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INDUCTION AND ACCUMULATION OF THE ANTIFUNGAL
PROTEIN IN GASTRODIA ELATA

HU Zhong. HUANG Qing—Zao
{Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650204)

Abstract Gastrodia elata Bl is a plant belonging to orchid family which is parasitic on fungus
Armillaria meflea. The fungal hyphae infect the ancestor or nutritive corms of the plant.but are
arrested and digested in the cortical cells. The released nutrients are mainly transported into the
terminal corms for its growth. The fungi can never infect into the terminal corm. In 1988 we puri-
fied a 14kD protein named Gatrodia Antifungal Protein (GAFP) or gastrodianin, which was
showed to be of strong antifungal activity to Trichederma viride. In this paper we report that the
isoelectric point of the 14kD protein may fluctuate from 8.1 to 9.3, depended on material re-
sources. The in vitro tests of antifungal activity showed that GAFP inhibites specifically the
growth of seprophytic fungi as Armiflaria mellea and Trichoderma viride strongly with a half in-
hibition concentration (IC 0.5} of 0.08mg / mL. but inhibites very weakly the parasitic fungi as
Fusarium oxysporum [. Sp. vasinfecturn and Pyricularia oryzae eic. The quantitation of GAFP in
corms at 7 stages of a complete period of vegetative propagation and the localization of GAFP in
corms by immuno—fluorescence method showed that a stimulating increase in 15 times of GAFP
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in the nutritive corms is induced by the infection of fungi. probably the induced synthesis happens
in the large cells. The GAFP is continually transported to the terminal corm and accumulatd in
the cortical celts with a high concentration of about 1.5mg / g of fresh tissue that is encugh to pre-
vent the infection of fungi. After the decay of the nutritive corm most of GAFP in terminal corm
can maintain till the GAFP iz transported into flower stem when the flower bud sprouts. It was
deduced that GAFP is an important protein functioning in the defense mechanism of rectricting
the infection of Armiflaria mellea in Gastrodia elara
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# G2 B ME ). G2 A% L CM—Cellulose ¥EAFE T # 2N, pH6.5 1 0.05mol / L S8
FREH. B 0-03mol/L ARILHEREHS)BRERR. BXBA - TAHREAEEEMNA G
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HmF 2% pH3.5-10 Ampholine MR ENERESFEREREKME. BFRK GAFP 5H 5K 2H
RMAEERNY, FRELECMNEIEASE. SEARTESTNEGESERL ZH 6.25 838, GAFP -8
AR RKEMNESSSHEAL. %1, R, LENLL GAFP S5 B EREA 278nm WIEHE. &
&7 GAFP &% SDS-PAGE Bff A HFEAME R,

4. EIEARE

EEEN B 9om FEFROMb I Sml SR FHBHMBFIE(PCGANEHE, TP UL EMFARE
{Trichoderma viride) BT, T 25C %, FEZAMEEMNEEY Iem o, AR EHELET
pH6.5 A7 0.05mol / L BERERALE B rhigch, WEN 0.5—20mg /mL. {EHZ /SR 0.5cm AIEFREE
ER EH R SeL, OSSPSR B PIEHR 6—24 A, WEHMIBICREL 4 KBS
#., FRGHEEAARZS KRN EEanE L 48,

EERME LRFBRFCRPREMEYBNT D, 2 EENMBRER SESNATESTS
IEE R MM, AfEME BRERE. EARNT HAEREALEKHEEREX, RERSEE
B, FHEAIRIT T Pt S, EHTRETERBEAMMBAEE. HARBEER Smg/ mL #)
HEESE, HEEE R, ERATAKodH. MEIXGFLABEN L4eom BEIEFE& . T5
BRI SO BT AH. EE=%., R#ENATRT 60CH PGA IBHESE 0.20mL; BA, BHE
Bl. X#&, EREPHELMEESEY 1. 05 025, 0.125. 0.063. omg/mL. MABNA FE®R/I &
SRRSO LHEFEEEE, &L BT 25CKH. £ 0 SE2E KA EMIUES, g5
HEENES, FRZERKARSHEREANEA. O SR 1 REBFLEREEZW-—2LE0EK
WA, IENICOS LMRFEHESHBAAROMEEE. STHSNRTHER HELENEER.
X —HERERATRERS LR ER.

