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Isolation and identification of ginkolides-producing endophytic fungi
from Ginkgo biloba Linn.
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TE A NALRIBREME RGBSR LT 5 573 116
FRM AR, i &R & (HPLO) ik 5 A 4 A3 6g 4K
HWEMBATIN KA LS 1 ARES FRSABROALR
B A AR S X EMN T AL MEAFALKTENE Y
#11.4 mg/L., & FHief AH rDNA ¥ [ 5 7 (internal
transcribed spacer,ITS)# R L AL > AT & R AW, iZ AW B
TEFER AFRFNBERNEALT GG RRE.
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Abstract: In the present study, the method of tissue culturing was
used to isolate the endophytic fungi from healthy ginkgo roots and
stems. After repeated separation and purification, 116 Ginkgo endo-
phytes were isolated. Metabolites of these fungi were preliminarily
analyzed by high-performance liquid chromatography (HPLC), and a
ginkgolide producing endophyte strain was finally screened out. The
production of ginkgolides by this strain was more than 11.4 mg/L.
The endophytic fungi strain was identified as Mucor spp. by mor-
phology characteristics and phylogenetic analysis of internal tran-
scribed spacer (ITS), and It was the first report in the ginkgolides

producing endophytic fungus from Ginkgo biloba.
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A SR DY R A W v A AR A R AR
FE A SO 10 A R B BB L LS 4 Al 4 P9 A A vl
PRSI B S T8 A Bk R AR Bl b R I8 T B R R AR A5 45 4 R
ST P 2 A ) R A ) ST A A AR B A I e R AR
YR IR & R A R 1,

ARl B2 WYY 2 A AL A
2, AR A 2R b R Sk R T B A B A AL R A BT T AR
FABT, Bew LA A2 W) TR AR A AR B (Extracts of Ginkgo
biloba » EGb) , H 3 B4 84 53 /& 54 I 28 Al ) R 26 1k &
PP, H EGb & B RS S R e — ikt HZ IR T
AR A B AL R IR —  RE MY RAS
5 7 R A [ AR L0 3 4 g Zh BT R AR A
AR PN A EL T 1Y 20 e A AR T TE T B D BOUL K AL,
2 S LA LS g 3 B0 09 P9 AR BT R T U R AT R
o4 bR 1 R AE 1 BRGNS HR
67 BRI LT RE U AR R AT N C ST
FEAt b — 2B R — BR LAY R B A Y A it e
AEF FGO52, B N I 77 5t 0.13 mg/mLM 5 %o 1% 14 Bk ik 15
BHNR AN IR E G5 LI AL R B A G Hm B &
BEARSR R T 5620 . AT AR FIY 109 MR 4R
FLT PG 1 — R R AT N R B B9 BE 1 5 s TR L R
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R 9.3 mg/L, Qian U7 3R T — 7 A PR 4R
75 N AE BLT Pestalotiopsis uvicola GZUYX13, Cui 258§
o 3] — Rk 7] B 7 AR A TS ALBLC ORI ET SR P TS 09 9 AE T AR AR
8k J1 B (Fusarium oxysporum ) SY0056, T X T H 4K B H
I B AR A 21 2 b A DU B Y B 55 B (Mucor sp.) BT, i
RILVHBA NS FRe I il . AOFE AR A
WL XS G2 R 2 AR B 43 8 10 AR L 25 S5 6L 43 B3 P9 2F LT
FE DA G 3 L 7 R A PR B TR R O S R T AR AR W kI AR
7 NER RGP IR AR AR

1 FRLS ik

1.1 R #

B AT A ZURE R B E T e A AN T OBU AL B A - 3 R A
24 800 AF IR AR T MR L ZE 4140, MERIMA L RFEM T 1
M.AE24 h Rz B EHATAM, AAEEFFE R
PDA 52 M 5 T R (MMN) B 32 5 .l AT % 30 me/L A
HRE. KB M NBIE M PDA B 5% i, B PDB #%
FW

WA WER ABLC FRAEN - 35 [E Sigma 24 7] 5

FI 5 PN TR A v e A R A R R BR A ED

KNO, .K, HPO, , MgSO, + 7H, O, NaCl,FeSO, + 7H, O,
AN R SR L R T

SR i WV A5l
1.2 KW HE
1.2.1 REALAMREET  SHSCHRCI7I0 T 3% i 1E &
5 4 )8 U B AR AV AR 2K, FVE KBRS L BEK iR 0.5 h,
AT ZE R I bR v

Ve MRS EL S g, 1 e R B B0k 75 20 T R I U
1 min, JG R /K of 26 3 W T 0.1%6 i U SRR Bl R ok (R
1.5 min, 25 0.5 min) , /K M¥E 3 s B fg —IRBE IR & T K
T B9 /INEAR

RS MM OEHE S & PDA K58 B RiR s
FEFRILE T 37 CHi g% 2 d A R AR
1.2.2 AR P4 B 0 AL R S W A R .
R T 22 TH R JC BB AR T R LAE & 0 KB 9 BT )
P LB LY 0.5 em K/NB AR BT K /NE R AR, B
4~ PDA Al MMN AR E 4~5 SRl g8 ) O B 5
IRk b o R JCTE AL PR G B R AR A Y SRS — OB TR TR
FHEEEEFR AN B S mSe R, BAEZREET
28 CHHIREFRAH 8 55, B R WA I id sk WA E A K
5

RitEm RMBGA G KB W25 % TEE P LR
B T BBk BRI 22 5% 1 BB G X R By SR AL B AT RS
kLB T 28 CHEIRM TG I . B RN REEERKEN .

