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RBackgrourn Invention

Field of the Invention

[OO01] The invention relatses methods to contre

[
Y

tick infestations in treated non-bovine animals,

domestic doygs, which further protects the animals

transmission of tick-borne pathogens. Vaccine

are prepared from bthe aguaporin preotein from ths
Rhipicephalus microplus, or from a nucleic acid

encodi

comprising a nuclsic acid sequence ng this

protein.

of the Prigr Art

[C002] Ticks pose a significant he

TICE
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TO ELICIT A

V{

EN TRANSMISSTON

L and prevent
including

against the

compositions

catthle tick,

o0

r1

ns T

'Jl

Cruc

aguaporin

alth and

walfare of warnm-blocded a a8 for a lazge
number of pathogenic agents, inciuding protozoan parasitss,
Viruses Frown dog tick,
Rhipi resexrvoly and vectox
¢f canine shriichiosis, a lethal disease causad by the blood-
borne intracellular bacterial pathogen, Ehrlichis canis, and

canine babesigssis, caused by the intraerythrocyhi

¢ protozoan

pavasites Babesia canis and Sabesia gilbzoni. Canine
ghrlichicsis occurs throughout the world and is sndemic in the
United States, infecting dogs of all breeds and agess. £ats
and humans may be infected with B, canis as well, The brown
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dog tick can also transmit Rocky Mountain spotted fever to
humans. Ticks are alsc carriers of a number of other common
tick-borne infecticus disease agents such as tick-borne
encephalitis virus, Crimean-Congno hemorrhagic fevexr wvirus,
Nairebhi sheep virus, Borrelia burgdorferi (the agent of Lyme
disease); Theileria parva {(the agent of East Coast fever}, and

parasites of the genus Babesig {including the agsnis of

f

babesiosis or cattle fevar in bovine), as well as otherx
injurious effects that have major impacts in human and

veterinarsy ¥ medicine.

{00033 Presently, efforts to contrel these pests have
primarily relised upon the use of pesticides. However, an
inovease in the resistance of hicks to approved acaricides and
insecticides threatensz sfforta to controel these pests in the
U.8. and elsewhere.
{0004} As a result of the spread of pesticide~resistant
strains of these and sther ticks and flies, there is a growing
need to develap ilmproved tools for theilr contrel. Attempis
have been made to use ilmmunclogical means of contrel through
vaccine technology. Some success has been wmel in identifving

certain protectivs

potential vaccine candidates, but only a few have as yel come

to commercial fruition, most notably the BMBS vaccine for the

cattle tick Rhipleephalus {(Boophilus) microplus. Despite

A

these developments, Shere is nonetheless a continuing nesd for

arthropod parasite

and in particulary for s wvaccins

wding the brown dog tick.

st

which may be used against ticks, inc

ummary of the Invention

[0005]

discoveresd that compositions of either Ul

from the ost

aguaporin tick, Rhipicephalus

i
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microplus, or a nucleic acid construct incorporating a nu
acid sasguence encoding this aguaporin protein, are effectiva
for eliciting a protective immune response against other tick
spacies in non-bovine aniwals. The R. microplus aguaporin
protein is antigenic and can be administered as a protein
vaECiﬁe, or in the alternative, the nucleic acid construct can
e utilized as a DNA vaccine. In this later ewbodimeni, the
nucleic acid constructs are administered to a subjsct animal
such that the aguaporin protein is expressed in vivo within

the nells of the vagoinated animal. Induction of the immuns

reasponse significantly reduces or eliminates the infestation

of treated, non-bovine animals with ticks other than the

T

r
cattle tick, marticularly the brown dog tick, Rhipicephalus
sanguineuz. Moreover, as ticks arve vectors of a variety of
pathagenic agents, the reduction in the incidence of tick
infestation afforded by the vascines may concurrently reduce

t

rgs

e incidence of diseasss caused by these pathogenic agents in

susceptible anlmalis.

[0C086] in accordance with this discovery, it 1s an object

of this inveanticn te provide protective vaccines againsit hicks
other than the cattle tick, R. microplus, in non-bovise

animals.

[0Q07]

of the invention is to provids
e

control and prevent infestations with

-+
'_I
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.:’—;
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w

n the cattle tick, and in

animals differant from hovine.

{ooo8] A further obiescht of ths inventicn is tso provide
protective vaccines agalnst the brown dog tick, R. sanguinsus,

in arnimals.

8]
o

[0009] Yet another objisct the invenilon is o provids

proteciive vacclnes again the brown dog tick

s
s
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i
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i
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@
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in companlion animals, inciuding desr, horses, domestic dogs

and cats.

[0010] Still other object of the invention is to provids
protective vaccines that control and prevent animal
infestations with ticks, and thereby reduce or eliminate thes

incidence of diseases caused by pathogenic agents carried by

{00117 3till ancther obhbiject of the invention is to provide

P

protective vaccines that control and prevent canine
infestations with the brown dog tick, R. sanguineus, and
thereby reduce or eliminate the incidence of canine
ehrlichipsis caused by Ehriichia canis, and canine babesiosis

cauvzed by the protozoan parasites Babeslias canis and Babesia

b

=

LS

gibso

{0012] Cther cbiects and advantages of this invention will

hecome readily apparvent from the ensuing description.

Brief Description of the Drawings

[0G13] Figure 12 shows the amino acid seguence

o
ry
2
[
bt
=
=
L
’e

1} of the fragment of the aguaporin protein, Contig 12018,

o~ .

from R. microplus. Figurs

£l

descoribed herein which was isoclate

—

1B shows the amino acld sequence (580 XD NO: 2) of the
agquaporin protein fragment as cloned into and produced by

Pichia pastoris expression vector pPICZalphald as described in

[

Guerrero et al. {U.S patant apglication serxial no. 13/479,48%,

filed May 24, 2012). The amino acids of the tick aquaporin
tein are underlined {amino acids %2-29%0 of SEQ ID NO: 2},

while extra amino acids rnot of tick origin but from the vectoy

are not underlined {amino acids 1-91 and Z%1-317 of SEQ ID NO:

2y, Pigure 10 shows the amino acid seguence (SEQ ID NO: 3} of

=
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the agquaporin protein fragment as cloned into and produced by
the DNA vaccine expression vechkor pcDNA4dmycHis € as describsd
in Guerrero et al. The amino acids of the tick aguaporin
protein are underlined {(amince acids 1 and 3-1%8 of 38Q ID NO:
3), while =substituted/extra amine acids not of tick origin are
not underlined {aminc acids 2 and 199-226 of SEQ ID NG: 3}.
although the substituted/extra amino acids are not of tick

origin, they are present in the struciture of the final probesin

,‘
=

product used in the vaccine in the Exsmple

[0014] Figure 23a shows the nucleotide seguence {SEQG ID WO

5) of the cbDNA from R. microplus sncoding the isolated

&

aguaperin protein {ragment of Figure 1A and includes an

i

ntranslated 5%’ region. The translated region coding for the
isolated aquaporin protein fragment of Figure 1A iz underiined
and corresponds to nucleotilides 348-347 of the ssquence.

Figure 28 shows the aguaporin nucleotide seguence (8ED ID NO:
6} as cloned inbte P. pastoris expression vector pPiChalphal as

desoribed in Guerrero ef ai. The underlined sseqguen

inucleotides 274-870) correzponds to the nucleoiide ssquence

0
rh
T
o
o
0
3
&
:,.I
ot
%é
-
T
£
0
)
o0

Figure 2A abowve except that the three
37 teyminal nucleotidss have bsen removed. The nucleotide

sequaence shown includes extra, optional vectov-provided

-1
i

nucieotides (nucleotides 1-273 and 871-95%4, not underlinsd)

which code for the extra amino acids not of tick origin.

