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GLYCOPROTEIN 8 OF THE RFHVIKSHV SUBFAMILY OF HERPES VIRUSES 

TECHNICAL FIELD 

5 The present invention relates generally to the field of virology. particularly viruses of the herpes 

10 

family. More speclftcally, It relates to the identification and characterization of herpes virus Glycoproteln B 

molecules which are associated with fibraprollferative and neoplastic conditions in primates, including 

humans. 

BACKGROUND ARI 

Kaposi's Sarcoma is a disfiguring and potentially fatal form of hemorrhagic sarcoma. It is 

characterized by multiple vascular tumors that appear on lhe skin as darkly colored plaques or nodules. At 

the histological level, It is characterized by proliferation of relatively uniform spindle-shaped cells, forming 

15 fascldes and vascular slits. There is often evidence of plasma cells, T cells and monocytes in the 

inflammatory infiltrate. Death may ultimately ensue due to bleeding from gastrointestinal lesions or from an 

associated lymphoma. (See generally Martin et al., Finesmith et al.) 

Once a relatively obscure diaease. it has leapt to public attention due to Its association with AIDS. 

,_. many as 20% of certain AIDS-affected populations acquire Kaposi's during the course of the disease. 

20 Kaposi's Sarcoma occurs in other conditions associated with immunodeficiency, including kidney dialysis 

and therapeutic imrnunosuppresslon. However, the epidemiology of the diseaSe has suggested that 

immunodeficiency is not the only causative factor. In particular, the high degree of association of Kaposi's 

with certain sexual practices suggests the involvement of an etiologic agent which is not the human 

immunodeficiency virus (Berel et al.). 

25 A herpes-virus-like DNA sequence has been identified in tissue samples from Kaposi's lesions 

obtained from AIDS pati8nts (Chang et al., confirmed by Ambroziuk et al.). The sequence was obtained by 

representational difference analysis (lisltsyn et al.), in which ONA from atrec:ted and unaffected tissue 

were amplified using unrelated pr1ming ollganudeo1kles, and then hybridized together to highlight 

differences between the cells. The sequence was partly identical to known sequences of the Epstein Barr 

30 Virus and herpesvirus saimiri. It coded for capsld and tegument proteins, two structural components 

sequestered in the Viral i1terior. In a survey of tissues from various sources, the sequence was found in 

95% of Kaposi's sarcoma lesions, regardless of the patients' HIV status {MoOre et al. 1995a). 21% of 

uninvolved tissue from the same patients was positive, while 5% of samples from a control population was 

positive. There was approximately 0.5% sequence variation between samples. 

35 The same sequence has been detected in body cavity lymphoma, a lymphomatous effusion with 

B-cell features, occurring uniquely in AIDS patients (cesarman et at.). The copy number was higher in 

body cavity lymphoma, compared with Kaposi's Sarcoma. Other AIDS-associated lymphomas were 

negative. The sequence has also been found in peripheral blood mononuclear cells of patients with 
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Cestleman's disaase (Duf)ln et al.). This Is a condition characterized by morphologlc features of 

angiofolicular hyperplasia, and associated with fever, adenopathy, and splenornegaly. The putative virus 

from which the sequence is derived has become known as Kapaei's Sarcoma asaocialed Herpes Virus 

(KSHV). 

Using PCR In situ hybl'ldizatian, Bashoff et al. have detected KSHV polynucleOtlde sequences in 

the cell types thought to reprasant neoplastic cells in Kaposi's saR:Orna. Serological evidence supports an 

important role for KSHV in 1he etiology of Kaposi's sarcoma (O'Leary). Kedes et al. developed an 

immunofluorescence serological assay that detects antibody to a latency-associated nuclear antigen in B 

cells latently infected with KSHV, and fcKl'td that KSHV seroposltivity is high In patient& with Kaposi's 

10 sarcoma. Gao et al. found that of 40 patients with Kaposi's sarcoma, 32 ware positive for antibocfies 

against KSHV antigens by an immunoblot assay, as compared with only 7 of 40 homosexual men without 

Kaposi's sarcoma Immediately before 1he onset of AIDS. MIUer et al. prepared KSHV antigens from a 

body cavity lymphoma cell line containing the genomes of both KSHV and Epstein-Barr virus. Antibodies 

to one antigen, designated p40, went Identified in 32 of 48 HIV-1 infected patients with Kaposi's sarcoma, 

15 as compared with only 7 of 54 HIV-1 infected patients without Kaposi's sarcoma. 

Zhong et al. analyZed the expression of KSHV sequences in atfected tissue at the messenger RNA 

level. Two small transcripts were found that represent the bulk of the virus specific RNA transcribed from 

the KSHV genome. One 1ranscript was predicted to encode a small membrane protein; the other is an 

Ll'lusual poly-A RNA that accumulates in 1he r'Llcleus and may have no protein encoding sequence. 

20 Messenger RNA was analyzed by cloning a plurality of ovartapping KSHV genomic fragments that 

spanned 1he •120 kb KSHV genome from a lambda library of genomic ONA. The clones were used as 

probes for Northern analysts, but 1heir sequences W9f9 .not obtained or disclosed. 

Moore et al. have partially characterized a KSHV genome fragment obtained from a body-cavity 

lymphoma. A 20. 7 kb region d the genome was reportedly sequenced, although the sequence was not 

25 disclosed. 17 partial or complete open reading frames were present in this fragment, al except one having 

sequence and positional homology to other known gamma herpes virus genes, including the capsld 

maturation gene and the thymldlne kinase gene. Phylogenetic analysis showed that KSHV was more 

closely related to equine herpes virus 2 and Saimlri Virus lhan to Epstein Barr virus. The 20. 7 kb region did 

not contain sequences encoding either Glycoprotein B or DNA polyn')erase. 

30 The herpes virus family as a whole comprises a number of multi-enveloped viruses about 100 nm in 

size, and capable of lnfac:tlng vertebrates. (For general reviews, see, e.g., Emery et al., Fields et al.). The 

double-stranded DNA genome Is unusually large - from about 88 to about 229 kilobases in length. It may 

produce over 50 different transaipts at various stages in the life cycle of the virus. A number rt 

glycoproteins are expressed at the viral surface, and play a role In recognition of a target cell by the virus. 

35 and penetration of the virus into the cell. These surface proteins are relatively more variant between 

species, compared with lntemal viral components (Karlin et al.). The same surface proteins are also 

present on defactlve viral particles producad by cells harboring the virus. One such non-infectious form is 

the L-particle, which comprises a tegument and a viral envelope, but lacks the nucleocapsid. 
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The herpes virus family has been divided into several subfamilies. Assignments to each of the 
categories were originally based on biologic properties, and are being refined as genomic sequence data 

emerges. The alpha subfamily comprises viruses that have a broad host range, a short replicative cycle, 

and an affinity for the aensory ganglia. They include the human simplex virus and lhe Varicella-zoster 
5 virus. The beta Ufamily comprises viruses that have a restlicted host range, and Include 

Cytomegalovlrus and human Herpes Virus 6. The gamma subfamily comprises viruses that are generally 
lymphob'Ophic. The DNA Is marked by a segment of about 110 ldiobases with a low GC content, flanked 

by multiple tandem repeats of high GC content. The gamma subfanily includes Epstein Barr Virus (EBV), 

herpes virus saimiri, equine Herpes Virus 2 and 5, and bovine Herpes Virus 4. 

10 Herpes viruses are associated with conditions that have a complex clinical course. A feature of 
many herpes viruses is the ability to go into a lalant state within the host far an extended period of time. 

Viruses of the alpha subfamily maintain latent forms in the sensory and autonomic ganglia, whereas those 
of the gamma subfamily maintain latent forms. for example, in cells of ht lymphocyte lineage. Latency is 
associated with the transaiption of certain viral genes. and may persist far decades until conditions are 

15 optimal for the virus to resume active replication. Such conditions may include an immunodeficiency. In 
addition, some herpes viruses of the gamma subfamily have the ability to genetically transform the cells 
they infact. For example, EBV is associated with B cell lymphomas, oral hairy leukoplakla, lymphoid 
Interstitial pneumonltls, and nasopharyngeal carcinoma. 

A number of other conditions occur in humans and other vertebrates that involve fibroproliferation 
20 and the generation of pre-neoplastic cans. Examples occurring in humans are retraperltoneal fibrosis, 

nodular fibromatosis, pseudosarcomatous fibromatosis, and sclerosing mesenterttis. Another condition 
known as Enzootic Retroperltoneal Flbromatosls (RF) has been observed in a colony of macaque 
monkeys at the University of Washington Regional Primate Research Center (Giddens et al.). Late stages 

of 1he disease are character1zed by proliferating fibrous tissue around the mesentery and the dorsal part of 
25 the peritoneal cavity, with exterision into the inguinal canal, through the diaphragm, and into the abdominal 

wall. Once clinically apparent, the disease 18 invariably fatal within 1-2 months. The condition has been 

assoeiated with Simian lmmunadeliclency (SAIDS) due to a type D simian retrovirus, SRV-2 (Tsai et al.). 
However, other colonies do not show the same frequency of RF amongst monkeys affected with SAIDS, 
and the frequency of RF at Washington has been declining in recent years. 

30 The study of such conditions in non-hlman primates is important not only as a model for human 

conditions, but also because one primate species may act as a reservoir of viruses that affect another 

species. For example, the heipes virus salrrirl appears to cause no cfll88se in its natural host, the squirrel 
monkey (Salmlri sciureus), but it causes polyclonal T-cell lymphomas and acute leukemias in other 

primates, particularty owl monkeys. 

35 There is a need to develop reagents and methods for use in the detection and treatment of herpes 
virus infections. The etiological linkage between KSHV and Kaposi's sarcoma, confirmed by the 

serological evid8nce. Indicates the importance of this need. 

For example, there is a need to develop reagents and methods which can be used in the diagnosis 
and assessment of Kaposi's san::oma, and similar conditions. Being able to detect the etiologic agent in a 
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new patient may assist in dllferential diagnosis: being able to assess Ifie level of the agent in an ongoing 

cand"ltion may assist In clinical management. Desirable markers include those that provide a very 

sensitiVa Indication of the presence of bolh active and latent fonns viral Infection, analogous to the HBsAg 

of Hepatitis 8. Oe8lrable markers also Include those that are immunogenlc, and can be \ad to assess 

5 immunological exposure to the Viral agent as manifest In the antibody response. Glyccpmtein antigens 

from the viral envelope are particularty suitable as markers 'WHh these characteristics. They may be 

expressed at high abundance near 1he surface not only of replicative forms of the virus, but also on L­

particlel psocllced by virally lnfectecl cells. 

Second, there is a need to develop reagents and methods that can be used for treatment of viral 

1 O infection - both pn>phylactically, and following a viral challenge. Such reagents Include vaccines that 

confer a level of immunity against the virus. Passive vaccines, such as those comprising an anti-virus 

antibody, may be used to provide immediate protection or prevent cell penetration and replication of the 

virus In a recently exposed Individual. Adive vacdnes, such as those comprising an immunogenic viral 

component, may be used to elicit an active and ongoing immune· response In an individual. Antibody 

15 elicited by an active vaccine may help protect an individual against a subsequent challenge by live virus. 

Cytotoxic T cells elicited by an ac:tive vaccine may help eradicate a concurrent infection by eliminating host 

cells involved in viral replication. Suitable targets for a protective immune sesponae, particularly antibody, 

are protein antigens exposed on the surface of Viral partlcles. and those implicated in fusion of the viNS 

with target cells. 

20 Third, there is a need to develop reagents and melhods which can be used In the development of 

new pharmaceuticals for Kaposi's sarcama, and similar c:andltions. The cunent treatment for Kaposi's is 

radiation in camblnation with lraditional chemotherapy, such as vincristine (Northfelt, Mitsuyasu). While 

lesions respond to these modaHties, the response Is temporary, and the downward clinical course 

gaierally resumes. Even experimental therapies, such as treabnent with cytoklnes, are directed at the 

25 symptoms of the disease rather than the cause. Drug screening and rational drug design based upon the 

etiologic agent can be directed towards the long-felt need far a clinical regimen with long-tenn efficacy. 

Suitable targets for such pharmaceuticals are viral components involved in recognition and penetration of 

host cells. These tnctude glycoprotein components of the viral envelope. 

Fourth, there ia a need to develop reagents and melhods which can be used to identify new viral 

30 agents that may be associated with other fiblaproliferative conditions. The rapresentattona difference 

analysis technique used by Chang et al. is arduously complex, and probably not appropriate as a general 

screening test. Men desirable are a set of oligonucleotide probes, peptides, and antibodies to be used as 

reagents in more routine assays far BUMtying a variety rA tissue samples suspected of containing a related 

etiologic agent. The reagents should be sufficiently specific to . avoid identifying unrelated wuses and 

35 endogenous components of the host, and may be sufficiently cross-reactive to icfentHY related but 

previously undescribed viral pathogens. 

• 
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DISCLOSURE Of THE lwENTION 

It is an objective of this Invention to provide isolated polynucleotldes, polypeptides, and antibodies 
derived from or reactive wllh the products of noveJ genes encoding Glycoprolein B molecules of the 

5 RFHVIKSHV subfamily of herpes vi1111es. Two members of the famHy are Retroperitoneal Flbromatosis 
associated Herpes Virus (RFHV) and Kaposi's Sarcoma associated Herpes Virus (KSHV). These 

materials and related methods can be used In the diagnOSis and treatment of herpes virus Infection In 

primates, Including humans. Isolated or recombinant Glycoproteln B fragments or polynucleotides 

encoding them may be used as components of an active herpes vaccine, while antibodies specific for 
10 Glycoprgtein B may be used as components of a passive vaccine. 

Accordingly, one of the embodimenll of the Invention is an isolated polynucleotide with a region 
encoding a Glycoprotefn B of a herpes virus of the RFHVIKSHV subfamily, the polynucleotide comprising 
a sequence of 319 nucleotides at least 65% Identical to nucleotides 36 to 354 of SEQ. ID N0:1 or SEQ. ID 

N0:3, 'Which are 319 nucleotide fragments encoding Glycoprotein B from RFHV and KSHV, respectively. 
15 Also embodied is an isolated polynucleotide with a region encoding a Glycoproteln B. the polynucleotide 

comprising a sequence selected from the group consisting of: a sequence of 35 nucleotic:les at least 74% 
identical to oligonucleotide SHMDA (SEQ. ID N0:41); a sequence of 30 nucleotides at least 73% identical 
to oligonucleotide CFSSB (SEQ. ID N0:43); a sequence of 29 nucleotides at least 72% identical to 
oligonucleotide ENTFA (SEQ. ID N0:45}; and a sequence of 35 nucleotides at least 80% identical to 

20 oligonucleotide DNIQB (SEQ. ID N0:46). 

Another embodiment of the invention is an isolated polynucleotide comprising a fragment of at least 
21, preferably 35, more preferably 50, still more preferably 75, and even more preferably 100 consecutive 
nucleotides of the Glycoprotein B encoding region of the polynucleotide of the preceding embodiments. 
The polynucleotlde Is preferably from a virus capable of infecting primates. Included are Glycoprotein B 

25 encoding polynudeotlde fragments from RFHV and KSHV. Another embodiment of the invention is an 

isolated polynucleotide comprising a linear sequence of at least about 21 nucleotides identical to a the 
Glycoprotein B encoding sequence between nucleotides 3_6 to 354 inclusive of SEQ. ID N0:1, SEQ. ID 
N0:3, or SEQ. ID N0:92, or anywhere within SEQ. ID N0:96, but not in SEQ. ID N0:98. 

A further embodiment of this invention is an isolated polypeptide encoded by any of the previous 

30 embodiments. Also embodied Is an isolated polypeptide, comprising a linear sequence of at least 17 
amino acids essentially identical to the Glycoprotein B protein sequence shown in SEQ. ID N0:2, SEQ. ID 
N0:4, or SEQ. ID N0:97, or anywhere within SEQ. ID N0:94 (KSHV), but not in SEQ. ID N0:99. This 

includes fusion polypeptides, lmmunogenfc polypeptides, and polypeptides occurring In glycosylatecl and 
unglycosylated form. Some preferred antigen peptides are listed in SEQ. ID NOS:87-78. Also embodied 

35 are isolated and non-naturally occurring polynucleotides encoding any of the aforementioned polypeptides, 
along with cloning vectors; expression vectors and'"tiansfected host cells derived therefrom. Further 
embodiments are method for producing polynucleotides or polypeptides of this invention, comprising 
replicating vectors of the Invention or expressing polynucleotides in suitable host cells. 

THIS SHEET HAS BEEN 
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Yet another embocfnnent of this Invention is a monoclonal or isolated polyclonal antibody specific for 

a Gly<:oproteln B polypeptide embodied in this invention, or a Glycoproteln B encoded in the encoding 

region of a polynucleatlde embodied In this inventk>n. The antibodies are specific for members of the 

RFHV/KSHV subfamily, and do not aoss-react with more distantly related Glycoprotein B sequences, 

5 particularly SEQ. ID NOS:30-41. 

other Glycoprotein Bantibodies are speciftc:;A monoclonal or isolated polyclonal antibody specific for the 

polypeptide of dailn 9, but not for a polypeptide having an amino acid sequence Of arry of SEQ. ID 

NOS:3CM1. 

Still another embodiment of this Invention is a vaccine comprising a polypeptide of this invention in 

1 o a phannaceutically compatible exciplent, and optionally also comprising an adjuvant. Another embodiment 

of this invention is a vacdne camprising a polynucleotide of this Invention, which may be in the bm of a 

live virus or viral expression vector. Another embodiment of this invention Is a vaccine comprising an 

antibody of this invention in a pharmaceutically compatible excipient Other embodiments are methods for 

treating a herpes virus Infection, either prophytaclically er during an ongoing infection. comprising 

15 administering one of the aforementioned embodiments. 

Further embodiments of this invention are oligonucleotldes specific for Glycoproteln B encoding 

sequences of the gamma herpes subfamily, lhe RFHV/KSHV subfamily, RFHV, and KSHV, especially 

thOse listed in SEQ. ID NOS:24-63. Also embodied are methods for obtaining an amplified copy of a 

polynuclectide encoding a Glycoproteln B, comprising contacting the polynucleotide with one or more of 

20 the aforementioned oligonuclectides. The polynucleotlde to be amplified may be taken from an Individual 

affected with a disease featuring fibroblast proliferation and collagen deposition, Including but not limited to 

Retroperitoneal Fibromatosis or Kaposi's Sarcoma, or a malignancy of the lymphocyte lineage. 

