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MqjorfactorsintransmissionofTbxqpLasmagondiiintohumansareoocysts  
infoodorwaterandtissuecystsinmeat（RuizandFrenkel1980；Dubeyetal・1990；  

Buff01ano etal．1996；Barilet al．1999）．Previous studies have demonstrated a  

positiverelationbetweenenvironmentalcontaminationwith00CyStSfromcatfeces  
andexposureoffarmanimalstotheparasite（Frenkeletal・1975；FrenkelandRuiz  

1981）．Cats shed oocysts after the primaryinfection，Whereasinducedimmunity  

preventscatsfromoocystproductionfo1lowing subsequentinfection（Dubeyand  
Frenkel1974；Lappinetal，1989）．Thus，VaCCinationofcatsisasigni鏑cantmeasure  

inpublichealth・Live7二gondiisuchasmutantstraJnSOrirradiatedtachyzoiteshave  

beenvaccinecandidates（Frenkeletal，1991；FreyreetaJ・1993；Omataetal・1996）・  

However，itisnotrealistictoimmunizebothdomesticanduncontrolledcatsoneby  
onewiththesevaccines．Furlher，thelive7bxpp［asmacellscarryariskofaccidental  

infectiontohumans・rIbovercometheseproblems，WeCOnStruCtedanovelcandidate  

fbracatvaccinecomposedofanimmunogenicantlgenOfTgondiiandaviralvector・  

SRSlofTgondiiisa46kDaantlgendivergentlytranscribedbythebirdirectional  
SAGIpromoter（Hehlelal・1997）・Despitetheprecisero］eoftheantigenhasnot  

beenspeCined，VaCCinationwitharecombinarltSRSlproducedbyE・COLimodifies  
hostimmune responses afterinfection and partia11y protects mice from Lethal  
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FHVIEXPRESSJNGTOXOPL4Sル掴SRSl  

Challengeof7二gondii（Mishimaetal・‘inpress）．Felineherpesvirustype1（FHVl）isa  

WOrld－SPread pathogen causLng Viralrhinotracheitisin cats．Previous studies has  

SuggeStedthalFHVIcanbeausefulvectorinveterinaryfield（Yokoyamaetal．1997  

reviewed）・WeusedFHVlasadeliveryvectorofSRSlbecauseoftworeasons；1）  

HostrangeofFHVlissthctlyresthctedtoFelidae，and2）ArecombinantFHVIcan  

automaticalLyspreadamongcatswithoutinoculatlngOnebyone・  

The parent FHVIC7301strain（Mochizukietal．1977）and the modified  

ViruS Were grOWn On Crandelfeline kidney（CRFK）cells（Crandelet al．1973）  

maintajnedinDulbecco’smodinedEagle’sminimumessentialmedium（Sigma，MO）  

SupPlemented with8％heatinactlVated fbtalbovine serum and antibiotics．Stock  

ViruSeSWereharvestedfromculture supematantofinfectedCRFKcells．Theentire  

Openreadingframe（ORF）ofSRSIwasamplinedfrom genomic DNAoftheRH  

Strainwiththe polymerasechainreactioJV（PCR）techniqueusingaprimerpairof  

SRSl－1（acgaattccGCAAATGGTGAGGA）and SRSト2（acgaattcACCTlnGACGG  

CAC）・TheamplifiedSRSlfragmentwasinsertedbetweentheCAGpromoteranda  

POlyadenylic acid（poly－A）in the pCAGGS expression vector（Niwa etal．1991）  

kindly provided by Dr．Miyazakifrom Osaka University MedicalSchool．The  

resulting CAG－SRSl－pOly－A expression unit wasinsertedinto FHVlgenome as  

Previouslydescribed（Yokoyamaetal．1996b），  

Figurel・IntegratlOnOfCAGpromoter，  
SRSlORFandpolyademylation別gnal  
into（he FHV genome．The SmaJ－  
EcoRVfragmentwasexchanged．PCR  
primers and Southern blotting probes 
arealsoindicated．   