~r Y
Ny

Figure 20 shows ths agquaporin auclectide seguence (SEQ 1D NG

Ty oas cloned into the ONR sxprsssion vector pcliBdmycHiz C asm
described in Guerrero e&f al. The underiined sequernce
inuclectides 4-5%98) corrasponds to the nuclectide seguence of
the coding reglon of Figure ZA asbove except that the sscond
coden triplet has been changed fyom AAG to GAG, and the five
37 tarminal nucleoctides have been removed. The nucleotide
sequence shown includss extra, optional DVNA vaccine expressiaon

vector-pyovided nucleotides {1-3 and 5%9-684, not underlined)
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of which the 5’ terminal nuclectides code for the extra amino
acids not of tick origim. The nucleotide sequence
corresponding to nucleotides 4-598 of SEQ ID NO: 7 is also
presented as SEQ ID NO: 8 (wherein the extra nucleotides from

the DNA vaccine expression vector ave not included).

{00153 Figura 3 shows a nuclectide seguence (SEQ ID NO: 9)
encoding the isolated aguaporin protein fragment of Figurse 12
wherein the translated or coding region of the nucleotide
sequence of Figure 23 (nucleotides 348-942) has been optimized

to enhance translation in P. pastoris.

[o01l€] Pigure ¢ shows the molting success of R. sanguineus
ticks capillary fed pooled blood trestments as described in

Example 1.

Definitions
The following terms arve emploved hersin:

[0017] Cloning. The selection and propagation of {a)
genetic material from a single individual, (b} a veghor

containing one gene or gene {ragment, or {¢] a single organism

containing one such gene or gene fragment

N

(00183 Cloning ¥ector. A plasmid, wvirus, retrovivus,
pactariophage or nucleic acid sequsnce which is able to

~

L

ort

replicate in a host cell, characterized by one or a SMaJ
number of restricticn endonuclease recognition sites abt which
the sequence may be onf in a predetermined fashion, and which

containg a marker suitable for uss in the identifiication of

cells, e.g., uracll utilization, tetracyclins

resistance, ampicillin resistance. A

)

may not possess the features necesgary fog it to operate as an

axprassion vechor.

[23]
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[0019] Codon. A DNA sequence of thrse nucleotidss {a
triplet) which codes (through mRNA) for an amino acid, a
transiational start signal, or a translational termination
signal. For example, the nucleotide triplets TTA, TTG, CTT,
~, CTA, and OTG encode for the amino acid
TAG, TAA, and T3A are translational stop signals, and ATG is a

translational start signal.

[0020] Complament or Complementary Segquence. The product
of complementary base pairing in which purines bond with
pyrimidine as it occurs in the two polynucisotidse chains of
DNA {adenine with thymine, guanine with cytosine} and betwsen

ONA and messenger RNA nuclestides during btranscription.

{6021} DNA Coding Sequsnce. A DNA seguence which is
transcribed and tranzlated into a polypeptide in vivo when
placed under the control of appropviate regulatory sequences.
The boundaries of the coding seguence are determined by a
start codon at the 5 {amince) terminus and s translaticn stop
codon at the 3°' (carboxy) terminus. A coding ssgusnog Can
include, but is not limited bto, prokaryotic ssguences aad cDNA
fram eunkaryotic mRNA. A polyadenylation signal

transcription termination ssquence will gszually be located 37

to the coding sequence.

[0022] DHA Seguence. A lineay series of nu icleotides

t

conpnected gne to the other by phosphodisster bonds betwsen the

3' and 3' carbons of adjacent pentosss.

{0023] Fupression. The process undergone by a structural

gens to produce a polypeptide. EHupression requires both

d
]
wm
=
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;
gy
e
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=
et
&
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14
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e
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]

{00247} Txpression Vector. A& replicon such as a plaswmid,
virus, retrovirus, bacteriophage, or nucleic acid sequence
which is able to replicate in a host cell, charvacterized by a

7
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restriction endonuclesse recognition site at which the
sequence may be cut in a predetermined fashion for the
insertion of a heterologous DNA sequence. An expression veotor
has a promcoter positioned upstream of the site at which the

DNA

sequence is cut for the insertion of the heterologous I

il

sequence, the recognition site being selected so that the
promoter will be operatively associated with the heterologous
DNA sequence. A heterclogous DNA seguence is "operatively
associated” with the promoter in a cell when RNAR polynerase,
which binds the promoter seguencs transcribes the coding
sequence into mRMNA which is then in turn translated intc the

protein encoded by the coding seguence.

{6025} Fusion Protein. A protein produced when two
heterologous genes or fragments thereof coding for twe
different proteins not found fused together in nature are
fused together in an azpression vector. For the fusion

protein to correspond to the separate proteins, the

DNA secusncss rmust be fused togethey in correct Lra
1 e

reading frame.

{0026} fene. A segment of UNA which encodes a spescific

protein or polypsptide, or RNA.

[0027] Genome. The entire DNA of an ovganism. It
includes, among other things, the structural genss encoding
for the polypsptides of the szubstance, as well as operator,

promotay and ribosome binding aad Interactlion sequences.

{0028} Heterologous DNA. A DNA segusnce inserted within or
connected to another DMA szequence which codes for polypeptides

not coded for in nature by ths DNA seguen to which it is

f,')
]

3

Allelid

[

JO

§ 18
3

variavions or naturally occurring mutational

:,,u
perd

¢
SR

events do not give rise £o a heterologous DNA segquence as

defined herein.
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foo29] Hybridization. The pairing toge!

fD

ther or annealing of
singlie stranded regions of nucleic acids to form double-

strandad molecules.

[0030] Nucleotide. A monomeric unit of INA or RNA
consisting of a sugar molety ({(pantass}, a phogphats, and a
nitrogenous hetesrocyclic base. The base is linked to the
sugar moliety via the glycosidic carbon (1' carbon of the
pentose) and that combination of base and sugar is a
nucleosids. The base characterizes the nucleotide. The four
N2 hases are adenine ("A"™), guanine {"G"}, cytosine ("I%),

and thymine ("T"). The four RHA bases are &, &G, {, and uracil
( “U‘!}

{0031] Phage or Bacteriophage. Bacterial wirus many of
which include DNA seguences encapsidated in a protein envelops
or coat ("capsid"). In a unicellular organism, a phages may be

introduced by a process callsd

[0032] Flasmid. A non-chromosomal double-stranded DNA

sequence comprising an latact "

hat the plasmid

t
is ated in a host gell. When ths plasmid is placed

28]

e

within a unicellular organism, the characteristics of that

organism may be changed or transformed as a result of tThe DNA

of the plasmid. A A

s
P
T

transformed by a plasmid is call

"transfoxmant™.

[0033] Yolypeptide. A linear series of amiwno acid:

'._C'

connected one to the other by peptide boands betwesen the alpha-

amino and carhomy groups of adjacent aming acids

(603241 Sromoter. A DNA sequence within a larger DNA
seguence defining a site to which ENR polymerase may bind and

initiate transcription.
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[0035] Feading Frame. The grouping of codons during

translation of mRNA inte amino zcid sequences. During
translation the proper reading frame must be maintained. For
example, the DNA ssquence may be iranslated via mRN¥A into
three reading frames, each of which affords a different amino

acid seguence.

[0036] Recombinant DNA Moleculie, A hybrid DNA segusnce
comprising at least two DNA sequences, the first seguences not

nermally being found together in nature with the sscond.

[6037] Ribosomal Binding Site. & nucleotide szeguence of
mRNA, coded for by a DNA secquence, to which ribosomes kind so

that translation may be initiated. A ribosomal binding site

(&

is required for efficient transiation to occur. The DNA
seguence coding for a ribosomal binding site is positioned on

a larger DNA sequence downstream of a promoter and upstream

[G0381 Start Codon. Also called the initiation codon, iz

the filrst nmENA triplst to be translated during pretelin or

paphtide synthesis and immedlately precedes the structural gene

being transiated. The start codon is usvally AUG, but may

f0039) Stringsnt Hybridizaticon Londitions. The fewm
"stringent conditions” or "stringent hybridization conditions”
ingludes refersnce to conditilons under which a probe will
hybridize to its target ssguence, to a detectably greaterx

3

degres bhan o other sequences {e.g., at least Z2-fold over
hackground) . Stringent conditions are zequence-dependent and
will differ in differsst clroumstances. By controlling the
stringency of the hybridization and/or washing conditions,
target segquences can be identified which are 0%

complementary to the prebe (homelogous probingd .

