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e N g =1 A (0 H-hhITF By R IE
FAE N A A A5 T 5T
BlEA %k £ R B R GE

(bmrFEEaMEsk, SRRTEMENERNTEERERERE, bR 100871)

#E CBAPB=ERET WP AEAREEESAREMNE (Pleurous ostreatus) F, foilllFREH, hITF M H
O E AT RIRIEREL A 1000 ~2000 ng'g, EEHEAIEL 250 ng’g. HAEVFFEMITFIESE, AAREE hITF ]
He b L 2B FSHARSHE, ETRMH TEE R ME 2R hITF 198 TR 87 R T
KEER ADEBE=MET (WP, BEME, Fx, 28, EPEHE

FRET Q943

BEmE—ME LR, £RTREN, KRE
AAOE10% ER. RECHZMILRE AN
TimA. B HAMERRPUREHRE BR TR
T Bl 7 M BRI ALTE RS E EIE i — 2
HEE, HERFEROERE. STHER, 1L
HEWBMRER, MEKASRERE. R
FIEAIRE SRR, R A s & VT IR 2 &
AN =M B F Chuman intestinal trefoilfactor,
hITF) RIEFREIE BB ERIEEEE T,
d1590 MRBERAMN, FTFFEET TRERTH
EWEE, BA3 TEER R, Bl Cysl-CysS,
Cys2-Cysd, Cysd-Cys 7k HEHETE A B v ) = 0 2
i, A% hITF BRI E AR B B 1 4. Bk
=M 6 MMRTF M Cys #b, WITF C WA E
STHREEREE Gs, EAZHEIAZWRENE
. E5H— WITF 8 Cys57 R 8B, MR
BITF XA, WITF B1RE EH —E AR 7,
F BRI A7 IR 4 B 3 38 43 3 i
{BH AT/ BT F . A 2SS A 2R A A
FIMEE AR PR Z I T WITF BIRIE. {FA— M F
BEFEF, hITF T2EE (RS R LA
IB#THREEE, HETENBERERESHE
E—RE RN — B 5, B O T R,
Bribiftm e L. SRR, EERFLTENET
FORE ITF 2 1 TR 8 a5 B 3 (a6 8 2 e R
T ERT 2, HIBE R NRES, thiFga
AT ARGT. RELRE T LS. ZIh3E
%, WATAS, FF WTF EEEREUNE ((BHFRF
W PERE, AAEEFTLNBREEEER
MR A R, ALV E AR 3245 & 5 3 AT

hITF B[R AL AT 5T, 31T T Fe B I /2L B4R
FETFERIL hITF R EME X 2825 5 TR,
B iR R YR

1 RN 772

L1 e

L1.1 BEMA R &F hTF <DNA 5 Jif
pCWTF A SER =/ &, Escherichia coli DHSa
ASEIGEARAE . W T 2 4F pMDT ) E Takara 24 A).
EENEBER CaMV3SS B3 TR bE B P B
(har) BIFIEFIR pCGPIVA35S ARSI EH A,
“HREE10 S 7 FEEME Pleurotus ostreatus, THT A
Bl RHE B

1.1.2 EF2EGH: SRS A T8 . T4DNA JE
. Taqg DNA B &8 5 W E Promega 4w,
Hybond_ N IEW B Amersham 2> &) ; hITF 7= 5 A4
I =AM R R R, AEILT 05
PLEFER SRS A WTF ZHhATR =R
Hl ZHA T LA R MERIE SR F R 16 &=
EHED, BWEEWB RMEMWRN, O
T EERHMIRYI N Difco AR P25,

1.1.3 &5 B24EFE N PDY MIKER
B, #20% D% E, 2% WEE, 0.2% EE I,
0.2% B &M EW 015% KH,PO,. 0.05%
MgS0, » 7TH,0, 10 mg/L %% EB,, 2% FJE. B
AIRFEN CYM TEEFRE, 519258, 2%
HEW, 0.2 BEK, 0.2%BEEHMIRY. 0.46%
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KH,PO,. 0.05% MgS0, + 7TH,0. MM iFFHE, &
0. 2% RABRE, 0.03% L-BEBE. 2% F450,
0.1% K,HPO,. 0.46% KH,P0O,, 0.05% MgS0, *
7H,0, 10 mg/L 4 E B,, 0.02% EEEE

