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L™' K,HPO,1 ¢ - L™",KCl 0.5 g - L.™', MgSO, -
7H,00.5 g - L™" FeSO, 0.01 g - L™ JEME 30 ¢ -
LT ke R E 1 Lo LRI TE 121 C,
0.1 MPa R EKH 20 min,
1.4 50 510

IRCBE (AT 4l ) W T b v O b 4 A T A7 FR
28] IE T IEER a-i 528 AR T Sigma A H], 3
BANES G A FE e 78 AL (IR AR A2
) EIREREE R ( RIEREREITAE) .
HPSF-1890 AH A (X e F K Mkl 2% FID (B
B TAES A RR AT o
2 ik
2.1 g

FHAPIEFIFEBGE™ o B ARRBHE, FREC
100 g BRI AS, A 4 A5 IARFRER CAeiR i 8 h, i A il
% 30 min,5 000 r + min "' B> 15 min, JFFEBH L
TC/KBRBREN T4 , b0, Jo /KA T 28 T 44 L DB rh A
Ot , AR ARIE L, Z0AR PRV, B RRiR ik
ABFFIR
2.2 WNAEERNDE

OB EE P A ARME, # T H0 AR P R ETH 8« HRK
Wk, 75% . FEEEYE 30 min 0. 1% FF5K 7 ~8 min, TG
KR 4 ~5 W, W bR ab BRI 0y A ORI G2
0.2 cm x0.5 cm /N RGN E T OHRR
(50 mg « L") iy PDA -4l 1,28 CHi |, Rebtklil
GAWMZKE | PR 2290 % A B PDA -4k
G2 ~4 d, R PRI 22005, HLE AR .
2.3 HAGFEARAE A AE ) B RR 1 9
2.3.1 GEERAYSETREE  HEA R LR TR
KAFBA) 50 mL JCHLEREEFRHE N 2 mL #5274,
PG I B IO 58 445 A, W45 A IR o i — ke
U5 By BR800 27 PRECEHFP 2] PDB 28 °C 200
v+ min T EIRIEAL 2 d 5, FHJGERZK ih gk B 22 B0
LL 2% P s e fp, 1 28 °CL200 ¢ - min "' EEFE 10
do B RUESTRBR I ARG Dl o AR €335 0 0 5
20 K5 SRR 2245 R B AR 21 43, 5 52 TR R KT
PRI R fr R
2.3.2  PAMRXTHE R IMAS A oy 0 RE R RS AR R T
PR3 LU & Sk i — Rl R 1) A Q5 3R 3 v 28 °C
200 r - min "'} FE, ARG 4 d BURE BB SRES 09K
15 FIE W IR C e b 45 il 22 B, TTTE ¥ VR T8 e
FHAE R C e 22 0L, WEf% 78 2 e 4 %8 200 wlL, 78
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WA TR 5 ARG 57 5, T R E U8
YR B TR 22, ZRIRK PR 3 Ik ,60 C Rt ZfH
P H T B AE
2.5 B SE

B BT AR AT BR A ] 1890 B AH 15
{X(HPSF-1890GC ) , Sk Mkl 2% ( FID ), o3
FE: FFAP oS R O M £ B8 ) s S B A0S (s
F£(0.25 pm x0.25 mm,30 m) . HHEabFH N2010
R T ARG (WL KR8 AE B TRARA
iR
2.6 NAEREMYILYEE

