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IXODES SALIVARY ANTICOMPLEMENT PROTEIN

Background of the Invention

Field of the Invention
The present invention relates to the field of molecular biology. The present invention discloses the discovery
of the novel protein Isac. Isac has anticomplement activity and can be isolated and purified from the salivary glands of

ticks or made by recombinant methods using various DNA expression technigues.

Description of the Related Art

The alternative pathway of complement is an evolutionarily old first line of defense against pathogens
{Joiner, K. A. (1988) Ann. Rev. Microbiol. 42, 201-230). Complement activation leads to production of inflammatary
anaphylatoxins (Hugli, T. E., and Miller-Eberhard, H. J. (1978) Adv. Immunol. 26, 1-53, Damerau, B. (1987) Rev.
Physiol. Biochem. Pharmacaol. 108, 152-208), and to the formation of a membrane attack complex leading to the lysis
of the invading organism {Joiner, K. A. (1988) Ann. Rev. Microbiol. 42, 201-230). Endogenous regulators exist to
prevent pathology associated with unconfined or inadvertent complement activation (Zipfel, P. F., Hellwage, J., Friese,
M. A., Hegasy, G., Jokiranta, S. T., and Meri, S. (1999) Mol. Immunol. 36(4-5), 241-248, Kirschfink, M. (1997)
Immunopharmacology 38(1-2), 51-62). Successful pathogens have developed several mechanisms to evade the host
complement system (Joiner, K. A. (1988) Ann. Rev. Microbiol. 42, 201-230, Jokiranta, T. S., Jokipii, L., and Meri, S.
(1995) Scand. J. Immunol. 42, 9-20, Wurzner, R. (1999) Mol. Immunol. 36(4-5), 249-260). In several of these evasion
mechanisms, pathogens may recruit host complement regulatory molecules to their own surface or produce inhibitors
of complement activation, which are either secreted or remain associated with their surfaces (Joiner, K. A. (1988)
Ann. Rev. Micrabiol. 42, 201230, Jokiranta, T. S., Jokipii, L., and Meri, S. {1995) Seand. J. Immunol. 42, 9-20,
Wurzner, R. (1999) Mol. Immunol. 36(4-5), 249-260, Rosengard, A. M. and Ahearn, J. M. (1999)
Immunopharmacology 42(1-3), 99-106)

Ticks are ectoparasites that may feed for several days or even weeks with their mouthparts embedded into their
vertebrate hosts. AAIthuugh unnatural hosts can mount an effective immune response against ticks (Trager, W. (1939)
J. Parasitol. 25, 57-81, Wikel, S. K. (1996) Ann. Rev. Entomol. 41, 1-22), only minor rejection reactions are observed
when ticks feed on their natural hosts {Trager, W. (1939) J. Parasitol. 25, 57-81, Ribeiro, J. M. C. {1989} Exp. Appl.
Acarol. 7, 15-20). The alternative pathway of complement was implicated in rejection reactions of guinea pigs
against the tick Dermacentor andersoni (Wikel, S. K., and Allen, J. R. {1977) Immunology 32, 457-465, Wikel, S. K.
{1979) Am. J. trop. Med. Hyg. 28, 586-590). The tick vector of Lyme disease in Eastern North America, Ixodes
scapularis, can successfully feed repeatedly on its natural host, the white-footed mouse, Peromyscus leucopus (Trager,
W. (1939) J. Parasitol. 25, 57-81, Davidar, P., Wilson, M., and Ribeiro, J. M. (1989) J. Parasitol. 75(6), 898-804),
perhaps because it has salivary compounds that deactivate anaphylatoxins (Ribeiro, J. M. C., and Spielman, A. (1986)

Exp. Parasitol. 62, 292-297) and inhibit the alternative pathway of complement (Ribeiro, J. M. C. (1987) Exp.
-1-
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Parasitol. 64, 347-353). Indeed, the host range of Ixodes correlates with their ability to counteract the alternative
complement pathway of their most common hosts (Lawrie, C. H., Randolph, S. E., and Nuttall, P A. (1999) Exp.
Parasitol. 93(4), 207-214).

Segue to the Description

1. scapularis saliva has an inhibitor of the alternative pathway of complement activation (Ribeiro, J. M. C. (1987)
Exp. Parasitol. 64, 347-353), as shown by inhibition of the lysis of rabhit erythrocytes by human sera in the presence
of EGTA and Mg™* ions. This saliva also prevents deposition of C3 to agarose-coated plates and inhibits release of
C3a by the C3 convertase formed by the alternative pathway of complement activation (Ribeiro, J. M. C. (1987) Exp.
Parasitol. 64, 347-353). Because the molecular nature of this inhibitor remained unknown, we purified, obtained
amino terminal sequence, cloned, and expressed Isac, which is a novel molecule behaving as a regulator of complement
activation (RCA). Isac is one of the smallest proteins known to have RCA activity and may serve as a tool to

understand €3 convertase regulation.

Summary of the Invention

The alternative pathway of complement is an important defense against pathogens and in tick rejection
reactions. The tick Ixodes scapularis is able to feed repeatedly on its natural host and has a salivary anticomplement
activity that presumably facilitates feeding. In this disclosure, we purified and then obtained the amino terminal
sequence of the I. scapularis salivary anticomplement (Isac). We found a full-length clone coding for Isac by randem
screening of a salivary gland cDNA library. Expressing Isac cDNA in COS cells reproduced the activity found in tick
saliva, namely, inhibition of rabbit erythrocyte lysis by human serum in the presence of Mg** and EGTA, inhibition of
C3b binding to agarose in the presence of Mg** and EGTA, and acceleration of factor Bb uncoupling from the C3
convertase generated by the alternative pathway. Recombinant Isac had no effect on the recalcification time of
human platelet-poor plasma or in the classical complement pathway, indicating that it is a specific inhibitor similar to
the regulators of complement activation of the alternative pathway such as factor H. Isac, however, has no similarity
to any protein in the GenBank database, indicating that it is a novel and relatively small (18.5 kDa) anticomplement

molecule.

Summary of Sequences

Appendix A depicts Isac and its carboxy truncations. Appendix B depicts Isac and its amino truncations.

Brief Description of the Drawings

Figure A. Alternative Complement Pathway. Isac disrupts the alternative complement pathway by inhibiting factor Bb
andfor C3b (C3 convertase). By inhibiting factor Bb andjor C3b (C3 convertase), Isac prevents cell lysis and

anaphylatoxin production.
2-
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Figure 1. Molecular sieving chromatography of homogenized I. scapularis tick salivary glands. (A) Cumulative UV {280
nm) absorbance tracings of 10 chromatograms representing 500 homogenized pairs of glands. Inset: Log of M,
standards plotted against their retention times. The arrow indicates retention time of the salivary anticomplement
activity. (B) Anticomplement activity was measured in 12.5 pl aliquots of each fraction by their ability to inhibit lysis
of rabbit erythrocytes by human serum in the presence of MgCl,.

Figure 2. Purification of 1. scapularis salivary anticomplement. (A) UV absorbance at 220 nm from reverse phase-
chromatography using HCl as a modifier, from 1/3 of active fractions obtained from the molecular sieving
chromatography of 500 pairs of homogenized salivary glands from I. scapularis. (B) Anticomplement activity. (C)
Reverse-phase chromatography using HCI as a modifier, of the combined active fractions obtained by reverse-phase
chromatography as in A. (D) Anticomplement activity. (E) Reverse-phase chromatography using trifluoroacetic acid as
a modifier, of the active fractions obtained by reverse-phase chromatography using HC| as a modifier. (F)
Anticomplement activity.

Figure 3. Nucleotide {SEQ ID NO: 401) and predicted translated protein sequences (SEQ ID NO: 402) from Isac ¢cDNA
(A). The amino acids in [bold] were obtained by Edman degradation (SEQ ID NO: 402, amino acids #22-41) (B). (S/G)
indicates equal signal of serine and glycine, whereas X indicates that no amino acid could be identified. This is
GenBank accession number AF270496.

Figure 4. Inhibition of rabbit erythrocyte lysis by human serum in the presence of different pul amounts (numbers) of
C0S cell supernatants transfected with R-Isac or C-Isac (control). The plate reader was blanked with wells containing
10 mM EDTA instead of EGTA and MgCl,.

Figure 5. Inhibition of C3b (A) and factor B (B) depesition to agarose-coated plates by I. scapularis saliva and r-Isac-
transfected COS supernatants. Controls were run with supernatants of COS cells transfected with the c-Isac cDNA
sequence. Blanks were obtained with wells incubated with 10 mM EDTA instead of EGTA and MgCl, during the
complement activation step of the assay.

Figure 6. Molecular sieving chromatography of 50 1 of I. scapularis saliva, or 50 | of concentrated supernatant of
COS-cells transfected with r-Isac or with c-Isac. UV absorbance of the chromatogram or inhibition of the lysis of

rabbit erythrocytes by human sera in the presence of Mg**JEGTA is shown.

Detailed Description of the Preferred Embodiment

The blood complement system in mammals is a first line of defense against invasion by pathﬁgens, from
viruses and bacteria to tick attachment and feeding. Its activation leads to bacterial lysis and defensive inflammatory
reactions at the site of its activation. The alternative pathway is mostly independent of antibody and thus serves as a
defense mechanism for non-immune people. Not surprisingly, most successful pathogens have developed mechanisms
to inactivate this pathway. The tick vector of Lyme disease has an inhibitor of the C3 convertase of the alternate

pathway, a key enzyme for complement activation. In this disclosure we purified, cloned and expressed this tick's
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anticomplement protein, named Isac. Isac is a novel anticomplement protein as it has no homologies to other known
anticomplement molecules. Because inactivation of Isac by antibodies will make transmission of Borrelia burgdorferi
(the bacteria responsible for Lyme disease) to humans more difficult, Isac is envisioned as a vaccine to protect humans
(and their pets) against Lyme disease. Additionally, Isac can be used as an anticomplement molecule in acute
syndromes where activation of the alternative pathway of complement is implicated. For example, in some surgeries
where blood comes in contact with foreign surfaces, such as cardio-pulmonary surgery (Gu, Y. John, Mariani, Massimo
A., Boonstra, Piet W., Grandjean, Jan G., and van Oeveren, Willem {1999} Chest 116(4): 892-8, Tarnok, A., Hambsch,
J., Emmrich, F., Sack, U., van Son, J., Bellinghausen, W., Borte, M., and Scheider, P. (1999) Pediatr. Cardiol. 20(2):
113-25), administration of Isac is envisioned as ameliorating attendant complications. The same situation occurs in
patients heing submitted to hemodialysis, where the dialysis membrane may trigger activation of the complement
pathway (Kormeczi, G. F., Rosenkranz, A. R., and Zlabinger, G. J. (1999) Clin. Chem. Lab. Med. 37(3):351-5).
Administration of Isac is envisioned as preventing the amplification of the complement deposition, and as reverting the
activation of the C3 convertase, thus stopping the production of anaphylatoxins. Other uses are envisioned as being in
rheumatoid conditions such as lupus erythematosus or juvenile arthritis, where alternative complement activation is

implicated (Aggarwal, A., Bhardwaj, A., Alam, S., and Misra R. {2000) Rheumatology 39(2):189-92).

Definitions

The term “isolated” requires that a material be removed from its original environment (e.g., the natural
environment if it is naturally occurring). For example, a naturally occurring polynucleotide or polypeptide present in a
living cell is not isolated, but the same polynucleotide or polypeptide, separated from some or all of the coexisting
materials in the natural system, is isolated.

The term “purified” does not require absolute purity; rather it is intended as a relative definition, with
reference to the purity of the material in its natural state. Purification of natural material to at least one order of
magnitude, preferably two or three magnitudes, and more preferably four or five orders of magnitude is expressly
contemplated.

The term “enriched” means that the concentration of the material is at least about 2, 5, 10, 100, or 1000
times its natural concentration (for example), advantageously 0.01% by weight. Enriched preparations of about 0.5%,

1%, 5%, 10%, and 20% by weight are also contemplated.

The Isac Gene

The cDNA sequence (SEQ. ID. NO. 401) and deduced amino acid sequence (SEQ. ID. NO. 402) of Isac are
shown in FIG. 3A. The signal sequence extends from amino acid residue 1 to 21. The mature protein contains 163
amino acids.

The Isac nucleotide sequences of the invention include: (a) the cDNA sequence shown in FIG. 3A; (h)

nucleotide sequence that encodes the amino acid sequence shown in FIG. 3A, its functional domains, truncations
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thereof, as well as substitutions, insertions, and deletions (including fusion proteins) thereof; (c) any nucleotide
sequence that hybridizes to the complement of the ¢cDNA sequence shown in FIG. 3A under highly stringent conditions,
e.g., hybridization to filter-bound DNA in 0.5 M NaHP04, 7% sodium dodecy! sulfate {SDS), 1 mM EDTA at 65 C., and
washing in 0.1 times SSC/0.1% SDS at 68 C. (Ausubel F. M. et al., eds., 1989, Current Protocols in Molecular Biclogy,
Vol. |, Green Publishing Associates, Inc., and John Wiley & sons, Inc., New York, at p. 2.10.3) and encodes a
functionally equivalent gene product; and {d} any nuclectide sequence that hybridizes to the complement of the cDNA
sequence shown in FIG. 3A under less stringent conditions, such as moderately stringent conditions, e.g., washing in
0.2 times SSC/0.1% SDS at 42 C. (Ausubel et al., 1989, supra), yet which still encodes a functionally equivalent gene
product. Functional equivalents of Isac include those naturally occurring and engineered, as judged by any of a number
of criteria, including, but not limited to, the binding affinity for factor Bb andjor C3b, the resulting biological effect of
factor Bb and/or C3b binding, anticomplement activity, generation of antibodies that specifically bind Isac, and
identification of compounds that can be used to modulate the alternative complement pathway.