1.2 ik

1.2.1 FEFAE pCPTVA35S-ITF I E: it —
SEl M, 5 m gl (54 1) 5 GCTCTAGA-
AACAATGGAGGAGTACGTGGGCCTG, 37 #i 5] 4
(318 2> H CCAGCTCCTATCAGAAGGTGCATTC-
TGC, Bt PCR TE 5" A— Xba [ EE TN A2,
E3mEI AN —A Sac T BEFIAT A, DAL pCWIF
FAEAR, §H9 WITF eDNA R Bt Xba [ /Sac I XUER
PG, @A ik pMDT &, MFIEAFIIER. %
A hITF cDNA H B R FUR pMDThITF f13REH 4%
pGPTVA3SS 43 hll F Xba 1 /Sac T WEEHT, [AIHL ITF
HEFIE R, HATHRANES. i DHSa B2,
7 Kan® MR I EAF. REBETILE.
1.2.2 JRAFRAHI& R FEESR: BAEWEH
2 L) PDY WG SR E 25CIEFF s ~7 R, o
w, THEHFREFEZ, £ B H L HE K
0.6 mol/L HEEE B LARFZEL, WAREKRT
Karle, KEZME, BHHEZE (o BE (mD
BN 1. 5% VEBEEE (lywallzyme L 0. 6 mol/L H EE
A pH 5.6 0. 1 mol/L i7H583-Na, HPO, 287 AL i,
EREEE&RD, 4CKBPEMHE2 ~4 h, F0
WEFRERAE R AEFRE, JIAZEE 0.6 mol/L
HEEREL RN STEEZHZER,
4 000 t/min B/ 10 min, 3 L3, BH 0.6 mol/L
HaeEesest 2 R, AIRAML R iR, BURAE R
B0 pl. 50 ul. 100 pl GBI EEEFT
CYM BAE#E L, B5SCTEREFRAEEREER
ﬁfyﬂfﬂ.

1.2.3 FEFEERE PCR M. F SDS ¥EFEIR
FAL A BR AN ET A KR R B 2 2 R85 DNA HTE
AR, LASI4 1 F05]14 2 4T PCR 3718, o4°C AR
7 min FHEAER, 94CZ Y 1 min, 60C B
1 min, 72°CHEAH 1.5 min, 30 MEFFJG, 729C A
10 min. FAHEEY PCR FE4K B4 200 bp Z2F
1.2.4 EERCGREW AR (ELISAY: BU%EFR 7 ~
10 RFeE e M E 3 2 4, I EuT o 7R,
10 000 t/min &0 10 min (4C) &, B LERE
R TR, REAEME AR, DAL=
B EA MTF RSN & HPLC B E 8 F
>95% ) AR REF &, 3 3RFA ITF IC.

IEPLIFZILEE T A TERRFE (1.4 em x2. 8 em)
H—bafidh, B3R NTF £ mBEiE (.
S EERE o [8].

1.2.5 ZEFEFEE: 159% SDS-ZANE AR R
¥ (SDS-PAGE) mEAE«fELELR, &EEIE
(o] RARFEFHATE B R

L2.6 MESRZHEENE: DEElmEASHE,
KM R SER-IRE M S AR

1.2.7 MEZFEVERE. SO (1] g
Bk sh, # 8 M E 7 5 oK iR 20 b,
10 000 r/min /3 min, FIEWMER, WHER
G5, M8 Sevag VI ERRER, M s0% 4B, T
-20°C{EE 2 by 10 000 /min B0 10 min, JLIE
T fE % AL

