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Isolation, identification and growth conditions of endophytic fungi
of Eucommia ulmoides Oliv. for production of PDG
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Abstract: [Objective] The study aimed at isolating pinoresinol diglucoside (PDG)-producing endo-
phytic fungi from Eucommia ulmoides Oliv. to identify the strain with the highest yield of PDG and to in-
vestigate the basic conditions for its growth. [Method) Endophytic fungi were isolated from the surface
sterilized bark of Eucommia ulmoides Oliv. and then, cultivated in liquid broth at flask level to test the PDG
production. The strain with the highest PDG production was selected and identified based on the morpho-
logical characteristics and the sequence of rDNA in the ITS district. Basic growth conditions of the strain
were also studied in aspects of temperature, pH,carbon source and nitrogen source by the single-factor ex-
perimental design. [Result] Eighteen strains of endophytic fungi were isolated from the bark of Fucommia
ulmoides Oliv. Only three of them had the ability to produce of PDG. The strain XP-8, with the highest
PDG production of 11. 65 mg/L,was identified as Phomopsis sp. It could grow in a wide range of conditions
from 20 C to 35 C and pH 4 to 8 with the best growth at 28 ‘C and pH 5. The strain XP-8 could use glu-

cose and maltose, but not malic acid, among the tested carbon sources. Sodium nitrate showed to be the
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most favorable one among the tested nitrogen sources,whereas aspartic acid could not be used at all. [Con-

clusion] The PDG-producing endophytic fungi were isolated from Eucommia ulmoides Oliv.. The best

strain having the highest PDG production was identified,and the basic conditions for its growth were also

studied.

Key words: Eucommia ulmoides Oliv. ; pinoresinol diglucoside; phomopsis sp. ;identification; condition

for colony growth
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FEAPEZ . T 2008-11 SR F P4 b R AROREB R 7 42
SHEFE 10 W8 DL F T 3 AL AR O 17
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R IA (D FERE I, 4%

AR BIE 5 95 3 (PDA) , H 4Kk pH (24 8. 0) ;82 [%
BB IR IE(CAY AR pH(H 7.9, () WK 3%
K, DA EEAIRER FRIE(PD), 4R pH(Z 8. 0),
) N[l Rl il 5 R 5 . 55 T 46 B8 O o 149 7 %6 %
VERY VA TR AR CFUME R e 52 QI g B R
B o TR L ) RA [ B R B R L, AR pH(Z
7.9), () AT E R KA. A5 6 5 E
IREMRER CH AR IR . K T4 &R . &
PR R 22 IR R 46 5% TR Bt i 5% 7 2 v 1 il 1R 44 TR
BRI AR R 525, B8R pH(Z 7. 9), (5) A
pH 853535, J HCL 1 NaOH ¥ %2 [C 3 g 1% 55 it
W) pH (B4 38K 3.4.5,6.7.8,9,10,11 F1 12, 4%
M.

1.3 HEMHSE. 4L FRE

%% Larran S50 7 32 A7 FE AN 2R B G
By o JUBTSEAL PP 2 29 10 g, UI R /NSY 5 mm X5
mm (4 /N B, e 78 B 43 0 70 %0 I T RS TR i 1
min, #R J& FH B L5050 3 00 F G R 4 C 050D W T
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b 25 CREESR 3~5 dLFEW 2 U0 1 Ab A T 220
JEI s PR IOUE A 6] 10 T8 7 5 280k 43 85 L0 L Al 1S
N . KoL JS R AN RS 2 PDA RLiE, T 4 CfR
5
1.4 7 PDG kK 0% 1%

W13 hRAF N A . T PDA RHTAE 28 C
M T AT AL SR G 5 A D 15 FR W (250 mL =
S PD 5535 100 mL),F 28 'C.180 r/min ¥
IREGFR 4 ds DUARR 20 8 10 26 1 $22 Fh 2 5 Ak T 3%
F2H (250 mL =M% PD #3100 mL) 1, F
28 C.180 r/min &3 10 d,