Additional embodiments of this invention are me1hcds fOr detecting viral DNA er RNA in a sample. 

One method comprises the steps of contaCling the DNA or RNA in the sample with a probe comprising a 

25 polynucleotide or oligonucleotide of this invention under conditions that would pennit the probe to form a 

stable duplex with a polynucfeolide having the sequence shown in SEQ. ID N0:1 or SEQ. ID N0:3, or 

both, but not with a polynucfeotide having a sequence of herpes viruses outside the RFHVIKSHV 

subfamily, particularty SEQ. ID NOS:S-13, and detecting the presence of any duplex fonned thereby. The 

concfdions referred to are a single set of reaction parameters, such as incubation time, temperature, solute 

30 c:oncei llrations, and washing steps. that would permit the polynucleotide to form a stable duplex if 

altematively contacted with a polynucleotide wilh SEQ. ID N0:1, or with a polynucleotide with SEQ. ID 

N0:3, or with both, but not With a polynucleotlde of any of SEQ ID NO:S-13. Another method comprises 

the steps of amplifying the DNA or RNA In the sample using an oligonucleotide of this invention as a 

primer In the amplification reaction, and detecting the presence of any amplified copies. Also embodied 

35 are isolated polynucleotides identified by the aforementioned methods, as may be present in the genome 

of a naturally occurring virus or affected tlasue. 

Further embodiments of this invention are diagnostic kits for detecting components related to 

herpes Virus Infection In a biological sample, such as may be obtained from an individual suspected of 

harboring such an infection, comprising a polynUCleotlde, ollgcnucleotide, polypeptide, or antibody of this 

" 
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invention in aultable pack8Qing. Also embodied are methods of detecting infection of an individual, 
comprising applying the reagents, methods, or kits of this invention on biological samples obtained from 
the indlvicllal. 

Still other embodiments of this Invention are therapeutic compounds and compositions for use In 
5 treatment of an individual for lnfaction by a gamma herpes virus. Included are therapeutic agents that 

comprise polynucleotides and vectors of lhis invenlian for the purpose of gene therapy. Also Included are 
pharmaceutical compounds identified by contacting a polypeptide emboclled in this invention with the 
compound and determining whether a biochemical function of the polypeptide is altered. Also included are 
phannaceutical compounds obtained from rational drug design, based on structural and biochemical 

10 features of a Glycoproteln B molecule. 

BRIEF OE&CBfPT!ON Of THE DRAWINGS 

Figure 1 Is a listing of polynucleolide sequences amplified from a Glycoprotein B encoding region of 
15 RFHV and KSHV. The 319-base polynucleotide segment between residues 36 to 354 is underlined, and 

repteSents the respective viral gene segment between the primers used to amplify it Aligned with the 
polynucleotide sequences are oligonucleotides that may be used as hybridization probes or PCR primers. 
Type 1 oligonucteotides comprise a gamma herpes consensus sequence, and can be used to amplify a 
Glycoprotein B gene segment of a gamma herpes virus. Examples shown are NIVPA and TVNCB. Type 

20 2 oligonucteotides comprise a consensus sequence from the RFHVIKSHV subfamily, and can be used to 
amplify Glycoprotein B gene segment of a virus belonging to the subfamily. Examples shown are SHMDA. 
CFSSB, ENTFA and DNIQB. The other ofigonucleotides shown are Type 3 oHgonucleotides. These 
comprise sequences taken directly fi'om the RFHV or KSHV sequence, and are specific for sequences 
from the respective virus. Oligonucleotldes that initiate amplification in the direction of the coding 

25 sequence (with designations ending In •A") are listed 5'-+3'. Oligonucleotides that initiate amplification in 
the direction opposite to that of the coding sequence (with designations ending in •e•) are listed 3' -+5'. 
Also shown are the polypeptides encoded by the RFHV and KSHV polynucleotide sequences. The 
asparagine encoded by nucleotides 23&.240 In both sequences is a potential N-tinked glycosylation site 
conserved with other herpes vtruses. 

30 Figure 2 is a map of the Glycoprolein B encoding DNA sequence believed to be contained In the 
KSHV genome, and other members of the RFHVJKSHV subfamily. Shown are the approximate location of 
the KSHV Glycoprotein B sequence described herein. Also shown are the putative conseived segments 
that represent hybridization sites for Type 1 consensus/degenerate oligonucleotides useful in probing and 

amplifying Glycoprotein B sequences from gamma herpes viruses. 

35 Figure 3 is a listing of some previously known herpes virus Glycoprotein B protein sequences, 
aligned with the complete KSHV Glycoproteln B protein sequence and fragments of RFHV1 and RFHV2. 
Boxed regions Indicate the putative pre-processing signal sequence and the transrnembrane domain. 
Cysteine residues are underlined. Residues that are highly conserved amongst herpes viNS Glycoprotein 
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B sequences are unCler8cored With SI asterisk r). . Cysteines appearing uniquely In the KSHV 

GJycoprotein Bare undelscored with a bullet(•). 

Figure 4 is a listing of previously known Glycoprotein B polynucleotide sequences of gamma hmpes 

viruses, showing a conserved region, and the Type 1 ofigonucleotlde FRFDA designed therefrom. 

5 Figure 5 is a listing of previously known Glycoprotein B polynucleotide sequences of gamma herpes 

Viruses, showing a conserved region, and the Type 1 otigonucleotides NIVPA and NIVPASQ designed 

therefrom. 

Figure 6 is a f1&ting of previously known Glycoprotein B ~lynucleotide sequences of gamma herpes 

viruses. showing a conserved region, and the Type 1 ollgonucleotides TVNCA, lVNCB and 1VNCBSQ 

10 designed therefrom. 

Figure 7 iS a listing of previously known Glycoprotein B polynucleotide sequences of gamma herpes 

viruses, shewing a con&a'V8d region, and the Type 1 oligonucleotide FAYOA designed 1herefrom. 

Figure 8 is a listing of previously known Glycoprotein B polynucleotide sequences of gamma herpes 

viruses, showing a conserved region, and the Type 1 ollgonucleotides IYGKA and IYGKASQ designed 

15 therefrom. 

Figure 9 is a listing of previously known Glycoprotein B polynucleotide sequences of gamma herpes 

viruses, showing a conserved region, and the Type 1 oligonucleotides CYSRA and CYSRASQ designed 

therefrom. 

Figure 10 is a listing of previously known GlycOproteln B polynucleotide sequences of gamma 

20 herpes viruses, showing a conserved region, and the Type 1 oligonucteolldes NIDFB and NIDFBSQ 

designed therefrom. 

Figure 11 is a fisting of previously knOIM1 GlycOprotein B polynucleotide sequences of gamma 

herpes viruses, showing a conserved region, and the Type 1 oligonucleotides FREYA, FREYB and 

NVFDA designed therefrom. 

25 Figure 12 is a listing of previously known GlycaplOtein B palynucleotide sequences of gamma 

herpes viruses, shCMling a conserved region, and the Type 1 oligonucleotide GGMA designed 1herefrom. 

Figure 13 Is a listing of a portion of the Glycoprotein B polynucleotide sequence from RFHV and 

KSHV, aligned with previously known gamma herpes Gtycoprotein B polynucleotide sequences. Each 

shared residue is Indicated as a period. 

30 Figure 14 is a comparison listing of the polypeptide sequences of Glycoprotein B from various 

gamma herpes viruses, encoded between the hybridization sites of NIVPA and 1VNCB in the 

potynucleotide sequences. The Class II sequence fragments shown underlined are predicted to be 

RFHVJKSHV cross-reactive antigen peptides. The Class Ill sequences shown in lower case are predicted 

to be RFHV or KSHV virus-specific peptides. 

35 Figure 15 is an alignment of the polypeptide sequences of Glycoprotein B over a broader spectrum 

of herpes Viruses in the gamma, beta, and alpha subfamilies. 

Figure 16 is a relationship map of Glycoprotein B, based on the polypeptide sequences shown in 

Figure 15. 
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Fagure 17 ii a listing of exemplary Type 2 (subfamily-spec:lfic) oligonucleotides, aligned with the 

nucleotide sequences fR>m which they were derived. 

Figure 18 is an approximate map of Glycoprol8in B and DNA polymerase encoding regions as 1hey 

appear In the KSHV genome, showing the hybridization position of oltgonucleotide primers. 

5 Figure 19 is a listing of a KSHV ONA sequence obtained by amplifying fragments upstream and 

downstream from the sequence in Fsgure 1. An open reading frame is shown for the complete KSHV 

Glycoproteln B sequence, ftanked by open reading frames for the capsid maturation gene and DNA 

polymerase. Underlined In the nucleotide sequence Is a putative Glycoproteln B promoter 

Figure 20 Is a Hopp.Woods antigenicity plot for the 106 nucleotide Glycoprotein B polypeptide 

10 fragment of RFHV encoded between NIVPA and TVNCB. Indicated below are spans of hyclraphoblc and 

antigenic residues in the sequence. 

Figure 21 is a Hopp.Woods antigenicity plot for the 106 nucleotide Glycoprolein B polypeptide 

fragment of KSHV encoded between NIVPA and 1VNCB. 

Figure 22 is a Hopp.WOods antigenicity plot for the complete Glycoprotein B from KSHV. 

15 Figure 23 is a listing of DNA and plOtein sequences for a Glycoprotein B fragment of a third 

20 

member of the RFHVIKSHV subfamily. designated RFIM. The 319-base polynucleotide segment 

between residues 36 to 354 is undertined, and represents the Glycoprotein B encoding segment between 

the primers used to aml')lify it 

BEST MODE FOR CARRYING our THE INYENTION 

We have discovered and characterized polynucleotides en~ing Glycoproteln B from herpes 

viruses of the RFHVIKSHV subfamDy. The polynucleOtides, ollgonucleotides, polypeptides and antibodies 

embodied in tlis invention are useful in the diagnosis, clinical monitoring, and treatment of herpes virus 

25 infections and related conditions. 

The source for the polynucleolide for the RFHV Glycoprotein B was affected tissue samples taken 

from Macaque nemestrina monkeys with reb'Operttoneal fibromatosis rRF"). The polynucleotide for the 

KSHV Glycoprotein 8 was obtained from affected tissue samples taken from humans with Kaposi's 

SaR:Oma ("KS1. The tissues used for the present Invention were known to contain genetic material from 

30 RFHV or KSHV. because they had previously been used successfully to clone corresponding DNA 

Polymerase encoding tagments. The ampllflcation of the DNA Polymerase regions have been described 

In commonly owned U.S. Patent Application 60/001, 148. 

In order to amplify the Glycoprotein B sequences from these samples, we designed 

oligonucleotides from thoae of other herpes viruses. Glycoproteln B is expected to be less well conserved 

35 between herpes viruses, because it is extemaUy exposed on the viral envelope and therefore under 

selective pressure from the immune system of the hosts they infect. Accordingly, the oligonucleotides 

were designed from sequences of herpes viruses believed to be most dosely related to RFHV and KSHV. 

These two viruses are known from the DNA polymerase sequences to be dosely related gamma type 

herpes viruses. 
q 
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Oligonucleotidaa were daaignecl primarily from Glycoproteii B sequences previously known for four 

gamma herpes viruses: sHV1, eHV2, bHV4, mHV68 and hEBV. Comparison of the amino acid 

sequences of these four Glycoproteln B molecules revealed nine relatively conserved regions. Based on 

the sequence data, olgonucleotides were constructed comprising a degenerate segment and a consensus 

5 segment, as described In a foUowing section. Three of these oligonucleotides have been used as primers 
in amplification reactions that have yielded fragments of the RFHV and KSHV Glycoproteln B encoding 

segments from the RF and KS tissue. 

The RFHV and KSHV polynucleotide sequence fragments obtained after the final amplification step 

are shown In Figure 1 (SEQ. ID N0:1 and SEQ. ID N0:3, respectively). Included are segments at each 

10 end corresponding to the hybridizing regions of the NIVPA and 1VNCB primers used in the amplification. 

The fragment between the primer binding segments is 319 base pairs in length (residues 38-354), and 

beleved to be an accurate retlection of the sequences of the respective Glycoproteln B encoding regions 

of 1he RFHV and KSHV genomes. 

The 319 base pair Glycoploteln B encoding polynucleotide segment from RFHV is only 60% 

15 Identical with 1hat from sHV1 and bHV4, the most closely related sequences from outside the RFHVJKSHV 

subfamily. The 319 base pair polynucleotide segment from KSHV is only 63% identical with sHV1 and 

bHV4. The segments me 76% identical between RFHV and KSHV. 

Also shown are the corresponding predicted amino acid sequences (SEQ. ID N0:2 and SEQ. ID 

N0:4). The polypeptide sequences are nova~ and are partty homologous to Glycoprotefn B sequences 

20 from other herpes viruses. The tagments shown are predicted to be about 118 of the entire Glycoprotein B 

sequence. They begin about 80 amino acids downstream from 1he predicted N-terminal methionine of the 

pra..processed protein. There is a potential N-linked glycosylation site at position 80 of the amino acid 

sequence, according to the sequence Asn-Xs.cThrlSer). This site is conserved belween RFHV and 

KSHV, and is also conserved amongst other known gamma herpes viruses. There Is also a cysteine 

25 residue at position 58 that Is conserved across herpes viruses of the gamma, beta, and alpha subfamlies, 

which may play a role in maintaining the three-dimensional structure of the protein. 

The 106 amino acid segment of Glycoprotein B encoded by the 319 base pairs between the 
ampllflcallon primers Is 91% Identical between RFHV and KSHV, but only 65% ic:lentical between KSHV 

and 1hat of bHV4, the dosest sequence outside the RFHV/KSHV subfamily. 

30 Glycoprotein B mol~es expressed by the RFHVIKSHV herpes virus subfamily are expected to 

have many of the properties described for Glycoprotein B of other herpes viruses. Glycoprotein B 

molecules are generally about 110 kOa in size, corresponding to about 800-900 amino acids or about 

2400-2700 base pairs. Hydrophobicity plots Indicate regions from the N terminus to the c tenninus in the 

following order: a hydrophobic region corresponding to a membrane-directing leader sequence; a mixed 

35 polarity region corresponding to an extracellular domain: a hydrophobic region corresponding to a 

transmembrane domain; and another mixed polarity region corresponding to a cytoplasmic domain. 

The full sequence of the KSHV Glycoprotein B, shown in Figure 19, confinns these predictions: 

The gene encodes about 845 amino acids including the signal peptide and a transmembrane region near 
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the c-tenninus. Cysteine l88lduea are conserved with olher Glycaprotein B aequences, and an addi1ional 

potential disulfide may help stabilize the three-dimensional sb'Ucture. 

Glycoprotein B is generally expressed on the envelope of Infectious and defective viral particles, 

and on the surface of Infected cells. It is generally glycosylated, and may comprise 5-20 glycosylatlon 

5 sites or more. It is also generally expressed as a protein dimer, which assembles during tnmslocation to 

the surface of the host cell, prior to budding of the virus. The site responsible for dimerization appears to 

be located between about amino acid 475 and the membrane spanning segment (Navarro et al.). 

Previous studies have mapped several biochemical functions related Co infectivity to different 

regions of the Glycoprotein B molecule. Glycopoteln B and Glycoprotein C are both implicated in initial 

10 binding of HSV1 and bovine herpes virus 1 to target cells (Herald et al., Byrne et al.). The moiety on the 

cellS recognized by Gtycoproteln B appears to be heparan sulfate; the binding Is lnhlbitable by fluid-phase 

heparin. Mutants that lack Glycoprotein C can still bind target cells, but mutants that lack both 

Glycoprotein C and Glycoprotein B are severely impaired in lf\leir ability to gain acceas to the eels. 

Another apparently important fUnction is the ability of Glycoprotein B to promote membrane fusion 

15 and entry of the virus into the cell. In human CMV, the fusogenic role appeass to map to the first 

hydrophobic domain of GlycoPfl)tein B. and may be associated with conserved glycine residues within this 

region {Reschke et al.). In HSV1 mutants, the ablrity of Glycoprotein B to promote syncytia fonnation 

maps to multiple sites in the cytaplasmic domain of the protein, near the C-tenninus (Kostal et al.). 

In on:lar to exercise some of these more complicated functions, it seems likely that Glycoprotein B 

20 associates not only With a second Gtycoproteln B molecule, but with other components encoded by 1he 

virus. For example, the UL45 gene product appears to be required for Glycoprolein B induced fUsion 

(Haanes et al.). It has been hypothesized that Glycoproteln B cooperates with other surface proteins to 

fonn a hydrophobic fusion pore In the surface of the target cell (Pereira et al.). Glycoproteln B has been 

fOund to elicit a potent antibody response capable of neutralizing the intact virus. Monoclonal antibodies 

25 with neutralizing activity may be directed against many different sites on the Glycoprotein B molecule. 

Consequently, it is expected that the Glycoprotein B molecule beats sites that Interact with the 

target cell. help promote fusion, and associate with other viral proteins. It is practicted that Glycoprotein B 

molecules of RFHVIKSHV subfamily viruses will perform many of the functions of Glycoprotein B in other 

species of herpes virus, and bear active regions With some of the same properties. Interfering with any of 

30 these active regions with a drug, an antibody, er by mulalion, may impair viral infectivity orvlrulence. 

subsequent to discovery of the Glycoprotein B of RFHV and KSHV, a third member of the 

RFHV/KSHV subfamily was idenllfied In a sample of affected tissue from a Macaca mulatta (Example 12). 

lhls Glycoprotein B is closely related but not identical to RFHV, and is designated RFHV2. lt is predicted 

that other members of the RFHVIKSHV subfamily will emerge, including some that are pathogenic to 

35 humans. This disclosure teaches how new members of the subfamily can be detected and characterized. 

The homology between Glycoprotein B sequences within the RFHVIKSHV subfamily means that 

the polynucleotides and polypeptidea embodied In this invention are reliable markers amongst cflfferent 

strains of the subfamily. The polynucleotldes, polypeptides, and antibodies embodied in this invention are 

useful In such appllcatlonS as the clelectlon and treatment of viral Infection in an lndlvtdual, due to RFHV, 
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KSHV, or other herpes viruses in the same subfamily. The polynucleotides, ollgonucleotide probes, 

polypeptides, antibodies, and vaccine compositions relating to Glycoprotain B, and the preparation and 

use of 1hese compounds. Is desaibed in fur1her detail In the secllons 1hat follow. 

The following abbrevlationa are used heTein to refer to species of herpes viruses, and 

polynucleotides and polypeptides derived therefrom: 

TAu· 1~:AbbftM .. lisfottt1rpes·Vlrus Shins 
·:. ···Vlnia ':' .. ... ; °'91gnafb.1 . :·: .. •. 

