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ABSTRACT

The present invention relates to diagnostic tools for veterinary and human use which
are used for serodiagnosing ehrlichiosis in mammals, particularly in members of the Canidae
family and in humans. The present invention also provides polynucleotides which encode the
outer membrane proteins of E. chafeensis. The polynucleotides encode an OMP-1 family of
proteins of E. chafeensis and P30 family of proteins of E. canis. The present invention also
provides the following isolated proteins of E. chafeensis OMP-1, OMP-1A, OMP-1B, OMP-
1C. OMP-1D, OMP-1E, OMP-1F, OMP-IR, OMP-1S. OMP-1T, OMP-1V, OMP-1W, and
OMP-1Z. referred to hereinafter collectively as the “OMP family”. The present invention also
provides the following isolated proteins of E. canis P30, P30-1, P30-1 P30-2, P30-3, P30-4,
P30-5, P30-6 P30-7, P30-8, P30-9, and P30-10, referred to hereinafter as the P30 family. The
present invention also relates to an assay for diagnosing ehrlichiosis in humans using a

recombinant outer membrane protein of E. chafeensis, particularly OMP-1. The present

‘hvention also relates to an assay for diagnosing ehrlichiosis in humans and members of the

family Canidae using a recombinant outer membrane protein of E. canis, particularly P30.



OUTER MEMBRANE PROTEIN OF EHRLICHIA CANIS AND EHRLICHIA CHAFFEENSIS

BACKGROUND OF THE INVENTION

The ehrlichiae are obligate intracellular bacteria that infect circulating leucocytes. Ehrlichia chaffeensis

infects the monocytes and macrophages in humans and causes human monocytic ehrlichiosis. The clinical

manifestations of ehrlichiosis in humans are nonspecific and similar to Rocky Mountain spotted fever. The clinical
manifestations include fever. chills. headache myalgia or vomiting and weight loss. Most patients have a history of

fick exposure.

Ehrlichia canis infects and causes ehrlichiosis in animals belonging to the family Canidae. Canine
chrlichiosis consists of an acute and a chronic phase. The acute phase is characterized by fever. serous nasal and
ocular discharges, anorexia, depression, and Joss of weight. The chronic phase is characterized by severe
pancytopenia, epistaxis, hematuria, blood in feces in addition to more severe clinical signs of the acute disease. 1f
treated early during the course of the discase, dogs respond well to doxycycline. However, chronically infected dogs

do not respond well to the antibiotic. Therefore, early diagnosis is very important for treating canine ehrhichiosis.

The primary diagnostic test for diagnosing canine chrlichiosis and human ehrlichiosis 1s the indirect
fluorescent antibody (IFA) test. This test uses the etiologic agent Ehrlichia canis to diagnose canine ehrlichiosis.
The 1IFA test uses Ehrlichia chaffeensis as antigen for diagnosing human ehrlichiosis. The IFA test has, however,
serious limitations. The IFA test is subject to false positives because the antigens are made of whole infected cells
which comprise many nonspecific proteins which will cross-react with sera from some patients. The IFA test is also
subject to false negatives because IFA antigens are unstable and may become inactivated during storage. In addition
the IFA test requires a special equipment to perform the test. For example, the IFA test requires a tissue culture
system for growing the bacterium that are used to prepare the antigen slides, a fluorescent microscope, and trained

persons to evaluate the serum reactivity to the bacterial antigen on the slide.

Tools which permit simpler, more rapid. and objective serodiagnosis of canine ehrlichiosis or human

chrlichiosis are desirable.
SUMMARY OF THE INVENTION

The present invention relates to improved diagnostic tools for veterinary and human use which are used for

serodiagnosing ehrlichiosis in mammals, particularly in members of the Canidae family and in humans.

The present invention also provides polynucleotides or nucleic acids which encode the outer membrane
proteins of E. chaffeensis. The OMP-1 polynucleotide encodes an OMP-1 protein of E. chaffeensis having a
molecular weight of about 27.7 kDa and an amino acid sequence which is at least 85% homeologous to the amino
acid sequence shown in FIG. 3B. SEQ ID NO: 2. The OMP-1B polynucleotide encodes an OMP-1B protein ot £,
chaffeensis having a molecular weight of about 28.2 kDa and an amino acid sequence which is at least 83%
homologous to the amino acid sequence shown in FIG. 48, SEQ 1D NO: 4. The OMP-1C polynucleotide encodes an
OMP-1C protein of E. chaffeensis having a molecular weight of about 27.6 kDa and an amino acid
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sequence which is at least 85% homologous to the amino acid sequence shown in FIG. SB. SEQ {D NO: 6. The
OMP-1D polvaucleotide encodes an OMP-1D protein of £ chaffeensis having a molecular weight of about 28.7
kDa and an amino acid sequence which is at least 85% homologous to the amino acid sequence shown in FIG.
68, SEQ 1D NO: 8 The OMP-IE polvnucieotide encodes an OMP-1E protein of £ chaffeensis having a
molecular weight of about 27 .8 kDa and an amino acid sequence which is at least 85% homologous to the amino
acid sequence shown in FIG. 7B, SEQ ID NO: 10. The OMP-1F polynucleotide encodes an OMP-iF protein of
£. chaffeensis having a molecular weight of about 27.9 KDa and an amino acid sequence which is at least 85%
homologous to the amino acid sequence shown in F1G. 8B, SEQ D NO: 12, The OMP-1A polynucleotide
encodes an OMP-1A protein of E. chaffeensis having a molecular weight of about 29.6 kDa and an amino acid
sequence which is at least 83% homologous to the amino acid sequence shown in FIG. 98, SEQ [D NO: 14,
The OMP-IR polynucleotide encodes an OMP-IR protein of £ chuffeensis having a molecular weight of at
least 23 kDa and comprising an amino acid sequence which is at least B3%¢ homologous to the amino acid
sequence shown in FIG. {0B, SEQ [D NO: 16. The OMP-1S polvnucleotide encodes an OMP-IS protein of £
chaffeensis comprising an amino acid sequence which is at least 85% homologous to the amino acid sequence
shown in FIG. 118, SEQ ID NO: (8. The OMP-IT polynucteotide encodes an OMP-IT protein of £
chaffeensis comprising an amino acid sequence which is at least 85% homologous 1o the amino acid sequence
shown in FIG. 12B, SEQ ID NO: 20. The OMP-1U polynucleotide encodes an OMP-1U protetn of £
chaffeensis having a molecular weight of about 30.6 kDa and an amino acid sequence which is at least 85%
homologous to amino acid sequence shown in FIG. 13B, SEQ {D NQO: 22. The OMP-1V polynucleotide
encodes an OMP-1V protein of E. chaffeensis having a molecular weight of about 28.0 kDa and an amino acid
sequence which is at least 85% homologous to the amino acid sequence shown in FIG. 148, SEQ ID NO: 24,
The OMP-|W polynucleotide encodes an OMP-1W protein of £ chaffeensis having a molecular weight of
about 28.8 kDa and an amino acid sequence which is at least 85% homologous to the amuno acid sequence
shown in FIG. 15B, SEQ ID NO: 26. The OMP-1X polynucleotide encodes an OMP-IS protein of £.
chaffeensis having a molecular weight of about 27.8 kDa and an amino acid sequence which is at least 85%
homologous to the amino acid sequence shown in FIG. 16B, SEQ 1D NO: 28. The OMP-1Y polynucleotide
encodes an OMP-1Y protein of £. chaffeensis having a molecular weight about 28.8 kDa and an amino acid
sequence which is at least 85% homologous to the amino acid sequence shown in FIG. 178, SEQ [D NO: 30,
The OMP-{Z polynucleotide encodes an OMP-1Z protein of E. chaffeensis comprising an amino acid sequence
which is at least 85% homologous to the amino acid sequence shown in F1G. 18B, SEQ ID NO: 54,

The outer membrane proteins from £. chaffeensis. particularly a recombinant form of OMP-1, are
immunogenic and, thus are useful for preparing antibodies. Such antibodies are useful for immmunolabeling
isolates of E. chaffeensis and for detecting the presence of E chaffeensis in body fluids, tissues, and particularly
in monocytes and macrophages. The isolated outer membrane proteins, particularly OMP-1, are also useful for
detecting antibodies to E£. chaffeensis in the blood of patients with clinical signs of ehrlichiosis. The isolated
outer membrane protein, particularly OMP-1, are also useful immunogens for raising antitbodies that are
capable of reducing the level of infection in an immunized mammal that has been infected with E. chaffeensis.
The isolated membrane proteins are also useful in a vaccine for protecting against infection with E. chgffeensis.

The present invention also refates to isolated polynucleotides which encode 30 kDa outer membrane

proteins from Ehrlichia canis. The proteins are designated P30 and P30a. The proteins. particularly P30, are

IO
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immunogenic and are, thus. useful for preparing antibodies that are usefu! for immunolabeling isolates of £
camts. The P30 protein s also useful for diagnosing canine ehrlichiosts in mammais, particularly in members of
the family Canidae, most particularly in dogs and for diagnosing infections with £. chaffeensis in humans. The
P30 protein is also a useful immunogen for raising antibodies that reduce the fevel of infection in an immunized
mammal that has been infected with £ canis. The P30 protein is also useful in a vaccine for protecting animals
against infection with £. canis.

The present invention afso provides the following isolated proteins of £. chaffeensis OMP-1 (also
known as p28), OMP-1A, OMP-1B, OMP-1C, OMP-1D. OMP-IE, OMP-1F, OMP-1R, OMP-1S, OMP-IT,
OMP -{U, OMP-1V, OMP-1W, OMP-1X, and OMP-1Z, referted to hereinafter collectively as the “OMP
family . The present invention aiso provides the following 1solated proteins of £. canis P30, P30-a, P30-1, P30-
2, P30-3, P30-4, P530-5, P30-6, P30-7, P30-8, P30-9, and P30-10, referred to herecinafter as the P30 family.

The present invention also relates to an assay for diagnosing ehrlichiosis in humans using a
recombinant outer membrane protein of £. chaffeensis, particularty OMP-{. The present invention also refates
to an assay for diagnosing ehrlichiosis in humans and members of the family Canida¢ using a recombinant

outer membrane protein of £. canis, particularly P30,

Brief Description of the Figures
FIG. | shows the DNA sequence (SEQ ID NO: 51) and the amino acid sequence (SEQ ID NO: 52)
encoded by the E. chaffeensis (p28) gene cloned in pCRIIp28. The N-terminal amino acid sequence of
native omp-/ protein (P28) determined chemically is underlined. Five amino acid residues at the N terminus
of P28 which were not included in the p28 gene, are indicated by boldface. Arrows indicate annealing
positions of the primer pair designed for PCR.

FIG. 2. shows the restriction map of 6.3-kb genomic DNA including the omp-{ gene copies in £,
chaffeensis. The four DNA fragments were cloned from the genomic DNA (pPS2.6, pPS3.6, pEC2.6, and
pEC3.6). A recombinant plasmid pPS2.6 has an overlapping sequence with that of pEC3.6. The closed boxes at

the bottom show PCR-amplified fragments from the genomic DNA for confuirmation of the overlapping area.
Open boxes at the top indicate open reading frames (ORF) of omp-/ gene copies with direction by arrows.
Open boxes at the bottom show DNA fragments subcloned for DNA sequencing.

FI1G. 3B shows one embodiment of the OMP-1 protein; FiG. 3JA shows one embodiment of the OMP-1

polynucleotide.
FIG. 4B shows one embodiment of the OMP-1B protein, FIG. 4A shows one embodiment of the OMP-

B polynucleotide

FIG. SA shows one embodiment of the OMP-1C polynucleotide; FIG 5B shows one embodiment of the
OMP-1C protein.

FIG. 6B shows one embodiment of the OMP-1D protein; FIG. 6A shows one embodiment of the OMP-

D polynucleotide.
FIG. 7B shows one embodiment of the OMP-1E protein; FIG 7A shows one embodiment of the OMP-

1E polynucleotide. |
FIG. 8B shows one embodiment of the OMP-1F protein; FIG 8A shows one embodiment of the OMP-

IF polynucleotide.
FIG. 9B shows one embodiment of the OMP-1 A protein, FIG 9A shows one embodiment of the OMP-

1A polynucieotide.
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FIG. 10 B shows one embodiment of a portion of the OMP-1R protein. FIG |0A shows one
embodiment of an OMP- IR polvnucleotide encoding such polyvpeptide.

FIG. {1 B shows one embodiment of a portion of the OMP-1S protein. FIG 1A shows one
embodiment of the OMP-1S polynucleotide encoding such polypeptide.

FIG. 12 B shows one embodiment of a portion of the OMP-1T protein, FIG [2A shows one
embodiment of the OMPE-1T polynucleotide encoding such polypeptide.

FIG. I3 B shows one embodiment of the OMP-{U protein, FIG |3 A shows one embodiment of the
OMP-{U polynucleotide.

FIG. 14 B shows one embodiment of the OMP-1V protein, FIG |4A shows one embodiment of the
OMP-1V polvnucleotide.

