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Y.X. ZHANG, N. ZHI*, SR.YU, QJ LL G.Q. YU, X. ZHANG

Department of Microbiology, Third Military Medical College, Chongging 630038, Sichuan Province, People’s Republic of China

Received November 4, 1994

Summary. — A 67 K outer membrane protein (OMP) isolated from phase | Coxiella burnetii QiYi strain
was purified with monoclonal antibodies (MoAb) coupled to CNBr-Sepharose 4B. Chemical analyses of
the 67 K protein showed that it contained seventeen kinds of amino acids and no LPS. The immunogenicity
and protectivity of the 67 K protein against C. burnetii was evaluated in mice and guinea pigs by in vitro
lymphocyte proliferation assay, delayed-type skin test, antibody conversion rate, and immunization and
challenge tests. Intraperitoneal injection of the 67 K protein resulted in antibody production against
phase I and II whole cell antigens. The anti-67 K antibody conversion rate was found to be 100% in mice
and guinea pigs as well. Lymphocytes were responses in vitro to specific antigen. In addition, delayed-type
hypersensitivity appeared two weeks after immunization with the 67 K protein. Moreover, 100% of mice
and guinea pigs inoculated with the 67 K protein were protected against a challenge with 10% IDsq virulent
C. burnetii. In conclusion, these results demonstrate that the 67 K OMP elicits in vivo and in vitro both B
cell-mediated and T cell-mediated immunity in mice and guinea pigs. Thus the 67 K protein is a candidate

for an effective subunit vaccine against Q fever.
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Introduction

Infection of individuals with phase 1 C. burnetii, the
etiological agent of Q fever results in the development of
serum antibodies and of cell-mediated immunity (Heggers
et al., 1974; Hinrichs and Jerrels, 1976: Kishimoto and
Burger, 1977). Protection against natural or experimentally
induced infection with C. burnetii is obtained by vaccina-
tion with suspension of killed phase I whole cell vaccines
(Damrow et al., 1981). The whole cell vaccines have many
disadvantages, such as the induction of low immunogenicity
and immunopathological reactions in humans and animals
(Baca and Paretsky, 1983; Fries e al., 1993), especially in
individuals which contacted specific antigens. The major
obstacle in developing a suitable vaccine is the poor under-
standing of the nature of immunogenic moieties associated
with proteins. Recent studies have focused on OMPs as a
possible candidate for vaccine development. Hendrix et al.
(1991) reported that mice, guinea pigs and cattle inoculated
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with 27 K C. burnetii OMP were protected against a lethal
challenge with live rickettsiae. In previous studies, we
purified two OMP of 67 K and 17.1 K from C. burnetii with
MoAbs coupled to CNBr-Sepharose 4B. Mice immunized
with these proteins were protected against an infectious
challenge with the same rickettsial strain (Zhi ef al., 1992).
Chemical analyses of the 67 K protein showed that it con-
tained 17 kinds of amino acids and no LPS (Zhi et al.,, 1993).
In order to determine the immunogenicity and protection of the
67 K protein, experiments were designed to evalute the effects
of the 67 K protein on the induction of humoral immunity and
cell-mediated immunity in vivo and in vitro, and to study the
possibility of use of the 67 K protein as a subunit vaccine.

Materials and Methods

Animals. BALB/c mice and male guinea pigs (7 — 10 animals
per group) were supplied by the Animal Production Centre, Third
Military Medical College, Chongging, PRC. Mice weighed 1822 g
and guinea pigs 300 — 400 g at the time of inoculation.

C. burnetii. The C. burnetii strain QIYI(CBQY) was originally
isolated from a patient with chronic Q fever in 1962 (Yu et al.,
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Table 1. Amino acid composition of the 67 K protein

Amino acid Relative content

(moles/is moles)

ASP 3.51
THR 2.34
SER 3.59
GLU 573
PRO 2.01
GLY 14.02
MET 0.26
ILE 371
LEU 1.79
TYR 0.36
PHE 2.01
HIS 1.00
LYS 2.70
ARG 1.92
ALA trace
CYS trace
VAL trace

tion of total sugar was 0.06% KDO and heptose were not
present in the 67 K protein (Table 1).

Protectivity of the 67 K protein

Mice and guinea pigs were immunized with the 67 K
protein and challenged with CBQYIC3. Results showed that
100% of mice and guinea pigs were protected against the
infectious challenge (Table 2). All immunized animals
showed no overt signs of iliness. There was no fever in
guinea pigs during 3 weeks after the challenge, and no
microorganism was demonstrated in spleen of mice at the
sixth day by microscopic examination.

