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Abstract 
The efficacy of four methods of delivering recombinant plasmid DNA into a Balb/C mouse model was 

evaluated. A recombinant plasmid vector, pCMV-wtp30 was developed which allowed for expression of p30 

antigen in mammalian cells. Delivery of this plasmid by intTamuscular injection of uneonjugated DNA. 

topical application of unconjugated DNA. topical application of liposomal complexed DNA and 

intra-peritoneal injection of liposomal complexed DNA were evaluated for their ability to stimulate the 

cellular and humoral immune responses of their subjects. ELISA studies suggest that none of the methods 

successfully induced a strong. sustained antibody response against the p30 antigen. Lymphocyte 

proliferation assays were performl!d to measure the cellular response. The results indicate that topical 

application of unconjugatcd DNA produced the strongest and most consistent cellular response while 

delivery of liposomal complexed DNA by either route could not efficiently raise cellular responses. Challenge 

studies. in which the immunised mice were inoculated with I 00 live Toxoplasma tachyzoites. demonstrated 

that immunisation with the unconjugated plasmid via the topical route could confer partial protection even 

in the absence of an antibody response. 
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Introduction 
Toxoplasma gondii is an intracellular protozoan parasite 

that infects humans and animals. It is a lethal opportunistic 

infection in immtmocompromised patients e.g. HIV infected 

or transplant patients on imrnunosuppressive anti-rejection 

drugs. SAG I (also called p30) is the major surface antigen 

on the parasite membrane and is capable of stimulating 

strong humoral and cellular responses. Although 

commercial T. gondii vaccines are available (Buxton & 

Innes, 1995), they do not provide complete, long-lived 

protection, mainly because they do not stimulate the 

cellular immunity of the host effcctivdy (Alexander et al., 
1996). This is crucial for the development of protective 

immunity against intracellular protozoan parasites 

(Alexander et al .. 1997). 

DNA vaccines have been shown to preferentially 

stimulate cellular immunity. Studies by Nielson et al. ( 1999) 

described complete protection after i11tramuscular (i.m.) 

immunisation with a plasmid bearing the SAG I gene. Other 

reports suggest that the route of delivery, as well as the 
formulation of the nucleic acid vector (unconjugated or 

conjugated to carrier molecules) can influence the type of 

immune response raised (Bohm et al .. 1998: Boyer et al .• 
I 998; Macker et al., 1998). 

Herc, we have constructed an eukaryotic expression 

vector bearing the SAG l gene and evaluated the immune 

response generated by the construct after delivery into 

rnurinc subjects by several routes. Topical application and 

i.m. injection of unconjugatcd DNA plasmid and liposomal 

delivery of DNA by topical application were selected as 

they have been demonstrated to successfully transfcct 

DNA in l'iro (Leitner el al .. 2000). Liposomal delivery of 

DNA by the intraperitoneal (i.p.) route was attempted 

because it was also the route of inoculation in challenge 

studies. We wanted to investigate 1f an immunisation route 

localised at the site of entry of 7: gondii would result in 

better protection. DNA was conjugated to FuGENE™6 in 

some routes to boost transfcction levels while providing 

adjuvant-like activity (Walker et al., 1992). 

Materials and Methods 
Conslructio11 of reco111bi11a11t plasmid deliPe1:v vector 
pCMV-wtp30 
The RH strain ofT. gondii 1s maintained at the lnstitute for 

Medical Research thrnugh passage in mice. The full length 

p30 (SAG I) gene ( from nucleotides 310-1321) was cloned 

by PCR from T gondii Rl I strain genomic DNA using 
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primers designed based on the published sequence of the 
SAG I gene (Burg et al., 1988: Genebank Accession no: 
M23658); forward (5' AACAGAAGATCTATGTCG 
GTTT CGCTGCACCACTTCA 3 ') and reverse 
(5' AGATCTTCACGCGACACAAGCTGCGATAG 3'). 
PCR amplification was pcrfo1med on a them1al cycler ( Perkin 
Elmer) with an initial denaturation at 95°C for 5 mins. 30 
cyclesof94°Cfor I min, 55°C for I min and 72°C f'or2 min. 
and a fmal extension of 4 mins at 72°C. The cloned product 
consisted of the entire coding region as well as two putative 
translation start sites at nucleotides 310 and 362 
respectively. 