FIG. 15 B shows ane embodiment of the OMP-[{W protein, FIG 15A shows one embodiment of the
OMP-1 VW polynucleotide.

FIG. 16 B shows one embodiment of the OMP-1X protein. FIC {6A shows one embodiment of the
OMP-1 X polynucleotide.

FIG. |7 B shows one embodiment of the OMP-1Y protein, FIG [7A shows one embodiment of the
OMP-1Y polynucieotide.

FIG. 18 B shows one embodiment of the OMP-1Z protein, FIG (§A shows one embodiment of the
OMP-1Z polynuclectide.

FIG. 19 B shows one embodiment of the P30 protein, FIG 19A shows one embodiment of the P30
polynucleotide.

FIG. 20 B shows one embodiment of the P30a protein, FIG 20A shows one embodiment of the p30A

polynucleotide.
F1G. 21 B shows one embodiment of the P30-1 protein, FIG 21 A shows one embodiment of the p30-]

polynucleotide.
FI1G. 22 B shows one embodiment of the P30-2 protein, FIG 22 A shows one embodiment of the p30-2

polynucleotide.
FIG. 23 B shows one embodiment of the P30-3 protein, FIG 23 A shows one embodiment of the p30-3

polynucleotide,
F1G. 24 B shows one embodiment of the P30-4 protein, FIG 22 A shows one embodiment of the p30-4

polynuclectide.
FIG. 25 B shows one embodiment of the P30-5 protein, FIG 22 A shows one embodiment of the p30-5

polynucleotide.
FIG. 26 B shows one embodiment of the P30-6 protein, FIG 26 A shows one embodiment of the p30-6

polynucleotide.
FIG. 27 B shows one embodiment of the P30-7 protein, FIG 27 A shows one embodiment of the p30-7

polynucleotide.
FIG. 28 B shows one embodiment of the P30-8 protein, FIG 28 A shows one embodiment of the p30-3

polynucleotide.
FIG. 29 B shows one embodiment of a portion of the P30-9 protein. FIG 29 A shows one embodiment

of the p30-9 polynucieotide.
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F1G. 30 B shows one embodiment of a portion of the P30-10 protein, FIG 30 A shows one embodiment
of the p30-10 polvnucleotide encoding such protetn.

FIG. 51 depicts the amino acid sequences alignment of seven E. chaffeensis OMP-1s and Cowdria
ruminantivm MAP-1. Aligned positions of identical amtno acids with OMP-IF are shown with dots. The
sequence of C. ruminantiunt MAP-1 is from the repon of Van Vliet et al (1994) Molecular cloning. sequence
analysis, and expression of the gene encoding the immunodominant 32-kilodalton protein of Cowdria
ruminantivm. Infect. Immun. 62:1451-1456. Gaps indicated by dashes were introduced for optimat alignment

of all proteins. Bars indicates semivariable region (SV) and three hypervariable regions (HV1, HV2, and HV3).

DETAILED DESCRIPTION OF THE INVENTION
Isolated Polvnucleotides Encoding OMP-1. OMP-1A, OMP-1B, OMP-{1C, OMP-1D, OMP-1F and the OMP

from E. canis

[n one aspect, the present invention, provides isolated polynucleotides that encode the outer ....inbrane
proteins, OMP-1{ (or p28), OMP-1B, OMP-1C, OMP-1D, OMP- {E, OMP-1F, OMP-1A, OMP-1R, OMP-I5,
OMP-IT, OMP -1U. OMP-{V, OMP-1W, OMP-1X, OMP-1Y and OMP-1Z from E. chuffeensis and the outer
membrane proteins P30, P30-a, P-30-1, P30-2, P30-3, P30-4, P30-5. P30-6. P30-7. P30-8, P30-9. and P30-10
from E. canis or an immunogenic {ragment thereof.

The polynucleotide is single stranded or double stranded. The polynucleotide may be a DNA or RNA
molecule, preferably a DNA molecule, and comprises a sequence which codes for the respective outer
membrane protein. Preferably, the polynucleatide encodes at least the mature form of outer membrane protein.
The polynucleotide optionally further comprises a leader sequence and encode an outer membrane preprotein
that is processed in the cell to form the mature protein. The polynucleotide of the present invention may also be
fused in frame to a marker sequence which allows for purification of the corresponding outer membrane protein.

The OMP-1 polynucleotide encodes an OMP-1 protein of £E. chaffeensis having a molecular weight of
about 27.7 kDa and an amino acid sequence which is at feast 85% homologous to the amino acid sequence
shown in FIG. 3B SEQ ID NO: 2; Figure 3B shows one embodiment of the OMP-1 protein, Figure 3A shows
one embodiment of the OMP-1 polynucleotide. The OMP-1B polynucleotide encodes an OMP-1B protein of £
chaffeensis having a molecular weight of about 28.2 kDa and an amino acid sequence which is at {east 8%
homologous to the amino acid sequence shown in FIG. 4B SEQ 1D NO: 4: Figure 4B shows one embodiment
of the OMP-1B protein, Figure 4A shows one embodiment of the OMP-IB polynucleotide. The OMP-1C
polynucleotide encodes an OMP-1C protein of £. chaffeensis having a molecular weight of about 27.6 kDa and
an amino acid sequence which is at least 85% homologous to the amino acid sequence shown in FIG. 5B SEQ
ID NO: 6: Figure 5B shows one embodiment of the OMP-1C protein, Figure 5A shows one embodiment of the
OMP-1C polynucleotide. The OMP-1D polynucleotide encodes an OMP-{D protein of £. chaffeensis having a
molecular weight of about 28.7 kDa and an amino acid sequence which 1s at least 85% homologous to the amino
acid sequence shown in FIG. 6B SEQ ID NO: 8; Figure 6B shows one embodiment of the OMP-1D protein,
Figure 6A shows one embodiment of the OMP-1D polynucleotide. The OMP-1E polynucleotide encodes an
OMP-|E protein of E. chaffeensis having a molecular weight of about 27.8 kDa and an amino acid sequence
which is at least 85% homologous to the amino acid sequence shown in FIG. 7B SEQ ID NO: {0 Figure 7B

shows one embodiment of the OMP-IE protein, Figure 7A shows one embodiment of the OMP-1kt
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polynucleotide. The OMP-1F polynucleotide encodes an OMP-IF protein of £. chaffeensis having a molecular
weight of about 27.9 kDa and an amino acid sequence which is at least 83% homologous to the amino acid
sequence shown in FIG. 8B, SEQ {D NO: 12; Figure 8B shows one embodiment of the OMP-1F protein, Figure
8A shows gne embodiment of the OMP-IF polynucicotidc. The OMP-1 A polvnucleotude encodes an OMP-1A
protein of £. chaffeensis having a molecular weight of about 29.6 kDa and an amino acid sequence which is at
least 85% homotlogous to the amino acid sequence shown in F{G. 98B, SEQ {D NO: 14; Figure 9B shows one
embodiment of the OMP-1A protein, Figure 9A shows one embodiment of the OMP-| A polynucieotide. The
OMP-1R polynucleotide encodes an OMP- IR protein of £ chaffeensis having a molecular weight of at least 23
kDa and comprising an amino acid sequence which is at least 85% homologous te the amino acid sequence
shown n FIG. 10B. SEQ ID NO: 16: Figure 10B shows one embodiment ot a portion of the OMP-{R protein.
Figure 10A shows one embodiment of the OMP-IR polynucleotide encoding such polynucleouide. The OMP-
1S polynucleotide encodes an OMP-1S protein of £ chaffeensis comprising an amino acid sequence which 1s al
least 8 5% homologous to the amino acid sequence shown in FIG. 11B. SEQ 1D NO: 18: Figure { 1B shows one
embodiment of a portion of the OMP-1S protein, Figure 11A shows one embodiment of the OMP-IS
polynucleotide encoding such polypeptide. The OMP-1T polynucleotide encodes an OMP-1T protein of E
chaffeensis comprising an amino acid sequence which is at least 85% homologous to the amino acid sequence
shown in FIG. (2B, SEQ ID NO: 20; Figure 12B shows one embodiment of a portion of the OMP-IT protein,
Figure 12B shows one embodiment of a polynucleotide encoding such polypeptide. The OMP-1U
polynucleotide encodes an OMP-1U protein of E. chaffeensis having a molecular weight of about 30.6 kDa and
an amino acid sequence which is at least 85% homologous 10 amino acid sequence shown in FIG. 138, SEQ 1D
NO: 22; Figure 13B shows one embodiment of the OMP-1U pratein, Figure 13A shows one embodiment of the
OMP-1U polynucleotide. The OMP-1V polynucleotide encodes an OMP-{V pratein of £. chaffeensis having a
molecular weight of about 28.0 kDa and an amino acid sequence which is at least 85% homologous to the amino
acid sequence shown in FIG. 148, SEQ ID NO: 24; Figure 14B shows one embodiment of the OMP-1V protein,
Figure 14A shows one embodiment of the OMP-{V polynucleotide. The OMP-1W polynucieotide encodes an
OMP-1W protein of E. chaffeensis having a molecular weight of about 28.8 kDa and an amino acid sequence
which is at least 5% homologous to the amino acid sequence shown in FIG. 158, SEQ ID NO: 26; Figure 15B
shows one embodiment of the OMP-IW protein, Figure 15A shows one embodiment of the OMP-IW
polynucleotide. The OMP-1X polynucleotide encodes an OMP-{S protein of £. chaffeensis having & molecular
weight of about 27.8 kDa and an amino acid sequence which is at least 85% homologous to the amino acid
sequence shown in FIG. 16B, SEQ [D NO: 28: Figure 16B shows one embodiment of the OMP-1X protein,
Figure 16A shows onc embodiment of the OMP-1X polynucleotide. The OMP-1Y polynucleotide encodes an

OMP-1Y protein of £ chaffeensis having a molecular weight about 28.8 kDa and an amino actd sequence
which is at least 85% homotogous to the amino acid sequence shown in FIG. 178, SEQ 1D NO: 30; Figure 178
shows onc embodiment of the OMP-1Y oprotein, Figure 17A shows one embodiment of the OMP-1Y
polynucleotide. The OMP-1Z polynucleotide encodes an OMP-1Z protein of £ chaffeensis comprising an
amino acid sequence which is at least 5% homologous to the amino acid sequence shown in FIG. 188, SEQ ID

NO: 54; Figure 18B shows one embodiment of a portion of the OMP-1Z protein. Figure 18A shows one
embodiment of an OMP-{Z polynucleotide encoding such polypeptide.
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The p30 polvnucleotide encodes a P30 protein of £. canis having a molecular weight of about 28 .8 kDa
and an amino acid sequence which 15 at least 83% homologous to the amino acid sequeace shown in FIG. 19B.
SEQ D NO: 32: Figure 198 shows one embodiment of the P30 protein. Figure }9A shows one embodiment of
the p50 polynucleotide. The p30A polynucieotide encodes a P>0a proten of £ cunes having a molecular weight
of about 29.1 kDa and an amino acid sequence which is at least 85% homologous to the amino acid sequence
shown in FIG. 208, SEQ [D NO: 34; Figure 20B shows one embodiment of the P50a protein, Figure 20A shows
one embodiment of the pJOA polynucleotide. The p30-1 polynuclectide encodes a P30-1 protein of £. carus
having a8 molecular weight of about 27.7 kDa and an amino acid sequence which 15 at teast 85% homelogous 1o
the amno actd sequence shown n FIG. 21B, SEQ ID NO: 56: Figure 218 shows one embodiment of the P30-]
protein, Figure 2{A shows one embodiment of the p30-1 polynucleotide The p30-2 polvnucieotide encodes a
P30-2 protein of £ canis having a molecular weight of about 28.0 kDa and an amuno acid sequence which is at
least 8 5% homologous to the amino acid sequence shown in FIG. 22B, SEQ 1D NG: 58 Figure 228 shows one
embodiment of the P30-2 protein, Figure 22A shows one embodiment of the p50-2 polynucleotide. 1ne p5>0-J
polynucleotide encodes a P30-3 protein of £. canis having a molecular weight of about 28.7 kDa and an amino
acid sequence which is at {east 85% homologous to the amino acid sequence shown in FIG. 23B, SEQ ID NQO:
40: Fieure 23B shows one embodiment of the P30-3 protein, Figure 23A shows one embodiment of the p30-3
polynucieotide. The p30-4 polynucleotide encodes a P30-4 protein of £ caris having a molecular weight of
about 28.0 kDa and an amino acid sequence which s at least 85% homologous to the amino acid sequence
shown in FIG. 24B, SEQ ID NO:; 42; Figure 248 shows one embodiment of the P30-4 protein, Figure 24A
shows one embodiment of the p30-4 polynucleotide. The p30-5 polynucieotide encodes a P30-5 protein of L.
canis having a molecular weight of about 29.4 kDa and an amino acid sequence which 15 at feast 85%
homologous to the amino acid sequence shown in FIG. 25B, SEQ ID NO: 44; fFigure 25B shows one
embodiment of the P30-5a protein, Figure 25A shows one embodiment of the p30-5a polynucleotide. The p30-6
polynucleotide cnéodcs a P30-6 protein of E. canis having a molecular weight of about 29.5 kDa and an amino
acid sequence which is at least 85% homologous io the amino acid sequence shown in FIG. 268, SEQ 1D NO:

56; Figure 26B shows one embodiment of the P30-6 protein, Figure 26A shows one embodiment of the p30-6
polynucleotide. The p30-7 polynucleotide encodes a P30-7 protein of E. canis having a molecular weight of
about 29.9 kDa and an amino acid sequence which is at least 85% homologous to the amino acid sequence
shown in FIG. 27, SEQID NO: 58; Figure 27 shows one embodiment of the P30-7 protein, Figure 27
shows one embodiment of the p30-7 polynucleotide. The p30-8 polynucleotide encodes a P30-8 proteia of £.
canis having a molecular weight of about 30.3 kDa and an amino acid sequence which is at least 85%
homologous to the amino acid sequence shown in FIG. 28B, SEQ ID NO: 46; Figure 28B shows one
embodiment of the P30-8 protein, Figure 28A shows one embodiment of the p30-8 polynucleotide. The p30-9
polynucieotide encodes a P30-9 protein of E. canis comprising an amino acid sequence which is at least 85%
homologous to the amino acid sequence shown in FIG. 29B, SEQ ID NO: 60; Figure 29B shows one
embodiment of a portion of the P30-9 protein, Figure 29A shows one embadiment of the p30-9 polynucleotide
encoding such polypeptide. The p30-10 polynucleotide encodes a P30-10 protein of £ canis comprising an
amino acid sequence which is at least 85% homologous to the amino acid sequence shown in FIG. 308, SEQ D

NO: 48; Figure 30B shows one embodiment of a portion of the P30-10 protein. Figure 30A shows one

embodiment of the p30-10 polynucleotide encoding such polypepude.
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The polvnucleotides encoding an £ chaffeensis outer membrane protein or an £ camis outer
membrane protemn have a sequence that is at least 83%, preferably at teast 30%. more preferably at teast 95%
homologous 10 or simifar (o the amino actd sequences shown i Figures 5B through 30B. and thus embrace
polynucleotides encoding outer membrane proteins from different strains of £ chaffeensis and £ canis. The
polynucleotides encode an outer membrane protein whose conserved regions collectively are at least 90%,
preferably at 95%. more preferably at least 97% homologous 1o the conserved regions of the amino acid
sequences of the present invention. The outer membrane protetns of £ chaffeensis and E canis have six
conserved regions. which are separated by one semivariable region and three hypervariable regions.  The
conserved regians of the outer membrane proteins OMP-1, OMP-1A. OMP-1B. OMPI1-C. OMP-1D, OMPI-.F
are depicted 0 Fig. 51. Preferably. the amino acid sequence of the outer membrane proteins of £ chaffeensis
and £ canus are at least 30% divergent from the amino acid sequence of MAP-1. Such sequences include allelic,
strain variants and other amino acid sequence variants (e.g.. including “muteins or "mutant proteins ). whether
naturally-occurring or biosynthetically produced. As used herewn. “amino acid sequence homology™ s
understood to mean amino acid sequence similarity, and homologous sequences share identical or similar amino
acids. where similar amino acids are conserved amino acids as defined by Dayoff et al.. Ailas of Protein
Sequence and Structure; vol. 3, Supp. 3, pp. 345-362 (M. O. Dayoft. ed., Nat'l BioMed. Research Fdn.,
Washington D.C. 1978} Thus, a candidate sequence sharing 85% amino acid sequence homology with a
reference sequence requires that, following alignment of the candidate sequence wi(h-the reference sequence,
85% of the amino acids in the candidate sequence are identical 1o the corresponding amino acid in the reference
sequence, or constitute a conservative amino acid change thereto. “Amino acid sequence identity’ 1s understood
to require identical amino acids between two aligned sequences. Thus, a candidate sequence sharing §5%
amino acid identity with a reference sequence requires that, following alignment of the candidate sequence with
the reference sequence, 85% of the amino acids in the candidate sequence are identical to the corresponding

amino acid in the reference sequence.

As used herein. all homologies and identities are calculated using the amino acid sequences shown 1n
the cited Figure or SEQ D NO as the reference sequence. Thus, to determine whether an amino acid sequence
(s 85% homologous to OMP-1, one uses the amino acid sequence shown in Fig. 3B, SEQ ID NO: 2 as 2
reference.

Also as used herein, sequences are aligned for homology and identity calculations using the method of
the software basic local alignment search tool in the BLAST network service (the National Center for
Biotechnology Information, Bethesda, MD) which employs the method of Altschul, S. F., Gish, W., Miller, W,
Myers, E. W. & Lipman, D. ). (1990) J. Mol. Biol. 215, 403-410, )dentities are calculated by the Align program
(DNAstar, Inc.) In all cases, intemal gaps and amino acid insertions in the candidate sequence as aligned are
ignored when making the homology/identity calculation.

In another aspect, the present invention provides a nucleotide sequence encoding a polypeptide which
comprises a fragment of the OMP1 protein, hereinafter referred to as “rP28” . The P28 polypeptide weighs
approximately 31 kDa and comprises all but of the first S amino acids of mature OMP-1 protein. The rP28
polypeptide comprises the amino acid sequence extending from amino acid 6 through amino acid 256 of the
amino acid sequence shown in Fig.{, SEQ D NO. §2. The present invention also embraces polypeptides where

one or more of the amino acids in the sequence extending from amino acid t or 6 through amine acid 256 Fig. !
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are replaced by conservative amino acid residues. The present invention also relates to derivatives of ¢P28 that
have an amino acid sequence identity of at least 83%e, more preferably at least 90%. and most preferably of at
least 95% with the amino acid sequence extending from amino acid | or 6 through amino acid 251 of the protein
and which derivative binds to antibodies in sera from humans infected with £. chaffeensis.

The polynucleotides are useful for producing the outer membrane proteins of £. chaffeensis and £
canis. For example, an RNA molecule encoding the outer membrane protein OMP-1lis used in a cell-free
translation systems to prepare OMP-]. Alternatively. a DNA molecule encoding the outer membrane protein Is
introduced into an expression vector and used 1o transform cells. Suitable expression vectors inciude for
example chromosomal, nonchromosomal and svnthetic DNA sequences. e.g.. derivatives of SV40, bacterial
plasmids, phage DNAs: yeast plasmids, vectors derived from combinations of plasmids and phage DNAs, viral
DNA such as vaccinia, adenovirus, fowl pox virus, and pseudorattes. The DNA sequence 15 introduced into the
expression vector by conventional procedures.

Accordingly, the present invention also relates « recombinant constructs comprising one or more of
the polynucleotide sequences. Suitable constructs include, for example, vectors. such as a plasmid, phagemid,
or viral vector, into which a sequence that encodes the outer membrane protein has been inserted. In the
expression vector, the DNA sequence which encodes the outer membrane protein is operatively linked to an
expression control sequence, i.e.. a promoter, which directs mMRNA synthesis. Representative examples of such
promoters, include the LTR or SV40 promoter, the £ .cofi lac or trp. the phage lambda PL promoter and other
promaoters known to control expression of genes in prokaryotic or eukaryotic cells or in viruses. The promoter
may also be the natural promoter of the outer membrane protein coding sequence. The expression vector also
contains a ribosome binding site for translation initiation and a transcription terminator. Preferably, the
recombinant expression vectors also include an origin of replication and a selectabie marker, such as for
example, the ampicillin resistance gene of £ coli to permit selection of transformed celis, i.e. cells that are
expressing the heterologous DNA sequences. The polynucleotide sequence encoding the outer membrane
protein is incorporated into the vector in frame with transiation initiation and termination sequences. Optionaily,
the sequence encodes a fusion outer membrane protein which includes an N-terminal or C-terminal peptide or
tag that stabilizes or simplifies purification of the expressed recombinant product. Representative examples of
such tags include sequences which encode a series of histidine residues. the H}:rpes simplex glycoprotein D, or
glutathione S-transferase.

Polynucleotides which encode portions of the outer membrane proteins of E. chaffeensis and £. canis
are useful as probes for isolating and identifying E. chaffeensis genes and £. canis genes, particularty full-length

genes from new strains or isolates of £. chaffeensis and £. canis,

The Quter Membrane Proteins of E. chaffeensis and E. canis
in addition to the outer membrane proteins OMP-1, OMP-i1B, OMP-1C, OMP-1D, OMP-1 E, and

OMP-1F. OMP-1R, OMP-1S. OMP-IT, OMP-1U, OMP-1V, OMP-1W, OMP-1X, OMP-1Y, and OMP-1Z
from E. chaffeensis and the proteins P30, P30A, P30-1, P30-2, P30-3, P50-4, P30-5, P30-6. P30-7, P30-8, P30-
9. and P30-10 from £ canis, the present inventions embraces non-naturaily occurring allelelic forms or

derivatives of the outer membrane proteins. where one or more of the amino acids have been replaced by

conservative amino acid residues. typically by using direct synthesis or recombinant techniques.
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Preparing the Outer Membrane Proteins

The outer membrane proteins of the present invention are svnthetically produced by conventianal
peptide svnthesizers. The outer membrane proteins are also produced ustng cell-free translanon systems and
RNA molecules derived fromit DNA constructs that encode the outer membrane protein. Altematively, the outer
membrane protein is made by transfecting host cells with expression vectors that comprise a DNA sequence
which encodes the outer membrane protein and then inducing expression of the outer membrane protein in the
host cells.

The outer membrane protein is expressed in suitable haost cells, preterably bacteria. under the control of
suitabfe promoters. Host cells are ransformed with the expression vectors of this invention and cuitured in
conventional nutrient media. Such media optionally contains additional compounds. such as for example
compounds that induce promoters, such as for example isopropyl-{3-D-thiogalactoside which induces the Lac
promoter, or compounds, such as for example, ampicillin, which atlows for selection of transformants.

Following transformation of the suitable host strain and growth of the [ost strain to an appropriate cell
density, the cefls are typically harvested by centrifugation, disrupted bv phyvsical or chemical means, and the
resulting crude extract retained for further purification of the outer membrane protein. Such purification usually
involves salting-out of the protein fraction, and one or more chromatography steps, including aqueous ion
exchange chromatography, size exclusion chromatography steps. and high performance liquid chromatography
(HPLC).

Preparation of Antibodies

The isolated outer membrane proteins, particularly the recombinant forms of the outer membranc
proteins, are used as immunogens to produce antibodies immunospecific for the comresponding protein. The
term “immunospecific” means the antibodies have substantially greater affinity for the protein used as an
immunogen than for other proteins. Such antibodies are gencrated using conventional techniques by
administering the respective outer membrane protein or a portion thereof, i.e., the recombinant polypeptide, to
an animal, preferably a nonhuman. collecting blood from the immunized animals and isolating the serum and/or
the 1gG fraction from the blood. Monoclonal antibodies are prepared by injecting animals with the
immunogens. extracting antibody-producing B cells from the animal, fusing the B cells with a myeloma cells to
produce hybridomas, obtaining the monocionaf antibodies from the hybridomas.

Antibodies to the outer membrane proteins of £. chaffeensis and E. cunis are useful research tools for
identifying cells, particularly monocytes, infected with E. chaffeensis or E. canis and for purifying the
corresponding outer membrane protein of E. chaffeensis or E. canis from partially purified preparations by
affinity chromatography. Such antibodies are also useful for identifying bacterial colonies, particularly colonies

of genetically-engineered bacteria, that are expressing the major outer membrane proiein .

Diagnostic Method

The present invention also provides a method for detecting antibodies to the E. chaffeensis or £. canis
in a sample of a bodily fluid from a patient. The method comprises providing an isolated outer membrane
protein of E. chaffeensis or E. canis, particularly a recombinant form of the isolated protein. contacting the outer
membrane protein or pofypeptide with a sample taken from the patient; and assaying for the formation of a
complex between the outer membrane protein or polypeptide and antibodies in the sample. For ease of

detection, it is preferred that the isolated protein or polypeptide be attached to a substrate such as a column,

10
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plastic dish. matrix, or membrane, preferably nitrocellulose. The sample may be a tssue or a biological fluid.
inciuding urine. whote blood. or exudate, preferably serum.  The sample may be untreated. subjected 1o
prectpitation, fractionation, separation. or purification before combining with the solated protein or peptide.
Interactions between antibodies 1n the sample and the isolated protein or peptide are detected bv radiomermic.
colorimetric, or fluorometric means, size-separation, or precipttation. Preferably, detection of the antibody-
outer membrane protein complex is by addition of a secondary antibody that is coupled to a detectable tag, such
as for example, an enzyme, fluorophore, or chromophare. Formation of the complex s indicative of the presence
of ant-£ chaffeensis or anti-E cants antibodies, either igM or 1gG, in the patient. Thus. the method 1s used to
determine whether a patient s infected with £ chaffeensis or £ canis.