' ~-:Subf8mlly ·:·: .. : .. 
.An1anmant ·--···: 

' ' ... RFHV. simian Relroperltoneal Flbromatosis- gamma-HerpesViNs .. .. . . . :··. assoctated HerpesVirua .. :-· 

_, KSHV · human Kaposi's sarcoma-associated 
.. Herpes Virus 

' 
~· murine Hetpe1Vlnls 68 

: . ·bHV4• .. bovine HerpesVlrus 4 
' .. ··eff\12 ' equine HerpesVlrus 2 

' 
:8HV1 ·· . saimiri monkey Herpes'Vhus 1 

. . hEBV~.:- .. human Epstein-Barr Virus 

hCMV 
. •.·· 

human CytoMegaloVln.is beta-Herpes Virus 
.. mCMV murine CytoMegatoVln.is 

.. 

. gpcMv guinea pig CytoMegaloVln.is 

hHVB. human HerpesVirus 6 

hVZV human Varicella-Zoster Vin.is alpha-HerpesVin.is 
.. 

HSV1 human Herpes Simplex V1n.1s 1 

.HSV2 .. human Herpes Simplex Virus 2 
. . .. 

~::- ····: simian HerpesVin.is AB 
.. 

·eHV1 equine HerpesVlrus 1 
.. 

::tHV1 lctalurid catfish HerpesVINS 

Gflflflral Definitions 

•G1ycoprote1n a· is a particular protein component of a herpes virus, enc:cded in the viral genome 

and believed to be expressed at 1he surface of the intact Yin.is. Functional studies with certain species of 

15 herpes vin.is, especially HSV1, hCMV, and bovine herpes Yin.is 1, have implicated Glycopratein Bin a 

number of biochemical functions related to Viral infedivity. These include binding to components on the 

surface Of target cells. such as heparan sulfate, fi.lsion of the viral membrane with the membrane of the 
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target cell, penetration of the viral capsid Into the cell, and formation of polynucleated gyncytial cells. 

Glycapratein B has been obserVed as a homoclimer, and may interact with other viral surface proteins in 

order to exert some of its blochemlcal fUictions. OilJerent biOChemical fUnctions, particularly heparan 

sulfate binding and membrane fusion, appear to map to cfrfferent parts of the GlyaJproteln B molecule. A 

5 Glycoprotein B molecule of other herpes viruses, including members of the RFHV/KSHV subfamily, may 

perform any or all of these functions. As used herein, the term Glycoprotein B Includes unglycosylated, 

partly gtycosylated, aid fuUy glycosylated fonns, and both monomers and polymers. 

As used herein, a GlycOprotein B fragment, region, or segment is a fragment of the Glycoprotein B 

molecule, or a transcript of a subregion of a Glycaprateln B encoding polynucleottde. The Intact 

1 o Glycoprotein 8 molecule, or the full-length traiscript, wiD exert biochemical functions related to viral 

activity, such as those described above. Some or an of these functions may be preserved on the tagment, 

or the fragment may be from a part of the intact molecule which is unable to perform these functions on its 

own. 
·G1ycoprote1n B activity" refers to any blochemlcal function of Glycoproteln B, or any biological 

15 activity of a herpes virus attributable to Glycoprotein B. These may include but are not limited to binding of 

the protein to cells, cell receptors such as heparan sulfate, and receptor analogs; viral binding or 

penetration into a cell, or cell fusion. 

The term ·G1ycopro1a1n B gene• refers to a gene comprising a sequence that encodes a 

Glycoprotein B molecule as defined aboVe. It is understood that a Glycoproteln B gene may give rise to 

20 processed and altered translation products, including but not Umited to forms of Glycoprotein B with or 

without a signal or leader sequence, truncated or internally deleted forms, multimerlc fonns, and forms with 

different degrees of glycosylation. 

As used herein, a "DNA Polymerase• is a protein or a protein analog, that under appropriate 

conditions is capable of catalyzing the assembly of a DNA polynucleotide with a sequence that is 

25 complementary to a polynuclaotide used as a template. A DNA Polymerase may also have other catalytic 

aCtivities, such as 3'-5' exonucleaae activity; any of the activities may. predominate. A DNA Polymerase 

may require association with additional proteins or co-factors in order to exercise its catalytic function. 

"RFHV" is a virus of the herpes family detected in the tissue samples Of Macaque nemesttina 

monkeys affected with Retroperitoneal Fibromatosls (RF). RFHV Is synonymous with the terms "RFHV1·. 

30 "RFHVMn"', and •RfMn•. •KSHV" Is a virus Of the herpes virus family detected in the tissue samples of 

humans affected with Kaposi's Sarcoma (KS). A third member of the RFHV/KSHV subfamily is a virus 

identified In a M. mulatta monkey. The virus is rafened to herein as "RFHV2"'. "RFHV2" is synonymous 

with the tenns •RFHVMm" and "RFMm". 

The ·RFHVJKSHV subfamily" is a term used herein to refer to a collection of herpes viruses capable 

35 of infecting vertebrate species. The subfamily consists of members that have Glycoprotein B sequences 

that are more closely related to that of the corresponding sequences of RFHV or KSHV than other herpes 

viruses, Including sHV1, eHV2, bHV4, mHV6B and hEBV. Preferably, the polynucleotide encoding 

Glycoproteln B comprises a segment that Is at least 65% Identical to that of RFHV (SEQ. ID N0:1) or 

KSHV (SEQ. ID N0:3) between residues 36 and 354; or at least about 74% identical to the ollgonucleallde 
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SHMDA, or at least aboUt 73% Identical to the ollgonucfeotlde CFSSB, or at least about 72% identical to 

the nucleotide ENTFA. or at least about 80% identical to the nucleotide DNIQB. RFHV and KSHV are 

exernpllll)' members of the RFHVJKSHV subfamily. The RFHVIKSHV subfamily represents a subset of 

the gamma aubfamily of herpes viruses. 

5 The tenna "polynucleotide" and "ollgonudeotide" are used interchangeably. and '9fer to a polymeric 

form of nucleotlc:las of any length, either cteoxyrlbonucleotides or ribonucleotides. or analogs thereof. 

Polynucleotides may have any thfee.dlmanslonal structure, and may perform any function, known or 

unknown. The following are non-limiting examples of polynucleotides: a gene or gene fragment, exons. 

intrans, messenger RNA (mRNA). transfer RNA, ribosomal RNA, nbozymes, cONA, recombinant 

1 o polynucleotides, branched polynucleotides, plasmids, vectors, isolated DNA of any sequence, ISOiated 

RNA of any sequence, nucleic acid probes, and primers. A polynucleotide may comprise modilied 

nucleolides, such as methylated nucleotides and nucleotide analogs. If present, modifications to the 

nucleotide structure may be imparted before or after assembly of the polymer. The sequence of 

nucleotides may be lntenupted by non-nucleotide components. A polynucleotida may be further modified 

15 after polymerization, such as by conjugation with a labeling component. 

The term polynucleotide, as used herein, refers to both double- and single-stranded molecules. 

Unless othelwise specified or required, any embodiment of the invention described herein that is a 

polyru:leotide · encompasses both the double-Slrandad form and each of two complementary 

slngle-atranded fonns known or predicted to make up the double-stranded fonn. 

20 In the context of polynucleotides, a •linear sequence• or a •sequence" is an order of nucleotides in 

a polynucleotide in a 5' to 3' direction in whieh residues that neighbor each other in the sequence are 

contiguous In the primary structure of the polynuclaatide. A "partial sequence• is a linear sequence of part 

of a polynucleoticle which is known to comprise additional residues in one or both directions. 

"Hybridization" refers to a reaction in whieh one or more polynucleotldes react to form a comple1< 

25 that is stabilized via hydrogen bonding between the bases of the nucleotide residues. The hydrogen 

bonding may occur by watson-Crick base pairing, Hoogsteen binding, or in any other sequence-specific 

manner. The complex may comprise two strands forming a duplex structure, three or more strands 

fonning a multi-stranded complex, a single self-hybrtdlZlng strand, or any combination of these. A 

hybridization reaction may constitute a step in a more extensive process, such as the initiation of a PCR, 

30 or the enzymatic cleavage of a polynucleotide by a ribozyme. 

Hybridization reactions can be perfonned under conditions of different "sbingency". Conditions that 

increase the stringency of a hybridization reaction are widely known and published In the art: see, for 

example, Sambrook Fritsch & Maniatis. Examples of relevant conditions include (in order of increasing 

sbingency): incubation temperatures of 25-C, 37-c, 50"C, and 68'C: buffer concentrations of 10 x SSC, 6 

35 x SSC, 1 x SSC, 0.1 x SSC (where SSC is 0.15 M NaCl and 15 mM citrate buffer) and their aquiValent 

using other buffer systems; tormamide concentrations of 0%, ·25%, 50%, and 75%: incubation times from 5 

min to 24 h; 1, 2, or more washing steps; wash Incubation times of 1, 5, or 15 min; and wash solutions of 6 

x SSC, 1 x SSC, 0.1 x SSC, or deionized water. 
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"T,; Is the temperattlre In degrees centigrade at which 50% of a polynucleotide duplex made of 

complementary strands hydrogen bonded in an antlparaDel direction by WatsoM:rick base paring 

dissociates into single strands under the conditions of the experiment. Tm may be predicted according to 
standard fol'llUa; for example: 

Tm= 81.5+16.6 log (Naj + 0.41 (%G/C) ·0.61 (%F) ·600/l 

where [Na1 is the cation concentration (usually sodium ion) in mol/L; (%G/C) is lhe number of G and C 

residues as a percentage of total residues in the duplex; (%F) Is the percent formamide in solution (wt/vol); 

1 O and L is the number of nucleotides in each strand of the duplex. 

A •stable duplex" of polynucleotldes, or a •stable complex" fanned between any two or more 

components in a biochemical reaction, refers to a duplex or complex that is sufliciently long-lasting to 

persist between the formation of the duplex or complex, and its subsequent detection. The duplex or 

complex must be able to wilhstand whatever conditions exist or are introduced between the moment of 
15 formation and the moment of detection, these conditions being a fl.mction of the assay or reaction which is 

being perfonned. Intervening conditions which may optionally be present and which may dislodge a 

duplex or complex include washing, heating, adding adcltional solutes or solvents to the reaction mixture 

(such as denaturants), and competing with additional reacting species. Stable duplexes or complexes 

may be irreversible or reversible, but must meet the other requirements of this definition. Thus, a transient 

20 complex may fonn In a reaction mixture, but It does not constitute a stable complex if It dissociates 

spontaneously or as a result of a newly imposed condition or manipulation introduced before detection. 

When stable duplexes form in an antiparallel configuration between two single-stranded 

polynucleotides, particularly under ~ltions of high sbingency, the strands are essentially 

"complementary". A do~nded polynucleotide can be •comple-mentary" to another polynucteotide, if 

25 a stable duplex can form between one of the strands of the first potynucleotide and the second. A 

complementary sequence predicted from the sequence of a single stranded polynucleotide is the optimum 

sequence of standard nucleotides expected to fonn hydrogen bonding with the single-stranded 
pclynucleotide according to generally accepted base-pairing rules. 

A "sense" strand and an •anttsanse" strand when used in the same context refer to single-stranded 

30 polynucleotldes which are complementary to each other. They may be opposing strands of a 

double-stranded polynucleotide, or one strand may be predicted from the other according to generally 

accepted base-pairing rules. ff not specified, the a1signment of one or the other strand as •sense" or 

"antisense• may be arbitrary. In relation to a polypeptide-encoding segment of a polynucleotide, the 

·sense" strand Is generally the strand comprising the encoding segment. 

35 When comparison is made between polynucleotides for degree of identity, it is Implicitly understood 

that complementary slrands are easily generated, and the sense or antisense strand Is selected or 

predicted that maxinizes the degree of Identity between the polynucleotides being compared. For 

example, where one or both of the polynucleotides being compared Is double-stranded, the sequences are 

Identical If one strand of the first polynucleoticle Is Identical with one S1rand of the second polynucleotide. 
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Slmllarly, when a polynucleollde piobe Is described as identical to its target, it is understood that it is the 

complementary strand of the target that participates In the hybridization reaction between the probe and 

the target. 

A linear sequence of nucleolides Is ·essentially identicar to another linear sequence, if both 

5 sequences are capable of hybrfdlzlng to form duplexes with the same complementary polynucleatlde. 

Sequences that hybridize 1.r1der condiUons of greater stringency are more preferred. It is understood that 

hybridization reactions can accommodate Insertions, deletions, and substitutions in the nucleotide 

sequence. Thus, linear sequences of nucleotides can be essentially identical even if some of the 

nucleotide residues do not precisely correspond or align. Sequences that correspond or align more closely 

1 O to the invention disclosed herein are comparably more prefemtd. Generally, a polynucleotide region of 

abOut 25 realduea 18 esaentially identiCal to another ceglon, if the sequences are at least about 85% 

identical: more preferably, they are at least about 90% identical; more preferably, they are at least about 

95% identical; still more preferably, the sequences are 100% identical. A polynucleotide region of 40 

residues or more wm be essentially identical to another region, after alignment of homologous portions if 

15 the sequences are at least about 75% identical; more preferably, they are at least about 80% Identical: 

more preferably, they are at least abOul 85% identical; even more preferably, they are at least about 90% 

Identical; still more preferably, the sequences are 100% identical. 

In determiriing whether polynucleotide sequences are essentially identical, a sequence that 

preserves the functionality of the polynucleotide with which ft is being compared is particularly prefenad. 

20 Functionality can be determined by dltrelent parameters. For example, if the polynucleotlde is to be used 

in reactions tt1at Involve hybridizing with another polynucleotide, then preferred sequences are those which 

hybridize to the same target under similar conditions. In general, the Tm of a DNA duplex decrease8 by 

about 1"C for every 1% decrease in sequence iderdy for duplexes of 200 or more iesidues; or by about 

s•c for duplexes of less than 40 residues, depending on the position of the mismatched residues (see. 

25 e.g., Melnkoth et al.). Essentially identical sequences of about 100 residues will generally form a stable 

duplex with each other's respective complementary sequence at about 20-C less than Tm: preferably, they 

will form a stable duplex at about 15-C less; more preferably, they will form a stable duplex at about 10"C 

tess; even more preferably, they will form a stable duplex at about 5-C less; still more preferably, they will 

fonn a stable duplex at about Tm· In another exampJe, if the polypeptide encoded by the polynucleoticle is 

30 an important part of its fUnctionali\y, then preferJed sequences are those which encode Identical or 

essentially Identical polypeptides. Thus, nueleotide differenc:e8 which cause a conservative amino acid 

substitution are preferred over those Which cause a non-conservative substitution, nucleotide differences 

which do not alter the amino acid sequence are more prefened, while identical nucleotides are even more 

preferred. Insertions or deletions in the polynucleotide that result in insertions or deletions in the 

35 polypeptide are preferred over those that result in the down-stream ceding region being rendered out of 

phase; polynucleotide sequences comprising no Insertions or deletions are even more preferred. The 

relative Importance of hybridization properties and the encoded polypeptide sequence of a polynucleotide 

depends on the application of the invention. 
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A polynucleotic:le has the same •characteristics• of another polynucleotide If both are capable of 

forming a stable duplex with a particular third polynucleotide under similar conditions of maximal 

stringency. Preferably, In addition to similar hybridization properties, the polynucleotides also encode 

essentially Identical polypeptides. 

5 "Conserved• residues of a polynucleotide sequence are those residues which occur unaltered In the 

same position of two or more related sequences being compared. Residues that are relatively conserved 

are 1hosa that are conserved amongst more related sequences or with a greater degree of Identity than 

residues appearing elsewhere In the sequences. 

"Relatecr polynueleotides are polynucleolides that share a significant proportion of identical 

1 o residues. 

As used herein, a "degenerate• oligonucleotide sequence ia a designed sequence derived from at 

least two related originating polynucleotide sequences as follows: the residues that are conserved in the 

originating sequences are preserved In the c:taganllate sequence, while residues that are not conserved In 

Ile originating sequences may be provided as several alternatives In the degenerate sequence. For 

15 example, the degenerate sequence AYMA may be designed from originating sequences ATACA and 

ACAGA, where V is C or T and S is C or G. V and S are examples of "ambiguous• residues. A 

degenerate segment is a segment of a poJynucleotide containing a degenerate sequmice. 

It is understood that a synthetic ollgonudeotida comprising a degenerate sequence is actualy a 

mixture of closely related ollgonucleotldes sharing an Identical sequence, except at the ambiguous 

20 positions. Such an aliganucleolide is usually synthesized as a mixture of all possible combinations of 

nucleotides at the ambiguous poiltions. Each of the oligonucleotides in the mixlure is nderred to as an 

•alternative form". The number of fonns in the mixture is equal to 

25 

where lei is the number of altemative nucleotides allowed at each position. 

As used herein, a •consensus• oligonucleotide sequence is a designed sequence derived from at 
30 least two related originating polynudeotide sequences as follows: the residues that are conserved in all 

originating sequences are preserved in the consensus sequence; while at positions where residues are not 

conserved, one alternative is chosen from amongst the originating sequences. In general, the nucleotide 

chosen Is the one which occurs In the greatest frequency in the originating sequences. For example, the 

consensus sequence AAAAA may be designed from originating sequences CAAAA, M.GAA, and MAAT. 

35 A consensus segment Is a segment of a polynucleotide containing a consensus sequence. 

A polynucleollde "fragmenr or ·1nserr as used herein generally represents a sub-region of the 
. . . . . . . ,. . .. 

fulMenglh form; but the entn full-lenglh polynucleotide may also be included. 

Polynucleotldes •correspond" to each other if they are believed to be derived from each other or 

from a common ancestor. For example, encoding regions in the genes of different viruses correspond if 

40 they share a significant degree of Identity, map to the same location of the genome, or encode proteins 
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that perfonn a simiJar biochemical fundian. Messenger RNA corresponds to the gene from which it is 

transcribed. cDNA corresponds to the RNA from which It has been produced, and to the gene that 

encodes the RNA. A protein correaponc:ts to a polynucleoticle encoding it, and to an antibody that is 

capable of binding it specifically. 

5 A •probe" when used in the context of pofynucleolicle manipulation 19fera to an ollganucleotide 

which is provided as a reagent to deteCt a target potentially present in a sample of intentst by hybridizing 

with the targel Usually, a probe wlU comprise a label or a means by wtich a label can be attached. either 

before or subsequent to the hybridization reaction. Suitable labels include, but are not llmlted to 

radioisotopes. ftuorochromes, chemilumi'1escent compounds, dyes, and proteins, including enzymes. 

