




mately 50 �g of the recombinant MSP2 protein was fixed in each well
of an ELISA plate, and the plate was incubated with each type of rabbit
antiserum mentioned above at dilutions of 1:100, 1:200, 1:400, 1:800,
1:1,600, 1:3,200, and 1:6,400 at 37°C for 1 h. After the sera were re-
moved, the plate was washed with 0.1 M phosphate-buffered saline
(PBS; pH 7.4) containing 0.01% Tween 20 (T-PBS) three times, incu-
bated with peroxidase-conjugated affinity-purified anti-rabbit
IgG(H�L) (1:10,000) (Sigma, St. Louis, MO) at room temperature for
45 min, and washed again. After the addition of a developing solution
(70 mM sodium acetate, pH 6.2) containing 0.3% diaminobenzidine
tetrahydrochloride and 0.03% H2O2 at room temperature and then,
after 5 min, the addition of 0.1 M H2SO4 to terminate the reaction, the
positive reaction level was measured with an ELISA reader (KCjunior;
BIO-TeK, United States) at 490 nm.

RESULTS
Cloning, expression, and purification of the recombinant MSP2
protein. A 432-bp fragment (containing 133 amino acids) of the

msp2 gene was obtained by PCR amplification with the msp2-F
and msp2-R primers and A. phagocytophilum genomic DNA as the
template, and the purified fragments were successfully cloned into
the pET30a vector. Direct sequencing of the recombinant plasmid
confirmed that the nucleotide sequence of the inserted PCR frag-
ment was 100% identical to the msp2 gene of the A. phagocytophi-
lum Webster strain deposited in GenBank (accession number
AY164491.1). The recombinant plasmid containing the targeted
fragment was transferred into BL21(DE3) E. coli, and a protein of
the expected 24.3-kDa size was successfully expressed and purified
at a high level (Fig. 1).

Mass spectrometry analysis of the recombinant MSP2 pro-
tein. The mass spectrometry analysis showed that the amino acid
sequence of the recombinant protein was 100% homologous with
that expected for the target protein (Fig. 2).

Immunoreactivity of the recombinant MSP2 protein. West-

FIG 2 Identification of the recombinant MSP2 protein by mass spectrum analysis.
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ern blot analysis indicated that the recombinant MSP2 protein
reacted specifically with human HGA-positive sera (1:128 by
Western blotting versus 1:64 by IFA) and rabbit anti-A. phagocy-
tophilum sera (1:40 by Western blotting versus 1:20 by IFA) (Fig.
3). However, it failed to react with nonimmunized-rabbit sera,
healthy human sera, or sera of 3 patients with related diseases
(scrub typhus, spotted fever, and endemic typhus sera) (Fig. 3).

Polyclonal antiserum preparation and its natural antigenic-
ity to the recombinant MSP2. The rabbit antiserum against the
recombinant MSP2 protein reacted strongly with the recombi-
nant MSP2 protein by Western blot analysis, and the highest titer
of antibody was reached at 1:1,280. The titer of the polyclonal
antibody against the recombinant MSP2 protein was further de-
termined by IFA based on whole cells of A. phagocytophilum as the
antigen, and the results revealed that the antibody titer reached
1:640 (Fig. 4). The titer of the self negative-control serum collected
prior to immunization with the recombinant MSP2 protein was
�1:40 (Fig. 4).

Cross-reaction of the recombinant MSP2 protein. Cross-re-
activity analyses between the recombinant MSP2 protein and each
of 10 members of the order Rickettsiales (C. burnetii, O. tsutsuga-
mushi strain Kato, strain Karp, strain TA763, and strain TH187, R.
heilongjiangensis, B. quintana, B. bacilliformis, R. mooseri, and E.
chaffeensis) were conducted by ELISA, and cross-reaction was ob-
served only for weak reactions between the recombinant MSP2
and anti-C. burnetii sera, anti-B. quintana sera, anti-B. bacillifor-
mis sera, and anti-E. chaffeensis sera at dilutions of �1:100.