Preferablv, the method emplovs an enzvme-linked unimunosorbent assay (ELISA) or a Westem
immunoblot procedure . Such methods are relatively simple to perform and do not require special equipment as
long as membrane strips are coated with a high quality antigen. Accordingly. 1t is more advantageous 1o us¢ a
recombinant form of the outer membrane protein of £ chaffeensis ar £. canis since such proteins, typically, are
more pure and consistent in quality than a purified form of such protein.

Immunogenic Composition

The present tnvention also relates to immunogenic compositions comprising one or more of the
isolated outer membrance proteins of £. chaffeensis and a pharmacecutically acceptable adjuvant and to
immunogenic compositions compnising an isolated P30 protein of £ canis and a pharmaceutically acceptable
adjuvant, which, preferably, enhances the immunogenic activity of the outer membrane protein in the host

animal.

Preparation of a Polynucleotide which Encodes OMP-{{P28)
A. lIsolation of the Outer Membrane Proteins

E. chaffeensis Arkansas strain and £. canis Oklahoma strain were cultivated in the DH32 dog
macrophage cell tine and punified by Percoll*dcnsity eradient centrifugation. Purified ehrlichiae (100 pg) were
suspended with 10 mM sodium phosphate buffer, pH 7.4, contamning 0.1% Sodium N-lauroyl sarcosine
(Sarko_sy?) [Sigma, St. Louis, MQ)], 50 pg/mi each Dnase 1 (Sigma) and Rnase A (Sigma), and 2.5 mM MgCl,.
After incubation at 37° for 30 min, the sample was separated by centrifugation at 10,000 x g for i b nto the
soluble supematant and the insoluble precipitate. The insoluble peflet was resuspended 2 to 3 times with 0.1%
Sarkosy! and ceatrifuged. The final peliet was analyzed by sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis (PAGE) and by electron microscopy.

Transmission electron microscopy revealed that the purified ehrlichial fraction consists of a mixture of
electron dense and light forms of £. chaffeensis with slight disintegration of inner membrane . Ehrlichiae were
not surrounded with the host inclusion membrane., Various sizes of membrane vesicles (< | pum) without
significant ribosomes or nuclear materials were observed in the Sarkosyl-insoluble fraction from the organism.
Succinic dehydrogenase (inner membrane marker enzyme of gram negative bacteria) activities were at less than
the detection limit (1 n moles / min / mg of protein) in the Sarkosyl-insoluble fraction compared to
approximately 10 n moles / min / mg of protein in the Percoll-purified organisms. suggesting that the insoluble

fraction primarily consisted of the outer membrane of £. chaffeensis.

* Trademark
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Analysis of the Sarkosyl-sotuble. and insolubte fraction of £. chaffeensis by SDS-PAGE suggested that
proteins of 50-KkDa range n the nsoluble fraction represent the major outer membrane proteins of this organism.
Analysis of the Sarkosyl-soluble, and insoluble fraction of £ canis by SDS-PAGE suggested that proteins of
30-kDa range in the insoluble fracuon represent the major outer membrane proteins of this organism also. E.
canis was antigenically cross reacuve with £ chaffeensis. These findings indicate that the 30-kDa range
proteins represent the major outer membrane proteins of these two Ehrfichiu spp.

To improve resolution of the outer membrane proteins, proteins in the Sarkosyl-insoluble pellet
prepared from 400 pg of purihied £. chaffecnsis were separated by a reversed-discontinuous (Rd) SDS-PAGE
(2.5-cm-long 1 7% gel on top of 1l-cm-fong 12% gel). At least five proteins of 30-kDa range in £. chaffeens:s
(P25, P25 P27 P28 and P29) were resolved from the Sarkosyl-ir_}soluble proteins.

B. Cloning and sequencing of the p2§ gene

The portion of the membrane containing bound proteins was excised and anaivzed with an Applied
Biosystems protein sequencer (Model 470). The N-terminal amino acid sequence of P28 was determined as D
PAGSGINGNFYSGKYMP, SEQID NO 61. Based on 6th 1o 12th amino acids of this sequence, 2
forward primer. FECHI. having the sequence: 5
CGGQGATCCGAATTCOGG(A/T/IG/IOI AT(AMTIC)AA(TICOGGATIG/IC AA(TIOTI(T/ICOYTA-3. SEQ 1D NO

49 was designed. Amino acids at the | to 5 positions of the N terminus of P28 were not included in this primer

design. For insertion into an expression vector, &8 14-bp sequence (underlined) was added at the 5 end of primer
to create an £coRl and a BamH} site. The reverse primer, RECH2, which includes a Notl site at the 5 end for
ligation into an expression vector had the sequence © 5"-AGCGGCCGCTTA(A/G)AA(T/CYA(C/G) (A/GYAA
(C/TCT T(C/GYC TCC-3'. SEQ ID NO 50.

Genomic DNA of £ chaffeensts was isolated from purified organisms. PCR amplification with

FECHI and RECH2 primers was performed using a Perkin-Elmer Cetus DNA Thermal Cycler (mode] 480). A
0.8-kb amplified product was cloned in the pCRIl vector of a TA closing kit. as described by the manufacturer
(Invitrogen Co., San Diego, CA). The clone obtained was designated pCRI1p28. Both strands of the inserted
DNA were sequenced by a dideoxy-termination method with an Applied Biosystems 373A DNA sequencer.

The 0.8-kb DNA fragment, cloned in pCRI1ip28, had an open reading frame (ORF} of 756 bp encoding
a 251-amino acid recombinant protein (including both PCR primer regions) with a molecular mass of 27,685
Da. The nucleotide sequence of the open reading frame, SEQ ID NO: 1. and the amino acid sequence of the
polypeptide of the OMP-! protein. SEQ D NO 2, are shown int Figs 3A and 3B. respectively.

A DNA fragment comprising the p30 gene was prepared in a similar manner, e, by PCR
amplification of genomic DNA of £. canis using primers FECHI and RECHI.
Preparation of Polynucleotides which encode OMP 1A, OMPI1B, OMP1-C. OMP-1D, OMP-1F, and OMPI-E

A. Southemn blot analysis. Genomic DNA cxtracted from the purified £. chaffeensis (200 ng cach) was
*
digested with restriction endonucleases, electrophoresed, and transferred to Hybond-N' nylon membrane

(Amersham, Arlington Heights, iL), by a standard method. The 0.8-kb p28 gene fragment from the clone
pCRI1p28 was {abeled with (c-’P]dATP by the random primer method using a kit (Boehringer Mannheim.
Indianapolis, IN) and the labeled fragment was used as a DNA probe. Hybridization was performed at 60°C in

rapid hybridization buffer (Amersham) for 20 h. The nylon sheet was washed in 0.1 x SSC (1 x SSC containing

* Trademark
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0.15M sodium chloride and 0.015M sodium citrate) with 1% SDS at §5°C and the hvbridized probes were

exposed to Hyperﬂ!m*(Amersham) atl -80°C.

Cenomic Scouthem blot analvsis with several restriction enzvimes resulted 1h one or more DNA
fragment(s) of £ chaffeensis which hybridized to *P.jabeled p28 gene probe. The restriction enzvimes used did
not cut within the p28 gene portion of the pCRIIp28 insert. Xba 1. Bgl tl, and Kpn | produced two bands, Spe |
generated three bands, and EcoR V and Psr | produced muluple bands with different densities. £coR |
generated a broad band of 2.5 1o 4kb. These p28 homologous genes are designated as omp-{ (outer membrane
protein-1) famity.

B. Cloning and sequencing of genomic copies of £. chaffeensis p28 wene. The EcoR | and Pst ! fragments of

DNA. detected by genomic Southern blot analysis as described above. were inserted into pBluescript 11 KS (+)

vectors, and the recombinant plasmids were introduced into £ colt DH>a. Using the colony hybridizatton
method with the **P-labeled p28 gene probe. four positive clones were isolated from the transformant. The
positive clones were designated pEC2.6, pEC3.6, pPS2.6. and pPS3.6. These contained the ehrlictial DNA
fragments of 2.6-kb (EcoR 1). 3.6 kb (EcoR 1), 2.6 kb (Pst 1), and 3.6 kb (Psr ). respectively. The inserts of the
clones pEC3.6 and pPS2.6 overlapped as shown in Fig. 2. The overlapping area was further confirmed by PCR
of £. chaffeens:s genomic DNA with two pairs of primer sets interpostng the junciions of the four clones. The
1.1- to 1.6-kb DNA fragments of Hindll-Hindlll, Hendlll-EcoRl, or Vhol-EcoR] in the pEC2.6 and pEC3.6
were subcloned for sequencing. DNA sequencing was perforrned with suitable synthetic primers by dideoxy-
termination method as described above.

Four DNA fragments from 2.6 to 3.6 kb were cloned from the EcoRli-digested and the Pstl-digested
genomic DNA of E. chaffeensis by colony hybridization with radiolabeled p28 gene probe. The inserted DNA
of the two recombinant clones, pEC3.6 and PPS2.6, were overlapped. Sequencing revealed one 5'-truncated
ORF of 243 bp (designated omp-/A4) and five complete ORF of 836-861 bp (designated omp-{B to omp-{§),
which are tandemly-arrayed and are homologous to the p28 gene (but are not identical), in the ehrlichial
genomic DNA of 6.292 bp. The intergenic spaces were 581 bp between omp-/4 and omp-/8 and 260-308 bp
among others. Putative promoter regions and ribosome-binding sites were identifted in the noncoding regions.

Sequence analysis and GenBank accession number.

Nuclieotide sequences were anatyzed with the DNASIS program (Hitachi Software Engineering Co.,
Ltd., Yokohama, Japan). A homology search was carried out with databases of the GenBank, Swiss Plot, PDB
and PIR by using the software basic local alignment search tool in the BLAST network service (the National
Center for Biotechnology Information, Bethesda, MD). Phylogenetic analysis was performed by ustng the
PHYLIP software package (version 3.5). An evolutiona! distance matrix. generated by using the Kimura
formula in the PROTDIST, was used for construction of a phylogenetic tree by using the unweighted pair-
eroup method analysis (UPGMA) (Felsenstein, J. 1989. PHYLIP-phylogeny inference package (version 3.3).
Cladistics S:164-166). The data were also examined using parsimony anafysis (PROTPARS wn PHYLIP). A
bootstrap analysis was carried out to investigate the stability of randomly generated trees by using SEQBOOT
and CONSENSE in the same package. The nucleotide sequence of the p2& gene and its gene copies has been

assigned GenBank accession numbers U72291 and AF021338, respectively.

Proteins of the £. chaffeensis omp-{ Famuv.

* Trademark
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Five complete omp-{ gene copies (omp-/8 to omp-1t) encode 279 10 287-amino acid proteins with
molecular masses of 30.5320 - 31.508 Da. Omp-I.4 encodes an §2-amino acid pantial protein (9.243 Da} which

lacks the N-terminal region. The 25-amino acid sequence at the N-terminus of OMP-1B 10 OMP-1F (encoded

tn omp-18 10 amp-/F) 15 predicted (0 be a signal peptide because three carboxyi-terminal amino acids of the
signal peptides (Ser-X-Ala in OMP-{B, Leu-X-Ser for OMP-C. and Ser-X-Ser tor OMP-{D and OMP-1F) ar¢
included in the preferred amino acid sequence of signal peptidase at the processing sites proposed by Otliver.
The calculated molecular masses of the mature OMP-1B to OMP-IF from the predicted amino acid sequences
are 28,181 Da for OMP-IB, 27.581 Da for OMP-1C. 28.747 Da for OMP-1D, 27.776 Da for OMP-1E, and
27.9335 Da for OMP-1F. The estimated 1soelectric points are 4.76-5.76 in the mature OMP-1B to OMP-IF. An
amino acid sequence n omip-1F gene (the 80th to 94th amino acids) was identical 1o the N-terminal amino acid
sequences of £ chaffeensis native P25 protein as determiaed chemically, which indicates that P25 is derived
from the omp-1F gene. Amino acid sequences identical to the N-terminat sequences of P25, P27, and P29 were
not found i those from omy . gene copies cloned wn this study.

Alignment of predicted amino acid sequences of the £. chaffecnsis OMP-1 family and Cowdria
rummantium, revealed substitutions or deletions of one or several contiguous amino acid restdues throughout
the molecules. The significant differences in sequences among the aligned proteins are seen in the regions
tndicated SV (semivariable region) and HV (hypervariable region) [ 10 3 wm Fig 3t. Computer analysis for
hydropathy revealed that protein molecules predicted from all omp-! gene copies contain aiternative hydrophiiic
and hydrophobic motifs which are characteristic of transmembrane proteins. The HV] and HV2 were found to
locate in the hydrophilic regions.