16
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Alternatively, atringency conditions can be adjusted to allow
some mismatching in segusnces so that lower degrees of
similarity are dstected {hetevologeous preobing). Generally, a
probe is less than about 1000 nuclectides in length,
optionally less than 500 nucleotides in length. Typically,
styringent hybridization conditicns comprise hybridizétibn in
50% formamide, 1 ¥ NaCl, 1% SDS at 42°C, and & wash in 0.1xSSC
at 50 to £5°C. It is also understood that due to the advances
in DNA PCR and sequencing approaches that issues of gens
identity and homology may be determined by sequance based

rather than hybridization approsches.

{00403 Structural Gene. A DNA sequence which encoedes
through its vemplate or messsngey RNA (mBRNA} a saguence of

aming aclds characteristio of & specific polypeptide.

{00411 Substantially Pure. The ceondition of & compound,
such ag a protein or a nuclesobide, being cell fres or being

separated from other components that would interfere with orx
have & substantial gualitative effect on the achivity of the

compound or on & substrate on which the compound acts.

[0042] Transform. To change in a heritabls manner the

=

in response to DNA forsign to

been introduced inside the
cell wall ovy protoplast. Exogsnous DNA may or may not be
integvatad {covalsntly linked) to chromosomal DNA making up

for

the celi. In prokaryotes and some

example, the sxogenocus OMA wmay be maintained on an episomal
element =zuch as a plasmid. With respect to mesit eukaryvotic
cells, a stably transformed cell iz one in which the exogenous
ONA has been integrated inte a chromesome so that it is

inherited by daughtsr cells through chromosome replication.
t

tability is demonstrated by the ability of the
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eukaryotic cell te establish cell iines or clones comprised of

a population of daughter cells containing the exogsnous DNA,

[0043] Transcription. The process of producing mRNA from a

structural gene.

[0044] Translatlon. The process of producing a polypeptide

[C045] Vaccine. Vacocine is defined hereln in its broad
sensa Lo refer fo any typs of biclogical agent in an
administrable form capable of stimulating a protective immune
an animal inoculated with the waccine. For
purposas of this invention, the vaccine may compriss sither
one or more of the lmmunogenic (aniigenic} proteins or nuclelc

aoid constructs encodin

8
=
g
o)
i
o)

5
i)
L‘l
)
o
=
b
L}

Uetailed Description of the Invention

fQb4e} In the foliowing description, the nomenclature used
to define the proteins and peptides is that spegified by

0 et

Schvodeyr and Lubks ["The Peplhidss,”" Academic Pre

J‘J
N
alnd
o5
'l
L
.

wherein, in accordancs with conventiconal representation, the

N-tem

«inal appears to the l&ft and thes {~terminal to the
right. Whare the amine acld residue has isomeric forms, it is

the L-form of ths amino acid that is reprssented herein unless

olthierwise expressly

{0047} The immunogsnic protein which i3 utilized hereln is
an aguaporin protein fragment from the cattle tick, H.
micropius, This agquaporin protein fragment, as well az the
nucleic acid ssguences epcoding this agquarorin protsin, ars

desoribed in Gusryers et al., U.3 patent application serial

no. 13/479,486, filed May 24, 2012, the contents of which are

incorporatasd by refersnge herein. Guesrrero et al. also
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discloses that this ac arin protein fragment, and nucleic

kel

acid constructs comprising the nucleic acid seguence sncoding
this aguapovrin protein, may be used as vaccines te control and
prevent infestations of R. microplus in treated livestock,
inciuding bovines. We have now discovered that the same
aguaporin preotein from R. micreplus, aﬁd the nucleic acid
constructs incorporating the nuclelc acid seguence encoding

this aguaporin protein, are not only effective for eliciting

)]

protective immune Yasponse against the cattle tick in bovins
animals, bub also for eliciting a protective lmmune response
against other tick speciss in other, non-bovine animals. In
sarticular, we have discovered that the aguaporin protein ox
nucleic acld constructs are effective for =liciting a
orotective immune response against the brown dog tick, R.
sanguineus, in a variety of animals, prefexably deer
(inciuding white-tailed deexr}, horses, domestic degs and cats.
Moreover, without being limited thereto, it is snvisioned that
the aquapsrin protein or nucleic acid conmstructs ars effective
for eliciting a protective Jdmmune response agalinst othex

ticks, including ixodes holccyoius {Aust:

icus, I. hexagonus, I. canisuga,
Rhipicephalus turanicus, Dermacentor variabilis (American dog

vick!, D, andersoni, D. reticuletes, Amblyvomma ameriosnum

Py

wone star tick)y, A, maeculatum and Otokhius megnini.

g

[a048] The aguaporin protein fragment of the catitle tick,

R, micropius, has free from other

proteins or cell components which are normally pressnt in the
welis of the tick, such that the asguaporin grotein is the only
significant protein or peptide in the sample and may ba used

effectively as & vaogline, Morsg

wr, the protein has heen

produced in recombinant form as described in Guervere b al.
and herein below. The term “isclated” encompasses nobt only
profteins which have bean racovered from naturally occourring

13
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cells, but alzo recombinant preoteins and synthesized proteins.
The aguaporin protein fragments, including reccmbinants, arve
immunogenic, effective for eliciting a protective immune
response against ticks other than the cattle tick, which

re

@

spo

!1:
o

is madiated by humoral, i.e., antibodies, and/or

lwla

]
[

o processe

[0049] The isolated aquaporin protein fragment of H.

[

microp
shown in Figure 1A. The amino acid sequences of the isclated

h

us has been segquenced, and its amino acid seguence 1is

(o)
1
B

aguaporin proteln fragment correspends ho SEQ IR KO
isolated aguaporin protein fragment has a caloulasted molecular

weight of 21.2 kba based on the amino acid sequance.

Morecver, when tiizing recombinant proteins, the aguaperin

protein fragment may be modiflied te asszist clonlng in the

s
i
L

lectad vector, and the expressed protein may further include
ophioral, additional terminal amino acid seguencss from the
vectoy {(not of tick origin). ¥For example,
amine agid ssguence {SEQ ID NO: 2) of the
fragment as cloned into and produced by b

expreasion vector pPiCZalphal as dezcovihed

.

The underlined sequence of Figure 1B corresponds to the amino
acid sequence of Figurs 18, excepi that the C-terminal amias
scid (LY of the isolated fragmant has besn removed Lo asszist

b ek

gne inte the plasmid. The aming

o

g

ol

&

O

by

e

%

53

w g
f_.‘

g~

&

=

ot
[

s extra, opblonal amino acids from

the clonling vector. The amdne acids of the tick aguaporin

ot

protein are underlined {amino acids 92-29%0 of 3EQ ITD MO: £}

while the extra amino acids not of tick ovigin ave not

underlined {amino acids 1-%1 and
Figure 1C shows Lhe amine acid
agquaporin protein fragment as cloned into and produced by the

DBNA vacolines

114

Xpresaslon veo

in Guerrera =2t al. The underlined sequence correspounds to ths

14
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~

amino acid seguence of Flgure 1A above, except that aminc acid
2 has been changed (from K to E} and the two C~terminal amino
acids (¥L} of the iscolated fragment have been removed to

assist clening of the aguaporin gene inte the plasmid. Thus,

o

amino aclds 3-198 of 3SEQ ID NO: 1 are common to esch of the

aguaporin sequencas of Flgnlwm 14, B and €. The amino acig

seguence of Figure 1C also includes optional amine acids from

n vector. The amino acids of the

O

the DNA& vaccine e px:ss'
ote

tick aquaporin pr are underlined {awmlno acids 1 and 3-138

s

of SEQ ID NO: 3},

[

WL

et

e the changed/extra amino acids not of
tick origin are not underliined {(smino acids & and 199-228 o
SEQ ID NO: 3}, The amino acid segquencs corresponding solely
o amino acids. 1-198 of SEQ ID NO: 3 is alsoc presented as SEQ
ID NO: 4 {the extra aminc acids from the DNA vacoine

gxpression vector are not included).

