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Short note

Proteic boost enhances humoral response induced 
by DNA vaccination with the dnaK gene 

of Chlamydophila abortus but fails to protect pregnant 
mice against a virulence challenge
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Abstract – In order to enhance the quantity and the protective properties of the antibodies induced
by DNA vaccination with the heat shock protein dnaK gene of Chlamydophila abortus AB7 as well
as to elicit an efficient cellular immune response, we vaccinated mice with a DNA prime followed
by a boost with the recombinant DnaK protein. In non-pregnant mice, this strategy induced the same
predominance of the IgG2a isotype as DNA immunization alone with a substantial increased
antibody level. The induced antibodies had no in vitro neutralizing properties on C. abortus
infectivity. Moreover, the proteic boost probably failed to elicit an efficient cellular immune
response since the pregnant or non-pregnant mice were not protected against the bacterial challenge.
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1. INTRODUCTION

DNA vaccination represents a recent
approach for the prevention of infectious
diseases. DNA plasmids encoding for anti-
gens are used to directly transfect the ani-
mal cells in situ and the antigen expression
induces both cellular and humoral immune
responses which are particularly appropri-
ate for preventing intracellular bacterial
infections [5]. DNA immunization appears
to be a potential strategy for vaccine devel-
opment against Chlamydiaceae [1].

Chlamydiaceae are Gram-negative
obligate intracellular bacterial pathogens
that cause a broad range of diseases in
humans and animals [6]. DNA vaccination
has already been used to elicit protective
immune responses against Chlamydia tra-
chomatis, Chlamydophila pneumoniae and
Chlamydophila psittaci [10, 15, 16]. In
preliminary studies, a DNA vaccine encod-
ing the heat shock protein (hsp) DnaK (also
called Hsp70) of Chlamydophila abortus
induced a humoral response with an IgG2a
predominant isotype [8]. However, it
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failed to protect pregnant and non-preg-
nant mice against bacterial challenge prob-
ably because this dnaK DNA vaccine
induces a too weak immune response. Dif-
ficulties in inducing a sufficient protective
antibody level and cellular immune
response with DNA immunization alone
have led to methods that use DNA vaccina-
tion to prime and a recombinant protein to
boost the immune system [4].

In the present study, we used such a
prime-boost vaccination protocol in order
to enhance the immune response induced
by the dnaK DNA vaccine. Despite the
increased humoral immune response, no
difference in terms of protection was
observed after the immunization with the
dnaK DNA prime and the proteic boost or
with the dnaK DNA vaccine alone in preg-
nant or non-pregnant mice.

2. MATERIALS AND METHODS

2.1. C. abortus strains

The virulent C. abortus AB7 ovine
abortion strain isolated from an ovine abor-
tion [7] and the vaccinal 1B strain obtained
by selection of a temperature-sensitive
mutant after nitrosoguanidine mutagenesis
of C. abortus AB7 [12] were used. Bacte-
ria were propagated in the yolk sac of
embryonated SPF chicken eggs inoculated
at day 7, purified as previously described
[3] and stored at –70 °C.

2.2. Plasmid construction
and recombinant DnaK protein

In order to obtain the vaccinal vector,
the dnaK gene of C. abortus AB7 (Gen-
Bank AF384685 accession number) was
inserted into the pcDNA3.1 (Invitrogen,
San Diego, CA, USA) eukaryotic expres-
sion vector to generate pcDNA3.1::DnaK
[8]. The recombinant DnaK protein was
produced as previously described [8]. 

2.3. Immunization and challenge 
infection

All the studies were done on six-week-
old female outbred OF1 Swiss mice (IFFA
Credo, L’Arbresle, France). For abortion
tests, five groups of 20 mice were made.
Prior to DNA immunization, each mouse
was injected with cardiotoxin (Latoxan,
Valence, France) into the tibialis anterior
muscles of both hind legs. At days 0
and 21, the mice were anesthetized by
intraperitoneal injection of ketamine and
xylazine (80 and 8 mg/kg of body weight,
respectively) and immunized with
pcDNA3.1 or pcDNA3.1::DnaK plasmids
by intramuscular injections (50 µg in each
tibialis anterior). At day 42, the control
mice received a third injection of
pcDNA3.1 and the vaccinated mice were
boosted with a subcutaneous intradorsal
injection of 10 µg of the recombinant
DnaK protein emulsified in Freund incom-
plete adjuvant (Sigma, Saint Louis, MO,
USA). Mice were mated at day 44 and
challenged at day 58 by an intraperitoneal
injection of 2 × 105 plaque forming units
(pfu) of C. abortus AB7.

Additional control groups were done.
First, a group of vaccinated control mice
was obtained after one injection of 105 1B
vaccine bacteria at day 1. The mice belong-
ing to the virulence control group were
infected but not immunized. Finally, mice
of the pregnancy group were neither
immunized nor challenged. The mice were
considered protected when the number of
living offspring per litter 8 days after birth
was significantly different (P < 0.05) from
the number of the control group as previ-
ously described [12].