RSP 0 R AW T, TR 22 T 4 B9 06 X 40 s A5 3 i
PR BLTEHEAT 2 AL AR A5 IR Y 2l Ak T 7 . K T 2k
A0 AR 53 1) 5 B 2 o A AR THT B SR AR L BRRIRAE 2 LAY

28

11,28 “CHHIRAR o 35 95 15 TR MR AR R RE R ), L B 4 °C IR
M. 1~2 H a4 AR 0 R .
1.2.3 KIEER & FFTILARER W 2 B R4
FTAL A HH A 100 mL PDA B3R WK/ 250 mL =l
PLOEREA S A E PG E THIREG R RA .28 T,
120 r/min 558 5~7 d.3 220 A0 1 I8 43 8 8 4 R K BV

Bt g5 i & B 50 mL, in A SRR B 2 R 2 g AR L
2 WA IR 78 R BT N A 5 mL H B i [
WY BT, I 0.22 o PR IE L BT 5 T 22 1K HE 55 C LR b
TR 2 g THFH A, A 10 mL 50 % B B2 K W 75 4 I
BE . MA 20 mL 2R Z FR# AT ML, ZE MU e 25 K BIE T
JA 2 mL B R % AR 5, 9 A 0.22 pom SRR B A
1.2.4 eGP NEEEY BRI E R HPLC-UV BERA
PR 28 IO 1 B T R AR AR R AR A R AL
B.C FH R M.
1.2.5 HRAABAAERMEE R E RN
ITS Jy 41 53 87 5 6 AT 2558

(1) TEAS = RHAE 53 B - P B AE Ak 1 T Ak 2R i T 22 35 i F
PDA #5373k I, 8 5% — Br i) 18] J5 WL Z% T4 V% 1 /N 8 55 TB
AT 5 SR )5 R A Fr 1 R A7 PR 2 M L 7E B OB T L
TR 22 AR 53 A 8 1 0 45 55 R AE L AR s L T 45 o F )0
HEATHI A B .

(2) ITS JF 5 5301 5% CTADB 3 32 U H b7 1 bk 19 2
41 DNAMY, ITS [P 408 5t 1 - (b3t oN & 46 K 3 B R
AR A F A K KN ITSL: 5 -TCCGTAGGTGAACC-
TGCGG-3”7 F1 ITS4: 5’-TCCTCCGCTTATTGATATGC-
37, PCR W £ 1 : 94 °C #i48 ¥ 5 min, 94 “C 748 1 min,
55 CiR 4 0.5 min, 72 CLEMH 1 min, 25 NI, 72 C LEfif
10 min, 4 CLRAF, ¥4 H B S pMDIO-T &k 49 L#
(R ) BR 2 R J3% 2 91 6 £k 2 K FF oA J% 32 25 2 e PR 44
TLREA V& PCR %08 B )5 . 3¢ 1 b 578 & e K R
AR T . 45 AR 22 NCBI ik 47 15 41 X 4347, 1
B[R0 8 1 e 8 B AL 25T 51, B MEGAT7.0 82V, 1 F
4B 4% % (Neighbor Joining Method) # # R 4 & & #.
Bootstrap ¥ ¥ {5 =>50%,1 000 (R EXE .
2 RS0
2.1 FERENBEANEEBEMNIFIE

MAR AR R A P I B s WAEETE 116 Bk, H A AR
Z 51 76,40 Bk, R HPLC X & 1 1 A 8 22 32 L)
S BEAT A0 AT . B 1.2 TN BBk Gbph112 19 % B AN TE
LRI R E A SARE R A R A LB C ORI AR PR A
X o7 A €435 06 L 3R W B Bk Gbphl112 7] 7= A 4R A& g A B.C
R R T B R AR VA AR B AL C KR 4343 W 2
L Z Ah L TARAY TR A A A2 — BB A7 T I 22 ML
Btz 4h , HPLC 8335 18] b3 A7 75X W 3 Fl s o it =22 A1 19 1
Wb 336 W) R TR T IR P OE & A e MR AL B ) A dE
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Figure 1 HPLC chromatograms of four ginkgolides

standards
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Figure 2 HPLC chromatograms of the gingkolides produced by

Ginkgo biloba endophytic fungus strain Gbph112

28 35 0 5 B Ak Gbphl12 11 % e V80ORN 1 22 B2 0 b Y R 2
Yy R B R (7. 6040.12),(3.8040.06) mg/L,
2.2 FRENBEEKRNEE

Ptk Gbphl12 B ¥ o Ho 4 A6 70 22 90 B 5 Jm E 1 S 7Y
FRAE LI 3. 78 28 °CF PDA PR A KA. H KR £
FE I R 0 B T 22, v G T TR 22 7 W A AR B
TRHEREE AR FERHEERRREETHOAEER.H
HHEBEEG, EWLIW, 2R, JCH R E 2 AR
s 224K b B ek BR 0 A L A, T o A IR £

THLCRESL. R OtEMAREM T HITS Foaid
BLAST # 2 J5 JREUH S A s 9 TTS 751, J] MEGA 7.0 #(
PR AR R R IR . Z5 2R BRI Bk Gbphl12 5§
Mucor am phibiorum ) ¢ 51 e KAHRIVEE 2] 9900 WK 4.
LRV CH TS ITS P80 0 M 15 B K iZ Wbk 2 A
THEE.

(b)) SrA41F(x 1 000)
B3 WAk Gbphll2 %A RS AT HE
Clone and conidiophore characters of

strain Gbph112

68 Gbph112
476|——i:Mucor racemosus(EU862189)
91 Mucor amphibiorum(AF113426)

(a) Wk

Figure 3

100 Mucor fragilis(AFA74242)
Mucor plumbeus(E¥F203697)
Cunninghamella homothallica(AF254941)
Absidia cuneospora(EF030524)
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A KA A G A A

Phylogenetic tree of Ginkgo biloba endophytic

Figure 4
fungus strain Gbph112
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