The invention also includes nucleic acid molecules, preferably DNA molecules, that hybridize to, and are
therefore the complements of, the nucleotide sequences (a) through (d), in the preceding paragraph.

In addition to the Isac nucleotide sequences described above, full or partial length Isac cDNA present in the
same species and/or homologs of the Isac gene present in other species can be identified and readily isolated, without
undue experimentation, by molecular biological technigues well known in the art. For example, expression fibraries of
cDNAs synthesized from salivary gland mRNA derived from the organism of interest can be screened using labeled
factor Bb and/or C3b derived from that species, e.g., a factor Bb and/or C3b fusion protein. Alternatively, such cDNA
libraries, or genomic DNA libraries derived from the organism of interest can be screened by hybridization using the
nucleotides described herein as hybridization or amplification probes. Furthermore, genes at other genetic loci within
the genome that encode proteins which have extensive homology to one or more domains of the Isac gene product can
also be identified via similar techniques. In the case of cDNA libraries, such screening techniques can identify clones
derived from alternatively spliced transcripts in the same or different species.

Screening can be by filter hybridization, using duplicate filters. The labeled probe can contain at least 15-30
base pairs of the Isac nucleotide sequence, as shown in FIG. 3A. The hybridization washing conditions used should be
of a lower stringency when the cDNA library is derived from an organism different from the type of organism from
which the labeled sequence was derived. With respect to the cloning of a human Isac homolog, using tick Isac probes,
for example, hybridization can, for example, be performed at 85 C. overnight in Church's buffer (7% SDS, 250 mM
NaHPQ4, 2 uM EDTA, 1% BSA). Washes can be done with 2 times SSC, 0.1% SDS at 65 C. and then at 0.1 times
SSC, 0.1% SDS at 65 C.

Low stringency conditions are well known to those of skill in the art, and will vary predictably depending on
the specific organisms from which the library and the labeled sequences are derived. For guidance regarding these and

other hybridization conditions see, for example, Sambrook et al., 1989, Molecular Cloning, A Laberatory Manual, Cold
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Springs Harbor Press, N.Y.; and Ausubel et al, 1989, Current Protocols in Molecular Biology, Green Publishing
Associates and Wiley Interscience, N.Y.

Alternatively, the labeled Isac nucleotide probe may be used to screen a genomic library derived from the
organism of interest, again, using appropriately stringent conditions.

Further, a full or partial length Isac cDNA present in the same species andjor homologs of the Isac gene
present in other species may be isolated from nucleic acid of the organism of interest by performing PCR using two
degenerate oligonucleotide primer pools designed on the basis of amino acid sequences within the Isac gene product
disclosed herein. The tempiate for the reaction may be cDNA obtained by reverse transcription of mRNA prepared
from, for example, cell lines or tissue, such as salivary gland, known or suspected to express an Isac gene allele.

The PCR product may be subcloned and sequenced to ensure that the amplified sequences represent the
sequences of an Isac gene. The PCR fragment may then be used to isolate a full length ¢cDNA clone by a variety of
methods. For example, the amplified fragment may be labeled and used to screen a cDNA library, such as a
bacteriophage cDNA library. Alternatively, the labeled fragment may be used to isolate genomic clones via the
screening of a genomic library.

PCR technology may also be utilized to isolate full length ¢cDNA sequences. For example, RNA may be
isolated, following standard procedures, from an appropriate cellular or tissue source i.e., one known, or suspected, to
express the Isac gene, such as, for example, salivary gland). A reverse transcription reaction may be performed on the
RNA using an oligonucleotide primer specific for the most 5’ end of the amplified fragment for the priming of first
strand synthesis. The resulting RNA/DNA hybrid may then be "tailed" with guanines using a standard terminal
transferase reaction, the hybrid may be digested with RNAase H, and second strand synthesis may then be primed
with a poly-C primer. Thus, cDNA sequences upstream of the amplified fragment may easily be isolated. For a review
of cloning strategies which may be used, see e.g., Sambrook et al., 1989, supra.

In addition to nucleotide sequences encoding the full-length Isac protein 163-mer, other embodiments of the
invention may include nucleotide sequences encoding truncations of the Isac protein which exhibit binding affinity for
factor Bb andfor C3b, the resulting biological effect of factor Bb andjor C3b binding, anticomplement activity,
generation of antibodies that specifically bind Isac, or identification of compounds that can be used to modulate the
alternative complement pathway. Truncations of Isac peptides may comprise peptides of between 3 and 163 amino
acid residues (i.e., peptides ranging in size from a tripeptide to a 163-mer polypeptide), as shown in Appendix A (Table
I} and Appendix B (Table II}, infra. Peptide sequences in these tables are listed from amino (left) to carboxy (right)
terminus. “X" may represent an amino group (-NH,) and “Z" may represent a carboxyl (-COOH) group. Alternatively,
“X" may represent a hydrophobic group, including but not limited to carbobenzyl, dansyl, or T-butoxycarbonyl; an
acetyl group; a 9-fluorenylmethoxy-carbonyl (FMOC) group; or a covalently attached macromolecular group, including
but not limited to a lipid-fatty acid conjugate, polyethylene glycol, carbohydrate or peptide group. Further, “Z" may

represent an amino group; a T-butoxycarbonyl group; or a covalently attached macromolecular group, including but not
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limited to a lipid-fatty acid conjugate, polyethylene glycol, carbohydrate or peptide group. A preferredl”X” or "Z"
macromolecular group is a peptide group.

The invention encompasses nucleatide sequences that encode not only Isac but also its functional domains,
besides truncations thereof, as well as substitutions, insertions, and deletions (including fusion proteins) thereof.

Amino acid substitutions may be of a conserved or non-conserved nature. Conserved amino acid
substitutions consist of replacing one or more amino acids of the Isac or Isac-related sequence with amino acids of
similar charge, size, andfor hydrophohicity characteristics, such as, for example, a glutamic acid (E) to aspartic acid (D)
amino acid substitution. Non-conserved substitutions consist of replacing one or more amino acids of the Isac or Isac-
related sequence with amino acids possessing dissimilar charge, size, andjor hydrophobicity characteristics, such as,
for example, a glutamic acid (E) to valine (V) substitution. For example, nonpolar {hydrophobic) amino acids include
alanine, leucine, isoleucine, valine, proline, phenylalanine, tryptophan, and methionine; polar neutral amino acids include
glycine, serine, threonine, cysteine, tyrosine, asparagine, and glutamine; positively charged (basic) amino acids include
arginine, lysine, and histidine; and negatively charged (acidic) amino acids include aspartic acid and glutamic acid. One
or more such substitutions may be introduced into the Isac or Isac-related sequence, as long as such substitutions
result in variants which exhibit binding affinity for factor Bb and/or C3b, the resulting biological effect of factor Bb
andjor C3b binding, anticomplement activity, generation of antibodies that specifically bind Isac, or identification of
compounds that can be used to modulate the alternative complement pathway.

Amino acid insertions may consist of single amino acid residues or stretches of residues. The insertions may
be made at the carboxy or amino terminal end of the Isac or Isac-related sequence, as well as at a position internal to
the sequence. Such insertions made at either the carboxy or amino terminus of the sequence of interest may be of a
broader size range. One or more such insertions may be introduced into the Isac or Isac-related sequence, as long as
such insertions result in variants which exhibit binding affinity for factor Bb andjor C3b, the resulting biological effect
of factor Bb andjor C3b binding, anticomplement activity, generation of antibodies that specifically bind Isac, or
identification of compounds that can be used to modulate the alternative complement pathway.

Deletions of Isac or Isac-related sequences are also within the scope of the invention. Such deletions consist
of the removal of one or more amino acids from the Isac or Isac-related sequence. Such deletions may involve a single
contiguous or greater than one discrete portion of the original sequences. One or more such deletions may be
introduced into the Isac or Isac-related sequence, as long as such deletions result in variants which exhibit binding
affinity for factor Bb andjor C3b, the resulting biological effect of factar Bb andjor C3b binding, anticomplement
activity, generation of antibodies that specifically bind Isac, or identification of compounds that can be used to
modulate the alternative complement pathway.

The invention also encompasses {(a) DNA vectors that contain any of the foregoing Isac or Isac-related coding
sequences andjor their complements; (b) DNA expression vectors that contain any of the foregoing Isac or Isac-related
coding sequences operatively associated with a regulatory element that directs the expression of the coding

sequences; and (c) genetically engineered host cells that contain any of the foregoing Isac or Isac-related coding
-7-
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sequences operatively associated with a regulatory element that directs the expression of the coding sequences in the
hest cell. As used herein, regulatery elements include but are not limited to inducible and non-inducible promoters,
enhancers, operators and other elements known to those skilled in the art that drive and regulate expression. Such
regulatory elements include but are nat limited to the cytomegalovirus hCMV immediate early gene, the early or late
promoters of SV40 adenovirus, the lac system, the trp system, the TAC system, the TRC system, the major operator
and promoter regions of phage A, the control regions of fd coat protein, the promoter for 3-phosphoglycerate kinase,
the promoters of acid phosphatase, and the promoters of the yeast alpha-mating factors.

Isac Proteins, Polypeptides and Peptides

The Isac protein, its functional domains, truncations thereof, as well as substitutions, insertions, and
deletions (including fusion proteins) thereof can be prepared for a number of uses, including, but not limited to, binding
factor Bb andfor C3b, the resulting biological effect of factor Bb andjor C3b binding, anticomplement activity,
generation of antibodies that specifically hind Isac, and identification of compounds that can be used to medulate the
alternative complement pathway.

The amino acid sequences of the invention include the amino acid sequence shown in FIG. 3A {SEQ. ID. NO:
402). Further, Isac and Isac-related amino acid sequences are encompassed by the invention, including mature Isac
protein, its functional domains, truncations thereof, as well as substitutions, insertions, and deletions thereof. In fact,
any Isac or Isac-related protein, polypeptide or peptide encoded by the Isac or Isac-related nucleotide sequences
described in the section above are within the scope of the invention.

The preferred isolated Isac and Isac-related amino acid sequences of the present invention may be isolated
and purified from natural sources. Preferred as natural sources are ticks; suitable ticks include Ixodes scapularis,
Ixodes ricinus, and Ornithodorus moubatta. Especially preferred as a natural source is Ixodes scapularis.

The preferred amino acid sequences of the present invention are isolated from their ﬁatural source by
methods known in the biochemical arts. These methods include preparing a soluble extract and enriching the extract
using chromatographic methods on different solid support matrices. An example of a preferred method of purification
of an isolated protein of the present invention would include that as disclosed in the Example.

The preferred isolated Isac and lsac-related amino acid sequences of the present invention may be
synthesized by standard methods known in the chemical arts.

The isolated amino acid sequences of the present invention may be prepared using solid-phase synthesis,
such as that described by Merrifield, J. Amer. Chem. Soc., 85:2149 (1964) or other equivalent methods known in the
chemical arts, such as the method described by Houghten in Proc. Natl. Acad. Sci., 82:5132 (1985).

Alternatively, the preferred isolated Isac and Isac-related amino acid sequences of the present invention may
be made by recombinant DNA methods taught herein and well known in the biclogical arts. Sambrook et al., 1989,
Molecular Cloning, A Laboratory Manual, Cold Springs Harbor Press, N.Y.; and Ausubel et al., 1989, Current Protocols
in Molecular Biology, Green Publishing Assaciates and Wiley Interscience, N.Y. Such methods can be used to construct

expression vectors containing the cDNA and other nucleotide sequences described in the section above and appropriate
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transcriptional and translational control signals. These methods include, for example, in vitro recombinant DNA
techniques, synthetic techniques, and in vivo genetic recombination.

A variety of hest-expression vector systems may be utilized to express the cDNA and other nucleotide
sequences of the invention. The expression systems that may be used for purposes of the invention include but are not
limited to microorganisms such as bacteria (e.g., E. coli, B. subtilis) transformed with recombinant bacteriophage DNA,
plasmid DNA or cosmid DNA expression vectors containing Isac and Isac-related nucleotide sequences; yeast {e.g.,
Saccharomyces, Pichia) transformed with recombinant yeast expression vectors containing Isac and Isac-related
nucleotide sequences; insect cell systems infected with recombinant virus expression vectors (e.g., baculovirus)
containing Isac and Isac-related nucleotide sequences; plant cell systems infected with recembinant virus expression
vectors (e.g., cauliflower mosaic virus, CaMV; tobacco mosaic virus, TMV) or transformed with recombinant plasmid
expression vectors (e.g., Ti plasmid) containing Isac and Isac-related nucleotide sequences; or mammalian cell systems
(e.g., COS, CHO, BHK, 293, 3T3) harhoring recombinant expression constructs containing promoters derived from the
genome of mammalian cells (e.g., metallothionein promoter) or from mammalian viruses (e.g., the adenovirus late
promoter; the vaccinia virus 7.5K promoter).

