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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, pPCM V-wtp30 was developed which allowed for expression of p30
antigen in mammalian cells. Delivery of this plasmid by intramuscular injection of uncenjugated 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 oftheir subjects. ELISA studies suggest that none of the methods
successtulty induced a strong, sustained antibody response against the p30 antigen. Lymphocyte
proliferation assays were performed to measure the cellular response. The results indicate that topical
application of unconjugated DNA produced the strongest and most consistent cellular response while
delivery of liposomal complexed DNA by either route could not efficiently raise cellular responses. Chailenge
studies. in which the immunised mice were inoculated with 100 live 7oxoplasma 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
thatintects humans and animals. It is a lethal opportunistic
infection inimmunocompromised patients e.g. HIV infected
or Iransplant patients on imrnunosuppressive anti-rejection
drugs. SAG1 (also called p30) is the major surface antigen
on the parasite membrane and is capable of stimulating
strong humoral and cellular responses. Although
commercial 7. gondii vaccines are available (Buxton &
Innes, 1995), they do not provide complete. long-lived
protection, mainly because they do not stimulate the
celluiar immunity of'the host effectively (Alexander ez al.,
1996). This is crucial tor the development of protective
immunity against intraceiluiar protozoan parasites
(Alexander et al.. 1997).

DNA vaccines have been shown to prelerentially
stimulate cellular immunity. Studies by Nielson ez al. {1999)
described complete protection after intramuscular {i.m.)
immunisationwith aplasmid bearing the SAG1 gene. Other
reports suggest that the route of delivery, as well as the
formulation of the nucleic acid vector (unconjugated or
conjugated to carricr molecules) can intluence the type of
immune response raised (Bohm ez al.. 1998; Boyer ez al.,
1998; Macker ez al., 1998).

Herc, we have constructed an eukaryotic expression
vector bearing the SAGI gene and evaluated the immune
response generated by the construct after delivery into
murine subjects by several routes. Topical application and
i.m, injection of unconjugated DNA plasmid and liposomal
delivery of DNA by topical application were sclected as
they have been demonstrated to successfully transfect
DNA in vivo (Leitner ez 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 1o investigate if 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 transfection levels while providing
adjuvant-like activity (Walker ez al., 1992).

Materials and Methods

Counstruction of recombinant plasmid delivery vector
pCMI¥-wip30

The RH strain of 7. gondii ts maintained at the Institute for
Medical Research through passage in mice. The full length
p30(SAG ) gene (from nucleotides 310-1321) was cloned
by PCR from 7. gondii RIl strain genomic DNA using
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primers designed based on the published sequence of the
SAG!| gene (Burg et al., 1988; Genebank Accession no:
M23658); forward (S’AACAGAAGATCTATGTCG
GTTTCGCTGCACCACTTCA 3°) and reverse
(5 AGATCTTCACGCGACACAAGCTGCGATAG 3°).
PCR am plification was perforrmed on a thermal cycler ( Perkin
Elmer) with an initial denaturation at 95°C for 5 mins. 30
cyclesof94°C for | min, 55°C for | minand 72°C fer2 min.
anda final 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/V5/His-TOPO
(invitrogen) was performed using the topoisomerase
cloning method. Ligation was perfonined according to the
manufacturer’s instructions. 50-100u1 of the ligated product
were spread on a prewarmed LB agar plate containing 50,ig/
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 dlif 10 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. The p30 genc on
theplasmid wassequenced on the ABI Prism™ 3 10 Genetic
Analyzer (Perkin Elmer). Cycle sequencing reactions with

PCMV-wtp30

(6.5 kb)

Figure L. Map of recombinant plasmid pCMV-wip3#
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Big DYE tecminators were conducted using the T7 forward,
p30 forward. an internal antisense primer (5°
CTGATTGTTGTCTTGAGGA 3"}thatbound to nucleotides
677 10 696 and the pcDNA3.1/BGH reverse sequencing
primer (Invitrogen) to allow the entire length of the p30
gene 1o be sequenced. This was repeated in three
independent experiments. The sequence data was
compared with the published sequence (Genebank
Accession no: M23658) using DNASIS version 3.2 (Hitachi
Software) and Sequence Navigator (Perkin Elimer) software.
One clone was selected and renamed pCMV-w1p30 (6.5
kb) for use as the recombinant plasmid delivery vector
(Fig. 1). A reporter plasmid, pCMV-Pgal (Invitrogen)
expressing the /uc z gene was used as the negative control.