The amino acid sequences of 5 mature proteins without signal peptides (OMP-1C to OMP-1F and P28)
were stmilar 1o one another (71-83%) but the sequence of OMP-1B was dissimilar to those of the S proteins (45-
48%). The amino acid sequences of the 5 proteins showed an intermediate degree of similarity with that of C.
ruminantium MAP-1 (59-63%), but the similarity between that of the OMP-1B and the C. ruminantium MAP- |
was low {45%). These relations are shown in a phylogenetic tree which was obtained based on the amino acid
sequence alignment by UPGMA method in the PHYLIP software package. Three proteins (P28, OMP-1D, and
OMP-1F) and two proteins (OMP-1C and OMP-1E) formed two separate clusters. The OMP-1B was located
distantly from these two clusters. The C. ruminantivm MAP-1 was positioned between the OMP-1B and other
members in the OMP-1 family.

Preparation of a Recombinant form of OMP-1 and P30

The 0.8-kb p28 gene was excised from the clone pCRIIp28 by EcoRl-Nodl doubie-digestion, ligated
into EcoRI-Notl sites of a pET 29a expression vector, and amplified in Escherichia coli BL21 (DE3)pLysS
(Novagen, Inc., Madison, WI). The clone (designated pET29p28) produced a fusion protein with a 35-amino

acid sequence carried from the vector at the N terminus. The amino acid scquence of the OMP-1 portion of the

fusion protein is depicted in Fig. 1, amino acid 6 through 256.

An expression vector comprising the p30 gene was used to prepare the recombinant form of P30.

1[4



Preparation of anti-rP28 (anti-OMP1) antibody

The (r) PS antigen was prepared by exercising the gel band corresponding to the rP28 in
SDS-PAGE, mincing the band in phosphate-buffered saline (PBS). pH 7.4, and mixing with an
equal volume of Freund's incomplete adjuvant (Sigma). The rP28 mixture (1 mg of protein each

time) was subcutaneously injected into a rabbit every 2 weeks four times. A serum sample was

collected from the rabbit to provide the anti-rP28 antibody.

The anti-rP28 antibody was examined by western immunoblots analysis. The results

indicatcd that the rabbit anti-rP28 antibody recognized not only rP28 (31 kDa) and P28, but also
P29 and P25 of E chaffeensis and P30 of £ canis. These results indicate that P28 shares antigenic

epitopes with P25 and P29 in £ chaffeensis and P30 of £. canis.

The following examples are for purposes of illustration only and are not intended to Imit

the scope of the claims which arc appended hereto.

Example 1. Assaying for the presence of anti-OMP-1 antibody in a Patient

Convalescent-phase serum from a patient with clinical signs of human ehrlichiosis was
uscd. Western blot analyses using the rP28 protein as antigen was performed with 1:1.000

dilutions of this serum. Alkaline phosphatase-conjugated affinity-purified anti-human
immunoglobulin G (Kirkegaard & Perry Laboratories. Inc., Gaithersburg, MD) was used at a

1:1.000 or 1:2,000 dilution as secondary antibodies. Results indicated that serum from a patient

with clinical signs of human ehrlichiosis reacted strongly to rP28 (31 kDa).

Example 2 Assaving for the presence of anti-P30 antibody in a patient

Convalescent-phase serum from a patient with clinical signs of human ehrlichiosis was
reacted with the rP30 protein of E. canis a described in Example 1. The serum reacted strongly to

rP30. These results indicate the rP30 1s useful for diagnosing an infection with £. chaffeensis in

human patients.

Example 3. Identifying £. chaffeensis-infected cells using anti-rP28 antibody

E. chaffeensis-infected DHS82 cells were sonicated and centrifuged at 400 x g for 10 mun.
The supernatant was then centrifuged at 10,000 x g for 10 min to obtain ehrlichia-enriched pellet.
The pellet was resuspended and incubated with rabbit anti-rP28 antibody or normal rabbit scrum
(1:100 dilution) at 37°C for 1h in PBS containing 1% bovine serum albumin (BSA-PBS). After
washing, the ehrlichiae was incubated with gold-conjugated protein G (20 nm). Sigma) at 1:30
dilution for 1h at room temperature in BSA-PBS. After washing again, the specimen was fixed with
1.25% formaldehyde, 2.5% glutaraldehyde, and 0.03% trinitrophenol in 0.1 M cacodylate buffer
(pH 7.4) for 24h and postfixed in 1% osmium-1.5% potassium ferricyanide for th (34). The section

was then embedded in PolyBed 812 (Polysciences, Warraington. Pa). The specimen
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was ultrathin sectioned at 60 nm, stained with uranyl acetate and lead citrate, and observed with a

Philips 300 transmission electron microscope at 60 kV.

Transmission immunoelectron microscopy with colloidal gold-conjugated protein G and
rabbit anti-rP28 antibody revealed gold particles bound to E. chaffeensis surface. The distribution of
the particles was random, close to the surface, and appeared as if almost embedded in the
membrane, suggesting that the antigenic epitope protrudes very little from the lipid bilayer.
Nonetheless. the antigenic epitope was surface-exposed, and thus, could be recognized by rabbit
anti-rP28 antibody. No gold particles were observed on host cytoplasmic membrane or £

chaffeensis incubated with normal rabbit serum.

Example 4. Immunization of mice and F. chaffeensis challenge.

15a
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The P28 band in SDS- PAGE was excised. minced, and mixed with an equal voluine of Freund's
incomplete or complete adjuvant. Nine BALB:/c male mice (6 weeks old) were divided into two groups. Five
mice were intraperitoneally immunized a total of four times at [0-dav intervals: twice with a mixture of the
minced gel with the rP28 (30 to 40 pg of protein per mouse each tune) and incomplete adjuvant. and twice with
a mixture of the recombinant protein (the same amount as before) and complete adjuvant. Four mice were
intraperitoneally injected with a mixture of the minced gel without protein and the respective adjuvants. For
ehrlichia-challenge. approximately 1 x 10" DH82 cells heavily-infected with £. chaffeensis were disrupted by
sonication in serum-free DMEM (GIBCO-BRL) and centrifuged at 200 x g for 5 min. The supernatant was
diluted to a final volume of 3 ml. and 0.3 ml was inoculated intraperitoneally into each mouse {0 days after the
last immunization. Before challenge. all S-immunized mice had a titer of [:160 avainst £ chaffeensis antigen by
IFA and all 4d-nonimmunized mice were negatve.

At day 5 post-challenge. approximateiv | ml of blood was collected m an EDTA tube from each mouse
and protection was assessec by PCR detection of £ chuffecnsis 16S rDNA in the buffy coat of the collected
blood. E. chaffeensis could not be reisolated in cell culture at day 10 postinfection. Day 5 post challenge 1s the
optimum time at which establishment of ehrlichial infection can be examined by PCR without the influence of
residual DNA from the ehrlichiae used as the challenge before the spontaneous clearance of organisms take
place. The E chafjeensis-specific DNA fragment was observed in all nonimmunized mice but not in any
immunized mice, indicating that immunization of rP28 apparently protects mice from ehrhichial infection and

indicating that the P28 is a potential protective antigen.

Example 5 Assaying for the presence of anti-P30 antibody in Dogs
The rP30 protein was used as an antigen in a Western immunoblot analysis and dot biot analysis to

detect the presence of antibody to £. canis in serum from E-canis infected dogs. The results of the Western
immunoblot analysis indicated that reactivity of the sera with rP30 was stronger than the reactivity that was
observed when purified £. canis was used as antigen. The resuits of the dot blot assay indicated that rP30 1s a

useful and sensitive tool for serodiagnosis of canine ehrlichiosts.
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What 1s claimed 1s:

[. A method for diagnosing an infection with E. chaffeensis in a human patient comprising:
a) providing a serum sample from the patient;
b) providing an isolated ot purified P30 protein of E. canis, or an immunoreactive
fragment thereof, wherein the P30 protein or immunoreactive fragment thereof
comprises an amino acid sequence at lcast 95% 1dentical to amino acid 26 through
amino acid 281 of SEQ 1D NO: 32;
¢) contacting the serum sample with the P30 protein or immunoreactive
fragment thereof; and
d) assaying for the formation of a complex between antibodies in the serum sample and
the P30 protein or immunoreactive fragment thereof, wherein formation of said
complex

1s indicative of infection with E. chaffeensis.

2. The method of claim 1, wherein the P30 protein of E. canis comprises an amino acid

sequence or immunoreactive fragment thereof that is at least 95% i1dentical to amino acid 33

through amino acid 224 of SEQ ID NO: 32.

3. A method for diagnosing an infection with E. canis in an animal belonging to the tamily
Canidae comprising:
a) providing a serum sample from the animal;
b) providing an isolated or purified P30 protein of E. canis, or an immunoreactive
fragment thereof, wherein the P30 protein or immunoreactive fragment thereof
comprises an amino acid sequence at least 95% identical to amino acid 26 through
amino acid 281 of SEQ ID NO: 32;
¢) contacting the serum sample with the P30 protein or am immunoreactive fragment
thereot’; and
d) assaying for the formation ot a complex between antibodies n the serum sample and

the P30 protein or immunoreactive fragment thereof, wherein formation of said

complex

1s indicative of infection with £. canis.
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4. A method for diagnosing an E. canis infection in an animal belonging to the family
Canidae comprising:
a) contacting a serum sample from the animal with and £. canis P30 protein or an
antigenic fragment of the E. canis P30 protein, wherein the P30 protein or antigenic
fragment thercof comprises an amino acid sequence at {east 95% identical to amino
acid 26 through amino acid 281 of SEQ ID NO: 32; and
b) assaying for the tormation of complex between antibodies in the serum sample and
the E. canis P30 protein or the antigenic fragment of the £. canis P30 protein, wherein

formation of said complex is indicative of infection with £. canis.

5. The method of claim 4, wherein said antigenic fragment comprises amino acid 33 through

amino acid 224 of SEQ 1D NO: 32.

6. A kit for diagnosing E. canis in an animal belonging to the family Canidae, said kit
comprising 1) £. canis P30 protein, an antigenic fragment of the E. canis P30 protein, or both,
and 11) a reagent for assaying for the formation of a complex between antibodies in an
animal’s serum sample and the £. canis P30 protein or the antigenic fragment of the E. canis
P30 protein, wherein the P30 protein or antigenic fragment thereof comprises an amino acid

sequence at least 95% identical to amino acid 26 through amino acid 281 of SEQ ID NO: 32.

7. The kit of claim 6, wherein said antigenic fragment comprises amino acid 33 through

amino acid 224 of SEQ ID NO: 32.
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10
ATGAATTACA
' 70
GGAGTATCAT

130
AAATACATGC

190
ACAGTTGGAG

250
CCARACGATG
310
GGTTTTGCAG
370
TATGAAACAT
430
TGTGCTCTAT
490
CTAAAAAATG

930
GGCGAAGGCA

610
ATGTTTGAAG

670
ATAAGCCCAG

730
TTTAGAGATA

790
CCTGCAATAG
850

10

20
AAAAAGTTTT
80
TTTCCGACCC
140
CAAGTGCTTC
200
TGTTTGGACT
260
TATTCACTGT
320
GAGCTATTGG
380
TTGATGTAAA
440
CCCATARACTC
S00
AAGGATTACT
560
TACCTTTTTC
620
CTACAAATCC
680
AAGCTTCTGT
740
TTCCTACTAT
800
TAATACTGGA
860

20

30
CATAACAAGT
90
AGCAGGTAGT
150
GCATTTTGGA
210
GAAGCAAAAT
270
CTCAAATTAT
330
TTACTCAATG
390
ARATCAAGGT

450

AGCAGCAGAC
510
TGACATATCA
570
TCCTTATATA
630
TAARATTTCT
690
GTTTATTGGT
750
AATACCTACT
810
TGTATGCCAC
870

QQQQQ
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40
GCATTGATAT
100
GGTATTAACG
160
GTATTCTCTG
220
TGGGACGGAA
- 280
TCATTTAAAT
| 340
GATGGTCCAA
400
AACAATTATA
460
ATGAGTAGTG
520
TTTATGCTGA
580
TGCGCAGGTA

640
TACCAAGGAA

700
GGGCACTTTC

760
GGATCAACAC

820

TTTGGAATAG
880

* & ® @ @ ¢ ¥ & w»

Fig. 3A
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50
CATTAATATC
110
GTAATTTCTA
170
CTAAGGAAGA
230
GCGCAATATC
290
ATGAAAACAA
- 350
GAATAGAGCT
410
AGAATGAAGC
470
CAAGTAATAA
530

ACGCATGCTA
290
TCGGTACTGA
650
AGTTAGGTTT
710

ATAAGGTAAT
770

TTGCAGGAAA
830

AACTTGGAGG
890
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SO

60
TTCTCTACCT

. 120
CATCAGTGGA
- 180
AAGAAATACA
240
CAACTCCTCC
300
CCCGTTTTTA
360
TGAAGTATCT
420
ACATAGATAT
480
TTTTGTCTTT
540
TGACGTAGTA
600
TTTAGTATCC
660
AAGCTACTCT
720
AGGGAACGAA
780
AGGAAACTAC
840
AAGGTTTGTA
900

60

MNYXKKVFITS ALISLISSLP GVSFSDPAGS GINGNFYISG KYMPSASHFG VFSAKEERNT

70
TVGVEGLKQN
130
YETFDVKNQG
190
GEGIPFSPYI
250
FRDIPTIIPT
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280

Fig. 3B
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10
ATGAATTACA
70
TACCAATCTT
130
GGCTTCTACA
190
GARAGAAGCTC
250
GACGGAGATA
310
AATAACCTAA
370
GAACTTGAAG
430
AGCGGTGACT
490
TATGTTGTCC
530
GACATTACAG
610
CTTATAAACG
670
AGCTATCCAA
730
GGAAATAATT
790
ACCACATCTG
B850
TTCACCTTCT

10

20
AGAAAATTTT
80
TTGCAGATCC
140
TTAGTGTAAA
200
CCATCAATGG
260
TAGCACAATC
320
TATCAGGATT
380
CTGCATACCA
440
ACTATAAATA
500
TTAAAAATGA
560
CTGAAGGAGT
620
TATTTAAGGA
680
TCACACCAGA
740
TTAACAAAAT
800
CGCTAGTAAC
860
AG........

