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Connection of hepcidin genes from two fish species and their
expression in Pichia pastoris

Wenjing Li*, Yan Tao', Dongmei Zhao', and Bingbing Xu?

1 Shanghai Engineering Research Center of Aquatic-Product Processing & Preservation, College of Food Science and Technology,
Shanghai Ocean University, Shanghai 201306, China
2 Jiangsu Balu Biotechnology Co., LTD., Nantong 226400, Jiangsu, China

Abstract: Hepcidin are small cationic peptides with antibacterial activity expressed mainly in the liver of living
organisms, and they play important roles in the host’s immune response against microbial invasion and regulation of iron
metabolism. Thus, they are considered to be good substitutes for traditional antibiotics. It is a good choice that the
antimicrobial peptides are prepared by recombinant DNA expression. In the present study, two hepcidin mature peptide
c¢DNAs from channel catfish (Ictalurus punctatus) (mCH) and tilapia (Oreochromis niloticus) (mTH) were connected by
SOE-PCR in order to obtain more recombinant hepcidin with broad antimicrobial spectrum, and ECoR I and Not I sites were
added to 5'- and 3'- ends of the fragment, respectively. The recombinant eukaryotic expression vector “pPICIK-mCH-mTH”
was successfully constructed, and transformed into Pichia pastoris GS115. The transformants containing multicopy gene
insertion were selected by using different concentrations of G418 and other specific mediums, and identified by PCR for
yeast genomic DNA. Expression was induced by adding 1% methanol at 30 °C for different times. Tricine-SDS-PAGE
analysis demonstrated that the most appropriate expression time was 72 h, at which a high expression yield (77 mg/L) for
the target protein was exhibited. The highly purified target protein was obtained from the fermentation supernatant by
SP-Sepharose cation exchange chromatography. Bacteriostatic activity assay demonstrated that the fermentation
supernatant containing the target protein and purified recombinant target protein had bacteriostatic activities against
gram-positive and gram-negative bacterium. The present result provides the important initial value for industrial production

of hepcidin antimicrobial peptide.

Keywords: antimicrobial peptide, hepcidin mature peptide, Pichia pastoris, splicing by overlapping extension PCR

(Antimicrobial peptide AMP) Hepcidin ~ Kruasea ¥
Park
(1]
hepcidin (681 Hepcidin
Hepcidin
LEAP-1 (Liver-expressed antimicrobial peptide 6 8
1) 3 4
21 Nicolas P ] hepcidin Shike [
hepcidin Morone chrysopsxM. saxatilis
Acanthopagrus
hepcidin schlegelii fill Ictalurus punctatus

cjb@im.ac.cn

683




684

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech May 25,2015 Vol.31 No.5

Oreochromis niloticus Pseudosciacna Listeria monocytogenes

crocea

fi

overlapping extension PCR SOE- PCR)m]
hepcidin

1 HHRE5T%®

(H-14] enterica

1.1.2

hepcidin

(15-16] Ex Tag DNA

DNA EcoR [

marker

hepcidin

SP-Sepharose

[17-18] (Yeast extract)

OXOID

12 7%
1.2.1

hepcidin DNA hepcidin

PCR (Splicing by “mCH”

cDNA SOE-PCR
1

P1

72 °C

1.1 ## 30s 60 °C
1.11
cDNA
DH5a
pMDI19-T simple TaKaRa PCR
pPICIK GS115 mTH 0.8 uL 10 pmol/L
Invitrogen P4
Staphylococcus aureus
Pseudomonas aeruginosa Bacillus 94 °C

subtilis

Escherichia coli 10

http://journals.im.ac.cn/cjben

Salmonella

GE Healthcare

fil hepcidin

cDNA“mTH”

2.5 uL mCH 4.0 uL 10 pmol/L
P2 50 pL PrimeSTAR®HS
(Premix) (TaKaRa Otsu Japan)

100uL 94 °C 3min 94 °C

“mCH-mTH”
0.5 uL mCH 0.5 puL

10 puL PrimeSTAR™HS (Premix)
20puL 94 C



ZE=WiE %/ET SOE-PCR WIFTh &S hepcidin EE BB REEERBEGHIRIE 685

m nCH =@mTH Kex 2 signal cleavage site
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o - 22 p m m
|

: e GS115

EcoR | Not |

“pMD19-T-mCH-mTH"
PI \ / “mCH-mTH”
vzzEmy
pPIC9K
| = 15:1 ( 2) T4DNA
P4
s T PCR DNA
1 SOE-PCR %M “pPICOK-mCH-mTH"
Fig. 1 Strategic map of SOE-PCR. “pPIC9K-mCH-mTH”  Sac I
EcoRI Notl GS115 >-10 uL
Fc Rc 80 L
“mCH-mTH” PCR 5 min
2.5 },lL mCH-mTH 4.0 HL 1.5kV 25 ]JF 200 Q 5 ms
10 pmol/L Fe Re 1.0 uL 600 pL 1 mol/L 30C
Ex Tag plus DNA (5 U/uL) (TaKaRa 1-2h His© MD 30°C
Otsu Japan) 10 puL Ex Taq plus 8.0 uL
dNTPs 100 pL His"
“mCH-mTH” 1.2.3
30 DNA MD G418
pMD19-T simple 1.0 2.0 3.0 40g/L YPD 30 C
E. coli DH5a 2-5d
*1 5149F5)
Table 1  Sequences of primers
Primer name Primer sequence (5'-3") Size (bp)
P1 AAAAGACAGAGTCACCTCTCT 21
P2 GATGCCTCTTTTGAACCTGCAGCAGAA 27
P3 AGGTTCAAAAGAGGCATCAAGTGTCGC 27
P4 TCAGAACCTGCAGCAAACTCC 21
Fc GAATTCAAAAGACAGAGTCACCTCTCTCTG 30
Rc GCGGCCGCTTAGAACCTGCAGCAAACTCC 29

Underlines represent complementary regions, shaded areas represent sequences encoding Kex 2 protease recognition sites.
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Fig. 2 Construction of “pPICI9K-mCH-mTH” recombinant expression vector.