T I ASRRIE RN N S SR [] B DX (ITS) J¥ 30 43 Bt
XTEAT B-Hie v B B A BB 0 A 9 AR LR AT R AP
K
2.6.1 EHRIIESWEE BN ERLE PDA P4k
28 CHE|EIEFR, WERFFEAEKIEE, 15 d 5 R
RS LR FL A
2.6.2 TAKERITS ¥ 081 RARTE PDA #5550
Eife 4 d R 0.1 em® ST Z M BIREA S
200 mL PDA WiiA&REFE 509 500 mL #EE 5,28 C
T 180 r - min RKEEFE 3 ~4 d,4 2D uE (T
PEAEFRER K MPBE 3 ) BT AR ok . BRI
DNA FJ CTAB 48 5, 48 U5 R J ITS 3@ H 519 3t
7 PCR ¥4, B 4K K 51 ITSI (5'-TCCGTAGGT-
GAACCTGCGG-3") F1 ITS4 ( 5'-TCCTCCGCTTAT
TGATATGC -3') PCR SR 50 pL fA % , 21 41 :94
C A, 5 min, 2RJ5 35 MEFF,94 °C 30 5,55 CiB
k45 5,72 CHEMH 1.5 min, 525 72 CEEM 10 min,
1. 0% B REA e fe L UK A I . PCR ™ 3% 42 KL B
WP, Fp 51 428 28 GenBank %4 [ 3K )7 91 5, &
BLAST 4341, >k ] Clustal-1. 83 #47 Lb X407, Z J5
FH MegaS B A #4715 91 53 B, >k F 48 4275 ( Neigh-
bor-joining,, NJ ) Al Bootstrap % (1 000 (R =& ) #
5o AT RGO T M AR AR RIIEYE LA K BT
18S rDNA JF# 413238 GenBank £/},
2.7  NAEEAE S Y el S R

B3 A N A H R 28 PDA B3R is 4k s,
RV R —/NBR ( HA2 0.5 em 247 MR B4
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PR AR A I 2 T MR R AR B TR I e
P A A pH 4 A LA P UEAT L, (3Y) IE
T (F 1) . DHELRMETE (pg - g7') MR,
58 N L S A A 25 R R e e B-He
I P AR i S T

#1 EER N R SKF

Table 1 Factors and levels in orthogonal array design
KT A B c D
K
TR B3 /r « min -1 pH AR 5/ mL
1 iz 200 4.5 50
2 M 220 5.5 60
3 e 240 6.5 70

2.9 Fdhagit

RIGLEFH & x5 Fon, N SPSS 13,0 #fiE 1 7
75 225347 (One-Way ANOVA) 55040 P IH] 22 57 il 5k,
F+H Duncan 372 8 L, 24 P<0.05 i}, 444k
PURAAAE R E 225 T Excel 2003 4 7/ERE,
3 4R
3.1 TERRAY 5B R G

FIFRBERE TR 0716 N AR AR N 43 85 3545 27
PIAE ECTR, 27 Bk BE R SE 06 = DR DA AR ALA,
AL10, ALL1 35 8ot 85 721056, 43 25 210 1 Bk ] LA
I 22 i A o — B VA K B B RR (L 1) I3 1
TE A BB M TR AR, G5 ALG-13, IR
TMAE R ME— B8, B o3 B A5 2 A TR AR , 5 LR A
Mzl MIE 1 aT U # & & S 0 RS
8 KM AR I, Z )5 A T B A B R R NS
0 REH 8 K MPEF R, I 55 8 RikFH K
o X RN 8 KNt FE Mk R e s, LW &
AR SRR R T 1 DI S % e S [R) B R A7 1Y 2 A
P DURBEFRIIIGE 8 RAE MU 5 .
3.2 HRIMSHSH SR

W DRTRRHE A LA 23 A P — Bt 1) A R o 3
HEAT R R SRS R R 4 SRS T A
SREET ARRRENRA, R, 4 Fh 2
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Fig. 1 Time courses of degradation of volatile oil and biomass of