5.GAFP Y &8 e 6t

BEXREH FAA BUEBEE., HECEN. ROAENY 1%FIEE R250. BRETH 1092880
20% FAEFWE, B 30 opf, RALERBAEEREIIFSRIIBKES @S, AW iEa.

GAFP B %W EE i & Vaitmkaitis 7 3% GAFP M %R ARER NN . GAFP IR £45RE
HETEAEANEH. SR%0.1mg. ARBETF HAREM AR FET 64. i GAFP 2R R
PIER ., RAKRAV®A FITC (Sigma ™R)XRHFICEERES, HENAEURIRTIER
TRk Y. XBEREETF N, FEB 9% ZMEE 10 48, 2 PBS TRABIRS BB eiRiC ik
WP TERTRE 15 /B, KO3RE TR D NE T iE fmaElx.
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M XREXHEAEER(GAFPIN G TR 14kD. 5045 pHS.1, SiFrFEL AN EarH.
GAFP MHfixts B 14KD(E 5). BEHRATY—. B2 RXKRESARS T TR BR R
BoMHAFYE, SHSREARKEMESRIEN 8.1 M85, AFRFRIFEFEXHKERL GAFP 4
SOlHER. THNHEAE 8193, HENIE SDS—PAGE L1588 14kD W H & 5k i% &
RER. HE-ARNHER: GAFP REXEERNILRE P . ZOREABRY FESIESHRS
Z8. GAFPTEN. ! mol/ L B NaOH WP TERTHE | /et of SERSREAE ES U SHD2E
fis.

BAE-WBEMEHE Y Smg - mL GAFP 7AiM SR, MERME®I AT 0.05, Hik GAFP
HTHYEER/AT 0.05%, AELNTEERE LB GAFP i1 Bh H Sephadex G50 4728,  H P % b4k
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Fig. 1 del filtration of proteins from growing terminal corm(A)
and old terminal corm(B). Column was eluted with 0.05 mol / L of
phospate buffer pHE.5. Free GAFP was in fraction G2. In G1 of B
there was also GAFP which is in a bound state.with carbohydrale,

phenolic compounds and orther proteins.

Absorbance{278nm)

NaCl (mal / L)

~8.1
‘=35

- =10

Eluton volume{nL)

A2 EREEERD G2 5 H CM—cellulose B FREREEH. 0
—0.3mol / L ) Nacl B#M(PH6 BB K. ¥ 3. 4 GAFP-1
#GAFP-2. FHRAHKETSH IAN 8] M L.5.

Fig. 2 Ion exchange chromatography on CM—cellulose of G2 frac.
tion. A gradient elution with 0—0.3 mol / L of NaCl {(pH6.5) was
performed to get GAFP—1 (peak Iand GAFP-2 (peak 4) with pl
of 8.1 and B.5 respectively in IEF-PAGE.
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BI XFEAARECQGOHERNAEEAPM IR ASEELLEENBEENES, ABSKEBN Irichoderma
viride, B.2ERE B8 Morchelia conica, CHITER BT Fusarium oxysporum Esp. vasinfectum., 8 MEAR Speg.

Fig. 3 A comparision of the antifungal activity to three species of fungi between GAFP and aniifungal protein from
Phytolacca (PAFP)Y . Fungi for lest, A, Trichoderma viride. B. Morchechia conica. C. Fusarium oxysporum f. sp.

vasinfectum. 5 ug of proteins was loaded in each spot. Yery weak antifungal activity of GAFP was showed in C.
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B4 E - MELREARBNSERCT DHE. GAFP MaR@RE0E. BASD/ A ALK — — )