10 A •primer" is an oligonucleotide. geraally with a free 3' -OH group, that binds to a target 

potentially present In a sample of intereSt by hybridizing with the tasget. and thereafter promotes 

polymerization of a polynucleotide complementary to the target. 

Processes of producing replicate copies of the same polynucleolide, such as PCR or gene 
cloning, are colectively refen'ed to herein as •amplification• or "replication". For example, single or double-

15 stranded DNA may be replicated to form another DNA with the same sequence. RNA may be replicated, 

for example, by an RNA-dlracted RNA polymerase, or by revers•transcriblng the DNA and then 

perfonning a PCR. In the latter case, the amplifted copy of the RNA is a ONA with the identical sequence. 

A •polymerase chain reaction" ("PCR") is a reaction in which replicate copies are made of a target 

polynucleotide using one or more primers, and a c:atalyst of polymerization, such as a ntverse 

20 transcriptase or a ONA polymerase, and particulady a thennaUy stable polymerase enzyme. Generally, a 

PCR Involves ralteratively performing three steps: •annealing•, in which the temperature is adjusted such 

that oligonucleotide primers are permitted to fonn a duplex with the polynucleotlde to be ampJlfied; 

"elongating•, in which the temperature is adjusted such that oligonucleotides that have fanned a duplex are 

elongated with a DNA polymerase, using the polynucleotide to which they've fonned the duplex as a 

25 template; and •melting•. In which the temperature is adjusted such that the polynucleolide and elongated 

oligonucleotides dissociate. The cycle is then repeated until the desired amount of amplified 

polynucleotide is obtained. Methods for PCR are taught in U.S. Patent Nos. 4,683,195 (Mullis) and 

4,883,202 (Mullis et al.). 

A •contro1 elemenr or "control sequence• is a nucleotide sequence involved in an interaction of 

30 molecules that conbibutes to the functional regulation of a polynucleotide, including replication, duplication, 

transcription, splicing. translation, or degradation of the polynuclaotide. The regulation may affect the 

frequency. speed, or specificity of the process, and may be enhancing or Inhibitory In nature. Control 

elements are known In the art. For example, a "promoter" is an example of a amtrol element. A promoter 

is a DNA region capable under certain ccnditions of binding RNA polymerase and initiating transcription of 

35 a coding region IOcated downstream (in the 3' direction) from the promoter. "Operatively linkecr refers 

to a juxtaposition of genetic ·elements, wherein· the elements are in a relationship perrrtitting them to 

operate in the expected manner. For instance, a promoter is operatively linked to a coding region if the 

promoter helps initiate transcription of the coding sequence. There may be intervening residues between 

the promoter and coding region so long as this functional relationship is maintained. 

1r 
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The terms •polypeptide•, •peptide• and "protein• are uled Interchangeably herein to 18fer to 

polymers of amino acldl of any laigth. The polymer may be linear or branched, it may comprise modified 

amino adds, and It may be lnlamlpted by non-amino acids. The terms also encompass an amino acid 

polymer that has been modified naturally or by Intervention; for example, dilUHide bond formation, 

5 ~ation, llpidation, acetylatian, phosphorylation, or arr/ other manipulation, such as conjugation with 

a labeling component. 
In the context of polypeptides, a "linear sequence• or a •sequence• is an order of amino acids in a 

polypeptide in an N-termlnal to C.termlnal diraetion in which residues that neighbor each other in the 

sequence are contiguous In the primary structure of the polypeptide. A "partial sequence• is a linear 

1 o sequence of part of a polypeptide which is known to complfse additional residues in one or both directions. 

A Rnear sequence of amino acids is •essent1ally ldentlcar to another sequence if the two 

sequences have a IUbstantial degree of sequence Identity. It is unc:lerstoocl that the folding and the 

biochemical function of proteins can accommodate insertions, deletions, and substitutions in the amino 

acid sequence. Thus. linear sequences of amino adds can be essentially identical even if some of the 

15 residues do not precisely correspond or align. Sequences that conespond or align more closely to the 

invention disclosed herein are more preferred. It is also understood that some amino acid substitutions are 

more easily tolerated. For example, substitution of an amino acid with hydrophobic side chains, aromatic 

side chains, polar side chains, side chains with a positive or negative charge, or side chains comprising 

two or fewer carbon atoms, by another amino acid with a side chain of like propelties can occur without 

20 dishablng the essential identity of the two &eql81C8S. Methods for determining homologous regions and 

scoring the degree of homology are well known in the art see for example Altschul et al. and Henlkoff et al. 

Well-tolerated sequence differences are refened to as "conservative substitutions". Thus, sequences with 

conservative substitutions are preferred over those with other substitutions in the same pasitiOM; 

sequences with identical residueS at the same positions are still more preferred. Generally, a 

25 polypeptide region wiH be essentially identical to another region, after alignment of homologous portionS, if 

the sequence& are at least about 92% Identical; more preferably, they are at least about 95% identical: 

more preferably, they are at least about 95% identical and comprise at least another 2% which are either 

identical or are conservative subltltutions; more preferably, they are at least about 97% identical: more 

preferably, they are at least about 97% Identical, and comprise at least another 2% which are either 

30 Identical or are conservative substitutions; more preferably, they are at least about 99% identical; still more 

preferably, the sequences are 100% identical. 

In determining whether polypeptide sequences are essentially identical, a sequence that 

preserves the functionality of the polypeptide with which it is being compared is particularly preferred. 

Functionality may be established by different parameters, such as enzymatic activity, the binding rate or 

35 affinity in a substrate-enzyme or naptor-ligand interaction, ~ blndin~ affinity with an anti~. and X-ray 

ayatallographic structure. 
A polypeptide has the same •c11aracteristics" of another polypeptide if it displays the same 

biochemical function, such as enzyme activity, ligand binding, or antibody reactivity. Preferred 

characteristics of a polypeptide related to a Glycoproteln B or a Glycoprotein B fragment are the ability to 

'" 
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bind analogs of the cell surface receptor bound by Glycoprotein B of other herpes species. the ability to 

promote membrane fUslon with a target eel, the abDily to promote viral penetration of the host cell. Alsc 

preferred is a polypeptide that displays the same biochemical function as the polypeptide With -.hich it Is 

being compared, and in addition, Is believed to have a simDar three-dimensional conformation, as 

5 predicted by computer modeling or determined by such techniques as X-ray crystallography. 

The •btochemical filnclion"', •biological filnction• or •biological activity" of a polypeptide includes 

"'I feature of the polypeptide detac:table by 8Ldtable uperimental inve&tigation. •Altered• biochemical 

function can refer to a change In the primary, secondary, tertiary, or quatemary structLl'e of the 

polypeptide; detectable, for example, by molecular weight determlnaUon, circular dichroism, antibOdy 

1 O binding, cfffference spectroacopy, or nuclear magnetic resonance. It can also refer to a change In 

raactlVily, such as the ability to catalyze a certain reaction, er the ability to bind a cofactor, substrate, 

Inhibitor, drug, hapten, or other polypepllde. A substance may be said to •interfere• with the biochemical 

function of a polypeptide If It alters the biochemical function of the polypeptide in any of these ways. 

A "fusion polypeptide" is a polypeptide comprising regionS In a different position in the sequence 

15 than occurs in nature. The regions may normaly exist in separate proteins and are brought together In the 

fusiOn polypeptide; or they may nonnally eJCist in the same protein but are placed in a new arrangement in 

the fusion polypeptide. A fusion polypeptide may be created, for example, by chemical synthesis, or by 

creating and translating a polynudeotide in which the peptide regions are encoded in the desired 

relationship. 

20 An "antibody" (Interchangeably used in plLnl form) is an immunoglobulin molecule capable of 

specific binding to a target. such as a pclypeptide, 1hrough at leaat one antigen recognition site, located in 

the variable region Of the lmmunoglobulin molecule. As used herein, the tenn encompasses not only intact 

antibodies, but also fragments thereof, mutants theieof. fusion proteins, humanized antibodieS, and any 

other modified configuration of the imm1.1109lobulin molecule that comprises an antigen recognition site of 

25 the required specificity. 

•immunological recognition• or •immunological reactivity" refers to the specific binding of a target 

through at least one antigen recognition site In an immunoglobulin or a related molecule, such as a B cell 

receptor or a T cell receptor. 

The term •antigen• refers to the target molecule that is specifically bound by an antibody through 

30 its antigen recognition site. The antigen may, but need not be chemically related to the immunogen that 

stimulated production Of the antibody. The antigen may be polyvalent, or it may be a monovalent hapten. 

Examples of kinds of antigen& that can be recognized by antibodies include polypeptides, potynucleolides, 

other antibody molecules, oligosaccharides, complex lipids, dn.igs, and chemicals. 

An "immunogen• is a compound capable of stimulating production of an antibody when Injected 

35 into a suitable host. usually a mammal. Compcunds witn this property are described as "immunogenic". 

· Compounds may be rendered immunogenic by many techniques known in the art, including crosslinking or 

conjugating with a carrier to increaSe valency, mixing with a mitogen to increase 1he immune response, 

and combining with an adjuvant to enhance presentation. 
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A "vaccine" is a pharmaceutical preparation for ht.man or animal use, which is administered with 

the intention Of conferring the recipient with a degree of specific immunological reactivity against a 

particular target, or group Of targets. The Immunological reactiVity may be antibodies or cells (particularly 

B cells, plasma ceas. T helper cells, and cytotoxic T lymphocytes, and their precwsors) that are 
5 immunologically reactive against the target, or any CQmbfnatlon thereof. Possible targets Include foreign or 

pathological compounds, such as an exogenous protein, a pathogenic virus, or an antigen expressed by a 

cancer ceu. The immunological reactivity may be desired for experimental purposes, for the treatment of a 

particular condition, for the elimlnatiOn of a particular subltance, or for prophylaxis against a partieular 

condition or subs1ance. Unless specifically Indicated, a vaccine referred to herein may be either a passiVe 

1 o vaccine or an active vaccine, or it may have the properties of both. 

A •passive vaccine• is a vaccine that does not require participation of the recipienfs immune 

response to exert itl effect Usually, It is comprised of antibody molecules reactive against the target The 

antibodies may be obtained from a donor subject and sulliciently purified for administration to the recipient, 

or they may be produced In vitro, for example, ft'om a culture Of hybridoma cells, or by genetically 

15 engineering a polynucleotide encoding an antibody molecule. 

An •active vaccine• is a vaccine administered with the Intention of eliciting a specific immune 

response within the recipient, that In tum has the desired immunological reactivily against the target. An 

actiVe vaccine comprises a suitable immunogen. lhe immune response that is desired may be either 

humoral or cellular, systemic or secretory, or any combination of these. 

20 A •reagenr polynucleolide, polypeptide, or anbbody, is a substance provided for a reaction, the 

substance having some known and desirable parameters for the reaction. 

A reaetion mixture may also contain a "target", such as a polynucleolide, antibady, or polypeptide 

that the reagent Is capable of reacting with. For example, in some types of diagnostic tests, the amount of 

the target in a sample is determined by adding a reagent, allowing the reagent and target to react, and 

25 measuring the amount of reaction product. In the context of dinical management, a target may also be a 

cell, collection of cells, tissue. or organ that is the object of an administered substance, such as a 

pharmaceutical compound. A cell that is a target for a viral infection is one to which a virus preferentially 

localizes for such purposes as replication or transformation into a latent form. 

An ·1so1ated· polynueleotlde, polypeptide, protein, antibody, or Other substance refers to a 

30 preparation of the substance devoid of at least some of the other components that may also be present 

where the substance or a similar substance naturally occurs or is initially obtained from. Thus, for example, 

an isolated substance may be prepared by using a purification technique to enrich it from a source mixture. 

Enrictvnent can be measured on an absolute basis, such as weight per volume of solution, or it can be 

measured in relation to a second, potentially interfering substance present Jn the source mixture. 

35 Increasing enrichments of the embodiment& of this invention are increasingly '110l8 preferred. Thus, for 

example, a 2-tOtd ~is "pr8med, 1~fold enrichment is more preferred, 100-fold enrichment is 

more preferred, 1000-fold enrichment is even more preferTed. A substance can also be provided in an 

lsalated S1a1e by a process Of artificial assembly, such as by chemical synthesis or recombinant 

expression. 
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A polynucleollde used in a reaction, such as a probe used in a hybridization ntaetion, a primer 

used In a PCR, or a polynucleolide present In a pharmaceutical preparation, is referred to as •specific9 or 

•selective• if it hybridizes or reacts with the intended target more fl'eqUdy, more rapidly, or with greater 

duration than it does with alternative substances. Similarly, a polypeptide Is referred to as ·specific" or 

5 "selective• if it binds an intended target, such as a ligand, hapten, substrata, antibody, or other polypeptide 

more fi'equently, more rapicly, or with greater duration than it does to alternative substances. An antibody 

is l8fen'ed to as •spacifie• or •se1act1ve• If it binds via at least one antigen recognilion site to the intended 

target more frequently. more rapidly, or wilh greater duratiOn than it does to alternative substances. A 

polynucleotida, polypeptide. or antibody is said to •se1ectivaly Inhibit" or •sa1ect1ve1y interfere with• a 

1 O reaction if it inhibits or Interferes with the reaction between particular substrates to a greater degree or for a 

greater duration than it does with the reaction between altemative substrates. 

A "ptamaceuticat cancldate" or ·drug candidate• is a compound believed to have therapeutic 

potential, that ts to be tested tor ellicacy. The •screening• of a pharmaceutical cancldate refers to 

conducting an assay that is capable of evaluating the eflicacy and/or spacificity of the candidate. In this 

15 context, "eflk:acy" refers to the ability of the candidate to affect the cell or organism It Is administered to in a 

beneficial way: for example, the Umitation of the pathology due to an invasive virus. 

The "effector componenr of a pharmaceutical prepmation is a component which modifies target 

eels by altering their function in a desirable way when administered to a subject bearing the cells. Some 

advanced phannaceutical preparations also have a •targeting component•, such as an antibody, which 

20 helps deliver the effector component mare efticaciausly to the target site. Depending on the desired action, 

the effector component may have any one of a number of modes of action. For example, it may restore or 

enhance a nonnal function of a cell, It may eliminate or suppress an abnonnal function of a cell, or it may 

alter a cell's phenotype. Altematlvely, it may kill or render donnant a cell with pathological features, such 

as a virally Infected cell. Examples of effector components are provided in a later section. 

25 A •ce1 une• or ·ce11 culture• denotes higher eukaryotic cells grown or maintained In vitro. It Is 

understood that the descendants of a cell may not be completely identical (either morphologically, 

genotypically, or phenotyplcally) to the parent cell. 

A •host cell" ts a cell which has been transformed, or is capable of being transformed, by 

administration of an exogenous polynucleotide. A •host cell" includes progeny of the original transformant. 

30 •Genetic alteration" refers to a proceu wherein a genetic element is introduced Into a cell other 

than by natural cell division. The element may be heterologoua to the ceH, or it may be an adcltional copy 

or Improved version of an element already present in the cen. Genetic alteration may be effected. for 

example, by transfectlng a cell with a recombinant plasmid or other polynucleCltide through any process 

known in the art. such as eleclroporation, calcium phosphate precipitation, contacting with a 

as polynucleotlde-lipoaome complex, or by transduction or infection with a DNA or RNA virus or viral vector. 

The alteration is preferably but not necassan1y lnheritable'by progeny of the alter8d eel. 

An •1ndividua1• refers to vertebrates, particularly members of a mammalian species, and inclucleS 

but is not limited to domestie m11mals, spons animals, and primates, including humans. 
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The term •primate• as usacl herein refers to any member of the highest order of mammalian 

species. This includes (but Is not limited to) prosimlans, such as lemurs and torfses; tarsiolds, such as 

tarsiers; new.wodd monkeys, such is squirrel monkeys (Saimiri sciureus) and tamarins; olcf.wodd 

monkeys such as macaques (including Macaca nemestrina, Macaca fasciculatis, and Macsca fuscata); 

5 hylobatlds, such as glbbans and aiamangs; pongids, such as orangutans, gorillas, and chimpanzees; and 

hominids, ineludlng humans. 
The •pathology" caused by a herpes virus infection is anything that compromises the well-being or 

normal physiology of the host. This may involve (but is not limited to) destructive lrwasion of the virus into 

previously uninfected cells, l9plcalion of 1he virus at 1he expense of lte normal metabolism of the eel~ 

1 O generation of toxins or other unnatural molecules by the virus, irregular growth of cells or interceDular 

structures (including fibrosis), Irregular or suppressed biological activity of infected cells. malignant 

transfonnation, interference with the normal function of neighboring cells, aggravation or suppression of an 

Inflammatory or Immunological response, and Increased susceptlbllily to other pathogenic organisms and 

cond"dions. 

15 "Treatment" of an individual or a cell is any f¥pe of intervention in an atteq>t to alter the natural 

course of the individual or cell. For exampJe, treatment of an individual may be undertaken to decrease or 

limit the pathology caused by a herpes virus Infecting the individual. Treatment includes (but is not fimited 

to) administration of a composition, such as a phannaceutical composition, and may be performed either 

prophylactically, or therapeutically, subsequent to the initiation of a pathologic event or contact with an 

20 etiologic agent. 

It is understood that a clinical or biological •samp1e• encompasses a variety of sample types 

obtained from a subject and useful in an In vitro procedure, such as a diagnostic tesl The definition 

encompasses solid tissue samples obtained as a surgical rwnoval, a pathology specimen, or a biopsy 

specimen, tissue cultures or cells derived therefrom and the progeny thereof, and sedlons or smears 

25 prepared from any of these sources. Non-limiting examples are samples obtained from infected sites, 

fibrotic sites, unaffected sites, and tumors. The definition also encompasses blood, spinal fluid, and other 

liquid samples of biologic origin, and may refer to either the cells or cell fragments suspended therein, or to 

the liquid medium and its solutes. The definition also Includes samples 1hat have been solubiliZed or 

enriched for certain components, such as DNA, RNA. pn>tein, or antibody. 

30 Oligonucleotlde primera and probes described herein have been named as follows: The first part 

of the designation is the single amino acid code for a portion of the conserved region of the polypeptide 

they are based upon, usuaDy 4 residues long. This is followecl with the letter A or B, indicating respectively 

that the oligonucleotide is complementary to the sense or anti-sense strand of the encoding region. 

