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EZHIMMEBEER GAFP- 1 H— & 4541 cDNA =&
WOk EAE xA M BAeKR

(TEHFEREAEBHATS, BH  650004)

ME FEIEMAWES GAFP- | BIWKBE ( Gasvrodia efta Bl THA: BRZE 4 80 146D HH,
TREAEAMABEIWNEZMER, EXHBRHMELFERE (Amdloaic mellen) RHRRELH
B DALE HREEMEA. WL CAFP- [ M—H &P DNA RENBEHFRFR. BN
B N- kW7 TEERFEFIN SDRINSG - HE & H— TRH34, BRBEEFERZTHE RNA,
it 3 -RACEHAP HE[—1 600 bp 7 cDNA B, HENED pGE-THREFNEZTR
FEFl, B4 cDNA BT FFIHEBRIE A M8 GAFP- [ 89 C- Fifg - ASG, A cDNA
EHEAO bp B, THIG-F 129 T HERN GAFP- I 14 7 HERN C- Ky BEk.
Fbf, BRI GAFP- [ 23 ERRBEM - RARFEIWMAE LT EOKE, £685 Ed-
men [ERBEFNEENTRNEERT . ZREW, HLAHE GAFP- [ HEM FEF|MH cDNA
BHERFFRESHART 08.4% — . GAFP- [ 129 M EEMAR,. EF Asn (19), Cly
(14), 29 52 fMm)HF —XF TG, TES TR % 13958 Da. CAFP- 1 SBEX ( Godanthus ni-
vadis L) SEEER IECGNA 2B EMFIIEBRMMALYE, ZEHR 15 M EXRLFH S
GAFP - | M8 F 5| 2 [0 15 AL LML 5% .. B — 0 EAMARANEE . R GAFD
- TK)cDNABEMFFIE A GenBark JIEE: accession number AF123309.

*MA KB, fARED GAFP- [, EAR -S4, DNATE, BERR

#EZ Q9B (LY 239

Primary Structure and cDNA Cloning of the Antifungal
Protein GAFP - 1 from Guastrodia elata

HU Zhong, HUANG Qing— Zao, LIU Xiao - Zhu, YANG Jun-— Bo
( Kunming Instinge of Botany, The Chinese Academy of Science, Kunring 650204)

Abstract The Gastrodie Antifungal Protein GAFP — I was purified from topical corm of Tian Ma ( Gastrodi-
a elata) , which can strongly inhibit the mycelia growth of seprophytic fungi and plays an important role in the
defence mechanism of plants to restrict and prevent the infection of the fungus Armillaria melle. This paper
reports the primary structure and the cDNA nucleatide sequence of GAFF — 1. The N — terminal 7 amino acid
sequence to be SDRLNSG ~ was determined by automatic sequencer and used for synthesizing a degenerated
primer. The mRNA from the Gasirodia corm wes amplified to be a specific cDNA of sbout 600 bp through a
3 — RACE experiment with the degenerated primer. The cDNA was directly cloned into pGEM - T vectors
and sequenced. The nucleotide sequencecl ¢DNA and C - terminal amino acid sequence b be — ASG of

+ EXESRELSPHITE (39570161)
1998 - 1221 4 A, 1999 -3 -0l EE2HHE
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GAFP - T determined with carboxypeptidase A indicate that the cDNA contains a 429 bp region encading
GAFP— I of 129 aa and a C - tenmnal extenting peplide of 14 aa. Futhemmore, peptides were separated and
purified from hydroxylamine cleavaged and e — chymotrypsin digested GAFP — I, and sequenced by automa-
tic Edman degradation. The determined aa sequence was found to be 98.4% identical 1o the one deduced
from muclectide sequence of the ¢cDNA. GAFP -1 is a single polypeptide of 129 ea, rich in Asn {19) and
Gly (14). with a disulfide bridge between the 29th and 52th sa and a calculated Wt of 13958 Da. A high
an sequence similarnty was found between GAFP — [ and the snowdrop | Galamthus nivalis L.) lectin
LECGNA 2, the match of ga was 63% , mncluding an identically located disulfide bridge. The nucleotide se-
quence of cDNA encading GAFP — 1 has been submitted to GenBank datsbase under an accession number
AF123309.

