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Abstract: In order to explore tick proteins as potential targets for further developing vaccine against ticks, the total pro-
teins of unfed female Dermacentor silvarum were screened with anti-D. silvarum serum produced from rabbits. The re-
sults of western blot showed that 3 antigenic proteins of about 100, 68, and 52 kDa were detected by polyclonal antibod-
ies, which means that they probably have immunogenicity. Then, unfed female tick proteins were separated by 12%
SDS-PAGE, and target proteins (100, 68, and 52 kDa) were cut and analyzed by LC-MS/MS, respectively. The compara-
tive results of peptide sequences showed that they might be vitellogenin (Vg), heat shock protein 60 (Hsp60), and fruc-
tose-1, 6-bisphosphate aldolase (FBA), respectively. These data will lay the foundation for the further validation of anti-
genic proteins to prevent infestation and diseases transmitted by D. silvarum.
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Ticks are an obligate bloodsucking ectoparastism animal,
which spread a variety of diseases and bring great harm to hu-
man health and development of the livestock [1]. Now tick
control is principally dependent on the application of acaricid-
es. However, it can develop resistance to acaricides for ticks and
raises environmental contamination [2]. Therefore, vaccination
is considered as one of the most effective ways for tick control
[3]. The key step is to screen antigenic proteins for further de-
veloping vaccine against ticks. Willadsen et al. [4] isolated a
midgut antigen Bm86 from Rhipicephalus (Boophilus) microplus,
and immune experiment results showed that Bm86 can effec-
tively induce the host to produce protective immune responses.
Galay et al. [5] purified recombinant ferritins (rHIFER1 and
tHIFER2) from Haemaphysalis longicornis and immunized rab-
bits with them, respectively. The results of tick infestation chal-
lenge showed that rHIFER2 could significantly reduce the body
weight of ticks infested from the rHIFER2-immunized rabbit
compared to those from the control rabbits. Through mass
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spectrometry, Kim et al. [6] and Hu et al. [7] identified calretic-
ulin and paramyosin (Pmy) from H. longicornis, respectively.
These scholars have been trying to screen more effective anti-
genic proteins in the preparation of anti-tick vaccines.

Dermacentor silvarum is one of the principal vectors of Rus-
sian spring encephalitis, Babesia equi, Babesia caballi, and
rickettsiosis and is widely distributed in northern China, Rus-
sia, and Mongolia [8]. However, only subolesin (4D8) was
cloned from D. silvarum, and other antigens were not reported
in it [9]. Here, new antigenic proteins were screened and iden-
tified from unfed female D. silvarum by LC-MS/MS technology.
This provides the foundation for the further development of
anti-tick vaccines.

Adult D. silvarum were collected from infested sheep at the
Xiaowutai National Natural Conservation Area, Hebei Prov-
ince, China and reared as described previously [10]. Polyclonal
antibodies against D. silvarum were generated in adult male
New Zealand white rabbits purchased from the Hebei Labora-
tory Animal Center (Shijiazhuang, China). Firstly, 20 unfed fe-
male ticks were fast frozen in liquid nitrogen and ground to
powder, which were transferred into the tube containing 1 ml
0.1 M PBS (pH 7.2). Then, samples were centrifuged at 13,000
rpm for 10 min at 4°C, and 360 pg supernatant extracts emul-
sified in an equal volume of Freund’s complete adjuvant were
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initially injected into the rabbits. Two additional injections
were given every 2 weeks with 360 pg proteins emulsified with
an equal volume of Freund’s incomplete adjuvant. One week
after the third injection, blood was collected from rabbits, and
antibodies in serum were purified by caprylic acid-ammonium
sulfate method and stored at -70°C for later analysis.

