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Abstract

An immunogenic 84 kDa protein was isolated and purified from whole tick extracts of Haemaphysalis longicornis larvae by
a combination of ion exchange, reverse phase and hydrophobic interaction chromatographies. The protein, when injected
intradermally into rabbits exposed to repeated tick feeding, induces an immediate cutaneous hypersensitivity reaction. It has
been purified to homogeneity as shown by sodium dodecyl sulphate polyacrylamide gel electrophoresis and silver staining.
Amino acid sequences for two peptides derived from proteolytic cleavage of p84 were scanned against known proteins on the
SWISS-PROT database. A 7 residue motif, ISGWGNT present in one of the two peptides appeared conserved in both
vertebrate and invertebrate trypsin-like serine proteinases, while another 7 amino acid motif, HVPAGQI present in the
second peptide showed homology to an Escherichia coli ATP-binding protein. We have discussed our findings in relation to
isolation and characterization of target antigens for tick vaccine candidates. ß 2000 Elsevier Science B.V. All rights
reserved.
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1. Introduction

Ticks represent one of the most important groups
of arthropods that a¡ect animal and human health.
Among the external parasites, ticks produce the
greatest economic loss in livestock production
world-wide [1]. According to the Food and Agricul-
ture Organization (FAO) yearbook production [2],
an estimated 80% of the world's cattle are infested
by ticks, giving rise to an annual cost of 7500 million
US dollar. Host vaccination against tick infestation

has been shown to be the most sustainable alterna-
tive tick control method to the current use of acar-
icides which has serious limitations such as contam-
ination of livestock food products and quick
development of tick resistance against acaricides [3].
The success of this method is dependent on the iden-
ti¢cation and characterization of tick molecules re-
sponsible for the biological success of the tick [4].
Induction of immediate hypersensitivity reaction by
tick saliva proteins was linked to expression of ac-
quired tick resistance by hosts undergoing secondary
tick infestation [3^7]. Studies by Binta and Cunning-
ham [8], Walker and Fletcher [9] and Willadsen et al.
[10] demonstrated that the sensitivity of cattle to tick
molecules inducing an immediate hypersensitivity re-
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action is directly correlated to the level of acquired
anti-tick resistance by the host. Based on evidence
from the above studies, it is interesting to examine
the possibility that tick molecules inducing immedi-
ate hypersensitivity reactions in tick-primed hosts
can confer protective anti-tick immunity in naive
hosts. Any investigation of the immunological basis
of resistance to ticks will be complicated if the only
test material available is a crude tick extract contain-
ing a mixture of antigens. Recently the authors of
this study used a combination of both immuno-
and plaque hybridization screening of a cDNA li-
brary to clone and express in Escherichia coli an
immunodominant 29 kDa (p29) salivary gland asso-
ciated protein from Haemaphysalis longicornis [13].
Vaccination of naive rabbits with rp29 induced sig-
ni¢cant protective immunity resulting in 40 and 56%
mortality of larvae and nymphal ticks as well as a
signi¢cant reduction in engorgement weight of all
adult ticks which were fed on rp29 immunized rab-
bits [13]. In order to enhance the rp29 induced im-
munity, it is necessary that other molecules are de-
¢ned and used in cocktail with rp29. The objective of
the present study was to attempt to purify and char-
acterize tick saliva proteins capable of inducing an
immediate hypersensitivity reaction in rabbits sensi-
tized to Haemaphysalis longicornis tick feeding. H.
longicornis is a three host tick commonly infesting
cattle, dogs and humans and a vector of Theileria
spp. as well as Coxiella burnettii [11].

2. Materials and methods

2.1. Preparation of whole tick extract (WTE)

H. longicornis larval ticks used in this study were
obtained from a colony maintained on Japanese
white rabbits in our laboratory. WTE was prepared
by homogenizing unfed larval ticks in phosphate-
bu¡ered saline (PBS, pH 7.4, 10 mM sodium phos-
phate, 0.15 M sodium chloride) using a homogenizer
(Polytron Kinematica AG, Switzerland) on ice. The
homogenate was centrifuged and the collected super-
natant (WTE) was stored at 380³C until used. Pro-
tein concentration was determined by using the BCA
kit (Pierce Inc., USA). Due to technical problems
associated with handling larval ticks, the number of

ticks used to generate the starting crude homogenate
was not determined.