Tih, NERE, THARE. FeME: | BREFZNAZERARNRE. ¥R EHTFERE. WEREL
. JAEFERER, FAHEERAER, SeURECHN NARZNTORER. 1. HEFNRRNTERE, -
Fig. 4 The fresh weight of a corm {{ ][ ]). the content of GAFP {mg - kg freshweight) in free {(-]1) and bound state ([ ]
#[Z] / band total GAFP ina corm [ - — * — - )} at different stages of growth of G.elata. N means nutritive corm, T
terminal corm. Stage 1. M before infection of fungi(see plate 1A). stgage 2. N bemg infected by fungi and growing T
{plaie 1B and 2). stage 3.4. N being in decay and T attaining 2 maxium velume {plate 4). stage 5.6. T being in fulling of

content, 7. mature T with flower bud.

GAFP SEMTEL. #HHERKEF BRI GAFP T RMBME, X Smg/ kg HE. HEFARTML
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MEFE PTEESVEHEM, T GAFP S RCEERN, vikF gomg / kg HE. MEEFYEE
GAFP MEHENTAREZH, THEBEREERABCER BRITERHE N, GAFP FER
BEHTHE, BEERERTNNK,

6. 7 ERENBORRAOR EFERIRAKBEEEEL. EHRAFERIEEARERFE,
HEMATER, RTINS, BRdARN2. M2 EKERAENHREFE®, 5 TEHESHE
KEMRPEAgHEROEMTHREG 8, FRANRRFBEEEAN—BEREGEHREEERE
f. RUBFECRIMM,. RIREQRREREA, SEMBEHSERNEARSHR., XY T MEESR
W EIEH], AR FXE RNA, FAEME. S Emamhckitm ™ | it cmls
BEME GAFP A, 48, EEFEE—FBaFEPEIIHIEE,

4.GAFP HTHERZ DR IAR

HA4WMESRER, MEREEREEFIREBALEMER. GAFP s 2RISR HLRENW. 4
Ko p T RZE s GAFP B[ iR 100mg / kg 858, HMEEEH] 200mg ~ kg 84 8. HEEEFREEH
R, MEAKFRFEMA, E18EN GAFP L BAFIBAE. HinH 80 HAMERE. 54 4mg
# GAFP. 5, HETHATYRAR, T HREBENM, Uai#Eit GAFP ¥R TR, ST REN
GAFP BB FEERE. HMEHRIMEL, —KHB90 GAFP ERESE,. YEXBMEN. GAFP SHfh
BRPUBRERRE ATEZE, SDS-PAGE BREZEEHH GAFP TR 2R E 5).
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M5 XEHEFROA SDS-PAGE Blilf, My XL AWENQIG). Mr=14kD. XEEOHF 4 £FHTHN
13-16kD MEAW, ¥ 32 GAFP. M ENEERERRABERE NS RATIEREE) R HTERER KEdHER
MEAR, GAFPEEYH. MNERMAHACHTI A EERERENEFE LS RATERZLEROEA T,
GAFP S H8EN. AREEZFSNP GAFP AR FTERS. SHTREHRED.

Fig. 5 SDS—PAGE pattern of proteins from (7. elzsa. purified GAFP with a Mr of 14kDMG). There were four compo-
nents withk Mr of 13—16 11 proteins from terminzal corm. band 3 was GAFP. In proteins from the terminal corm on a
normally infected nutritive corm {see Fig.6—2) and 1is cortex layer {a and d) GAFP 1s the major component. In protein
from inner pari of a normal terminal cormic) and the corm on a no infected nutntive corm (b. see also Fig.6—3) GAFP is

the very minor component. In flower stem protemn GAFP is also the major one(f).