[£O501 Tt is envisionsd that the R, microplus aguaporin

protein may be synthesized by any sultable wethoad well known

to those skilled in the axt of peptide synthessis, such as

exclusivaly solid-phase techniques, partial sclid-phase

vechnigues, fragment condensation, or classical salution

%

addition. For example, without being limited thereto,
suitabkle solution gphase synthesis methods are described by

Fian and Hoffman [In "Proteins, " Vol. 2, 3rd Ed., H. HNeursth

(187631, while solid phase synthesis wmethods are described by

J. Meilenhotfer {eds.), Zcademic Bress, WNew York, pp. 3-284

—
e
a4
ity
-~
o
-+
&
i
o+
]
e
=
j.J
o
1]

sciid phase synthesis methods are

described by Merrifield {J. Am. Chem. Soc., 85: 2149-2154

i

Wy
R

I‘\ X

£ ST peearet gnyr o e e e E el e
16331, the contents of each of which

by reference. However, ths protein 1

6]

orefervably by

far

]

recombinant DNA technigues which arve particularly

e uzg. Without being limited thereto, nucleotide

5

bt
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sequences encoding the protein wahich are pi eferred for use in

1“5

recombinant DNA techniques are described in detail below. The
synthetic protein may be obtained by transforming &
microorganism using an expression vector incliuding a promoter
or operator, oxr both, togsthex with the aguaporin structural
gene and causiné such transformed microorganisms to exEpres

the protein.

[0051] The gene encoding the agquaporin protein fragment of

R, microplus has also been isclated and its cDNA nucleic acid

sequences iz chown in Figure 2A. The nuclelc acid seguencs of
b

thea

t
b
511

i

nslated region of the NA encoding the aguaporin
protéin fragment corrvesponds Lo nucleotides 348-347 of SEQ ID
KO: 5. Figure 2A also includes an untranslsted ' reglion (nok
underiined). As used hersin, isclated nucleic acid seguences
refer to seguences which have been subshantially separated
from other nucleic acids or cell components which are normally

oresent in the cells of the tick, such that the asguaporin
& ¥ iy &

sample that can be used

host cell as ibhed below., The term encompasses nobt only
« T = =1 e . ~ ~ Y s o Fogrvge
racleic acid ssgquences which have been racovered fxom

naturaily cccurring cells, but also recombinant or clonsd

o5

nuclelo acid seguences, and synthesized nucleic acl
sequences. The nucleic acid segquences may bs recovared from
cells of R. microplus, for example, by constructing & genomic

DNA or oDNA library and screening for the agquapovrin probtein

acid using the disclosed seguences as probes

However, in a preferved embodiment, thse szeguences are
synthesized using technigues established
automated DNA synthesis or ampliiicatiocn.

nuclelc arx

of the aguaporin

S 3 = % - oy A - 3 E RE .
either or both of the coding strand or it

[
53]
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[0052] As noted above, the amino acid seguence of the
agquaporin protein fragment may be modified to assist cloning
in the selected vector, and may further include optional,
additional terminal amino acid sequenges from the vector (not
of tick ¢origin). Thus, the nucleic acid sequence may be
modified io reflect these changes. For example, Figure 2B
shows the aguaporin nuclsotide seguence (3EQ ID NO: &) as
cloned into the P, pastoris expression vectexr pPICZaliphad as
described in Guerrero ef al. The underlinsd sequence of

"'1\'?

Figure 28 (nucleotides 274-870) corresponds to the nuclestide

aguence of the coding region of Figure 2A above except that
the three 37 terminal rnucleotidess {(nucleotides 945-2347 of
CFiligure 27} have been remaved to assist cloning of the gene
inte the plasmid. The nucleotide seqguence shown includes
extra, optional vegtor-provided nucleotides {nucieotidaes 1-273
and 871-354, nct underlined) which code for the sxira amino
acids not of tick origin {amino acids 1-91 and 281-317 of SEQ
ID NO: 2). Figure 2C shows the agquaporin nucleotide sequences
(SRE0Q ID NG: 7 as cloned ipto the DNA expression wveghor
pebNAdmyoHis C as described in Guerresro et al, The undevilasd

sequence (maicleoctides 4-59%8%) corrvesponds Lo the nuclectids

i

equence of the canding vegion of Figurs 2A above except bhet

the sscond codon triplet (nucisotides 3531-2353 of Figure ZA4)

haz been changed from RAG to GAG, and the five 37 terminal

~ ~

~347 of Figure Z2A} have been

Lc/

nuclectides (nuclaoctides 243

o]

removed, Yo assizt cloning of the gene into the plasmid and
enhance translaticon. Thus, nucleoctides 354-9%42 of ZRQ ID NG:&

are common to each of the

Thr

wguapoerin coding sequences of
FPigures 2&, B and <. The nueleotide sequence shown includes
extra, optional ONA waccine expression vector-provided
aucleotides on both of the 37 and 5 zunds {1-3 and 59Y-684,
not underlined} of which the 37 terminal nuclesotides code fox

the szbtra aminoe acids not of tick origin {amino acids 200-2Z6
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of SEQ ID NO: 23. The nuclestide segquence corresponding to

Fh

nucleotides 4~598 of SEQ ID NO: 7 is also presented as SEQ 1D
NO: 8 {(wherein the extra nuclectides from the DNA vaccins
expression vector are not included). In addition, because of
the degeneracy of the genetic code, there exists a finite set
of nucleotide sequences which can code for a given amino acid
sequence. Conseguently, nucleic acids may be identical in
sequence to the sequence which is naturally occurring or they
may inciude alternative codons which encode the same amino
acid as thait which is found in the naturally occurring
seguence. Farthermore, nucleic acids may include codons which
represent conservative substitutions of amino acids as are

»11 known in the ayt. Moreover, because of the degensracy of
the genetic code, different species can preferentially use
different codons to code for the same amino acid and
significant differences in tREA abundance can exist.
Translation of recombinant proteins can often be enhancad by

ophbimizing codon usage to the preferred codons used by th

w

f

expression species. For example, in the yeast P. pastoris the

amino acid arginine is encoded by the nucleotlds triplset of
\GA approximately 10 timss wore freguently than by the

nuclestide triplet of CGG. Substitution of CGEG triplets with
8GE in & R. microplus protein coding region used in &

recominant

ot
[

sion system would be expected
ression levels. It is

lent sequences ave operabls

variants of ths disclosas rgquences, since all give rise to
the sams aguaporin protein {i.e., ths =ame amino acid
seguence) during in vive transcription and translation, and
are hsnce encompassed heresin. Without being limited thereto,
examples of codon-optimized ssquences which would ke guiltable

for enhancing translation of the aguaporin protein fragment in

in Figure 3. The sequence of Figure I
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[SEO ID NO: 9) corresponds to the translated or coding region
of the nucleotide segquence of Figure 23 (nucleotides 348-94Z)
which has been optimized to enhance translation in P.
pastoris. DNA sequences which contain significant sequence
similarity to the coding regions of the nucleotide sequence of
"88Q ID NO: 5 are also sncompassed by the invention. As
defined herein, two DNA sequences contain significant sequence

similarity when at least 85% (preferably at least 350% and most

praferably 95%) of the nuclecotides watch over the defined
length of the seguence. Ssquences that ares significantly
similar can be identified in a Scuthern bhybridization
experiment under stringent hybridization conditions as is
known in the art. See, for szample, Sambrook et al.,
“Molecular Cloning: A Laboratory Manual {2°° Ed.}, Voi. 1-3,
Cold Spring Marbor Laboratory, Cold Spring Harbor, WY, 1989,

or DNA Cloning: A Practical Approach, Vel. I and II (Ed. D. N.