2.2. Skin test (induction of immediate hypersensitivity
reaction)

The skin test was carried out using Japanese white
rabbits expressing an apparent acquired immunity
against tick infestation. Acquired immunity to tick
infestation was induced by repeatedly feeding ticks
on rabbits up to four infestations. For skin testing,
rabbits were shaved on the £anks and 3^10 ml of
Evans blue dye (5 mg/ml) was injected intravenously
in the ear vein using a 24 gauge needle. Within 10
min of injecting the dye, test sample aliquots with
protein concentrations between 0.1 and 100 Wg
were injected intradermally into the shaved £anks.
For positive and negative controls, an aliquot of
the material loaded to the column or a blank (PBS
or diluent of the test antigen) were used respectively.
A positive skin test reaction representing induction
of an immediate hypersensitivity reaction was re-
corded with appearance of a blue spot at the injec-
tion site of the test sample. The results were recorded
within 15^30 min after injecting the antigen. During
our preliminary skin test experiments, we had ob-
served an increase of false positives when rabbits
were shaved shortly before injecting the dye. To re-
duce false positives, rabbits were shaved 12^18 h pri-
or to skin testing. Following the skin test, rabbits
were rested for 1^2 weeks for the dye to be com-
pletely cleared before being reused. Three rabbits,
two immune and one naive, were used for the skin
test.

2.3. Antigen puri¢cation

The antigen was puri¢ed using a combination of
ion exchange (IEC), reverse phase (RPC) and hydro-
phobic interaction (HIC) chromatographies. The
larval tick extract prepared as described above was
dialyzed against IEC starting bu¡er (20 mM Tris^
HCl, pH 8.0) overnight at 4³C. Approximately
260^780 Wg/run (2.6 mg/ml of total protein (10
mg)) of the dialyzed extract was loaded on to the
IEC column (1 ml RESOURCE Q, Pharmacia, Swe-
den). The column was equilibrated and washed with
starting bu¡er and materials bound to the column
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were eluted with a 0^100% linear gradient of 0.5 M
sodium chloride in the starting bu¡er at a £ow rate
of 1.0 ml/min. Protein elution was monitored by ab-
sorbance at 280 nm. The fractions were pooled per
retention time and used in the skin test. The skin test
positive fractions were concentrated by ultra¢ltration
using a Centrisart 1 spin-concentrator (Sartorious
GmbH, Germany) with s 10 kDa cut o¡ point
and subsequently subjected to RPC. The concen-
trated IEC fractions were dialyzed against distilled
water (H2O) overnight at 4³C prior to loading onto
a RPC column (TSK gel-5 PW, Tosoh Co., Japan).
The column was equilibrated and washed with 0.05%
tri£uoroacetic acid (TFA) diluted in H2O. The
bound proteins were eluted with a 20^100% linear
gradient of 80% acetonitrile/H2O (V/V)-0.05% TFA
at a £ow rate of 0.5 ml/min and fraction peaks were
monitored at 215 nm. RPC fractions were concen-
trated by lyophilization under vacuum and subse-
quently reconstituted in H2O before subjecting
them to the skin test. A partially puri¢ed skin test
positive fraction resulting from RPC was subjected
to HIC using the RESOURCE PHE HIC column
(Pharmacia, Sweden). The column was equilibrated
and washed with HIC start bu¡er (50 mM sodium
phosphate bu¡er, pH 7.0 containing 1.5 M
(NH4)2SO4) and eluted with a 0^100% linear gra-
dient of elution bu¡er (50 mM sodium phosphate
bu¡er, pH 7.0) with protein elution monitored at
280 nm absorbance. Routinely skin test positive frac-
tions of every puri¢cation step were analyzed by so-
dium dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) using 7.5, 10 or 15%
polyacrylamide gels essentially as described below.

