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FRRAER  SARARE.BAE.pH UERFAREBEFHEATHRLETRRAIKBRERNEATHE. 48
BEAHBAERRKAEROB. AFRANHHMEOMN, &4 pH £ 5.5. Cu® % 0.8 mmol/L, Co*™* & 1.6
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ARG E AR S BR OB B pH 8 5.5 ISR EA R FRAGTLEKBBEEMRA. Cu*", Co**, Zn*", Mn™ i
B LR EFEP RG-S RBEFRTYKBEERBROERFER.
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Factors affecting accumulation of hydrolysable tannins in cultured mycelia
of Inonotus obliquus
YANG Shi-zhao, ZHENG Wei-fa

(Key Laboratory for Biotechnology on Medicinal Plants of Jiangsu Province,
Xuzhou Normal University, Xuzhou 221116, China)

Abstract: Objective To study the factors affecting the accumulation of hydrolysable tannins in
cultured mycelia of Inonotus obliquus. Methods Taking dry weight of mycelia and hydrolysable tannin
content as index, different carbon and nitrogen sources, pH levels, and metal ions were evaluated for the
accumulation of hydrolysable tannins in the submerged culture of I. obliqguus. Results The optimal carbon
and nitrogen sources were glucose and peptone. Optimal initial pH value was 5.5. The accumulation of
hydrolysable tannins was greatly enhanced in the medium with the presence of Cu** at 0. 8 mmol/L, Co**
and Zn?* at 1. 6 mmol/L, Mn?** at 1 mmol/L, and NH," at 4 mmol/L when compared to the control.
Conclusion The accumulation of hydrolysable tannins is maximized in the medium containing glucose and
peptone with pH value at 5. 5. Supplementation of Cu?*, Co®", Zn*", and Mn?* into the medium is an
effective method for further increasing the accumulation of hydrolysable tannins in cultured mycelia of 1.
obliquus.
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TEMBE.OCROERF BRRA.FR.X#E
WO EABERBEREE, MM ARBREEATRRR
M R EN, EBMEALEYRERILE ETERS
Z— BEHEL. B IRE.HBIAR
HU BEPENE ERFOSER. b8
BFERA_RREREAABENIREEE,
B ERTHR HIV RS, RREBILEEE
EREFBENENT L, IR REREE AR T22
8. B THRILEZHRILFYNEHERTHE
ENH R ROREEN . REEFEELEHETN
BERAXRRBILENALEFCELRE . B6K
RUGYELEFYFRENRET, WL BAKL
BYHEBBRAELAEFYPNRRAESAERE.
EXRUSHMBUSUYKRERNBELEEYRRN
K ARR.BENEBEE FAEHE T, TRk
BREKERRMAYERRNOTR, A RFBE
LEREABTYNERALESYRBRATREA
ITEFHBILENARERE R TRER.

1 XIEH

L1 RASNE - R TFR.BEAEREY Sigma A
7] , Folin-Ciocalteu B & ##%& ik B #07, a3 48
HEFEE (LBKRIEITHERRT),7228 7 LK
FHEH (EBHENENBARAF ERREH
FE (CEPBEEEYERERA A ;Flexi—
Dry. MP %% TR (2 E % F #4,823,478),
Waters 600 BRI AR .31 R 40, 2487 KM W 28,
Waters Empower 3% T/E¥ . '

1.2 EMEERE HRLERBHFLEREA

Lo, mFHRP HEBE S K Margarita A,
Bondartseva B X E . RETLHEHARYD E
PHEARERELRE (55 :LBMP2004005) . B E
PDA B EALIEHRIGEABIKIERE, RBEERE
SHFHFREYRA 2% BEBE.0.35% BAK,
0.1% B & #,0.1% KH,PO,, 0.05% MgSO, *
7H,0,0.02% (NH,),S0,.0.01% CaCl,,pH B &
(5.5,