Cloning into the eukaryotic expression vector 
Cloning into the 5.5.kb pcDNA3.1/V 5/His-TOPO 
(lnvitrogen) was performed using the topoisomerase 
cloning method. Ligation was perfonned according to the 
manufacturer's instructions. 50-100µ.I of the ligated product 
were spread on a prewarmed LB agar plate containing 50µg,' 
ml ampicillin selection antibiotic. The plate was incubated 
overnight at 37 °C. Positive colonies were picked and 
analysed by PCR using the T7 forward primer (5' 
TAATACGACTCACTATAGGG 3') and the p30 reverse 
primer followed by digestion with the restriction enzymes 
Pst I and Hin dill to select for the plasmid with the p30 
gene inserted in the correct orientation. 

Sequencing of the positive clones 
Plasmid DNA of three positive colonies was purified by 
minipreps using modified alkaline lysis and phenol­
chloroform-isoamyl alcohol extraction. Tbe p30 gene on 
the plasmid was sequenced on the ABl Prism TM 310 Genetic 
Analyzer (Perkin Elmer). Cycle sequencing reactions wilh 

Figure I. Map of recombinant plnsmtd pCMV-wtp30 
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Big DYE tem1inalors were conducted using t11c T7 forward, 
p30 forward. an internal anlisense primer (5' 
CTGATIGTTGTCTTGAGGA 3 ") that bound to nucleotides 
677 to 696 and the pcDNA3. I /BGH re\'erse sequencing 
primer (lnvitrogen) to allow the entire length of lhe p30 
gene to be sequenced. This was repeated in three 
independent experiments. The sequence data was 
compared with the published sequence (Genebank 
Accession no: M23658) using DNASfS version 3.2 (Httachi 
Software) and Sequence Navigator (Perkin .E:.lrner) software. 
One clone was selected and renamed pCMY-wtp30 (6.5 
kb) for use as the recombinanl plasmid delivery vector 
(Fig. I). A reporter plasmid, pCMV-pgal (lnvitrogen) 
expressing the lac:; gene was used as the negative control. 

Large-scale purification of DNA deliven· vector 
All plasmid DNA used for Lhis study was purified using 
the Nucleobond Gigaprep kit (Clontcch). Plasmids pCMV­
wtp30 and the reporter plasmid pCMV-pgal were purified 
in batches of 500ml LB culture broth derived from a single 
colony. After purification. isolated plasmid DNA was 
passed lhrough an endotoxin removal column ( Pierce) to 
remove residual endotoxin. Eluted plasmid DNA was 
resuspended in normal saltne and assayed by UV 
spectrometric analysis al 280 nm and 260 nm to detem1ine 
the 260 nm/280 nm purity ratio. I:ndotoxin levels were 
measured using the limulous amebocyte lysis ( LAL) assay 
method (Pyrotell, Associates of Cape Cod Ltd). which was 
sensitive for more than 0.25 EU/ml of endotoxin. 