Effect of the 67 K protein on lymphocyte responsiveness

The induction of cell-mediated immunity was measured
by the incorporation of [’31--1'] TdR by Iymphocytes in re-

Table 2. The protectivity of the 67 K protein against challenge of
mice and guinea pigs with 103 IDso of CBQYIC;

Immunized animals Control animals

Animals
Results Protection Results  Protection
(A/B) (%) (A/B) (%)
Mice 0/10 100% 10/10 0
Guinea pigs 017 100% 717 0

sponse specific antigens. Responses of spleen lymphocytes
from immunized mice and responses of periphery blood
lymphocytes from immunized guinea pigs to the 67 K pro-
tein were tested in tube culture and expressed as SI. Mice
receiving 100 pg of the 67 K protein showed an enhanced
antigenic activity of lymphocytes with SI of 5.76 for spe-
cific recall antigen on the sixth day. Similarly, periphery
blood lymphocytes from guinea pigs receiving 300 pg of
the 67 K protein gave SI of 4.88 on the third day. This
indicated that the 67 K protein produced an increased activ-
ity and proliferation response of lymphocytes (Fig. 2, Ta-
ble 3).

e:,p»mx103
14 [

1271

Guinea pigs Mice

‘ Saline

67 K protein

Fig. 2
Incorporation of [*HJ} TdR into tymphocytes

DTH in the 67 K protein immunized mice

The development of cell-mediated immunity is known to
be important for the control of . burnetii infection. DTH
is an in vivo manifestation of the cell-mediated immunity
and has been shown to parallel the development of protec-
tive immunity in mice. Hence, the cell-mediated immunity
in the 67 K protein immunity of mice was studied by using
DTH as a parameter.

The footpad thickness (1.7375 # 0.7981) at 72 hrs in
mice immunized with 67 K protein was significantly
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conversion rate, the detection of cell-mediated immunity
with DTH test or the lymphocyte proliferation assay in virro.
The immunization of mice and guinea pigs with the 67 K
protein induced high level of antibodies and lymphocyte
proliferation. The anti-67 K antibody conversion rate was
detected to be 100% in mice as well as in guinea pigs. DTH
in vivo appeared two weeks after immunization with the
67 K protein. The latter elicited both B cell- and T cell-me-
diated immunity in vive and in vitro. These results demon-
strated that the 67 K protein was immunogenic in animals.
Moreover, 100% of mice and guinea pigs inoculated with
the 67 K pIOtCll] were protected against an infectious chal-
lenge with 10% D50 C BQYI1. We assume that the protective
immunity of the 67 K protein is based on humoral and
cell-mediated immunity in immunized animals.

Williams et «al. (1990) reported a major surface of
roughly 29.5 K from the phase { Nine Mile strain (Williams
el al, 1990). No phase I lipopolysaccharide (LPSI) was
detected in the 29.5 K protein preparation by three different
LPSI MoAbs. Mice immunized with two 25 ug injections
of LPSI induced antibodies against LPSI and phase I whole
cells. No antibody was detected against phase 1l whole cells.
However, immunization with the 29.5 K protein induced
antibody against the LPSI fraction and phase I and 1T whole
cells. The 29.5 K protein was more protective than LPSI in
the challenge assay. In this study, analyses of the 67 K
protein indicated that it contained only 0.06% of sugar and
no KDO and heptose. Therefore it is considered that the
67 K protein did not contain LPS because KDO and heptose
are principal components o H PS of Gram-negative bacteria.
0.06% of sugar in the 67 K protein might be remnants of
LPS. Immunization with the 67 K protein induced the pro-
duction of high level of antibodies against specific antigen,
phase | and [I whole cell antigens. This also suggested that
the 67 K protein was effective immunogenic and might be
of great value in the development of vaccine. Analyses of
protein by amino acid composition demonstrated that the
67 K protein was qualitat wely different from the bacterial
62 K heat shock protein (HSP). The 67 K protein contained
cysteine which was absent in the 62 K HSP. While the 67 K
protein was devoid of asparaginate and glutamine these
aming acid were confirmed to be present in the HSP.