ALG-13 mycelia

79. 4% R GE T AR EE, FEff 288 72.1% o 75—
Dy, R AL BEE B IR R BB, B AR R
AR B AR 43 AR 60, 2R e R, TR
PR AR B 43 FE AN 5. 39% HETn 1] 6. 38% i 45 AR 2
6.33% 35INE] 16.36% (K2) . SXTIEZIM L, HF
AL b p-Fie i B RN 258 R BEAE X 4 0 B
AR, A AR IR FE AR R 2 LI, pg-fe i
JEFE I I S A, Rt R R A A DR G R4, DA
S RIS LA B it I (1) 5% figk oA s o IF 5 P9 A TR X
P I P A
3.3 R
3.3.1  FLxt -t EEAR I AR R 4
41 160,180,200,220,240 r - min "' ,28 C 157 8 d,
WLEEXT B4z I P [ A O B2 1 . 220 1+ min ™' % 7
IF, 22 A LR ) B F ey, BRI R R 3 31 s 2
6.86% ,4.81% . 45 A Hi Al AR RN 5. 68% ,
6.09% (%£3),
3.3.2 FEFREANAG pH X B-le B 452 MR
FLE— S & TAE pH Ry v 2 1) 15 = v AR
Ko malE AR pH FREE XY 255 Wi BB 1 A7 TR
B R, KR KR pH £ 4.5,5.5,
6.5,7.5,8.5,F200 r - min~',28 CE:3: 8 d, ME
ARG pH X BRAR RS p-Fc M BERY S . AN [F]4)
i pH Xf B-ien BEACIE 52 i rh , ZER 4 pH R 6.5
B AT AR AR e K P 22 AR AR i, (o B I 2 A X
Jo Bk 8. 06% A AR KGN 8. 61% ,
5.17% (£ 4) .
3.3.3  BRUEXT AL BRI IR o B DA A
Wi TERY REWE AR AERAE IR IR IR ANy
30 g - L1 HA AT ARNAS o B IEXT B-Fi B A 4035
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K2 FEARNAFFEXHE ML T & AR (v £5,n=3)

Table 2 Changes of relative percentage content of volatile oil during different time (x +s,n=3) %
Qb3 AR BN B BTARZR
R 1 X 18 1 o 1 i e i
5.39£0.02a  5.51 £0.18a 43.45 +£0.62a 43.59 £0.48a 44.83 +0.73a 44.45+0.72a 6.33 £0.25a  6.20 0. 26a
6.58 £0.23a  5.21 £0.05b  46.31 £0.79a 43.75 +0.50b 38.24 +0.75a 44.52+£0.93b 8.87 +0.10a  6.52 +£0.45b
8 12.01 £0.52a  5.45+0.42b 42.23 +2.74a 43.86 +1.36a 31.15+2.17a 44.01 £1.02b 14.61 £1.16a  6.68 £0.29b
12 7.07 £0.50a  4.44 +£0.25b 43.95 +0.86a 45.12 +2.10b 36.37 +0.67a 43.84 £1.57b 12.61 £0.59a  6.60 £0. 40b
16 6.88 £0.13a  5.18 £0.84b 43.11 £0.57a 44.30 £0.47b 36.61 +0. 18a 43.88 +£0.27b 13.39 +0.67a  6.63 £0.97b
20 6.38 £0.25a  5.14 +0.16b 40.35+£0.43a 43.76 £0.57b 36.91 +1.82a 44.21 £0.84b 16.36+1.73a  6.88 £0.55b
T SRR F R R 2 57 3, P <0.05(K 3 ~7,10 [7])
K3 IA R HO AR AN AL AR 5 S B (2 £5,n =3)
Table 3  Effects of shaking speed on relative percentage content of volatile oil (x £s,n=3)
B/t . min ! &AM/ %o FAREE % ﬂ'@ul‘@/% %7&%/% i%g/g
X R 5.39 £0.02a 43.45 +0. 62a 44.83 £0.73a 6.33 £0.25a 0.01 £0. 002a
160 9.50 £2.53¢ 41.15 +1.72ab 41.58 +3.76ab 7.77 £2.26b 0. 034 +0. 005b
180 11. 12 +0. 66d 40.50 +0. 4ab 40.70 =0. 87be 7.68 £0.87b 0. 032 £0. 002b
200 7.36 £1.74b 42.14 2. 18a 42.14 +£2. 15ab 8.37 £2.59b 0. 037 £0. 002b
220 11.07 £0. 48d 38.64 £ 1. 13b 37.97 £1.63¢ 12.42 £2.29¢ 0. 059 £0.002¢
240 10. 59 £0. 37cd 41.34 +1.05ab 41.55 +1.28ab 6.53 £1.96a 0. 037 £0. 005b
K4 AFBFRIE MG pH X5 M AR 23 B R
Table 4 Effect of PH on relative percentage content of volatile oil
pH AR % FARBE/ % BHEM B/ % TR % AW/ g
Xf AR 5.39 £0.02a 43.45 +0. 62a 44.83 +0.73a 6.33 £0.25a 0.01 £0. 002a
4.5 8.69 1. 10c 42.61 1. 13a 40.10 £0.97b 8.60 +1.58¢ 0. 025 £0. 004b
5.5 9.61 +0.58d 39.34 +0. 82d 39.01 £1.39b 12.03 £ 1. 64f 0.035 £0.003¢
6.5 14.00 +£9. 06e 38.21 £4.30d 36.77 £4.T4c 11.50 £3. 45¢ 0. 052 +0. 003d
7.5 9.74 £0.76d 40.92 +0. 56b 38.80 £0. 56b 10. 54 +0. 85d 0.031 £0. 004¢
8.5 6.23 £1.33b 43.10 =0. 84a 43.59 £1.25a 7.08 £1.25b 0. 026 +0. 002b