In bacterial systems, a number of expression vectors may be advantageously selected depending upon the
use intended for the Isac and Isac-related gene product being expressed. For example, when a large quantity of such a
protein is to be produced, for the generation of pharmaceutical compositions of Isac and Isac-related amino acid
sequences or for raising antibodies that specifically bind to the lsac and Isac-related amino acid sequences, far
example, vectors which direct the expression of high levels of fusion protein products that are readily purified may be
desirable. Such vectors include, but are not limited, to the E. coli expression vector pUR278 (Ruther et al., 1983,
EMBO J. 2:1791), in which the Isac and Isac-related coding sequence may be ligated individually into the vector in
frame with the lacZ coding region so that a fusion protein is produced; pIN vectors (Inouye & Inouye, 1985, Nucleic
Acids Res. 13:3101-3108; Van Heeke & Schuster, 1989, J. Biol. Chem. 264:5503-5509); and the like. pGEX vectors
may also he used to express foreign sequences as fusion proteins with glutathione S-transferase (GST). In general;
such fusion proteins are soluble and can easily be purified from lysed cells by adsorption to glutathione-agarose beads
followed hy elution in the presence of free glutathione. The PGEX vectors are designed to include protease cleavage
sites so that the cloned target gene preduct can be released from the GST moiety.

In an insect system, Autographa californica nuclear polyhidrosis virus {AcNPV) is used as a vector to express
foreign genes. The virus grows in Spodoptera frugiperda cells. The Isac and Isac-related gene coding sequence may be
cloned individually into non-essential regions {for example the polyhedrin gene) of the virus and placed under control of
an AcNPV promoter (for example the polyhedrin promoter). Successful insertion of Isac and Isac-related gene coding
sequence will result in inactivation of the polyhedrin gene and production of non-occluded recombinant virus, (i.e., virus
lacking the proteinaceous coat coded for by the polyhedrin gene). These recombinant viruses are then used to infect
Spodoptera frugiperda cells in which the inserted gene is expressed. (E.g., see Smith et al., 1983, J. Virol. 46: 584;

Smith, U.S. Pat. No. 4,215,051).
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In mammalian host cells, a number of viral-based expression systems may be utilized. In cases where an
adenovirus is used as an expression vector, the Isac and Isac-related nucleotide sequence of interest may be ligated to
an adenovirus transcription/translation control complex, e.g., the late promoter and tripartite leader sequence. This
chimeric gene may then be inserted in the adenovirus genome by in vitro or in vivo recombination. Insertion in a non-
essential region of the viral genome (e.g., region ET or E3) will result in a recombinant virus that is viable and capable
of expressing the Isac and Isac-related gene product in infected hosts. (E.g., See Logan & Shenk, 1984, Prac. Natl.
Acad. Sci. USA 81:3655-3659). Specific initiation signals may also be required for efficient translation of inserted Isac
and Isac-related nucleotide sequences. These signals include the ATG initiation codon and adjacent sequences. In cases
where an entire Isac gene or ¢cDNA, including its own initiation codon and adjacent sequences, is inserted into the
appropriate expression vector, no additional translational control signals may be needed. However, in cases where only
a portion of the Isac coding sequence is inserted, exogenous translational control signals, including, perhaps, the ATG
initiation codon, must be provided. Furthermore, the initiation codon must be in phase with the reading frame of the
desired coding sequence to ensure translation of the entire insert. These exogenous translational control signals and
initiation codons can be of a variety of origins, both natural and synthetic. The efficiency of expression may be
enhanced by the inclusion of appropriate transcription enhancer elements, transcription terminators, etc. (See Bittner
et al., 1987, Methods in Enzymol. 153:516-544).

In addition, a host cell strain may be chosen which modulates the expression of the inserted sequences, or
modifies and processes the gene product in the specific fashion desired. Such modifications (e.g., glycosylation) and
processing {e.g., cleavage) of protein products may be important for the function of the protein. Different host cells
have characteristic and specific mechanisms for the post-translational processing and modification of proteins and
gene products. Appropriate cell lines or host systems can be chosen te ensure the correct modification and processing
of the foreign protein expressed. To this end, eukaryotic host cells which possess the cellular machinery for proper
processing of the primary transcript, glycosylation, and phosphorylation of the gene product may be used. Such
mammalian host cells include but are not limited to CHO, VERD, BHK, Hela, COS, MDCK, 283, 3T3, WI38, and in
particular, salivary gland cell lines.

For long-term, high-yield production of recombinant proteins, stable expression is preferred. For example, cell
lines which stably express the Isac and Isac-related nucleotide sequences described above may be engineered. Rather
than using expression vectors which contain viral origins of replication, host cells can be transformed with DNA
controlled by appropriate expression control elements (e.g., promoter, enhancer sequences, transcription terminators,
polyadenylation sites, etc.), and a selectable marker. Following the introduction nf the foreign DNA, engineered cells
may be allowed to grow for 1-2 days in an enriched media, and then are switched to a selective media. The selectable
marker in the recombinant plasmid confers resistance to the selection and allows cells to stably integrate the plasmid
into their chromosomes and grow to form foci which in turn can be cloned and expénded into cell lines, This method

may advantageously be used to engineer cell lines which express the Isac and Isac-related gene product.
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A number of selection systems may be used, including but not limited to the herpes simplex virus thymidine
kinase (Wigler, et al., 1977, Cell 11:223), hypoxanthine-guanine phosphoribosyltransferase (Szybalska & Szybalski,
1962, Proc. Natl. Acad. Sci. USA 48:2026), and adenine phosphoribosyltransferase (Lowy, et al., 1980, Cell 22:817)
genes can be employed in tk-, hgprt- or aprt- cells, respectively. Also, antimetabolite resistance can be used as the
basis of selection for the following genes: dhfr, which confers resistance to methotrexate (Wigler, et al., 1980, Natl.
Acad. Sci. USA 77:3567; O'Hare, et al., 1981, Proc. Natl. Acad. Sci. USA 78:1527); gpt, which confers resistance to
mycophenolic acid (Mulligan & Berg, 1981, Proc. Natl. Acad. Sci. USA 78:2072); neo, which confers resistance to the
aminoglycoside G-418 (Colberre-Garapin, et al., 1981, J. Mol. Biol. 150:1); and hygro, which confers resistance to
hygromycin {Santerre, et al., 1984, Gene 30:147).

Alternatively, any fusion protein may be readily purified by utilizing an antibody specific for the fusion protein
being expressed. For example, a system described by Janknecht et al. allows for the ready purification of non-
denatured fusion proteins expressed in human cell lines {Janknecht, et al., 1991, Proc. Natl. Acad. Sci. USA 88: 8972
8976). In this system, the gene of interest is subcloned into a vaccinia recombination plasmid such that the gene's
open reading frame is translationally fused to an amino-terminal tag consisting of six histidine residues. Extracts from
cells infected with recombinant vaccinia virus are loaded onto Ni2+.nitriloacetic acid-agarose columns and histidine-
tagged proteins are selectively eluted with imidazole-containing buffers.

Antibodies to Isac Proteins

Antibodies that specifically recognize one or more epitopes of Isac, or epitopes of conserved variants of Isac,
or peptide fragments of Isac are also encompassed by the invention. Such antibodies include but are not limited to
polyclonal antibodies, monoclonal antibodies (mAbs), humanized or chimeric antibodies, single chain antibodies, Fab
fragments, F(ah')2 fragments, fragments produced by a Fah expression library, anti-idiotypic (anti-ld) antibodies, and
epitope-binding fragments of any of the above.

The antibodies of the invention may be used, for example, for diagnostic purposes and for the identification
of concentration levels of Isac in various biological fluids. Immunoassays utilizing these antibodies may be used as a
diagnostic test, such as to detect infection of a mammalian host by a tick or to detect Isac from a tick in a tissue of
the mammalian host. Also, such immunoassays may be used in the detection and isolation of lsac from tissue
homogenates, cloned cells, and the like. Alternatively, antibodies against Isac can be used as a vaccine against tick
infections in mammals. Or, antibodies can be used in conjunction with drug screening schemes.

For the production of antibodies, various host animals may be immunized by injection with Isac, an lsac
peptide (e.g., one corresponding to a functional domain), truncated Isac proteins, polypeptides, or peptides, functional
equivalents of Isac or variants of Isac. Such host animals may include but are not limited to rabbits, mice, and rats, to
name but a few. Various adjuvants may be used to increase the immunological response, depending on the host
species, including but not limited to Freund's {complete and incomplete), mineral gels such as aluminum hydroxide,
surface active substances such as lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, keyhole limpet

hemocyanin, dinitropheno!, and potentially useful human adjuvants such as BCG (bacille Calmette-Guerin) and
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Corynebacterium parvum. Polyclonal antibodies are heterogeneous populations of antibody molecules derived from the
sera of the immunized animals.

Monoclonal antibodies, which are homogeneous populations of antibodies to a particular antigen, may be
obtained by any technique which provides for the production of antibody molecules by continuous cell lines in culture.
These include, but are not limited to, the hybridoma technique of Kohler and Milstein, (1975, Nature 256:485-497; and
U.S. Pat. No. 4,376,110), the human B-cell hybridoma technigue {Koshor et al., 1983, Immunclogy Teday 4:72; Cole et
al., 1983, Proc. Natl. Acad. Sci. USA 80:2026-2030), and the EBV-hybridoma technique (Cole et al., 1985, Monoclonal
Antibodies And Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). Such antihodies may be of any immunoglobulin class
including 196, IgM, IgE, IgA, 1gD and any subclass thereof. The hybridoma producing the mAb of this invention may be
cultivated in vitro or iﬁ vivo. Production of high titers of mAbs in viva makes this the presently preferred method of
production.

In addition, techniques developed for the production of "chimeric antibodies” (Morrison et al., 1984, Proc.
Natl. Acad. Sci., 81:6851-6855; Neuberger et al., 1984, Nature, 312:604-608; Takeda et al., 1985, Nature, 314:452-
454) by splicing the genes from a mouse antibody molecule of appropriate antigen specificity together with genes from
a human antibody molecule of appropriate biological activity can be used. A chimeric antibody is a molecule in which
different portions are derived from different animal species, such as those having a variable region derived from a .
murine mAb and a human immunoglobulin constant region.

Alternatively, techniques described for the production of single chain antibodies (U.S. Pat. No. 4,946,778;
Bird, 1988, Science 242:423-426; Husten et al., 1988, Proc. Natl. Acad. Sci. USA 85:5879-5883; and Ward et al.,
1989, Nature 334:544-546) can be adapted to produce single chain antibodies against Isac gene products. Single
chain antibodies are formed by linking the heavy and light chain fragments of the Fv region via an amino acid bridge,
resulting in a single chain polypeptide.

Antibody fragments which recognize specific epitopes may be generated by known techniques. For example,
such fragments include but are not limited to: the F(ab')2 fragments which can be produced by pepsin digestion of the
antibody molecule and the Fab fragments which can he generated by reducing the disulfide bridges of the F(ab")2
fragments. Alternatively, Fab expression libraries may be constructed (Huse et al., 1989, Science, 246:1275-1281) to
allow rapid and easy identification of monoclonal Fab fragments with the desired specificity.

Antibodies to Isac can, in turn, be utilized to generate anti-idiotype antibodies that "mimic" Isac, using
techniques well known to those skilled in the art. (See, e.g., Greenspan & Bona, 1993, FASEB J 7(5):437-444; and
Nissinoff, 1991, J. Immunol. 147(8):2429-2438). For example antibodies which bind to a specific domain and
competitively inhibit the binding of factor Bb andjor C3b can be used to generate anit-idiotypes that “mimic” the
domain and, therefore, bind and neutralize Isac. Such neutralizing anti-idiotypes or Fab fragments of such anti-
idiotypes can be used in regimens to neutralize Isac.

Diagnostic and Prognostic Assays of Isac
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A variety of methods can be employed for the diagnostic and prognostic evaluation of Isac and Isac gene
specific nucleic acid molecules for the identification and concentration levels of Isac and Isac gene specific nucleic acid
molecules in various biclogical tissues and fluids. These assays may be used to detect infection of a mammalian host
by a tick or to detect Isac from a tick in a tissue of a mammalian host. Also, such assays may be used in the detection
of Isac expression patterns to aid in diagnosis and prognosis of pathological states associated with [sac.

Such methods may, for example, utilize reagents such as the Isac nucleotide sequences described above, Isac
amino acid sequences described above, and Isac antibodies described above. Specifically, such reagents may be used,
for example, for: (1) the detection of the presence of Isac expression or the detection of either an over- or under-
expression of Isac mRNA; (2) the detection of the presence of Isac gene product or the detection of either an over- or
under-abundance of Isac gene product; and (3) the detection of the presence of Isac antibodies.

The methods described herein may be performed, for example, by utilizing pre-packaged diagnostic kits
comprising at least one specific Isac nucleotide sequence, Isac amino acid sequence or Isac antibody reagent described
herein, which may be conveniently used, e.g., in clinical settings, to diagnose patients exhibiting a pathological state
associated with Isac.

