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ISOLATION AND CHARACTERIZATION OF AN ANTIFUNGAL
PROTEIN FROM THE BARK OF EUCOMMIA ULMOIDES

LIU Xiao—Zhu, HU Zhong, LI Ying, YANG Jun—Buo, LI Bing—Jun
(Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650204)

Abstract A new antifugal protein named EAFP was isolated with 0.5 mol / L NaCl from the
bark pieces of Eucommia ulmoides Oliv and purified by ammonium sulfate fractionation,
carboxymethylcellulose ion—exchange chromatography and Bio—gel-p—10 gel filtration. Purified
EAFP thus abtained gave a single band having a molecular weight of 5 kD on SDS / PAGE. An
elution pattern of the sample in reverse phase HPLC indicated that the sample was pure. EAFP is
a single polypeptide and pl ) 11.0 determined by reduction and S—carboxamidomethylation and
eletrofocusing on Ampholine / polyacrylamide—gel plates. There is not carbohydrate in EAFP
detected by phenol-sulfate reaction. Analysis of the composition of amino acids showed that
EAFP is rich in Arg, Cys and Gly, but lacks Met, Lys, Trp,His and Phe. EAFP can not give col-
our reaction with Coomassie blue reagent except that the protein is denatured by heat or SDS
treatment. Manual Edman degradation showed that sequence of EAFP from N-terminus was -
Gly-Asp—Ala— and the digestion with carboxypeptidase A and B showed that C-terminal
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residue of EAFP was Val. EAFP at 0.3 mg/ mL inhibited obviously the growth of Trichoderma
viride Pers.: Fr. mycelia and some crop fungal pathogens. The antifungal activety of EAFP was
unchanged by incubation at boiling temperature.
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kAt (Eucommia ulmoides Oliv.) AL MEFHE My, B REHE th#5bt, BRATMAEL (PR B 4y B3 —
HENHEFAERKNEAQ, RAUHMHEBEES ( FEucommia Antifungal Protein, %% EAFP ). EAFP
SREHEEES "V, AUTHA: OSFR/ORTABMMANEL, ONNRE ORAER
mhREE. AFRAR. 2 FR/MNARE Trp X JLAE, EAFP 5 Thionin HHMZAE ¥ AN
SEMIFF. C ¥ A Thionin B & Lys i EAFP A4 Lys 5 Hlb#, EAFP X fl Thionin AR, kB
X, EZMEHNHYPHEEESHERHAABEES. FRAFELHRUNEEEED, MARR
Y PRAERMEARELERATEDRERROTROAEE L. FCHRE-MEPREEER
a5 IR ERT RS R .

PARHFOTS

1. #8

BESRBUR 13 5 0 b4 R 357 8% 19 &L A (Eucommia ulmoides Oliv)B i, 7E 4CTEM#c#5 M. PITC, TFA f1
N-PEMDEY B A TCL =& AR, %RIKEF A f1 B 204 H Bochringer =& WMZBEKRF L
Fluka =& ZZBEMARER LR H Waters 254, RN a4,

2. A KA IRAUALE{L

PRkt de, YVIBU/NRER, BETHASMBEP, WA 12 FER. & 4C KL T NaCl #F# (0.5
mol / L pH 6.0)& E A RKARB 10 min, DALME, WHET 10°xg ¥ KL 20 min, LFBGLBEHED MA
MR 95% BB, BT 4C 10h, 10°xg HHEEL, RITEEMTRBA, & 4CHERKBHTER
ZHME. 10 xg B HE™L, B EERAE CM-cellulose-52( 20mm x 13cm)EEH S H@E 1), &
Tris—-HCl 2§ oh ¥k pH 8.9 #fmA NaCl, i NaCl 0-0.75mol / L & ¥E R BEBE . K H# FHEMRMBLE
277 nm WM. fmiks B3 E S B2 Bio—gel-p-10(14 mm x 90 cm)k: Bt (EAM)BHAEE, 3%
Bi# 4 0.01 mol / L pH 6.5 RyBERRER thilk, R MBS 277 nm . KHMHEHBIA Ymicon YM-5 8
B IR EhvkaR, kR THRE 3 EAFP #dh. 288 g B e 4tifb 83 29 mg EAFP #&,

