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INTRODUCTION

Ticks are ectoparasitic, blood-feeding arthropods that are 
transmitting pathogens to domestic and wild animals, and 
rank second only to mosquitoes as vectors of human diseases 
[1,2]. Vector control by immunological way represents a most 
important part of the current global strategy for the control of 
major vector-borne diseases. However, the success depends on 
detection, identification, and functional investigation of anti-
genic proteome that targets specific molecules which play key 
roles in tick physiological processes such as blood feeding or 
digestion process in ticks [3-5].

Tick control by vaccination has been for almost 70 years [6], 
but progress in effective vaccines has been slow. For immuno-
logical control, identification of protective antigens is crucial. 
Several immunological approaches have been used to control 

disease vectors. Two types of antigenic target have been ex-
plored for vaccine development as exposed and concealed anti-
gens. Immunological responses of different animal species to 
concealed tick antigens have been extensively reviewed [7]. As 
concealed antigens as crude extracts of salivary gland, midgut, 
ovary, hemolymph, or whole tick has effect on tick detach-
ment, increase feeding time, and less body weight of tick [8]. 
Gene of Boophilus microplus midgut associated molecules, Bm 
86 and Bm 91 [9], have been cloned and expressed and at pres-
ent only Bm-86 based tick vaccine is commercially available. 
Other several exposed tick antigen vaccine targets, such as hista-
mine binding protein [10], troponin I like protein, p 27/30 
[11], heat shock protein [12], and serine protease inhibitor ser-
pin [13], have been evaluated for control of ticks, and immu-
nized rabbits showed partial or no protection against biting 
ticks. This may help researchers identify tick proteins as poten-
tial targets for further studies aimed to develop novel tick con-
trol strategies that may affect both the tick and the pathogen 
transmitted by it.

Recently, sensitive and reliable methods of protein separa-
tion were used for characterizing tick protein profiles. The 
characterization of protein profiles were performed by 2-di-
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Abstract: Proteomic tools allow large-scale, high-throughput analyses for the detection, identification, and functional inves-
tigation of proteome. For detection of antigens from Haemaphysalis longicornis, 1-dimensional electrophoresis (1-DE) 
quantitative immunoblotting technique combined with 2-dimensional electrophoresis (2-DE) immunoblotting was used for 
whole body proteins from unfed and partially fed female ticks. Reactivity bands and 2-DE immunoblotting were performed 
following 2-DE electrophoresis to identify protein spots. The proteome of the partially fed female had a larger number of 
lower molecular weight proteins than that of the unfed female tick. The total number of detected spots was 818 for unfed 
and 670 for partially fed female ticks. The 2-DE immunoblotting identified 10 antigenic spots from unfed females and 8 an-
tigenic spots from partially fed females. Matrix Assisted Laser Desorption Ionization-Time of Flight Mass Spectrometry 
(MALDI-TOF) of relevant spots identified calreticulin, putative secreted WC salivary protein, and a conserved hypothetical 
protein from the National Center for Biotechnology Information and Swiss Prot protein sequence databases. These findings 
indicate that most of the whole body components of these ticks are non-immunogenic. The data reported here will provide 
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mensional polyacrylamide gel electrophoresis (2-DE) [14] us-
ing commercial immobilized pH gradient (IPG) strips for iso-
electric focusing in the first dimension [15]. Proteins excised 
from 2-DE gels are digested with trypsin, and the resulting 
peptides are analyzed by matrix-assisted laser desorption/ion-
ization mass spectrometry (MALDI-MS) to make peptide mass 
fingerprints that are often used to identify proteins [16].

Valenzuela et al. [17] described a proteomic study using 
1-DE gels and N-terminal sequence analysis for identification 
of sialome of the tick Ixodes scarpularis. In addition, since the 
first paper was published by Madden et al. [18] who described 
the proteomic approach using 2-DE gels and MALDI-MS to 
characterize protein profiles of 2 related tick species, Amblyom-
ma americanum and A. maculatum, several papers using the 
above approach have been published in the tick field [19-24]. 
The purpose of present study is to identify the antigenic pro-
teins of whole unfed and partially fed female Haemaphysalis 
longicornis ticks.

