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Expression of Human Intestinal Trefoil Factor in Pichia
pastoris and Its Biological Activity on Intestinal
Epithelium in vitro
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Abstract In order to produce relatively large amounts of recombinant human intestinal trefoil factor and assess its biological
activity. The expression plasmid pPICO-hITF containing AOX1 promotor and the sequences of secreting signal peptides was
transformed into the yeast cells. Then through selection positive transformants were cultivated in fermentation basal salts medium
in a 5L fermenter to obtain large amount product with low cost. The secreted peptides were then purified by a combination of ionic
exchange chromatography and molecular sieve. To verify the product electrospray mass spectrometry analyses was used to
determine the structure of rhITF and Western Blotting was performed to test the immunological activity. Furthermore the
biological activity of the peptide was examined by experiments from cell to tissue. The nucleotide sequence of rhITF was the same
as expected. With a 5-L fermenter 253mg of hITF was isolated at the purity of 96% from 3.5L of yeast fermentation broth. The
expression level for recombinant human ITF in this yeast system was 73.33mg/L. In our study we provided a way to gain a
production among milligram to gram of recombinant human ITF by the use of a yeast expression system. As human ITF are
difficult to purify in any significant amount from tissue extraction the way described may become a valuable tool in obtaining pure

peptide for further studies of trefoil peptide function.
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human intestinal trefoil factor

hITF
12 59
hITF
hITF
hITF
hITF
hITF
1
1.1
1.1.1
pPIC9 GS115 Mut® his4
Invitrogen TG1 Sigma
T4 DNA Taq
TaKaRa RNA Trizol
PCR GIBCO BRL
Bio-Rad Gene Pulser Bio-Rad
BioFlo Il NBS SP,» Sephadex G-
25 MonoQ Sephacryl S-100
Pharmacia
CHEMICON IEC-6
SD
5~6 180 ~ 220¢g BK
152 TNBS Sigma MPO
1.1.2 MD 13.4¢/L. YNB 20g/L
4x107* g/L 15¢/L YPD
10g/L. 20g/L 10g/L BMGY
10g/LL 20g/L. 13.4¢/LL YNB 4
x107* o/L 10g/LL 100mmol/L
pH6.0 BMMY 10g/L 20g/L
13.4g. YNB 4 x 107* g/L S¢/L.
100mmol/L. pH6.0
26.7mL/L 0.93¢/L. 18.2¢/L.
14.9¢/L 4.13¢/L. 40.0¢g/L
1.2
1.2.1
RNA hITF  ¢cDNA

Xho 1 P1 5'-TGCAGTCTCGAGAAAA

GAGAGGAGTACGTGGGCCTGTC-3’ Not |
P2 5-TTGCGGCCGCAGTGCCTGGCAGCAATCACAG-3'

PCR 94°C 3min 94°C 30s
57°C 45s 72°C 45s 30 72°C
Smin PCR 2%
PCR
1.2.2 hITF
DNA
3 pPIC9
Xho 1 Not |
1% 2%
T4 DNA
TGl
pPICO-hITF
10pg pPIC9-hITF Sal 1
GS115 MD
30°C 2~3d Invitrogen
PCR
20 BMGY BMMY
1.2.3 hITF 5L
BMGY BMMY
5% 2L
30%
28C pH 6.0
80% 70%
10000r/min 4°C 30min
-20C
1.2.4 hITF 1000mL.
pH 3.5
4ms/cm SPyp  Sephadex G-25

MonoQ Sephacryl S-100 Imol/L NaCl

NaCl 0~
100% Lowry *
SDS-PAGE
MALDI-TOFTOF-MS
1.2.5 hITF
1 hITF

Chemicon

IEC-6
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Img/kg
24h 9 il
0.5x 10° ~ 1 x 10°/mL 24 48h
0.8pm Img/kg  thITF 30min
300uL 8cm
PBS 107" mol/L hITF TNBS 30s
500uL 5% 14h 24h
480/ 0.2em x 0.5cm 10%
520nm 10~ mol/L HE
PBS
2 hITF i MPO iii
SD Butzner ’
TNBS 1 Millar ©
thITF 1mg/kg 2
1
Table 1 Macroscopic assessment of the colonic mucosa adapted from Butzner ef al.
Ulcer Adhesion Diarrhea
Normal 0 zero 0 710 0
Congestion with no ulcer 1 slight 1 with
Ulcer without congestion and thickening 2 serious 2
One ulcer with inflammation 3
=2 ulcers or inflammations 4
Length of main lesion > lem 5
The length of lesion >2cm 1 point added at Icm longer 6~ 10
2 RT-PCR 285bp
Table 2 Histological assessment of full thickness 280b
biopsy specimens from TNBS colitis in rats P
adapted from Millar ef al. 1
0 I 2 pPICORITF  Xho | Not |
Acute inflammatory infiltration 7€e10 mild serious hITF pPIC9
Mucosal congestion 7ero mild serious
Submucous haemorrhage zero little a lot hITF 2
Submucous edema 7€ero foliated fusional
Necrosis of epithelium 7610 limited extensive
Ulcer zero with
1.2.6 +
Student ¢ P <0.05
WILCOXON by
P <0.05 00—
200 —
2
2.1 PCR hITF
hITF ¢cDNA PCR 1 RT-PCR hITF
Xho | a Fig.1 PCR production of thITF

Not 1

1 marker 100bp DNA ladder 2 hITF.