Glover), IRL

{0053} Bny one or coambinations of the isclated cDNA nucleic

scid seguencass sncoding the R, microplus aguaporin protein may
b = fu ) & 3

w

g
6]
p]

cioned into any suitable vector for subsseguent uss as
either a DNA vaccine or for the production of recombinant R.
micreplus agquaporin protein. For use as a DNA vaccing, the
rucleic acid constructs comprising the sucleic acid seguences
encoding the R. microplus aguaporin proteln ave administered
vo a subject animal such that the protesin is expressed in vivo
‘he cells of the vaccinated animal. Similariy, where
the obiect is the production of recomblnant protsin, the
nucleic acid constructs are used for the transformation of a
microorganism and causing such transformed microorganism to

express the protein in wvitro.

f00584] A variety of wvectors are suitable for use hereln,

and are selectsd to be operable as cloning vecto or

[
A3
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rq

selectad ho:

Ua

]“

t cell, although

expression vectors in the
preferred. Numerous vechors are Xnown

ﬁ}(pr@balon vectors are

aki.

”

to practitioner: 1ad in the art, and selection of an

'J)

appropriate vector and host cell is a matter of choice. The
vectors may, for example, be bacteriophage, plasmids
fincluding linearized or circular plasmids), viruses ox
hybrids thereof, such as those described in Sambrook et al.

£
(ibid}y or Busubsl ef al. {Curvent Protocols in Maoleculax

s

Biology, John Wilsy & Sons, Ine, 1995), the contents of each
of which are herein incorporated by reference Further, the
vectors may be non-fusion vectors (i.e., these producing the
proteins of the invention not fused to any heterologous
volypeptide), or alternatively, fusion vectors {i.e., those
producing the proteins fused Lo a vector en woded polypsaptide).
The fusion proteins would of course vary with the particular
¢ector chosen. In accordance with a preferred embodiment, and
pavticularly for applications as DNA vagoinea, the veotors are

smids

.’.',

‘.3)

eukaryntic expression vectovs, most preferably pi

1

articularly preferred plasmids for use herein include

plasmids commsrcially available from Invitrogen lac.,

o]

Carishad, CA for both the DNA vaccine and recombinant proteis

vaocoing protocols The pebMd 4/mye 5.1 kk vectors ars

production of recombinant proteins ia
mammalian cells. This plasmid contains & human
sytomegalovirus immediate-early (CMV) promoter for nigh-ievel
expression, a c-myc epitope and 6XHis metal-binding peptide
or facilitating protein purification and verification,
and a Zeoccin antibiotic resistance marker gene coding reglon
for selection purposss. The preferred plasmids used to
produce recoshinant protein are the pPICE and pPICZa from
tnvitrogsn Inc. Roth plasmids contailn the AQXI gsne promoter
for methanol-inducible high-level expression in Pichia

pastoris, a c-myc epltope and 6XHis metal-binding peptide tag

29
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for facilitating protein purification end verification, and a
zeocin antibiotic resistance marker gene coding region for
selection purposes. The pPICZa also contains a native

1
A e

Saccharomyces cerevisiae a-factor secretion signe

S.d

[0055] Regardless of the specific vector utilized, various
sites may be selectad for insertion of the isolated pucleotide
seguences. These sites are usually designated by the

restriction enzyme or sndonuclease that cuts themw.

ey

00581} The particular site chosen for inserticon of the

]

selected nuclisotide sequences into the vector to form &

g

recombinant vector is determined by a variety of factors.

These include size and structure of the protein to be

expressed, susceptibility of the desired protein to enzymatic

degradation by the host cell compuonents and contamination by

its proteins, expression characteristics such as the location
&

of start and stop codens, and other factors recognized

those skillasd in the art. Nons ase factors alone
absolutsly controls the choices of insertion site for a

particular polypeptide. Rather, the site chosen reflects

M

palance of these factors, and not all sites may be egqually

effective for a given protein.

[G057] The nucleotide seqguences comprising the R. microplus
aguapoyin protein fragment encoding gens may be inseritad lnto
rhe desired wector by known technigues. I[f, however, the
vector 1s to serve as an expression vectorn, the vector should
have a promoter effective for expression in the selected host
¢cell, and the DNA sequences should be insexvted in the vector
downstream of the promoter and opervatiopally associated

therawith (that is, the promoter should be recognized by th

s
e

RNA polymerase of the host cell). In addition, ths vector
should htave & region which codes for a ribosome binding site

positicned betwsen the promoter and the site at which the DNA
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sequence is inserted so as to be operatively assoclsatad with
the DNA seguence of the invention once inserted (in correct
translational reading frame therewith). The vector should be
selected to provide a region which codes for a ribosomal
binding site recognized hy the ribosomes of the host cell into
which the vector is to be inserted. The vector should contain
a terminator with necessary 3' untranslated sequences for REA
terminabion, stability, and/or poly(d) tail addition {if
eukaryotic). Alternatively, any or all of the above contvol
sequences mway be ligated te the coding seguence pricr o

sertion intec the wvector.

Y

[0058] Foy use in animal vaccinations, the isclated
microplus aquaporin proteiln fragment or the maclelc acid
constructs comprising the nuclelc acid seguences encoding this
protein, will typically be formulated in conjunction with a
suitakle pharmaceutically acceptable carrier or diluent as is
known in ths art, including, but not limited to, physiclogical
saline, mineral oil, vegstable oils, agueocus carbozymethyl
cellulese oy leyvinylpyrxolidone‘ The akilled practitionex
will recognize that such carriers should of courss he
compatible with the protein or nucleilc acld conshtructs.

Fa

Fhosphate buffeved saline {PBS} iz preferred. Because
aguaporin may precipitate in the presence of aguecus buffers
such as PBE, in a preferred embodiment the aquagorin is stored
in a non-polar solvent or oil. & variety of non-polar
solvents are suitable for use herein, although a preferyed
solvent is composed of 50 mM NaHZP04, pH 8.0, 300 mM ®Hali, 2

3 aAR

M beta-mercaphtoethancl § w/v OTG (octyi-beta-D-i~

-
—
k9
¢

thioglucopyranoside}, 300 md imidazole, and 50% glycsrol. The

concentration and amcunt of the protein or nucleic acid

constyughs in composition may vary depending upon

the desired use and type of response needsd, and ths host
n any event, the profein or nuclelc acld constructs

22
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should ke provided in en amount sffective to induce the

preferred response as determined by routine testing

L.‘.

Appropriate adiuvants as known in the art may also be included
in the formulation. As described herein, adijuvants include

agents {a compound or combination of compounds) capable of

ﬁ/

nhancing either or both of a humoral (antibody) immunity
response or a celli~mediated lmmunity response in the treated
animal againat the target tick. Without being limited
th

sl to one

ersto, suitable adjuvants include but are not liml
or more of mineral oil, vegetable oils, aluminum salts such as
alum, water-in-oil adjuvants such as Freund's incomplete
adjuvant, oil~in-water emulsions such as MFI2 (Novartis,
Swityeriand), liposcmes, virosomes, microparticles or
nancparticles oy beads of biccompatible matrizx materials such
as {although not limited to) agar oy polyacrylate, saponin-
based adjuvantz {such as QA-21 or 9S$-21 warksted by
Antigenics, Lexington, MA), toli-like veceptor {TLR) agonists
such as 3~0-desacyl~-4’ ~monophosphoryl lipid A (MPL) and
immunastbisulatory segiences {188 of microblal DHA,
imidazoguinolines, immune

ISCOMATRIN=S), and other &

Roels {2010. Vaccine. 285:
incorporated by reference herein}. In accordance with an
optional embodiment, other known lmmunogenic agents used in
conventional vaccines for the animal of intersst may also be
included in the forymulation. For example, additional

immunagenic agents may be an attsnuatved or inactivated form of

b

u Without being limited
theveto, these patheogens include, for example, one or mors of
the rabies virus, Boryelia burgdorferi, canine distempsr

virus, canine parvovirus, canine adencovires, canineg corona

virus, canine herpesvirus, Giardia spp., Lleptospirs

O
[#%)
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interrogans, Babesia canis, Hepatozoon canis, Dipylidium

caninum and Isospora spp.