MATERIALS AND METHODS

Ticks 
The Jeju strain of the hard tick H. longicornis has been main-

tained on rabbits in our laboratory since 2003. For the analysis 
of proteins expressed at blood-feeding, partially fed (ticks on 
rabbits for 2-3 days) female ticks were used.

Generation of rabbit anti-tick serum 
To generate tick-immune rabbit sera at least 100 clean H. 

longicornis adults were placed on each ear of 4-5 weeks old fe-
male New Zealand white rabbits (Samtako, Osan, Korea). 
Tick-immune rabbit sera were collected after the 3rd challenge 
by ear-bleed or by cardiac puncture using protocols approved 
by the Chonbuk Animal Care and Use (approved no. CBU 
2011-0063). The sera of rabbits, not infested with H. longicor-

nis, were collected to use as a negative control. Those sera were 
tested for reactivity to tick whole body extracts by immunoblot 
analysis as described below. 

Sample preparation 
The female whole body was washed with PBS containing 

penicillin/streptomycin (Invitrogen, Carlsbad, California, 
USA) and then suspended with 20 mM Tris-HCl (pH 8.0). Af-
ter homogenizing and sonication, it was centrifuged at 13,000 
rpm for 30 min at 4˚C. After quantification, the sample was 

stored at -20˚C until next use. As the samples for 2-DE, washed 
female ticks were homogenized with lysis buffer A (9.5 M 
urea, 1.2% w/v DTT), and the homogenate was then centri-
fuged at 13,000 g for 20 min at 4˚C. The supernatant was 
transferred to a new tube and adjusted to 500 μl with lysis buf-
fer A. After adding CHAPS (Sigma, St. Louis, Missouri, USA) 
(final concentration of 4% w/v), the mixture was shaken for 
30 min at room temperature (RT) and centrifuged at 13,000 g 
for 1 hr at 4˚C. Finally, the supernatant was moved to a new 
tube and stored at -20˚C until next use after quantification by 
the PlusOne 2-D Quant Kit (GE Healthcare, Vienna, Austria).

SDS-PAGE
The prepared tick sample was mixed with sample buffer, i.e., 

125 mM Tris-HCl, pH 6.8, 20% v/v glycerol, 4% w/v SDS, 
10% v/v 2-mercaptoethanol, and a few crystals of bromophe-
nol blue (Wako, Wako, Japan), and then boiled for 5 min. Af-
ter sample loading (15 μg/lane), protein was separated on 
12.5% polyacrylamide gel with discontinuous buffer system of 
pH 6.8 and 8.8 by constant current of 24 mA.

Isoelectric focusing (IEF) and SDS-PAGE
IEF was performed using the IPGphor™ system (Amersham 

Bioscience, Uppsala, Sweden) with IPG strips (Immobiline 
DryStrip™, pH 3-10 and 4-7, 13 cm; Amersham Bioscience). 
Electrophoresed gels stained by Coomassie Brilliant Blue 
(CBB) R250 solution (Elpis Biotech, Daejeon, Korea) accord-
ing to the manufacturer’s instructions and silver-stained as 
previously described [25]. 

Immunoblotting
Proteins were electro-transferred from gels to millipore 

PVDF membranes (0.45 μm; Millipore, Bedford, Massachu-
setts, USA) for 90 min at 5 V for 1-DE gels and 20 V for 2-DE 
gels. The membranes were blocked with 3% skim milk in Tris-
based saline (TBS) for 1 hr at RT and then rinsed with TBS 
containing 0.05% (v/v) Tween 20 (Sigma). Following this pro-
cedure, the membranes were incubated with anti-H. longicornis 
rabbit sera at 1:1,000 dilution at RT for 3.5 hr. After 3 new 
washes, the blots were incubated with an alkaline phospha-
tase-conjugated anti-rabbit IgG (Bethyl Laboratories, Mont-
gomery, Texas, USA) at a 1:5,000 dilution and washed again 3 
times. Incubations were performed at room temperature for 1 
hr and washed. Finally, the antigenic spots were developed 
with BCIP/NBT solution (BioFX, Owings Mills, Maryland, 
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USA) and their images were scanned with the Epson Perfec-
tion V700 Photo (Seiko Epson Corp., Tokyo, Japan). Immu-
noblots and their homologous silver-stained gels were aligned 
to isoelectric point (pI) and molecular weight (MW) and then 
matched by ImageMaster 2-DE Platinum Softwarev5.0 (Amer-
sham Biosciences, Piscataway, New Jersey, USA) in order to 
identify antigenic spots in the gels.