2.4. SDS-PAGE-silver staining and immunoblot
analysis

Protein analysis by SDS-PAGE was carried out in
gels of 7.5,10 or 15% polyacrylamide gels essentially
as described elsewhere [12]. Silver staining was done
by using a kit according to the manufacturer's in-
structions (Daiichi, Japan). For Western blotting
analysis, the puri¢ed polypeptide was electrophores-
ed on a 7.5% polyacrylamide gel and electroblotted
to a polyvinylidene di£uoride membrane (PVDF,
Millipore, USA). The membrane was probed with
polyclonal anti-tick serum collected from rabbits ex-

pressing apparent immunity against H. longicornis
ticks. Positive signal detection was done with peroxi-
dase-conjugated goat anti-rabbit IgG in 3,3-diamino-
benzidine tetrahydrochloride and cobalt chloride di-
luted in PBS.

2.5. Amino acid sequencing

For N-terminal sequencing, 8 Wg of the puri¢ed
¢nal product in H2O was blotted onto the sequenc-
ing grade PVDF membranes (Immobilon-pSQ, Milli-
pore, USA), dried at room temperature and applied
to the automated amino acid sequencer (Applied Bio-
systems 476A, USA) according to the manufacturer's
instructions. For internal amino acid sequencing, ap-
proximately 15 Wg of the puri¢ed product in H2O
was lyophilized in a speed vacuum concentrator
(Taiyo, Japan). The lyophilized product was recon-
stituted in 50 ml of 100 mM NH4HCO3 bu¡er, pH
9.0 and digested with 0.5 Wg of modi¢ed porcine
trypsin (Sequencing grade, Promega, USA) overnight
at 37³C. The trypsin digests were applied to a reverse
phase C18 column (Syncrom Inc, USA) for peptide
isolation. The column was equilibrated with 0.06%
TFA and eluted with a 10^60% linear gradient of
80% acetonitrile/0.06% TFA in H2O at a £ow rate
of 0.06 ml/min. Peptide peaks were collected and
subjected to automated sequencing (476A, Applied
Biosystems, USA) according to the manufacturer's
instructions. The obtained amino acid sequences
were used to search the protein database for similar-
ity comparisons with other known proteins.

3. Results

3.1. Antigen puri¢cation and Western blotting
analysis

Induction of skin hypersensitivity reaction was in-
dicated by a blueing reaction at the site of injection
of the test material. Fig. 1A^C summarizes puri¢ca-
tion of the antigen, subsequently referred to in the
text as p84. As shown in Fig. 1A, eight of the 15 IEC
fractions were skin test positive and mostly eluted
between 16 and 28 min of retention time. Following
concentration by ultra¢ltration and dialysis against
water as described in Section 2, except IEC fraction
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no. 7, the other fractions did not yield any skin test
positive fractions when applied to the RPC column.

Out of the 14 RPC fractions of IEC fraction no. 7
(Fig. 1B), fraction no. 6 which eluted at 29 min re-
tention time was skin test positive. When subjected
to SDS-PAGE and silver staining, the RPC skin test
positive fraction showed a predominant 84 kDa band
but appeared partially puri¢ed. Of the ¢ve HIC frac-
tions shown in Fig. 1C, fraction no. 3 at 19 min
retention time gave a skin test positive response
when injected intradermally in rabbits expressing an
apparent immunity against tick infestation but not in
naive rabbits. SDS-PAGE and silver staining analysis
of the skin test positive fraction showed a single 84
kDa (p84) band indicating that it had been puri¢ed
to homogeneity (Fig. 2). Approximately 50 Wg of

puri¢ed p84 was obtained, representing 0.5% of the
starting 10 mg of crude total protein. On the immu-
noblot of the puri¢ed p84 probed with rabbit anti-
tick immune serum, no positive signal was detected
with peroxidase-conjugated goat anti-rabbit IgG (re-
sult not shown).