DISCUSSION

HGA, previously known as human granulocytic ehrlichiosis
(HGE) (11), is an emerging tick-borne zoonotic infectious disease
that is becoming an important public health problem in many
countries of the world (1, 2, 4). Rapid diagnosis and prompt treat-

FIG 3 Recombinant MSP2 protein from this study reacted with HGA patient
sera, rabbit anti-A. phagocytophilum sera, and several negative-control sera.
Lane M, protein size marker; lane 1, recombinant protein recognized by HGA-
positive human sera (1:100); lane 2, recombinant protein reacted with healthy
human sera (1:100); lane 3, recombinant protein recognized by rabbit anti-A.
phagocytophilum sera (1:20); lane 4, recombinant protein reacted with nonim-
munized-rabbit sera (1:20); lane 5, recombinant protein reacted with human
scrub typhus infection sera (1:100); lane 6, recombinant protein reacted with
human Q fever sera (1:100); lane 7, recombinant protein reacted with human
R. typhii infection sera (1:100); lane 8, recombinant protein reacted with 5%
skim milk–TBS; and lane 9, negative control.

FIG 4 The results of IFA. N1 to N5, rabbit self control sera prior to immunization with recombinant MSP2 protein (diluted 1:40, 1:80, 1:160, 1:320, and 1:640);
S1 to S5: rabbit antisera against recombinant MSP2 protein (diluted 1:40, 1:80, 1:160, 1:320, and 1:640); C1 to C5: rabbit antisera against the whole-cell antigen
of A. phagocytophilum (diluted as 1:5, 1:10, 1:20, 1:40, and 1:80).
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ment of the disease during the acute phase of illness are very im-
portant to avoid a poor prognosis. However, the clinical manifes-
tations of HGA are nonspecific, with patients presenting with
undifferentiated febrile illness resembling a viral infection. As an
emerging infectious disease, HGA is widely unrecognized in clin-
ics in China (4, 12). Underdiagnosis or misdiagnosis of HGA is
common and may result in delayed or inappropriate treatment,
leading to multiorgan failure and potentially fatal complications
(4, 12, 17). A. phagocytophilum infection can be confirmed by
nested PCR or real-time PCR detection of bacterial DNA in acute-
phase blood (3, 4, 10), but this method requires laboratory staff
with specialized training and expensive equipment. Isolation of
the causative organism is a reliable diagnostic method, but this
method also requires an experienced laboratory and can take sev-
eral weeks (2). Thus, a rapid, economical and reliable diagnostic
method for HGA is urgently needed, especially in rural regions.
Therefore, the availability of recombinant immunodominant
proteins of the HGA agent will greatly help to meet the need for
diagnostic methods for this disease. In this study, the immunoge-
nicity of the recombinant MSP2 was demonstrated by Western
blotting using human HGA-positive sera and reference rabbit
anti-A. phagocytophilum sera. Moreover, the rabbit antisera
against the recombinant MSP2 protein reacted strongly with
whole cells of A. phagocytophilum (the rabbit polyclonal antibody
titer reached 1:640). No cross-reactivity was observed between the
recombinant MSP2 and rabbit antisera against 10 common mem-
bers of the order Rickettsiales, including C. burnetii, O. tsutsuga-
mushi strain Kato, strain Karp, strain TA763, and strain TH187, R.
heilongjiangensis, B. bacilliformis, R. mooseri, and E. chaffeensis.

It is also worth noting that we found that the amount of soluble
protein increases greatly when it is induced at lower IPTG concen-
trations and at lower temperatures.

We concluded that the recombinant MSP2 protein in the study
showed excellent natural antigenicity and specificity for the MSP2
protein, results that should provide an economical source for spe-
cific and sensitive serologic tests. In particular, a simple and rapid
diagnostic method, such as ELISA or the colloidal gold technique,
could be automated in the diagnostic laboratory for HGA infec-
tion.
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