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ABSTRACT 

A cDNA expression library prepared企·om Bab回ia gibsoni (B. gibsom) merozoite mRNA was screened with 

a B. gibsoni-infected dog serum. A cDNA clone encoding 30 kDa protein was cloned and designated P30 

gene. The complete nucleotide sequence of the P30 gene had 792 bp. Computer analysis suggested that the 

sequen田 of the P30 gene contained an open reading企-ame of 600 bp with a coding capacity of 

approximately 23 kDa. The native P30 protein of B. gibsoni with molecular mass of 30 kDa was identified 

by Westem blotting using anti-recombinant P30 mouse serum. The recombinant P30 protein expressed in 

Escherichia coli w剖 used for antigen in an enzyme-linked immunosorbent a回ay (ELISA). The ELISA was 

able to detect the B. gibsoni infection and did not show any cross r切ctivity to B. canis-infected dog s釘a 阻d

normal dog sera. Furthermore, the antibody response against the recombinant P30 w田 maintained in dog 

experimen旬lly infected with B. gibsoni even after the dog became the chronic stage of infection. These 

resul臼demons加ted that the recombinant P30 might be a useful diagnostic reagent for detection of 

antibodies to B. gibsoni in dogs. 
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INTRODUCTION 

Babesia gibsoni (B. gibsoni) is a tick-borne hemoprotozoan parasi旬，which causes piropl剖mosis

in dogs. The disease is characterized by remittent fever, progressive anemia, haemoglobinuria, marked 

splenomegaly and hepatomegaly, and sometimes caus田 death. B. gibsoni infection is endemic in many 

regions of Asia, A創ca, Eぽope and Am出ca (casapulla et al. 1998., Wozniak et al. 1997; Y1叩rane et al. 

1993a). This disease frequently occぽB in the companion an面ials, and it becomes clinically a serious 
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problem (Adachi et al. 1993; Farwell et al. 1982). 

τbe diagnosis of canine babesiosis is routinely performed by microscopic examination of 

Giemsa-s包血吋白血blood smear film or indirect fluorescent antibody test (IFAT) (Yamane et a l .  1993b). 

However.，白e detection of in仕aery由roc戸icBab回iaorg租isms by the microscopic examination is sometimes 

very difficult, because some dogs show clinical s戸nptoms without appe紅·ance of血国erythrocytic Babesia 

org阻isms in伽peripheral blood. On the other hand, IFAT has a high sensitivity to detect the antibodies to 

B. gibsoni. However, IFAT has a problem m 出e spec出city, because sometimes B. gibsoni-infected dog

serum show cross司，reactivity to the other closely related Bab四回P紅asites. Therefore, there is a great need 

for the development ofhゆly sensitive and specific dia伊ostic method. 

In the present study, we describe the cloning and expression of a 30回a 組tigen gene of B. gibsoni 

and evalua旬d its diagnostic pot，阻tial use in enz戸ne-linked immunosorbent assay (ELISA) for diagnostic 

P田pose. 0町 data indicate that the ELISA, with the recombinant P30 expressed in Escherichia coli (E.

coli), might be useful tool for diagnosing canine B. gibsoni inf田tion.

MATERIALS AND METHODS 

Parasite. B. giおoni isolated合om a hunting dog in the Hyogo pre良心細胞，Japan, designated NRCPD strain 

(Is凶mine et al. 1978; F北umoto et al. 2001) w拙 experimen凶ly infected and maintained in splenctomized 

Beagl回 or canine red blood cell-substituted severecombined innnune deficiency (SCID) mice as described 

earlierσ嘘umoto et al. 2000). B. gibsoni·・infected dog erythrocyt田 were collected企'Om the experimentally 

infected dog at peak parasitemia (14%) and stored at-80°C.

Dogs. 臼1e ye訂 old Beagles were used. The dogs were confirmed to be企·ee · of natural B. gibsoni 

infection by detection of specific antibody prior to use the experiments. 

Construction and immunoscreening of cDNA expression library・ Total RNA was prepared from B. 

gibsoni-infected dog ery由rocytes ( ery吐rrocyte volume, 10 ml., par拙i旬mia, 14%) by acid gua且idium

白iocyanate-phenol-chloroform 巴甜action methods (Chomc勾nski et al. 1987), and也en polyadenylated 

RNA was purified by Oligotex-dT 30σ北ara, Japan）. 百1e CDNA was syn也esized by using a Zap-cDNA 

synthesis kit, ligated to aλZap I phage expression vector and pack勾ed by using Gigapack packaging system. 