Key words  Gastrodia efata . Antifungal protein GAFP— I, cDNA cloning, Hydroxylamine cleavage

KBk (Gastrodia elata) BR—FFHRERUG A, SFENRE (Amillaria mellea )
FUHX, RREEARTERRETNHLEBIERYUTAREARKET ., BIEH
(W%, 1988, 1994), EFEHNERPREF T, REABSE—-F WD EHEEH, FHAIX
HREEES (GAFP), HETIHARENEEAEE., AT EERAMAEEHAEE
£, AWBEIEEFERETARE, WHEBUETNERK. T XEKRRE GAFP- 1 1 -5
AR cDNA REMBZEHRFY. STANHUBEFRE GAFP- | WEERSFFIRE
M, RIMEEREN- KGHIBEERFF, HEUER— TR, AAY -RACEH
AW RNA 78B4 -& GAFP- | 42 X BT cDNA FEX, REEIFRFF. & cDNA BB T RIF
PlES GAFP- I HWEERITY, HEHIFIIT, 3 GAFP- I #{TRM MMM, FHS3) Ed-
man fEMFR TR &AL KB EEBIFH . B GAFP- [ M9 - EW.

1 HEFAEZE

1.1 ERERERNHE
COEmATREEEAKPHRRTARE, FR5E - 200CEMA, R GAFP- 1 &

FERH % (1988) . H&K CAFP- [ B S - Hyper DIO & (Beckman 25 7)) #4178 -
RPHEY 72 2 diil . SDS - PAGE #: 8 % 14kD 82—,
1.2 BEEETHE

MAEYE. GAFP- 1% T 7 mol/L 3B (pH7.5), #AKE M 10 min, B IkD
BT 0.05 mol/L R A EZN, WERAFRNE, REREEFERA.

=¥ ZE (TCA) BH, 5 mg/ml 89 GAFP - [ B¥ F ki in A 509% #9 TCA & H &
HHh10%, B.LOBEGETRE, RIEAKRESER,
1.3 FAKEN-R#RC-XNEERNAE

HAEH GAFP- [ BT 0.1 mol/LZ 8, T ABI-476A EEBIFFI{IME N- Fig 12
THEERFEI. ETERFEREON- FRBEERTHE, 5B A Dansyl - Cl 47
O I B B o BE A 3 TCA EHERFHSE N - KA T EMRIE.

C-FIGFARERE A (B M AT =M MENFENE (BFH, 198), TCA THELR
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T 0.1 mol/L H EEAGMEZ BRR P (pHB.1), 5 meg/mL, 37°C, A 0.1 mg B8GF 0, 5. 0. 80
min FBH 0.2 mL, HOHETE, T, AEER O ERERERTSE,
1.4 BRERAYS &R F

BRRENME, & Bomsfein et af (1977 F L #E, RN i1 Biogel 2 R H AR L,
E—MER R IIE . BTG 15% M SDS - MAAMEBL RS E, EO¥H ABI - 476A
BEBRFI(LAMTLEBERE LT AE, E R %E T, £ Rp- HPLC &
b5 R .

- BIHREOMABEEARMEHRE R A TERIE (RFE, 1988). BT CAFP -
T &TF1%0 @M EEHE (pH8.0), I 1/50 A, 37CHM2~4 h, BLEWE, £
BHEFET. BEFYSRHESNBHAES B4, LHAREE FZHeESBait, &
EXERYE, RTEMEAERFIISFEXRAR.

1.5 RNASTEM DNAE B/

BEKPERBRPWERERSSTREF S, B -T70CEMH. # Jones et af (1985}
Frikl & 5 RNA, M 50 g 8 ER2 4mg RNA .