Largescale purification of DNA delivery vector

All plasmid DNA used for this study was purified using
the Nucleobond Gigaprep kit (Clonlech). Plasm ids pPCMV-
wip30 and the reporter plasmid pCMV-Bgal were purified
in batches of 500m| LB culture broth derived from a single
colony. After purification, isolated plasmid DNA was
passed through an endotoxin removal column (Pierce) to
remove residual endotoxin. Eluted plasmid DNA was
resuspended in normal saline and assayed by UV
spectrom etric analysis al 280 nm and 260 nm 1o determine
the 260 nm/280 nm purity ratio. Endotoxin 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/mlofendotoxin.

In vitro expression of the recombinant p30 protein

To verify if the recom binant pPCMV-w1p30 will correctly
express p30 protein, 1he plasmid was transfected into Vero
cells by liposom al mediated translection. Vero cells were
seeded in 25 cm? tissue culture tlasks (Nunc) at 4.2 x 0%
cellsin 5 ml of DMEMmedia{Gibco) with 10% FCS growth
media. The next day, 6 Ul of FuGENE™6 were diluted in 100
pl of serum-tree DMEM and incubated for 5 min at room
temperature. Diluted FuGENE™ 6 was added dropwise to
the corresponding tube containing 3 ptg of plasmid DNA.
The mixture was incubated for |5 min at room temperature.
Afler incubation, the mixture was added dropwise 10 the
cells in growth media. Culture media was swirled gently to
distribute the complexed DNA evenly over the cell sheet.
Cells were incubated at 37°C in 5% C O, for 72 hours before
they were assayed for recom binant protein expfession.

Detection of p30i protein expression by western blotting
Growth media from the transfected cell sheet was removed
and the cells washed three times with sterile PBS. The cell
sheet was scraped from the bottom of the flask and
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collected into an epp endorf wube. C ells were pelleted by
centrifu gation and the supematantremoved. The cdl pellet
was res uspended in 20 pl of Laemmli S DS sample buffer
(without B-mercaptoethanol) (Biorad). Susp ension was
heated at 1 00°C {or 5 min before was 15 pl was loaded onto
a 12.5% SDS pol yac rylamide gel together with Texeplasma
crude antigen and non-trans fected Vero cells and 10 pl of
low molecuar weight protein markers (Biorad). The gel was
electr ophoresed ataconstantvoltage of 1 10 V and stopped
when the brom ophenol blue dye front had reached the
bottom of the gel. Separated proteins were transterred to a
nitroc ellulose membra ne by electroblotting at 100 V for 60
minutes. The membrane was removed {from the trans fer
buffer and blocked by incubation in blocking buffer
PBS0.5% Tween 20-1% BSA (PBST-1% BSA) for | hour
with gentle roc king. It was probed with anti- 30 monocl onal
antibody TP3 (Research Diagnostics Inc) ata concentration
of 10 g/ml in blocking buifer overnight at 4°C. The next
day, the membrane was washed three times in PBST. each
time for 10 min with shaking. Anti-mouse lgG-HRP
conjugate (ICN) at 1/500 dilution in blocking buifer was
appliedtothe membrane followed by incubation for | hour
at room temperature. After washing as before. the
membrane was was hed the{inal time inPBS for 5 min with
shaking. It was subsequently immersed in the substrate
solution 4CN (4-chloro- I-ngpthol) (Sigma)and incubated
with shaking until purple precipitate bands were tormed
or background colour development was observed
(upto45min).

Intramuscular (i) imnansation

4 week-old Ba Ib/AC mice were amesthetised by diethylether
inhalation and 100pg of pCMV-wip 30 (1pg/u in saline)
were injected into each hind leg muscle, as descnbed in
Lee et al (1999). Injection was performed three times at
threc- week intervals. Tail blec ds were collectedon Days 0,
5.14,30.49and 77.

Tepical immunisatier

Immunisation was peformed as described in Fan et af.
(1999). Immunisation was perfermed threc times atthree-
week intervals. Tail bleeds were collectedon Days 0, 5, 14,
29 and 77.