0059] The immunogenic R. microplus aguaporin protein
fragment or the nucleic acid constructs comprising the nuclelic
acid sequencas encoding this protein are administered in an
amount sffective to reduce or sliminate the incidence of
infestation of the treatsd animal, with the specific target
tick, particularly but not limited toe the brown dog tick, K.
sanguineus. As noted hereinabove, the administration of the
R. microplus agquaperin protein, or the nucleic acid constructs
comprising the nucleic acid segquences encoding this protein
(such that the nucleic acid ssguences are exprassed and the
encoded protein is produced in vivo in the acells of '
vaccinated animal), stimulates an impune rssponse jn the

animal. Thus

st}

azs used herein, an “effective amount” of K.
microplug aguaporin proteln or the nuclieic

comprising the nucleic acid seguencses anco

iz preferably defined as that amcunt which

rge

’(

protective ismwmune response against the Larg

-

he either or both of antibody production against the protein

pr a cell-medis

treated animal in comparison £o an untresated contrel animal.

In & pref embodiment, an lmmune response way

£y

&

\

demonstrated by production of antibodies against the R.

microplus aguaporin protein, by a significant reduction in the
percentage of animals infested with the target tick, by a
significant reduction in the average number of tavget ticks an
animals, or by & significant veducticn in the number of viable
sed by the target ticks present on animals, ail in

4

e

vaccinated animals as compared f£o an unvaccinabad control
group {measured at a confidence level of at least B8U%,
preferably measured at a confidence level of 95%). The actual
effuctive amount will of course vary with the specific vaccine

24
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component (protain vaccine or DRA vaccine), the particular
animal of interest and its age and size, and the routs of
adrministration, and may be readily determined empirically by
the practitioner skillad in the art wusing an antigen doss
response assay. By way of example and without belng limited
thereto, for vaccines administered to small animals {such aé
dogs and cats) by subcutansous or intramuscular injection, or
with a needle-less devige, it is envisioned that typical doses
of protein vaccine (R. microplus agquaporin protein), may be
greater than 0.3 pg protein/animal/dosze, preferably betwean
about 0.3 to 1.75 pg protein/animal/dose, while typical doses
of DNA vaccine {(nucleic acid constructs) may be greater than
100 pg of DNA construct/animal/dose, preferably between abou

300 to 300 pg DNA construct/animal/dese. For vaccines

r”l

administered to

i._.l
I
[is2
o
8
b
ot}
n
o3
47
a8
~
1
jo]
fo}
g
97
k4
[
14
53}
o2
<

anima

o
S

Ie

AY

“i
143

subcutanecus or intramuscular in
device, it is envisioned that typical doses of protein vaccine
(R. microplus aguaporin protein), may be greater than 10 pg
protein/animal/dose, preferably between about 50 to 159 uy

protein/animal /dose, while typlcal doses of DNA vaccine

(nucleic acid construacts) may be greater than 100 wg of DHA

conatruct/animal/dose, preferably betwesn about 3G0 to 800 g

DNA construct/animal/dose.

{00601} The vaccines (R. microplos aguapoerin proteln or ths
nucleic acid constructs comprisincg the nucleic acid ssquences
enceding this protein) may be used for the Lreatment of a

broad spectrum of wild or domesticat

ad animals, ranging from

pets and companion animals to livestock and large domestic ox

H

o

wild animals. Without being limited thereto, the vaccines a

preferably ussd for the

m

treavment of Cervidae, eguine, canines

and felines, and particulariy deer (including wid
deer), horses, demsstic dogs and cats. The vaccines may Le

affectively administered any time after the animal attains
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immunocompetence., The vaccines may be administered to the

subject animal by any convenient route which enables an immune

=

intravenous, or intramuascular} is

asponse. Howaver, parsnteral inj

subcutansous,

with intradermal

injection being particularly preferred for administration of

the DMA vaccinss and intramascula

particularly preferred for admini

r injection

stration of

the protein

vaceines. The vaccine products could also be administered

using a needle-less device. The

in a single dose or in a plurality of
rearing conditions, the vaccine may be

multiple doses, the timing of which may be readily

by the skilled artisan.

i

[00611] Whaere the nucleic acid

for the production of recombinant R. microp

et

protein, a variecy of ve tarwhost
be employed. Strains of yeast, partd
are preferred, Howevelx, Lire nove

can bs applisd with numerous host

Host strains may be of bacterial,

host-vector syvstem 1z within the

[0062] DA constructs may be introduced
appropriate host cell by numerous

tochnical angd scilentific literature.

tranzforming filawmentous fungi way

Goosen ef al. iBandbcocok for Applisd

Mukerii,

et

£1892) pp. 151-195

Molecular GCenstics of Filamentous

By

vaccine may

constructs

invantion

Ascertaining

may bes performed :

in Sambrook =t al., {(ibid} Technigqueas

be administered
Dependent upon

administered in

determinaed

he employed

5 AQUAPOYiY

systams may

cell line,

most appropriate

the
ibed in ths

emation of

N

sing standard technigues

for

described by
Arora, Elander &
{applied

yghorn and Turney,
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I

ds. (1992) pp. 1-27)1. In general, linear or circular DNA
constructs may be introduced into the host cell by technigues
utilizing protoplast fusion, polyethylene glycol, lip e
lithium aceta electroporatian, physical damage, bi

bombardment, or Agrobacterium mediated transformation.

{0063} Successful transformants may be ilsclated by using
markers, contained on the expression vectors, which confer a
selectable trait to the transformed host cell. These may
incilude nutritisnal selection related to substrate utilization
(such as, growth on acetamide containing medium) ox
prototrophy of a reguired growth product (such as, arginine,
leugcine, or uracil). Dominant selectable markers [such as,
resistance Lo ampicilliin, G413, vgrome‘n, and phisomycin,
and Zeocin (a composition of bleomycin and phleomycin,
Invitrogen, Grand Island, NY}] ave also useful in selecting

rransformants that hawve taken up the introduced DNA construct.

[0084] The DNA conastruct may be replicated autonomously oX
integrated inte the genomse of the host cell. integration
typically occurs by homclogous recombinatiocn (for aexanple,

arginine sslectable marker intagrating in the chromosomal

argining genz; OY &

1]

chromeosomal site unreiated o any ganes

%3

on the DNA construct. Integration may ocour by eithsr a
single or double cross-over event. It is also possible to
have any number of these integraticn and replication types

omcurying in the same transformant.

v

&

[o065] The following example is intended only to furiner

illustrate the invention and is not intended te limit the

i

scope of the invention which is defined by the claime.

ke
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[0086&] Recombinant aguaporin protein fragment of R.
microplus was prepared as described in Example 1 of Guerrero
et al. (U.S. patent application serial no. 13/4792,48%,
referred to above). Prior to use, the recombinant aguaporin
protein was stored in a phosphate Duf‘ar-d solution composed
of 30 mM NaH2F0O4, pH 8.0, 200 mM NaCl, 2 mM beta-
mercagtoethanol, 0.4% w/v CTG (octyl-beta-b-1-
rhioglucopyranoside), 300 mM imidazole, and 50% glycercl.
Recombinant BmféTexas antigenic protein of R. {(Boophilus)
micropius was obtained from c¢loning of the proteln antigsn
B86 from a Texas outbreak strain of R. microplus known as
Deutsch. Recombinant aguaporin protein and Bm@éTexas antigens
were each adjuvated with Montanide ISR &1 V@ {water-in-oil
adjuvant, Sepple, Paris) into doses of 2 mi containing 100 ug

of the recombinant protein

{0087} Thres groups of Lick-naive white-tailed deer (n=4
per group) received 1.0 mi of either the recomizlinant aguaporin
orotein vaccine, Bm86 vaccine, or z contrel vacoine at wesek
Deer were housed at the L3TU Idelwild Research Statlon in

Clinton, La. Sach desy was vaccipated on day 1, and blood was

Q.
it
3
[l
=
T
£
m
by
m
=3

collects imal at the intervals shown in Table 1.
The bloocd from the Wesk 3 collections from the control,
aguaporin aoad BmfiTexas groups was used to prepars gerum and
feed to vicks in the following in vitro study. Individual
blood samples within trmatment groups wege pooled in the tick

Feeding tvrials,

[00e8] Four groups of R. sanguineus ticks {n=10 nymphs per
group) were parbtially-fed on rats fox 2 days priosr to the

treatment feeding with blood from the blood samples collected
from the deer. Baperimental groups were fed from 50 pL glass

microcapil

tukes gontaining the poosled blood treatments.

