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ABSTRACT

Coccidiosisis a kind of disease in chickens, which has a serious economic impact on poultry production worldwide.
In this experiment, the 3-1E gene from Eimeria acervulina was amplificated by RT-PCR. The target gene was linked
to pPICZaA vector, then electrotransformed into Pichia pastoris. The secreted recombinant protein expression was
induced by methanol, and the recombinant 3-1E protein was obtained every24hours post induced, then it was
identified by SDS-PAGE and Western Blot. The protein was purified using the His-tagged protein purification kit and
its concentration was determined by Bradford method using a protein quantitation kit. This study laid a foundation
for the vaccine production and the evaluation of vaccine efficacy.
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INTRODUCTION

Avian coccidiosis is an intestinal protozoan digeeaused b¥imeria, which results in annual economic losses for
the worldwide poultry industry[1].At present, drpgevention and treatment are the main methodshéocontrol of
coccidiosis in chickens. The use of coccidiostagssaibject to tight restrictions because chickeitispnoduce drug
residues and withdrawal period in the course dtiment[2]. Inoculation with anticoccidial vaccinesan effective
alternative to drugs for coccidiosis control[3].

Recombinant vaccine against coccidiosis becoméothes of research in the prevention and contralafcidiosis,
so the research of the main antigenic gene is wepprtant[4]. The life history of Chicken coccidié complex.
The antigenicity and antigenic composition aresanhe at different developmental stages.

E. acervulina is one of the most prevalent Eimeria species iokeim. So far, few genes of this coccidian havenbee
reported and tested for their immunogenicity[5, $J1E, which is expressed iB. acervulina sporozoites and
merozoites, is a kind of surface membrane prott&rantigenicity is good and gene sequences atdyhignserved.

In recent years, this gene has been expresdesttierichia coli[7, 8].

Pichia pastoris has been developed into a highly successful egjmresystem for the production of heterologous
proteins. The expression of any foreign gerie frastoris comprises three principal steps: (a) insertiothefgene
into an expression vector; (b) introduction of theression vector into the pastoris host; and (c) examination of
potential strains for the expression of the foreggame[9, 10]. The Pichia expression system is b#tin other
eukaryotic expression systems because it is effice@mple, cheap, and its expression level isdrgh

In the present study, recombinant 3-1E protein gwessed usinB. pastoris, and purified using the His-tagged
protein purification Kit. Its concentration was elehined by Bradford method using a protein quaintitakit. This
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work laid a foundation for the vaccine research.
EXPERIMENTAL SECTION

Parasites
Beijing strainE. acervulina was maintained at the College of Animal Scienag Bechnology, Beijing University of
Agriculture, China. It was passaged every threeth®im susceptible chickens.

Vectors
The expression vector is pPIGZX plasmid and th@ichia pastoris host is GS115 strain. They were conserved in our
laboratory.

Main reagents

Media components include yeast extract, tryptorasynitrogen base and phosphate buffer. Restrietiayme was
purchased from NEB (USA) and T4 ligase was purdhdisan TaKaRa (China). His tag monoclonal antibedys
purchased from Abcam (UK). Goat-antimouse IgG wasipased from CWBIO (China).

Primer design
According toE. acervulina 3-1E gene sequence reported by GenBank (AY660h3Bd primer was designed using
Primer 5.0 biological software(Table 1).

Table 1 3-1E gene specific primers

Gene sequence
The upstream primer 5'CGGAATTATGGGTGAAGAGGCTGAT
The downstream primer 5’AAGCGGCC@&GTACAGGTACTCAGC

Amplification of 3-1E gene

A count of 2x10 freshE. acervulina oocysts were washed three times by centrifugatiitin 0.1 M PBS (pH 7.2).
According to the manufacturer’s protocol, total RKMé&m purifiedE. acervulina oocysts was isolated with TRIZOL
Reagent (Invitrogen, USA). Then the total RNA wagerse transcribed into cDNA, which was as temptaté®CR.
The PCR reaction procedure was as follows: pretdesitzon at 95 °C for 5 min, 30 cycles of amplifioa (30s at
94 °C, 30s at 55 °C, and 30s at 72 °C), and foliolae extending for 10 min at 72 °C. The result$ @R were
analyzed by electrophoresis in a 1% (w/v) agar@deThe target gene was recycled using the DNAegehction
kit.

Construction of the recombinant expression plasmid

The recovered target gene was digested with Eco&INwtl, then ligated into pPI@A vector previously digested
with the same enzymeas described[11, 12]. The recombinant expressiasnuild was transformed into Escherichia
coli strain JM109, then cultured for 2h at 37°CeTrecombinant plasmid was identified by PCR, dowizyme
digestion and gene sequencing.