Tepical immunisatien af {ipesemal cemplexed DNA

DN A lipcs ame complex es wereprepared. FuGENE?™ 6 was
first concentrated by evaporation to reduce the total
volume of diluent required 10 <250pl. FUGENE™ 6 (60pul
before concentration) was diluted by addition 1nto 113ul

sterile HE PES buffered saline buffered and inc uba ted for 5
min at room tempenture. 30pg pCMV-wip 30 were added
1o the diluted FuGENE™ 6 and inc uba ted for 15 -30 min to
allow the formation of DNA:FuGENE™ 6 complexes.
Complexes were applied as for topical immunisation above.
Immunisaton was performed three times at three-week
intervals. Tail bleeds were cdlected on Days0. S, 57 and
.

Intraperiteneal (i.p.) immunisatien ef complexed DNA
DNA lipssome complexes were prepared according to the
manufacturer's instructions. 60ul of FUGENE™ 6 were
diluted by addi tioninto 940.8l sterile saline buffered with
HEPES and incubated for S min at room temperature. 20pg
DN A were added to the diluted FUGE NE™ 6 and incubated
for 1530 min to allow for formation of DN A :F uGE NE™6
complexes, which were subsequently injected i.p. into mice.
Immunisaton was performed three times at three-week
intervals. Ta il bleeds were collected on Days 0, 5, 14.20, 42
and 77.

Assay of inaneral anti-p30 antibedy respenses by ELISA
ELISA we lIs (limmul on) were coated with 100 pl rec on binant
p30 (rp30) (Roche) in carbomate buffer (5 pg/ml) and
incubated overnight at 4 °C. The next day, wells were
blocked with 250 pl blocking buffer, PBS Tween 20-BSA
(1%) for | hour at room temperature (RT). Wells were
was hed with PBS Tween 20 for three times at 5 min per
wash. Serum from tail bleeds. diluted 1/50 in blocking bulTer,
was dispensed at 100 pl/well in tnplicate and incubated
shaking for 2 hours at 37°C. (Note: in all ELISAs serum
fr om naive mice served as negative contras while the
pasitve control was serum from 1p 30 immunised mice.
Blanks were duplicate wells that contained 100 pl of
bloc king bu{feronly). Afl er incubaton, sera were discarded
and the wells wer e was hed with PBSTw 20 as before. G cat
anti-mowse lgG+ M+ Aal kaline phosphatase ( AKP ) (KPL )
conjugated antibody was added at 1/4000 dilution in
blocking buffer at 100 pl/ well . Wells were inc ubated for |
hour with shaking a137°C. After incubati on. the wells were
was hed with PBSTw 20 for three times as above. At the
final was h, was h solution was inc ub ated for 10 min in the
wells. 100 pul of AKP substrate disodium p-nitr ophenyl
phosphate (Sigma 104 Phosphatase Substrate tablets) was
dispensed and incubated for | hour shaking at room
temp era ture. The reaction was stopped with 100 pul 3M
Na OH. Resultswere read onan ELISA reader (Dynatech)
by measuringabsarbance at 410 nm. Absarbance readings
were adjusted 1o reflectthe positive meanvalue of 1.2 OD.
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Table 1. Numher* of mice for e ach route that were ch allenge d with 100 live tachyzoites

Route Plasmid No . of mie challenged
Inramuscular {i.n.) injection pC MV-wp30 4
CMVP gal 4
Topical (unconjugated DNA) pCMVawtp 30 3
pCMV fgal 3
Topical (complex ed DNA) pC MV-wt p30 5
pC MV-B gal 4
Intraperitoneal (i.p.) injection pC MV-aatp30 4
pPCMVPgal 4
TCA antigen (positive control) - 10
Nonimmunied 10
Results

Isolation of splenocytes

Splenocyte proliferation assays were performed three
weeks af'ter the third immunisation Splenocytes were
isolated as described (Current Protocols in immunelogy,
pg.3.1.3,71993). Afterthe final was hing step the cells were
resuspended in wash media to a cell concentration of
5x 10%cells /m1. 100 pl of cell suspension were dispensed
intowells of a 96 well rour1d bottomed rmcotitre plate (Nu nc
Catno: 163320). The test antigen. recombinant p30 (rp 30)
protein was diluted in wash media to concentrations of
1000 ng/ml, 500 ng/m1, 100 ng/m1, 50 ng/m1 and 10 ng/m1
100 ul of each antigen concentration were added in
triplicate to the cells. Wells without antigen served as
negative contro ls. Phytoha ema ggiutinin (PHA) (10 pg/m 1,
Sigma) was added 1o iriplicate wells as positive controi.
Plates were incubated ina 37°C CO, incubator for 72 hours
and observed daily forsigns of contamination.