百1e cDNA library (1 x 105 PFU) was screened with a B. gibsonicinfected dog serum. 百1e antiserum was

incubated for 1 hr at room tempera旬re with ni甘ocellulose membranes containing也e phage plaques. 

Positive plaques w町C visualized by using alkaline phosph蹴－co吋ugated goat anti-dog IgG antibody wi吐1

nitroblue te回zolium 姐d 5・bromo-4-chloroふmdolyl phospha匂 as subs回tes. Positive pl叫ues w町e

rescreened until 100% positive plaques were obtained. The cloned m出in血e pl何ue-purified A phage 

was subclon巴d into pBluesαipt SK(+) by using in vivo excision capabilities ofλZAP II (Shortetal .  1988). 

cDNA sequencing. Res佐iction en勾me-generated 企agments for sequencing were subcloned into 

pBluescript SK(+) vectors. Nucleotide sequencing was performed on bo出 s首·ands wi由 double・抑制d巴d
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FIG. 1. The nncleotide sequence of the coding region 
of the P30 cDNA and its fl阻king sequences. The 
predic胞，d amiuo acid is indicated below each codon 

.FIG. 2. SDS-PAGE 阻alysis and Western blots of the 
recombinant P30 expressed in E. coli by pGEMEX-2 
vector. (A) SDS』PAGE analysis. (B) Western blots 
using B. gibsoni-infc田ted dog serum. Lanes I, 
bacteriophage T7 gene 10-P30 fusion protein, lanes 2, 
bacteriophage T7 
gene IO protein. The positions of molecular mass 
standards町e indicated on the le宜（血kilodal旬us).
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FIG. 3. Western blots of口alive P30 protein using 
mouse anti-gen巴 l O-P30 serum. Lane I, B. gibsont

infected erythrncytes; lane 2, normal dog 
erythrocyt巴S The positions of molecular mass 
standards are indicated on the left (in kilodaltons) 

FIG. 4. SDS-PAGE analysis and Western blots of the 
recombinant P30 expressed in£. coli by PGEX-4T-3 
vector. (A) SDS”PAGE analysis. (B) Western bloお
using B. gibsoni-infected dog serum. Lanes 1, GST-P30 
fusion protein; lanes 2, GST protein. The positions of 
molecular mass standards arc indicated on the left (in 
kilodaltons). 
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FIG. 5. D巴tcction of antibody to recombinant P30 in a dog 巴xperimentally infected with B 

gibso月i by ELISA 
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plasmid terr司plates, using 血e Taq polymerase cycle sequencing method supplied by Applied Biosystems, and 

then analyzed wi白 a model 377 A ABI sequencer. Sequence data were analyzed by compu句r progr釘E

Mac Vector Ver. 6.5.3. 

Expression of the P30 gene in E. coli. 百1e insぽt P30 gene in pBluescript SK(+) vector w田 subcloned

血to the pGEMEX・2 and pGEX4下3 pl鎚凹ds of bacterial expression vectors after digestion with Eco R I 組d

X古o I, respectively. 百1e resul出g plasmids pGEMEX-2 / P30 and pGEX-4＇下3 I P30 were checked for 

accurate insertion by res仕iction en勾/Ille analyse哩. The recombinant proteins were expre凶ed as fusion 

prote血 ofthe bacteriophage T7 gene 10 prote血（gene 1 O-P30）血E coli 品1109 (DE3）抑瓜且or 白at of the 

glutathione S－回nsferase (GST) protein (GST-P30）血 E.coli DH5 a 抑制according to the manufacturer's 

ins加IC世ons.

Production of anti・genel0-P30 serum. Antis町田n against gene 10・P30 protein was produced in mice. 

One hundred micrograms of the purified recombinant fusion protein in Freund＇’s complete adjuvant was 

injected into 8 weeks old BALB/c mice in仕·aperitioneally. The same antigen in Freund＇’s incomplete 

adjuvant was in ected intraperitonially into the mice on days 14 組d 28. Sera企om immunized mice were 

collected 14 days after last immunization. 