20
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TGTRAAGCAGT
90
TGTAACTTCA
150
GTATAATCCA
210
AAATACTTCT

270
TGCGAATTTT
330
CTCAGGAAGT
390
ARAATTTGAT
450
CITTGGACTA
210
AGGCATCACT
570
ACCTTTCATA
630
TTTTAATTTA
690
AGTTTCCGCT

7350
ACCTGTAATA

810
TATTGACACT
870

..........
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70
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200
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40
GCATTAATTT
100
AATGATACAG
160
AGCATATCAC
220
ATCACTAAAA
280
AACAGGACAG
340
ATTGGTTATG
400
GCAAAAAATC
460
TCTCGTGAAG
| 520
TTTATGTCAT
580
CCGTATGCAT
640
AAATTCTCAT
700
TTTATTGGAG

160

ACACCTGTAG

820

GGATACTTTG
880

40

50
CATTAATGTC
110
GAATCAACGA
' 170
ACTTCAGAAA
230
AGGTTTTCGG
290
ATCCAGCCCT
350
CTATGGATGG
410
CTGACAACAA
470
ACGCAATAGC
530
TAATGGTTAA
590
GTGCAGGTGT
650
ACCAAGGGAA
710
GATACTACCA
770
TATTAGARGG
830
GCGGAGAAGT
890

.......

50

60
AATCTTACCT
. 120
CAGCAGAGAA
180
ATTCTCAGCT
240
GCTGAAAAAA
300
CGAGTTTCAG
360
GCCAAGAATA
420
TGACACTAAT
480
AGATAAGARAA
540
CACTTGCTAT
600
AGGAGCAGAC
660
AATAGGTATT
720
CGGAGTTATA
780
AGCTCCTCAA
840
TGGAGTAAGG
900

..........
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110
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10 20 30 40 50 60
ATGAACTGCA AAAAATTTTT TATAACAACT GCATTGGCAT TGCCAATGTC TTTCTTACCT
70 80 90 100 110 120
GGAATATTAC TTTCTGAACC AGTACAAGAT GACAGTGTGA GTGGCAATTT CTATATTAGT
130 140 150 160 170 - 180
GGCAAGTACA TGCCAAGTGC TTCTCATTTT GGAGTTTTCT CTGCCAAAGA AGAAAAAAAT
190 200 210 220 230 240
CCTACTGTCG CGTTGTATGG TTTGAAACAA GATTGGAACG GTGTTAGTGC TTCAAGTCAT
250 260 270 280 290 300
GCTGATGCGG ACTTTAATAA CAAAGGTTAT TCTTTTAAAT ACGAAAACAA TCCATTTCTA
310 320 330 340 350 360
GGTTTTGCAG GAGCTATTGG TTATTCAATG GGTGGTCCAA GAATAGAGTT TGAAGTGTCC
370 380 390 400 410 420
TATGAAACAT TTGACGTGAA AAATCAAGGT GGTAATTACA AAAATGATGC TCACAGATAC
430 440 450 460 470 480
TGTGCCTTAG ATCGTAAAGC AAGCAGCACT AATGCCACAG CTAGTCACTA CGTGCTACTA
490 500 510 520 530 540
AAAAATGAAG GACTACTTGA TATATCACTT ATGTTGAATG CATGCTATGA CGTAGTAAGT
550 560 570 580 590 600
GAAGGAATAC CTTTCTCTCC TTACATATGT GCAGGTGTTG GTACCGATTT AATATCCATG
610 620 630 640 650 660
TTTGAAGCTA TAAACCCTAA AATTTCTTAT CAAGGAAAGT TAGGTTTGAG TTACTCTATA
670 680 690 700 710 720
AACCCAGAAG CTTCTGTCTT TGTTGGTGGA CATTTTCATA AAGTTGCAGG TAATGAATTC
730 740 750 760 770 780
AGGGACATTT CTACTCTTAA AGCGTTTGCT ACACCATCAT CTGCAGCTAC TCCAGACTTA
790 800 810 §20 830 840
GCAACAGTAA CACTGAGTGT GTGTCACTTT GGAGTAGAAC TTGGAGGAAG ATTTAACTTC
850 860 870 880 890 900
TAA. ...... e eeeeaen e e Ceeeeeeee eeeeas ‘e
Fig. SA
10 20 30 40 50 60
MNCKKFFITT ALALPMSFLP GILLSEPVQD DSVSGNEYIS GKYMPSASHF GVFSAKEEKN
70 80 90 100 110 120
PTVALYGLKQ DWNGVSASSH ADADFNNKGY SFKYENNPFL GFAGAIGYSM GGPRIEFEVS
130 140 150 160 170 180
YETFDVKNQG GNYKNDAHRY CALDRKASST NATASHYVLL KNEGLLDISL MLNACYDVVS
190 200 210 220 230 240
EGIPFSPYIC AGVGTDLISM FEAINPKISY QGKLGLSYSI NPEASVEVGG. HFHKVAGNEF
250 260 270 280 290 300
RDISTLKAFA TPSSAATPDL ATVTLSVCHF GVELGGRENF ........ te teeeeceans
Fig. SB
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10
ATGAACTGCG
70
GGAATATCAC
130
GGAAAGTATA

190
ACAACAGTTG

2350
ACTTTAAGCG
310
TCAGGATTTG
370
TCTTATGAAG
430
TATTATGCTC
490
TCTGTCTTTC
350
GATGTAATAA
610
TTAGTATCCA
670
AGTTACCCTA
730
GGAARACGAAT
730
GGAAACTACC
850
AGGTTTAACT

10

MNCEKFFITT
70

20
AAAAATTTTT
80
TTTCTGATCC
140
TGCCAAGCGC
200
GAGTATTTGG
260
ATATATTCAC
320
CAGGAGCTAT
380
CATTCGATGT
440
TGTCCCATCT
9200
TAATAAATGA
560
GTGAAGGCAT
620
TGTTTGAAGC
680
TAAGCCCAGA
740
TTAGAGATAT
800
CTGCAATAGT
860
TCCAACTTTG

20
ALTLLMSELP
80

TTVGVFGIEQ DWDRCVISRT

130

SYEAFDVKNQ GNNYRKNEAHR YYALSHLLGT ETQIDGAGSA.SVFLINEGLE DKSFMLNACY
230 |

Vv FIGGHFHKVI
290

190

250

140

200

260
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30
TATAACAACT
S0
AGTACAGGAT
150
TTCGCATTTT
210
AATAGAGCAA
270
CGTTCCAAAT
330
TGGCTACTCA
390
TAAAAATCAA
450
TCTCGGCACA
910
AGGACTACTT
970
ACCTTTTTCT
630
TATAAATCCT
690
AGCTTCTGTG
1350
TCCTACTATG
810
AACACTGGAC
870

30
GISLSDPVQD

| 210
DVISEGIPFS PYICAGIGID LVSMFEAINP KISYOGKLGL SYPISPEAS
- 270
GNEFRDIPTM IPSESALAGK GNYPAIVTLD VEFYFGIELGG RENFQL....

40
GCATTAACAT
100
GACAACATTA
160
GGAGTTTTTT
220
GATTGGGATA
280
TATTCATTTA
340
ATGGATGGCC
400
GGTAACAATT
460
GAGACACAGA
520
GATAAATCAT
580
CCTTATATAT
640
AAAATTTCTT
700
TTTATTGGTG
760
ATACCTAGTG

820

GTGTTCTACT
880

..........

40

DNISGNEYIS
100

220

280

Fig. 6B
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50
TACTAATGTC
110
GTGGTAATTT
170
CTGCCAAGGA
230
GATGTGTAAT
290
AGTATGAAAA
350
CAAGAATAGA
410
ATAAGAACGA
470
TAGATGGTGC
530
TTATGCTGAA
590
GTGCAGGTAT
650
ATCAAGGAAA
710
GACATTTTCA
770
AATCAGCGCT
830
TTGGCATAGA
890

..........

60
CTTCTTACCT
120
CTACATCAGT
180
AGAAAGAAAT
240
ATCTAGAACC
300
TAATCTATTT
360
GCTTGAAGTA
420
AGCACATAGA
480
AGGCAGTGCG
540
CGCATGTTAT
600
TGGTATTGAT
660
ATTAGGCTTA
720
TAAGGTGATA
780
TGCAGGAAAA
840
ACTTGGAGGA
900

..........

60

GVESAKEERN
120
MDGPRIELEV
180
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10 20 30 40 50 60
ATGAATTGCA AAAAATTTTT TATAACAACT GCATTAGTAT CACTAATGTC CTTTCTACCT
70 80 90 100 110 120
GGAATATCAT TTTCTGATCC AGTGCAAGGT GACAATATTA GTGGTAATTT CTATGTTAGT
130 140 150 160 170 - 180
GGCAAGTATA TGCCAAGTGC TTCGCATTTT GGCATGTTTT CTGCCAAAGA AGAAAAAAAT
190 200 210 220 230 240
CCTACTGTTG CATTGTATGG CTTAAAACAA GATTGGGAAG GGATTAGCTC ATCAAGTCAC
250 260 270 280 290 300
AATGATAATC ATTTCAATAA CAAGGGTTAT TCATTTAAAT ATGAAAATAA CCCATTTTTA
310 320 330 340 350 360
GGGTTTGCAG GAGCTATTGG TTATTCAATG GGTGGTCCAA GAGTAGAGTT TGAAGTGTCC
370 380 390 400 410 420
TATGAAACAT TTGACGTTAA AAATCAGGGT AATAACTATA AAAATGATGC TCACAGATAC
430 440 450 460 470 480
TGTGCTTTAG GTCAACAAGA CAACAGCGGA ATACCTAAAA CTAGTAAATA CGTACTGTTA
490 500 510 520 530 540
AAAAGCGAAG GATTGCTTGA CATATCATTT ATGCTAAATG CATGCTATGA TATAATAAAC
550 560 570 580 590 600
GAGAGCATAC CTTTGTCTCC TTACATATGT GCAGGTGTTG GTACTGATTT AATATCCATG
610 620 630 640 650 - 660
TTTGAAGCTA CAAATCCTAA AATTTCTTAC CAAGGGAAGT TAGGTCTAAG TTACTCTATA
670 680 690 700 710 720
AACCCAGAAG CTTCTGTATT TATTGGTGGA CATTTTCATA AGGTGATAGG AAACGAATTT
730 740 750 760 770 780
AGGGACATTC CTACTCTGAA AGCATTTGTT ACGTCATCAG CTACTCCAGA TCTAGCAATA
790 800 810 820 830 840
GTAACACTAA GTGTATGTCA TTTTGGAATA GAACTTGGAG GAAGGTTTAA CTTCTAA...
Fig. 7A
10 20 30 40 SO 60
MNCKKFFITT ALVSLMSFLP GISEFSDPVQG DNISGNFYVS GKYMPSASHF GMFSAKEEKN
70 80 90 100 110 120
PTVALYGLRKQ DWEGISSSSH NDNHFNNKGY SFKYENNPFL GFAGAIGYSM GGPRVEFEVS
130 140 150 - 160 170 180
YETFDVKNQG NNYKNDAHRY CALGQQDNSG IPKTSKYVLL KSEGLLDISF MLNACYDIIN
190 200 210 220 230 240
ESIPLSPYIC AGVGTDLISM FEATNPKISY QGKLGLSYSI NPEASVFIGG HFHKVIGNEF
250 260 270 280 - 290 300
RDIPTLKAFV TSSATPDLAI VTLSVCHFGI ELGGRFNF.. v.eceeve Cee eeereseans
Fig. 7B
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10 20 30 40 50 60
ATGAATTGCA AAAAATTTTT TATAACAACT ACATTAGTAT CGCTAATGTC CTTCTTACCT
70 80 90 100 110 120
GGAATATCAT TTTCTGATGC AGTACAGAAC GACAATGTTG GTGGTAATTT CTATATCAGT
130 140 150 160 170 180
GGGAAATATG TACCAAGTGT TTCACATTTT GGCGTATTCT CTGCTAAACA GGAAAGAAAT
180 200 210 220 230 . 240
ACAACAACCG GAGTATTTGG ATTAAAGCAA GATTGGGATG GCAGCACAAT ATCTAAAAAT
250 260 270 280 290 300
TCTCCAGAAA ATACATTTAA CGTTCCAAAT TATTCATTTA AATATGAAAA TAATCCATTT
310 320 | 330 340 350 360
CTAGGTTTTG CAGGAGCTGT TGGTTATTTA ATGAATGGTC CAAGAATAGA GTTAGAAATG
370 380 390 400 410 420
TCCTATGARAR CATTTGATGT GAAAAACCAG GGTAATAACT ATAAGAACGA TGCTCACAAA
430 440 450 460 470 480
TATTATGCTT TAACCCATAA CAGTGGGGGA AAGCTAAGCA ATGCAGGTGA TAAGTTTGTT
490 500 510 520 530 540
TTTCTAAARA ATGAAGGACT ACTTGATATA TCACTTATGT TGAATGCATG CTATGATGTA
550 560 570 580 590 600
ATAAGTGAAG GAATACCTTT CTCTCCTTAC ATATGTGCAG GTGTTGGTAC TGATTTAATA
610 620 630 640 650 660
TCCATGTTTG AAGCTATAAA CCCTAAAATT TCTTATCAAG GAAAGTTAGG TTTGAGTTAC
670 680 690 700 710 720
TCCATAAGCC CAGAAGCTTC TGTTTTTGTT GGTGGACATT TTCATAAGGT GATAGGGAAT
730 740 750 760 770 780
GAATTCAGAG ATATTCCTGC TATGATACCC AGTACCTCAA CTCTCACAGG TAATCACTTT
790 800 810 820 830 840
ACTATAGTAA CACTAAGTGT ATGCCACTTT GGAGTGGAAC TTGGAGGAAG GTTTAACTTT
850 860 870 880 890 900
TARA . e eeeee eevnenanas e teee teeeeenete ceeeaetees seeeeeeees
Fig. 8A
10 20 30 40 50 60
MNCRKFFITT TLVSLMSFLP GISFSDAVQN DNVGGNEYIS GKYVPSVSHE GVFSAKQERN
70 80 | 90 100 . 110 120
TTTGVEGLKQ DWDGSTISKN SPENTFNVEN YSFKYENNPF LGFAGAVGYL MNGPRIELEM
130 140 150 160 170 180
SYETFDVKNQ GNNYKNDAHK YYALTHNSGG KLSNAGDKEV FLENEGLLDI SLMLNACYDV
190 200 210 220 230 240
ISEGIPFSPY ICAGVGTDLI SMFEAINPKI SYQGKLGLSY SISPEASVEV GGHFHKVIGN
250 260 270 280 290 300
FFRDIPAMIP STSTLTGNHF TIVTLSVCHE GVELGGRENF ...cccocee ooces e
Fig. 8B
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10
ATGGRAAATC
| 10
TTATTGTTAT
130
CCTGGGTTAT
190
GTAAAAGAAA
250
GTTGCAGTTG
310
TATACTGCAG
370
CCTGATAGTC
430
GGAGGTTACA
490
GATGGCTTCT
550
GATGGATTAT
610
TTACCAGTCT
670
GCTTTACATG
730
AAAGTAAATT
790
TTARACGTAA
850
ACACTTGACA