-

the control tick grouvp only fed from the rats. Nymphs wers
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ubseguently fed to repletion on rats. Nymphs werse placed in

environmental chambers at 26°C at 92% humidity and menitored

for molting success up to

}__A
o)
w
e
w
3
O
n
r
il
]
]
joX
.,
e
o}

te repletion.
Tick groups wers less than n=10 at the time of chamber
placemsnt. Deaths due to handling fechnigues were experlsnced
in each group and additional déaths also occurved within 4

hours of feeding the vaccinated bleood. Groups were decreased

to the following sizes: agquaporin {n=6}, Bm86 (N~7],

1)
I
(o)
}.-4 .
=
i
ot
a.

74 control {n=2), and tick control (n=9}.

{0063} The data for tick molting success was analyzed using
an exact probability chi-square test; there were significant
differences in the molting succeess of the four groups
{p=0.0255} with the majority of the significance assoclated
with the ARS-1 group having more dead than expected. The
esults are shown in Figure 4. Only 50% of the ticks fed with

blood of deer wvaccinated with aguapcerin protein survived the

E(
%)

s G

molving process. This is compared to the

2oy
T

and blood

control vaccinated groups which Both had a molting/survival

rate of 100%. The tick control group had a 90%

molting/survival vate {(Figurs 4}.

[8070] Bloocd from the dser wasz also sampled atb the

intervals shown 1 and separated serum was collected

for analyais by determine anbibody production in
vancinated deasy to the aguaporin pyotein orx the BM86 aptigens.
For the BLISA, sera from sach group were pocled according To
the day of collection. Microtiter plates were coated with the
aguaporin protein or the BmBd antigen (50 gl per weil of a 1
pg antigen/ ml solution in 40 mM sodium sarbonate buffer, pH
9.8) and incubated overnighi at 4°C. Rlocking with 2% bovine

serum albumin in PR3-T was followed by washing five times with

PRS pH 7.4. The plates were incubated for 45

1606 1L per well of immunized bovine serum diluved ta 1:300G in

1
(e)
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PBS, After washing, 50 pl of yabbit anti-bovine Ig&
peroxzidase conjugate {(Sigma, St. Louls, MO} diluted te
1:20,000 was added and the plate incubated for 30 min at room
temperature. After incubation and washing 50 ul of
chromogenic substrate o-phenylenediamine (1.0 mM) was added
and the reaction was stéppéd after 1% min by adding 50 pl of
NaOH (0.2 M}. & microplate reader was used to assess the
results with absorbance sst at 490 nm. The rssulfs are shown
in Table 1 and demonstrate antibody production specific to the

antigens.

0071} Tt is understocd thait the foregoing detailed

description iz given merely by way of illuastratien and that

N

¢ therein without

& mad

£

modifications and variations may

s
i

departing from bLhe spirit and scope of the invention.
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We claim:

1.

comprising administration of a vaccine composition
bovine animal,
immunogenic agquaporin protein of R

pharmaceui

aquaporin

immune res

2.

comprisas

3.

4.
saiacted £

ana

5.
seleated £
dogs argd ¢

e

T

bl

domestbic

2.
e

G
g
dog tick,

Cervid

PCT/US2014/021725

A method of reducing tick infestations in

whereln said va ises

ccine composition compr

5
[

cephalus microplus

ip.
ically acceptable carrier, and wherein said
protein is in o stimulate an

ponse in sal

The method of claim 1 whereln sald agquaporin protein

amine acids 2-1%8 of SEG ID NO:1.

The method of claiw 1 wherein zald aquaporin protein

arn amine acld sequence selected from the group
of aming aclids 1~18% of SEQ LD MO: 1 and SEQG ID NO:

The mathod of claim wherein sald animal 1=
rom the group counsisti of candnes, felines, eguine

A,

The methoed of claim 4 whersin said animal is
vom the group consisting of domestlce cats, domsstic
esy

meth 5 wherein animal ia a

0.

4]
w

of i tick is brown

'__I -
LL

The method claim wherein S

Bhipicephalus sanguineus.
Thz method of claim & wherein zaid tick iz the brown
F - I Y — 5 -
Rhipicephalus zanguineus.
S K S SRP R T s $ ] N T
The method of olaim & whevein sald tick is the brown
»r - T < e 5
Rhapicephalus sanguineus
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. The methed of claim 1 wherein sald vacgins

composition further compriszses an adjuwvant.

11. A method of

[

educing the incidence of tick
infastations in animals, cowprising administering a vaccins
composition te a non-bovine animal, whersin said vaccine
composition comprises the nucleic acid construct and a
pharmaceutically accepltable carrier, wherein saild nucleic acid
construot comprises a nucleic acid sequence encoding an
aquaporin protein of Rhipicephalus microplus, operatively

i

e

linked to one or wmore expression controel segquencs ang

0

administered in an amount effective to stimulate an inmmuns

response in salid animal to sald Lick.

. The method of olaim il wherein sald nucleic acid

2]

geguence sncodes sald aguaporin proteln comprising amino acids

3-138 of SEQ ID NO:i.

13. The meithed of claim 12 wherein sald nuclelc acid
saquence encodes sald aquaporin protein comprising an amino
acid zeguence sslscted from the group consisiting of amino

acids 1-199 of 3EQ IO NG: L and SEQ ID HG: &,

)
=9

4. Th

I

method of claim 11 wherein said animal is
selected from the group consisting of cawnines, fTelinez, sguine

and Cervidas.

15, PThe method of claim 14 whereln szaid animal is

selected from ths group consisting of domestic cats, domestic

16, The method of claim 15 wherein said animal

P
;
{
53]

the
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=
o
O
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18, The method of claim 13 wherein sald tick is the

brown dog tick, Rhipicephalus sanguineus.

19. The mevhod of colaim 16 wherein said tick is the

brown dog tick, Rhipdeephalus sanguineus.

20. The method of claim 11 wherein said vaccine

composition further comprises an adiuvant.

