AR = W b L w DL, AH N ™= 7 8
() K e =P h 43 A B AL S W v 8 B AR,
TEAS B 5T Hh 20 5 30 00 B4 CHE 2R - i 2 R ) B A7 470 ik
9o 1 MRV ORI B A s AR R EAZ P AR L, TR &
BAZAL A P30 LA 450 55 0% 1 4] A 2% E PR M R AR K
PITEPE s O3 —Fh IR Z RS A5 W BF (A0 2 R - 2 )
W ELAT S5 A B T, X 5 AR A G Y 4
R

MZ, BT FR A AR it o i AR
FH, AEASIFSE 43 88 20 0 i DR PN A 7 55 75 25 B
Pk FTIZZI09 4 yix Safb 51 0 A 7 B A (0 T Ak
R, HA—E TR AT .
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