2 AERE4R

2.1 B4R EBESERORN HER 7d HK
B 1 20 R WA 500 mL 3K
100 mL i ENH=AKP . ERE 26 C REGHEE
% 140 r/min FERBFHF 15 LR|WERFR,
BAEEFEFHRE.EES pHEUERBNER
BY. A2EEYBRUELZENTRERER. 814
NEEIANEE, BRERT, RETYLL 4 800X

g B4 15 min, S EELE., MBAEELESK
JEMA 70% PEE 20 mLU AR B 1 h, R 3
KoRFRMM,35 C MEEKFNE, BLOBRER
BREAZE 50 mL, 43 M P K BB 1 _EE BRI
A BRI, BEIR. BULH 4 800Xg B
DA e, B 40 C BERWZ B, ERE P MA
10 mL ZBUIRE 3 K, A HEBUS BB ER
Z 50 mL, 8RR . ¥ THRE S5 A FeClL3
BRR ER-FTERANBERMHXH, 4518
ANSHA FeClLLBER G BEA, £R- ETHRAEGL
ae, XA REKBRERT LS SBE.
WHBERAKBERER 1 mL, WA 2 mL
Folin-Ciocalteu 8 7] , ¥ SC#R 4k 3 3¢ 4 B W) € R
KA, FAEUBRREFRINERL WEFARRE
WENBETFTROBOLE, 20 ElR . LB R
HTHRERETFROBAFIBR Y =0 021 55+
0.153 22 X,r=0.999 23,SD=0.014 76,n=8,P<
0. 000 1, HR4E [E1E 5 B+ 3 8 P K 7% BRI 0 JR 4k
KBERMR, —_HOMEREKBRENE.
2.2 BREXKBERMEYBRERGE 551 L
KB R EAB.D- AR EFRRE KB/
FROMERE, HREE N 2% ERBR, L 2%
BRENREN BKERERN BB LEEYRA
BR,. AR T 8.74 g/L M 131.28 mg/L, MH
At JLRP BR IR T30 R B 22 MR R K R R R ) B AR A
BE (ED,
£1 BENARBERENBLETRBROE®R Gts, n=3)
Table 1 Effect of carbon sources on hydyolytic tannin

contents and dry mycelium weight (x+s, n=3)

- BABER/ WABRE/ KARR/ Wiik/

(mg+L™Y) (mg+L~1 (mg+L7Y) (gL~
EHE  131.28+3.74 78.5742.73 52.68%2.25 8.7430.31
bS i 18.754+1.56  6.76+0.86 12.01%£1.17 5.56+0.35
A 32.5142.49 12.49+1.54 20.054+2.11  5.03+0.28
i3 53.28+2.61 16.76+1.72 35.55+1.88 5.7540.20
FHM 40.081+2.26 20.36+1.87 19.67+£1.68 3.26+0.14
MM 61.90+2.45 37.4241.09 24.36+1.87  2.5740.18

2.3 RBEXMKBERGEW: 2HUEEK . BE
BEHIMZER.BEAKABERERESY.
(NH,),SO,.KNO: LB AT, A F—-KBETH
EAK . RESEEN 0.6% . HPREEKET. &
AR 0.4% BEREH 0.2% . WX 2T RFRA
Bt KBRERNRBEBRKER, K UEA KM
BRERBKBERNRER,XH 125. 38 mg/L,
ERF FHLENEK, THREMN N 2:91g/L. &
MABRAHTELEHERAKRERHBR. W
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0.4% BEBKM 0.2% BEEE NIES IR KHBE
BRHBEMELERNTBEESE, 2753 96.25
mg/L # 6.53 g/L (38 2),

2.4 pH XMKMBEERAZ W A 1 mol/L i HCI 5§
1 mol/L #j NaOH ¥ 3% 5E % pH S HAE 4.5,
5.5.6.5.7.5.8.5, SR BR,pH K 5.5 BHE AR
EZBETHLBEMBKBRERNERS, 2 HEBE
7.84 g/L F1 131.48 mg/L (£ 3),