1L.2.8 AVEHTR:

a ZEESHARESREELNEN: SD A
B, 7AE 180 ~200g, Z&24h, EFRRAK ET
BRI 5, ARG B aE, B
Fe-~8 ARK, RIE\EHHMERF S5 KA:
FEFMEA., BAEWNEXNREA., 284, hITF
S RRA R RER WTE LFEERA. SO KRAE
BAREANANZY, 1h FES 1 ml TKZ
A7, 1 h ElTIAbst. WIEEMNRA (HES 1 ml
MAEBEAD ATl FREGA (551 ml (4
oK, REET 1 ml BAKLED.

b. WA R IR E: AR BE
BNEETE, £HEEAKEREE, ARANGEID
T EREELE. MOEARKRTEEMNERR.
AR, FFEA, eSS K ME AR
HIREL Dlom For. USTEZ2ESREANS
GG RE A 100% , T E I X BN H =,

c. BMTHT: WERKRB®. ARE pH K
MER pH {H. FFHARHE NaOH 72, Ba i
L, MERERE

A AALUHEE AR ST I8 2R R0 %) BEAR K B
STHHEETEZE, AREH, U, RS-
Eryeth, R, AR

2 7 B

2.1 FIARAF pGPTVA35S-ITF 1) &

WmE 1 PR, RIEEAER pGPTVAZSS-ITF 157
B BB R CaMV3sS B ah . #ig E f)HE E
mRNA ¥R HE R AMV 5/ 3B FF A ANRE
& (hITF ¢DNAD. Nos £ 1 F L& F T 1 JE 8045
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TCFERE bar (FREFIFERERED.
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RB Tnos ITF AMV Py P, bar pAg7 LB

PGPTVA355-ITF(12.3 kby—

Fig.1 Structure of the T-DNA of the expression vector
pGPTVA3SS-ITF

2.2 RFBEEMEFERE RS

B BTG E R EFE R A B R A R
F. 2 FAEFERER BAT 0.1 mg/L BE
FIEFREMSHIE RS 0.2 mg/L BRERZFES
. ILAR1F 120 BRIUE AR, EUREERIPUE AR R
RS FR B 22 AR EUE DNA, 0 PCR B0, 29 £
76200 bp 2F M H BEAI4ST. WHEMER
HERMEREEEAD, SNEE EE SR
F24.29% (E2).

200 bp

Fig. 2 Identification of transgenic P. ostreatus by 1TF

gene with PCR assay
I: 100 bp DNA marker. 2 ~4: Positive transgenic P. ostreatu ;

5: Negative contol: 6: Positive control.

2.3 REEFRMFES hTF HRELD

2.3.1 E#E ELISA W bITF SN fitA
ITF 230 (—4) H hITF BEH R EF R, L4t
FRIMEN, 2N ERISHE A IIF. BEE
A ITF AL PN ERIENEA ITF 1595 RIFH
RN, SHAWVEE RS REE AR B
BEER ELISA & WITF —380sty, 8 R4
3MEATER, BEPHE (P <0.05) &iE WITF
—IHNE R, A S5x10° ~1 x10%,

2.3.2 50 ELISA I 5E 7% WITE 2 EM | hITF
FIREE M : BT 5% S B ELISA M I 1% 57 B B

AMESE, PR RGN R R R T R R N T
BAERIRE, ALK HRF L ELISA TR
EFEEKD WTF & RIEAKRNF LS ENZ.
R 29 BR PCR i (A 7 % BE XM B G B AL
HPEMEEN R, H SRR — B RS
1 hITF €40 ~2 500 pg/L. FTHrEniEfize> A
BT ER S EAEN. EM—REEN
1:5 000, “HFMFEAE N 1:5000. WX AWEREE
HE AR BIEREGE AR R, B SRS
4 AEATRE, EE 3R REIFES P LITF £
EERATEAMEIATETERES. SHEEN. 29
R PCR Al FH P B3 B M B 5845 A 17 £F hITF
FIEFAHE, 45 EFEERRNSS. 6%.
HPWFAEERENKEFRNEREESS
Hh3 B REEN (1041 £20.05) ng/g KT 4
PRy FIEEH (1 486 +253.73) ng/g (IFT 3 R,
FIEEEIE (2176 £125.42) ng/g B 6 R,
R RGEN EME S ArEEEEEE,
HRIEEN: (1.120.4%.
2.4 SDS-PAGE FE B i ENEE 47
PEEL WITF FiE ERE 2 250 ng/g BBRA B E
H#AT SDS-PAGE 7+ ¥, S5EFAEME AL, 17
hITF #4% (6.5 ka) A _E{k (13.1 ku) f1EH
AT AR RIEAT (B 3). ka4, SMNEE
EEREEWE R FRE L — R EEED P,