In vitro expression of the recombi1u1111 p30 protein 
To verify if lhe recombinant pCMV-wtp30 will correctly 
express p30 protein, the plasmid was transfected mto Vero 
cells by liposomal mediated transfcction. Vero cells were 
seeded in 25 cm2 tissue culture llasks (Nunc) al 4.2 x I 0 1 

cells m 5 ml ofDMEM mcdia(Gibco) wilh 10% FCSh'TOwlh 
media. TI1e next day, 6 µI ofruGENE'�6 were diluted 1n 100 
µl of serum-free DMEM and incubated for 5 min at room 
temperature. Diluted FuGENETM 6 was added dropwise to 
the corresponding tube containing 3 µg of plasmid DNA. 
The mixture was incubated for 15 min at room temperature. 
After incubation. the mixture was added tlropw1se to the 
cells in growth media. Culture media was swirled gently to 
distribute the complexed DNA e,·cnly over the cell sheet. 
Cells were mcubated at 3 7 °C m 5% CO_ for 72 hours before 
they were assayed for recombinant protein expression. 

Detection of p30 prote111 expre1·sio11 by west em blofling 
GrowtJ1 media from the transfectcd cell sheet was removed 
and the cells washed three times w1tJ1 sterile PBS. The cell 
sheet was scraped from the bottom of the flask and 
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collected into an eppendorf Lube. Cells were pel leted by 
centrifugation and the supernatant removed. The cell pellet 
was resuspended in 2 0  µ I  o f  Laemmli SDS sample buffe r  
(without �-mercaptoethanol) (Biorad). Suspension was 
heated at l 00°C for 5 min be fore was 15  µ I was loaded onto 
a 12.5% SDS-polyacrylamide gel together w ith Toxoplasma 

crude ant igen and non-transfectcd Vero cells and IO µI of 
low molecular weight prote in markers (Biorad). The gel was 
e lectrophorescd al a constant voltage of 1 10 V and stopped 
when the bromophenol b lue dye f ront had reached d1e 
bottom of the gel. Separated prote ins were lran sferrcd to a 
nitrocel lulose me mbrane by e lectroblot1ing at I 00 V f or 60 
minutes. The me mbrane was removed from the transfer 
bu ffer and b locked by incubat ion in b locking buffer 
P B S-0.5% Tween 2 0- 1 % BSA (PBST-1 % BSA) for l hour 
w ith gentle rocking. It was probed with anti-p30 monoclonal 
ant ibody T P3 ( Re search D iagnostics Inc) at a concentrntion 
o f  l 0µg/ml in b locking bu ffer overnight at 4°C. The next 
day, the membrane was washed three t ime s in PB ST. each 
time for 1 0  min w ith shaking .  Ant i-mouse lgG -HRP 
conjugate (ICN) at 1/500 dilution in b locking bu ffe r was 
applied to U1e membrane fol lowed by incubation for I hou r 
at roo m te mperature. A fter w ashing as before, the 
membrane was washed the final t ime in P B S  for 5 min wid1 
shaking. II was subsequently immersed in the substrate 
solution 4CN ( 4-chloro- I -nap1hol) ( S ig ma) and incubated 
w ilh shak ing until pur ple precipitate bands were formed 
or  b ackground colou r development w a s  observed 
(up to 45 min). 

Intramuscular (i.111.) i1111111111isario11 

4 week - o ld Balb/C mice were anaesthetised by d iethyl ether 
inhalat ion and I 00µg o f pCMV-wtp30 ( lµg/µI in saline) 
were injected into each h ind leg muscle, as described in 
Lee et al ( 1999). Inje ct ion was performed three t imes at 
t hree-week intervals. Ta i I b leeds were collected on Days 0, 
5, 14,30.49 and 7 7. 

Topical i1111111111isutio11 

lmmu01sation was performed as descr ibed in Fan et al. 

( l 999). lmmunisation was performed three t imes at three­
week intervals. Tail b leeds were collected on Days 0. 5, 14. 
29 and 77. 