Information about Isac gene specific nucleic acid molecules can be detected by utilizing a number of
technigues. Nucleic acid from any nueleated cell can be used as the starting point for such assay techniques, and may
be isolated according to standard nueleic acid preparation procedures which are well known to those of skill in the art.
The use of microarrays to determine gene expression requires DNA from the Isac gene that can serve as a prabe for
detecting which genes in the microarray are active in different types of cells.

DNA may be used in hybridization or amplification assays. Such assays may include, but are not limited to,
Southern analyses, dot blots, single stranded conformational polymorphism analyses (SSCP), restriction fragment
length polymorphims (RFLPs) and PCR analyses.

Such diagnostic methods for the detection of Isac gene specific nucleic acid molecules can involve for
example, contacting and incubating nucleic acids, including recombinant DNA molecules, cloned genes or degenerate
variants thereof, obtained from a sample, e.g., derived from a patient sample or other appropriate cellular source, with
one or more labeled nucleic acid reagents, including recombinant BNA molecules, cloned genes or degenerate variants
thereof under conditions favorable for the specific annealing of these reagents to their complementary sequences
within the Isac gene. Preferably, the lengths of these nucleic acid reagents are at least 15 to 30 nucleotides. After
incubation, all non-annealed nucleic acids are removed from the nucleic acid:lsac molecule hybrid. The presence of
nucleic acids which have hybridized, if any such molecules exist, is then detected. Using such a detection scheme, the
nucleic acid from the cell type or tissue of interest can be immobilized, for example, to a solid support, such as a
membrane, or a plastic surface such as that on a microtiter plate or polystyrene beads. In this case, after incubation,
non-annealed, labeled nucleic acid reagents are easily removed. Detection of the remaining, annealed, labeled Isac

nucleic acid reagents is accomplished using standard techniques well-known to those in the art. The Isac gene
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sequences to which the nucleic acid reagents have annealed can be compared to the annealing pattern expected from a
control gene sequence in order to detect Isac gene specific nucleic acid molecules.

Alternative diagnostic methods for the detection of Isac gene specific nucleic acid molecules, in patient
samples or ather appropriate cell sources, may involve their amplification, e.g., by PCR {the experimental embodiment
set forth in Mullis, K. B., 1987, U.S. Pat. No. 4,683,202), followed by the detection of the amplified molecules using
techniques well known to those of skill in the art. The resulting amplified sequences can be compared to thase which
would be expected if the nucleic acid being amplified contained control gene copies in order to detect Isac gene specific
nucleic acid molecules.

The level of Isac gene expression can also be assayed by detecting and measuring Isac transcription. For
example, RNA from a cell type or tissue known, or suspected to express the Isac gene, such as salivary gland, may be
isolated and tested utilizing hybridization or PCR technigues such as are described, above. The isolated cells can be
derived from cell culture or from a patient. The analysis of cells taken from culture may be a necessary step in the
assessment of cells to be used as part of a cell-based therapy or, alternatively, to test the effect of compounds on the
expression of the Isac gene. Such analyses may reveal hoth quantitative and qualitative aspects of the expression
pattern of the Isac gene, including activation or inactivation of Isac gene expression.

In one embodiment of such a detection scheme, eDNAs are synthesized from the RNAs of interest {e.g., by
reverse transcription of the RNA molecule into cDNA). A sequence within the cDNA is then used as the template for a
nucleic acid amplification reaction, such as a PCR amplification reaction, or the like. The nucleic acid reagents used as
synthesis initiation reagents (e.g., primers) in the reverse transeription and nucleic acid amplification steps of this
method are chosen from among the Isac nucleic acid reagents described above. The preferred lengths of such nucleic
acid reagents are at least 9-30 nucleotides. For detection of the amplified product, the nucleic acid amplification may
be performed using radioactively or non-radioactively labeled nucleotides. Alternatively, enough amplified product may
be made such that the product may be visualized by standard ethidium bromide staining or by utilizing any other
suitable nucleic acid staining method,

Additionally, it is possible to perform such Isac gene expression assays "in situ", ie., directly upon tissue
sections {fixed andjor frozen) of patient tissue obtained from biopsies or resections, such that no nucleic acid
purification is necessary. Nucleic acid reagents such as these described above may be used as probes andfor primers
for such in situ procedures {See, for example, Nuove, G. J., 1992, "PCR In Situ Hybridization: Protocols And
Applications”, Raven Press, NY).

Alternatively, if a sufficient quantity of the appropriate cells can be obtained, standard Northern analysis can
be performed to determine the level of mRNA expression of the Isac gene.

Immunoassays and non-immunoassays for Isac gene products or conserved variants or peptide fragments
thereof will typically comprise incubating a sample, such as a biological fluid, a tissue extract, freshly harvested cells,

or lysates of cells which have been incubated in cell culture, in the presence of a detectably labeled antibody capable
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of identifying Isac gene products or conserved variants or peptide fragments thereof, and detecting the bound antibody
by any of a number of techniques well-known in the art.

The biological sample may be brought in contact with and immobilized onto a solid phase support or carrier
such as nitrocellulose, or other solid support which is capable of immobilizing cells, cell particles or soluble proteins.
The support may then be washed with suitable buffers followed by treatment with the detectably labeled Isac
antibody or Isac gene product. The solid phase support may then be washed with the buffer a second time to remove
unbound antibody or gene product. The amount of bound label on solid support may then be detected by conventicnal
means.

By "solid phase support or carrier” is intended any support capable of binding an antigen or an antibody.
Well-known supports or carriers include glass, polystyrene, polypropylene, polyethylene, dextran, nylon, amylases,
natural and modified celluloses, polyacrylamides, gabbros, and magnetite. The nature of the carrier can be either
soluble to some extent or insoluble for the purposes of the present invention. The support material may have virtually
any possible structural configuration so long as the coupled molecule is capable of binding to an antigen or antibody.
Thus, the support configuration may be spherical, as in a bead, or cylindrical, as in the inside surface of a test tube, or
the external surface of a rod. Alternatively, the surface may be flat such as a sheet, test strip, etc. Preferred supports
include polystyrene beads. Those skilled in the art will know many other suitable carriers for hinding antibody or
antigen, or will be able to ascertain the same by use of routine experimentation.

The binding activity of a given lot of Isac antibody or Isac gene product may be determined according to well
known methods. Those skilled in the art will be able to determine operative and optimal assay conditions for each
determination by employing routine experimentation.

With respect to antibodies, one of the ways in which the Isac antibody can be detectably labeled is by linking
the same to an enzyme and use in an enzyme immunoassay (EIA} (Voller, A., "The Enzyme Linked Immunosorbent Assay
(ELISA)", 1978, Diagnostic Horizons 2:1-7, Microbiological Associates Quarterly Publication, Walkersville, Md.); Voller,
A. et al., 1978, J. Clin. Pathol. 31:507-520; Butler, J. E., 1981, Meth. Enzymol. 73:482-523; Maggio, E. (ed.), 1980,
Enzyme Immunoassay, CRC Press, Boca Raton, Fla.,; Ishikawa, E. et al., {eds.), 1981, Enzyme Immunoassay, Kgaku
Shoin, Tokyo). The enzyme which is bound to the antibody will react with an appropriate substrate, preferably a
chromogenic substrate, in such a manner as to produce a chemical moiety which can be detected, for example, by
spectrophotometric, fluorimetric or by visual means. Enzymes which can be used to detectably label the antibody
include, but are not limited to, malate dehydrogenase, staphylococcal nuclease, delta-b-steroid isomerase, yeast
alcohol dehydrogenase, alphaglycerophosphate, dehydrogenase, triose phosphate isomerase, horseradish peroxidase,
alkaline phosphatase, asparaginase, glucose oxidase, beta-galactosidase, ribonuclease, urease, catalase, glucose-6-
phosphate dehydrogenase, glucoamylase and acetylcholinesterase. The detection can be accomplished by calorimetric
methods which employ a chromogenic substrate for the enzyme. Detection may also be accomplished by visual

comparison of the extent of enzymatic reaction of a substrate in comparisen with similarly prepared standards.
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Detection may also be accomplished using any of a variety of other immunoassays. For example, by
radioactively fabeling the antibodies or antibody fragments, it is possible to detect Isac through the use of a
radioimmunoassay (RIA) (see, for example, Weintraub, B., Principles of Radioimmunoassays, Seventh Training Course
on Radioligand Assay Techniques, The Endocrine Society, March, 1986). The radioactive isotope can be detected by
such means as the use of a gamma counter or a scintillation counter or by autoradiography.

It is also possible to lahel the antibody with a fluorescent compound. When the fluorescently labeled antibody
is exposed to light of the proper wave length, its presence can then be detected due to fluorescence. Among the most
commonly used fluorescent fabefing compounds are fluorescein isothiocyanate, rhodamine, phycoerythrin, phycocyanin,
allophycocyanin, o-phthaldehyde and fluorescamine.

The antibody can also be detectably labeled using fluorescence emitting metals such as 152 Eu, or others of
the lanthanide series. These metals can be attached to the antibody using such metal chelating groups as
diethylenetriaminepentacetic acid (DTPA) or ethylenediaminetetraacetic acid (EDTA). ’

The antibody also can be detectably labeled by coupling it to a chemiluminescent compound. The presence of
the chemiluminescent-tagged antibody is then determined by detecting the presence of luminescence that arises during
the course of a chemical reaction. Examples of particularly useful chemiluminescent fabeling compounds are luminol,
isoluminol, theromatic acridinium ester, imidazole, acridinium salt and oxalate ester.

Likewise, a bioluminescent compound may be used to label the antibody of the present invention.
Bioluminescence is a type of chemiluminescence found in biological systems in, which a catalytic protein increases the
efficiency of the chemiluminescent reaction. The presence of a bioluminescent protein is determined by detecting the
presence of luminescence. Important bioluminescent compounds for purposes of labeling are luciferin, luciferase and
aequorin,

Screening Assays for Compounds that Bind Isac

The following assays are designed to identify compounds that interact with {e.g., bind to) Isac.

Such compounds may include, but are not limited to, peptides such as, for example, soluble peptides,
including but not limited to members of random peptide libraries; (see, e.g., Lam, K. S. et al., 1991, Nature 354:82.84;
Houghten, R. et al., 1891, Nature 354:84-86), and combinatorial chemistry-derived molecular library made of D- and/or
L- configuration amino acids, phosphopeptides (including, but not limited to, members of random or partially
degenerate, directed phosphopeptide libraries; see, e.g., Songyang, Z. et al., 1993, Cell 72:767-778), antibodies
{including, but not limited to, polyclonal, monoclonal, humanized, anti-idiotypic, chimeric or single chain antibodies, and
FAb, Flab’}2 and FAb expression library fragments, and epitope-binding fragments thereof}, and small organic or
inorganic molecules.

Computer modeling and searching technologies permit identification of compounds, or the improvement of
already identified compounds, that can modulate Isac activity. Having identified such a compound or composition, the
active sites or regions are identified. Such active sites might typically be ligand binding sites. The active site can be

identified using methods known in the art including, for example, from the amino acid sequences of peptides, from the
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nucleotide sequences of nucleic acids, or from study of complexes of the relevant compound or composition with its
natural ligand. In the latter case, chemical or X-ray crystallographic methods can be used to find the active site by
finding where on the factor the complexed ligand is found. Next, the three dimensional geometric structure of the
active site is determined. This can be done by known methods, including X-ray crystallography, which can determine a
complete molecular structure. On the other hand, solid or liquid phase NMR can be used to determine certain intra-
molecular distances. Any other experimental method of structure determination can be used to obtain partial or
complete geometric structures. The geometric structures may be measured with a complexed ligand, natural or
artificial, which may increase the accuracy of the active site structure determined.

It an incomplete or insufficiently accurate structure is determined, the methods of computer based numerical
modeling can be used to complete the structure or improve its accuracy. Any recognized modeling method may be used,
including parameterized models specific to particular biopolymers such as proteins or nucleic acids, molecular dynamics
models based on computing molecular motions, statistical mechanics models based on thermal ensembles, or combined
models. For most types of models, standard molecular force fields, representing the forces between constituent atoms
and groups, are necessary, and can be selected from force fields known in physical chemistry. The incomplete or less
accurate experimental structures can serve as constraints on the complete and more accurate structures computed by
these modeling methods.

Finally, having determined the structure of the active site, either experimentally, by modeling, or by a
combination, candidate modulating compounds can be identified by searching databases containing compounds along
with information on their molecular structure. Such a search seeks compounds having structures that match the
determined active site structure and that interact with the groups defining the active site. Such a search can be
manual, but is preferably computer assisted. These compounds found from this search are potential Isac modulating
compounds.

Alternatively, these methods can be used to identify improved modulating compounds from an already known
modulating compound or ligand. The compasition of the known compound can be modified and the structural effects of
modification can be determined using the experimental and computer modeling methods described above applied to the
new composition. The altered structure is then compared to the active site structure of the compound to determine if
an improved fit or interaction results. In this manner systematic variations in composition, such as by varying side
groups, can be quickly evaluated to obtain modified modulating compounds or ligands of improved specificity or
activity.

Further experimental and computer modeling methods useful to identify modulating compounds based upon
identification of the active sites of Isac will be apparent to those of skill in the art.