Expression of the recombinant 3-1E protein

The 3-1E gene was expressedPinpastoris according to the manufacturer's manual. Brieflgl@ZoA-3-1E was
linearized by BstXI single enzyme digestion anchtbiectroporated intB. pastoris strain GS115.The positive yeast
was added to the BMGY culture medium(2.0% peptdr@% yeast extract, 1.3% YNB, 4.0X®8 biotin,100 mM
potassium phosphate (pH 6.0) and 1.0% glycerof),catured at 3@ in a shaking incubator (200 rpm) for about
18h until OQyyx = 6. The cells were harvested by centrifuging 2@@pm for 10 min and resuspended in BMMY
culture medium(the same as BMGY but with glycereplaced by methanol) for inducing the expression of
recombinant 3-1E protein at the same condition. Mk¢hanol was added to the culture to a final cotragon of 1%
every 24 h for induction. The samples were coli@eeery 24h for 4 days and analyzed by Sodium dddeidfate
polyacrylamide gel electrophoresis (SDS-PAGE)[18] &Vestern blot[14].

Purification of the recombinant 3-1E protein

After induced for 72 hours, the supernatant of BMkiédium was harvested by centrifugation, then cotnated
by ultrafiltration tube (Millipore, USA). The recdsimant 3-1E protein was purified using the His-djgrotein
purification kit (CWBIO, China) according to itsstmuction manual. Finally, the eluent was collecfadotal of
eight column volume). The result of purificationsivdentified by SDS-PAGE and its concentration determined
by the Bradford method[15]using a protein quarititakit (Aidlab, China).
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Theresults of PCR amplification
The result ofPCR amplification was tested 11% agarose gel electrophoresis. There is a bright Inad 500b

RESULTS

which is consistent with the size ¢-1E gene(Fig.1).

M 1

5000 bp
3000 bp
2000 bp

1000 bp
750 bp
500 bp

200 bp
100 bp

Fig.1Theresult of PCR amplification. M:Marker; 1:3-1E gene

I dentification of the recombinant expression vector

The 341E gene and pPIGA vector were connected by T4 ligase (FigAfter antibiotic screening, the recombin:
expression vector was identified bouble enzyme digestion(Fig.2nd DNA sequencin(Fig.4).There are two
bright bands: the target gene is near 500bp andttier is the expression vec

5TAO0X

EcoRI

Fig.2 Construction of recombinant eukaryotic expression plasmid pPICZaA/3-1E
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Fig.3Theresult of the double digestion. M:Marker ; 1:the recombinant vector
Query 7 ATGEETEAAGAGGCTGATACTCAGGCGTEGEATACCTCAGTEAAGGALTEGCTCSTGEAT 66
Frrrrerrrrrrerrrrrrrrrreeerrrrrrrrrrrr e et rrrrrrrrrrrrn
ghjet 1 ATGEETEAAGAGGCTEATACTCAGECGTGEGATACCTCAGTGAAGEAATGSOTCGTEEAT &0

Query &7 ACGEEEAAGGTATACGCCGECGECATTEC TAGCATTGCAGATEGETECCGCCTETTTEES 126
Shjet A1 ACGEEEALSETATACGCCGGCGECATTGCTAGCATTGCAGATGSETGOCGCCTETTTCEE: 120

Query 127 TECAATAGACAAT G ATECETEEAGTCAGTTGET AL GACAG 186

I||II|||I|||II||II||II|||I|I|III|II||II||II|||I|||II||II||II
Shjet 121 CAATE GAAE, 180

Query 187 GAAGTECTTCAAGAGZACGECTCCTCAACTCAAGAGRACTGCGATGAAGOGFARAACCCTE 244

Freeeeerrrrreerreererrr rrrrrrr e rrrrrr e e
gbjet 181 GAAGTGCTTCAAGAGGACGGCTCTTCAACTCAAGAGGACTGCEATGAAGCGGARACCCTE 240

Query 247 CGECAAGCAATTGETTEACGECCETECCCCAAACGETETTTATATTGEAGFAGTTAAATAT 304

IIIIIII|II|IIIIIIIIIIIII|II|IIIIIIIIIIIIIIII|II|IIIIIIIIIIII
gkhjet 241 CAAGCAATTGTTGACGECCETGCCCCAARCGETETTTATATTGGAGSAGTTAAATAT 300

Query 307 AAACTCOGCAGAAGTTAAACGTEATTTCACCTATAACGACCAGAACTACGACGTESCGATT 366

rerreeerrrrerrreerrrrrrrrrrrr e rrrrrr e e
fhject 301 AAACTCGCAGAAGTTAAACCTGATTTCACCTATAACGACCAGAACTACGACGTGECGATT 260

Query 367 TTEEGEAACAACAAGEETGECGETTTCCTGATTAAGACTCCGAACGACAATETEETGATT 424
Shijct 381 TTEEGEGEAAGAACAAGGEETGGECGETTTOCTEATTAAGACTOCGAACGACAATGTGETEATT 420