L RNA M-S/ % — 4% cDNA (GIBCO BRL 2 "R &) 3144 (dT) 17 - adap-
tor, adaptor 2 5’ - CCG GAA TTC TAG AGC TCG AG -3,

1.6 PCR# ###0 cONA p7a R

P CAFP- [ N-Fim 7 MEERNFEISHEESEAT (1) BWEF311 GINL: WsI
GAY MGCI YTI AAY WSI GG, LA E3f adaptor HEIRS 3|4, LASE—4&E cDNA ¥ IE PCR R
o RNFHFA4FHR OSCTHEHE s, S2CEBK0s, T2CHEM0s, 35 MEF. 1.5%FHIEEE
BHXBER—&R600bp ™, ZF-PEKREEERTED pCM - THE RS (Promaga 27
i), BAKEE DHSa, 7 X - gal F4E LR U E AR A, 232 Takara Biotech 24 7l
M E. FLEESRS pGINI,

BRI LR EN TR, BER 222 - 22 MEHFRF Y S8 - £/ FN51Y CIN2.
CGC CAA AAC GGT AAC TAC TA, LA adaptor 2% B %t 5| # R 8 #5 17 PCR R hi, 8% — %
360bp P-4y, WMEHMF, WERS pCINZ, #E pCIN2 ERE H THR® DNA BH
BEVRIER 3 - mMETmF A Ea .

2 HR

2.1 CAFP- | SMmEHSMEXRET

HAsEXmFET{ME CAFP- T 8% 2 M EEMBEMNFESN: S(AVDRLNS
GHQLDT, Edman BF#=4S N-HF—TEEERELHE PTH - Ser 4+, iTH PTH- Ala,
HTHRIERTE 21 N- KM, FHT Dansyl - ClARIC KB MERL, 7E Dansyl- A A 5
HRESE, EREFFTRIRZIEMBERE Dansyl FRiCHFFE E AR, T4 Dansyl i7
DRI E L R, BA CAFP- T # N- KR A B Ser,

F BN A B CAFP- |, HEERMER (A1) EH CHRHNEERFETN - Ala
- Ser - Gly-
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cDNA FEEERIZEMAEY
3149 GINL #1 GIN2 3§ i 3 - RACE &
bP B cDNA F B . B4 5115 Bl & pGINI

2.2

Y141 %) 600 bp BY cDNA R B2 (I 2) #0360
M pGIN2, TME pGINI WETFBRFF KLE 3,

FE pCIN2 MEBEHBRFISEINSE 22 VUEMENTE2ESE. AE3IFRATR, B8
E—T420bp WHEBIK, KB —%& 143 MEEMARNLIE. BIE GAFP- 1 ¥ CHKiR
BRI, LRSS 129 2B CAFP- 1T M 14 T EEEY C- Ry B,

la

/‘U
a V 1 1 1 A " L
0

R 35
timelzain)

1 F%KMAFLCAFP- T HC- AWML AR

AOBhE . AT CHREEEBRIT A A - Ala — Ser - Glve

Fig.l Amino acids released from C - terminus of GAFP - | di-

gested by carborypeptidase A . The C — termunal sequence is ~ Ala

- Ser—Cly.

70

oup

1353
872
603

310
261

2 FIF3I% GINI it 3' - RACE ¥ GAFP- 1 15 -
£ cDNA B3] 600 bP 31 PCR 7P #1, 2 F &5 X174,
Haelll .

Fig.2 A PCH amplified product of 600 bp from lat strant cDNA of
GAFP - I by 3" = RACE with primer GINI. DNA W1, marker is
X 174/ Haelll.

55

108

163

217

2N

325

3719

4323

505

AGG GAT
R D
GGC GGC
G @
AAC AGA
N R
AAG ATG
K M
GCA AGC
A 3
CGT AAC
R N
AAC GTT
N ¥
GCG TCT
A 8

CGG
R
TAC
¥
GCG
A
CAG
¢
AAC
N
GTC
v
GGA
G
GGC
G!