Examples of molecular modeling systems are the CHARMM and QUANTA programs (Polygen Corporation,
Waltham, Mass.). CHARMM performs the energy minimization and molecular dynamics functions. QUANTA performs
the construction, graphic modeling and analysis of molecular structure. QUANTA allows interactive construction,

modification, visualization, and analysis of the behavior of molecules with each other.
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A number of articles review computer modeling of drugs interactive with specific-proteins, such as Rotivinen,
et al., 1988, Acta Pharmaceutical Fennica 97:159-166; Ripka, New Scientist 54-57 (Jun. 16, 1988); McKinaly and
Rossmann, 1989, Annu. Rev. Pharmacol. Toxiciol. 29:111-122; Perry and Davies, OSAR: Quantitative Structure-
Activity Relationships in Drug Design pp. 189-193 {Alan R. Liss, Inc. 1989); Lewis and Dean, 1989 Proc. R. Soc. Lond.
236:125-140 and 141-162; and, with respect to a model receptor for nucleic acid components, Askew, et al., 1989, J.
Am. Chem. Soc. 111:1082-1090. Other computer programs that screen and graphically depict chemicals are available
from companies such as BioDesign, Inc. (Pasadena, Calif.), Allelix, In. {Mississauga, Ontario, Canada), and Hypercube,
Inc. (Cambridge, Ontario). Although these are primarily designed for application to drugs specific to particular proteins,
they can be adapted to design of drugs specific to regions of DNA or RNA, once that region is identified.

Although described above with reference to design and generation of compounds which could alter binding,
one could also screen libraries of known compounds, including natural products or synthetic chemicals, and hiologically
active materials, including proteins, for compounds which are inhibitors or activators.

Compounds identified via assays such as those described herein may be useful, for example, in modulating
the alternative complement pathway.

In Vitro Screening Assays

In vitro systems may be designed to identify compounds capable of interacting with (e.g., binding to) Isac.
The principle of the assays used to identify compounds that bind to Isac involves preparing a reaction mixture of Isac
and the test compound under conditions and for a time sufficient to allow the two components to interact and bind,
thus forming a complex which can be removed and/or detected in the reaction mixture. The Isac species used can vary
depending upon the goal of the screening assay.

The screening assays can be conducted in a variety of ways. For example, one method to conduct such an
assay would involve anchoring the Isac protein, polypeptide, peptide or fusion protein or the test substance onto a solid
phase and detecting Isac/test compound complexes anchored on the solid phase at the end of the reaction. In one
embodiment of such a method, the Isac reactant may be anchared onto a solid surface, and the test compound, which
is not anchored, may be labeled, either directly or indirectly.

In practice, microtiter plates may conveniently be utilized as the solid phase. The anchored component may
be immobilized by non-covalent or covalent attachments. Non-covalent attachment may he accomplished by simply
coating the solid surface with a solution of the protein and drying. Alternatively, an immobilized antibody, preferably a
monoclonal antibedy, specific for the protein to be immobilized may be used to anchor the protein to the solid surface.
The surfaces may be prepared in advance and stored. '

In order to conduct the assay, the nonimmobilized component is added to the coated surface containing the
anchored component. After the reaction is complete, unreacted components are removed (e.g., by washing) under
conditions such that any complexes formed will remain immobilized on the solid surface. The detection of complexes
anchored on the solid surface can be accomplished in a number of ways. Where the previously nonimmobilized

component is pre-labeled, the detection of label immobilized on the surface indicates that complexes were formed.
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Where the previously nonimmobilized component is not pre-labeled, an indirect label can be used to detect complexes
anchored on the surface; e.g., using a labeled antibody specific for the previously nonimmobilized component (the
antibody, in turn, may be directly labeled or indirectly labeled with a labeled anti-Ig antibody).

Alternatively, a reaction can be conducted in a fiquid phase, the reaction products separated from unreacted
components, and complexes detected; e.g., using an immobilized antibody specific for Isac protein, polypeptide, peptide
or fusion protein or the test compound to anchor any complexes formed in solution, and a labeled antibody specific for
the other component of the possible complex to detect anchored complexes.

In Vivo Screening Assays

In vivo systems may be designed to identify compounds capable of interacting with (e.g., hindihg to) Isac.
One method which detects protein interactions in vivo, the two-hybrid system, is described in detail for illustration only
and not by way of limitation. One version of this system has been described {Chien et al., 1991, Proc. Natl. Acad. Sci.
USA, 88:9578-9582) and is commercially available from Clontech (Palo Alto, Calif.).

Briefly, utilizing such a system, plasmids are constructed that encode two hybrid proteins: one plasmid
consists of nueleotides encoding the DNA-binding domain of a transcription activator protein fused to an Isac
nucleotide sequence encoding Isac, an Isac polypeptide, peptide or fusion protein, and the other plasmid consists of
nucleotides encoding the transcription activator protein's activation domain fused to a cDNA encoding an unknown -
protein which has been recombined into this plasmid as part of a cDNA library. The DNA-binding domain fusion plasmid
and the cDNA library are transformed into a strain of the yeast Saccharomyces cerevisiae that contains a reporter
gene (e.g., HBS or lacZ) whose regulatory region contains the transcription activator's hinding site. Either hybrid
protein alone cannot activate transcription of the reporter gene: the DNA-binding domain hybrid cannot because it does
not provide activation funetion and the activation domain hybrid cannot because it cannot localize to the activator's
binding sites. Interaction of the two hybrid proteins reconstitutes the functional activator protein and results in
expression of the reporter gene, which is detected by an assay for the reporter gene product.

The two-hybrid system or related methodology may be used to screen activation domain libraries for proteins
that interact with the "bait" gene product. By way of example, and not by way of limitation, Isac may be used as the
bait gene product. Total genomic or cDNA sequences are fused to the DNA encoding an activation domain. This library
and a plasmid encoding a hybrid of a bait Isac gene product fused to the DNA-binding domain are eotransformed into a
yeast reporter strain, and the resulting transformants are screened for those that express the reporter gene. For
example, and not by way of limitation, a bait Isac gene sequence, such as the open reading frame of Isac, can be
cloned into a vector such that it is translationally fused to the DNA encoding the DNA-binding domain of the GAL4
protein. These colonies are purified and the library plasmids responsible for reporter gene expression are isolated. DNA
sequencing is then used to identify the proteins encoded by the library plasmids.

A cDNA library of the cell line from which proteins that interact with bait Isac gene product are to be
detected can be made using methods routinely practiced in the art. According to the particular system described

herein, for example, the cDNA fragments can be inserted into a vector such that they are translationally fused to the
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transcriptional activation domain of GAL4. This library can be co-transformed along with the bait Isac gene-GAL4
fusion plasmid into a yeast strain which contains a lacZ gene driven by a promoter which contains GAL4 activation
sequence. A cDNA encoded protein, fused to GAL4 transcriptional activation domain, that interacts with bait Isac gene
product will reconstitute an active GAL4 protein and thereby drive expression of the HIS3 gene. Colonies which
express HIS3 can be detected by their growth on petri dishes containing semi-solid agar based media lacking histidine.
The cDNA can then be purified from these strains, and used to produce and isolate the bait Isac gene-interacting
protein using techniques routinely practiced in the art.

Assays for Compounds that Modulate the Interaction of Binding Partners with Isac

The macromolecules that interact with Isac are referred to, for purposes of this discussion, as "binding
partners”. These binding partners are likely to be involved in the Isac mediated alternative complement pathway.
Therefore, it is desirable to identify compounds that modulate the interaction of such binding partners with Isac.

The basic principle of the assay systems used to identify compounds that modulate the interaction between
Isac and its binding partner {e.g., factor Bb, C3b, or C3b/Bh complex) involves preparing a reaction mixture containing
Isac protein, polypeptide, peptide or fusion protein as described above, and the binding partner under conditions and for
a time sufficient to allow the two to interact and bind, thus forming a complex. In order to test a compound for
modulating activity, the reaction mixture is prepared in the presence and absence of the test compound. The test
compound may be initially included in the reaction mixture, or may be added at a time subsequent to the addition of the
Isac moiety and its binding partner. Control reaction mixtures are incubated without the test compound or with a
placebo. The formation of any complexes between the Isac moiety and the binding partner is then detected. The
formation of a complex in the control reaction, but not in the reaction mixture containing the test compound, indicates
that the compound modulates the interaction of Isac and the interactive binding partner.

The assay for compounds that modulate the interaction of Isac and binding partners can be conducted in a
heterogeneous or homogeneous format. Heterogeneous assays involve anchoring either the Isac moiety product or the
hinding partner onto a solid phase and detecting complexes anchored on the solid phase at the end of the reaction. In
homogeneous assays, the entire reaction is carried out in a liquid phase. In either approach, the order of addition of
reactants can be varied to obtain different information about the compounds being tested. For example, test
compounds that inhibit the interaction by competition can be identified by conducting the reaction in the presence of
the test substance; i.e., by adding the test substance to the reaction mixture prior to or simultaneously with the Isac
moiety and interactive hinding partner. Alternatively, test compounds that disrupt preformed complexes, e.g.
compounds with higher binding constants that displace one of the components from the complex, can be tested by
adding the test compound to the reaction mixture after complexes have been formed. The various formats are
described briefly below.

In a heterogeneous assay system, either the Isac moiety or the interactive binding partner, is anchored onto a
sofid surface, while the non-anchored species is labeled, either directly or indirectly. In practice, microtiter plates are

conveniently utilized. The anchored species may be immobilized by non-covalent or covalent attachments. Non-covalent
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attachment may be accomplished simply by coating the solid surface with a solution of the Isac gene product or
binding partner and drying. Alternatively, an immobilized antibody specific for the species to be anchored may be used
to anchor the species to the solid surface. The surfaces may be prepared in advance and stored.

In order to conduct the assay, the partner of the immobilized species is exposed to the coated surface with or
without the test compound. After the reaction is complete, unreacted components are removed (e.g., by washing) and
any complexes formed will remain immobilized on the solid surface. The detection of complexes anchored on the solid
surface can be accomplished in a number of ways. Where the nonimmobilized species is pre-labeled, the detection of
label immobilized on the surface indicates that complexes were formed. Where the non-immobilized species is not pre-
labeled, an indirect label can be used to detect complexes anchored on the surface; e.g., using a labeled antibody
specific for the initially non-immobilized species (the antibody, in turn, may be directly labeled or indirectly labeled with
a labeled anti-lg antibody). Depending upon the order of addition of reaction components, test compounds which inhibit
complex formation or which disrupt preformed complexes can be detected.

Alternatively, the reaction can be conducted in a liquid phase in the presence or absence of the test
compound, the reaction products separated from unreacted components, and complexes detected; e.g., using an
immobilized antibedy specific for one of the binding components ta anchor any complexes formed in solution, and a
labeled antibody specific for the other partner to detect anchored complexes. Again, depending upon the order of
addition of reactants to the liquid phase, test compounds which inhibit complex or which disrupt preformed complexes
can be identified.

In an alternate embodiment, a homogeneous assay can be used. In this approach, a preformed complex of the
Isac moiety and the interactive binding partner is prepared in which either the Isac or its binding partners is labeled, but
the signal generated by the label is quenched due to formation of the complex (see, e.g., U.S. Pat. No. 4,109,496 by -
Rubenstein which utilizes this approach for immunoassays). The addition of a test substance that competes with and
displaces one of the species from the preformed complex will result in the generation of a signal above background. In
this way, test substances which disrupt Isac/binding partner interaction can be identified.

In a particular embodiment, an Isac fusion can be prepared for immobilization. For example, Isac or a peptide
fragment, can be fused to a glutathione-S-transferase (GST) gene using a fusion vector, such as pGEX-5X-1, in such a
manner that its binding activity is maintained in the resulting fusion protein. The interactive binding partner can be
purified and used to raise a monoclonal antibody, using methods routinely practiced in the art and described above.
This antibody can be labeled with the radioactive isotope 1251, for example, by methods routinely practiced in the art.
In a heterogeneous assay, e.g., the GST-Isac fusion protein can be anchored to glutathione-agarose beads. The
interactive binding partner can then be added in the presence or absence of the test compound in a manner that allows
interaction and binding to occur. At the end of the reaction period, unbound material can be washed away, and the
labeled monoclonal antibody can be added to the system and allowed to bind to the complexed components. The

interaction between the Isac gene product and the interactive binding partner can be detected by measuring the
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amount of radioactivity that remains associated with the glutathione-agarose beads. A successful inhibition of the
interaction by the test compound will result in a decrease in measured radioactivity.

Alternatively, the GST-Isac fusion protein and the interactive hinding partner can be mixed together in liguid
in the absence of the solid glutathione-agarose beads. The test compound can be added either during or after the
species are allowed to interact. This mixture can then be added to the glutathione-agarose beads and unbound material
is washed away. Again the extent of inhibition of the Isac/binding partner interaction can be detected by adding the
labeled antibody and measuring the radioactivity associated with the beads.