®2 AEMNARBRBERNWLETRROEM G+s, n=3)

Table 2 Effect of nitrogen sources on hydyolytic tannin

contents and dry mycelium weight (x+s, n=3)

#I/ER (E5),7 1.6 mmol/L B, BB FX B £ 4k
HHEKE—ZEHMHIER (R6). B T 0.05~
1 mmol/L MY B AEKBERORRBERE
BB HEAE A, b 1 mmol/L 4R T8 B K 8
BRZBBKME BUNE2EEYBRBERBIL
F—E (ED.
2.6 FERILBEE IR 2R P oK BB LA A
4 CuSO, - SHO MAMBRAUBLUTRRHEN
(xts, n=3)
Table 4 . Effect of CuSO, « 5H,0 on hydyolytic tannin

contents and dry mycelium weight (x+s, n=3)

- BAMBRR/ KRIMREFR/ RARE/ ::£:2: 9]

(mg+L"1) (mg-L-1!) (mg+L™D) (g*L™)
BEHE  125.3843.63 75.56+2.84 50.2142.11  2.9140.27
BE¥  44.38+2.3¢ 30.3¢412.15 14.01+1.43  5.9610.49
RE 96.25+3:77 57.8442.46 38.48+2.39  6.53+0.32
EEH  50.74+2.56 29.26+1.87 21.56+2.10 2.1240.16
E3:2 42.3742.64 35.184+2.25  9.0241.07  1.5740.30
M4  13.54+1.37  8.56+0.93  5.0920.78  0.34:0.07
ERE  33.72+1.45 28.4741.08  5.36+0.89  0.2640.06

CuSO, * 5H,0/  BAMES/ RAER/ BAEHR/ B/

(mmol +L™1)  (mg+L™?) (mg+L™1)  (mg:L™1) (gL~
hof 122.543.13 T4.6143.22  47.4242.67  7.3840.29
0.04 135.1843.27  78.84+3.83  56.5743.17  7.2640.36
0.4 186.4146.33  89.8944.54  97.7543.49  5.16£0.25
0.8 219.2646.96  150.9145.57  62.54+2.48  1.8440.14
2 112.1945.8¢  79.784£2.99  31.41£2.01  0.2940.06

#5 CoCl,+ dH,0 HARBRANLKTRERHER

£3 pHMABERNHLETRA/NEW rLs, n=3)
Table 3 Effect of initial pH value on hydyolytic tannin

contents and dry mycelium weight (x+s5, n=3)

(E:ts, n=3)
Table 5 Effect of CoCl, * 4H;0 on hydyelytic tannin
contents and dry myeelium weight (x+5, n=3)

H BARBR/ HSER/ B R / H#k/
P (mg+L™Y) (mgeL™1) (mg+L7Y (g*L™H
4.5 27.611+1.58 20.63%1.42 7.04+1.16  2.4310.07
5.5 131.484+3.94 72.4712.53 58.12+2.17  7.8410.29
6.5 44.354+2.43 20.144+2.03 24.2441.49 6.7110.18
7.5 62.734+2.16 32.07+1.57 30.7141.78  3.54+0.27
8.5 115.194+2.84 69.24+2.24 46.01%2.01  2.59+%0.21

CoCly » 4H:0/ BAMBR/  HIER/ HKABR/ Wk

(mmol+L™!) (mg+L~1) (mgeL7') (mg- L7 (g+L7H
o] 118.89+3.29 57.13+2.17 51.71+2.12 7.2440.30
0.08 131.544+3.82 71.19+2.56 60.281+2.88 7.1740.34
0.8 159.83+4.95 81.36%2.86 78.55+£2.04 7.0110.26
1.6 178.7444.23 99.63+3.77 79.18%+1.57 6.80+0.22
4 112.56+3.35 56.54+2.34 45.024+2.15 6.2240.14