827

72h
e 4A 4B
— 2008
o 3450mL 10000g x 30min

— 100 2570mL 1297.51¢g
376.0893g/L

2 pPICO/hITF 0.40
Fig.2  Agarose electrophoresis of expression vector pPICO/hITF A
035F
with Xho 1 /Not 1 enzyme cleavage ~
1 pPIC9 Xho [ /Not I ~ 2 recombinant expression plasmid pPIC9/ @ 0301
hITF 3 hITF 4 DI2000 marker. & 025}
5
Z o020t
2.2 3
s 015}
=
ool
96h 0 24 48 72 96 120 144
Time after the induction of methonal/h
3 Marker 10 ~ 20kD 3
10kD Fig.3  The bulk wegtht of yeast cells in different
time after the induction of methonal
1 2 3 4

=—limer ol
«—dimer of

LITF
WTE
- [T ~E— [TITer
ot hITT of hITT
4 Tricine

Fig.4 Tricine electrophoresis showing the expression of hITF in different time after the induction of methonal

A.1 marker 2~5 Oh 12h 24h 48h after the induction of methonal.B.4 marker 1~3 60h 72h 84h 103h after the induction of methonal.

2.3 100 13159.6211 203.5
70% ~ 80% 90
80
70
= 60
£
£50
2
=
40
i fimur ol 30
WTE 6583.5210
20
- "I‘U[HHIICT 10
o bl F
0

5 W TFTricine 996.0 48216 8647.2 124720 162984 201240
Fig.5 Tricine electrophoresis showing purified protein 6

Fig.6 The molecule weight of recombinant protein was
4 marker. determined by electrospray mass spectrometry analyses

1 protein before purified 2 protein after purified 3 hITF standard
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35% ~45% SDS-PAGE 6583.5210D 13146.8
5 6574 .4 4
9% Lowry 550pg/mL 69 %
253mg 73.33mg/LL solution structure of the disulphide-linked
2.4 dimmer of human intestinal trefoil factor Tff3
6 3 99.985% NCBInr
13159.6211D 21147168540
3
Table 3 The result of recombinant protein was determined by electrospray mass spectrometry analyses
Rank Protein name Accession No.  Protein Score  Protein C.1. %
Chain 2 solution structure of the disulphide-linked dimer .
! of human intestinal trefoil factor Tff3 £il47168540 8 99.985
Chain A high resolution solution structure of human intestinal trefoil factor gi 12084578 51 16.131
3 Trefoil factor human intestine peptide partial 61 aa 211385570 51 5.897
TFF3 protein Homo sapiens 2i 117389674 44 0
7
8 1mg/kg rhITF
Fig.8 The specimen A and microscopic pathology B of colon in rats treated with 1mg/kg rhITF
2.5 hITF > 2cm
2.5.1 4 thITF
P <0.05
4 rhITF thITF
Table 4 The role of rhITF in the migration 5
of intestinal epithelial cell
Control ITF S o . .
Average + SD 41.08<15.14 53,08+ 23.94 Table 5 Effect of rhI:I'F on macroscopl.c .score in rats
p 0.0478 pretreated with rhITF at 30 minites
: before administration of TNBS
2.5.2 Comparison between control group and 1mg/kg rhITF one
1 78 24h U 98
P 4.33E-05

2 78
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thITF

thITF

6 rhITF
Table 6 Effect of various concentrations of rhITF on
microscopic score in rats pretreated with rhITF at
30 minites before administration of TNBS

Comparison between control group and 1mg/kg rhITF one

U 98.5
P 2.17E-05
3 MPO MPO
thITF
7
7 MPO +
Table 7 MPO activity in different groups
Control Img/kg ITF group
MPO content 5.22+3.40 2.32+1.39
P 0.030911
3
intestinal trefoil factor ITF 3
: ITF
7
hITF
ITF
8
hITF
hITF

thITF

pPICI9 thITF
PH
Pharmacia Sephadex
G-25
SPHP MonoQQ
Sephacryl S-100 3
hITF 35% ~ 45%
25% ~ 65%
SPXL
Source30Q
pH
5L
2.5L hITF
253mg 100mg/L.°
3 ~ 4mg/L 1
YPD
BMMY/BMGY
ITF
1-14
hITF hITF
hITF
hITF IEC-6
hITF
hITF
thITF
MPO
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