66.2

130
31.0
20.1
143

6.5

Fig. 3 Identification of transgenic P. ostreatus by
ITF expression with SDS-PAGE assay
1: Low molecular mass marker; 2: Standard HITF protein; 3: Negative
Positive

control,  expression supernatant of wild P ostreatus: 4:

transformant, expression supernatant of transgenic P. ostreatus.
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PAEIE 5 SDS-PAGE 737 77 5 1 BE K BUH T A1
HRIEEO. EEREZED D iEMH hTF 2 H
TEME iRk (B4,

Fig. 4 Identification ITF expression in transgenic
P. ostreatus with Western blot assay
1: Negative control. expression supernatant of wild P. ostreatus; 2, 3:

Positive transformant, expression supernatant of transgenic P. ostreatus;

4: Standard hITF protein.

2.5 FEEEME R RN AT

KL R OBEE S KRN BiR 5.
BRI WITF RiAERE (42250 ng/g> KIFEEEEM
EHEN AW, S XRES, WERAAY SR
HAKRAEANZEES BREGIER, FRIER
% BRAAFI 2.0 e i S FRA.

(@

EEFEMEATHHIMEARBHELE, &
e (B s RME EEARESHTR. B
BHEFIEE5, JoiRis ikt

MRHZBET2E S E MR R RN ™8
(), ERAEHIIAKAM . 420K, fRHm, REE
ZEFEHMEIEERE L, SRAERDAERE
AR, AR 8 EEARRIE. BE, ERF
RAE, SIRABEASIA, B LEREART
Hi, B /MR B H M E 4 E &K T
CE 5-a), HIETERBRPARAKM, B G5 s .

SEWATELBEHE T %1 o/ke, 2 g/kes
5 e/kgs 10 g/kg CHFWRSZAR [ ) 2 BF A W B3 B
) FIFEEENEEE EERNTE SRRES,
ZWREFE, BHERE, e REHEEFTTER
s, sSREM, FREEMNEYN LSS RR
R ERE BRI EREIENE SRR, MERE
EMIEF2E 258 0 a, BFEE 2 BRI I
ReE R EE A iFEG30E %z HF A
BORD . AEEY RS ERRERAEEL
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Fig.5 Gastroprotection by administration microscopic pathology

(a) Representative rat gastric corpus treated with saline and followed by ethanol (original magnification x 1000 ; High power showing the rat

stomach treated with saline without protection: (b) Representative rat stomach treated with supernatant of 1 g/kg transgenic hITF P. astreatus

1 h before ethanel administration ¢ original magnification x 100 );

() Rat stomach treated with supernatant of 10 g/kg transgenic hITF

P. gstreatus before ethancl administration Coriginalmagnification x100); (d) Representative rat gastric corpus only treated with saline without

followed ethanol (original magnification x 100 ).
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* 800 * EMiEEEYMELRE
FE (Es>. hFR1 UMELHFESH, OR

1 g/kg FERCEEMIER £ L 0B5 Vit B 00 R N 1
BERT R (B 58>, BEIHER 42.6%, O
T 10 ¢/kg ¥ WITE MUEH 3% s A0S0 BhIA R
PG RY, B ME R H 66.9% ([ 5-c).