Four groups of 16 non-pregnant mice
were made for immunological trials. As
for the mice in the abortion test, these
non-pregnant mice were immunized
with the 1B vaccine, pcDNA3.1 or
pcDNA3.1::DnaK/DnaK boost. One
additional group was immunized by PBS
(same quantity, site and time as the DNA
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injections) and consequently served as the
virulence control group.

2.4. Antibody response

The specificity of anti-DnaK antibodies
was checked by an ELISA test and a west-
ern blot as previously described [8]. The
determination of antibody isotypes was
performed with the pooled sera of
pcDNA3.1::DnaK– or pcDNA3.1::DnaK/
DnaK boost-vaccinated mice collected at
day 56 [8]. The in vitro neutralization
assay was done by the plaque reduction
assay [8].

2.5. Chlamydial enumeration 
in the organs

Ten non-pregnant mice were immu-
nized with PBS, the 1B vaccine, the
pcDNA3.1 or the pcDNA3.1::DnaK/DnaK
boost as described above. Five days after
challenge, the mice were euthanized and
the spleens were aseptically removed,
weighed and frozen at –80 °C. 

Five pregnant mice of the groups
described above were euthanized at day
63. The uterus and the spleen were asepti-
cally removed, all the placentas from the
same uterine horn were dissected from the
fetuses and pooled. The pooled placentas
and the spleens were weighed and frozen at
–80 °C. Organs were titrated by plaque
assay on McCoy cells [13].

2.6. Statistical tests

The analysis of the results was per-
formed using the InStat 2.03 software for
Macintosh. For all protective results, the
mean was calculated using a one way anal-
ysis of variance, and a comparison of the
means was then carried out through a
Student-Newman-Keuls multiple compari-
son test. The minimal statistical signifi-
cance was judged at P < 0.05.

3. RESULTS

3.1. Anti-DnaK antibody response
to DNA vaccination and proteic 
boost

No anti-DnaK specific antibodies were
detected in the sera of mice vaccinated
with the pcDNA3.1 control plasmid. Anti-
DnaK specific antibodies were detected in
the sera collected at days 56 and 63 from
the mice vaccinated with pcDNA3.1::
DnaK/DnaK boost (Fig. 1). These sera as
well as the anti-DnaK monoclonal anti-
body (MAb) 18.1 recognize DnaK in the
C. abortus AB7 extract (Fig. 1B). Then,
the pcDNA3.1::DnaK/DnaK boost vacci-
nation of mice induced specific antibodies
directed against the DnaK protein of
C. abortus AB7.

In order to quantify the anti-DnaK
humoral response, the sera from immu-
nized mice were collected 20 days after
each DNA (days 19 and 41) and protein
injection (day 56) as well as 5 days after
the chlamydial challenge (day 63). No
DnaK-specific IgG antibodies measured
by ELISA were identified in sera from
non-immunized mice or from mice immu-
nized with pcDNA3.1 (data not shown).
The quantity of IgG anti-DnaK antibodies
was comparable in the sera of
pcDNA3.1::DnaK– or pcDNA3.1::DnaK/
DnaK boost-immunized mice after two
injections of DNA (day 41). Nevertheless,
it increased in a higher way after the pro-
teic boost than after the third DNA injec-
tion (respectively 7700 and 1450 arbitrary
units at day 56). Thus, the proteic boost
significantly enhanced (P < 0.01) the anti-
body response.

Moreover, the DNA/proteic boost
immunization induced the same predomi-
nance of the IgG2a antibody subclass than
DNA vaccination alone and the
pcDNA3.1::DnaK/DnaK boost-vaccinated
mice sera had no in vitro neutralizing
effect on C. abortus infectivity (data not
shown).
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3.2. Protection against C. abortus AB7 
challenge

The number of live newborn mice in
pcDNA3.1– and pcDNA3.1::DnaK/DnaK
boost-vaccinated mice was significantly
lower (P < 0.05) than in the 1B-vaccinated
group and significantly higher (P < 0.05)
than in the virulence group (Fig. 2). Thus,
pcDNA3.1– and pcDNA3.1::DnaK/DnaK
boost-vaccinated mice were partially pro-
tected from the C. abortus AB7 challenge.
Since chlamydial titres of pcDNA3.1– and
pcDNA3.1::DnaK/DnaK boost-vaccinated
mice placentas did not show significant
difference with titres of the virulence
group, DNA vaccination induced no pla-
cental protection in pregnant mice (Fig. 3).

Chlamydial titres of the pcDNA3.1-
vaccinated mice spleens did not show a
significant difference with the titres of the
virulence group in pregnant mice (Fig. 4).