In another embodiment, these same techniques can be employed using peptide fragments that correspond to
a specific domain of Isac andjor the interactive hinding partner (in cases where the binding partner is a protein), in
place of one or both of the full length proteins. Any number of methods routinely practiced in the art can be used to
identify and isolate the binding sites. These methods include, but are not limited to, mutagenesis of the gene encoding
one of the proteins and screening for disruption of binding in a co-immunoprecipitation assay. Compensating mutations
in the gene encoding the second species in the complex can then be selected. Sequence analysis of the genes encading
the respective proteins will reveal the mutations that correspond to the region of the protein involved in interactive
binding. Alternatively, one protein can be anchered to a solid surface using methods described above, and allowed to
interact with and bind to its labeled binding partner, which has been treated with a proteolytic enzyme, such as
trypsin. After washing, a short, labeled peptide comprising the binding domain may remain associated with the solid
material, which can be isolated and identified by amino acid sequencing. Also, once the gene coding for the binding
partner is obtained, short gene segments can be engineered to express peptide fragments of the protein, which can
then be tested for binding activity and purified or synthesized.

Assays for |dentification of Compounds that Modulate Alternative Complement Pathway

Compounds, including but not limited to binding compounds identified via assay techniques such as those
described in the sections can be tested for the ability to modulate the alternative complement pathway. The assays
described above can identify compounds which affect Isac activity (e.g., compounds that bind to Isac, inhibit binding of
the natural ligand, and either activate signal transduction (agonists) or block activation (antagonists), and compounds
that bind to the natural ligand of Isac and neutralize ligand activity). Such compounds can be used as part of a
therapeutic regimen.

The invention encompasses cell-based and animal model-based assays for the identification of compounds
exhibiting such an ability to modulate the alternative complement pathway.

Cell-based systems can be used to identify compounds which may act to modulate the alternative
complement pathway. Such cell systems can include, for example, recombinant or non-recombinant cells, such as cell
lines, which express microbial surfaces or other foreign surfaces. In addition, expression host cells (e.g., COS cells,
CHO cells, fibroblasts) genetically engineered to express microbial surfaces or other foreign surfaces and to respond to
activation by Isac, e.g., as measured by a chemical or phenotypic change, induction of another host cell gene, change in

ion flux, tyrosine phosphorylation of host cell proteins, etc., can be used as an end point in the assay.
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In addition, animal-based systems may be used to identify compounds capable of modulating the alternative
complement pathway. Such animal models may be used as test substrates for the identification of pharmaceuticals,
therapies and interventions which may be effective in such modulation. For example, animal models may be exposed to
a compound, suspected of exhibiting an ability to modulate the alternative complement pathway, at a sufficient
concentration and for a time sufficient to elicit such a modulation in the exposed animals. The response of the animals
to the exposure may be monitored by assessing the responses associated with activation or deactivation of the
alternative complement pathway.

Vaccine and Pharmaceutical Preparations and Methods of Administration And Other Uses

The nucleic acid and amino acid eompounds of the present invention are useful as pharmaceutical agents for
modulating the alternative complement pathway in a mammal. This modulation of the alternative complement pathway
includes facilitating or inhibiting complement activity. Preferred is inhibiting.

The nucleic acid and amino acid compounds can alternatively be used, with suitable adjuvants, as a gene or
component vaccine against tick and tick-borne infections in mammals. Immunization with tick vaccine may be used in
both the prophylaxis and therapy of parasitic infections. Disease conditions caused and transmitted by ticks may be
treated by administering to an animal infected with these parasites anti-Isac antibody.

The vaccine or pharmaceutical compositions of the present invention are administered in vivo, ordinarily in a
mammal, preferably in a human. In employing them in vive, the vaccine or pharmaceutical compositions can be
administered to a mammal in a variety of ways, including orally, parenterally, intravenously, subcutaneously,
intramuscularly, colonically, rectally, nasally or intraperitoneally, employing a variety of dosage forms. Administration
is preferably parenteral, such as intravenous on a daily basis. Alternatively, administration is preferably oral, such as
by tahlets, eapsules or elixers taken on a daily basis.

In addition to the active ingredients, these vaccine and pharmaceutical compositions may contain suitable
pharmaceutically-acceptable carriers comprising excipients and auxiliaries which facilitate processing of the active
compounds into preparations which can be used pharmaceutically. Further details on techniques for formulation and
administration may be found in the latest edition of Remington's Pharmaceutical Sciences (Maack Publishing Co.,
Easton, Pa.).

Pharmaceutical formulations suitable for parenteral administration may be formulated in aquecus solutions,
preferably in physiologically compatible buffers such as Hanks' solution, Ringer's solution, or physiologically buffered
saline. Aqueous injection suspensions may contain substances which increase the viscesity of the suspension, such as
sodium carboxymethyl cellulose, sorbitol, or dextran. Additionally, suspensions of the active compounds may be
prepared as appropriate oily injection suspensions. Suitable lipophilic solvents or vehicles include fatty oils such as
sesame oil, or synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes. Optionally, the suspension
may also contain suitable stabilizers or agents which increase the solubility of the compounds to allow for the

preparation of highly concentrated solutions.
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Pharmaceutical compositions for oral administration can be formulated using pharmaceutically acceptable
carriers well known in the art in dosages suitable for oral administration. Such carriers enable the pharmaceutical
compositions to be formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, suspensions, and the
like, for ingestion by the patient.

For topical or nasal administration, penetrants appropriate to the particular barrier to be permeated are used
in the formulation. Such penetrants are generally known in the art.

The pharmaceutical compositions of the present invention may be manufactured in a manner that is known in
the art, e.g., by means of conventional mixing, dissolving, granulating, dragee-making, levigating, emulsifying,
encapsulating, entrapping, or lyophilizing processes.

After pharmaceutical compositions have been prepared, they can be placed in an appropriate container and
labeled for treatment of an indicated condition.

Pharmaceutical compositions suitable for use in the invention include compositions wherein the active
ingredients are contained in an effective amount to achieve the intended purpose. The determination of an effective
dose is well within the capability of those skilled in the art.

For any compound, the therapeutically effective dose can be estimated initially either in cell culture assays,
o.g., of cell lines,.or in animal models, usually mice, rabbits, dogs, or pigs. The animal model may also be used to
determine the appropriate concentration range and route of administration. Such information can then be used to
determine useful doses and routes for administration in humans.

A therapeutically effective dose refers to that amount of active ingredient, for example Isac or fragments
thereof, antibodies of lIsac, agonists, antagonists or etc of Isac, which ameliorates the symptoms or condition.
Therapeutic efficacy and toxicity may be determined by standard pharmaceutical procedures in cell cultures or
experimental animals, e.g., ED50 (the dose therapeutically effective in 50% of the population) and LD50 (the dose
lethal to 50% of the population). The dose ratio between therapeutic and toxic effects is the therapeutic index, and it
can be expressed as the ratio, LD50/ED50. Pharmaceutical compositions which exhibit large therapeutic indices are
preferred. The data obtained from cell culture assays and animal studies is used in formulating a range of dosage for
human use. The dosage contained in such compositions is preferably within a range of circulating concentrations that
include the ED50 with little or no toxicity. The dosage varies within this range depending upon the dosage form
employed, sensitivity of the patient, and the route of administration.

The exact dosage will be determined by the practitioner, in light of factors related to the subject that
requires treatment. Dosage and administration are adjusted to provide sufficient levels of the active moiety or to
maintain the desired effect. Factors which may be taken into account include the severity of the disease state, general
health of the subject, age, weight, and gender of the subject, diet, time and frequency of administration, drug
combination(s), reaction sensitivities, and tolerance/response to therapy. Long-acting pharmaceutical compositions may
be administered every 3 to 4 days, every week, or once every two weeks depending on half-life and clearance rate of

the particular formulation.
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Normal dosage amounts may vary from 0.1 to 100,000 micrograms, up to a total dose of about 1 g,
depending upon the route of administration. Guidance as to particular dosages and methods of delivery is provided in
the literature and generally available to practitioners in the art. For the present invention, alone or as part of a
pharmaceutical composition, such doses are between about 0.01 mg/kg and 100 mglkg body weight, preferably

between about 0.01 and 10 mglkg, body weight. [Please confirm these dosage levels.]

Purification, Cloning, and Expression

We initially attempted to purify I. scapularis salivary anticomplement from a 550 pl sample of pilocarpine-
induced tick saliva. After one step of molecular sieving chromatography followed by reverse-phase HPLC on a
polymeric column using a gradient of acetonitrile containing 8 mM HCI and a final step on the same column using
trifluoroacetic acid instead of HCI, we obtained small amounts of a product with an amino terminal sequence (G} E D G
L E (SEQ ID NO: 402, amino acids #22-27), where (G) was a doubtful result. Due to difficulties in collecting larger
volumes of tick saliva, a second effort was made to purify the protein from tick salivary homogenates, which also
possess anticomplement activity as determined by its ability to inhibit lysis of rabbit erythrocytes by human sera in the
presence of Mg** JEGTA. Accordingly, 500 pairs of salivary glands were homogenized in 50 ml HEPES saline, and the
supernatant {after 10 min at 10,000 x g) was concentrated using a 10-kDa cut-off Centricon (Millipore Corp.) filter.
Ten aliquots of the concentrated homogenate were repeatedly injected into a molecular sieving column and the
fractions collected into the same tubes at 0.4-min intervals. Two consecutive fractions were active, eluting with an
apparent M, of 62 kDa (Fig. 1).

These active fractions were combined, and acetonitrile and HCI added to give 10 % organic solvent and 8
mM of the acid. This fraction was further divided into three aliquots, each injected into a reverse-phase polymeric resin
eluted with a gradient of acetonitrile in 8 mM HCI (Fig. 2 A, B). Active fractions from these three reverse-phase
tolumns were combined, diluted with water, and concentrated by passing over the same column again with a gradient
of acetonitrile HCI to yield a single peak of UV-absorbing material (Fig. 2 C, D). These fractions containing the UV-
absorbing peak were combined and injected into the same column and eluted with a gradient of acetonitrile in 0.1%
trifluoroacetic acid instead of HCl. Two UV-absorbing peaks eluted, the second of which had anticomplement activity
{Fig. 2 E, F). Fractions corresponding to the active peak were concentrated by evaporation and then sent for amino-
terminal sequencing, which produced primary sequence (S/G)EDGLEQDSKVEXXXQNLY E (SEQ ID NO: 402,
amino acids #22-41). This sequence contained the shorter sequence obtained from HPLC purification of the

anticomplement from tick saliva.

Attempts to obtain a PCR product using primers hased on the above sequence failed, perhaps due to the high
codon degeneracy presented by the majority of amino acids found in the sequence. A cDNA library from l. scapularis
was randomly sequenced, and 709 sequences were ohtained. This library is unidirectional with the cDNA being

restricted with a rare cutter restriction enzyme (Sfil) before ligation to the vector. The probability of obtaining amino

25-



10

15

20

25

30

35

WO 02/26247 PCT/US00/26746

terminal information from the clones was enhanced by starting the cycle sequencing of the library’s clones from the 5'
region of the cDNA. In this manner, a clone was found leading to the predicted Isac protein shown in Fig. 3. The
predicted protein has a putative signal peptide of 21 amino acids, the mature peptide having an amino terminal
sequence in agreement with the measured sequence (Fig. 3). The predicted mature peptide has 163 amino acids, a
theoretical pl of 4.48, and a M, of 18,136.77, assuming that no carboxyterminal residue beyond the terminal proline is
lost. No significant similarities were found between Isac and any other protein in the GenBank database, when the
blastx program invoking the BLOSUM 62 matrix was used (Altschul, S. F., Gish, W., Miller, W., Myers, E. W., and
Lipman, D. J. {1990) J. Mol. Biol. 215(3), 403-410). The predicted Isac sequence has seven ASN glycosylation sites,
seven casein kinase 2 phosphorylation sites and three myristoilation sites, as determined by scanning the Prosite
database at www.expasy.ch.

To confirm that the cDNA sequence corresponded to an anticomplement molecule, we expressed it in COS
cells. Supernatants of cells transfected with r-Isac, but not those transfected with c-Isac, had anticomplement
activity as measured by their ability to inhibit lysis of rabbit erythrocytes by human serum (Fig. 4).

In the presence of Mg”* and serum, C3 is deposited covalently to agarose via the alternative complement
pathway (Joiner, K. A. (1988) Ann. Rev. Microbiol. 42, 201-230, Vogt, W. (1974) Pharmacol. Rev. 26, 125-169).
Serum factor B (fB) binds noncovalently to agarose-bound C3b to form the C3 convertase of the alternative pathway,
creating a positive feedback for further C3 activation and deposition. This assay is made specific to the alternative
complement pathway by the presence of EGTA, a Ca** chelator, because calcium ions are needed for classical and
lectin-mediated complement activation (Joiner, K. A. (1988) Ann. Rev. Microbiol. 42, 201-230). Based on these
reactions, we developed a simple test for identification of alternative pathway-dependent C3 deposition to agarose and
fB association with C3b using agarose coated microwells. Using this test, tick saliva and R-lsac cells prevented
deposition of C3 to agarose-coated wells if added together with serum to the incubation mixture (Fig. 5); however, if
added 30 min after addition of serum, C3 depasition (which is a covalent phenomenon) cannot be displaced by saliva-
or Isac-transformed COS cell supernatants, although fB which attaches noncovalently to C3b, is significantly displaced
by saliva or R-Isac.