R ESE UG o W BRI BT 14 000 r/min
B0 10 min, B VE WM A 2 A5 1B 1R B 4y B
950 L WEE R . BUBEDUIRAE 5 000 r/min N B0 10
min, | BRI B 5 L EE 400,45 pm 1Y)
AL TS 0B . BE AT R 80 €4 3% (High per-
formance liquid chromatography, HPLC) 43 #f7.
HPLC kil 242 - K ik K 228 nm, #1325 C,
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Ui 1 mL/min, #EAE & 10 p L, 30 30 A 8 1R B 2 2
26 00 Y,

1.5 BEMPNEETE

L5.1 HEFWE KIEMAGENEK XP-8 gk
T PDA 4,28 ClEEKREFR 15 d, K37 9 18] 45 F 24
h WAL 1 R 5 AU S FRE . fF K B a ik
il i s 7 Motic BA 400 %A% i 15 % 2 B s T 4R Bt
B R 9T 09 8 O & H 84 Motic 3. 1 Preview
Software X} i 15 KR #4704 .

1.5.2 ITS K33 441 8 5 HWCRCRIF S 0k 1l e
LA A i, SR 5 H Biospin B 2% K 20 DNA $2 UK
& Cht M1 B RN A R R R B R
DNA ; H BEH % & % HiL 7% & Fungal Identification
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1 min, 3t 30 MEH ;& )5 72 CEEfH 7 min,

P YW i B R e A YRR IR R AT )Y
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CAGGGTTTTCCCAGTCACGAC-3',
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£ 8 itf [B)/min
Time

AR CH RN 1000 YO . TreeView 4K
PR R R G
1.6 BEEEKEGSN
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SEAHE AR AL PR 3 K. TR VK AR A
A AR

B VK E AR (em/d) = (4 d J5 B9 R VK B
2 (em)—0.5(cm)) /4,
1.6.2 34key pHAEL AR RRGA A HITI
arfTHCE AR 5 mm R 2218 B, 43 54 TR 6 pH
B 19 8 TQ 3% 35 5551 M AN [R] e Y5 4% 57 358 - Al R[]
R FRE RGP Y, T 28 CHRHIRRKF 445G
D2 D v ELAR L TH B DR R B A A R () 1.6, 1)
B EL 3K,
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ABF LS 85 15 B 18 Bk A Vi R AE 4 A AH [ 1)
FEAT P AE B . T HPLC X1 4> 535 80 19 18 #AL
WA #4777 PDG fig J1 %5 . KA 3 BRI ED XP-
3.XP-8 Ml XP-11 fig /= 4= PDG. H o & tk XP-8 7=
PDG [ BE J7 5 3k, 7= it A] 3k 11. 65 mg/L, 43l J&
XP-3(0. 874 mg/L) 1y 13 % Ff1 XP-11 1 (3. 254
mg/L)4 5. FRFEA XP-8 KW i) HPLC &3 I,
B 1, RS EREE R, Pt XP-8 1E R Ja e iF 58 T B
Fv Jf X HE AT R B E

150} o U ¥ K:228 nm B
Detector A:228 nm
>
8 =100
g 8.351
B S
B S sof PDG —p [} 9-22
= 9.80
0
1 1 1 1 1
2.5 5.0 7.5 10.0 12.5
% B I [A)/min
Time

Bl 1 PDG f7kE (A) FIE bk XP-8 % Bk (B) F A 40 #r
Fig. 1 Chromatogram of PDG standard (A) and sample of XP-8(B)in the HPLC analysis
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2.2.1 BHEHE HEA XP-8 5 T PDA F
Mo B RFATHFEILEWEE ., SR ELI.28 CHiFES
d JE 28GR ERZARE, A6, 2HWE