At present, for specific prop hyluwa of rickettsial infec-
tion by vaccination, only Q fever vaccines are available for
common use. The best practical progress has been achieved
in the preparation and evaluation of vaccines against Q fever
(Kazar et ad., 1991). The soluble chemovaccine obtained by
trichloroacetic acid extraction of a LPS-protein complex
from phase 1 C. burnetii cells was recommended for Q fever
vaccination by sc¢ route (Brezina et al., 1974) and success-
fully used in several hundreds persons professionally ex-
posed to Q fever in Czechoslovakia (Kazar et al., 1982). The
residue of chloroform-methanol extraction of cells (CMR)

¥

had replaced phase I C. burnetii cells in the use for human
vaccination, since CMR was more immunogenic than the
killed whole cells and was nontoxic. But the CMR provided
at least one of the determinants which induced immunosup-
presion. The induction of negative regulation might be
initiated by a complex composition of the antigen, espe-
cially in relation to lipid A of LPS (Williams et al,
1982,1986). Based on this opinion, excellent vaccines em-
phasize the need for specific antigenic determinant isolated
from C. burnetii that possess protective antigens without
producing undesirable biological and immunological tissue
reactions. A highly purified 67 K surface protein containing
seventeen kinds of amino acids might be used as effective
and harmless subunit and recombinant vaccine.

Acknowledgement. The project was supported by the National Scien-
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Efficiency of plating of virus in HS cells

Monolayers of HS and control PS cell cultures were
inoculated with 50, 100 and 150 PFU of the virus per cul-
ture, adsorbed for half an hour at 37 °C. Unadsorbed virus
(supernatant) was collected and quantitiated. The infected
cultures were overlaid with agar medium and incubated at
37 °C. On the 4th day p.i. the cultures were fixed, stained
with crystal violet and plaques were counted. The experi-
ments were repeated four times.

When equal quantum of JEV was plated
(50, 100 and 150 PFU/culture) in HS and control PS cul-
tures, the HS cultures yielded an average of two times more
plaques than the control cultures indicating an enhancement
of plaque production (data not shown).

Virus growth

From the one step growth curve (Fig. 1) it can be seen
that there was no substantial difference in viral yields
in HS and control cells up to 10 hrs p.i. However,
significant increase in the yield was obtained in HS
cells after 16 hrs p.i. (P <0,01). Growth of virus at fow
multiplicity of infection in HS-PS and HS-BHK-21
cells is shown in Fig. 2 and 3, respectively. The heat
treated cells showed higher yields during the whole
observation period.

log PFU/mi
O = N WA OO ~N

0 2 4 6 8 1012 14 16 18 20 22 24
hrs p.i.

B Control BHK-21 cells

HS-BHK-21 cells |

Fig. 1
One-step growth curve of JEV in HS and control BHK-21 cells
Multiplicity of infection 10 PFU/cell.

Heat treated cells at different passage levels (15 — 47)
persistently produced significantly higher yields of virus by
0.6 to 1.4 log PFU/ml units (data not shown).

10

log PFU/mI

B control PS cells HS-PS cells

Fig. 2
Growth of JEV in HS and control PS cells infected at low
multiplicity of infection
Multiplicity of infection 0.1 PFU/cell.

o

log PFU/mI
Lo

s ]

B Control BHK-21 cells E HS-BHK-21 cellsJ

Fig. 3
Growth of JEV in HS and control BHK-21 cells infected at Tow
multiplicity of infection
For legend see Fig. 2.

Virus inactivation

The rates of inactivation of virus determined as slopes of
linear regressions were 3 and 2.5% per hrat 37 °C in control
and HS-BHK-21 cells, respectively. The difference in the
residual virus titer was apparent at 8 hrs (P <0.05) and
highly significant (P <0.01) at 24 hrs (Fig. 4). The progeny
virus obtained from HS-BHK-21 cells showed compara-
tively higher thermostability as evidenced by slower inac-
tivation,
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Fig. 4
Inactivation at 37 °C of JEV grown in HS and control BHEK-21 cells
Ordinate: % of residual virus

Crrowth of different strains of JEV

Increased vield by 0.5 to 2.0 log PFU/MI units was ob-
tained on day 2 pa. by inoculating different strains of JEV
(Kolar, Gorakhpur and Dibrugarh) in HS cells (data not
shown ).

Diiscussion

WViability of PS5 and BHK-21 cells was not adversely
atfected by the heat shock treatment. It may be noted that
PSand BHK-21 cells exposed to 43 and 41 °C, respectively,
for 4 hrs and shifted down to 37 °C for 12 hrs could be
suceesstully subcultured. A strain of PS cell line has been
maintained at 40 “C for more than 50 passages (results not
shown).