The screening of antigenic proteins in D. silvarum was per-
formed by western blot. A total of 5 unfed female ticks were
frozen in liquid nitrogen and ground to powder, which were
transferred to a tube containing 1 ml 0.1 M PBS. Then, the
samples were centrifuged at 13,000 rpm for 10 min at 4°C,
and supernatant extracts were stored. About 30 pg protein per
lane, including prestained protein marker (Fermentas, Ontar-
io, Canada), were separated by 12% SDS-PAGE and trans-
ferred to a polyvinylidene difluoride (PVDF) membrane. Then,
the membrane was incubated with polyclonal antibodies
(1:2,000) and rabbit negative serum overnight at room tem-
perature, respectively. After incubation, they were washed with
PBS-Tween-20 (PBST) and incubated with peroxidase-conju-
gated affinipure goat anti-rabbit IgG (1:2,000) for 1.5 hr (Pro-
teintech, Chicago, Illinois, USA). Antigenic proteins were de-
tected using supersignal® west dura extended duration sub-
strate (Thermo Scientific, Rockford, Illinois, USA). To identify
the antigenic proteins, 30 pg protein from unfed female ticks
was electrophoresed on a 12% SDS-PAGE gel and stained with
Commassie blue. Based on the molecular weight marker, the
target protein bands were cut and placed into 2 ml tubes, re-
spectively, for LC-MS/MS analysis. The method was the same
as described previously [7].

The results of western blot showed that 100, 68, and 52 kDa
protein bands were recognized by rabbit anti-D. silvarum se-
rum, while the rabbit negative serum did not react with the fe-
male tick proteins (Fig. 1). It suggested that the 100, 68, and
52 kDa proteins had potential immunogenic properties that
might be candidate antigens for developing a vaccine. Three
target protein bands were excised, respectively, from Com-
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Fig. 1. Western blot of unfed female tick proteins from D. silvar-
um. M, the prestained protein marker; Lane 1, unfed female tick
proteins incubated by polyclonal antibodies from rabbits immu-
nized with tick lysates; Lane 2, unfed female tick proteins incu-
bated by rabbit negative serum.

Table 1. Peptides of the target proteins identified by LC-MS/MS from unfed female D. silvarum

Reference P (pro) Score
Spot no.
scan (s) Peptide MH+ DeltaM z Typ P (pep) XC
100 kDa i[86371135|gb|ABC94727 1| 553E-07  50.18
vitellogenin [Dermacentor variabilis)
4rrv R.LVGPQPGSTK.N 98355202 03519 2 CID  7.17E-06 2.05
A R.YVLPLWETNPR.F 1387.73686 0.50244 2 CID  4.96E-06 3.59
10433 R.HIGLEVLSDPSDQWAFVISAFR.A 2499.3242 1.81965 2 CID  5.53E-07 2.72
68kDa  gi|241998158|ref]XP_002433722.1] 1.35E-06  10.16
chaperonin subunit (groEL),
putative [[xodes scapularis]
4934 K.VGGSSEVEVNEK.K 1233.59574 0.39943 2 CID  4.93E-05 3.79
4944 K.VGGSSEVEVNEK.K 1233.59574 -0.05431 2 CID  3.48E-06 3.74
52 kDa  gi|241690479|ref[)XP_002411768.1| 1.30E-09 40.21
fructose 1,6-bisphosphate aldolase,
[Ixodes scapularis]
5004 K.KYTPADVAR.A 1020.54727 1.42043 2 CID 5.39E-03 2.75
5505 R.LQGIGVENTEENRR.Q 1614.81942 -0.39579 2 CID 2.60E-03 2.64
5607 R.LQGIGVENTEENR.R 1458.71831 0.40454 2 CID 2.44E-08 4.19
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Fig. 2. SDS-PAGE analysis of unfed female tick proteins of D. sil-
varum. M, the molecular weight marker; Lane 1, unfed female tick
proteins of D. silvarum. The target proteins (100, 68, and 52 kDa)
shown by the arrow were cut, respectively, for LC-MS/MS analy-
sis.

massie-stained SDS-PAGE gel (Fig. 2) and analyzed by LC-MS/
MS. The data were searched in the National Center for Bio-
technology Information (NCBI) database, and many amino
acid sequences of peptides derived from target proteins
matched the amino acid sequence of ticks (Table 1). It means
that the 100, 68 and 52 kDa protein may be the vitellogenin
(Vg), heat shock protein 60 (Hsp60), and fructose-1, 6-bispho-
sphate aldolase (FBA), respectively.