Identification of antigenic proteins
Antigenic spots from 2-DE gels were identified by peptide 

mass fingerprinting (PMF) using MALDI-TOF MS, as described 
by Shin et al. [25]. MALDI plate was performed using the solu-
tion-phase nitrocellulose method. The α-cyano-4-hydroxycinamic 
acid (40 mg/ml) and nitrocellulose (20 mg/ml) were prepared 
separately in acetone and mixed with isopropanol in a ratio of 
2:1:1 (v/v). The mixed solution (1 μl) was spotted onto target 
circles on the MALDI plate and dried. The dried samples were 
analyzed using a Voyager-DE STR MALDI-TOF mass spectrom-
eter (PerSeptive Bio-systems, Framingham, Massachusetts, 
USA). Internal calibration of MALDI-TOF mass spectra was 
performed using 2 trypsin autolysis ions with m/z ¼ 842.510 
and 2211.105; for MALDI-MS/MS. The generated PMF were 
submitted to the MASCOT search program for identifying pro-
tein in the National Center for Biotechnology Information 
(NCBI) and SwissProt protein sequence databases.

RESULTS

Comparative 1-DE analysis of unfed and partially fed 
female ticks

A comparison of proteins obtained from unfed and partially 
fed female ticks on 1-DE gel showed some differences (Fig. 1). 
There is decrease in proteins in partially fed female ticks with 
molecular masses of approximately 90 kDa, whereas a few 
proteins in the molecular mass range below 70 kDa were ex-
pressed in a higher number. The immunoblots comparing 
proteins extracted from unfed and partially fed female ticks 
showed differences in low abundance proteins (Fig. 2). The 
predominant immune reactions were shown in a range of 16-
20, 50-60, and 90 kDa proteins from both groups of ticks. 

Comparative 2-DE analysis of unfed and partially fed 
female ticks

The 2-DE gel of proteins from partially fed female ticks (Fig. 
3B, D) showed the more intense spots localized in a molecular 
mass range below 20 kDa, whereas spots in the immunoblot 
of samples from unfed female ticks were in a wider range. The 
total number of detected spots was 818 for unfed female ticks 
and 670 for partially fed female ticks, and spots detected under 

Fig. 1. Comparison of Coomassie brilliant blue R250-stained pro-
teins on 1-DE gel from unfed and partially fed female ticks. F, pro-
teins from partially fed female ticks; M, relative molecular weight 
and position of standards; U, proteins from unfed female ticks. 
Arrows mark differences in protein amounts between unfed and 
partially fed female ticks.
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Fig. 2. The results of 1-DE immunoblot SDS/12.5% PAGE com-
paring proteins extracted from unfed and partially fed female 
ticks. F, proteins from partially fed female ticks; M, relative molec-
ular weight and position of standards; U, proteins from unfed fe-
male ticks. Fifteen μg of whole body proteins from unfed and par-
tially fed female ticks were used in the experiment. Representative 
images are based on 3 independent experiments. Arrows mark 
differences in protein amounts between unfed and partially fed fe-
male ticks. White arrow indicates a decrease in immune reaction 
in fed female ticks. 
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20 kDa in size were 186 and 370 spots for unfed and fed ticks, 
respectively (Fig. 3C, D).