◆  
sRSト1。。m。  5RSl－2prmler  

： 
＼い、！い∴ 

Therecombinamtvirusgenomewasexaminedforlocalizationoftheinserted  

expressionunitwithSouthernblottlng．FHV／SRSlgenomicDNAwasextractedfrom  

CulturesupernatantOfinfectedCRFKcellsaspreviouslydescribed（1shizawa1991）．  

TheDNAwasdigest色dwithEcoRV，electrophoresedandtransferred［oHybondN＋  

membrane（Amersham，EngLand）．The membrane was probed withTK and SRSl  
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FHV 1 EXPRESSING TOXOPLASMA SRS 1 

probes shown in Fig. 1 by DIG (Roch Diagnostics, Switzerland) system according to 

the manufacture ’ s specification. TK probe revealed a 1.3 kbp fragment of wild type 

FHVl and a 4.5 kbp fragment of FHV/SRS1. The recombination of the virus resulted 

in an approximately 3 kbp extension of the TK仕agment (Fig. 2A). The extension 

was identical to the expected length for subtraction of TK deletion from the SRS 1 

insertion after the recombination procedures. Electrophoretic migrations of genomic 

DNA fragments of SRS 1 and TK were also compared in Southern hybridization. The 

SRS 1 probe reacted to a 4.5 kbp fragment of the recombinant genome whereas it 

revealed no specific reaction to the wild type genome (Fig. 2B). The migration of the 

SRS1 and TK fragment of the recombinant genome was identical (Fig.2). 

A 

4.5 kbp 

1.3 kbp 

1.5kbp 

B 

1 2 1 2 

2.0 kbp 

1 2 3 4 

Figure 2. Southern blot analysis on the FHV/SRSI 
DNA. Purified DNA from FHV wild type (lane 1) 
and the recombinant (lane 2) were digested with 
EcoRV and probed for TK (A) and SAG2 (B). The 
recombinant carried the both sequences in one 
fragment. 

Figure 3. PCR analysis for direction of the inserted 
SRSl unit in FHV/SRSI genome. A pair of TK-1 
and SRS 1-1 primer increased a corresponding 
fragment (lane 2) whereas a pair of TK-1 and 
SRSl-2 did not work (lane 3). Lanes I and 4 
contained I 00 bp ladder marker and I/ hindIII

marker, respectively. 

The direction of the inserted SRS1 unit was evaluated with PCR assay using 

two primer pairs of TK『1 and SRSl-1, and TK-1 and SRSl-2. Only a combination of 

TK-1 and SRSl-1 amplified a DNA fragment (Fig. 3). The amplified fragments has 

the similar size to the calculated length for a total of the SRS1, poly-A tail and TK 

sequence between TK-1 primer and EcoRV site shown in Fig. 1. These observations 

evidenced that the SRS1 unit was divergently integrated into the TK region of FHVl 

genome as represented in Fig. 1. Infection of FHVl is often lethal for newborn or 
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FHV 1 EXPRESSING TOXOPLASMA SRS 1 

debilitated cats (Povey 1979 reviewed). However, TK deficient FHVl shows 

remarkably reduced pathogenicity in cats (Yokoyama et al. 1995 and 1996a). The 

insertion of the SRS 1 expression unit in the present study resulted in a large deletion 

of TK region. These suggested that FHV /SRS 1 is reduced its pathogenicity by this 

recombination, which is advantageous as a vaccine particularly for kittens. 

1.5 kbp 

1 kbp-

2 3 

Figure 4. Transcription of SRS 1 ORF in FHV / 
SRS 1 infected CRFK cells. Total RNA from the 
infected cells was examined with RT-PCR (lane 2) 
and PCR (lane 3). A marker was also indicated in 
lane 1 (100 bp ladder）.夜f-PCR amplified a DNA 
fragment corresponding to the entire ORF of 
SAG2. 