IFAT. IFAT W国 P町formed as described previouslyσukumoto et al .2001). 

Western blot姐ng. Sodium dodecyl sulfate-polyacrylamide gel elec仕uphoresis (SOS-PAGE）阻d W巴stern

blotting were carried out as described previously仰紅白1 et al. 1971; Xuan et al. 1 9 96). 

ELISA. The insoluble GS下P30 protein was solubilized in urea according to the previous reportσwata et 

a l .  2000). In brief,血e pellet after ce1町ifugation of bacterial lysates w筋肉solved in 8 M ur回 solution

containing 50 mM Tris-HCI pH 8.0, I mM DL-dithio血retol and 1 mM EDTA, and incubated at room 

temperature for 1 hr. The solubilized supema蜘I W鎚 dialyzed against 4 M urea solution and then 2 M urea 

solution for 1 hr at 4 °c twice. Finally, after dialysis against 也e solution without 町田 3 tim回 at 4°C for 

overnight, the refolded soluble GS下P30 was purified wi也 Glutathione-Sepharose 4B beads according to the 

manufacture's ins仕切tions, and then used as an antige：且 for ELISA. The antigen diluted in antigen coating 

buffer (0.05 M carbonate-bicarbonate bu自主r, pH 9.6) was dispensed into the wells of flat-bottomed 96 well 

microplates in 50 µl aliquots. After incubation at 4 °c for 24 hr, unadsorped antigen was disc釘ded, and 

100µ1 of blocking solution (phospha帥uffered saline (PBS) containing 3% skim milk) was added. After 

incubation at 37 °c for I hr，血e blocking solution was discarded a且d 50 ul of旬st serum dilu旬d in blocking 

solution added to each well. After incubation at 37°c for I hr, the pla飽was washed 6 times with wash 

solution (PBS corr刷出ng 0.05% Tween 20), and 50ドl of horse radish peroxidase-con ugated goat anti-dog 

lgG antibody diluted in blocking solution was added to each well. After incubation at 37 °c for 1 hr, the 

plate was washed 6即時s with wash solution, and then 100µ1 of substrate solution (0.1 M ci仕ic acid, 0.2 M 

sodium phospha匂，0.003% H202, 0.5 mg / ml of 2, 2’－azino・di-[3-ethylbenzthiazoline solution] ) w田 added

to each well The absorbance at 415 nm was read after I hr, and ELISA titer was expressed as世1e reciprocal 
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of the maximum dilution that showed an ELISA value 何回I to or over 0.1 which is也e absorbance 

difference between GST-P30 姐tigen 阻d control antigen (GST) wells. 

Sera. Serum sarnpl田 from a dog experimentally infe c匂d with B. gibsoni (NRCPD S凶也）or a dog

experimentally infected with B. canis, and negative serum samples from normal dogs w巴re used. 

RESULTS 

Cloning and sequencing of the P30 CDNA clone溜. A total of 20 positive clones were obtained企orn

irnrnunoscreening of B. gibsoni CDNA expression lib即y (I X I 05 PFU) with dog antisera raised against B.

gibsoni. The insert sizes of these clones ranged企nrn 800 bp to 3,000 bp. phagernids were excised企orn

the clones and partially sequenced using MB and universal primぽ百． The clone 9 corr旬血血g 792 bp insぽt

gene w出 chosen for fur白er analysis. The clone of insert DNA 由at was dig回ted with Hind E 組d

subcloued into the Hind II site of pBluescript SK(+) vecto四 was cornpletely sequenced using Ml3 and 

universal primers. The CDNA sequen田 of clone 9 is shown in Fig. I. Sta白1g wi血a methionine at 

position 58, a single open reading a沼田 （ORF) of 600 bp nucleotides was present. The ORF encodes a 

polypeptide of 199 amino acid residues, WI由a size of 23 kDa as calculated by cornpu旬r.

Expression of the P30 gene in E. coli by PGEMEX，・2 vector. The p30 gene w田 ligated into出e

bacterial expression vector PGEMEX-2, and expr，田sed as a白sion protein of bacteriophage T7 gene 10 

protein in E. coli. As shown in Fig. 2A, the molecular weights of the gene 10 and gene 10 P30 fusion 

protein were estimated as 35 kDa and 61 kDa as expected, respectively. B. gibsoni-infected dog s町田n

showed a s仕ong reactivity to the 61 kDa band (Fig. 2B). Mice町m凹zed with gene I 0・，P30 fusion pro匂血

induced specific antibodies againstB. gibsoni by IFAT (data not shown). 