TTG AAT TCG GGC CAC
L N 8§ G H
CTA TTC ATA ATA CAA
L F 1 (I
GTC TGG GCA TCA GGA
Y W A S5 @G
AAT GAT GGC AAC CTC
N D G N L
ACC AAT CGC CAA AAC
T N R @ N
GTC ATA TAC GAT AAT
v | ¥ D N
AAT GCT GAA ATC ACT
N A E | T
GCA GCA CAG AAC AAG
A A G N K

CAA CTT GAT
a L [
AAC GAT TGT
N D C
ACC AAC GGA
T N @
GTT ATT TAT
L2 Y
GGT AAC TAC
G N ¥
TCT AAT AAT
§ N N
GTC ATC CCA
v 1 P
GTC AAT GAA
vV N E

ACC GGG GGC TCA CTA GCA CAA
T 6 6 85 L A @
AAT CTT GTC TTA TAT GAT AAG
N L ¥ L ¥ D N
AAG GCC TCT GGC TGC GTG CTT
K A § 6 C V¥V L
AGC GGT AGC AGG GCA ATA TGG
5 6 8§ R A | w
TAT CTG ATC CTT CAG AGA GAT
Y L I L @ R D
GGG ATT TGG GCA ACC CAC ACC
A I W A T H T
CAC AGC AAC GGC ACA GCG GCG
H § N 6 T A A
TTA TAC ATA TCC ATG TAC TAG
L Y | 5 #® ¥ =%

CGGTCTAAGAGAATAGCTAGCTAGCTATGCGCGCATGCGTCTGTTCTCTGTGCGTGCACAAGAATAAAATC

TGTTGAGGTGTTGGGATGTTCATAT TAAATAAAT TAAGCTGCT T TCTAAAAAAAAAAAAAAAA

B3 CAFP- 1 cDNA 72RE pGINL BB RRFFIN P K S TR FI R 5 i m XA
FRl, « BTE TR, ®LETF C- RKHERR.

Fig.3 The nuclestide sequence of the ¢DNA clone pGINI and the aminn acid sequene deduced from the oodes of en-

coding regicn. *  indicates the stop code and an arrow indicates the cleavage site at C — terminus.
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— A 1-1
i $ 0O R L N § G H @ L D T G G s L E
L <h 4
i ¢ ¢ Y L F | YV @ N O C N L V L ¥ N
[ | L IL Ch B S|
. TS 2 —T——HA 12—
37 N R A V W A S 6 T N 6 K A S @G L
——Ch & b <h 8
—HA 1-2 T
55 K M @ N D & N L ¥ {1 Y § 6 § R A W
th B 4L Ch S2 —
15 1 ] r HA 2
7 & § N T N R @ N G N Y ¥ L 1 L D
' —Ch 2 . L -Ch
—HA 2
g1 R N ¥ ¥ 1 Y D N S N N & | W A T
| L C"I 7 | L
——HA 3—
108 N vV G N A E | T ¥ | P H s N & A

——Ch ——————

-
127 A § @G

-— = -

B4 GAFP- 1By —REER. IR T oL UTERZIHE. HA. R THHERR
BEME. FLRTARNHELBMESHALSKE. KENSERHoN 7. TRXTHE
EERFAE S (L AR RS W ATIE A TR, MR AR C- REEE

EC

Fig.4 The primary structure of GAFP — 1. A disulfide is located between the residues 20th and 52th. HA, Ch
and T donate peptides derived from hydroxyamine clesvage. « — chymobrypsin and rypain digested GAFP - I re-
spectively. Their chain morbers comespond to those in Figh and Fig7. Solid line indicale the amino acid sequence
obtained from sutamatic sequencing ar verified by the amine acid composition analyisis. The armows indicate the se-
quence delermined with carboxypeptidase A.