%26 ZnClL MARBERABLETHEROEH GLs, n=3)

2.5 SRBETFXKBEROGELWM - REH. B
pH B EFELRMLER, UBEAKBEREBEYN
WAk (HEE 2% EBAK 003 BT
0.1%; KH,PO, 0.05%, MgSO, * 7H,O 0.02%,
(NH,),S0, 0. 01% ,CaCl, 0.02%, pH 5.5) B4
BEFHKBERRNEH. £RETFHREREE
BESEM—REAFERKENERES, UARM
ERBEFHEFEIREREH IHESERT
MR ILE K BRRN R BENREMER,
HESBRBEFHRENENELENERZRME.
B F7E 0. 4 mmol/L B X KBEERWHEE/EH
fER L, BB ERREMHIEA. 0.8 mmol/L
HKBERNBREIREE, BKERRILTER
Xt R 2 4% (LB B 22 AR B A K R B, Sk
BB 150 mg/L (R V. $BFHEETFE
0.8.1.6 mmol/L M3 HEEALEKRERHNRE
BENEHEER. FEFNHELEERBEEEEN

Table 6 Effect of ZnCl, on hydyolytic tannin contents

and dry mycelium weight (x+s, n=3)

InCl/ BAMER/ HBIBRE/ HRARRKR/ Wek/
(mmol » L™1) (mg+L™1) (mg+L~!) (mg-L7Y) (g LM
oyl 125.424+3.07 74.4742.06 50.8442.59 7.65+0.39
0.08 139.53+3.32 78.46%3.22 61.21+2.46 7.5110.32
0.8 181.85+5.09 83.384:2.58 78.444:2.06 7.0740.13
1.6 196.9414.60 105.56+3.67 91.134+3.17  5.9840.16
4 113.9145.67 55:4142.47 58.63+2.13 4.43+0.14

#£7 MnChL 4 H,O ABERABALETRENER

(xts, n=3)

Table 7 Effect of MuCl, « 4 H,O on hydyolytic tannin

contents and dry mycelium weight (x+s, n=3)

MnCl; - 4H,O/ BAMER/ HRIVER/  KAER/ Wak/
(mmol+L™1) (mg-L7!) (mg-L!) (mgeL"D (g+L7Y)
o] 133.05+4.22 73.911+2.55 61.45+1.87 7.94+0.33
0.05 142.65+5.68 80.52+2.78 62.11+2.31 7.86+0:17
0.5 157.2946.87 93.13+3.66 64.14+2.29 7.3710.14
1 189.4647.32 83.34+4.02 106.18+6.12 4.0240.16
2.5 92.72+4.64 40.33+1.82 52.44+1.98 1.89+0.12
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BB AR B pH 3SR E R B = KRBk
J& 10 mg Fj 2 mL 2 mol/L fJth# 80 C Kf# 7 h,
FiA 2 mL 2 mol/L & NaOH & f1,0.45 ym 3
Bt REE, #HHEE 20 L AT RP-HPLC 247, K
BEFRABEER I EE. RP-HPLC #4186

BEm BETR

3# & . Hypersil ODS (250 mm X 4. 6 mm, K #
HFEATD; AER:30 C; W BHH: 0.1 mol/L K
H,PO %8 ; A B M E: 1 mL/min; UV RWBE K.
280 nm (B FE) f 254 om (REK) . BB
A 1.

4 8 12 16 20 24 28 4 3

12 16 20 24 28
#/ min

4 8 12 16 20 24 28

B1 BEBRHNES W.RETRMNESE GFHERK (OK RP-HPLC
Fig.1 HPLC Chromatograms of ellagic acid (A), gallic acid reference substance (B), and sample (C)

GREY BERILELBE =W KEEH=YE
TRLEPL 1GEER) A TBEFRONTER
Gr. WHRRILEARTYTFEBRAYRUELR
BRARRTRERNE.