Antigenic protein spots in 2-DE
As shown in Fig. 4B and D, the 2-DE immunoblot analysis 

of the proteins from unfed female ticks with sera from rabbits 
infested by H. longicornis revealed around 10 major spots in 
the range of pI 4.0-6.5 and 35-100 kDa. Matching of the im-

munoblot with its homologous silver-stained gel allowed us 
to localize these 10 major antigenic spots in the 2-DE gels (Fig. 
4C, D). The 2-DE immunoblot analysis of the proteins from 
partially fed female ticks with sera from rabbits infested by H. 
longicornis revealed around 8 major spots in a narrow range of 
pI (4.0-5.0) and molecular weight (16-35 kDa), and some mi-
nor and poorly resolved spots in the range of pI 5.5-6.0 and 
25-30 kDa (Fig. 5B, D). Matching of the immunoblot with its 

Fig. 3. Representative silver-stained 2-DE images of whole body proteins from female ticks. (A) Proteins from unfed female ticks. (B) Pro-
teins from partially fed female ticks. Proteins (240 μg) were focused on pH 4-7 IPG strips (13 cm) and were then separated by 
SDS/12.5% PAGE. Reference molecular masses are indicated on the right of the gel. Representative images are based on 3 indepen-
dent experiments. (C, D) Analysis of A and B using ImageMaster 2-D Platinum Software. The total number of detected spots (red 
crossed) was 818 for unfed female ticks and 670 for partially fed female ticks. The numbers of spots detected below 20 kDa (blue 
crossed) were 186 and 370 spots for unfed and partially fed ticks, respectively.
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homologous silver-stained gel allowed us to localize the 8 ma-
jor antigenic spots in the 2-DE gels (Fig. 5C, D).

Identification of antigenic proteins from female ticks of H. 
longicornis

Antigenic proteins in 2-DE analysis of unfed female ticks 
were found in the range of 20, 60, and 90 kDa, similar to what 
was seen in 1-DE analysis whereas antigenic proteins in 1-DE 
analysis of partially fed female ticks were found in a range of 
16-20, 50-60, and 90 kDa and in 2-DE analysis they were 
shown in a range of 18-23 and 32 kDa (Table 1). Tryptic pep-
tides were initially assessed by MALDI-TOF MS and PMF were 
obtained for all 18 antigenic proteins. Spot no. 1 from partial-
ly fed female ticks (Fig. 5C) was closely related to calreticulin. 
The predicted MW (43.25-47.20 kDa) and pI (4.50-4.54) of 
calreticulin were different from the measured values of the 
spot no. 1 from partially fed female ticks. Spot nos. 6 and 8 

from partially fed female ticks were closely related to a puta-
tive secreted WC salivary proteins of I. scapularis (GenBank ac-
cession no. AAY66524; protein score 29; calculated MW in 
kDa/pI: 12.56/6.54) and a conserved hypothetical protein of I. 
scapularis (GenBank accession no. XP_002435538; protein 
score 32; calculated MW/pI: 9.73/6.54), respectively (Table 2). 
The identities of the other 15 spots remain unknown.

Fig. 4. Representative 2-DE images of the whole body proteins from unfed female ticks of H. longicornis. (A) Silver stained gel. (B) Im-
munoblot probed with polyclonal antibodies against H. longicornis. Proteins (240 μg) were focused on pH 4-7 IPG strips (13 cm) and 
were then separated by SDS/12.5% PAGE. Reference molecular masses are indicated on the right. 2-DE immunoblot shows the anti-
genic spots revealed by a pool of sera from rabbits experimentally infested with H. longicornis. The proteins of interest are marked in the 
image (rectangles). (C, D) Magnifications of panels A and B. In D, antigenic spots are indicated by black numbered circles and are equiv-
alent to the proteins identified in panel C.
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Table 1. Comparison of molecular weights of the antigenic pro-
teins from unfed and partially fed female ticks

Molecular weight (kDa) of 
antigenic proteins 

Unfed 1-DE 20, 60, 90 
   female ticks 2-DE (pI 4-7) 35 (no. 10), 60 (no. 9), 70-90 (no. 1-8) 
Partially fed 1-DE 16-20, 50-60, 90 
   female ticks 2-DE (pI 4-7) 18-20 (no. 6-8), 20-23 (no. 2-5), 32 (no. 1) 
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Table 2. Summary of antigenic proteins identified in the whole body of H. longicornis by MALDI-TOF

Spot no.
Protein ID 

(GenBank accession no.)
Protein 
scores

Sequence 
coverage (%)

No. peptides 
P<0.05

Calculated 
MW/PI

Partially fed 
   female ticks

1 Calreticulin [Amblyomma scutatum] 
   (AAR29938)

56 28   1 47.15 / 4.50

Calreticulin [Amblyomma rotundatum]  
   (AAR29937)