2.3 GAFP- ] B—R&EH
B GAFP - I8 cDNA B HMFEARSHNEEREFHRE 3, UEFFIAFHET
GAFP-] RKBRIO4 S, a{bFFFE, Hr GAFP-1 WEEReFARmEE N (H4),
B cDNA SHMERXBFEAWE GAFP- 1 4 3 1 Asn- Gly K8 (46-47, 81-82
f122-123), BEREE —H® Am - Gy WA RIAN. GAFP- [WEEI®E™Y SDS-
PAGE # B E| 3 &£, #FREN 14, 10 A1 5kD, 14kD HRRYFEH GAFP- 1, 101
SkD #4424 HAL Bl HA2, WF &2 (B 5) #H, HAL1 €& HAL -1 f1 HA1 -2 &K
&, B—AWHeEEE, S —1 Ednan BEBEBAF N PTH- a2, #E L 24 T HE
BEF (H4), SEIHSENFINEIANEISMAARMQOA—HK, HR2BH 22 1%
EBMEFFLEWE—F (F3. 4), H3EREN®ENA MK, EB8ET C- XM,


http://www.cqvip.com

£ OO0 http://www.cqvip.com|

136 = B O Y W H 2%

nnnnnn

.ﬂu r.leL]]) [' Jll'f'n

L oalh

’ J T ' b,
i % o i |
g -L_....”-’"W‘!“’_':J_IL"”_JL’HL‘ Ml kﬂ_:;l\..\llwl

H5 FHAmEZBIFAMER HA 0T 5-r3E (FF2-6 ¢ 4 PTH- SX8E, 51
EHEA 2 M HERRAY PTH SR, XX HAl £ HAL - | F HAL- 2 - RR4ERE. X 24
BB 5 R EB F D4 & SDRLN - # GKASG - .

Fig. 5 PTH - aa released from peptide HAI in first 5 residues of automatic Edman degradations { cycle 2 -
6). In each cycle two PTH - aa of equal mol. appear that verifies that HAl consists of peptide HAL = 1 of
SDRLN - and HAl - 2 of GKASG - .

B 67 a- BRI BEOMEE GAFP- | B/=%# it RP- HPLC Sifb @i, MiBIKE
Chi, Ch3, Ch4. Ch5, Ch6. ChP B ERMAR T HE R, BECIIELFAPRHTE
(H4), ZEMEHIESFHNEERFS ., KA A UK BEENFERIKEHAR.
HEFAEEMBHEBE MS2EERZE (H4).

H7RABEFrHmIOEHaIsak o- RABREAWMMEOEM®E GAFP- |
FOREE, BF 3SR BMIERER ChS2. T2 M TSI, MFELER (H4) RHE
fIMEERFER STHER .

AR Edmen R MEZMAR TN EN GAFP - | WERBFE 5 H cDNA
BEHRFAESHOERERFF 8.4% B—HM, GAFP- [ R I EXMARMNE K
B, BERALAEBE (19) HER (14), AF—XNHAR, HESTER 13958 Da.

2.4 BERRABBESECIEILE

HBERREOTPIEESRM, GAFP- [ MEEXAMFF SEHHE ( Galanthus nivalis) 8
£ X LECGNAZ (Van Damme et af. 1991) HMEERFIEREHMHELE, AsHEITEAQ
B EERSFFIA N- R FeE, TREREEXN 105 M EEMPE 65% 5 GAFP -
I FPIMFAEICE, 1H—3 WRBHERT 29 8 52 T HERZ 6.
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1‘I 6 7
i 2' 4 ’
i I‘Il‘ F l
:\-|||n‘, i
i ’ 5 ]‘
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F6 GAFP - T i Pl B (18 &% % r=Yy = fk /9 RP -
HPLC 43 . BEBRi R 20 - 30% ZFKET 0.05% TFA R .
N E 220 om,
Fig.6 RP -HPLC separaion of peptides of digeated GAFP ~ [ by
chymotrypsin, monitored at 220nm. eluted with 20 ~ 3% acetoni-
rrile of 0.05% TFA.