FARTE M, FH M A o e 5 B, PR 22 R A ) i e
LI T 15.7% B-REMBE, 2. 82% FARRE, [FRY 45
ARERHE N 11.29% ,ASAR RGN 7. 22% (£ 5) .
3.3.4 KRR X B-AE AT B R H
250 mL () = A, 43 008 AR EE 3R 3L 30,40, 50,
60,70 mL, HA 3% 55 55 AN AR, 25 4 05 fifk 80 0] [ A
SRR, 50 mL %V i A BRI B 2D T
6.99% AR ZERINT 4.33% , RIS, W& 22K 4EY)
L 50 mL R R (E6),

3.3.5 HYAHLIN B-Hent B R O
BEEE AR 5 g, Y, WFES 5 L % 50,100,250,
500,950 g - L~" MW 4 40 e vk BiE , HL Al 8 5 A A
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RAL W5 HXT B-Hie it BEA R, B-Ha i I 5 A
100 g « L™ B IR, 2217 250 g - L7 Wb AR P i fix
Ko BB - EEALE 0. 08% , 5 AR FIE R R
AN (R T) o
3.3.6 IEZIKBECIRG 0 BUEY AR LU
B-FEE I B R 32 B % WG pH R IRAF 1 2 Y
FRAFZIR , P B Rl A5 RTINS B-A I ) R fi
B2 2 W AR D A W W e B It ke SR, AR S
DARRIR e 7 He gt A pH AR 4 AEEH 1,
174 INER 3 KPR IESCIAS o

GERRW], 4 Tl A 3 A A 22 IR B /N T
ACDB,, BEIFEA 50 7 Bl A, Bk 50T 66 A 7K F- 52 )
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RS AR FER M & 50 (2 £5,n=3)

Table 5 Effect of different carbon sources on relative percentage content of volatile oil(x £s,n=3)

R A % S ABE/ % ANt 8/ % BARZ/ % L
X R 5.39 £0.02a 43.45 +0.62a 44.83 £0.73a 6.33 £0.25a 0.01 £0. 002a
Ly R0 8.04 +0. 80¢ 43.17 £0.48a 39. 64 £0. 66b 9.15 +0.31d 0.029 £0. 002a
A 7.08 £0.11b 43.22 +1.40a 41.90 1. 86¢ 7.80 £0.79¢ 0.276 £0.014b
TR 6.99 0. 84b 43.37 £2.46a 42.49 £2.99¢ 7.16 £0. 82b 0.328 +0. 028¢
A 16. 68 £0. 85e 40.63 +£3.01b 29.13 £3.91d 13.55 £0.72e 0.343 £0.035¢
FYE xR 8.53 +1.62d 42.78 0. 36a 42.09 £2.77¢ 6.60 +£3.68a 0.259 +0. 029b