To assess a transcription of SRS 1 by the recombinant virus, total RNA from 

CRFK cells infected with FHV /SRS 1 was examined in reverse transcription 

polymerase chain reaction (RT叩PCR). Total RNA was extracted from FHV /SRS 1-

infected CRFK cells and was treated with DNase. The RNA was tested with RT-PCR 

using a poly-T reverse-transcription primer and SRS 1-1 and SRS 1-2 PCR primers 

shown in Fig. 1. A pair of SRSl-1 and SRSl-2 amplified the entire ORF of SRS1 

from the RNA, whereas PCR without reverse transcription did not work (Fig. 4). This 

result demonstrated that the CAG prompter successfully drove the transcription of the 

SRS1 gene in the infected cells. The CAG promoter is engineered by connecting the 

cytomegalovirus immediate early (CMV-IE) enhancer sequence to the modified 

chicken beta“actin (AG) promoter and both synergisticly enhance transcription of the 

following sequence in various mammalian cells (Niwa et al. 1991). The AG promoter 

has a strong ubiquitous activity (Miyazaki et al. 1989). The CMV-IE enhancer/ 

promoter inserted into a recombinant herpes simplex virus type 1 increases 

transcription of a following sequence by five-fold when CMV is inoculated, and the 

CMV phosphoprotein pp71 exhibits a stimulation of gene expression (Homer et al. 

1999). Although activity of CMV-IE enhancer in FHV/SRS1－・infected cells is not 

evaluated, co-transfection or co-expression of pp＇門might enhance the production of 

the recombinant SRS 1 in FHV /SRS 1-infected cells. 

169 



FHVl EXPRESSING TOXOPLASMASRSl

Figure 5. Expression of SRS l in 
FHV/SRSl-infected CRFK cells. FHV 
wild type (A) and FHV /SRS l (B) infected 
CRFK cells were examined by IFA using 
1:200 diluted mouse serum corrected from 
mouse chronically infected with T. gondii. 
The assay elicited positive response to 
FHV /SRS 1 infected cells. 

Production of recombinant SRSl in infected cells was evaluated with IFA. 

CRFK cells infected with FHV/SRSl were washed and suspended in an appropriate 

volume of phosphate-buffered saline (PBS). The cell suspension was dropped on 

glass slides, air-dried and fixed in cold acetone. The slides were incubated for one 

hour at 37℃with 1:100 diluted serum collected from a mouse chronically infected 

with T. gondii Beverley strain after absorption with wild FHV I-infected CRFK cells. 

Then, the slides were washed with PBS, incubated with fluorescein isothiocyanate­

con ugated anti-mouse IgM+G+A antibodies (Southern Biotechnology, AL), washed 

again and observed under fluorescence laser microscopy. An anti-serum from T.

gondii-infected mouse recognized the FHV/SRSl-infected cells whereas it did. not 

react to wild FHVトinfected cells (Fig. 5). The recombinant FHV /SRS 1 product was 

recognized by the mouse serum induced by T. gondii infection. This result suggests 

that the recombinant SRS 1 maintains some immunogenic epitopes of the native 

antigen. Therefore, imm�nization with FHV/SRSl might induce immunity against 

native SRS 1 antigen. 

The present study demonstrated that FHV /SRS 1 can deliver the SRS 1 

expression system into cat cells and can express recombinant SRS 1 in the infected 

cells. FHV 1 infection is characterized by the feature of latency after prim紅y infection 

and periodical reactivation. The latency promotes the establishment of endemicity of 

the virus and the reactivation helps virus spread and re-stimulation of the host 

immunity. By this viral strategy, a FHVl base recombinant vaccine might immunize 

not only domestic cats but also stray or wild cats without inoculating one by one. 

Therefore, a recombinant FHVl expressing a Toxoplasma immunogenic antigen may 

be a useful vaccine for cats. Further work is now needed to examine how FHV /SRS 1 

vaccine influences on protective immunity of cats against T. gondii infection. 
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