To further compare the properties of r-Isac with the native protein, we submitted r-lsac and tit;k saliva to
chromatography on a TSK-2000 SW column. Both activities eluted with similar retention time, although the
recombinant protein eluted one fraction earlier in the chromatogram (Fig. 6). The observed retention times for both
activities correspond to a M, of “65 kDa, larger than the expected 18.5 kDa translation product deduced from Isac
¢DNA. This discrepancy may reflect the anomalous behavior of some proteins in silica-based molecular sieving
columns, known to have residual silanol groups that may confer a cation exchange or anion exclusion capability to the
column or, alternatively, Isac may be posttranslationally modified by glycosylation andjor polymerization. In either
case, these results indicate the similarity in chromatographic behavior of r-Isac and the native protein.

Because Isac could be a serine protease inhibitor, we measured its activity on the classical pathway of

complement activation using sensitized sheep erythrocytes. We also determined its effect on the recalcification time
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of citrated human plasma in an assay that measures both the intrinsic and the common pathway of the clotting
cascade. Although . scapularis saliva inhibited blood clotting, no effect of saliva was found on the classical pathway
(triplicate experiment, using three saliva samples). Purified c-Isac, as well as the supernatant of r-Isac-transfected
COS cells, did not have anticlotting or classical anticomplement activity in concentrations that fully inhibited the
alternative complement pathway. These results indicate that Isac is different from the previously identified (but not
molecularly characterized) unspecific antiprotease activity found in whole-body homogenates of the cattle tick,
Boophilus microplus (Willadsen, P., and Riding, G. A. (1980) Biochem. J. 189, 295-303).

Isac behaves as a regulator of complement activation in a manner similar to decay accelerating factor and
factor H, which inhibit complement activation by interacting with the C3 convertase of the classical or alternative
pathway. Factor H is a 155-kDa glycoprotein containing 20 repetitive domains termed short consensus repeats (SCR)
(Zipfel, P. F., Jokiranta, T. 8., Hellwage, J., Koistinen, V., and Meri, S. (1999)immunopharmacology 42{1-3), 53-60).
In addition to its other effects on the complement cascade, factor H inhibits interaction of factor B with C3b (Zipfel, P.
F., Jokiranta, T. 8., Hellwage, J., Koistinen, V., and Meri, S. (1999)immunopharmacology 42(1-3), 53-60), as does
Isac. No significant sequence similarity was found, however, between Isac and factor H or with any other protein
available in public domain databases. Isac may be structurally similar to a single SCR, and its four cysteines are
consistent with the four cysteines conserved in SCRs of the factor H family (Zipfel, P. F., Jokiranta, T. S., Hellwage,
J., Koistinen, V., and Meri, S. (1999)immuncpharmacology 42{1-3), 53-60). It would thus appear that Isac belongs to
a new class of complement regulatory molecules. Successful expression of this protein makes it a viable target for

anti-tick vaccines and pathological states.

EXAMPLE 1

Ticks

Tick saliva was obtained by inducing partially engorged adult female I. scapularis to salivate into capillary
tubes using the pilocarpine induction method (Tatchell, R. J. (1967) J. Parasitol. 53, 1106-1107). Briefly, ticks
engorging for 4-5 days on the ears of New Zealand white rabbits were harvested, rinsed in distilled water, and fixed
to glass microscope slides with double-sided tape. A sterile glass micropipette was placed around the tick hypostome
to collect saliva. Salivation was induced by applying 2 | of pilocarpine {50 mg/ml in 95% ethanol) to the scutum of the
tick. Ticks were incubated at 35 °C in a humid chamber until salivation ceased {2-3 h). Volumes ranged from 2.5 to
10 | per tick. Tick salivary gland extracts were prepared by collecting glands from partially-engorged female
I. scapularis as described. Glands were dissected by first bisecting the tick and then teasing the salivary glands away
from the other internal organs and the tick exoskeleton. Glands were rinsed by immersion in HEPES-saline buffer (10
mM HEPES pH 7.0, 150 mM NaCl) and stored frozen at =75 °C until needed.
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EXAMPLE 2
Reagents
Water was purified with a Milli-Q system from Millipore {Bedford, MA). Organic reagents were obtained from
Sigma Chemical Co. (St. Louis, M0). Goat anti-human C3 antibody (cat. no. C-7761) was from Sigma Chemical Co.
Goat anti-human factor B (cat. no. 31-785) was from Nordic Immunology (Tiburg, Netherlands). Rabbit anti-goat IgG,
peroxidase conjugated and adsorbed against other human serum proteins (cat. no. A-4174, lot 78H9200), and anti-
sheep erythrocyte stroma sera (part no. S 1389) were from Sigma Chemical Co. Agarose (ultraPure; GIBCO-BRL, Life

Technologies, Rockville, MD) was used to coat Immulon | micro plates (Dynatech Laboratories, Inc., Alexandria, VA).

EXAMPLE 3

Erythrocyte Lysis Assays

To test for the alternative pathway of complement activation using rabbit erythrocytes and human serum
(Platts-Mills, T. A. E., and Ishizaka, K. {1974} J. Immunol. 113, 348-358), rahbit erythrocytes in Alsever's solution
(Spring Valley Labs, Woodbine, MD) were washed five times with 10 vol of 150 mM NaCl, 10 mM HEPES pH 7.4
{HEPES saline), followed by centrifugation for 2 sec at 10,000 x g. Reaction media, in a 96-well plate, contained
0.4% packed erythrocytes in 40 pul of 6.25 mM EGTA, 2.5 mM MgCl,, 20 mM HEPES pH 7.4, and 150 mM NaCl.
Additionally, 5 wl of the test sample or HEPES-saline control was added. In some cases, a larger amount of test
sample was added, with corresponding changes in the buffer aliquot to keep the same concentrations of buffers,
divalent cations, and chelators. A reaction was started with addition of 5 pl of human serum. Control reactions were
run in which 12.5 mM EDTA was substituted for EGTA and MgCl,. The plate was added to a Thermomax plate reader
{Molecular Devices, Menlo Park, CA) set at 37 °C and was monitored at both 405 nm and 850 nm. The resulting value
representing [Abs,q; — (Absgs, X 1.b)] was plotted, and the time to achieve one-half of maximal lysis was determined
from the curve. While the absorbance at 405 nm reflects the hemoglobin released by the cells, the absorbance at 650
nm controls for therturbidity change in the microwells. The value of 1.5 corrects for the decreased light scattering at
the larger wavelength. In some cases, endpoint assays were done, the value representing the absorbance at 405 nm
corrected for turbidity as above being taken as a measure of erythrocyte.

Assays to measure classical pathway lysis of sheep erythroeytes using anti-sheep erythrocyte antibody followed
manufacturer's instructions {Sigma Chemical Co.). Briefly, washed sheep erythrocytes (50 pl of packed erythrocytes
per ml) were incubated with 1:100 dilution of the sera for 20 min at 37 °C, and stored at 4 °C until needed. The
remainder of the assay was identical to that described above to detect alternative pathway-dependent lysis of rabbit

erythrocytes as described above, except that 2 mM CaCl, was used instead of EGTA.
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EXAMPLE 4
ELISA Assays for Measuring C3 and Factor B {fB)

Toe more specifically identify inhibitory activity within the complement cascade we measured complement
deposition to agarose-coated wells in 96-well plates. Agarose activates the alternative pathway of complement (Vogt,
W. (1974) Pharmacol. Rev. 26, 125-168). Plates were pretreated with 100 pl of 0.1% agarose in water (melted by
boiling and kept at 50 °C) and incubated at 37 °C for 48 h, when dry. Wells were then incubated with 50 pul of 20 mM
HEPES pH 7.4, 150 mM NaCl, 5 mM EGTA, 2 mM MgCl,, and 10% human serum, containing 5 pl of the test solution
or HEPES-saline. Control wells were run without serum or agarose coating, or 10 mM EDTA was substituted for
MgCl, and EGTA. We chose to use the EDTA method as a routine blank for these assays. To reveal C3 or fB binding
to the plate, plates were washed 5 times (3 min each washing, with slow orbital shaking of the plate) with 200 pl
HEPES-saline containing 2 mM MgCl, and 10 mg/ml BSA, followed by addition of 100 pul of a 1:5,000 dilution of the
anti-C3 or 1:250 dilution of the anti-fB antibody. These were incubated for 1 h at 37 °C, washed 5 times as before,
and the anti-goat peroxidase conjugate added at 1:5,000 dilution. Following incubation for 1 h at 37°C, the conjugate
was washed twice each with HEPES saline containing 10 mg/m! BSA, then 0.1% Tween 20, then normal saline.
Peroxidase activity was detected by adding a solution of HEPES saline containing 1 mg/ml ortho-phenylene-diamine
(previously diluted in methanol to give 100 mg/ml), and 8.8 mM hydrogen peroxide. The rate of increase in absorption

at 405 nm was measured in a Thermomax {Thermo Separation Products, Rivera Beach, FL) plate reader.

EXAMPLE 5
Human Plasma Recalcification Assay
Te measure recalcification time of human plasma, 30 pl of human citrated plasma {0.38% final citrate
concentration) was mixed with equal volumes of either test samples or HEPES saline in a 96-well plate. Reactions
were initiated by adding 30 pul of 256 mM CaCl, to each mixture. The increase in turhidity at 650 nm was monitored in
a Thermomax plate reader {Thermo Separation Praducts). Clotting time was determined as the time to reach 0.025

absorption units.

EXAMPLE 6
High-Performance Liguid Chromatography (HPLC) procedures
Thermomax (Thermo Separation Products, Riviera Beach, FL) CM4000 or CM4100 pump was used in
conjunction with a dual-wavelength UV-visible detector model SM4100 from the same company. Molecular sieving
chromatography used a TSK-SW 2000 column {1 cm x 80 cm for purification purpose or 0.43 x 25 cm for analytical
purpose) (TosoHass, Montgomeryville, PA), eluted with 10 mM HEPES pH 7.0, 150 mM NaCl at the specified flow
rates. Reverse-phase chromatography used one or two PRP-infinity columns linked in tandem, eluted at 0.5 mljmin

with the indicated gradients of acetonitrile in 8 mM HCI or trifluoroacetic acid. HCI, as a modifier in reverse-phase
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chromatography, protonates and neutralizes the negatively charged protein carboxyl groups, thus increasing their
hydrophobicity, but fails to form significant ion pairs of the positively charged amino groups with the chloride anion.
TFA similarly causes protein protonation, but the anion forms significant ion pairs with the positively charged amino
groups, and these ion pairs have increased hydrophobicity and consequent increased retention time. As a result, when
a peptide mixture is run in reverse phase using HC! and TFA consecutively, the order of peptide elution may change
according to differences in the charge of basic residues. Because TFA elution gives rise to sharper peaks, it is best

that HCI elution is done first, followed hy TFA elution, where the peaks are most concentrated. Silica-based octadecyl

"~ columns lead to complete loss of anticomplement activity. Fractions of the reverse-phase columns are dried in a

SpeedVac-SC 110 (Savant Instruments, Inc., Holbrook, NY) in the presence of 10 pg of BSA (in 10 pl of water) to

prevent irreversible protein adsorption to the walls of the plastic tubes. Dried samples were resuspended in buffer.

EXAMPLE 7
Edman Degradation
Amino terminal sequencing of the HPLG-purified proteins was performed at the Harvard microsequencing

facility.

EXAMPLE 8

Salivary Gland cDNA Library Construction

I scapularis salivary gland mRNA was isolated from 25 pairs of salivary glands dissected from adult female
ticks feeding for 3-4 days on a rabbit. We used the Micro-FastTrack mRNA isolation kit (Invitrogen, San Diego, CA),
which yielded a total of 200 ng poly (A)+ mRNA. The polymerase chain reaction (PCR)-based cDNA library was made
following the instructions for the SMART cDNA library construction kit (Clontech, Palo Alto, CA). 1. scapularis salivary
gland mRNA (200 ng) was reverse transcribed to cDNA for 1 h at 42 °C using Superscript Il RNase H™ reverse
transcriptase (GIBCO-BRL) and the CDS/3' primer {Clontech). Second-strand synthesis was performed uéing a PCR-
based protocol with the SMART Il primer (Clontech) as the sense primer and the CDS/3' primer as anti-sense primer;
these two primers contain, at the ends of the nascent cDNA , Sfil A and B sites, respectively. For double-stranded
cDNA synthesis, we used a 9700 Thermalcycler (Perkin Elmer Corp., Foster City, CA) and Advantage Klen-Tag DNA
polymerase (Clontech). PCR conditions were: 94 °C for 2 min; 18 cycles of 94 °C for 10 sec, and 68 °C for 6 min.
Double-stranded cDNA was immediately treated with proteinase K {0.8 :g/:l) for 20 min at 45 °C and washed three
times with water using Amicon filters with a 100 kDa cut-off (Millipare Corp.). The double-stranded cDNA was
digested with Sfil for 2 h at 50 °C. The Sfil sites were inserted to the cDNA during the second-strand synthesis using
the SMART Il and the CDS/3' primer and then fractionated using columns provided by the manufacturer (Clontech).
Fractions containing cDNA of more than 400 bp were pooled, concentrated, and washed three times with water using

an Amicon filter with a 100 kDa cut-off . The cDNA was concentrated to a final volume of 7 :I. The concentrated

-30-



10

15

20

25

30

WO 02/26247 PCT/US00/26746

cDNA was ligated into a Lambda Triplex2 vector (Clontech), and the resu'lting ligation reaction was packed using
Gigapack gold Il from Stratagene/Biocrest (Cedar Creek, TN) following manufacturer's specifications. The library
obtained was plated by infecting log-phase XL1- blue cells (Clontech), and the percentage of recombinants was
determined by PCR using vector primers flanking the inserted cDNA visualized on a 1.1 % agarose gel with ethidium

bromide (1.5 pg/ml).