RO AR X K AL

P = NI = VA
RS

M (x +s,n=3)

Table 6 Effect of culture medium volume on relative percentage content of volatile oil(x £s,n=3)

e/ mL A % FARBE % BB/ % TARE/ % YR/ g

POyl 5.39 +0.02a 43.45 +0. 62a 44.83 +0.73a 6.33 +0.25a 0.01 £0.002a
70 7.61 £1.02¢ 43.45 +0.24a 40.85 = 1. 44bc 8.27 +2.0lc 0. 03 +0. 005b
60 9.31 1. 68d 41.25 +2.28b 39.66 2. 54bd 9.78 +£3.33d 0. 036 +0. 003b
50 9.89 +0. Se 41.61 4. 12ab 37.84 £5.24d 10.66 +1.51e 0. 049 +0. 002¢
40 6.25 +1.88b 42.62 +1.73ab 43.84 +5.17ac 7.29 +1.70b 0. 034 +0. 004b
30 7.22 £1.46¢ 43.36 +0. 86a 41.43 +1.0lbe 7.99 £0. 6¢ 0. 044 +0. 004c

KT MW GUTER R SR AL S A S R (v £5,n =3)

Table 7 Effect of host tissue extract (HTE) on relative percentage content of volatile oil (% £s,n=3)

TP T e /g - L AR % TARBE % B-HEM W/ % HARE % AWt/ g
X 5.39 +0.02a 43.45 +0.62a 44.83 +0.73a 6.33 +0.25a 0.01 +0.002a
50 5.57 +0.83ab 42.98 +0. 65a 44.90 +0.29a 6.55+1.41a 0.025 +0. 002b
100 5.65 +0.92ab 43.01 +0. 62a 44.80 +0.37a 6.55 +1.70a 0.033 +0. 003¢
250 5.64 +0.77ab 42.96 +0.57a 44.75 +0.42a 6.64 +1.52a 0.036 0. 003¢
500 5.70 £0.52b 42.94 +0.92a 44.81 +0.40a 6.55+1.34a 0.027 +0. 002b
950 5.63 +1.32ab 42.95 +0. 04a 44.77 +0.48a 6.66 +1.59a 0.024 0. 004b

K (F8) , Mk HEE R/, 5552 0 R A4
G A B, C, D, B Y65 A M, % 3 A 200 r -
min "' ,pH H 4.5 MK 50 mL BF3E5E 8 d
PRATHE AT AL 73 52 W e Ko IS, ¥ 2 Tl 45 20 53 A
PONER Al € VAN e R Bz B LAY % B4R e GO K & 1|
Ve Y b 208X, SHEYIRN B FRL,
PRIV I — 2 25 ot (%) FEWE A R T R R, AT 22
SIHTEE R AT LLE Y, A A W E O (R 9,
10) .,
3.4 EMEE
3.4.1 JERKEE HERLE PDA 55 HAEKNE
Ot TR PR TE PDA B 3E |- 28 “CHefb 2 d J5 (I
R L. WETE RO BIRT W LBUR , TR %
ERBUR SN, LN G AR ST IE T RRE
BT d JEA AR WMESE R AR B, R

FEI 22458 2 ~4 mm BERIR . PR h THAEA
WA, R 73 520U /N G (B FE A 8 v
;H\:':':'O

*8 IEZIELR

Table 8 Results of orthogonal array design experiments

Z
e

BT B g - g

613. 40
723. 64
756. 48
2 543. 89
3 540. 80
3 384. 81
1 985. 62
1763.95
1728.77

O 00 N N R W N =
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Table 9 Analysis of variance for B-eudesmol

T KR 277 Fi H R ¥y F F,

A 8 175 496. 819 2 4087 748. 41 53.4 Fo.os(2.5) =4 46
B 282 559.519 2 141 279.759 5 1.84 Fooi(2.5) =8. 65
c 258 400. 987 2 129 200. 493 5 1.68