Nevertheless, the pcDNA3.1 control
vaccine had a protective effect in non-
pregnant mice. The titres of the
pcDNA3.1::DnaK/DnaK boost-vaccinated
mice did not show a significant difference
with the titres of the virulence group in
pregnant or non-pregnant mice. Therefore,
DNA vaccination with the pcDNA3.1
control plasmid induced a non-specific
splenic protection in non-pregnant mice
and the dnaK DNA prime/proteic boost
induced no splenic protection in pregnant
and non-pregnant mice.

4. DISCUSSION

We previously showed that DNA vacci-
nation with the hsp dnaK gene of C. abor-
tus AB7 induces a non-protective humoral
response with an anti-DnaK specific IgG2a
predominant isotype [8]. In order to
enhance the quantity and the neutralizing
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Figure 1. Specificity of the sera of pcDNA3.1– or pcDNA3.1::DnaK/DnaK boost-vaccinated mice
analyzed by immunoblotting. Mice were immunized at days 0, 21 and 42 and challenged at day 58
with C. abortus AB7. The sera collected at days 56 and 63 were tested by western blot using the
purified recombinant DnaK protein (0.1 µg/lane) (A) or C. abortus AB7 extracts (8.106 bacteria/
lane) (B) as antigens. Molecular sizes are given in the left hand margin.
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activity of the antibodies as well as the
cytotoxic T-lymphocyte response, we used
a DNA prime and a proteic boost as a vac-
cination strategy [4]. The IgG2a isotype
raised after DNA priming was preserved
by a DNA/protein boost immunization.
The induction of the predominance of the
IgG1 or IgG2a isotype is determined by the
type of priming vaccine [14]. DNA immu-

nization usually elicits the predominance
of the IgG2a isotype while the recombinant
protein vaccination preferentially induces
the IgG1 isotype. Although the proteic
boost induced a stronger humoral
response, the antibodies induced by the
pcDNA3.1::DnaK/DnaK boost immuniza-
tion had no neutralizing effect. So, the lack
of protection observed after the DNA

Figure 3. Chlamydial clearance in the placentas of pregnant mice. Mice were immunized and
mated, then they were challenged with C. abortus AB7 and euthanized 5 days after the challenge.
The quantities of bacteria in the placentas are expressed in Log10 pfu per placenta (+ sem).

Figure 2. Effect of the DNA prime-proteic boost vaccination on viable offspring. The 1B vaccine,
pcDNA3.1 and pcDNA3.1::DnaK/DnaK boost groups were respectively immunized with the live
1B vaccine, the pcDNA3.1 plasmid and the pcDNA3.1::DnaK plasmid followed by a boost with the
recombinant DnaK protein. The gestation control group was neither infected nor immunized and the
virulence group was infected but not immunized. After immunization, the groups were infected at
12 days of gestation. The results were expressed as an average number of living offspring 1 week
after birth (+ sem).
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vaccination with the dnaK gene alone was
probably due to the weak neutralizing
properties of the antibodies rather than to a
weak quantity as previously expected [8].
This absence of a neutralizing effect could
be due to the inaccessibility of the antigen
on the cell surface. Indeed, a recent report
suggests that Hsp70 is not a surface dis-
played ligand on purified elementary bod-
ies and needs a partial reduction of the cell
wall to be exposed [11].

This lack of a neutralizing effect was
confirmed by the evaluation of the protec-
tion induced by pcDNA3.1::DnaK/DnaK
boost vaccination after a chlamydial chal-
lenge. As we observed during DNA immu-
nization with the dnaK gene alone [8], only
a partial and non-specific protection was
shown on living offspring in pcDNA3.1–
as well as in pcDNA3.1::DnaK/DnaK
boost-vaccinated mice. This effect can
possibly be explained by the immunostim-
ulating properties of the CpG motifs
present in bacterial DNA [9].

In a mouse model of C. abortus infec-
tion, the cellular immune response was
more efficient than the humoral immune
response in decreasing systemic infection
[2]. However, we could not extensively
analyze the cellular immune response
induced by immunization because the OF1

outbred mouse model used in this experi-
ment was not suitable for such studies.
Since no protection was observed neither
in splenic and placental localization in
pregnant mice nor in splenic localization in
non-pregnant mice, the pcDNA3.1::DnaK/
DnaK boost probably failed to induce
a protective cellular immune response.
Moreover, no DTH response was
observed in mice immunized with
pcDNA3.1::DnaK alone [8].

Despite the increased level of IgG2a
antibodies induced by the DNA prime/pro-
teic boost, no protection was observed
against the C. abortus challenge in preg-
nant and non-pregnant mice. Therefore,
this vaccination strategy failed to enhance
the protective properties of the elicited
antibodies and to induce an efficient cellu-
lar immune response which remains the
main actor of chlamydial infection
resolution.
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