Secondary consensus oHgonucleotides used for sequencing and labeling reactions have the letters SQ at 

35 the encl of the designation. 
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The practice of the present Invention wiD employ, unless otherwise indicated, conventiona\ 

techniques of molecular biology, mlaobiolcgy, recombinant DNA, and immunology, which are within the 

5 skill of the art Such techniques are explained fully In the literature. See, for example, ·Molecular Cloning: 

A Laboratory Manual•, Second Edition (Sambrook, Fritsch & Maniatis, 1989), ·a1gonucfeotide Synthesis• 

(M.J. Gait, ed., 1984), •Animal CeD Cuiture• (R.I. Freshney, ed .• 1987); the series •Methods in Enzymology" 

(Academic Press. Inc.); •Handbook of Experimental Immunology" (D.M. Weir & C.C. Blackwell, eds.), 

•Gene Transfer Vectors for MammaUan Cells· (J.M. Mliler & M.P. Calos, eds., 1987), ·current Protoc:als in 

10 Molecular Biology" (F.M. Ausubel et al., eds., 1987); and ·current Protocols In Immunology" (J.E. Coligan 

et al., eds., 1991). 

All patents. patent applications, articles and publleations mentioned herein, both supra and Infra, 

are hereby incorporated herein by reference. 

15 Po/ynuf:/tlotlt/a tlllt:Odlng G/yt:oproteln B of the herpes vinls RFHV/KSHV subfamily 

This invention embodies isolated pclynucleotide segments derived from Gl~in B genes 

present in herpes viruses that encode a fragment of a Glycoprotein B polypeptide. The polynucleotldes 

are related to the RFHVIKSHV subfamily of herpes viruses. Exemplary Polynucleatides encode 

20 Glycoprotein B ftagments from either RFHV or KSHV. Pl9farred fragments Include those shown In Figure 

1, and subfragments thereof, obtained as described in the Example section below. Especially preferred is 

the polynucleotlde comprising the sequence between residues 36-354 of SEQ. ID N0:1, SEQ. ID N0:3, or 

SEQ. ID N0:96, or polynueleotides contained in SEQ. ID N0:92. 

The polynucleotide ugments of RFHV and KSHV betWeen residues 36 and 354 are 76% identical. 

25 Shared residues are Indicated In Figure 1 by .... The longest subragions that are Identically shared 

between RFHV and KSHV within this segment are 15, 17. and 20 nucleotides In length. 

The 319 base pair fragments of RFHV and KSHV between the amplification primer binding sites are 

more identical to each olher than either of them are to that of any previously sequenced herpes virus. The 

next most closely l'8lated sequences are sHV1 and bHV4, which are 63% identical to the corresponding 

30 sequence of KSHV, and 60% identical to the corresponding sequence of RFHV. The longest number of 

consecutive bases shared between the Glycoprotein B fragment and any of the previOUSly sequenced 

viruses Is 14. It is believed that any subfragment of the RFHV or KSHV sequence of 16 base pairs or 

longer will be unique to the RFHVIKSHV subfamily, or to particular herpes virus species and variants 

within the subfamily. 

35 This invention embodies subbgments contained in the Glycoprotein B gene of the RFHVIKSHV 

subfamily, preferably c:Ontained in lh8 region cooeipondlng to the 319 base pair fragment ·b&tWHn 

residues 36-354 of SEQ. D N0:1, SEQ. ID N0:3, or SEQ. ID N0:96, or anywhere in SEQ. ID N0:92. 

Preferably, the sub-fragments are at least about 16 nucleotides in length; more preferably they are at teast 

18 nucleotldes In length; more preferably they are at least 21 nuc:leolides in length; more preferably 1hey 

~Lf 
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are at least about 25 nucleolidea in 1englh: more preferably they are at least about 35 nucleotides in length; 

stiD more preferably they are at least about 50 nucleolicles in length; yet more preferably they are at least 

about 75 nucleotides in length, and even more preferably they are 100 nucleotides In length or more. Also 

embodied in this Invention are polynucleoticlas comprising the entire open reading frame of each 

5 respedive h8lp9S virus Glycoprotein B. 

The RFHVIKSHV subfamBy consists of members that have sequences that are more dosely 

identical to the COIT88ponding sequences of RFHV or KSHV, than RFHV or KSHV are to any olher virus 

listed In Table 1. Preferred members of the family may be identified on the basis of the sequence of the 

Glycoprotein B gene In 1he region correspandlng to that of Figura 1. Table 2 provides the degree of 

1 O sequence identities In this region: 

. .irABLE 2: .. &eq1c1irice;~~·~n,:oiyccqnote1n a 0r.~.,v~ci.mtier="•ri-VllUSllS ·. 

··. . . :. :.:::-; .. r .... ,::.. ·: :':·· .-:\;::::;>::,.. r'.i:< ... , 1ci1n.Y•·~iacilotidit.1mem: 
:G~oojl-ln .. B: . . .. ~~ tDNO; : · .. RFttv : :·=. . . >~ 

·Saqi.t8nC8 .. . . . (SEQ. ID ~1) . · (SEQ. .ID N0:3) 

.. · .... 
. . . . .· .... :_ 

.:::~.:...-:-. .. ;::~::t1 ·, .. · 
.. RFHVJKSHV:· ':. · .,:;:~ .,. :: \;;.:· . 

subfaml~: :·: .: . : -'. .. ·: .: .. : : .. · :::.'.:.'.·.:_; .. ' . .-. 3 
·~:· 

·. Olher;gamma · . 
- .. herpes vi~. 

.. alpha and beta 
. herpes viruses 

=sHV1 . : <.; .. 5 

. ... 

bHV4 · .. : .6 
-. . . : 

·8HV2- . ·7 

mHV88 -:: 8 

·hESV ::: 9 

hCMV : 10 

hHV8 ·.< 11 

-·hVtlY ··:·.:12 

·."HSV1 -:,..-13 

": -: ··. 

(100%) 76% 

76% (100%) 

60% 83% 

60% 83% 

52% 54% 

56% 54% 

<50% 52% 

<50% <50% 

<50% <50% 

< 5Do/o <50% 

<50% <50% 

The percentage of sequence identity is calculated by first aligning the encoded amino acid 

15 sequence. detennining the corresponding alignment of the encoding polynucleotide, and then Counting 

the number of residues shared between the sequences being compared at each aligned position. No 

penalty is imposed for the presence of Insertions or deletions, but insertions or deletions are permitted 

only where required to accommodate an obviously Increased number of amino acid residues In one of 

the sequences being aDgned. Offsetting insertions just ta Improve sequence angnment are not 

M' 
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permitted at either the polypeptide or polynucleoticle level. Thus, any insertions in the polynucleotide 
sequence will have a length which is a multiple of 3. The percentage is given in tenns of residues In the 
test sequence that are identical to residues in the comparison or reference sequence. 

Preferred Glycoprotein B encoding polynucleotide sequences of this invention are those derived 
5 from the RFHVJKSHV herpes virus subfamily. They include those sequences that are at least 65% 

identical with the RFHV or KSHV sequence between bases 36 and 354; more preferably, the 

sequences are at least 67% Identical; more preferably, the sequences are at least about 70% identical; 
more preferably, the sequences are at least about 75% Identical; more preferably, the sequences are at 
least about 80% identical; more preferably, the sequences are at least about 85% identical; more 

10 preferably, the sequences are at least about 90% identical; even more preferably, the sequences are 
over 95% identical. Also Included are Glycoprotein B encoding regions that are upstream or 
downstream of a region fulfilling the Identity criteria Indicated. 

Other preferred Glycoprotein B encoding polynucleotide sequences may be Identified by the 
percent identity with RFHV/KSHV subfamily-specific oligonucleotides (Type 2 ollgonucleotides) 

15 described In more detail in a later section. The percent identity of RFHV and KSHV Glycoprotein B with 
exemplary Type 2 ollgonucleotides is shown in Table 3: 

·· ;: ' · :,; ... :~ >;· .. "~to: ·ldanlft¥to ldenin,y1D ·, ld8ntlty·tO: 

Glycopn>taln B. seQ.:·l_Q: SHMDA CFSSB ENTFA · DNIQB . 

(SEQ. ID (SEQ. ID (SEQ. IP (SEQ.:ID ' 
. -.N0:41) N0:43) N0:45) = NO:.te) 

···=Sequence ··:NO{' 

··RFf.N 1 91% 91% 89% 91% 
.·KSHV 3·'·:·· 100% 85% 89% 97% 

sHV1 5 ::: 71% 70% 68% 66% 

bHV4 6' 57% 64% 69% 74% 

eHV2 7· .. 57% 61% 54% 60% 

mHV68 s .. <50% 55% 54% 77% 
: 

HEBV .9.:_;. 57% 55% 60% 51% 

.:hCMV 10·' 57% 55% 60% 51% 

hHV6 1f <50% 52% 60% 57% 
··.::··· 

hV'ZN ·1~.:;: ::· 54% 58% 68% 57% : 

·=·HSV1 .. 13,; .. 57% 60% 54% 54% 

.· 
Percent identity is calculated for ollgonuclaotides of this length by not allowing gaps In either the 

20 oligonucleotide or the potypeptide for purposes of alignment. Throughout this disclosure, whenever at 
least one of two sequences being compared is a degenerate oligonucleotide comprising an ambiguous 
residue, the two sequences are identical If at least one of the alternative fonns of the degenerate 

11..6 



.:-:.,-.:':r.· 

W097/J2042 PCf/US9'/15702 

oHgonucleotide is identical to the sequence with which it is being mmparec:I. As an IDustration, AYAAA 

Is 100% identical to ATAAA, since AYAAA is a mixture of ATAAA and ACAAA. 

Preferred Glycoprotein B encoding sequences are those which over the corresponding region 

are at least 72% identical to SHMDA; more preferably they are at least 74% identical; more preferably 

5 they are at least about 77% identical: more preferably they are at least about 800/o ldentieal; more 

preferably they are at least about 85% identical; more preferably they are at least about 91 % identical. 

Other preferred Glyc:Oprotein B encoding sequences are those which over the corresponding region are 

at least 71o/o identieal to CFSSB; more preferably they are at least 73% identical; more preferably they 

are at least about 77% Identical; more preferably they are at least about 80% identical; more preferably 

10 they are at least about 85% identical. Other preferred Glycoprotein B encoding sequences are those 

which over the corresponding region are at least 70% identical to ENTFA; more preferably they are at 

least 72% identical; more preferably they are at least about 75% identical; more preferably they are at 

least about 80% identical; more preferably they are at least about 85% identical; even more preferably, 

they are at least about 89% Identical. Other preferred Glycoprotein B encoding sequences are those 

15 which over the corresponding region are at least about 78% Identical to ONIQB; more preferably they 

are at least 80% identical; more preferably they are at least about 85% identical; more preferably they 

are at least about 91% identical. Also included are Glycoproteln B encoding regions that are upstream 

or downstream Of a region fulfilling the identity criteria Indicated. 

Glycoproteln B eneoding sequences from members of 1he RFHVIKSHV subfamily identified by 

20 any Of the aforementioned sequence comparisons, using either RFHV or KSHV sequences, or the 

subfamily-specific oligonucleotides, are equally preferred. Exemplary sequences are the Glycoprotein B 

encoding sequences Of RFHV and KSHV. Also embodied in this invention are fragments of any 

Glycoproteln B encoding sequences Of the subfamily, and longer polynucleotides comprising such 

polynueleotide fragments. 

25 The polynucleotide sequences described in this section provide a basis for obtaining the. 

30 

synthetic oligonucleotides, proteins and antibodies outlined in the sections that fallow. These 

compounds may be prepared by standard techniques known to a practitioner of ordinary skill in the art, 

and may be used for a number of investigative, diagnostic, and therapeutic purposes, as described 

below. 

Preparation of polynucleotldea 

Polynucleotides and ollgonuc:leotid of this invention may be prepared by any suitable method 

known in the art For example, oligonucleotide primers can be used in a PCR amplification of DNA 

35 obtained from herpes virus Infected tissue, as in Example 3 and Example 11, described below. 

Alternatively, oligonucleotideS can be used to identify suitable bacterial clones of a DNA library, as 

described below in Example 8. 

Polynucleotides may also be prepared directly from the sequence provided herein by chemical 

synthesis. Several methocla of synthesis are kRO\\'I'\ in the art. Including the trtester method and the 

40 phosphlte method. In a preferred method, polynucfeolides are prepared by solid-phase synthesis using 

:l? 
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mononudeosicle phosptloramidite coupling unil8. See, for example Horise et al., Beaucage et al., Kumar 

et al., and U.S. Patent No. 4,415,732. 

A typical aoHd-phase synthesis Involves reiterating four steps: deproteclion. coupling, capping, and 

oxidation. This results In the stepwise synthesis of an oligonucleotide in the 3' to 5' direction. 

5 In the tirst step, the growing oligonucleotlde, which is attached at the 3'-end via a (-0-) group to a 

solid support, is deprotected at the 5' end. Fer example, the fl end may be protected by a -ODMT group, 

formed by reacting with 4,4'-dimathoxybttyl chloride (OMT-CI) in pyridine. This group is stable under basic 

conditions, but is easily removed under acid conditions, for example, In the preaence Of dichloroacetic acid 

(DCA) or trichloroacetic acid (TCA). Deprotaclion provides a s· -OH reactive group. 

10 In the second step, the ollgonudeatide is reacted with the desired nucleotide monomer, which ttself 

has first been converted to a 5'-protected, 3'-phosphorarnidlte. The 5' -OH Of the monomer may be 

proteded, for example, in the form of a -ODMT group, and the 3'-0H group may be converted to a 

phosphoramldlte, such as-OP(OR1N~ wher8 R is the isopropyl group -CH(CHak; and R' is, far example, 

-H (yielding a phosphoramldite dieater), or -CH,, -CH2CH31 or the beta-cyanoethyl group -CHaCH2CN 

15 (yielding a phosphoramidite trieater). The 3'-phosphoramidite group of the monomer reacts with the 5' -OH 

group of the growing oligonucleotide to yield the phosphite linkage 5'-0P(OR10-3'. 

In the third step, oligcnucleotides that have not coupled with the monomer are withdrawn from 

further synthesis to prevent 1he fonnatlon of incomplete polymers. This is achieved by capping the 

remaining 5' -OH gJOups, for example, in the fonn of acetates (-OC(O)CH:s.) by reaction with acetic 

20 anhydride (CfisC(0)-0-C(O)CtiM. 

In the fourth step, the r\My fonned phosphite group (i.e., 5'-0P{OR')0-3') is O>Cidized to a 

phosphate group (i.e., 5'-0P(=O}(OR')0-3'); for example, by reaction with aqueous iodine and pyridine. 

The four-step process may then be reiterated, since the ollgonucleotlde obtained at the end of the 

psocess is 5'-protected and is ready for use In step one. VVhen the desired full-length ollgonucleotide has 

25 been obtained, ft may be cleaved from the solid support. for example, by treatment with alkali and heat. 

30 

This step may also serve to convert phosphate triestars (i.e., When R' is not -H) to the phosphate diesters 

(-OP(=O)P,), and to deproteet base-labile protected amino groups of the nucleotide bases. 

Potynucteoticles prepared by any Df these methods can be repUcated to provide a larger supply by 

any standard techrique, such as PCR amplification or gene doning. 

Cloning and expression vec:tols comprlalng • Glycoproteln B encoding polynucleot/de 

Cloring vectors and expression vectors are provided in this invention lhat comprise a sequence 

encoding a herpes viNS Glycoproteln B or variant or fragment thereof. Suitable doning vectors may be 

35 constructed according to slandard techniques, or may be selected from Che large number of cloning 

. ~rs available In the.art. WhDe the cloning vector selected may vary according to the host cell intended 

to be used, useful cloning vectora will generally have the abHlty to self-replicate, may possess a single 

target for a particular restriction endonuclease, and may carry genes for a marker that can be used in 

selecting lransfected clones. Suitable examples include plasmids and bacterial viruses; e.g., pUC16, 
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mp18, mp19, pBR322, pMB9, ColE1, pCR1, RP4, phage DNAs. and shuttle vectors like pSA3 and pAT28. 

E>cpression vectors generally are repicable polynucleotlde constructs that encode a palypeplide 

operatively inked to suitable transaiptional and translational controlling elements. Examples of 

5 transcriptional controlling elements are promoters, enhancers, transaiplion initiation sites, and 

transcription termination sites. Examples af translational controlling elements are ribosome binding sites, 

translation Initiation sites, and stop codons. Protein processing elements may also be included: for 

example, regions that encode leader er signal peptides and protease claaVage des required for 

translocation of the polypeptide across the membrane or secretion from the cell. The eJements employed 

1 O would be functional In the host cell used far expression. The controlling elements may be derived from the 

same Glycoproteln B gene used In the vector, or they may be heterologous (i.e., derived from other genes 

and/or other organisms). 

Polynucleollc:les may be inserted Into host ceUs by any mats known in the art. Suitable host cells 

include bacterial cells such as E. coli, mycobacteria, alher prckaryotlc microorganisms and eukaryotic cells 

15 (inclUding fungal cells, insect cells, plant cells, and animal cells). The cells are transformed by Inserting the 

exogenous polynucleolide by direct uptake, enc:locytosls, transfection, f-rnating, or etectroporation. 

Subsequently, the exogenous potynucleotide may be maintained within the ceU as a non-integrated vector, 
such as a plasmid, or may alternatively be integrated Into the host cell genome. 

Cloning vectors may be used to obtaJn replicate copies of the polynucleotldes they contain, or as a 

20 means of storing the polynucleotides In a depository for fUture rec:avery. Expression vectors and host cells 

may be used to obtain polypeptides transcribed by the polynucleotides lhey contain. They may also be 

used in assays where it is desirable to have intact cells capable of synthesizing the polypeptide, such as in 

a drug screening assay. 

25 Synthetic Type 1 oligonucleotldes for Glycoproteln B of gamma h81pft t//1'1111 

Oligonucteotides designed from sequences of herpes virus Glycoprotein B, as embodied in this 

invention, can be used as probes to Identify related sequences, or as primers In an amplification reaction 

such as a PCR. 

30 Dllferent oligonucleotides with cftfferent properties are described in the sections that follOW. 

Oligonucleotides designated as Type 1 are designed tom previously known gamma herpes virus 

Glycoprcteln B polynucleolide sequences. They are designed to hybridize with polynucleotides encoding 

any gamma herpes virus Glycoprotein B, and may be used to detect previously kmMln species of gamma 

herpes virus. They may also be used to detect and characterize new species of gamma herpes virus. 