3 Wig

EHRRERER HERMEOQBREHBILE
AKBRERFRGBER. ZE,C® ,Mn®  Zn*,
CoESRETFHKBRENEREABENRH
R ERREH  EEPKBRRENEY & RER
¥EHTFHERBRE HERHBARE TR, -RE
FEMBEAMASREE TRAXEEBE. Cu**,
Mn®" \Zn** 5 - A F HRB AWMU EHAEBEN
R#FEAD, Mn?t Co®* Mg E MM FERE
BHRRE1ANE-BRE-D-FHA-BEE-TBRE
R E DI, Zo CoM LM P ERB RS 2
T"HREZEERARBHA™ ARTREREE
BBE RBHTENE FAENRE S, R E T &S
FENARREBLINEFRESRET. BIRR
B, ELBETEBEMELN, ENNMEENELZ
e REEEMLHEERY, EBALEWEER
EZWHEMAMER A b EE %Y. BHik, Cu*t,
Mn?* . Zn**t Co* £ & BE FXIKBERRERHRE
AR RBR B TR EES T KERREY
AREBI, - B RBEHARAFREN B B,
5 —B 44y WD M , -4 40 B /0 35 i SR AL Bl  BF

CHERBEMREEER . RIMEH U R RRE YR
RHREABEET  XEFFHRKRPFETER
FEARLERNEKFEREIEERER. A0RET
RERFHENR. AEMpH URFME LN &

BETBEMRE T ALERFATHRLANS
ARG —— K RERMFR. Mi—P T RERA
BEATHERFNHTEREUAGYHRRFREE
T—ERE.
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MEEL A EYREETOMHERRSR

X kR R

Q. PEEXMZE FEDMEN ¥ HREYHALN, LK

LA, &L FRELFF2

100094; 2. P EEENER

hRHHENAYE ZRABYFEFTZELIF, 58 RYt 666100

# E.H0 NEHAFEANASFAHADFRRAFRNEE BTRABEERLE. & UPBRRAYRI
120”3 AL, RAE LA K BERENERFER WS 5 PEDREEENEHER, REENH R ECs, t
BAFERMEFHERARGHER; AR RERENERMN SR, T A B 55 5k 0w 90 8 R by i 2 40 5
HWRGER. &R 7S HEREP BFBEMX T HESRRE SR ERRR,EC,offll 59. 70 pg/mL, 5“F
BRHIE; MR RERENMEAERES ECHofd 410. 20 pg/mL, A+ FH /R "R 12072 @] s - HA4
R AERBRE. LA RSB R ECofE 296. 48~334.13 pe/mL, B F“FBR”, 5RH 120"HE . M %
HMEERMAER 5.0.10.0h 5, HLARA SR SREREE BN RZERTNM, 5% 7.900 1.9. 476 0 pS/
em, HEBFSEX A 1.867 7.1. 795 6 pS/cm (P<<0.05), 55 BARLG“RIL 120" FHHE - MBEF FH/R
& BFERWNSHEAYREEARNDHAERE T PR/R MR 12072 8, BE R W UERHE
REFRAHLARRBH SIEAZYNE ARBEEBFERMMNEYEREENERERZ—.

XA AE; ERW HEYWRREEE; EES
PESHEE R282.2 TREFIAGE A
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Inhibition of essential oil from Asarum heterotropoides var. mandshuricum
against plant pathogenic fungi
LIU Hai-yan', FAN Jing', GAO Wei-wei', GUQ Hui', LI Rong-ying?, LI Xue-lan®
(1. Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Umion Medical College,
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Key words: Asarum heterotrapoides Fr. Schmidt var. mandshuricum (Maxim. ) Kitag; essential oil;

plant pathogenic fungi; antifungal activity
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BHEXRTESAE . A CRRIRE 4 R YX A R
FHEHOGSKA . GETFHEURSIERYRKHE
HE BEHBHWEERYY BANASBRERE
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MM 1979—), T, WEH A
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