3. WA & RAT

EAFP eI X 2. HEER PRIt EAFP (Cm-EAFP) 4 #0 PTH-BREMMW LS ENEL#®
LC-3A B A i# Zorbax—ODS(4.6 mm L.D x 2.5 cm)E# 4 Ei#47. B# EAFP I Cm—EAFP
B, BEMHBEAEH 0.05% ZMZM(TFAI T A, FLMEEEEE 20% - 80% HIZAEERE, 5% 0.8
ml/ min, RMFEK 275 nm[BE 2 FE 7 ], PTH-EEMM L 2 A pH 4.50.01 mol /1 NaAc B i / B
BE(1:1V/VIRmEels, & 40C, %% 0.8 ml/ min, RN 269 nm "4 (FENE),

4. L NEEENE

- fEPDA 5 LEF R, BHP28THR, MELKBRANERN2/3M, EHLWEREE

WS, B, CAAIRMERERI LA KM E S RIGREN R ER O,

5. B{LERNE

SEMER A7 8 S A RRRE, A B 37 835-50 RS EERSH7 L5 #7. EAFP R93%565 $ 5 i8(
P 6)RBIR A & i 0,
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EAFP RUSEH 7 AL (810 )7 k4T, KB L HPLC 485 S—38E% F & /k EAFP (Cm-EAFPX
A 7).

N-3 NPy B i F T Edman MW %347, PTH-SEMA HPLC RHEEH K L2, (O] 1) 33
BURBKEE A FORBEE BIRAM G % UV s, ARGESBRAN4AD %, BUERE%: 5 min, 15 min, 30
min, 1 h 1 2 ho BEARREBCH S LR FISIN 5 040 AL RREL 10 K SRR AKBRAT A 9( PTC-
HEM), PTC-REMAE Waters 990 HPLC |-, HE#H K PICO.TAG™Column(3.9 mm x 15cm), #
PICO.TAG™ J52ki#t 17, %M A B MR EHK BB, A 4: 139 mmol /| NaAc, 6% 1%,
0.05% TEA, pH 6.4; B #:60% ZH§. 12 min B #ig 0 B 46%, &% 1 ml/ min, Rk KN 254

nme.

SDS-PAGE % 15% B, Laemmli & &% ', 4 7R % Pharmacia 75, 2%
kR Disc #%, B2 0.5cm, BK 13.5cm, 3 758K K & 5%, M pH 9-11 5 Ampholine (
LKB), 200 V e itk B ik B8 F B, HAFE FREY - (0

FARY-BRRREL (525 40 3 EAFP s & O5

ZRMIHE

1L.EAFP M58, S{LFEENE

AL fiBE B 0.5 moL / L NaCl 8B, WM. M CM-cellulose—52 B2 XBIE 1 719 D
A ARGAEIE, L Bio—gel-p-10 HEHH{LIE B B4 EAFP, LIEfE% EAFP B
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Fig. 1 Protein elution profile on a
carboxy—methylcellulose CM—52 column(20mm X 13cm). The
precipitate from 95% ammonium sulfate saturation was dis-
solved in water, and the solution abtained was applied to the

column.The active fraction 5 was pooled.

%% EAFP RSB A T 28 75 16 Bk B
BeRedk, SDS-PAGE FRHis S He
WERTE T K. 753 N M0 BE B e e ok e
h L@ E—#F(EW%), % SDS-PAGE K
K EBR—%2 TR 5.0 kD i 3 — 35 (
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2)o

0.3 mg / mL EAFP ¥ & & ABA/NE
RBEHERARBHWMER@E 4),

EAFP ZE¥k PIRIE 0.5h, MEEERS

(B 4 A-4),

2. EAFP Ryt

SDS-PAGE iy R %8 EAFP 4
FEM 50kD, MBI %M
EAFP " &%, EAFP 28 FAR MK H
AL, 76K H HPLC il |- b % —(
B 7), iE® EAFP hEBEH, BT
EAFP % i CM—cellulose 4 B+, 7 pH
8.9 Ay 2R Mhil AT T 5 3 BEAD NaCl (0.5
mol /L )4 REBEBEME, BLEAH pI (%,

# pH 9—11 ) Ampholine F & B % X A3k, EAFP kit T pH 11 #3381 %, %83 EAFP % pl
AT 11, LA LULBH EAFP b5 7B/ MUK LS SREE .
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B 2 EAFP 0 HPLC EH Hirihe, HiFE
Zorbax-0DS4.6 mm x 25 cm) i
Fig. 2 Elution profile of EAFP in reverse-phase HPLC [# 3 EAFP 1 SDS-PAGE [Hift

HPLC was carried out on a8 Zorbax—0ODS{4.6 mm x 25 cm). Fig. 3 EDS-PAGE pattern of EAFP. 1.
4: MW markers, 2. 3, EAFP.