Assay of the proliferative response

After 72 hours, 50 pl of spent cu lthre media was remov ed
from each well and replaced with 50 (. (0.5 uCi/well} of
tritiated thymidine (*Th) (Amemsham) diluted in sterile
0.85% salme. Cells were pu Is ed with “T h for 24 hours and
subsequently harvested using a cell harvester (Skatron),
processed and counted in a B-counter (Wallac).

Challenge studies

RH strain tachyzoites were solated from the peritoneal
cavity of infected mice. The tachyzoites were washed in
sterile nomal saline and passed through a 3 pl syringe
filter (Nucleopore} to remove peritoneal lymphocytes.
Parasite concentration was adjusted to 100 parmasites/S00
ulin 0.85% saline. At this concentration S0% of nai've mice
succumbed by day 7. 500 pl of this suspension were
injected into the peritoneal cavity of the mice (Table ).
The positive contro Is were mice that had been mm unised
with Toxoplasma crude antigen (7 doses of 100 (1g/100 pl
i.p. at formig it ly i ntervals). The numberofda ys ofsurvival
was recorded.

Theentire coding region of the p30 gene was success fully
inserted into the pc DNA 3.1/V5/His-TOP eukaryotic
ex pressbn vector bet ween nucleotides 953 and 954, creating
{the recombinant plasmid pCMV-wip30 (Fig. 1).

Large scale plasmid purification and endo toxin removal
consistently yielded plasmid with a purity ratio of between
1.7-1.9and endotoxin levels of less than 0.36 E.U., which
meel the recommended limit for injectable substances.
which is less than 50 E.U./mg (Buler, 1996).
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Figure 2. Inmunoblot of Vero ccils ranstected with pCMV-
Wip3® after probing with the anti-p30 monoc lonal antibody,
TP3. followed by detection with HRP conjugaied goat
antimouse lgG aniibody and visualisation using subsrate 3CN.
tane A: low prtein mass marker. lane B: non-ransfectcd Vero
ce lls (negative control) hne C: toxop lasma crude anigen (positive
control), Jane D:Vero cells tansfected with pCMV-wip30,
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In vitro protein express ion studies and western blotting
usmg the anti-p30 diagnostic monoclonal antibody T P3
detected the expression of recombinant p30 (Fig. 2},
althou ghthe protein appeared to be o fa heavier molecular
weight (34 kDa)compared 1o p30isokted from sonicaed
T. gondii tac hyzoite. This may be the resuit of excessive
glycosylaton by the mammalian cell line as reported by
other groups (Odenthal -Schnittlerer /., 1993: Kim et /..,
1994; Nielson ef al., 1999), although itdocs not appear to
have block ed the epitope of the monoclona | an tibody. This
demonstrates that the recombinant p30 gene onthe plasnid
is functional and eukaryotic cells can fold the prokin
correctly.