35 Oligonucleotides designated as Type 2 are designed from the RFHV and KSHV GlycopR,tein B 

polynucleotide sequenc:es tagelher. They are ·cfesigned to hybridize with polynucleotides encoding 

Glycoprotein B of the RFHVIKSHV subfamily, Including but not limited to RFHV and KSHV. 

Oligonucleotides designated as Type 3 are designed from RFHV or KSHV Glycoprotein sequences that 

are relatively unique to the individual virus. They are designed to hybridize specifically with 

40 pdynucleotides encoding Glycoprotein B only from RFHV or KSHV and closely related viral strains. 

J.q 
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Some prvfened examples of Type 1 ollgonudeotides are lilted In Table 4. These oligonucleotides 

have a speciftcity fer Glycoprotein B encoding polynucleolides of a broad range of herpes viruses. 

· ·.:::,:aJ:riA:> .. ' GCTGTTCAGATrrGACTTAGAYMANMCNTGYCC ... . . 

; : _; -~:fii.~"-:> : GTGTACAAGAAGAACATCGTGCCNTAYATNTIYA _.,,,.,,,,_,_,.. . A 

::j'-'.~~t: GTGTACAAGAAGAACATCGTGCC 

·: :-f:AYDA AATAACCTCTITACGGCCCAAAlTCARTWVGCN 
· ·. ·: TAYGA 

.::-~ CCAACGAGTGTGATGTCAGCCATTTAYGGNAAR 
CCNGT .. :=·=:. 

: ij.'~KASQ.: : CCAACGAGTGTGATGTCAGCC 

.:· :evsRA · TGCTACTCGCGACCTCTAGTCACcnYAARTIYR .. ,,_,,.... TNAA 

:.~~ 
·,~iDFB 

· ·NIDFBSQ 

FREYA. 
.. 
· FREYB 

. NVFD~ 
-· 

.,.-_::GGMA 

TGCTACTCGCGACCTCTAGTCACC 

ACCGGAGTACAGTI'CCACTGTYTTRAARTCDATR 
TT 

TGTCACCTTGACATGAGGCCA 

TTTGACCTGGAGACTATGTIYMGNGARTAYAA 

GCTCTGGGTGTAGTAGTTRTAYTCYCTRAACAT 

TCTCGGAACATGCTCTCCAGRTCRAAMACRTT 

. ACC"ITCATCAMAATCCCTTNGGNGGNATGYT 

TGGACTTACAGGACTCGMCNACNGTNAAVTG 

33 

32 

23 

32 

20 

38 

38 

21 

38 

24 

36 

21 

32 

33 

32 

32 

32 

256 

64 

1 

128 

1 

64 

64 

1 

64 

1 

48 

1 

64 

16 

32 

128 

128 

aenae 

anti­
sense 

sense 

sense 

sense 

anti­
sense 

sense 

anti­
sense 

anti­
sense 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
25 

26 

27 

28 

29 

The orientation lndlcatad in Table 4 is relative to the encoding region of the polynucleotide. 

5 Ollgomers with a •sense• orientation will hybridize to the strand antisense to the coding strand and 

initiate amplification in the direction of the coding sequence. Ollgomers with an •antisense• orientation 

will hybridize to the coding strand and Initiate amplification in the direction opposite to the coding 

sequence. 

These oligoooclaotidea have been designed with several properties in mind: 1) sensitivity for 

10 target DNA even when present fn the source material at very low copy numbers; 2) sufficient specificity 

to avoid hybridizing with unwanted sequences; for example, host sequences with Umited stmUarity: 3) 

.30 
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sufficient crosa-reactlvily so that differences between an unknown target and the sequence used to 

design it dO not prevent the oligonucleotide from forming a stable duplex with the target 

For some applications, a particularly effective design is oligonucleotides that have a degenerate 

segment at the 3' end, designed from a region of at least 2 known polynucteolidas believed to be 

5 somewhat conserved with the polynucleoticle target. The various permutations of the ambiguous 

residues help ensure that at least one of the alternative tonns of the aligonucleotlde will be able to 

hybridize with the target. Adjacent to the degenerate segment at the 5' end of the oliganucleotide is a 

consensus segment which strengthens any duplex which may form and permits hybridization or 

amplification reactions to be done at higher temperatures. The degenerate segment Is located at the 3' 

10 end of the molecule to increase the likelihood of a close match between the oliganucleotlda and the 

target at the site where elongation begins during a polymerase chain reaction. 

15 

The ambiguous residues in the degenerate part of the sequences are indicated according to the 

following code: 

. TA~,5L8'P~r.Cod•for Ainti1guous·Pos111ons·. 

.. ceo.. ;-: . . .. . . . Repreaenta 

R A or G {purine) 

y C or T (pyrimidine) 

w AorT 

s CorG 

M AorC 

K GorT 

8 CorGorT (notA) 

D AorGorT (notC) 

H A ore orT (notG) 

v AorCorG (notT) 

N AorCorGorT 

The Type 1 otigonucleotides shD'Nn in Table 4 are generally useful for hybridizing with 

Glycoproteln B encoding polyrl.lcleoticle segments. This may be canducled to detect Iha presence of the 

polynucleotide, or to prime an amplification reaction so that the palynucleotide can be characterized 

further. Suitable targets Include polynucleotldes encoding a region of a Glycoprotein B from a wide 

20 spectrum of gamma herpes viruses, Including members of the RFHVJKSHV subfamily. Suitable are those 

infecting any vertabrate animal, including humans and non-human primates, whether or not the 

GlycOpi'oteln B or the virus hBs been . previously knOwn or d8scribed. Non-limiting examples indude 

polynucleotides encoding Glycoprotein B from any of the gamma herpes viruses listed In Table 1. 

The aligonucleotides may be used, Inter alia, to prime a reaction to amplify a region of the target 

25 palynUc\eatide In 1he 3' diractiOn from the site where the oligonucleotide hybricfizes. FRFDA, HIVPA, 

21 
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TVNCB, FAYDA, IYGKA, CYSRA. NIDFB, FREYA. FREYB, NVFOB, GGMA, and 1VNCA are 

ollgOnucleotldes with a consensus segment adjoining a degeneiate segment, and are useful for this 

purpose. 

Figure 2 shows the position along the Glycoprotein B polynucleotide sequence of the 

5 RFHVIKSHV subfamily where the aforementioned oliganucleotide primers are expected to hybridize. The 

map is not drawn to scale, but accurately depicts the order of the predicted hybridization sites In the 5' to 3' 

direction along the Glycoproteln B encoding strand. Also indicated are approximate lengths of 

amplllication pnxlucts that may be generated by using various sets of primers in an amplification reaction. 

The lengths shown include the primer binding sites at eaeh end, and the polynucleotide encompassed 

1 D between Item. 

A prefened soun:e of ONA far use as a target for the oligonucleotides of Table 4 is any biological 

sample {including solid tissue and tissue cultures), palticulady of vertebrale animal origin, knoWn or 

suspected to harbor a herpes ViNs. ONA is extracted from the source by any method known in the art, 

including extraction with organic solvents or precipitation at high salt concentration. 

15 A preferred method of ampliftcation Is a polymerase chain reaction: see generally U.S. Patent No. 

4,683, 195 (Mullis) and U.S. 4,683,202 (Mullis et al.}; see U.S. 5, 176,995 (Snlnsky et al.) for application to 

viral polynucleotides. An amplification reaction may be conducted by combining the target polynucleotide 

to be amplified with short oligonucleotldes capable of hybridizing with the target and adlng as a primer for 

the polymerization reaction. Also added are substrate mononucleotides and a heat-stable ONA-dependent 

20 Glycoprotein B, such as Taq. The conditians used for amplification reactions are generally known In the 

art, and can be optimized empirically using sources of known viiuses, such RFHV, KSHV, hEBV or HSV1. 

Conditions can be altered, for example, by changing the time and temperature of the amprlfication cycle, 

parliculaity the hybridlZation phase; changing the molarity of the oligonucleotide primers; changing the 

buffer composition; and changing the number of amplification cycles. Fine-tuning the amplification 

25 conditions is a routine matter fOr a praditioner of ordinary skill in the art. 

In one method, a single primer of this invention is used in the amplification. optionally using a 

second primer, sueh as a random primer, to Initiate replication downstream from the first primer and in the 

opposite direction. In a prefened method, at least two of the primers of this invention are used in the same 

reaction to Initiate replication in opposite directions. The use of at least lwO specific primers enhances the 

30 specificity of h amplification reaction, and defines the slz.e of the ftagment for compadson be\Ween 

samples. For example, amplification may be performed using primers NIVPA and lVNCB. More preferred 

is the use of several sets of primers in a nested fashion to enhance the amplification. Nesting is 

accomplished by perfonnlng a first arnplifieation using primers that generate an intennediate product, 

comprising one or more internal binding sites for aclcltiOnal primers. This is followed by a sec:ond 

35 amplification, using a new primer in conjunction with one from the previous set, or two new primers. The 

second amplification product Is therefCre a aubfragment of the first prOduct. If desired, additional rounds of 

amplification can be perfonned using additional primers. 

Accordingly, nesting ampUflcalfon reactions can be performed with any combination of three or 

more ollgonucleotide primers comprising at least one primer with a sense crientation and one primer with 
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an antisense orientation. Preferably, prtmara are chosen so that int8fmediate amplification prodUcts are no 

more than about 2000 base pairs; more preferably, 1hey are no more than about 1500 base pairs; even 

more preferably, they are no more than about 750 base pairs. Preferably, the innermost primers provide a 

final amplification pmduct of no more than about 1200 base pairs; more preferably, they are no more than 

about 750 base pairs; even more preferably, they are no more than about 500 base pairs. Accordingly, a 

prefened combination is at least three primers selected from FAYDA, IYGKA, CYSRA, NIDFB, NVFOB, 

and FREYB. Another prefened combination is at least three primers selected from FRFDA, NIVPA, 

lVNCA, NIDFB, NVFDB, and FREYB. 

Particularly prefenad is a first ampltication Uling primer FRFOA and 1VNCB, foUowed by a 

second amplification using primer NIVPA and TVNCB. When performed on a polynucfeotide from a 

Glycoprotein B gene of KSHV, the 8iZe of the final fragment ineluding the primer binding regions is about 

386baaes. 

The amplified polynucleotides can be characterized at any stage during the ampllftcatlon reactiOn, 

far example, by size detemlination. Preferably, this is perfonned by ruming the polynucleotide on a gel of 

15 about 1-2% agarose. If present in sufftcient quantity, the polynucleotide in the gel can be stained with 

ethidium bromide and detected Lllder ultraviolet lighl Altemetively, the polynucleoticle can be labeled with 

a racfroisotope such as 32P or SS before loacfing on a gel of about 6% polyacrylamide, and the gel can 

subsequenlly be used to produce an autoradlogram. A preferred method Of labeling the amplified 

polynucleotide is to end-label an oligonucleotide primer such as NIVPA with 32P using a polynucleotide 

20 kinase and gamma-c12PJ-ATP, and continuing amplification for about 5-1 s cycles. 

If desired, size separation may also be used as a step in the preparation of the amplified 

polynuclaotide. This is particularty useful when Iha amplification mixture is found to cantain artifact 

polynucleotides of different size, such as may have arisen through cross-reactivity With undesired targets. 

A separating gel, such as described in the preceding paragraph, is dried onto a paper backing and used to 

25 produce an autoradiogram. Positions of the gel corresponding to the desired bands on the autoradiogram 

are cut out and extracted by standard techniques. lhe extracted polynucleotide can then be characterized 

directly, cloned, or used for a fUlther round Of amplification. 

The ollgonucleolides NIVPASQ, TVNCBSQ, IYGKASQ, CYSRASQ, and NIDFBSQ are each 

derived tom a consensus-degenerate Type 1 oligonucleotide. lhey retain the consensus segment, but 

30 lack the degenerate segment. They are useful, inter alia, in sequencing of a Glycoprotein B polynucleotide 

fragment successfully amplified using a consensus-degenerate oligonucleotlde. 

Unwanted polynucleotides in a miXlure from an amplification reaction can also be proportionaUy 

reduced by shifting to primers of this type. For example, an initial 3-5 cycles of amplification can be 

conducted using primers NIVPA and lVNCB at 1/5 to 1125 the normal amount. Then a molar excess (for 

35 example, 50 pmol) of NIVPASQ and/or lVNCBSQ is added, and the amplification is continued for an 

additional 3Q.35 cycles. Thia recluca8 the cample>city of the oligonucleotldes present in the amplification 

mixture, and permits the raacuon temperatures to be Increased to reduce ampllftcatiOn of unwanted 

polynucleotldes. 

.:33 
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Type 2 ollgonuc/eotlde prlllletS ""Glycoproteln B of the RFHV/KSHV subfamDy 

Type 2 oligonucleotides are intended for detactian or ampJlfication reactions for the Glycopratein B 

of any virus of the RFHVJKSHV subfamily. They are designed from segments of the GlycOprotein B 

5 encoding region that are relatively well conserved between RFHV and KSHV, but not Dlher previously 

sequenced gamma herpes viruses. Pleferred examplea are shown in Table 6~ 

"''·':Tali£:r.· .. type·2-~~~uHc1=~tO.....n9.-Ampllfylng. orC:baNct.rtlb;g H . ·.=·. 
·--:-:;'_:·= ::;°.: ><··. ··. = ;_; ,·, . . · ~:~--~~~cocllng:Glycopn»taln:.i:':·=:".:o"::·: :-.- ·'.!:.' .. : '· •l"PIS: · ... 
</'·:.>·::-:'·>· · .... ,i.8.Vet:-~.stimithe=RFiNMBHv•1Rm1yot,..PP:viroa8s'<-. . .-:·:. . .. _,,,._. 

_::::::;::::;:.'?:··: _::·._:.(-: ._:·:_.<_·.:=·~:·~,:--:~=- .. :: . length.·;·=:·:=:=:_;~;= ::~· 
:.SHMDA. AGACCCGTGCCACTCTATGARATHAGYCAYA 35 24 sense 41 

.. ·.·. TGGA . . 

SHt..~ci- AGACCCGTGCCACTCTATGA 20 1 42 

·:·CfsSB GTTCACAACAATCITCATNGARCTRAARCA 30 32 anti- 43 
.:: .. : sense 

. . 
.:QFSSBSQ. GTTCACAACAATCTTCAT 18 1 44 

._,, Et1TI7A ·: . GTCAACGGAGTAGARAAYACNTTYACNGA 29 128 sense 45 

·· ·oNIQB ACTGGCTGGCTAAAGTACCTTTGAATRI IRTC 35 16 
.. .. NGT 

.=DNIQBSQ ACTGGCTGGCTAAAGTAccmG 23 1 47 

10 Type 2 oligonucleotir:tes may be used for many purposes where specificity far the RFHVIKSHV 

subfamily specificity is desired. This includes the detection or amplification of Glycoproteln B from 

known viruses of the RFHVJKSHV subfamily, or characterization of Glycoproteln B from new members 

of the family. 

SHMOA, CFSSB, ENTFA. and ONIQB are consensus-degenerate ollganucleotldes with a 

15 degenerate 3' end, useful as initial primers for PCR amplifications, including polynudeotides of the 

RFHVIKSHV subfamily which are not identical to either RFHV or KSHV. SHMDASQ, CFSSBSQ, and 

DNIQBSQ contain only a consensus segment, and are useful for example in labeling or sequencing 

polynucleotides already amplified using the consensus-degenerate oligonucleotldes. 

In one application, these Type 2 oligonucleotldes are used individually or In combination as 

20 amplification primers. In one example of this appUcation, the oligonucteotides are used directJy on DNA 

obtained from a tissue sample to obtain a Glycoprotein B from the RFHV/l<SHV subfamily, but not more 

distantly related viruses that may be present In the same tissue, such as hEBV, hCMV or HSV1. Thus, 

SHMDA and DNIQB may be used as primers in a PCR, optionally preampllfied using Type 1 

oligonucleotides such as NIVPA and TVNCB. Other combinations are also suitable. In another 

25 example, one of the Type 2 ollgonucleotides of Table 6 is used in combination with a suitable Type 1 
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oligonucleatlde listed earlier. Thus. NIVPA may be used in combination with DNIQB, or SHMDA may 
be used in combination with lVNCB as primers in a PCR. The DNA source may optionally be 

preamplified using NIVPA and lVNCB. Other combinations are also suitable. 

In another appHcation, Type 2 oligonucleotides, or oligonudeotides comprising these sequences 

5 or fragments thereof, are used as probes In a detection assay. For example, they can be provided with 

a suitable label such as 32P. and then used in a hybridization assay with a suitable target, sueh as DNA 

amplified using FRFDA and/or NIVPA, along with TVNCB. 

10 
Type 3 ollganucleotlde ptlmers spec/llt: for Glycoptoteln B of RFHV or ICSHV 

Type 3 oligonucleotides are intended for detection or amplification reactions specific for a 

particular virus. They are non-degenerate segments of the Glyc:oprotein B encoding region of RFHV or 

KSHV that are ralatively more variable between these two viruses and against other herpes viruses 

than are other segments of the region. Preferred examples are shown In Table 7, and in the Example 

15 section. 
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. ·:·· .......... .-.~:·· . 

: · TAate 1:· .j.ypet:~~-~w,:DateCUiia, Amp111ytngiorc~ 
· ':=-H~.-=~lyflucleotlda8=8ncodfn.9·Glycoprot8ln 8 

.. :.-·: ··: 
.. : ··<~T#getr~·a,fl'OmRR.N . . 

····~9- :.::.s8q--· : : : . : ~ Length ·No.Or ·0rt-~ .SEQ 
. nation . .. ·---~-=~·ai .. farm• ·ID: 

GMTEB TGCTGCTTCTGTCATACCGCG 21 1 anti-sense 48 

AAfTB TATTTGTITGTGATTGCTGCT 21 1 anti-sense 49 

GMTEA GCGGTATGACAGMGCAGCAA 21 1 sense 50 

KYEIA AN:;AMTATGAGATCCCCAGG 21 1 sense 51 

TDRDB TCATCCCGATCGGTGAACGTA 21 1 anti-sense 52 

VEGLB TTGTCAGTTAGACCTTCGACG 21 1 anti-sense 53 

VEGLA CCCGTCGMGGTCTMCTGAC 21 1 sense 54 

PVLYA AGCCAACCAGTACTGTACTCT 21 1 sense 55 
... .. 

-=.:i.~T~-'G~BframKSHV ···:·.:. . . 

Deelg· :·=-~cit Length No.of Orlan'4don ·sea ...... . :-"(5' ~-3') fonu ID: 

. . GLTEB TGATGGCGGACTCTGTCAAGC 21 1 anti-sense 56 .. . . 