The screening of antigenic proteins is necessary for develop-
ing an effective vaccine against the tick infection. By western
blot analysis, 5 midgut membrane antigens with molecular
weight 95, 85, 66, 49, and 42 kDa had been identified in Hya-
lomma anatolicum anatolicum [11]. Through mass spectrometry,
calreticulin and Pmy were identified in H. longicornis [6,7]. By
the similar method, 3 proteins (100, 68, and 52 kDa) from D.
silvarum were demonstrated to have immunogenicity, and the
results of LC-MS/MS showed that they might be Vg, Hsp60,
and FBA (Fig. 1; Table 1).

Firstly, Vg is a phospholipoglycoprotein, which constitutes
the precursor of vitellin (Vn) in all oviparous organisms. In vi-
tellogenic female insects, Vg is generally synthesized by the fat
body, released into the hemolymph and transported to the
ovary, where it is proteolytically cleaved to form the Vn, pro-

viding the energy for developing embryos [12,13]. Additional-
ly, Vg has been demonstrated to have capability of killing bac-
teria via interaction with lipopolysaccharide and lipoteichoic
acid [14]. Moreover, Tellam et al. [15] purified Vn from B. mi-
croplus and vaccinated sheep with them. The results of the
vaccination trial showed that the mean percentage engorge-
ment of ticks fed on the immunized sheep was reduced from
72% to 42%, and the weights and oviposition of engorged fe-
male ticks were significantly reduced compared with the con-
trol group. The mechanism would be that host antibodies
against Vn/Vg flowed from the tick midgut lumen to the he-
molymph, where they bound to Vg, thus blocking Vg uptake
by oocytes in the ovary and affecting the development of ticks
[16,17]. In our results, for the first time, D. silvarum Vg was rec-
ognized by sera from rabbits immunized with tick lysates. As a
vaccine candidate, antigenic significance of this protein was
verified by many works.

The alternate name of Hsp60 is called chaperonin 60, which
is a mitochondrial chaperonin in eukaryotic cells, and known
as phage growth E large (GroEL) in bacteria [18]. In addition
to its role as a heat shock protein, Hsp60 functions as a chap-
eronin to bind partially folded proteins and mediates their
conformational changes [19]. Additionally, Hsp60 act directly
on antigen-presenting cells (APC) to link innate and adaptive
immune responses [20]. Ben et al. [21] found that immuniza-
tion of mice with Strongyloides ratti Hsp60 (stHSP60) led to re-
duced numbers of migrating larvae, parasitic adults and larval
output of S. ratti, and protected mice against nematode chal-
lenge infection. Moreover, immunization of female BALB/c
mice with recombinant protein NP-M1-HSP60 induced im-
mune responses, and protected mice from lethal influenza
H7N9 virus challenge and significantly inhibited viral replica-
tion [22]. In our previous studies [7], 66 kDa proteins from H.
longicornis had immunogenic properties, which might be
Hsp60 verified later by LC-MS/MS. We also found similar re-
sults in the experiments of screening antigenic proteins from
D. silvarum. Based on current knowledge, Hsp60 will be exam-
ined as a possible target for the development of novel anti-D.
silvarum vaccine.

As we all know, FBA is one of the most important enzymes
in the glycolytic pathway and catalyzes the reversible cleavage
of fructose-1,6-bisphosphate to dihydroxyacetone phosphate
and glyceraldehyde 3-phosphate [23]. FBA was also identified
as an immunogenic protein in Streptococcus pneumoniae. Ling
et al. [24] separated proteins from S. pneumoniae by 2D gel
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electrophoresis, and immunogenic protein FBA from the cell
wall fraction were identified by MS. Moreover, recombinant
FBA (rFBA) was immunogenic in mice and able to provide par-
tial protection against virulent strain of S. pneumoniae. Thus,
their conservation, surface-localization, and immunogenicity
may make FBA potentially useful vaccine candidates for a range
of pathogens [25]. By the similar method, we also screened the
FBA from D. silvarum. In conclusion, 3 antigenic proteins (100,
68, and 52 kDa) were identified in our study. For the detection
of protective immunogenicity, immunization of experimental
animals with them will be done in our next work. This will
provide a basis for developing a candidate vaccine to prevent
infestation and diseases transmitted by D. silvarum.
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