4}
=3
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Figure 1A
MKIENLLIRQLINEFLGTMILITIGDSIMAIHTAGDNESLAACVGPLGWGVAIYVAVQISGGVS
SHLNPAVTLAQASVRKFPIAKVPLYFAAQYLGGFVGAALVFATYRDAIEHFDQGIRQVTGE
KATAGIFATYPRPHVSTLTCFIDQVIATGIMMVCVEAIGDTRNFGGIPPHIHPICLGLMIMAL
IFSFAYNCMCPL

Figure 1B
MRFPSIFTAVLFAASSALAAPYVNTTTEDETAQIPAEAVIGYSDLEGDFDVAVLPESNSTNN
GLEFINTTIASIAAKEEGVSLEKREAEAEFMEKIENLLIRQLINEFLGTMILITIGDSIMAHIAG
DNESLAACVGPLGWGVAIYVAVOISGGVSSHLNPAVTLAQASVREFPIARKVPLYFAAQYEG
GEVGAALVFATYRDAIFHFDQGIROVTGEKATAGIFATYPRPHVSTLTCFIDOVIATGIMM
YCVEAIGDTRNFGGIPPHIHPICLGLMIMAHFSFAYNCMCPAAASFLEQRLISEEDLNSAVD
HHHHHB*

Figure 1C
MEIENLLIRGLINEFLETMILITIGDSIMAHIAGDNESLAACVGPLGWOVAIVVAVOISGGYS
SHLNPAVTLAOASVRKFPIAKVPLYFAAQYLGGEVGAALVFATYKDAIEHFDOGIRQVTGE
KATAGIFATYPRPHVSTLTCHIDOVIATGIMMYCVEAIGDTRNFGGIPPHIHPICLGLMIMAL
IFSFAYNCMCLESRGPFEQKLISEEDLNMHTGHHHHHB?
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Figure ZA
AAGCAGTGGTATCAACGCAGAGTACGCGGGLGGLGETGGGAAAAGCTGUTAGCATCAACT
CGGETTCTAGETTGGGLTCTCGCACLGLGUCT CGAGCCLGACCAGCCTGLGGTGGCGCLGT
CTCGLTGAAAGGGGGAAAGAGGAAAGAGAAAGAAGAAAAGAAAAATATUGCLCGGLATCG
GUGACGAAGGLGGAGCAGCAATGCGATUGTCAGAGCACGCATTTCGALGGTGAGATTIGG
AAGCTCGAAGGUGTCOGLCCGGLACTGLGAGAAAGLLGGTGAAGTACTTTGGGACCGLLGLG
TAGGCGTCTTGACAGTCCGLTCCUGAGGCAACGACGACACGCTCCAAGATGAAGATCGAG
AACCTGCTCATACGGUAGUTCATCAACGAGTTCCTCGLAACAATCGATTCTAATTACTATC
GGCGACTCCATCATCGGCLATCATCATCGCCLEGETGACAACGAGTCTCTGLETGCTTGCLTG
GGGCCCTTGOLATGLGGEGTOGUCATCTACCTCGLCGTGLAAATCTCCOGAGGAGTETCG
TCCCACCTGAATCCTGECGTCGACGETGGELCAGGEGTCOGTGCLGCAAGTTTCCLATCGECA
AAGTGCCGETATACTTCOLGGCTCAGTACCTEOLTGGCTTCGTCGETHOGGLLGCTOETET
TTGCCACCTACAAAGACGUTATTGAACACTTCCACCAGGGAATCEGCCAAGTGACGGEAG
AGAAGGECACGGCTGOTATATTTGCAACTTACCCLCAGACCACACGTCTCCACTCTGACET
GCETTCATTGATCAGGTEATCLCAACGGGLATAATCGATGLTGTGCCTCGAGGECATCLGEG
ACACTCGCAACTTCOOLGGCATTCLGCCLCACATTCACCCAATCTGOTTGLGTCTCATGA
TCATGGCTATTATCTTCACTTTCGCCTACAACTGCATGTGCCCGETC

Figure 2B
ATGAGATTTCCTTCAATTTTTACTGCTGTTTTATTCGCAGCATCCTCCGCATTAGCTGLT
CCAGTCAACACTACAACAGAAGATGAAACGGCACAAATTCCGGCTGAAGCTGTCATCGET
TACTCAGATTTAGAAGGGGATTTCGATGTTGCTGTTTTGCCATTTTCCAACAGCACAAAT
AACGGGTTATTGTTTATASATACTACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGEGT
ATCTCTCGAGAAAAGAGAGGETGAAGCTGAATTCATGAAGATCGAGAACCTLETCATAC
GGCAGCTCATCAACGAGTTCCTCGCAACAATCGATTCTAATTACTATCGGCGACTCCATCA
TCGCCATCATCATCGCCOETCGACAACGAGTCTCTCGCTGUETTGEGTRGGGELCTTGLEAT
GGGGEGTCGECATCTACGTGLGCCOTGEAAATETCCGGAGRAGTOTCGTCCCACCTGAATC
CTGCCGTGACGLTGLCCCAGGEGTCCETHCGEAAGTTTCCGATCGCCARAGTGCLGETAT
ACTTCGOGGCTCAGTACCTCLGTGGETTCLTCCOTCOLGECOTCOTGTTTCCCACCTACA
AAGACGUTATTCAACACTICGACCAGGLAATOCGLCAAGTGACGLGAGAGAAGGCLACG
GETGGTATATTTGCAACTTACCCCAGACCACACGTCTCCACTCTCGACCTGOTTCATTGAT
CAGGTCATCGCAACGGGCATAATGATGETGTOCGTCGAGGECATCGGEGACACTEGCAAL
TTECGCGLCATTCOGCCGCACATTCACCCAATCTCCTTGLGTCTCATCGATCATGGCTATT
ATCTTCAGTTTCGCCTACAACTGCATETGLCCGGLGGCCGUCAGCTTTCTAGAACAARAAA
CTCATCTCAGAAGAGGATUTGAATAGCGCUGTCLACCATCATCATCATCATCATTGA
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Figure 2C
AAGATGGAGATCGAGAACCTGCTCATACGGLAGCTCATCAACGAGTTCCTEGHAACAATG
ATTCTAATTACTATCGGCGACTECATEATGCCCATCATCATCCCCGETGACAACGAGTCT
CTGLETGETTGCGTOGRELECCTTCHGATGLGGCOTCGLLATCTACGTGGLCGTGCAAATL
TCCOGGAGGAGTUTCCTCCCACCTGAATCETGCCGTEALGETGGLCCAGGECTCLGTLLGE
AAGTTTCCGATCOCCAAAGTGCCOCTATACTTCGUGGETCAGTACCTGGGTGGCTTEGTC
GETGCGGLGETCGTGTTTGCCACCTACAAAGACGCTATTGAACACTTCOACCAGGGAATC
CGCCAAGTGACGGGAGAGAAGLCCACGGCTOCTATATTTGCAACTTACCCCAGACCACAL
GICTCCACTCTGACCTGETTCATTGATCAGGTCATCGCAACGGLCATAATGATGETGETGE
GTCGAGGECATCGGLOACACTCGLAACTTCGLEGGCATTCOGCCGLACATTCACCCAATC
TCETTOGGTETCATGATCATGGLTATTATCTTCAGTTTCGECTACAACTGCATGTGCETC
GAGTCTAGAGGGCCCTTCGAACAAAAACTCATCTCAGAAGAGGATCTGAATATGCATAC
CGGTCATCATCACCATCACCATTGA
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Figure 3
ATGAAGATTGAGAACTTGTTGATTAGACAATTGATTAACGAGTTCTTGGGTACTATGAT
TTTGATTACTATTGGTGACTCTATTATGGCTATTATTATTGCTGGTGACAACGAGTCTTT
GGCTGUTTGCGTTGGTCLATTGGGTTGGGLGTGTTGUTATTTACGTTGCTGTTCAAATTTC
TGETGETGTTTCTTCTCACTTGAATCCAGUTGTTACTTTGGLCTCAAGCTTCTGTTAGAAA
GTTTCCAATTGCTAAAGTTCCATTOTACTTCGLTGCTCAATACTTGGGTGLTTTCOTTGG
TGCTGCTTTGGTTTTTGCTACTTACAAAGACGCTATTGAACACTTCGACCAAGGTATTAG
ACAAGTTACTGGTGAGAAGGLTACTGCTGGTATTTTTGCTACTTACCCAAGACCACACGT
T TACT T TGACTTGUTTCATTGATCAAGTTATTGCTAUTGGTATTATGATGETTTGLGT
TGAGGCTATTGGTCGACACTAGAAACTTCGGTGGTATTCCACCACACATTCACCCAATTTG
CTTGGGTTTGATGATTATCGGCTATTATTTTCTCTTTCGCTTACAACTGCATETGEC
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Figure 4
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