Topical immunisation o/liposomal complexed DNA 

DNA liposome complexes were prepared. FuGENETM 6 w.1s 
first concentrated by evaporation to reduce the total 
volume o f  di luent required to <250µ1. FuG CNE1M 6 (60µ1 
before concentrat ion) was d i luted by add it ion rnto I 13µ1 

sterile HEPES bu ffered saline bu ffered and incubated for 5 
min at room temperature. 30µg pCMY-wtp30 were added 
to the diluted FuGENE™ 6 and incubated for 15-30 min to 
a l low the fo nnation of DNA:FuGENE1M 6 complexes. 
Complexes were appl ied as for topical immun isation above. 
lmmUJ1isation was performed three times at three-week 
intervals. Tail b leeds were collected on D ays 0. 5, 57 and 
79. 

illtraperito11eal (i.p.) immunisation of complexed DNA 

ON A liposome complexes were prepared according to the 
manufacturer's instruct ions. 60µ1 of FuGEN ETM 6 were 
d i luted by addition into 940.8µ1 sterile sal ine buffered with 
HEPES and incubated for 5 min at room temperature. 20µg 
DNA were added to the d i luted FuGENE1.M 6 and incubated 
for 15-30 min to allow for formation of DNA:FuGENE™6 
complexes, which were subsequently injected i.p. into mice. 
Immunisation was perfonned three t imes at three-week 
intervals. Tail b leeds were collected on Days 0, 5, 14, 20, 42 
and 77. 

Assay of hu111oral anti-p30 antibody responses by ELISA 

ELlSA wells (lmmulon) were coated w iU1 I 00 µI recombinant 
p30 (rp30) (Roche) in carbonate buffer (5 µg/ ml) and 
incubated overnight at 4 °C. The next day. wells were 
b locked w ith 250 µl b locking buffer, PBS  Tween 20 -BSA 
( I%) for I hour at room temperature (RT). We lls were 
washed w ith PBS Tween 20 for three t imes at 5 min per 
wash. Seru m from tail b leeds. dilu ted 1/50 in b lock ing buJTcr, 
was d ispen sed at I 00 µI/well in t riplicate and incubated 
shaking for 2 hours at 37°C. (Note: in a l l  ELISAs scrum 
from nai"vc mice served as negat ive controls while the 
positive control was serum from rp30 immunised mice. 
B lanks were duplicate wells that contained 100 µ I  o f  
b locking buffer on ly). After incubation. sera were discarded 
and the wells were washed w ith PBSTw20 as before. Goat 
anti-mouse lgG+M+A-alkaline phosphatase (AK.P) (KPL) 
conjugated antibody was added at I /4000 d ilut ion in 
b locking buffer at I 00 µI/well. Wells were incubated for I 
hour wiU1 shaking at 37°C. After incubation, the wells were 
washed with PBSTw20 for three t imes as above. At the 
final wash, wash solut ion was incubated for I O  min in the 
wells. I 00 µ1 o f  A KP substrate d isod ium p-n itrophenyl 
phosphate (S igma I 04 Pho sphatase Substrate tab lets) w as 
dispensed and incub ated for I hour shak ing at roo m  
temperature. The react ion was sto pped w ith 100 µ I  3M 
NaOH. Resu lts were read on an ELISA reader (Dynatech) 
by measu ring absorbance at 4 10  nm. Absorbance readings 
were adjusted to re flect the positive mean value of t  .2 OD. 
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Table 1. Numhe1· of mice for each route that were challenged with l 00 live tachyzoites 

Roule 

lntramuscular (1.1n.) inJect1on 

Topi cal (unconjugatcd DN A) 

Topical (complexed DNA) 

ln traperi toneal (i.p.) injection 

TCA antigen (positive control) 
Non-immunised 

lsolatio11 o(splenocyles 
Splenocyte pro Ii feration assays were perfor med three 
weeks after the th ird immunisation. Splenocytes were 
isolated as  described (Current Protocols in lmm11110/ogy, 
pg.3. 1.3, /993). After lhe final washing step the cells were 
resuspended in wash media t o  a cell concentration of 
5 x I 0,. cells/ml. l 00 µI or cell suspension were d ispensed 
into wells of a 96 well row1d bottomed rmcrotitTC plate (Nunc 
Cat no: 163320). The test antigen. recombinant p30 (rp30) 
protein was diluted in wash media to concentrations of 
1000 ng/ml , 500 ng/ml, I 00 ng/ml, 50 ng/ml and l Ong/ml. 
100 µI of e ach ant igen con centrat ion were added in 
triplicate to  the cells. Wells without antigen served as 
negative controls. Phytohacmagglutinin (PHA) ( IO µg/m1, 
S igma) was added to tripl icate wells as positive control. 
Plates  were incubated in a 37 °C CO, incubator for 7 2  hours 
and observed daily for signs of contamination. 