3.2. Amino acid sequencing and comparison to
database proteins

The N-terminal amino acid sequencing was insig-
ni¢cant possibly due to a N-terminal blocking. The
puri¢ed p84 was subjected to an overnight trypsin
digestion and peptides isolated as described in Sec-
tion 2. As shown in Fig. 3, four peptide peaks were
isolated and loaded to an automated amino acid se-
quencer. Peptides, P2 and P4 gave signi¢cant amino
acid sequences shown in Fig. 4a,b, while peptides P1
and P3 did not yield any signi¢cant amino acid

Fig. 2. SDS-PAGE analysis of puri¢ed p84. Discontinuous re-
ducing SDS-PAGE and silver staining of the skin test positive,
HIC fraction number 3. A portion of the HIC skin test positive
fraction was mixed with 2USDS-PAGE sample bu¡er and elec-
trophoresed on a 7.5% acrylamide gel. Gel staining was done
using a silver staining kit. Mr = molecular mass markers (Bio-
Rad, UK), Lane 1 = crude tick homogenate, lane 2 = ¢nal prod-
uct, lane 3 = empty.

Fig. 3. Peptide isolation. Elution pro¢le of the p84 protein tryp-
sin digest applied to reverse phase HPLC C18 column for pep-
tide isolation. P1^P4 = peptide fractions subsequently subjected
to amino acid sequencing, EG = elution gradient.

Fig. 1. Antigen (p84) puri¢cation by IEC, RPC and HIC. The
elution pro¢le of (A) whole larval tick extracts applied to an
ion exchange 1 ml RESOURCE Q column. Approximately
260^780 Wg/run was loaded to the column per run. (B) IEC
fraction number 7 subjected to RPC using the TSK-GEL 5PW
column. (C) The partially puri¢ed skin test positive fraction re-
sulting from RPC subjected to HIC using the RESOURCE
PHE column. 3= skin test negative fractions, + = skin test posi-
tive fractions. EG = elution gradient, fraction peaks are num-
bered.
6
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peaks. Based on the amino acid repetitive yields,
s 13.3 pmol of P2 and s 10. 6 pmol of P4 were
subjected to sequencing. On comparison of these
peptide amino acid sequences to known proteins on
the SWISS-PROT database, a 7 residue motif,
ISGWGNT present in P2 appeared conserved among
all known trypsin-like serine proteinases from both
vertebrates and invertebrates (Fig. 4a). Additionally,
as shown in Fig. 4b, a 7 residue motif, HVPAGQI
present in P4 showed homology to an ATP-binding
protein of E. coli.

4. Discussion

The present study describes puri¢cation and char-
acterization of an 84 kDa trypsin-like serine protein-
ase capable of inducing an immediate hypersensitiv-
ity reaction in rabbits sensitized to tick feeding. The
¢nal product was puri¢ed to homogeneity as shown
by SDS-PAGE and silver staining analysis. Follow-
ing ultra¢ltration on a membrane with s 10 kDa cut

o¡ point, the majority of the skin test positive peaks
from IEC did not yield any skin test positive frac-
tions when subjected to RPC. This may suggest that
the molecular mass of the active molecules in these
fractions could have been less than 10 kDa and thus
were ¢ltered out during the concentration step. Addi-
tionally the active molecules which eluted the IEC
column could have been irreversibly bound to the
RPC column and hence did not elute. While avail-
able data may be insu¤cient to make a de¢nitive
conclusion, evidence from comparison of the ob-
tained peptide amino acid sequence to protein se-
quences on the database may suggest that the puri-
¢ed p84 reported in this study possibly belongs to a
class trypsin-like serine proteinases. The serine pro-
teinase family is one of the most conserved class of
proteins across many species and involved in media-
tion of several key physiological functions such as
the vertebrate coagulation cascade, nutrition, fertil-
ization and development regulation [13,14]. Despite
the lack of baseline information with regard to the
role of serine proteinases in the biological success of
ticks both as vectors and pests, there is abundant
compelling indirect evidence that makes members
of the serine proteinase gene family appealing as tar-
get antigens for a tick vaccine. For example, addition
of serine protease inhibitors such as soybean trypsin
to a blood meal inhibited egg production up to 71%
in Stomoxys calcitrans [15]. In a related study, Elvin
et al. [16] have indicated that inclusion of low levels
of serine protease inhibitors such as soybean trypsin
or ovomucoid in the blood meal can either kill Hae-
matobia irritans or inhibit egg development, while
Casu et al. [17] have also observed a reduced growth
rate of Lucilia cuprina larvae when they were fed in
vitro with soybean trypsin inhibitor. Vaccination of
cattle against Hypoderma lineatum with a puri¢ed
serine protease stimulated a strong cellular and hu-
moral immunity leading to 95% protection of cattle
against H. lineatum infestation [18]. In another study
Bowles et al. [19] showed that host plasma protease
inhibitors can reduce the growth rate of sheep blow-
£y, L. cuprina larvae in vitro, suggesting that the
secretory/excretory proteinases of L. cuprina may
be of special signi¢cance in initiating wounds. The
possibility that P2 is derived from porcine trypsin
which was used for digestion of p84 is ruled out,
because after the conserved 7 residue motif, the P2