TNKYB GTTCATAClTGTTGGTGATGG 21 1 anti-sense 57 

· GLTEA GGGCTTGACAGAGTCCGCCAT 21 1 sense 58 
.•· YEu;A·· ACAAGTATGAAcrCCCGAGAC 21 1 sense 59 

\INVN8 ACCCCGTTGACATTTACCTTC 21 1 anti-sense 80 

TFTOV TCGTCTCTGTCAGTAAATGTG 21 1 anti-sense 61 

1VFLA CCACAGTATTCCTCCAACCAG 21 1 sense 62 

SQPVA GGTACTITAGCCAGCCGGTCA 21 1 sense 63 

GMTEB, AAITB, GMTEA, KYEIA. TDROB, VEGLB, VEGLA, and PVLYA are specific 

non-degenerate oligonucleotides for the RFHV Glycoprotein B, and can be used for the amplification or 

detection of Glycoprotein B encoding polynucleotides of RFHV origin. Amplification is preferably done 

5 using the oligonudeotides in a nested fashion: e.g., a first amplification is conducted using GMTEA and 

VEGLB as primers; then a second amplification is conducted using KYEIA and TDRDB as primers. 

This provides an extremely sensitive amplification assay that is specific for RFHV Glycoprotein B. 

GMTEB and AAITB hybridize near the 5' end of the fragment, and may be used in combination with up­

stream hybridizing Type 1 oligonucleotldes to amplify or detect sequences in the 5' direction. VEGLA 

10 and PVLYA hybridize near the 3' end of the fragment, and may be used in combination with down­

stream hybridizing Type 1 oligonuc:leotidas to amplify or detect sequences in the 3' direction. 

Similarly, GLTEB. TNKYB, GLTEA, YELPA, VNVNB, ENTFB, SQPVA, and lVFLA are specific 

non-degenerate oligonucleotidas for the KSHV Glycoproteln B, and can be used In a similar fashion, 

including as primers for an amplification reaction. Preferably, the amplification is done using the 

15 ollgonudeotides In a nested fashion: e.g., a first amplification is conducted using GLTEA and ENTFB 

3(, 
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as primers: then a second amplification Is conducted using YELPA and VNVNB as primers. This 

provides an extremely sensitive amplification assay that is apeciftc for KSHV Glycoprotein 9. GL TEB 

and TNKYB hybridize near the 5' end of the fragment. and may be used in combination with up-stream 

hybridizing Type 1 ollgonucleotldes to amplify or detect sequences In the 5' direction. SQPVA and 

5 TVFtA hybridize near the 3' end of the fragment, and may be used in combination with down-stream 

hybridizing Type 1 oligonucleotides to amplify or detect sequences in 1he 3' direction. 

Practitioners skilled in the art wiD immediately recognize that oligonucleotides of Types 1, 2 and 

3 (in particular, those shown In Tables 4, 8 and 7) can be used in combination with each other in a PCR 

to amplify cflfferent sections of a Glycoprotein B encoding polynucleotide. The specificity of the 

10 amplification reaction generally is detennlned by the primer with the least amount of cross reactivity. 

15 

The size and location of the amplified fragment is determined by the primers used In the final round of 

amplification. For example, NIVPA used in combination with SQPVB will amplify about 31 o bases of 

Glycoproteln B encoding polynucleotide from a virus closety related to KSHV. Suitable combinations of 

oligonucleotides may be used as amplification primers in a nested fashion. 

Use of synthetic ollgonucleotldes to characterize polynucleotlde ta.rgats 

As described in the previous section, the oligonucleotldes embodied in this invention, can be 

used as primers for ampfdlcation of polynucleotldes encocrmg a herpes virus Glycoproteln B, particularly 

20 In a polymerase chain reaction. 

The conditions for conducting the PCR depend on the nature of the oligonucleotide being used. 

In particular, when using oligonucleotides comprising a degenerate segment, or a consensus segment 

that is only partly Identical to the ccrrespondlng segment of the target, and when the target 

polynucleotide comprises an unknown sequence, the selection of conditions may be important to the 

25 success of the amplification. Optimizing conditions for a new primer or new polynucleotide target are 

routine for a practitioner of ordinary skin. V\lhat follows is a guide to assist in that objective. 

First. the temperature of the annealing step of the PCR is optimized to increase the amount of 

target polynucleotlde being amplified above the amount of unrelated polynucleotide amplified. Ideally, 

the temperature permits the primers to hybridize with the target sequence but not with other sequences. 

30 For primers comprising a consensus segment (Type 1), the temperature of the annealing step in repeat 

cycles of a PCR is generally at least about 45-C: preferably It is at least about 50-C. It is also preferable 

to conduct the first few cyctes of the PCR at even higher temperatures, such as 55-C or even 60-C. 

The higher temperature wiD compel the annealing to be more sequence specific during the cycle and 

will reduce the background amplification of unrelated sequences. Annealing stepS for subsequent 

35 cycles may be performed under slightly less stringent conditions to improve the rate of amplification. In 

an especially preferred procedure, the first PCR amplification cycle comprises an annealing step of 

about 1 min conducted at 60-C. Annealing steps in subsequent cycles are conducted at 2•c lower each 

cycle, until a temperature of so•c is reached. Further cycles are then conducted with annealing steps 

at 50"C, until the delinad degree of amptiftca1ion is achieved. 
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Primers which are virus-specific and do not contain a consensus segment (Type 3) are mere 

selective, and may be effective over a broader temperature range. Preferred temperatures for the 

ameallng step In PCR ampllftcatlon eydes are between 50-C and 65-C. 

Second, the buffer conditions are optimized. We have found that buffers supplied with 

5 commercial preparations of Taq polymerase are sometimes difficult to use, in part because of a critical 

dependence on the concentration of magnesium ion. PCRs perfonned using the oligonucleotides of 

this invention generally are more easily perfonned u&ing a buffer such a1 that suggested by M. Wigler 

(Llsitsyn et al.). Preferably, the final PCR reaction mixture contains (NH.l260• inatead of KCI as the 

principal ion source. Pleferably, the concentration of (NH,.)aSO• In the final reaction mixture is about s-
10 50 mM, more preferably about 10-30 mM. even more preferably 16 mM. The buffering component is 

preferably Tris, prefelably at a final concentration of about 67 mM and a pH of about 8.8. Under these 

condltiona, the MgCli concentration la less critical. Preferably the final concentration is about 1-10 mM, 

more preferably it Is about 3-6 mM, optimally it is about 4 mM. The reaction mixture may also contain 

about 10 mM B-mercaptoelhanol and 0.05-1 mg/ml bovine serum albumin. An especially preferred 

15 buffer is WB4 buffer (67 mM Tris buffer pH 8.8, 4 mM MgCl2, 16 mM (NH..)~04, 1 o mM B­

mercaptoethanol and 0.1 mg/ml albumin. Prefened conditions for performing the reaction are provided 

below in Example 3. 

To conduct the PCR reaction, a miXtUre comprising the ofigonucleotide primers, the four 

deoxynucleotides, a suitable buffer, the DNA to be amplified, and a heat-stable DNA-depenclent DNA 

20 polymerase is prepared. The mixture is then processed through temperature cydes for the annealing, 

elongating, and melting steps until the desired degree of amplification ls achieved. The amount of ONA 

produced can be determined, for example, by staining with ethidium bromide, optionally after separating 

amplified fragments on an agarose gel. 

A possible complication of the amplific&tion reaction is dlmerizatlon and amplification of the 

25 oligonucteotide primers themselves. This can be easily detected as low molecular weight (<100 base 

pair) fragments on an agarose gel. Amplified primer can be removed by agarose or polyacrylamide gel 

separation. The amount of amplified dimer may be reduced by minor adjustments to the conditions of 

the reaction, particularly the temperature Of the annealing step. It is also preferable to pre-mix the 

primers, the deoxynucleotides, and the buffer, and heat the mixture to 80 degrees before adding the 

30 DNA to be amplified. 

Amplification reactions using any the oligonucfeotides cf this invention as primers yield 

polynucteotide fragments encoding a portion of a Glycoprotein B. These fragments can be 

characteriZed by a number of techniques known to a practitioner of ordinary skill in the art. Some 

non.limiting methods for characterizing a fragment are as follows: 

35 In one method, a fragment may be sequenced according to any method of sequence 

determination known in the art, including the Maxam & Gilbert method, or the Sanger & Nicholson 

method. Alternatively, the fragment may be submitted to any of the commercial organizations that 

provide a polynucleotide sequencing service. The fragment may optionally be cloned and/or amplified 

before sequencing. The nucleotide sequence can be used to predict the amino acid sequence encoded 

,~g 
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by the fragment. Sequence data can be used for comparison with other sequenced GJycoprotein B's, 

either at the polynucleotide level or the amino acid level, to identify the species of herpes virus present 

in the original source material. Sequence data can also be used in modeling algorithms to predict 

antigenic regions or lhree-climenslonal structure. 

5 In a second method of characterizing, the size of the fragment can be determined by any suitable 

method, such as running on a polyaCl)'lamide or agarose gel, or centrifuging through an appropriate 

density gradient. For example, for RFHV and KSHV, the fragment between NIVPA and TVNCB is 

about 319 bases. Hence, the length of the entire amplified fragment including primer binding regions is 

about 386 bases. The corresponding fragment of sHV1 contains an additional 6 base pairs. The sHV1 

10 fragment can therefore be distinguished from 1hat of RFHV or KSHV, for example, by running amplified 

polynucleotide fragments from each in neighboring lanes of a separating gel, or by running the sHV1 

fragment beside suitable molecular weight standards. Polynucleotide fragments identical in size to that 

of RFHV and KSHV may be from the same or a related viral species. Fragments substantially different 

in size are more likely to be derived from a different herpes virus. 

15 In a third method of charaeterlzlng, a fragment can be tested by attempting to hybricl"lze it with an 

oligonucleotide probe. In a preferred example, a fragment is tested for relatedness to the Glycoprotein 

B encoding region of RFHV or KSHV. The test is conducted using a probe comprising a sequence of a 

Glycoproteln B encoding region, or itS genetic complement Suitable probes are polynucleotides 

comprising sequences from RFHV or KSHV, such as the Type 3 oligonucleotides Hsted in Table 7. 

20 The length and nature of the probe and the hybridization conditions are selected depending on 

the objectives of the test If the objective is to detect only polynucleotides .from RFHV or KSHV, 

including minor strain variants, then hybridization is perfonned under conditions of high stringency. A 

sequence from the respective Glycoprotein B is used. Langer length sequences improve the specificity 

of the test and can be used under conditions of higher stringency. Preferably, the probe Will comprise a 

25 Glycoprotein B sequence of at least about 30 nucleotides; more preferably, the sequence will be at 

least about 50 nucleotides; even more preferably, the sequence will be at least about 75 nucleotides in 

length. 

If the objective is to detect pclynucleotides that are closely related but not identical to RFHV or 

KSHV, such as in a screening test or a test to recruit previously undescribecl viruses of the RFHV/KSHV 

30 subfamily, then different conditions are chosen. Sequences from RFHV or KSHV may be used, but a 

mixture of the two or a degenerate probe is generally preferred. The length of the sequence and the 

conditions of the hybridization reaction are seleclad to provide sufficient specificity to exclude unwanted 

sequences, but otherwise provide a maximum degree of cross-reactivity amongst potential targets. 

Suitable conditions can be predicted using the fonnulas giVen earlier, by calculating the Tm and then 

35 calculating the corresponding temperature for the maximum degree of mismatch to be tolerated. The 

suitability of the conditions can be tested empirically by testing the cross-reactivity of the probes with 

aamples containing known target polynucleotides encoding herpes Glycoprotein B. 

The minimum degree of complementarity required for a stable duplex to form under the 

conditions of the assay Will determine what Glycoprotein B sequences will hybridlZe with the probe. 

3'1 
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Consider, tor example, a target obtained tram a human or non-human primate, amplified to produce a 

fragment corresponding to bases 36-354 of SEQ. ID N0:3, and then probed with the corresponding 

fragment of the KSHV polynucleotlde. According to the data in Table 2, If the hybridization reaction is 

performed under conditions that require only about 50% identity for a stable duplex to fOrm, the probe 

s may hybridize with targets from any of the sequenced gamma herpes Glycoprotein B genes, Including 

hEBV and sHV1. If the reaetfon Is performed under conditions that require at least about 65% identity 

between probe and target, preferably at least about 87% identity, more preferably at least about 70% 

Identity, and even more preferably at least aboUt 75% identity for a stable duplex to form, the assay will 

detect a target polynucleotide from the RFHVIKSHV subfamily; I.e., either RHFV, KSHV, or a closely 

1 o related herpes virus with a Glycoproteln B polynucleotlde not yet sequenced. Even under hybridization 

conditions that required only about 50-65% identity for a stable duplex to form, a positive reaction would 

not indicate the presence of bHV4, eHV2, or mHV88, since these viruses are not believed to be capable 

of infecting primates. 

It is possible to combine characterization by size and characterlZation by hybridization. For 

15 example, the amplified pofynuclaotide may be separated on a gel of acrylamlde or agarose, blotted to a 

membrane of suitable material, such as nitrocellulose, and then hybridized with a probe with a suitable 

label, such as 32P. The presence of the label after washing reftects the presence of hybridizable 

material In the sample. While the migration distance compared with appropriate molecular weight 

standards reflects the size of the material. A fragment sequence hybridizing with one of the 

20 aforementioned probes under conditions of high stringency but having an unexpected size would 

indicate a Glycoprotein B sequence with a high degree of identity to the probe, but distinct from either 

RFHV or KSHV. 

25 
Use of polynucleotldes and ollgonucleotldes to detect h,,,,,_ virus lntectlon 

Polynucleotides encoding herpes virus Glycoprotein B, and synthetic oligonucleotides based 

thereupon, as embodied in this Invention, are useful In the diagnosis of clinical concitions associated 

with herpes virus infection. For example, the presence of detectable herpes Gl~pratein B in a clinical 

sample may suggest that the respective herpes virus participated as an etiologic agent In the 

30 development of the condition. The presence of viral Glycoprotein B in a particular tissue, but not in 

surrounding tissue, may be useful in the localization of an infected lesion. Differentiating between 

gamma herpes virus and other herpes viruses in dlnlcal samples may be useful In predicting the clinieal 

course of an Infection or selecting a drug suitable for treatment. Since Glycoproteln B is expressed by 

replicative virus, L-particles, and infected cells, we predict that it will serve as a useful marker for active 

35 and quiescent stages of the disease that Involve expression of the protein in any of these forms. 

The proceclures for conducting diagnostic tests are extensively known In the art. and are routine 

for a practitioner of ordinary skHI. Generally, to perform a diagnostic method of this invention, one of the 

compositions of this Invention is provided as a reagent to detect a target in a cllnlcal sample with which 

it reacts. For example, a polynucleotide Of this Invention may be used as a reagent to detect a DNA or 

40 RNA target, such as might be present in a cell infected with a herpes virus. A polypeptide of this 
'/O 
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invention may be used as a reagent to detect a target with Which It is capable of fonning a specific 

complex. auch aa an antibody molecule or (If the polypeptide is a receptor) the corresponding ligand. 

An antibody of this invention may be used as a reagent to detect a target it specifically recognizes, such 

as a polypeptide expressed by virally Infected cells. 

5 The target Is supplied by obtaining a suitable tissue sample from an Individual for whom the 

diagnostic parameter is to be measured. Relevant test samples are those obtained from indMduals 

suspected of harboring a herpes virus. Many types of samples are suitable for this purpose, inducing 

those that are obtained near the suspected site of infection or pathology by biopsy or surgical 

dissection. in vitro cultures of cells derived therefrom. solubilized extracts. blood, and blood 

1 o components. If desired, the target may be partially purified from the sample or amplified before the 

assay is conducted. The reaction is perfonned by contacting the reagent with the sample under 

conditions that will allow a complex to form between the reagent and the target The reaction may be 

performed in solution, or on a solid tissue sample, for example. using histology sections. The formation 

of the complex is detected by a number Of techniques known in the art. For example, the reagent may 

15 be supplied with a label and unreacted reagent may be removed from the complex; the amount of 

remaining label thereby indicating the amount of complex fanned. Further details and alternatives for 

complex detedion are provided in the descriptions that follow. 

To determine whether the amount of complex formed is representative of herpes infected or 

uninfected cells, the assay result is preferably compared with a similar assay conducted on a control 

20 sample. It is generally preferable to use a control sample which is from an uninfected source, and 

otherwise similar in composition to the clinical sample being tested. However, any control sample may 

be suitable provided 1he relative amount of target in the control is known or can be used for comparative 

purposes. It is often preferable to conduct the assay on the test sample and the control sample 

simultaneously. However, if the amount of complex farmed is quantifiable and sufficiently consistent. it 

25 is acceptable to assay the test sample and control sample on different days or in different laboratories. 

Accordingly, polynucteotlcles encoding Glycoproteln B of the RFHVJKSHV subfamily, and the 

synthetic oligonucleatides embodied in this invention, can be used to detect gamma herpes virus 

polynucleoticle that may be present in a biological sample. General methods for using polynucleotides 

in specific diagnostic assays are well known in the art: see, e.g., Patent Application JP 5309000 

30 (latron). 

An assay employing a polynucleotide reagent may be rendered specific, for example: 1) by 

performing a hybridization reaction with a specific probe; 2) by performing an amplification with a 

specific primer, or 3) by a combination of the two. 

To perform an assay that is specific due to hybridization with a specific probe. a polynucleotide is 

35 chosen With the required degree of complementarity for the Intended target. Preferred probes include 

palynucleotides of at least about 16 nucleotides in length encoding a portion of the Glycoproteln B of 

RFHV, KSHV, or another member of the RFHV/KSHV subfamily. Increasingly preferred are probes 

comprising at least about 18. 21, 25. 30. 50, or 100 nucleotides Of the Glycoprotein B encoding region. 

l(I 
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Also preferred are degenerate probe1 capable of forming stable duplexes with potynucleotldea of the 

RFHVIKSHV subfamily under the condiUons used, but not polynucleotides of other herpes viruses. 