EXAMPLE 9

Sequence of Isac

To isolate and sequence cDNA expressed by the salivary glands of I. Scapularis, we developed a protocol
intended to randomly match the cDNA to the N-terminus of the reverse phase HPLC-purified Isac. We plated the .
scapularis salivary gland cDNA library at a density of approximately 200 plagues/plate (150 mm Petri dish). The
plagues were picked randomly and transferred to a 96-well polypropylene plate containing 100 :1 of water/well. The
plate was covered and placed on a gyrator shaker for 1 h at room temperature. Five :1 of the phage sample was used
as a template for a PCR reaction to amplify random cDNA. The primers for this reaction were sequences from the
triplEX2 vector, named PT2F1 (5'-AAG TAC TCT AGC AAT TGT GAG C-3) {SEQ ID NO: 403), which is positioned
upstream of the cDNA of interest (5 end), and PT2R1 (5' -CTC TTC GCT ATT ACG CCA GCT G-3') (SEQ ID NO: 404),
which is positioned downstream of the cDNA of interest (3' end). High-fidelity platinum Taq polymerase (GIBCO-BRL)
was used for these reactions. Amplification conditions were: 1 hold at 75 °C for 3 min, 1 hold at 94 °C for 3 min, and
34 cycles at 94 °C for 30 sec, 49 °C for 30 sec, and 72 °C for 1 min 20 sec. Amplified products were visualized on a
1.1% agarose gel with ethidium bromide. The concentration of double-strand cDNA was measured using Hoechst dye
33258 on a Flurolite 1000 plate fluorometer (Dynatech Laboratories, Chantilly, VA). PCR reaction (3-4 :I) containing
between 100 to 200 ng of DNA were treated with Exonuelease I {0.5 U/pil) and shrimp alkaline phosphatase (0.1 Ujul)
for 15 min at 37 °C and 15 minutes at 80 °C on a 96-well PCR plate. This mixture was used as a template for a cycle
sequencing reaction using the DTCS labeling kit from Beckman Coulter Inc. (Fullerton, CA). The primer used for
sequencing (PT2F3) is upstream of the inserted cDNA and downstream of the primer PT2F1. The sequencing reaction
was performed in a Perkin Elmer 9700 Thermalcycler. Conditions were 75 °C for 2 min, 94 °C for 4 min, and 30
cycles at 96 °GC for 20 sec, 50 °C for 20 sec, and 60 °C for 4 min. After cycle sequencing the samples, a cleaning
step was done using the multi-screen 96-well plate-cleaning system (Millipore); this plate was prepared by adding a
fixed amount (manufacturer's specification) of Sephadex-50 (Amersham Pharmacia Biotech, Piscataway, NJ) and 300
:| of deionized water. After 1 h of incubation at room temperature, the water was removed from the multi-screen plate
by centrifugation at 750 g for 5 min. After partially drying the Sephadex in the multi-screen plate, the whole cycle
sequencing reaction was added to the center of each well, centrifuged at 750 g for 5 min, and the clean sample
collected on a sequencing microtiter plate (Beckman Coulter, Inc.). The plate was dried using a SpeedVac SC 110 with

a microtiter plate holder (Savant Instruments Inc.). The dried samples were immediately resuspended with 25 :| of
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deionized ultraPure formamide (J. T. Baker, Phillipsburg, NJ), and one drop of mineral oil was added to the top of each
sample. Samples were either sequenced immediately on a CEQ 2000 DNA sequencing instrument (Beckman Coulter

Inc.) or stored at —30 °C.

EXAMPLE 10

Isolation of Isac and Construction of Expression Vector

We identified the cDNA with an open reading frame matching the N-terminus of the reverse-phase HPLC-
purified Isac. An aliquot ("100 ng) of Isac PCR sample was reamplified using the PT2F1 and PT2R1 primers
{conditions as above, but only 25 PCR cycles), and the entire cDNA was fully sequenced as described above on a CEQ
2000 using custom primers. Isac cDNA was cloned into a TOPO TA cloning vector (Invitrogen). For expression of Isac,
full-length cDNA was used as a template to amplify only the cDNA fragment that began with the initial methionine and
ended at the first stop codon. The single product amplified was immediately cloned into the eukaryotic cloning vector
pcDNA3.1/V5/His-TOPO (Invitrogen) following manufacturer's specifications. The ligation mixture was used to
transform TOP10 cells (Invitrogen) and the cells were incubated overnight at 37 C. Eight colonies were selected and
mixed with 10 ul of sterile water. Five 5 ul of each sample were transferred to Luria broth (LB) containing ampicillin
(100 ugiml), and grown at 37 C. The other 5 1/ were used as a template for a PCR reaction using two vector-specific
primers from the pcDNA3.1/V5/His-TOPO vector to confirm the presence of the insert and for sequencing analysis.
After visualizing the PCR product on a 1.1% agarose gel, we completely sequenced the eight PCR products as
described above with a CEG2000 (Beckman Coulter Inc.). We chose two samples for expression in this vector, one
containing the complete sequence (from methionine to stop cedon) in the correct orientation of Isac (R-Isac,
recombinant Isac), and a second containing the Isac complete sequence in reverse orientation, which became our
control (C-Isac, control Isac). Cells containing the sample and control were grown overnight at 37 C on LB with
ampicillin (100 ug/ml), and plasmid isolation was performed with the Wizard miniprep kit (Promega Corporation,
Madison, WI). After plasmid isolation, the sample and control plasmids were washed three times with ultraPure water

using an Amicon-100 (Millipore), measured, and stored before attempting to transform C0S-7 cells.

EXAMPLE 11
Expression of Isac in COS Cells
C0S-7 cells (ATCC CRL 1651) were cultivated in Dulbecco’s modified Eagle's medium supplemented with 4
mM glutamine, antibiotics, and 10% heat-inactivated fetal calf serum (complete medium} as previously described
(Valenzuela, J. G., Charlab, R., Galperin, M. Y., and Ribeiro, J. M. {1998) J. Biol. Chem. 273(46), 30583-30590).

Subconfluent COS-7 cells were transfected with Isac ¢cDNA (R-Isac) or with the Isac in reverse orientation (C-lsac).
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Transfections were performed with the Bio-Rad (Hercules, CA) electroporation system using 200 V and 1000 mF in a
0.4-cm gap cuvette. DNA (200 wg and 400 ug) was used for each transfection at a cell density of 107/ml. After
electroporation, the cells were allowed to sit for 10 min at room temperature, then were placed into 10 ml complete
medium in a 75 cm2 culture flask at 37 C/5% C02. After a 16-h incubation, the supernatants were collected and 10
mi of serum-free Dulbecco's modified Eagle's medium added to the cultures. This procedure was repeated daily up to 3
days after transfection. The resultant supernatants were centrifuged at 10,000 g for 5 min, concentrated 20-fold on
Centricon Plus-20 (5-kDa cut-off) (Millipore Corp.} and kept at —20 C for bioassays. Control cells were transfected
with the Isac in reverse orientation construct (C-Isac), and supernatants were obtained as for the R-Isac-transfected

cells.

EXAMPLE 12
Sequence Analysis
Sequence similarity searches were performed using the Blast (Altschul, S. F., Gish, W., Miller, W., Myers, E.
W., and Lipman, D. J. (1990) J. Mol. Biol. 215(3), 403-410) program. Cleavage site predictions of the mature proteins
used the SignalP program (Nielsen, H., Engelbrecht, J., Brunak, S., and von Heijne, G. (1997) Protein Eng. 10(1), 1-6).
While the present invention has been described in some detail for purposes of clarity and understanding, one
skilled in the art will appreciate that various changes in form and detail can be made without departing from the true

scope of the invention. All references referred to above are hereby incerporated by reference.
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Appendix A
Table 1
Table 1 shows Isac carboxy truncations.
5 In this table “X” may represent an amino group, a hydrophobic group, including but not limited to

carhobenzoxyl, dansyl, or T-butyloxycarbonyl; an acetyl group; a 9-fluorenylmethoxy-carbonyl (FMOC); a
macromolecular carrier group including but not limited to lipid-fatty acid conjugates, polyethylene glycol, or
carhohydrates.
Additionally, in this table “Z" may represent a carboxyl group; an amino group; a T-butyloxycarbonyl group; a
10 macromolecular carrier group including but not limited to lipid-fatty acid conjugates, polyethylene glycol, or

carhohydrates.
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Appendix B
Table 2
Table 1 shows [sac carboxy truncations.
In this table “X" may represent an amino group, a hydrophobic group, including but not flimited to
5 carhobenzoxyl, dansyl, or T-butyloxycarbonyl; an acetyl group; a 9-fluorenylmethoxy-carbonyl (FMOC); a

macromolecular carrier group including but not limited to lipid-fatty acid conjugates, polyethylene glycol, or
carbohydrates.

Additionally, in this table “Z” may represent a carboxyl group; an amino group; a T-butyloxycarbonyl group; a
macromolecular carrier group including but not limited to lipid-fatty acid conjugates, polyethylene glyeol, or

10 carbohydrates.
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WHAT IS CLAIMED IS:
1. A purified composition comprising a DNA encoding any of SEQ ID NGs: 1-321 or its complement.
2. A purified composition comprising a cDNA encoding Isac or its complement.
3. A purified composition comprising a DNA that hybridizes to the cDNA encoding Isac under high

stringency conditions and encodes an Isac activity or its complement.

4, A purified composition comprising a peptide, polypeptide or protein having any of SEQ ID NOs: 1-
321.

5. A composition comprising Isac purified from salivary gland of tick.

8. A composition comprising purified recombinant Isac.

7. A vaccine comprising purified Isac or its cDNA in unit dosage form.

8. A pharmaceutical composition comprising purified Isac or its cDNA and a pharmaceutically
acceptable carrier.
9. A vector comprising the purified composition of claim 1.
10. A host cell comprising the vector of claim 9.
11. A method of making a peptide, polypeptide or protein having any of SEQ ID NOs: 1-321 comprising
the steps of:
obtaining a purified composition comprising a DNA encoding any of SEQ ID NOs: 1-321;
inserting said BNA in an expression vector such that said DNA is operably linked to a promoter; and
introducing said expression vector into a host cell whereby said host cell produces the peptide,
polypeptide or protein encoded by said DNA.
12. A purified antibody that specifically binds to a peptide, polypeptide or protein having any of SEQ ID
NOs: 1-321.
13. The antibody of claim 12, wherein the antibody is a monoclonal antibedy.
14. A purified biological complex comprising Isac and a member selected from the group consisting of
factor Bb, C3b and C3b/Bb complex.
15. A method of identifying an agent that modulates complement function comprising the steps of:
providing a support having a member selected from the group consisting of factor Bb, C3b and
C3b/Bb complex;
contacting the support with a peptide, polypeptide or protein having any of SEQ ID NOs: 1-321;
contacting the support with a candidate agent sui)sequent to the previous step; and .
detecting the presence or absence of binding of said peptide, polypeptide or protein having any of
SEQ ID NOs; 1-321, and said member selected from the group consisting of factor Bb, C3b and C3b/Bb
complex, thereby identifying the agent as a candidate that modulates complement activity. '

16. A method of identifying an agent that modulates complement activity comprising the steps of:
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providing a support having a member selected from the group consisting of factor Bb, C3b and
€3b/Bb complex;
contacting the support with a peptide, polypeptide or protein having any of SEQ ID NOs: 1-321;
contacting the support with a candidate agent simultaneous or prior to with the previous step; and
5 detecting the presence or absence of binding of said peptide, polypeptide or protein having any of
SEQ ID NOs:; 1-321, and said member selected from the group consisting of factor Bb, C3b and C3b/Bb
complex, thereby identifying the agent as a candidate that modulates complement-activity.
17. A method comprising the step of administering a peptide, polypeptide or protein having any of SEQ
1D NOs: 1-321 to ameliorate acute syndromes where activation of the alternative pathway of complement is
10 implicated.
18. The method of claim 17, wherein said syndrome occurs during cardio-pulmonary surgery.
19. The method of claim 17, wherein said syndrome occurs during hemodialysis.
20. A method comprising the step of administering a peptide, polypeptide or protein having any of SEQ

1D NOs: 1-321 to ameliorate rheumatoid conditions where activation of the alternative pathway of complement is

15 implicated.
21. The method of claim 20, wherein the rheumatoid condition is lupus erythematosus.
22. The method of claim 20, wherein the rheumatoid condition is juvenile arthritis.

23. The method of claim 17, wherein the dosage is between 0.01mg/kg and 10mglkg per day.
24, A method comprising the step of administering a peptide, polypeptide or protein having any of SEQ

20 1D NOs: 1-321 to raise an immune response.
25. The method of any of claims 15-24, wherein the protein is Isac.
26. In an array of DNA immobilized on a substrate, the improvement comprising the inclusion in said

‘array of at least one DNA encoding any of SEQ ID NOs: 1-321 or its complement.
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