Fig. 4. Similarity comparison of P2 and P4 amino acid sequen-
ces to known proteins on the SWISS-PROT database. The ami-
no acid sequences P2 (a) and P4 (b) were used to search the
SWISS-PROT database for homology to known proteins. Iden-
tical residues are boldface.
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amino acid sequence had very few or no identical
residues to porcine trypsin or any of the other mam-
malian trypsins. It will be interesting to obtain the
entire primary structure of p84 in order to establish
its identity.

Similar molecules capable of inducing immediate
hypersensitivity reaction in tick resistant hosts have
been puri¢ed from other ticks species. Physiochemi-
cal approaches were used to identify and purify four
antigens from Boophilus microplus extracts including
a 30 kDa, an esterase with carbohydrate splitting
activity [20], 60 kDa allergen 1, an esterase [21], 24
kDa allergen 2 [10] and an 18 kDa, a trypsin enzyme
inhibitor [22]. In another study, Gill et al. [23], iso-
lated from Hyalomma analoticum analoticum three
glycoproteins antigens I (130 kDa), II (103 kDa)
and III (96 kDa) which were reacted by anti-H. ana-
loticum rabbit immune serum on immunoblots and
induced skin hypersensitivity reaction in tick resist-
ant rabbits [24^26].

The fact that the puri¢ed product did not induce
skin hypersensitivity reaction in rabbits naive to tick
infestation indicated that p84 was speci¢cally recog-
nized as an immunogen in rabbits that were primed
against tick feeding. However no positive signal was
detected on p84 blots when probed with rabbit anti-
tick immune IgG which may suggest that p84 is cap-
able of inducing the skin hypersensitivity serum but
not IgG production. Studies to clone and express the
p84 cDNA in vitro are in progress in order to eluci-
date its (p84) biological function and its possible use
as a tick vaccine candidate.

Acknowledgements

This project was supported by research grants
from the Ministry of Education, Science, Sport and
Culture of Japan and Bayel Japan Co. Ltd.

References

[1] B.R. Ferreira, J.S. Silva, Saliva of Rhipicephalus sanguineus
tick impairs T cell proliferation and IFN-Q-induced macro-
phage microbicidal activity, Vet. Immunol. Immunopathol.
64 (1998) 279^293.

[2] Food and Agriculture Organization (FAO), Year book pro-
duction, Rome, 1994.

[3] J. Nolan, Acaricide resistance in single and multi-host ticks
and strategies for control, Parasitology 32 (1990) 145^153.

[4] K.N. Rand, T. Moore, A. Sriskantha, K. Spring, R. Tellam,
P. Willadsen, G.S. Cobon, Cloning and expression of a pro-
tective antigen from the cattle tick Boophilus microplus, Proc.
Natl. Acad. Sci. USA 86 (1989) 9657^9661.

[5] D. Adamson, B.H. Fivaz, T.N. Petney, Acquisition of resis-
tance to the bont tick Amblyomma hebraeum (Acarina: Ix-
odidae) by goats, Vet. Parasitol. 38 (1991) 317^326.

[6] J.R. Allen, D.H. Kemp, Observations on the behavior of
Dermacentor andersoni larvae infesting normal and tick re-
sistant guinea pigs, Parasitology 84 (1982) 195^204.

[7] H. Ushio, N. Watanabe, Y. Kiso, S. Higuchi, H. Matsuda,
Protective immunity and mast cell and eosinophil responses
in mice infested with larval Haemaphysalis longicornis ticks,
Parasite Immunol. 15 (1993) 209^214.