Assay of the prol((erative response 

After 7 2  h ours. 50 µ I  of spent culttm! media was removed 
from each well and replaced wilh 50 �ti (0.5 µCi/well) of 
lritiated thymidine ( 'Th) (Amcrsham) dil uted in sterile 
0.85% salmc. Cel ls were pulsed with 'Th for 24 hours and 
subsequently harvested using a cell harvester (Ska1r on), 
processed and counted in a j3- counter (Wallac). 

Challenge s11tdies 

RII strain t achyzoitcs were isolated from the peritoneal 
cavity of infected mice. The tachyzoites were washed in 
sterile normal saline and passed through a 3 µI synnge 
filter (Nucleopore) to remove peritoneal lymph ocytes. 
Par asite concentrat ion was adjusted to I 00 parasitcs/500 
µI in 0.85� -o saline. At this concenlflltion 50% of nai'vc mice 
succumbed by day 7 .  500 µI of this suspen sion were 
injected into the peritoneal cavity of the mice (Table I). 
The positive controls were 1111cc that h ad been immunised 
with Toxoplmma crude antigen ( 7 doses or I 00 �tg/ I 00 µI 
1.p. al fortmghtly intervals). The number of days of survival 
was recorded 

Plasmid 

pCMV-wtp30 
pCMV - j3 gal 
pCMV-wtp30 
pCMV-j3gal 
pCMV-wtp30 
pCMV-j3gal 
pCMV-wtp30 
pCMV-j3gal 

Res ults 

No. of mice challenged 
4 
4 
3 
3 
5 
4 
4 
4 

10 
10 

The entire coding region of the p30 gene was successfully 
inserted into the pcDNA3. I /V5/I I is-TOP e ukaryotic 
expression vector between nucleotides 953 and 954, creating 
the recombinant plasmid pCMV-wtp30 (Fig. l ). 

Large scale plasmid purification and endotoxin removal 
consistently yielded plasmid w ith a purity ratio orbetween 
1.7-l.9 and endotox in level s ofless than 0.36 E.U. ,  which 
meet the recommended limit for injectable substan ces, 
which i s  less than 50 E. U./mg (Buller. 1996). 
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Figure 2. lmmunoblol of Vero cells 1rnnsfoctcd \\ Ith pCMV­
w1p30 after probmg w11h the anti-p30 monoclonal ant ibody, 
TP3. followed by tkteclinn w it h  HRP eonJuga1ed goal 
an ti-mouse lgG an11body an d, isuultsi11 1on using subs1ra1c 3CN. 
Lan e A low prntcin mass marker. lane B: non-lransfectcd Vero 
cells (negative control) lan e C: toxoplasma crude anugcn (positive 
con trol), lane D:Vcro cells tmnsfcctcd with pCMV-wtp30 



/11 i·itro protein ex pression studies and western blot ting 
using the a nu-p30 d iagnostic monoclonal antibody TP3 
detected the expression of r ec ombinant p30 ( F tg. 2), 
although the prote in a ppeared to b l!  of a hea\ icr moll!cular 
weight ( 34 kDa) comparl!d to p30 i solated from snn icated 
r gum/ii tachyzoite. Tim, may be the result o f  excessive 
glycosylation by  the mammalian cell line as  reponed by 
other groups (Odenthal- Schniuler er al,, 1993: Kim er al. , 
1 994; Nielson et al .. 1 999). although it docs not appear to 

have hlocked the ep1lopc of the monoclonal antib ody This 
demonstrates that the recombmant p30 gene on the plasmid 
is fum:t ional and euk aryotic cells can fold thc protetn 
correctly. 