1 10

GAFP- | SDRLNSGHOLDTGGS
L §G L TG

LECGNA2 ON I LYSGETLSTGEF
GAFP- | NNRAVYNASGTNGKAS

+ + + + N A+ T G +
LECGNAZ YVOKPIWATNTGGL SR
GAFP- | AITWASNTNROQONGNYY

| FASNT QNGNY
LECGMAZ P I WASNTGGANGNYY
GAFP- | ATHTNYGNAEITY (P
LECGNAZ  ~ 105

-

|
W

f TR
|'| | ! IlLlJ/x/\
_J‘"U,/ W _JUJ’," '
0 5 1C S C 5 10 15
Timelman)

7 CAFP- IHEEAM (15) MEAHEAR ()
MEFYTHRAME TS HPLC 2 B#. ‘R8>S
pHE.2 47 0.05 ~ 0.2 mol/L ZEREEAEHE .

Fig.7 Cation exchange HPLC separation of peptides of digested
GAFP - I by trypsin (TS) and chymotrypsin { ChS) . eluted with
0.05 ~ 0.2 mol/L NH, Ac at pHS.2.
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8 GAFP- 1 M EHIEFREK LECCNA 2 M E Hp < 7 9l 2 E MR 8. A $7% 4 AR [ o i Im A

(+) MR,

Fig.8 Comparison of the complete amine acid sequence between GAFP = [ and snowdrop lectin LECGNA 2 ( Van Damme
a af . I1991) . Homologous and match { + ) amino acids are indicated in middle line.

3 it

3.1

M 8 5 Edman AW ERSENEERF A EFHC NF A KERSIEE H AT
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ERAREFINERN L. rEMNMHERELERE - TFRAFFHEOR LMK
EERHRE AL RRENER., DNAM PCRY M., RBRANFEAMAREARTL
TEOFNFIE, FLRIEVCGAFP- [ B DNAMEBEERFVIRSF BN EEBFYS
EEMBMEEMFT 8.4% B—BM., B, B—1TALRBNEELBL2FD], WTF
Rt ERE. BAAEEREFEN S VA CRESEREFEY], BUARSY, @t
RT - PCR # R M & RNA &8RS EEL WA cDNA, M DNA MEBEHBRFHNSHEREN
EEMERFY., EHFFTANEEEMERLRBFA FLURIE. HWEGF C - RinER
MREERELBAGU SR —TEETESIWET AN 5 Tl FREREY, B2 A
3' - RACE EL AT EHRFS cDNA Y|, BEBEEMR C- KM FEY.

3.2 AWMTHWXBBREHNEMHHEEREME K, 0 Thionin 25, % Defenin % { Brock-
sert et al. 1997), GAFP- | R BEHEETRBEMNDHIER. GAFP- I W —%48a5
ELEREEREEL, FER-HHBRSY —MEER. X GAFP- I HfiEEHY
HT—HATRESHMEEEEEREEMERNEN S-SR X,

B *EERRAFEFHIEE. BB LNZHERYP FRBEY L HBHIT DNA R
FIWFFE,

$EXW

WHOE, B, £ &, 198, XEERES -HHHERONETSNE. cEESWTE, 10: 421 -426

BOE, HEWR, . XEPHARNEARMNERNHE. AR E. 16 168-1T7

BAEH, 1988, HORFFAGIRHR. Jbm: S 0ER

Bonstein P, Balian G, 1977. Cleavage at Asn ~ Gly bonds with hydroxylamine. Methods in Enymel . 67; 132~ 144

Brockaert W F, Carmrme P A, De Bolle N F C et af, 1997, Antimicrobe peplides from plants. Critical Rev Plant Sz, 16; 197 ~ 323

Jones J I G, Duinsnmir P, Bedbrock J, 1985. High level expression of introduced chimeric genes in regenerated transformed plats.
EMBO J, 4: 2411 ~2418

Van Damme J M, Kaku H, Perni F et af, 1991. Biosynthesis, primary structure and molecular cloning of snowdrop ( Galanthus nivalis
L.} lectin. Eur J Biochem. 202: 23~ 30
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