ELISAs performed on the test bleeds sugges ted that
the humorai response to p30 in immunised mice was
gencrally low to non-reponsive (Fig. 3). Most of the
mmunised mice, regardless of the method of delivery,
recorded absorbance values that were either baseline or
less than twice the value of Lhe negative. The highesl
responses were observed at Day S after the first
immunisation, where the OD re adings increased about
twice the mean negative va lue. In spite of this. by day 77,
before cell prolileratton orchallenge studies. the OD values
forallthe mice had dropped below the baseline Day 0 OD
(Fig. 3). The highest OD recorded. 0.3! | lori.m. immunised
mouse G1.3, was four times lower compared to the mean
positive of [.2 obtamed alter three unmunisatons with
rp30 antigen. ELIS A with anti-mouse IgM or [gG was not
conducted be cause of the low values obtained in the anti -
mouse g G+M+A assay.
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The cel poliferation data is presented in the forin of
stimu lation indexes (S .1.), which istheratio of [meancpm
of sample-blank cpm]/ [mean c pmofunstimulated cells-
blank cpm]. Here, a S.1. of >1.3 which is the highest S.1.
obtained in negative control assays was considered a
proliferative res panse to p30 anti gen(Table 2). Lymphocyte
proliferation was main ly observed in mice immumsed with
unconjugated DNA. Mice immunise i m. both responded
to the p30 antige n. although not in a dose responsive
manner. Two of three mice immunsed by topical app lication
respanded i a dose responsive manner. Immunisation
using conjugated DNA saw only one mouse. whic h had
been topically mmunised displaymg non-dose responsi ve
prolileration. None of the ip. iinmunised mice showed
specificp30cellu lar responses.

In the challenge studes, of the four delivery sysems
tested, all imm unised mic e survived marginally longer than
the non-immumsed mice did. The results are ummarised
m Table 3. Statistical data of the variance belween the
three goups (non-imm unised. pCMV-B gal imm unised and
pCMV-wip 30 mmunised mice) was ca Iculated usnt g the 1-
way AN OVA Test, where a p value of < 0.05 suggests that
there is significant dilfcrence betw een mice immunised wi th
pCMV-wtp30or pPCMV-B gal and nonimmunise d inice. Two
mice survived until the study was terminated at Day 30.
They were both mamun sed with theplasmid pCMV-wtp30
that was conjugaed with FuGENE'™ 6. one viaip. tijection,
the other by topical application. None of the mice
immunised with the reporter plasmid:FuGE NE™ 6
conjugate survived beyond Day 9.
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Figure 3. Ant$-p30 antibody responses from mice numunised with pCMV-wtp30 by various routes ever the course of three

Knmunisations.
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Table 2. Stimulation index (S.1.) in resp onse to various conce nt rations of rp30 antigen (ng/ml)

Maouse 0 1 S0 100 s00 1000 PIIA

Unconjugated pCMV-wip3i

Intra-muscular injection

Gl2 10 48 19 28 23 2.1 217

G2.10 | X0) 6.5 NA (&) 62 64 45

Topical application

G2 10 29 38 48 45 39 204

G235 10 07 1.0 L1 1.1 1.6 ey

G29 L0 12.0 177 116 ) 553 289
PCMV -witp30:FuGENE 6 conjugated DN A

‘Topical application

G23 1.0 N/A N/A L6 08 14 N/A

G25 10 N/A 24 1S N/A 22 15

G26 1.0 0.1 03 0.7 06 07 52

intraperitonceal injection

Gl 1.0 09 07 09 10 0] 24

G2 1.0 0.7 07 14 ) 1.7 33

Gl5 1.0 0.3 1] N/A LI LI 12

G22 1.0 N/A N/A 04 N/A N/A 09

Controls

TCA immunised positive control

1 10 13 1.7 05 10 1.0 L8

2 10 15 18 Ll N/A N/A N/A

Non-immunisced

1 1.0 08 08 09 0.9 08 33

2 1.0 08 08 09 0.6 0.8 16

3 10 07 I 06 12 0.7 26

4 1.0 08 09 13 1.7 - 07 5.7

5 10 1.0 07 0.5 11 038 36

Table 3. Survival of mice after challenge with 100 live 7. gondii tachyzoites by i.p. injection

Route Plasmid Mecan survival Range p**
detivered (days)* (days) value

I.m. injection PCMV-w pi0 9 7-11 0.243
PCMV-f gal 9 7-11

Topical (unc onju gated DINA) PCMV -wtp30 10 8-11 0008
PCMV-B gal 7 7

Topical (comp lexed DN A) PCMV-x1p30 I Ilstllalive 0.037
PCMV-B gal 9 9

I p. injection PCMV-w 1p30 8.6 7-stillalive 0.092
PCMV43 gal 9 9

TCA antigen(+ve control) - Il 9.still alive

Non-immunised = 7/ 68

* Themean survival days was obtained by averaging the number of sur vival days of mice that died during
the course of the experiment only (up to 30 days). Mice which survived bey ond the 30 days were not
inc luded.