ELISAs per fonne d on the test bleeds suggested that 
the humoral response to p30 in immun ised mice was 
generally low to non-responsive (Pig. 3). Most of the 
immun ised mice. regardless of the method of delivery, 
recordl!d absorbance , alues that were either baseline or 
less than twice the value o f  the negative. The h ighest 
res pon,es were observed at D a y  5 a fter th\! first 
immunisat ion. where the OD readings mcrcased about 
tw ice t he mean negat ive value .. In s pite of this. by day 77. 
before cell prol tlcrat1on or challenge stud ies. the OD values 
for all the mice had dropped below the b asclmc Day O OD 
( Fig. 3 ). The h ighest OD recorded. 0.311 lot i m. immunised 
mouse G 1.3. was four tunes IO\\,Cr compared to the mean 
po sitive of 1.2 o btamed alter three unmunisattons with 
rp30 antigen I· l I SA wtth anti-mouse lgM or lgG was not 
conducted becaw,e of the low \'alucs obtained in the a nti­
mouse lg G+M + A assay. 
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The cell prol iferation data is prese nted in the fonn of 
stimulation mdexes (S . I  ), which is the ratio of [ mean cpm 
of sample- b la nk cpm] / [ mean cpm of unstimu lated cells­
bla nk cpm]. I lcre. a S I of 1.3 which 1s  the h ighest S l  
obtained i n  negati\'e control assays was considered a 
prol iferat ive response to p30 antigen (Table 2). Lymphocyte 
prolifora tion was mainly obserYed in mice 1mmumscd with 
unconjugatcd D NA. Mice immunise 1.m. both respo nded 
to the rp30 ant igen. although not in a dose respo nsive 
manner Two of three mice immunised by topical applicat ion 
responded 111 a dose responsive ma nner. Immunisat ion 
using c onjugated Dl\A saw on ly one mouse. which had 
bee n topically immun ised displ aymg non-dose responsive 
prol tlcrat ion. None of the i.p. i mmunised mice showed 
speci fic p30 cellular responses. 

In the challenge studies. of the four delivery syste ms 
tested. all immunised nucc survt \cd marginally longer than 
the non-immumsed mice did. The results are summarise d 
m Table 3. Statistical data of the var iance bet we en the 
three groups ( non-immumsed. pCMV-� gal immunised and 
pCMV•\\1p30 immuni sed mice) was calculated usmg the I­
way A NOVA Test, where a p value of 0.05 suggest s that 
there 1s s igmlicant d illi.:rence between mice 1mmumscd with 
pC MY-wtp30 or pCMY-� gal and non-immunised 1111cc. Two 
mice survived until the study was tenrnnated al Day 30. 
They were both immuntscd with the pla �mtd pCMV-wtp30 
that was conjugated with FuGENE1 �1 6. one via i.p. 111jcct ion, 
the other by topical a ppl1ca t1on. None of the mice 
immunised with the r eporter pla sm1d :FuGENErn 6 
conjugate survived beyond Day 9. 
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Figure 3. An11-pJ0 antibody responses from mice 1111muntsc<l with pCM\'-wtp.10 by various routes O\Cr 1hc course of three 
immunisations. 
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Table 2. Stimulation inde:\. (S.I.) in response to v ar ious concentrations o f  rp30 ant igen (ng/ml) 
- - -