MD Mut” Tricine-SDS-PAGE
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20 mmol/L
(pH 6.5) 0.0-1.0 mol/L NaCl PBS
mCH-mTH PBS mCH-mTH Folin
(140 mmol/L NaCl 2.7 mmol/L KCI 10 mmol/L 1.4 mg/mL
Na,HPO4 2 mmol/L KH,PO4 pH 7.4)
-80 C
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“mCH-mTH”
( 34A)
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hepcidin “mCH” 22
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“mTH” Kex 2
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1%
170 bp
( 5B)
DNA “mCH-mTH”
pPICYK
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10 000

156 b
P 500
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3 T SOE-PCR ¥ #8H BB B R “mCH-mTH”(A) FIxtE R NEEHIHGIS /Y PCR #7188 (B)

Fig. 3

SOE-PCR amplification of “mCH-mTH” fragment (A) and PCR amplification for adding restriction sites to it

(B). M: DNA ladder; 1: amplified product for SOE-PCR; 2: amplified product for adding restriction sites.
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GAA TTC AAA AGA CAG AGT CAC CTC TCT CTG TGC CGA TAC TGC TGC AAC TGC
EcoRIK RA'Q S H L S L C R Y C C N C

Kex 2
TGT AAG AAT AAA GGC TGT GGG TTC TGC TGC AGG TTC AAA AGA GGC ATC AAG
C K N K G B G F § B R F K R A G I K
mCH Kex 2
TGT CGC TTT TGC TGT GGC TGC TGC ACC CCC GGT ATC TGT GGA GTT TGC TGC
cC R F C€C C G C cC T P G I cC G vV € C
mTH
AGG TTC TA A GCGGCCGC
* T
R _F Not |

El4 FFiEREZEpPICIKH R MIZEER R HEMHY
SEMFT

Fig. 4 Nucleotide and deduced amino acid sequences
of the fragment used as connecting with pPIC9K.
Underlines are EcoR [ and Not [ sites; double
underlines are Kex 2 recognition sites; shaded letters
are conserved cysteine residues; triangle is Kex 2
cutting site.

23 fEEFER GS115 P RIAMEFELHIK
mMCH-mTH R E 4k

BMMY
1% 120 h 24 h
Tricine-SDS-PAGE 7
24 h
48 h 72 h
72 h

SP-Sepharose
0.0-1.0 mol/L  NaCl

MM  MD 1.0 mol/L NaCl
Mut’ 1 1.7-4.6 kDa
DNA ( 9
pPIC9K PCR Folin- 3.2 mg/mL
644 bp ( 6) mCH-mTH 77 mg/L
A pp M 1 B pp
1 500 10 000
1000
500
300 —277 bp 500
200 300
200
100 170 bp
100

5 FEFIAEHAKPPICIK-mMCH-mTH EIE % PCR (A) FINEEHILE (B)
Fig. 5 Identification of the recombinant expression vector “pPICIK-mCH-mTH” by colony PCR (A) and restriction
enzyme digestion (B). M: DNA ladder; 1: colony PCR product; 2: products digested by restriction enzymes.
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2.4 FLAK mCH-mTH BN = E

13.5 mg/mL 9

mCH-mTH

1.4 mg/mL

10)

700 — 644 bp

6 EEHHFERELEDNAKPCREE

Fig. 6 PCR identification of genomic DNAs from
Pichia pastoris transformants. M: DNA ladder; 1:
transformant containing empty vector; 2: transformant
containing recombinant expression vector.

kDa M 1 2 3 4 5 6

26.6 —
169 — —
6.5 — ..
35— -
7 FERFRIETERER EREZEBB Tricine-SDS-
PAGE 4 #71

Fig. 7 Tricine-SDS-PAGE analysis for target proteins
with different induction times. M: protein marker; 1-6:
induction times are 120, 96, 72, 48, 24 and 0 h,
respectively.

kDa M 1 2

40 — —

8 #i{kAIELAR mCH-mTH B9 Tricine-SDS-PAGE
S

Fig. 8 Tricine-SDS-PAGE analysis for the purified
recombinant mCH-mTH. M: protein marker; 1:

fermentation supernatant; 2: purified recombinant
mCH-mTH.

AN N

1 2 1 2
(A S. aureus @ @ P aeruginosa 9

B9 IRAEHESREUERN AR EFRMEES

Fig. 9 Detection of bacteriostatic activity for the
fermentation supernatant by agarose diffusion assay. 1:
induction expression supernatant for the empty vector;
2: potassium phosphate buffer; 3: fermentation

supernatant containing mCH-mTH.
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—_—
(=]
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|
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20 -

Strains survival rate (%)

N N R R e e

1 2 3 4 5 6

o
[

10 ZHBIEHE mCH-mTH BHIIE F N E

Fig. 10 Detection of bacteriostatic activity for the
S. aureus; 2:
E. coli; 5: L.

purified recombinant mCH-mTH. 1:
P. aeruginosa; 4: B. subtilis; 3:
monocytogenes; 6: S. enterica.
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