BB SR AR A 2. 875 5 B IR B A 2R EL i
EAME L% 15% ~23% ., BAH —E AR E
REEH (Be6). FNERAAERESH 20~

0, i RHFEEE M B AEF AR M B 4 A v M 4 VR
FEAMH] B B WAL TR AL

Table 1 Effect of different dosages of supernatant of transgenic hITF P. ostreatus on ethanol induced gastric lesion in rats

Treatment Dose/g * kg ™' Content of hITF/mg n pH Total length of lesion/mm Inhibition %
Negative Control - - b3 30 44 4 0
Precaution 1 0.0023 8 2.5 25.5 42.6
£ 0. 0045 6 3.0 21T 51.1
5 0.0112 8 2.5 16. 8 62.2
10 0.0225 8 3.0 14.7 66. 9
3.2 MEEES 2SR S RE G
oo} EEFAEMIE R IR (o) RIBFFRPEM, 5
N HEMFA G B 28RS KR SR AR 1F
A M. 25831 B8R, N WTF W &5 L
£ uf EAESREERONE, BHZEETARER
e BHEEE. AREIHAR R HNSEEA
L 2 3 p 5 FLBRAAERE T, Bl B TR FIA T IR .

Fig. 6 Comparison of inhibition of different dosage of
supernatant of wild P. ostreatus and transgenic P. ostreatus
on ethanol induced gastric lesion in rats
[]: Dosages of supernatant of transgenic P. ostreatus; l: Dosage of
supernatant of wild P. astreatus. I: 1 g/kgs 2: 2 g/kes 3: 5 g/kgs 4
10 gk

3 i i

3.1 hITF X ARARRA 2.5 B 5 R 1E
AT RN B N B A s 1 R 287
BRARB IR G ARG, ALEiw e R
hITF SFRESCSE: 34 WITF 0.01 mg/kg. 0.05 mg/kg-
0.1 mg/kgs 0.5 mg/kg MIFTIE. BT WITF %K R A%
NZBEBSERGHIIERMAYESE, SRLE7T.
hITF 8 4 0.01 ~0.05 mg/kg B, 05 AMEIZ= %
20.7% ~36.6% . hITF FEH 0.5 mg'kg I, A B
HEENEYEE, BEWEEN 60.1%

TRIMTERMNE EZAFEER T2/ (A4
WMHEALERN0.2%) HITHR, %1 me/ke
S mg/kg, 10 mg/kg, S0 mg/kg, 100 mg/kg HIFE
BB SZRAET AR, SRR WHZHH
ERFERmIEE G LBES AR BRENER
CIEl 8.

Inhibition percent

Fig.7 Inhibition of different dosages of hITF on
ethanol induced gastric lesion in rats
I ~4: Dosage of hITF 0.01 mg/kg, 0.03 mg kg, 0. 1 mg kg,
0. Smg/ke.
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Inhibition percent

Fig. 8 Inhibition of different dosages of P. ostreatus
polysaccharides on ethanol induced gastric lesion in rats
1 ~5: Dosage of P. ostreatus polysaccharides 1 mg/kg, 5 mg/kg,
10 mg kg, 50 mg/kg, 100 mgkg.

3.3 hTF 5MUEZHX CEES KRB
I £ H

AFE LA, Ok 10 g/ke B WITE M E (4
& hITF 0. 02 mg FM H- £ HE 20 mg/kg) LG @A
ZHIE S R R B E TR R E 66.9% . 14
FREFEMEH LS WITr &2 %iE e 113 EA
FEmmiE . S ERE (B 9. R WITF
0. 02 mg/kg FERIRGIIEIZEN 29.3% . EHH

B it R 3%

AAR WITF & &M EEM B 1) 43. 8% ; H4ifF
H20 mg/kg ME- 28, HIRBIEZER 44.9%,

510 g/kg EFAME R AME = 43, 6% KEMA S,
H—FEAME 2 LM E PR BEAEFE Y
Ji. 20 mg/kg MEZFS 0.02 mg/kg hITF B F
ZiRt, HANHIZEN 67.5%, 510 g/kg §% WITF
EREAMD, ELmEMEEHERMAN 74, 2%
BAR, RAAEEE DR RAILE — M LR E A
HAE, AR =FER SR