;\louse 0 10 50 100 500 1000 PIIA 

lJnconjugated pCVl '-wtpJ() 
Intra-muscular injection 
Gl.2 _11) 1.8. 12 � u 2.1 ill 
G2.I0 1.0 6.5 NIA Q.,.5_ 6.2 6.4 � 
TopicaJ application 
Gl2 LO � 1.8 :1.8 � l2 20.4 
m.s 1.0 0.7 1.0 I . I  I.I 1.6 3J 
G2.9 .111 12.0 177 ill 24.5 fil 28.9 

PCMV-wtp30:FuGf.WE 6 conjul(ated Di\:4. 
Topical application 
(',2J 1.0 NIA N A  1.6 0.8 1.4 1\1 A 
m.s 1Q NfA 7.4 I 5 NIA .,., 22 :-..:= 

G2.6 1.0 0.1 0.3 0.7 0.6 0.7 5.2 
lntraperitoneal injection 
GU 1.0 0.9 0. 7 0.9 1.0 1.0 2.4 
Gl.2 1.0 0.7 0.7 1.4 1.7 1.7 3.3 

Gl.5 1.0 OJ I. I NIA I.I I .  I 1.2 
G22 1.0 1\1,A N A  0.4 N A  NI,\ 0.9 

Contra/.,; 

TCA immunhed positi\.e control 
I 1.0 13 1.7 0.5 1.0 1.0 1.8 
2 1.0 1.5 1.8 I.I NIA NIA NIA 

Non-immunised 
I 1.0 0.8 0.8 0.9 0.9 O.X 3J 

2 1.0 0.8 0.8 0.9 0.6 0.8 1.6 
3 1.0 0.7 I. I 0.6 1.2 0.7 2.6 
4 1.0 0.8 0.9 IJ 1.7 0. 7 5.7 
5 1.0 1.0 0.7 05 I.I 0.8 3.6 

Table 3. Survival of mice after challenge with 100 live T. go11dii lachyzoites by i.p. injcclion 

Route Plasmid Mean sun irnl Range p** 
dcli"ercd (days)* (da)S) ,aJue 

l .m. ii1ject ion PCMV-wlp10 9 7-11 0.243 
PCMV-Pgal 9 7-11 

To pical (unconjugated DI\A) PCMV-\\ tp30 10 8-11 0.1Xl8 

PCMV-�gal 7 7 
Topical ( complexed DNA) PCMV-wtp30 I I  I I -still al i, e 0.037 

PCMV-f3gal 9 9 
l.p. injection PCMV-wtp30 8.6 7- still al ive ().()92 

PCMV-13gal 9 9 
TC.'\ antigen (-+-ve control) I I  9-,till al i, e 
!"<on- immun ised 7 6-8 

* The mean .surv ival days was obtained by  a,erag ing 1he number o f  survival days of mice tha1 dit·d during 
the cour�e o f  the experiment only (up to 10 days). Mice wh ich s urvi\ed beyond the 30 days were no1 
incl uded 

**The p value was was calculated using the I -way Anova Test. 
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Discussion 
Ill vitro transfect ion assays in Yero cells demonstrated 
that rccombmant plasmid pCMV-wtp30 was cxpresstng p30 
protein which could be  r ecognised by a diagnost ic anti­
pJ0 monoclonal antibody. T P J. However. in in vi1·0 studies, 
Immoral assays showed that little ant ibody r esponse was 
generated agamsl pJ0. a normally highly i mmunogcnic 
ant igen. Th is  may b e  due to  the presence of b oth the 
readmg frames on the gene. The 145 bases after the second 
tr anslation site i s  believed to  encode a membrane 
localisation signal that r esults in  att achment of the prot ein 
10 the membrane by a GPJ anchor. Th us, our protein may 
have been expressed and localised on the membrane of 
the in vivo transfccted cell after i mmunisation. wh ich may 
have l owered its chances of encountering an antigen 
present ing cell. Other workers have reported failure 10 

generate ant ibody r espon ses after DNA delivery ( Hosie 
et al., 1998. I-Ian et al .. 19 99. Le et al., 2000). l l  is l ik ely that 
the methods artempted here were not optimised for the 
generat ion or ant ibody responses. 