B4 EAFP R (AR AR BB E i8], AR ERE B bRl
Fig. 4 Inhibition of mycelial growth of Trichoderma wirfde and Gibherella saubinetii by EAFP ( SuL ). A:

Trichoderma viride: B: Gibberella sanbinetit, 1, 1 mg S mb; 2. 0.5 mg £ mL; 3. 0.3 mg / mL:4, | mg/ mL of EAFP was

incubated by 0.5 h at boiling temperature.

EAFP 9% % % 8 ik 4E 306 nm( 6). 26536440 Tyr A& Trp ™ o EAFP 1955 5B Hokk 5
275 nm(f 35), E=873, LA Tyr o= 1.1x10°, EAFP M4 Ttk 50 kD, &4 34 Ty, W
A=CL &R HRMER E N 6.6, BN,

EAFP S AEEA M 4 i 85 Rk 1, "EW & Gly. Cys Bl Arg, A& Lys. Tep. Met. His
Phe. Thionin 8 & Lys: FimaE8 A Lys ", EAFP{Eix — &5 &5 Thionin AWM. HEL
Edman KM 2E MBI N-8% 3 DR EM N0 Gly-Asp-Ala. T REEE A F1 B MM EAFP M#3t C
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Kk Val(B 8), RLEHAEEM EAFP 5% DRERRAARAEBGRE, X GAFP 2 #[,

1.0

Absorbance
=3
W
L
Relative fluorescence

200 250 300 350
Wavelength (nm)

280 290 300 310 320 330 340 350 360 370 0
Wavclength (nm)

B 5 EAFP %o it P 6. EAFP B3t R #5655 e MR e 3 & 280 nm
Fig. 5 UV spectrum of EAFP. E of its aqueous solu- Fig. 6 Fluorescence emission spectra of EAFP. The
tion at pH 7 is 8.73. exciting ligth wavelength of fluorescence was 280 nm.
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7 EAFP 2R PELLLBEHIEEN HPLC R 8 FIMAkEE A B§M EAFP th C-RmBix
HEH k. BHrE: Zorbax-ODS(4.6 mm x 25 cm) kR A8
Fig. 7 Elution profile of Cm-EAFP was Fig.8 Amino acids released from the C—terminus

S-carboxamidomethylated subjected to reverse—phase of the EAFP after digestion with
HPLC. HPLC was carried out on a Zorbax—ODS(4.6 mm X carboxypeptidase A.
25 cm).

EAFP A HRAMGBEFED, RAD TR/, oW, REMAREHSE S, AXEBHRE
THREERAB. N-WNFM C-Ki. EAFP ERIAMACHEMBBTHNBRARBEALHRAE
WERPRILE, HREEAMSHESHRUAAEEEANER TRHMR=E® L.
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Table 1 The amino acid composition of EAFP

Amino Analysis data of protein sample Calculated data
acid n mol n gram % mol / 100mol  mol / mol of Protein
Asp 3.192 424.59 6.79 8.30 3.12(3)
Thr 0.826 98.30 1.57 2.13 0.81 (1)
Ser 3.332 350.16 5.60 8.67 3.26 (3)
Glu 2.342 344.27 5.51 6.09 2.29(2)
Pro 2.835 326.06 5.22 7.38 2.77(3)
Gly 7.096 532.26 8.51 18.49 6.94 (7)
Ala 4.210 375.08 6.00 10.95 4.12(4)
Cys 3.870 468.73 7.49 10.07 3.78 (4)
Val 1.013 118.52 1.89 2.64 0.99 (1)
Met 0.101 15.12 0.24 0.26 0.10 (0)

Ile 1.023 134.10 2.14 2.66 1.00 (1)
Leu 1.064 169.61 2.24 2.77 1.04 (1)
Tyr 2.856 517.27 8.27 7.43 2.79(3)
Phe 0.222 36.72 0.59 0.58 0.22(0)
Lys 0.221 32.29 0.51 0.58 0.22(0)
Arg 4.036 703.85 11.26 10.50 3.97(4)
NH 4.039 68.67 - - -

Total 38.439 4620.51 73.93 100 37

1) Protein sample was 6250 n gram.

2) Calculated on a basis of one residue of Ile.
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