Identification of native P30 protein. τ'he lysates of B. gibsoni-infected dog eηthroc戸田were analyzed 

by Western blotting using mouse antisera against genelO・，P30 protein. As shown in Fig. 3, a specific band 

of 30 kDa was detected in B. gibsoni-infected ぽy由rocytes. In addition, the 30 kDa band wおお，tected as a 

m句or antigen in Western blotting with B. gibsoni-infected dog serum (data not shown). 

Expression of the P30 gene in E. coli by PGEX-4T・3 vector. The P30 gene w田 ligated into吐1e bacterial 

expression vector PGEX-4T・3, and then P30 was expressed as a fusion prote担of GST protein in E. coli. 

As shown in Fig. 4A, the molecular weights of the GST and gene GST-P30 fusion protein were estimated as 

26 kDa and 52 kDa as expected. B. gibsoni-infected dog serum showed a strong reactivity to the 52 kDa 

band σig. 4B). The GS下P30 protein solubilized by 旧·ea and purified with GST 4B beads was used for 

白rth，ぽ analysis. The solubilization and purific組on was confirmed by SDS -PAGE 組d West釦1 blots ( data 

not shown). 

Antibody r田ponses to the GST・P30 protein in a dog experimentally infect怠d with B. gibsoni. To 

evaluate whethぽ recombinant P30 expressed in E. coli can be a suitable antigen for diagnosis of B. gibsoni

irrfection in dogs, the antibody response to 白e GS下P30 protein was measured by ELISA in a sequential dog 
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sera experimentally infected wi由B gibsoni. As shown血 Fig. 5，吐1e antibody was detected by day 14 and 

the antibody response was maintained at high levels until 222 days post infection, the chronic stage of 

inf倒ion, which was charact出zed by recovering hematocrit rate and si伊ific組tly low level of parasitemia 

σ
＇ukumoto et al. 2001 ). In addition, B. canis-infected dog sぽa and normal dog sera did not show 組y

cro田－reactivity to the GST-P30 protein ( d抑 制 shown).

DISCUSSION 

h白e present s同dy’ we described the cloning of a gene encoding 30 kDa antigen of B. gib哩oni.

A cDNA expression library of B. gibsoni merozoites was screened with sefUill from a dog experimentally 

infected with B. gibsoni in order to identifシantigens that induce high antibody r田ponse.百世s led ω也E

isolation of an antigen called P30, which exhibited good immuno田activity m也 B. gibsoni-infected dog 

sefUill. The cDNA encoded a polypeptide of 199 amino acid residues, wi由a size of 23 kDa as calculated 

by computer. However, the native protein coded by the P30 gene wi也molecular mass of 30回a was 

detected in Western blotting with anti-gene 10-P30 sefUill. The size difference m且y be due to吐1e difference 

of post－甘anslational modification. 

In W巴stem blotting analyses, B. gibsoni－血fected dog sera showed a s仕ong r伺ctivity to the bo白

gene-10-P30 protein and GSτ�P30 protein expressed in E. coli. These results suggested 白at both recombinant 

P30 proteins have a good antigenicity. F町出町more, ELISA with the GST-P30 protein could detect the 

antibodies to B. gibsoni from the early stage to chronic stage of infection. These results indicate that the 

recombinant GSτ�P30 protein has a good potential as an 岨tigen for the sero-diagnosis such as ELISA. 

However, in this S旬dy, we tested only Japanese isolate 例RCPD s回in) of B. gibsoni・血fected dog sera. 

Therefore，白地er s旬dies on ELISA with GST-P30 are necess町using a large numbers of B.

gibsoni-infected dog sera企om worldwide. 

In the present study, mice immunized with recombinant P30 expressed in E. coli induced good 

antibody response against blood merozoites of B. gibsoni. Our further step will be to implement 

immunization凶als in dogs to detefllline the potency of the re唱ombinant P30 produced in E. coli as a 

potential subunit vaccine to control canine B. gibsoni infection. 
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