Inhibition percent

Fig. 9 Comparison of inhibition on ethanol induced gastric
lesion in rats when treated undec different samples

F: 0.02 mg/kg hITF: 2: 20 mg/ke

0.02 mg/kg hITF and 20 mgkg

10 g/kg wild P. ostreatus supernatant; 5: 10 g/kg wansgenic P. ostreatus

P. sstreatus polysaccharides 3:

P. ostreatus polysaccharides; 4:

Supernatant.

3.4 hITF X ZFE5 SRR B i 5 1F A f R B 82
zﬂ&MTKﬁ%E%%ﬁﬂgnsmy@,ﬁ
ATHIEREMESES, MEEFART A NEED: R
P SN a1 =) N 1 T e o Wy B
BRTEH M A, FRAREESIE AT (H10a),
MR R AP 30 AR IR HE 7 B R BB A R A
B, BTSRRI RS A
®, BIKIESCRIS ATE, hITF MR R R ER
KRR Zd B 2 A RS, BRBE
B RIER B 1.
3.5 WEZHN AR SRR B e nl s fE AL
ﬁ@ﬁﬁ%%%ﬁﬁi%&ﬁﬂgwmy@,
HATAMEE LR, B0 RINRE LS
SRANEL AR A MBEE10b), FEAER
EEREIR G AR 4 Ay H Ik 4 PR B4 B i 2 EAE

Fig. 10 Gastroprotection by administration microscopic pathology

(a) Representative rat stomach treated only with 0. 5 mg/kg hITF 1 h before ethancl administration  original magnification x 100); (b) Rat stomach

treated with 50 mg/kg P. ostreatus polysaccharides before ethanol administration ( originalmagnification x 1007 .
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2250 ng/g. AAEEAENRELT (1.120.4)%.
DA EEAE R i SR T8 WITF R E 3 E
RN MTER,. R 2R, AR 10 o/ke
¥ WITF ME§0 E7E @ a2 8% 8 X R B 15 040
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FUAT WITF FOM B 2 38 5400 & 98 0 B 4 58 66 1,
el ER GO EARAE, PEAESERE
xF B R B B R L 8RR L

H A% Liayr S s 3 — I AF e ie 7 i Al
K. BEREEg. BRER. BIFAZ %0 A,
FEIEE WITF ME A G2 7P R A #H 8. (SR AR B
ARET RN A

BH B E TR TR WTF 24
fh S TE SRS T A2 A AR ) i B
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Expression of Human Intestinal Trefoil Factor ( hITF) in Pleurotus ostreatus
and Its Biological Activity Analysis In vivo

XU Xiao-Jing, ZHANG Jing. YUAN Yan, YU Mei-Min, RU Bing-Gen”
( The National Laboratory for Protein Engineering and Plant Genetic Engineering, College of Life Sciences, Peking University, Beijing 100871, China)

Abstract Human intestinal trefoilfactor (hITF) ¢DNA has been transferred into protoplasts of Pleurotus ostreatus
by electroporation. Integration of the hITF cDNA into the genome Pleurotus ostreatus was confirmed by PCR
analysis. Then competitive enzyme linked immunosorbent assay ( ELISA) was developed for detection and
quantitative analysis of human intestinal trefoil factor. Results show that the highest hITF protein content in mycelia
is 2 000 ~2 250 ng/g, about 1. 5% of the total soluble protein. The transgenic Pleurotus ostreatus is proved to have
good biological activity of preventing rats from the gastric ulcer induced by ethanol, in which both of
polysaccharides and hITF have a direct effect on ulcer tissue.

Key words human intestinal trefoil factor ChITF }, Pleurotus ostreatus, expression, polysaccharides, biological

activity
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