Query 427 GUOTCTTTATGACGAGGAGAAGGAGCAGAACAALGCAGATECGCTGACAACGSCACTTGCC 484

I||II|||I|||II||II||II|||I|||II||II||II||II|||I|||II||II||II
shjot 421 TATGACGAGGAGALGGAGCAGAACAAAGCAGATGCECTGACARCGECACTTGCC 480

Query 487 TTCGCTGASTACCTGTAC 304

NERRARRRRRERNEREN
Sbhjot 481 TTCECTEAGTACCTGETAC 495

Fig.4 Theresult of the sequencing comparison
Electrotransfor mation and the screening of positive strains
The recombinant expression vector was el transfected into GS11B pastoris, then they were culred on Yeast

Extract Peptone Dextrose (YPD) solid culture medaontaining Zeocin (10Qg/ml) and the positive strains we
identified by PCR using AOX consensus primer(5).
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Fig.5 Theresult of the recombinant yeast PCR. M:Marker;1,2: Recombinant yeast

Expression and identification of the recombinant 3-1E protein

The expected molecular weight of recombina-1E protein is 21kD and the electrophoresis resuttse abou
26KDa. This result may be caused the His-tag of the recombinant proteiihe BMMY culture mediun
supernatant was collected every 24h for 4 days.recombinant proteinvas tested ananalyzed by SDS-PAGE
electrophoresis and Western Blot after precipitatiy TCA. The results showed that tamount of recombinant
3-1E proteinwas largest when induced for 3 days. There is etdand in the BMMY culture medium supernat
of GS115 electroainsformed with empty plasmid. It is suggested thataim protein was secreted by positive y
strain induced by methanol(Fig.8Mestrn Blot analysis showed a band near 26KDa, sugugshiat the protei
expressed bR. pastorisis recombinant -1E protein(Fig.7)

M 1 2 3 4 5

175KD
83 KD
62 KD
47.5KD
32 KD

25 KD 26 KD

16.5KD

6.5 KD

Fig.6 I dentification of recombinant protein. M: Marker;1-4:BMMY culture medium supernatant induced for 1d,2d,3d,4d;5:control

0 1

175 KD
83 KD
&2 KD
47.5KD

F2 KD
25 KD

16.5 KD
6.5 KD

Fig.7 Western Bolt analysis. M:Marker;1:recombinant 3-1E protein
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Purification of the recombinant 3-1E protein

The eluent of the His-tagged protein was colleclédw result of the purification was assessed by-BBSE. After
Coomassie blue staining, it showed a band near 26iKKBhe fourth column volume without contaminatprgteins
(Fig.8).

M 1 2 3 4 5 6 7 8

175KD ' .

S0KD| &
58KD "~

46KD
30KD | =

23KD

17KD

Fig.8Theresult of the purification wasidentified by SDS-PAGE. M: marker, 1-8: 1st column volume of the eluent- 8th column volume
of the eluent

DISCUSSION

There are many kinds of heterologous gene expressistem, including th&scherichia coli expression system,
baculovirus expression system, vaccinia virus esgiod system anB. pastoris expression system. Among these
systemsP. pastoris expression system has great advantages in thesskpn of antigen. It was able to perform
many of the post translational modifications ofttég eukaryotes and secrete high levels of hetesalgroteins
into the supernatant under the control of AOX1 poteninduced by methanol[16, 17].

In this study, we found that the size of recombir&iE protein was approximately 26KDa, which wagér than
the predicted size of 21KDa. This is probably tesuft of protein glycosylation, and the his-tag aetso affect the
protein molecules. The addition of (Hilag has been reported not to affect secretionlirfgl or function of
recombinant protein[18].

As shown in Fig.6, the amount of the recombinad3protein expression gradually increased withitickeiction
time increasing. However, the amount of the protlgnreased after the expression reached a high leig also
reported that the expression level can be impravieenP. pastoris is grown in a fermentor in which much higher
cell densities can be achieved and parameteradikation, pH, and feed rate canbe exactly contidl$.

In this experiment, we constructed a secrefegbastoris expression system, which is convenient for protein
purification and also can avoid the degradatiomaodet protein under the action of intracellulaotpase. But the
secreted protein soluble in the supernatant olisailtmedium, so that the initial concentration afyéd protein is
lower. In order to obtain a higher concentratiorthaf target protein, it is very necessary to usaesooncentration
methods. Affinity chromatography and ion exchangeomatography are the two methods commonly used in
protein purification. Due to its high efficiency purifying proteins with different tags, affinityhoomatography is
widely used in protein engineering[12]. In this dstu the recombinant 3-1E protein was purified usthg
His-tagged protein purification kit (CWBIO, Chind)he target protein could be attached without amtamination

(Fig.8).

CONCLUSION
In this study, we successfully expressed the redmsmb 3-1E protein and laid the foundation for twbsequent
vaccine production. The effect of the recombinatE3protein on thé&. acervulina infection should be researched

for further study.
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