54 27 12 47.27 / 4.52

Calreticulin [Rhipicephalus annulatus 
   (Boophilus annulatus)] (AAR29939)

54 30 13 47.724 / 4.48

Calreticulin [Haemaphysalis longicornis] 
   (AAQ18695)

49 27 10 47.22 / 4.52

Calreticulin [Haemaphysalis leporispalustris] 
   (AAR29947)

45 23   9 43.25 / 4.54

6 Putative secreted WC salivary protein 
   [Ixodes scapularis] (AAY66524)

29 31   4 12.56 / 6.54

8 Conserved hypothetical protein 
   [Ixodes scapularis] (XP_002435538)

32 31   4 9.73 / 6.54

Fig. 5. Representative 2-DE images of the whole body proteins from partially fed female ticks of H. longicornis. (A) Silver stained gel. (B) 
Immunoblot probed with polyclonal antibodies against H. longicornis. Proteins (240 μg) were focused on pH 4-7 IPG strips (13 cm) and 
were then separated by SDS/12.5% PAGE. Reference molecular masses are indicated on the right of the gel. 2-DE immunoblot shows 
the antigenic spots revealed by a pool of sera from rabbits experimentally infested with H. longicornis. The proteins of interest are 
marked in the image (rectangles). (C, D) Magnifications of panels A and B. In D, antigenic spots are indicated by black numbered circles 
and are equivalent to the proteins identified in panel.
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DISCUSSION

The aim of this study was to provide proteome of unfed and 
partially fed H. longicornis female and uncover proteins that ex-
press at the stage of blood ingestion and react with sera of rab-
bits exposed to ticks. To accomplish this goal, we carried out a 
proteomic study of the whole body proteins of both female 
ticks based on 2-DE-electrophoresis, immunoblot, MS, and 
database searching in a similar way to that of the scant pro-
teomic studies carried out with tick saliva and salivary gland 
extracts [18,20,21], tick midgut [19,22], ovaries [22], hemo-
lymph, or with extracts of whole tick larvae [23].

The proteomic maps of the unfed and partially fed female 
ticks showed differences between them. Regarding the total 
number of spots detected, the proteome of the partially fed fe-
male ticks showed a larger number in range of lower molecular 
weight than that of the unfed female ticks. The ratio of spots 
detected under 20 kDa to the total number of spots were 
186/818 in unfed female ticks and 370/670 in partially fed fe-
male ticks. These suggest that lower molecular proteins of par-
tially fed female ticks were expressed at the stage of blood in-
gestion.

In this study, we detected several antigenic proteins from the 
whole body of female unfed and partial fed ticks and only 3 
antigenic proteins match with available databank. These all 3 
proteins are from partially fed female tick as calreticulin, puta-
tive secreted WC salivary protein, and a conserved hypothetical 
protein. 

An antigenic protein from partially fed female ticks showed 
32 kDa in size and pI 4.0 in 2-DE gel closely related with cal-
reticulin from several tick species (Table 2). The recombinant 
tick calreticulin showed approximately 55-60 kDa [26-29] or 
64 kDa [30] size in SDS-PAGE, although the predicted molec-
ular weights lay around 46 kDa, which is derived from a C-ter-
minal acidic domain [31]. These discrepancies of molecular 
mass could be attributed to the high content of charged resi-
dues (D, E, and K) in the amino acid sequence leading in mo-
bility during electrophoresis. Calreticulin, a calcium-binding 
protein, is secreted by ticks into their hosts and play a role in 
blood feeding through host immune-suppression or antihe-
mostasis [28,29]. Calreticulin has been found in a variety of 
vertebrates and invertebrates, including a large number of tick 
species [2,29]. Calreticulin is not detectable in the unfed sali-
vary glands, but is strongly present in the salivary glands 
around the third day after feeding [28]. Based on current 

knowledge, calreticulin is being examined as a possible target 
for the development of novel anti-thrombotic agents [31]. 
Rabbits experimentally immunized with A. americanum calre-
ticulin exhibited local necrotic lesions in the tick bite sites, in-
dicating that host immune reaction could confuse the feeding 
cycle [28]. Sera of B. microplus-infested bovines suggested that 
calreticulin may not be able to induce an IgG-based humoral 
response in its natural host [26]. However, A. americanum cal-
reticulin was recognized by sera from rabbits and humans ex-
posed to tick bites [30]. In our results, for the first time, H. lon-
gicornis calreticulin-like protein was recognized by sera from 
rabbits exposed to tick bites. As a vaccine candidate, more 
work about this protein is clearly needed to understand its an-
tigenic significance.