[8] J.E. George, R.L. Osburn, S.K. Wikel, Acquisition and ex-
pression of resistance by Bos indicus and Bos indicusUBos
Taurus calves to Amblyomma americanum infestation, J. Par-
asitol. 71 (1985) 174^182.

[9] W. Trager, Acquired immunity to ticks, J. Parasitol. 25
(1939) 57^81.

[10] M.G. Binta, M.P. Cunningham, Cutaneous responses of cat-
tle to extracts from Rhipicephalus appendiculatus larvae, Vet.
Parasitol. 15 (1984) 67^73.

[11] J.R. Walker, J.D. Fletcher, Skin tets to detect resistance of
cattle to Rhipicephalus appendiculatus ticks, Med. Vet. Ento-
mol. 4 (1990) 321^325.

[12] P. Willadsen, P.G. Williams, J.A. Roberts, J.D. Kerr, Re-
sponses of cattle to allergens from Boophilus microplus, Int.
J. Parasitol. 8 (1978) 89^95.

[13] A. Mulenga, C. Sugimoto, Y. Sako, K. Ohashi, A. Musoke,
M. Shubash, M. Onuma, Molecular characterization of a
Haemaphysalis longicornis tick salivary gland-associated 29-
kDa protein and its e¡ect as a vaccine against tick infesta-
tion in rabbits, Infect. Immun. 67 (1999) 1652^1658.

[14] E.J.L. Soulsby, Helminths, Arthropods and Protozoa of Do-
mesticated Animals, Bailliere Tindall, London, 1986.

[15] U.K. Laemmli, Cleavage of structural proteins during the
assembly of the head of bacteriophage T4, Nature, (Lond.)
22 (1970) 680^685.

[16] H. Neurath, Evolution of serine proteolytic enzymes, Science
224 (1984) 350^357.

[17] H. Neurath, The versatility of proteolytic enzymes, J. Cell.
Biochem. 32 (1986) 35^49.

[18] G.E. Spates, Fecundity of the stable £y: e¡ects of soybean
trypsin inhibitor and phospholipidae A inhibitor on the fe-
cundity, Ann. Entomol. Soc. Am. 72 (1979) 845^852.

[19] C.M. Elvin, V. Whan, P.W. Riddles, A family of serine
protease genes expressed in adult bu¡alo £y (Haematobia
irritans exigua), Mol. Gen. Genet. 240 (1993) 132^139.

[20] R.E. Casu, J.M. Jarmey, C.M. Elvin, C.H. Eisemann, Iso-
lation of a trypsin-like serine protease gene family from the

BBADIS 61942 19-5-00

A. Mulenga et al. / Biochimica et Biophysica Acta 1501 (2000) 219^226 225



sheep blow£y Lucilia cuprina, Insect Mol. Biol. 3 (1994) 159^
170.

[21] R.W. Baron, D.D. Cowell, Mammalian immune responses
to myasis, Parasitol. Today 7 (1991) 353^355.

[22] V.M. Bowles, J.P. Feehan, R.M. Sanderman, Sheep plasma
inhibitors in£uencing protease activity and growth of Lucilia
cuprina larvae in vitro, Int. J. Parasitol. 20 (1990) 169^174.

[23] A.F. Geczy, M.A. Naughton, J.B. Clegg, R.W. Hewston,
Esterases and carbohydrates splitting enzyme in the saliva
of the cattle tick Boophilus microplus, J. Parasitol. 57
(1971) 437^438.

[24] P. Willadsen, P.G. Williams, Isolation and partial character-
ization of an antigen from the cattle tick Boophilus micro-
plus, Immunochemistry 13 (1976) 591^597.

[25] P. Willadsen, A.G. Riding, Characterization of a proteolytic
enzyme inhibitor with allergenic activity; Multiple functions
of parasite derived protein, Biochem. J. 177 (1979) 41^47.

[26] H.S. Gill, R. Boyd, C.A. Ross, Isolation and characteriza-
tion of salivary antigens from Hyalomma analoticum analo-
ticum, Parasite Immunol. 8 (1986) 11^25.

BBADIS 61942 19-5-00

A. Mulenga et al. / Biochimica et Biophysica Acta 1501 (2000) 219^226226