**The p value was was cakuhited using the |.way Anova Test.
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Discussion

In vitro transfection assays in Vero cells demonstrated
that recombinant plasmid pCMV-wtp30 was exp ressing p 30
protein which could be recognised by a diagnostic ant -
p30monoclonal antibody, TP3. Howe ver. in i vivo studies,
humom! assays showed that little antibody response was
generated agamst p30, a nomally highly immunog enic
antigen. This may be due 1o the presence of both the
readimg frames on the gene. The 145 bases atter the second
trans lation site is belie ved to encode a membrane
localisation signal that resu lts in attachment of the potein
to the membrane by a GPl anchor. Thus, our protein may
ha ve been expressed and localised on the membrane of
the in vivo transfected ce ll afier immunisa tion. which may
have lowered its chances of encountering an antigen
presenting cell. Other workers have reported failure to
generate antibody responses after DNA delivery (Hosie
etal., 1998, Haneral., 1999, Le et al., 2000). It is likely that
the methods attempted here were not op timised for the
generation of antibody resporses.

Topical applicationo funconjugated pCMV-wtp30 DNA
appeared to confer the most protection. It raised specific
antip 30 cellular responses im two of three mice tes ted whi le
the results of the challenge studies indicated that
immunisation with pCMV -wtp30 did confer signficant
protection (p value <0.008) by prolonging the length of
survival after inocu lation. The post-hoc (Duncan’s) test
indicated that immunisation with pCMV-wip 30
signiticantly mcreased the kength of survival aiter c hallenge
with Toxeplasma tachyzoites. In contrast, i.m.
immunisation, while shown to mduce specific celllar
responses in both mice tested against 1p 30, was not able
10 provide protection during the challenge with live
tachyzoites. Mice immunised with either the recombinant
p30plhsmidortheirrele vantreporte rplasmid both enjoyed
an extended lifespan when compared to naive mice,
suggesting that any protctive effect seen came from the
immunisation event, not froma specific inmune response
agamst the p30 antigen.

The i.p. route and topical application which used
liposomal conjugated DNA provided some level of
potectionagainstiachyzoite infection Although only one
out of 3 topically immunised mice raised a pro lifiratve
response against rp30, another mouse immunised m the
simi lar manner survi ved the challenge. The mouse, G1.3.
had exhibited the highest antibody response in the group,
which was twice the baseline va lue {(data not shown). The
p va lue 00,032 althoug h significan t. was not contirmed m
the subsequent Duncan's post-hoc analysis. Similarly.
while none of the i p. immunised mice demonstrated p 30
specific proliferation, one of the mice survived the

challenge study. I tis possible that the DNA:lip id ratio has
not been optimised forisn vivo delivery. The adjuvant-like
activity of the liposome may aceount for the increase
sur vival ratesin the absence of specific cellular responses
againstp 30.

These findings are in contrast with the reports by
Nielsoneral. (1999). which found 80% protection in Ba It/
C mice after i.m. immunisa tion with a p30 DNA vaccine
that was constructed by inserting an SAG1 minus the
membrane localisation sigmal into a vector containing a
secetory 1ag.

Both im. immunisaton and the topical app lication
routes have been known o promote cellular responses
(Fan eral, 1999). However. i.n.. immunisation nonnally
induces higher leve Is of proliteration compared 1o topical
application, but this was not observed he re. This could be
atiributed to either processing errors or variability in the
ijection tec hnique as aresult ofworker inexpe nence. Not
all of the DN A may ha ve entered the mouse muscie lead ing
10 lower responses. One exp lamation for the high responses
through topical app licationmay be that the skin functions
asan immune barrier against invading pathoge ns. Notonly
isit rich in antigen presentmg cells and tymphoid tissue,
more imporiantly, it has the ablity 1o mount immune
responses against smatl amounts of antigen. By
iransfecting hair follicles. which have been pre viously
identified as a portal for DNA and protem entry into the
skin (Li & Hotfman, 1995), low p30antigen e xp ression in
Uxe nght location may have resulted in higher immunc
responses compared to i.m.. immunisation. None the kss,
the cell proliferation and challenge studies have
demonstrated that nucleic acid immunisation can confer
partial protectionagainst 7 gondii mfections even without
stimulation ofhumom! immunity.
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