D 270 320. 841 2 135 160.420 5 1.77

s 612 243.65 8 76 530. 456 25

SR >Fo_01(z_g),%%§?’r$&;ﬁ\:i%o

10 IEAZIRI T A AL A A e

Table 10  Relative percentage content of volatile oil in orthogonal array %
A3 AR BN B-HE - TARE
1 15.72 £1.49a 31.43 £1.26a 32.34 £1.81a 20.51 £1.56a
2 9.48 £0.55¢ 45.08 +8. le 41.48 +£8.32cd 3.95 +0.35b
3 9.28 £1.12¢ 41.34 +4.07cd 42.25 +4.54de 7.13 £1.62¢
4 11.32 £0.97d 40.02 = 1. 80¢ 38.62 £3.83b 10. 04 £ 1. 24e
5 9.41 £1.00c 42.01 +1.39d 39.78 £1.29hc 8.81 +£0. 15de
6 6.43 £0. 86b 42.26 £3.74d 43.99 +3.90e 7.31 0. 77cd
7 3.63 +0.32e 46.17 0. 79ef 48.40 +0.77g 1.80 £0. 27f
8 3.79 +£0. 19e 47.29 +£9.95f 46. 13 £10. 85f 2.79 1. 58b
9 10. 00 £2. 06¢ 38.22 £1.72b 42.50 +1.01de 9.29 £1.67e

3.4.2 18S tDNA JFFMEM ARG KB M Hk
ALG-13 ) 18S tDNA ¥ %1 K J& & 459 bp, GenBank
TEMHS 2 IN885185 . R AR MR R G AT
W, 45 5 R AR ALG-13 5 Bionectria ochroleuca 5
FAE—E, B Rk 100% (K 3) . 454 HIEE
FIEE 25 FRAE 22 B AR ALG-13 S A= 3R 5C J&@ Bionec-
tria ,f7%4 "N B. ochroleuca .,

99| Pezizomycoyina sp(GU2124251)
Cosmospora vilior(HM06121314.1)
Fusarium larvarum(EU860064.1)
Nectriaceae sp(HM992805.1)
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Screening and identification of an endophytic fungus from
Atractylodes lancea which utilizes volatile oil selectively

LI Lei, LIU Fu-yan, REN Cheng-gang, DAI Chuan-chao "
(Jiangsu Engineering and Technology Research Center for Industrialization of Microbial Resources ,
Jiangsu Key Laboraiory for Microbes and Functional Genomics, College of Life Science,
Nanjing Normal University, Nanjing 210046, China)

[ Abstract] In order to transform main active ingredient of volatile oil, endophytic fungi were screened from the root of Atrac-
tylodes lancea. Transformation method was used in vitro. The changes of volatile oil were traced by gas chromatography. One endophyt-
ic fungus (strain ALG-13) which could uitilize volatile oil selectively was screened. Single factor experiment were conducted for explo-
ring the effects of various factors that including kinds of carbon source, speed, liquid volume, pH and concentration of plant tissue on
degradation by this strain. Subsequently, the main affecting factors carbon source, speed, pH and liquid volume were optimized using
orthogonal array design. Results showed that endophytic fungus ALG-13 selectively used the volatile oil, change the relative percentage
of the main components of volatile oil, Atractylon and Atractydin were increased, While, B-eudesmol and Atractylol decreased. After
selectively degradation by fungus, volatile oil components percentage were closer to the geo-herbs. Strain ALG-13 was identified as
Bionectria ochroleuca according to its morphological characteristics and systematic analysis of ITS sequence. The optimal conditions
were as follows: sucrose used as carbon source, rotating speed was 200 r + min "', initial pH for medium was 4.5, 50 mL liquid was
added in 250 mL flask. The endophytic fungus ALG-13 could degrade the volatile oil selectively, which was benefit for forming geo-
herbs A. lancea volatile oil composition.

[ Key words]  Atractylodes lancea; endophytic fungi; volatile oil; selectively use; Bionectria ochroleuca

doi:10. 4268/ cjcmm20121905

- 2862 -