AR VR BG83, B AL FR (B 2-A) . 4k
SrhEgE A 15 dLTEVE R R IR R D ) € A A A
B 22 NG B R ik IR B R A R 22 4
i B o 6 B (0, T S K HE (6 (/] 2-B)
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2 B Rk XP-8 Y IE 245 5 AE M %€
A .B. XP-8 #£ PDA ¥ _E4r Hl A 4 5 Al 15 d (B 95454 ; C.D. XP-8 #£ PDA K33 F A=K 15 d i 7= Az i B 7R i 2, 80 43 A= i 7
Fig. 2 Morphological characteristics of the strain XP-8

A, B. The colonies formed of XP-8 in PDA medium after 5 days and 15 days,respectively;

C,D. The ¢-conidia and B-conidia, respectively, XP-8 in PDA medium after 15 days

2.2.2 RMFEHE WA FTE PDA $ 55 3
F7 15 d e K ny SR B AR, T R S SE T 0
g2, 0l WA R A b a 2 MBS, Hrp
R 6 R B T KA BDE B 2 A/l ER R
INF(2.1~2.5) pm X (5.8~7.5) pm([ 2-C); 2
R A oA 08 B EUAR K/ (1~2)
pm X (16~22) pm([& 2-D),

ZEA DA B VR FUE SR X He BB 2 5
T )20 JE e R AU ZE SR .
2.3 ITSEFIIERE

PCR 9§34 K ¥ 4 43 #r 3K 15 & #k XP-8 rDNA-
ITS X FFE R F B (B 3) FAH R ) B 3 1 51 (Gen-
Bank #7525} GQ906158) ., & 3 &5 FF U, 4=
B XP-8 ) rDNA-ITS [X 3 [H 7 5] K B & 456 bp.,
RGERBEW g R (- OFRW, A E XP-8 5l
=X 5 B B B R Phomopsis sp. VegaE3-78
(EF687934) &b T[] — >3 3 b B B H 5 e T ik 19
AR B Bl . P A RIEE S AT 2 B, 3 1y 4 )

PRk s 96, 2%, iR g WoR, ki A B XP-8
Y Phomopsis sp. VegaE3-78 (EF687934) [q] J& #2125

2000 bp
1000 bp
750 bp

SeE 456 bp

K 3 Rk XP-8 rtDNA-ITS X ) PCR ¥ 1%
M. DNA Marker DL2000; 1. ¥k XP-8
Fig.3 PCR result of the rDNA-ITS of the strain XP-8
M. DNA Marker DL2000; 1. XP-8
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D.helianthi(AT312356)

F 4 HETHEb XP-8 ITS XEHJFFMEN RGE LT W
A (8] B A0 2 bootstrap L HF1H ; P A8 Phomopsis; D {83 Diaporthe
Fig. 4 Phylogenetic tree of the strain XP-8 obtained on the basis of the Neighbor-Joining

analysis of the domain gene sequences in the ITS direct

The numbers in each node represents bootstrap support value; P is Phomopsis; D is Diaporthe
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2.4.1 & E WES AL ERRERENAR
pHZY 7. D 5T W #k XP-8 7F 20~35 C (it B
U FHRER KA 28 CRIEEY BEE &
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ﬁg 0.5

o
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BE/TC
Temperature

P 5 K%L RE AL N A T XP-8 AR K 1 B
Fig. 5 Effect of temperature on the XP-8 growth
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Uk, 27 2R A B 37 12 1R R 1) 5 e VR
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Hy AT L, XP-8 75 55 R B T 9 A ol B B i K
R A A
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Fig. 6 Effect of medium pH on the XP-8 growth
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LA TR A — SRR BT 9 1 A T R e R 5 AR
"2 G TR A M — IR o B 7% AN RE AR s DU H &R
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s s0p
§2 25
ma 20f
§§ 15F
P 2 1.0
WE osf ﬂ ﬂ
ws L
b RRBORE EERE EE TR AW vk
i Malic Xylose Glucose Sucrose Maltose Lactose J& ¥

acid . Soluble
1 starch
Carbon sources

B 7 ASTR) RS R X AL fp g A2 B XP-8 Az 1 B2 g

Fig. 7 Effects of carbon sources on the colony growth
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