GAFP RBEXERART N BB 6-9), TAEKED GAFP TEHRFE K ZES IR H MK
th, HEHRALS 6 F, HFIER. MM, GAFP &0 EH FHAPE 6—-10). ZHH, GAFP
AEEMERESFERIIFELREY, B s ERZEEMEEUAAANEARMBKE. RREQ
BESHESTRE 13-16kD ¥ 4 £FOH,. HP%¥ 3 B GAFP. KEUHEAHAKNEADH. GAFPFIR
¥, T GAFP I FHmFPAN S, ABNEHENETE GAFP, KEEMBRELN GAFP #HBHE, %
FEAHEEHIZFLHLATAN 0%, WERYW, KEMMES GAFP Hik 1.Smg/ g 858, X WE
WHEF GAFP HELEHEEZS KENE®RE. BN EEENEAARLBLUFERNENEE, 2
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Mo l—6. XL LS TRENES A REENREBRAMAR. |B.CREF AR ERSE). LRER
HEANEFEZLARTHTERE. 3RETHFERRNERZLARFANBERSE, 4 EREBREKEINEE
HE, ERZCERTEE. SORCEETHRBTERE, 6 CHETENINE. 7HTHERRAERE+HE
EEERNEARTR. sEHLBEEEARMOEANES, B0 RESmEs TR A0MN. $OEZRE
910 RAEH KT 4 BFR GAFP FRAEBAMEK MR TR S FHAT, 72910, 400X HF N HEHE THER
%, R. HESFEEERMES, LARHH,

Fig. 6 1—6 Typical forms of Gastrodia elarg at different stages. 1. ancestor or nutritive corm before being infected (A}
and normally infected {B): 2. infected nutritive corm and growing terminal corm on it 3. thin and long terminal corm on
a no infected nuitrilive corm: 4. terminal corm at a maxmum volume and nutritive corm decayed. 5. mature terminal
corm with a flower bud on top: 6. sprouting and flowering corm. 7. rhizomorph of 4. mellea mseried into a nutritive
<corm and hyphae penetrated m inner corhical cells: §. In a nutriive orm hyphae were wraped and digested in cortical

cells and the outer layer of starch cells transformed into Jarge cells deeply stained by Coomasie blue: 9.10 i mmuno—
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fluorescence pattern showed GAFF was accumulated in cortical cells and cells of the transport pssve of terminal corms.

In 7.8.9.10. 400x. N nutritive corm; T terminal cormi R and H rhizomorph and hyphae of Armillaria mellea: L large cell.

BARELTHERSHEERE, ANTHEIZENTEREIEL T EEAEEERME. E8HE
WRERAKRE.

GAFP S84 it A MEEe . XHENBEEEE, —BTA8RG. WEEERAESRANS
fHy, BFRREELE.

5.GAFP SRS EBERER

HEREFHFHEEE RN XHMERBRTA LT REERE 62 @ 60T E MR, &
RREL FREFR, FHRENERZ GAFP BV 3Img / kg 88, HAEAW 23%. BAREHEH
BEFREN 6. EHRMNERE LA KEFHRAERZE DY GAFP HFB A &L 198mg/ kg E., 4
HAEAW S1%, MAHBINERELALKNTEARENL, BEARERE. L+ GAFP &R
f£. 25 73me / kg B E, HELSEAN 1.7%., RRIHEHEBEF, FRWAREEAD GAFPRE L
#, MAHBREREFKHATAREES D GAFPHETE, Hir1. 2. 43058, XS REMH,
ERERRALRBASERZAESE GAFP W&, URTERZEER GAFP MiiE, MERZAHAESR
£ H GAFP,

FEEHERLYEREI L EHENIYRE GAFP R, BEIEHEERL, L2 XEeHTF
EHEEE RN —ME LA,

B IXNEEETREEBENERSKERRNXE DRSS BSRNLS

Table 1 The protein contents in normaily infecied and ne infecied corms

FFRERE R EE
W H infected corm no infected corm
liems BHRE WERZ HiRE THA:FRZ
MNutritive Terminal Noutritive Terminal
B EA(mg/ kg FW)
138 390 116 423
Total protein
GAFP{mg 7 kg FW) k)| 198 5.3 7.4
GAFP 7 BEA(%)
23 51 4.6 1.7
GAFP / Total (%)
# i

FEBAEREH. XRMAFEHREAREREZEANBLENESWOEGRL, CRERAR
FIEREAEEND, ENTREAENNELARBEN S NEEE. BXRIARESTFHE
RENEEYE, BXEIFHHHERL CEUANEPEERRTERNIIBERA.
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