= \J

20
TCATGAATAA
80
TACCTGGTAT
140
ATATCAGTGG
200
CTAATGTTCC
260
GTAGTAATGC
320
AATTTCAAGA
380
TAAGAATTGA
440
CACAAGTARA
500
TTGAACCTAA
560
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620
TACCTTATAT
680
TAARAATTTGC
740
TATTCCTTGA
800
ACCATGTTTA
860
TTGCATACTT
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190
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250
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30
GAAAAACARA
90
ATCATTTTCA
150
GCAGTACAAA
210
CACAAAGCAG
2770
TACTACAGGT
330
TAATGTTGCC
380
AATAGAGGGA
450
AGATGCGTAC
510
AGCGGAAGAT
570
TACTATGGTT
630
ATGTGCAGGT
690
TTACCAAGGC
750
TGGGTATTAC
810
CACACTTAAA

870
TGGTGGCGAA

40
TTCTTTACAA
100
GAAACTATAR
160
CCTAGTGTTT
220
TTAATAGCAC
280
ATTAGCAATC
340
AATTTCAATG
400
TTTCATGAAA
460
CGTTATTTTG

520
ACAGGTGTTT
580
AACGTCTGTT
640
ATGGGTATAA
700
AARCTAGGTA
760
CATCAAGTAA

820

GAATCTCCTA
880
GTTGGAATAA

Fig. 9A

S U
KKQPGLYISG
90
TIPYTAEFQD
150
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270 .
AVATLDIAYF

4y
QYKPSVSVES

100
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160
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220
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- 280
GGEVGIRFETF

Fig. 9B
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TAAGTACAGC
110
ACAACAGTGC
170
CAGTTTTTAG
230
TTAAAAAAGA
290
CAGGTAATTT
350
GGGCTGTTGG
410
AATTTGATGT
470
CACTAGCACG
530
ATCATACTGT
580
ACGATTTTTC
650
ACGCCATAGA
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TTAGCTATCA
770
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830
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890
GATTCACATT

SU
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60
AATGGTATGC
120
TARAAAACAG
180
TAATTTTTCA
240
CATTAATTCT
300
CACAATTCCT
360
TTACTCTTTT
420
CAAARACCCT
480
TGATTTAAAA
540
TATGAAAAAT
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TGTAGATGAA
660
ATTCTTCGAC
720
ACTATTTACT
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ATTCAAAAAC
840
TGCAGTAGCT
900
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10 20 30 40 50 60
ATGATATATA AAGAAARACT TACTAGAGTG GGAGAATATA TCTTAGCATA TTTATCATTT
| 70 80 30 100 110 120
ATTCTTTCTA CTTATATCTT TCTAGTGCTG GTAAATATTA TTAGATATAA CAGCCTTGCT
130 140 150 160 170 180
ATATGTGTTA TCAGTCTACT AAGAACTAAT ATCTTTAACG TTAGCACAAA AAAATTAATA
190 200 210 220 230 240
AAAGATAAAT GTCGTGATAC TAAGTTTAGT AACATGAATT GTTATTTGTA CGGTAAACCG
250 260 270 280 290 300
TTAAATTTAC AAATTTTTTA TGGAATATTT TCCTTTATTA GAAACTTTCA AAATAACACA
310 320 330 340 350 360
CTAATAATTC CTAATGATAG TAAATGCGGC TTCTATACCA CGTTATGGGA TAATCCAGCA
370 380 390 400 410 420
CTACATTATA CATATACACT TACTGGCAGT GAGTACCGTA ATTTTTTTGA CATTCTATAT
430 440 450 460 470 480
GAAAACATTA TCTGTCAATG TAAATTACTT ATTAACTATA ACCGTTCTGT ATTAAACCAA
490 500 510 520 530 540
CATAATAAAA ATACTCTCGT AATAATACCA ATACCTAATG CTAGAGAGTT CAGTAATGAA
550 560 570 580 590 600
ATTCGAGTAA GGAATATATC AATAAATAAG GAAAGTTCTT ATGAGTGCTA A..c.vv....
Fig. 10A
10 20 30 -~ > >
MIYKEKLTRV GEYILAYLSF ILSTYIFLVL VNIIRYNSLA ICVISLLRIN IFNVSTKKLE
70. 80 90 100 110 12
KDKCRDTKES NMNCYLYGKP LNLQIFYGIF SEIRNFQNNT LIIPNDSKCG FYTTLWDNP?
130 140 150 160 170 L8
LHYTYTLTGS EYRNFEDILY ENIICQCKLL INYNRSVLNQ HNKNTLVIIP IPNAREFSNE
| 220 230 240
. 190 200 210
TRVRNISINK ESSYEC.... cocccccens socossnnes R
Fig. 10B
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10 20 30 40 50 60
ATGAATAAAA AAAACAAGTT TATTATAGCT ACAGCATTGG TATATTTACT GTCATTACCT
70 80 90 100 110 120
AGTGTATCGT TTTCAGAGGT TACAAACAGC AGTATTAAAA AACACTCTGG GTTATATATT
130 140 150 160 170 180
AGTGGACAAT ACAAACCAAG TGTTTCTGTT TTTAGTAGTT TCTCAATTAA AGAAACTAAC
190 200 210 220 230 240
ACTATCACAA AAAATCTTAT AGCGTTAAAA AAAGATATTA ACTCTCTTGA AGTTAACGCC
250 260 270 280 290 300
GATGCTAGTC AAGGTATTAG TCATCCAGGA AATTTTACTA TACCTTATAT AGCAGCATTT
310 320 330 340 350 360
GAAGATAATG CTTTTAATTT CAACGGTGCT ATTGGTTACA TTACTGAAGG TCTAAGGATT
370 380 390 400 410 420
GAAATAGAAG GTTCCTATGA AGAATTTGAT GCTGAAAACC CTGGAGGTTA TGGTCTAAAT
430 440 450 460 470 480
GATGCCTTTC GGTACTTTGC TTTAGCACGT GATATGGAAA GCAACAAGTT CCTACCAAAA
490 500 510 520 530 540
GCACAAAGCT CAC...... ettt et ettt et
Fig. 11A
| 10 20 30 40 50 60
MNKKNKFIIA TALVYLLSLP SVSFSEVTNS SIKKHSGLYI SGQYKPSVSV FSSFSIKETN
70 80 90 100 110 120
TITKNLIALK KDINSLEVNA DASQGISHPG NFTIPYIAAF EDNAFNFNGA IGYITEGLRI
130 140 150 160 170 180

¢ & & & a 6 & & 9 @

EIEGSYEEFD AENPGGYGLN DAFRYFALAR DMESNKFLPK AQSS....-..

Fig. 11B
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70
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180
TATCAAGGGA
250
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310
GATCCTAATA
370
GGAAGTGAAR

10

70

130

GSEIGIRFMF N.
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20
ATGATGAARA

80
ACACCTGCTA

140
TTGGTGAAGA
200
AAGTTGGAAT
260
ATAAAGTCAT
320
TTTCTGAAGA
380
TTGGAATAAG

20

80

140

30 40
TTATGCTATT ACAACAAATA
90 100
TGATATTTCA ATTAATAATA
150 160
TCTTGTAGGG CTTTTTAATA
210 220
GAGTTATTTG ATAAATAACA
270 280
GGGTAACAGA TTTAAARAATT
330 340
AACTATACCT ATATTAGCAA
390 400
GTTTATGTTT AACTAA....
Fig. 12A
30 40
90 100
150 160
Fig. 12B
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110

CATCAATAGT
170

CAATACATIT
230

ATATCCTATT
290

60
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180
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10
ATGACAAAGA
70
CTTAAGTCAT
130
ATAAGTGGTC
190
GACARAGTAG
2350
TTACGAGATA
310
AATTTCAGCA
370
TCTTATGGGEE
430
TATTTTGCTT
490
AGTCAACCCT
550
GTATTTGTTG
610
ATATCACCTT
670
CATATCAAGT
730
ACTATTTTTG
790
GTTAAGTATT

850
AACATTGAAT

10

20
AATTTAATTT
80
TTACAACATA
140
AATATAAGCC
200
TAGATTTGAT
260
ATACAAAATT
320
GTGCAATTGG
380
ATTTTGATGT
440
TAGTACGTGA
500
CTGACAGTAA
560
CATCAGTAAT
620
ACGTATGTAT
680
TTGCTTGCCA
740
CTGATGCACA
800
CATATGAACT

860
ATTTTGGTGG

20

MTKKENFVNV ILTFLLFLED
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80

DKVVDLIGLT TDVIYITEHI

130

140

SYGDFDVVNY KNYAVODVNR
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VEVASVIING CYDEFSEFNNTT
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. 260

TIFADAHYHK VINNKEFNNLH
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30 40
TGTAAATGTT ATATTAACAT
90 100
TGCAAATAAT AACACAATCA
150 - 160
AAGTATTCCT CATTTCAAGA
210 220
AGGTCTTACA ACTGATGTTA
270 280
CAACACTCAT TATATTGCAA
330 340
TTATTATTCT GGGCAAGGAC
390 400
TGTAAATTAT AAAAATTATG
450 460
AAAAAATGGT TCAAATTTCT
510 520
TCCTAAAAAG TCTTTTTATA
570 580
AATCAACGGT TGTTATGATT
630 640
AGGAGTTGGA GGAGATTTTA
690 700
AAGTAAGGTT GGTATTAGCT
750 760
TTATCACAAG GTCATAAATA
810 820
TAAAAACTCA CCTACCATTA
870 880
TGAAGTTGGG ATGAGATTTA
Fig. 13A
30 40
LKSFTTYANN
90 100
LRDNTKENTH
150 160
YFALVREKNG
210 220
ISPYVCIGVG
270 280
VKYSYELKNS
Fig. 13B
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230
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290

AGTTCAAGAA
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410
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470
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530

CTTTAATGAA
590
TTTCTTTTAA
6350
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890
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290
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.10
ATGAGCAAAA
' 70
TCTATTGAAT
130
TATATTACAG
190
ACTAATGTTG
250
AACACTTATT
310
TTCAGTGGAG
370
TACGRAAAAT
430
TTTGCTCTAG
430
AAGAATAATG
550
AATAATTTAG
610
TTTGATACTT
670
TTTCCTAAGA
730
AAAAATTTAA
790
GTAGCTACAC
850

.......