Topical appl icat ion of uneonjugatcd pCMV-wtp30 DNA 
appeared to  confer the most protection. It raised spectlic 
anti -pJ0 cellular responses m two or three mice tested wh ile 
the r esults of the  challenge st udies i ndi cated that 
immunisation with pCMV-wtp30 did confor significant 
protect ion (p  v alue <0.008) by pr olonging the length or 
survival after inoculation. The post-hoc ( D uncan's) l est 
i ndicated that immunisation with pCMV- wtp30 
signific.u1tly mcreascd the length of survival after challenge 
with Toxoplasma tachyzoitc s. I n  contrast, i. 111 . 
immunisation. wh ile shown to mducc specific cellul ar 
responses in both mice tested against rp30. was not able 
to  prov ide protect ion dur ing the challenge with live 
tachyzoitcs. Mice 1mmun1sed with either the r ecomb inant 
pJ0 plasmid or the irrelevant reporter plasmid both enjoyed 
an extended l ifespan wh en compared to  nai\·e mice. 
suggest ing that any protcct 1vc effect seen came from the 
immunisation event, not from a specific 11n mum: response 
agamst the p30 antigen. 

The  1 . p. route and topical application v. h ich useli 
liposomal conjugated D NA prov ided some k\el of 
prot ection against tachyzoite infection. Although only one 
out of 3 topically immunised mice raised a prolifer ative 
r esponse agatnsl r p>0, another mouse immunised m the 
similar manni.:r sun ived the challenge. The mouse, G 1.3. 
had exhibited the highest antibody r esponse 111 the group. 
wh ich v.,as twice the b aseline value (data not sho\, n ). The  
p value of 0.032 although significant, was not confirmed m 
the sub seq uent Duncan's post-hoc analy�is. Similarly. 
\\ hde none of the i.p. 1 1nmun1sed mice demonstrated rp30 
specific prol i reration, one of the 1111cc surv 1 ,cd the 

challenge study. It is possible that the DNA:l ipid r atio has 
not been opt imised for in 1·ivo del ivery. The  adjuvant-l ike 
act ivity of the l1 posome may account for the i ncrease 
survival r ates in the absence of specifie cellular responses 
against rp30. 

These findings arc in contr ast with the r epons by 
Nielson et al. ( 1999). which found 80% protect ion in Balb/ 
C mice aijer i. m. immunisation with a p30 DNA v accine 
that was constructed by inserting an SAG J minus the 
membrane localisation signal into a vector containing a 
secretory t ag. 

Both i.m. immunisation and the topical application 
routes have been known lo promot e cellul ar responses 
(Fan et al., 1999). However, i .m .. immunisation normally 
induces h igher l evels of prol ifer ation compared to topical 
application. b ut this was not observed here. This could be  
attr ibuted to  either processing errors or v ar iab ility in the 
111ject io11 technique as a result or worker inexperience. Not 
all of the DNA may have entered the mouse muscle leading 
to lower responses. One explanation for the high r esponses 
through topical application may be  that the skm functions 
as an immune barrier against inv ading pathogens. Not only 
is it rich in ant igen presentmg cells and lymphoid tissue. 
more importantly, it has the abil ity to mount immune 
responses against small amounts of antigen. By 
1ransfecting ha1r foll1 cles, v. h ich have been previously 
ident ified as a portal for DJ\,A and protcm entry into the 
skin ( L i  & I l offman. 1995 ). low p30 antigen expression in 
U1e r ight locat ion may have resulted in higher immune 
r esponses compared to 1 .m .. 1mmun1sat 1 on. N onetheless, 
the  cell pr ol ifcrat1on and challenge studies have 
demon str ated that nucleic acid immu11 1 sation can confer 
partial protect ion aga m st T. go11dii mfcct 1011s even without 
stimulation of h umoral 1 11 1111umty. 
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