Spots no. 6 and 8 from partially fed female ticks were close-
ly related to a putative secreted WC salivary protein of I. scapu-

laris (GenBank accession no. AAY66524; protein score 29; cal-
culated MW/pI: 12.56/6.54) and a conserved hypothetical 
protein of I. scapularis (GenBank accession no. XP_002435538; 
protein score 32; calculated MW/pI: 9.73/6.54), respectively 
(Table 2). These proteins are not found in unfed ticks suggest-
ing that they have functional role during blood feeing. The 
1-DE immunoblot results represent 3 bands from unfed ticks 
and 5 bands form partially fed. This may be due to that during 
blood meal ingestion salivary glands undergo remarkable 
growth and differentiation accompanied by significant in-
crease in protein synthesis [32]. 

In addition to identification of antigenic proteins, we identi-
fied abundant proteins in unfed female ticks. In Fig. 5A, pro-
tein spots between 35 and 50 kDa in size and pI between 5.0 
and 6.0 were identified as actin of Aedes aegypti (GenBank ac-
cession no. XP_001659963; protein score 46; calculated MW/
pI: 41.75/5.22). Also, the protein spot, approximately 20 kDa 
in size and pI 4.0, was identified as tropomyosin of H. longi-
cornis (GenBank accession no. Q8IT89; protein score 103; cal-
culated MW/pI: 32.85/4.69). It might be because we used 
whole body proteins including legs of ticks but other papers 
which used midguts also showed actin and tropomyosin in 
the protein identification [19,33]. Actin has molecular func-
tions such as ATP binding, protein binding, nucleotide bind-
ing, and structural molecule activity. Actin is highly conserved 
proteins that are involved in various types of cell motility and 
are ubiquitously expressed in all eukaryotic cells [33]. Tropo-
myosin plays a central role in the Ca++-dependant regulation 
of muscle contraction [33]. In a recent study, tropomyosin 
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plays an important role in host-protective immune responses 
in several helminthic infections of animals [34]. Therefore, an 
additional investigation about the relationship between host 
immune reaction and tick tropomyosin is required.

Quantitative analysis of 2-DE gels stained with CBB showed 
that intense spots in acidic conditions and with lower molecu-
lar weight were in fact most abundant and common spots be-
tween them. According to Untalan et al. [23], urea-soluble 
proteins, acidic and with low molecular mass, derived from 
unfed larvae of B. microplus were identified as putative cuticular 
proteins. Untalan et al. [23] used whole body proteins from 
hard ticks distinct from others who used salivary glands or 
midguts, which were the same in our study. This would mean 
that intense spots shown in our results were exo-skeletal pro-
teins. However, Hackman [35] described cuticular proteins 
from engorged, adult female B. microplus as being > 25 kDa in 
size and of a pI between 6.0 and 9.0, which is in contrast to 
the much more acidic, low molecular weight proteins ob-
served from larvae. This suggests that there may be different 
subsets of cuticular proteins expressed at various life cycle stag-
es of the tick, or as described above, post-translational modifi-
cations caused those differences. 

In this study, we detected several antigenic proteins from the 
whole body of female ticks, and most are still unidentified as 
15 antigenic proteins are unknown proteins that did not 
match with available databank. The limited amount of protein 
samples that can be obtained from H. longicornis made diffi-
cult to be characterized by LC MS/MS. Recent improvements 
in 2-dimensional gel electrophoresis, MS, and bioinformatics 
provide new tools to characterize small amounts of proteins. 
The whole body proteins of unfed and partially fed female 
ticks differed in number and distribution of the antigenic 
spots detected by sera of infested rabbits. In both ticks, the ra-
tio of antigenic spots to the total number of spots was low. 
This observation indicates that most of the whole body com-
ponents of these ticks are not immunogenic.
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