10

20
AARAGTTTAT
80
CCTTTTCAGC
140
GGCAGTATAG
200
ATACAATACA
260
CAAACTTTCA
320
CAATTGGATA
380
TTGATGTCAA
440
CACGTAATAC
500
GCTTATCTGT
560
TCGTATCACC
620
TGCACATTAA
680
TTAATGTATT
740

ATGTTAACCA TGTTGTTACA

800
TTAATGTTGC
860

..........

20
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30
TACAATAGGA
S0
TATAAATCAT
150
ACCAGGAGTA
210
ACTAGTAGGA
270
AGGTCCATAT
330
TTCTTACCCC
380
AGATCCTAAA
450
GTCTACTACT
510
TGCATCAATC
570
TTATATATGT
630
ACTTGCTTAT
6390
TGCTGGTGGG
730

810
TTATTTTGGT
870

40
ACAGTACTTG

100
AATCATACAG
160
TCCCATTTTA
220
TATAAAAAAA
280
ACTGTTACAT
340
GAAAGTCTAA
400
GACTACTCAG
460
GTTCCTGATG
520
ATGATCAATG
580
GCAGGTATTG
640
CAAGGAAAAC
700
TACTATCATA
760
CTTGATGAAT
820
GGTGAAGCTG
880

Fig. 14A
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1380
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Fig. 14B
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S50
CATCTCTATT

110
GAAATAACAC
170
GCAATTTCTC
230
GTGCGTCTTC

280

TTCAAGATAA

350
GACTTGAACT
410
CAAAAGATGC
470
CTCAAAAATA
530
GTTGTTATGA
590
GTGAAGATTT

650
TAGGTATTAG

710

GAGTTATAGG
770

TTCCTAAAGC
830

GAGTAAAGTT
890

......

S0
YITGQYRPGV

110
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230
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290
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60
ATCATTCTTA
| 120
TAGTGGTATA
| 180
AGTAAAAGAA
240
TATCGATCCT
300
TGCTGCTAGT
360
TGAAGGTTCT
420
TTTTAGGTTT
480
TACAGTTATG
540
TCTATCTTTIT
600
CATTGAATTT
660
TTATTACTTC
120
GAATAAATTT
780
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840
TACATTTTAA
900
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10 20 30 40 50 60
ATGAGTGCTA AARAAAAGCT TTTTATAATA GGGTCAGTGT TAGTATGTTT AGTGTCATAC
70 80 90 100 110 120
TTACCTACTA AATCTTTGTC AAACTTAAAT AATATTAATA ATAACACTAA GTGCACTGGG
130 140 150 160 170 - 180
CTATATGTCA GTGGACAATA TAAACCTACT GTTTCTCACT TTAGTAATTT TTCACTTAAA
190 200 210 220 230 240
GAAACTTATA CTGACACTAA AGAGTTATTA GGACTAGCAA AAGATATTAA GTCTATTACA
250 260 270 280 290 300
GATATAACAA CAAATAAAAA ATTCAACATT CCTTATAACA CAAAATTTCA AGATAATGCT
310 320 330 340 350 360
GTTAGCTTCA GTGCAGCTGT TGGATATATT TCCCAAGACA GTCCAAGGGT TGAGGTAGAA
370 380 390 400 410 420
TGGTCTTATG AAGAATTTGA CGTTAAAAAT CCTGGTAATT ACGTAGTAAG TGAAGCCTTC
430 440 450 460 470 480
AGGTATATTG CTTTAGCAAG AGGAATTGAT AATCTTCAAA AATATCCTGA AACAAATAAG
490 500 510 520 530 540
TATGTTGTTA TAAAGAACAA TGGCTTATCT GTCGCATCCA TTATAATCAA TGGCTGTTAT
550 560 570 580 590 600
GATTTTTCTT TAAACAATTT AAAAGTATCA CCTTACATAT GCGTAGGGTT TGGTGGGGAC
610 620 630 640 650 660
ATTATAGAAT TTTTTAGTGC TGTAAGTTTT AAATTTGCTT ATCAAGGTAA GGTAGGTATC
670 680 690 700 710 720
AGTTATCCAT TATTCTCTAA TATGATTATA TTTGCTGACG GATATTACCA TAAGGTCATA
730 740 750 760 770 780
GGAAATAAAT TTAACAATTT AAATGTTCAA CACGTTGTTA GTCTTAACAG TCATCCTAAG
790 800 810 820 830 840
TCTACTTTTG CAGTAGCTAC TCTTAATGTT GAGTATTTCG GTAGTGAATT TGGGTTAAAA
850 860 870 880 890 900
TTTATATTTT A v eeeuee evvononnnn e terecene veeeeeneee teeeeeenan
Fig. 15A
10 20 30 40 50 60
MSAKKKLFII GSVLVCLVSY LPTKSLSNLN NINNNTKCTG LYVSGQYKPT VSHESNESLK.
| 70 80 | 90 100 110 120
ETYTDTKELL GLAKDIKSIT DITTNKKFNI PYNTKFQDNA VSFSAAVGYI SQDSPRVEVE
130 140 150 160 170 180
WSYEEFDVKN PGNYVVSEAF RYIALARGID NLQKYPETNK YVVIKNNGLS VASIIINGCY
190 200 210 220 230 240
DFSLNNLKVS PYICVGEGGD IIEFFSAVSF KFAYQGKVGI SYPLESNMII FADGYYHKVI
250 - 260 270 280 290 300
GNKFNNLNVQ HVVSLNSHPK STFAVATLNV EYFGSEFGLK FIF......- Ceeeaccaes
Fig. 15B
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10
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DNIQLIGLRH
130
EFDVTDPGDC
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440
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500
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560
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740
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800
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80
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140
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:200
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260
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30
TACAATAGGA
90
TAACAATAAC
150
TTCTCATTITC
210
GTTAAGACAC
270
CTATAAAGTA
330
TCCCACAGGG
390
TGGAGACTGC
450
TTCTAGCCCT
510
TGTTATATTT
570
ATGTGTTGGT
630
ATACCAAGGC
690
TGGATATTAT
7350
TAGTACAGAT
810

40
GCAACACTTA

100
ACTGATAAAC
- 160
AGCAAATTTT
220
AACGCAATTT
280
ACATTTCAAR
340
GCAAGATTTG
400
TTAATAAAAG
460
ACCTCAAACA
520
AATGGCTGTT
580
GTAGGTGGAG
640
AAGTTAGGTA
700
CATARAAGGTTA
760
TTTGGACCTG

820

TGAAATCGGA ATTAGACTTA

30
ISEPETINNN
90

Fig. 16A

| 40
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150
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160
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270
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NIGYFGGEIG IRLTF.....

Fig. 16B
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50
TTCATATGTT
110
TTTCTGGGETT
170
CAGTCAAAGA
230
CTACTAGTAC
290
ATAACATTAC
350
AGCTTGAAGG
410
ATACCTATAG
470
ACTATACTGT
530
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590
ATTTTATAGA
650

TCAATTATCA
710

TAGGAAATCA
770
TATACGCAGT
830

CATTTTAA..

50
GQYKPGISHF
- 110
GAIGYSDPTG
170
DGVSITSVIF
230
QASVFIDGYY

290

60
GTTACCTAAC
120
ATATATAAGT
180
ARTCTATAAT
240
CCTTAATATT
300
CAGCTTTAGT
360
TTCTTATGAA
420
ATATTTCGCT
480
TATGAGAAAT
540
TTTAAAGGAT
600
ATTTTTTGAC
660

CTTATCGACT
720
ATTCRACAAT
780
AGCCACACTT
840

.....
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10 20 30 40 50 60
ATGAATAATA GAAAAAGTTT TTTTATAATA GGTGCATCAT TACTAGCAAG CTTATTATTC
| 70 80 90 100 110 120
ACATCTGAGG CCTCTTCTAC AGGAAATGTA AGTAACCATA CTTATTTTAA ACCTAGGTTA

130 140 150 160 170 180
TATATCAGTG GACAATATAG ACCAGGAGTT TCTCATTTTA GCAAATTTTC AGTCAAAGAA
190 200 210 220 230 240
ACCAACTACA ATACTACTCA ACTAGTTGGG CTTAAAAAGG ACATCAGTGT CATAGGGAAC
250 260 270 280 290 300
AGTAATATCA CAACCTACAC AAATTTCAAC TTTCCTTACA TTGCAGAATT TCAAGACAAT
310 320 330 340 350 360
GCCATAAGTT TCAGTGGGGC AATTGGATAC TTGTATTCCG AGAATTTTAG AATTGAAGTA
370 380 390 400 410 420
GAGGCTTCTT ATGAAGAATT TGATGTTAAA AATCCAGAAG GATCTGCTAC AGACGCATAC
430 440 450 460 470 480
AGGTATTTTG CACTAGCACG TGCTATGGAT GGCACTAATA AATCTAGTCC TGATGACACA
490 500 510 520 530 540
AGAAAATTCA CTGTCATGAG AAATGACGGG TTATCAATTT CATCAGTAAT GATAAATGGG
550 560 570 580 590 600
TGTTACAATT TTACATTAGA TGATATACCA GTAGTACCGT ATGTATGCGC AGGAATAGGA
_ 610 620 630 640 650 660
GGAGATTTCA TAGAGTTTTT TAATGATTTA CATGTTAAGT TTGCTCATCA AGGCAAGGTA
670 680 690 700 710 720
GGTATTAGTT ATTCTATATC CCCTGAAGTA AGTTTATTTC TTAACGGATA TTACCATAAA
730 740 750 760 770 780
GTAACAGGTA ACAGATTTAA AAACTTACAC GTTCAACACG TAAGTGATTT AAGTGACGCT
790 800 810 820 830 840
CCTAAGTTCA CATCTGCAGT TGCTACACTC AATGTTGGGT ACTTTGGTGG CGAAATTGGA
850 860 870 880 890 900
GTAAGATTTA TAT T T AR . . v i e iecenne vnonnne et teeeccneee caeeeeenas

Fig. 17A
10 20 30 40 50 60
MNNRKSFFII GASLLASLLF TSEASSTGNV SNHTYFKPRL YISGQYRPGV SHESKFSVKE
70 80 90 100 110 120
TNYNTTQLVG LKRDISVIGN SNITTYTNEN FPYIAEFQDN AISFSGAIGY LYSENFRIEV
130 140 150 160 170 180
EASYEEFDVK NPEGSATDAY RYFALARAMD GTNKSSPDDT RKFTVMRNDG LSISSVMING
190 200 - 210 220 230 240
CYNFTLDDIP VVPYVCAGIG GDFIEFFNDL HVKFAHQGKV GISYSISPEV SLFLNGYYHK
250 260 270 280 290 300
VITGNRFKNLH VQHVSDLSDA PKETSAVATL NVGYFGGEIG VRFIF..:e: censcccscs
Fig. 17B
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TAGCAGCACT
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TATTTTTAGC
130
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370
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430
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430
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530
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610
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TGGTGGATAT
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790
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10
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70
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130
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20
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80
AATTTCTCAG
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GACATTAATT
200
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GTCARAGACC
380
CGTGATATAG
440
TCATATAAGG
500
GTCAATGGCT
560
GGTATAGGTG
620
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680
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740
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800
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80

140
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30
TTGGGTTATA
80
TAAAGGAAAC
150
CTGTCGAATT
210
CTTATATAGC
270
TTGTTGAAGG
330
CTGGAAGATA
390
ACTCTATTCC

450

TATACCACAC
510
GCTATGATTT
570
TAAATGCTAT
630
GTATTACTTA
690
TAATGGGCAA
150
CCAAAGTTAC
810
CAAGGCTTAT
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40
TGTTAGTGGA
100
TAATTTTCCT
160
TGACGATAGT
220
TGTATTTCAA
280
CCCAAGAATT
| 340
TACAGAAATA
400
TACTAGCCCA
460
TGTAATGAAA
520
TTCTTCAGAT

580
AGAGTTTTTC
640
TCCATTATCT
700
CCAATTTARA
760
ATCTGCAGTA

820

ATTTTAA. ..

Fig. 18A
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40

100

160

130 200 210 220
VCGGIGVNAI EFFDALHVKE ACQGKLGIT
- 250 260 270 280
AELNDAPRVT SAVATLDIGY FGGEIGARLI F..eocavee oo
Fig. 188

50
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