The effect of heat shock on the course of JEV replication
was studied in the HS cultures. They showed greater or

carlier CPE than the control cells. Also inc xd yields
FCIHDs0 were obtained in HS-PS and HS-BHK-21 cells
infected with the virus, Our results are in agreement with
those reported earlicr on an increased sensitivity to virus and

virus yickd in heat treated cells infected with VSV, EMC
and influenza WSN viruses (Kognovitskaya ef al., 1987),

CMV and EBV (Zerbini er al, 1986), rabies virus (Kawai
ef al., 1992}, VSV and Rous sarcoma virus (Bromley and
Voellmy, 1983) and some bacteriophages (Wiberg er al.,
1988).

The increase in cellular sensitivity for CPE and higher
virus vields in the HS cultures could be attributed to various
factors, Zerbini et al. (1986) observed 2-fold increase in
eurly antigen production and 2.5-fold increase in virus

capsid proteins in human lvmphoblastoma cells exposed at
44 °C for 10 mins and infected with EBV. Increased syn-
thesis of rabies viral mRNA and capsid proteins in BHK-21
cells exposed to 44 °C for 4 hrs was reported by Kawai e
al. (1992}, Sun et al. (1993) reported 2-fold increase in p24

viral antigen and 20-fold increase in the release of reverse

el al. (1980) observed increased fluidity of lipid
bilayer of cell membrane at higher temperature which oth-
erwise s gel-like. Functions of membrane enzymes and
fatty-acid composition of membrane phospholipid were
found altered due to temperature-tinked transition (Fergus-
son ef al, 1973). Such changes may be responsible for
higher intake of virus. One of the phospholipid groups,
polyphosphoinositides is known as um,, receptor substance
for arboviruses.

Kognovitskaya er m’ (1987) reported switching off of
interferon production H.%m shocked cells as a possible
cause of higher yield M virus, PS cell cultures, which we
have used in these studies are considered to be non-produc-
ers of interferon as there are no reports available on indue-
tion of mmmm in these cells. Our own observations also
confirm this assumption (uny ”}UMMMM results). Yamazak
(1965 ») reported that two strains of JEV (CEC-adapted Hotta
and attenuated V42 I strain) were unable to induce inter-
feron in hamster kidney cells, Moreover, it required expo-
sure for 18 hrs at 41 — 44 °C for interferon inhibition. We
have exposed our cells to higher temperature for only 4 hrs
before infection. Therefore, the increased viral vields in the
HS cultures may not be due to the inhibition of interferon
production in these cells.

Increased virus yields were obtained in HS cultures by
inoculation of both low and high virus doses. Our observa-
tion is in agreement with reports of Zerbini er al. (1986).
They claimed that 10 PFU and 1 PFU virus inoculum
yielded increased recovery of human CMV in human em-
bryonie fibroblasts.

The enchanced virus yield may be due to changes in
DA and protein synthesis in host cells during heat shock.
Rapp and Turner (1979) observed enhanced plaque produc-
tion by CMV in the presence of diet hyl»tmm trol which is
able to induce a subset of HS proteins (Busin and Bournias-
Vardiabis, 1984). Hence, enhanced virus replication in these
conditions is mediated by a mechanism which is similar to
heat shock response. It is possible that sufficient levels of
HS/stress proteins are essential for productive viral infec-
tion (Young and Elliot, 1989).

The one-step growth studies in our investigation do not
indicate any major differences in the early phase of the virus
growth. Thus no differences in the adsorption and eclipse
(and therefore penetration and uncoating of the virus) were
found in HS and control cells. It is only after 16 hrs p.i. that
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HS cultures show significantly higher yields of virus. The
assembly of viral components and their maturation into
complete infectious virions appear to take place much more
efficiently in the late phase of the virus growth in HS
cultures. Zerbini er al. (1986), however, observed enhanced
CMV replication in human fibroblast cells due to shortened
eclipse phase by exposure of cells to 44 °C for 10 mins.

We have also observed higher efficiency of plating of
virus in HS cells which may be responsible for obtaining
higher virus yield. Thus the thermostimulation of these
cultures has resulted in an increase in the cellular sensitivity
for CPE production and the enhancement of both plaque and
virus production.

The viral progeny obtained in HS cells was found to be
more thermostable which might be contributing to higher
viral yields observed in these studies. JEV is an extremely
thermolabile virus. Acquisition of a considerable degree of
thermostability by the progeny virus obtained after replica-
tion in the HS cultures is an interesting finding, which needs
to be analyzed further.

The fact that both P$ and BHK-21 cultures at different
passage levels gave increased yields of various strains of
JEV after heat shock indicates that it is a general phenome-
non.

From the present studies, it appears that the heat shock
technique may be a more sensitive tool for (1) early detec-
tion of JEV (2) obtaining higher virus yields and (3) increas-
ing the stability of the virus.
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