The probe is generany provided with a label. Some of the labels often uHd in this type of assay 

include radioisotopes such as 32P and 33p, chemUuminescent or fluorescent reagents such as 

5 fluorescein, and enzymes such as alkaUne phosphatase that are capable of producing a colored solute 

or precipitant. The label may be intrinsic to the reagent. it may be attached by direct chemical linkage, 

or It may be connected through a series of intennec:tiate readive molecules, such as a blotin-avidin 

complex, or a series of inter-reactive polynucleotides. The label may be added to the reagent before 

hybridization with the target pofynucleotlde, or atterwards. To Improve the sensitivity of the assay, It is 

1 o often desirable to Increase the signal ensuing from hybridization. This can be accomplished by using a 

combination of serially hybridizing polynudeotldes or branched polynucleolldes in such a way that 

multiple label components become incorporated into each complex. See U.S. Patent No. 5, 124,246 

(Urdea at al.). 

If desired, the target polynucleotide may be extracted from the sample, and may also be partially 

15 purified. To measure viral partldes, the preparation is preferably enriched for DNA; to measure active 

transcription of Glycoproteln B, the preparation is preferably enriched for RNA. Generally, it is 

anticipated that the level of polynucleotide of a herpes virus will be low in dlnical samples: there may 

be just a few copies of DNA encoding the Glycoprotein B per cell where the virus is latent, or up to 

several hundred copies of DNA per cell Where the virus is replicating. The level of mRNA will be higher 

20 in cells where the protein is actively expressed than those where the gene is Inactive. It may therefore 

be desirable to enhance the level of target in the sample by amplifying the DNA or RNA. A. sUitable 

method of amplification is a PCR. which is preferably conducted using one or more of the 

ollgonucleotide primers embodied In this Invention. RNA may be amplified by making a cDNA copy 

using a reverse transcrlptase, and then conducting a PCR using the aforementioned primers. 

25 The target polynudeotide can be optionally subjected to any combination of additional 

treatments, Including digestion with restriction endanucleases, size separation, for example by 

electrophoresis in agarose or polyacrytamide, and affixation to a reaction matrix, such as a blotting 

material. 

Hybridization Is allowed to occur by mixing the reagent palynucleotide with a sample suspected 

30 of containing a target polynucleatlde under appropriate reaction conditiOns. This may be followed by 

washing or separation to remove unreacted reagent. Generally, both the target polynucleotlde and the 

reagent must be at least partly equilibrated Into the single-stranded fonn in order for complementary 

sequences to hybridize efficiently. Thus, It may be useful (particularly in tests for DNA) to prepare the 

sample by standard denaturatlon techniques known in the art. 

35 The level of stringency chosen for the hybridization conditiOns depends on the objective of the 

test. If it is desired· that the test be specific fOr RFHV or KSHV, then a probe comprising a segment of 

the respective Glycoprotein B is uaed, and the reaction is conducted under conditions of high 

stringency. For example, a preferred set of conditions for use with a preferred probe of 50 nucleotides 

or more Is 6 x SSC at 37"C In 50% fonnamide, followed by a wash at low ionic strength. This will 
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generally require the target to be at least about 90% identical with the polynucleotide probe for a stable 

duplex to fOrm. The specificity of the reaction for the particular virus in question can also be increased 

by increasing the length of the probe used. Thus, longer probes are particularly preferred for this 

applicatiOn of the invention. Alternatively, If it Is desired that the test also be able to detect other herpes 

5 viNSes related to KSHV, then a lower sbingency Is used. Suitable probes include fragments tom the 

KSHV Glycoprotein B polynucleotide, a mixture thereof, or oliganucleotides such as those listed In 

Table7. 

Appropriate hybr1dlzation condltiOns are determined to permit hybridization of the probe only to 
GlycoptOtein B sequences that have the desired degree of identity with the probe. The stringency 

10 required depends on the length Of the polynucleotlde probe, and the degree of Identity between the 

probe and the desired target sequence. Consider, fOr example, a probe consisting of the KSHV 

polynucleotide fragment between the hybridization sites of NIVPA and TVNCS. Conditions requiring a 

minimum identity Of 60% would result in a stable duplex formed with a corresponding polynucleotide of 

KSHV and other gamma herpes viNses such as sHV1; conditions requiring a minimum identity Of 90% 

15 would result In a stable duplex forming only with a polynucleotlde from KSHV and closely related 

variants. Conditions of intermediate stringency requiring a minimum identity of 65-70% would permit 

duplexes to form with a Glycoproteln B polynucteotide of KSHV, and some other members of the 

RFHV/KSHV subfamily, but not with corresponding polynucleotides of other known herpes viNses, 

including gamma herpes viNses eHV2, sHV1, mHV68, bHV4, EBV, and other human pathogens such 

20 as hCMV, hHV6, hVZV, and HSV1. 

Conditions can be estimated beforehand using the formula given earlier. Preferably, the exact 

conditions are confirmed by testing the probe with separate samples known to contain polynucleotides, 

both those desired to be detected and those desired to go undetected in the assay. Such samples may 

be provided either by synthesizing the polynucleotides from published sequences, or by extracting and 

25 amplifying DNA from tissues believed to be infected with the respective herpes virus. Determining 

hybridization conditions is a matter Of routine adjustment for a practitioner of ordinary sfcill, and does not 

require undue experimentation. Since eHV2, sHV1, mHV68, bHV4 and EBV are more closely identical 

to the RFHVIKSHV subfamily thm'1 alpha and beta herpes viruses, conditions that exclude gamma 

herpes viruses outside the RFHVIKSHV subfamily will generally also exclude the other herpes viruses 

30 listed in Table 1. In addition, If H Is believed that certain viruses will not be present In the sample to be 

tested in the ultimate determination (such as eHV2, mHV68 or bHV4 in a human tissue sample), then 

the corresponding target sequences may optionally be omitted when working out the conditions of the 

assay. Thus, conditions can be determined that would permit Type 2 oligonucleotide probes such as 

those listed in Table 6 to form. a stable duplex both with polypeptides comprising SEQ. ID N0:1 or SEQ. 

35 ID NO:S, but not a sequence selected from the group consisting of SEQ. ID NO:S.13. Conditions can 

also be determined that would permit a suitable fragment comprising at least 21 or more consecutive 

bases of SEQ. ID N0:1 or SEQ. ID N0:3 to fonn a stable duplex both with a polynucleotide comprising 

SEQ. ID N0:1 and SEQ. ID N0:3, but not a polynucleotlde comprising any one of SEQ. ID NO:S-13. 
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Alternatively, to conduct an assay that is specific due to ampUfication with a specific primer: 

DNA or RNA Is prepared frcm·the biological sample as before. Optionally. the target polynucleotide is 

pra-arnplltled in a PCR using primers Which are not species specific, such as those listed In Table 4 or 

6. The target is then amplified using specific primers, such as those listed in Table 7, or a combination 

5 of primers from Table 4, 6, and 7. In a preferred embodiment, two rounds of amplification are 

performed, using oligonuc:leotide primers in a nested fashion: virus-specific or non-specific In the first 

round; vlrus-spedfic In the second l'CU\d. This provides an assay which is both sensitive and specific. 

Use of a specific Type 3 primer during amplification is sufficient to provide the required 

speclftcity. A positive test may be indicated by the presence of sufficient reaction product at the encl of 

10 the amplification series. Amplifted polynucleotlde can be detected, for example, by blotting the reaction 

mlXtUre onto a medium such as nitrocellulose and staining with ethldium bromide. Altematlvely, a 

radiolabeled substrate may be added to the mixture during a final amplification cycle: the incorporated 

label may be separated from unincorporated label (e.g., by blotting or by size separation), and the label 

may be detecled (e.g. by counting or by autoradlography). If run on a gel of agarose or polyacrytamide, 

15 the size of the product may help confirm the identity of the amplified fragment. Specffic amplification 

can also be followed by specific hybridization, by using the amplification mixture obtained from the 

foregoing procedure as a target source for the hybridization reaction outlined earlier. 

20 
Uae of polynuclaotldu for gene therapy 

Embodied in this invention are pharmaceuticals comprising virus-specific polynucleotides, 

polypeptides, or antibodies as an active Ingredient. Such compositions may decrease the pathology of 

the virus or infected cells on their own, or render the virus or infected cells more susceptible to 

treatment by non-apeclfic pharmaceutical compounds. 

25 Polynucleotides of this invention encoding part of a herpes virus Glycoprotein B may be used. for 

example, for administration to an Infected individual for purposes of gene therapy (see generally U.S. 

Patent No. 5,399,346: Anderson et al.). The general principle is to administer the polynucleotide in 

such a way that it ether promotes or attenuates the expression of the polypeptide encoded therein. 

A preferred mode of gene therapy is to provide the polynucleotide in such a way that It will be 

30 replicated inside the cell, enhancing and prolonging the effect. Thus, the polynucleotlde is operatively 

linked to a suitable promoter, such as the natural promoter of the corresponding gene, a heterologous 

promoter that is intrinsically active in cells of the target tissue type, or a heterologous promoter that can 

be Induced by a suitable agenl Entry of the polynucleotide Into the ceft IS facilitated by suitable 

techniques known in the art such as providing the polynucleotide in the form of a suitable vector, such 

35 as a viral expression vector, or encapsulation of the polynucleotlde in a liposome. The polynucleotide 

may be injected systemicaUy, or provided to the site of infection by an antigen-specific homing 

mechanism, or by direct injection. 

In one variation, the polynucleotlde comprises a promoter linked to the polynucleotide strand with 

the same orientation as the strand that is transcribed during the course of a herpes virus infection. 

40 Preferably, the Glycoprotein B that is encoded Includes an external component, a transmembrane 

'f '( 
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component, and signal sequences for transport to the surface. Virally infected cells transfected with 
polynucleotides of this kind are expected to express an enhanced level of Glycoproteln B at the surface. 

Enhancing Glycoproteln B expression In this fashion may enhance recognition of these cells by 

elements of the immune system, including antibody (and antibody-dependent effectors such as ADCC), 
5 and virus-specific cytotoxic T eels. 

In another variation, the polynucleotide comprises a promoter linked to the potynucleotide strand 
with the opposite orientation as the strand that is transcribed during the course of a herpes virus 
Infection. Virally Infected cells transfected with polynucleotides of this kind are expected to express a 
decreased level of Glycoprotein B. The transcript is expected to hybridize with the complementary 

10 strand transcribed by the viral gene, and prevent It from being translated. This approach Is known as 
anti-sense therapy. 

RFHVIKSHV subfamily polypeptides with Glycoproteln B activity and fragments thereof 

15 The RFHV and KSHV polynucleotide sequences shown in Figure 1 have open reading frames. 
The polypeptide encoded thereby are shown in SEQ. ID N0:2 and SEQ. ID N0:4, respectively. 
Encoded between the hybridizing regions of the primers NIVPA and lVNCB used to obtain the 
polynucleotide sequence Is a 106 amino acid fragment of the Glycoproteln B molecule which is 91 % 
Identical between RFHV and KSHV. The full protein sequence of KSHV Glycoprotein B is shown in 

20 SEQ. ID N0:94. A Glycoprotein B fragment of a third member of the RFHV/KSHV subfamily, RFHV2, Is 
shown in SEQ. ID N0:97. 

There are a number of homologous residues to Glycoprotein B molecules of other sequenced 
herpes viruses. The longest sequence contained in SEQ. ID N0:2 or SEQ. ID N0:4 but not in the 
known sequences of other herpes viruses is 9 amino acids In length, with two exceptions (SEQ. ID 

25 NOS:64 and 65). Longer matching portions are found elsewhere in the Glycoprotein B amino acid 
sequence. The longest is the 21 amino acid sequence from bHV4 shown in SEQ. ID N0:99; the rest 
are all 16 amino acids long or less. Other than SEQ. ID N0:99 exception, any fragment of the RFHV 
and KSHV Glycoprotein B protein sequence that is 17 amino acids or longer is believed to be specific 
for RFHV or KSHV, respectively, or to closely related strains. Since bHV4 and the other viruses with 

30 matching segments are not believed to be capable of infecting primates, any fragment of about 10 

amino acids or more found in a primate that was contained in SEQ. ID N0:4 would indicate the 

presence of an Infectious agent closely related to KSHV. 

This invention embodies both intact Glycoprotein B from herpes viruses of the RFHV/KSHV 

subfamily, and any fragment thereof that is specific for the subfamily. Preferred Glycoprotein B 
35 fragments of this invention are at least 1 O amino acids in length; more preferably they are at teast 13 

amino acids in length; more preferably they are at least 17 amino acids in length; more preferably they 
are at least about 20 amino acids in length; even more preferably they are at least about 25 amino 
acids in length, still more preferably they are at least about 30 amino acids in length. 

The amino acid sequence of the RFHV and KSHV Glycoprotein B fragment shown in SEQ. ID 
40 NOS:2, 4, 94 and 96 can be used to Identify virus-specific and cross-reactive antigenic regions. 

«/ .. ? 
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In prfnctple, a speclllc antibody could recognize any amino acid cflfference between sequences 

that is not also shared by the species from which the antibody Is derived. Antibody binding siteS are 

generally big enough to encompass S-8 amino acid residues of an antigen, and are quite capable of 

recognizing a single amino acid difference. Specific antibodies may be part of a polyclonal response 

S arising spontaneously in animals Infected with a virus mcpressing the Glycoprotein B. Specific 

antibodies may also be Induced by Injecting an experimental animal with either the intact Glycoprotein 

B or a Glycoproteln B fragment. 

Thus, any peptide of S amino acids or mora that is unique to KSHV is a potential Yiru•specific 

antigen. and could be recognized by a KSHV-epecific antibody. Similarly, any peptide of sufficient 

10 length shared within the RFHVIKSHV subfamHy but not with other herpes viruses is a potential 

subfamily-specific antigen. 

Some example& of preferred peptides are shown in Table B. Practitioners in the art will 

immediately recognize that other peptides with similar specificities may be designed by minor 

alterations to the length of the peptides listed and/or moving the frame of the peptide a few residues in 

15 either direction. 

The Class I peptides shown in Table 8 are conserved between Glycoproteln B of KSHV and that 

of certain other members of the gamma herpes virus subfamily. An antibody directed against one such 

Glycaprotein B in this region may thentfore cross-react with some of the others. Class II peptides are 

con181V8d between Glycoproteln B of RFHV and KSHV, but not with other gamma herpes viruses. An 

20 antibody directed against this region is expected to cross-react between RFHV, KSHV, and other 

viruses of the RFHVIKSHV subfamily; but not with herpes viruses outside the subfamily. Class Ill 

peptides are different between Glycoprotein B of RFHV, KSHV, and other known gamma herpes 

viruses. An antibody binding to this region, particularly to non-identical residues contained therein, is 

expected to distinguish RFHV and KSHV Glycoprotein B from each other, and from Glycoprotein B of 

25 more distantly related herpes viruses. 
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Particularly preferred peptides from Class Ill are those encompassing regions of Glyeoprotein B 

with the polarity characteristics appropriate for an antigen epitope, as described in the Example section. 

5 Given the complete sequence of a Glycoproteln B from KSHV and other members of the RFHVJKSHV 

10 

subfamily, virus- or subfamily-specific peptides can be predicted for other regions of the molecule by a 

similar analysis. 

Preparation of polypeptides 

Polypeptides of this invention may be prepared by several different methods, all of which will be 

known to a practitioner of ordinary skill. 

For example, shOrt polypeptides of about S.50 amino acids In length are conveniently prepared 

from sequence data by chemical synthesis. A preferred method is the solid-phase Menifield technique. 

15 Altematively, a messenger RNA encoding the desired polypeptide may be isolated or synthesized 
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according to one of the methods described eartrer, and translated using an in vitro translation system, 

such as the rabbit retlculocyte system. See, e.g., Dorsky et al. 

Longer polypeptides, up to and Including the entire Glyc:oprotein B. are conveniently prepared 

using a suitable expression system. For example, the encoding strand of a full-length cONA can be 

5 operatively Inked to a suitable promoter, inaerted into an expression vector, and transfected into a 

suitable host cell. The host cell ls then cultured under conditions that allow transcription and translation 

to occur. and the polypeptide Is subsequently recovered. For examples of the expression and recovery 

of Glycoprotein B from other species of herpes virus, see. for example, U.S. Patent Nos. 4,642,333 

(Person); 5,244,792 (Burke et al.); Manservigi et al. · 

10 For many purposes, It is particularly convenient to use a recombinant Glycoproteln B 

polynucleotide that includes the regions encoding signals for transport to the cell surface, but lacks the 

region encoding the transmernbtane domain of the protein. The polynucleotide may be truncated 5' to 

the transmembrane encoding region. or it may comprise both extracellular and cytoplasmic encoding 

region but lack the transmembrane region. Constructs of this nature are expected to be secreted from 

15 the cell In a soluble form. Where It Is dasirable to have a Glycoprotein B fragment that is a monomer, 

the recombinant may be designed to limit translation to about the first 475 amino acids of the protein. 

For example, to express any of these fonns of Glycoproteln B in Y,e&st, a cassette may be 

prepared using the glyceraldehyde-3-phoaphate-dehydrogenase (GAPDH) promoter region and 

tenninator region. GAPDH gene fragments are identified in a yeast library, isolated and ligated in the 

20 appropriate configuration. The cassette is cloned into pBR322, isolated and confirmed by DNA 

sequencing. A pClll plasmid Is constructed containing a Glycoprotein B insert and GAPDH promoter 

and terminator regions. The plasmid is used to transform yeast strain s. cenwlsiae. After culture, the 

yeast cells are pelleted by centrifugation, resuspended in a buffer containing protease inhibitors such as 

1 mM phenylmethylsulfonyl fluoride and 0.1 11g/ml pepstatin. The washed cells are disrupted by 

25 vortexing With glass beads and recentrifuged. The presence in the supernatant of a Glycoprotein B of 

the correct size may be confirmed. for example, by Western blot using an antibody against Glycoprotein 

B, prepared as described in a following section. Glycoprotein B may be purified from the supematant 

by a combination of standard protein chemistry techniques, induding ion exchange chromatography, 

alllnlty chromatography using antibody or substrate, and high-pressure liquid chromatography. 

30 To express Glycoproteln B In mammalian cells, for example, a mammalian expression vector 

such as pSV1/dhft' may be used. This has an ampictllin-reaistance beta-lactamase gene, and a 

selectable mammalian cell marker, dihydrofolate reductase linked to the SV40 early promoter. 

Glycoprotein B polynucleotide blunt-end fragments are ligated into the pSV1/dhfr vector and digested 

with endonucleases to provide a cassette including the SV40 promoter, the Glycoprotein encoding 

35 region, and the SV40 splice and polyadenylation sites. The plasmids are used, for example, to 

transform CHO cells deficient in dhfr, and transfectants are selected. Cells expressing Glycoprotein B 

may be identified, for example, by immL11oftuorescence using antl-Glycoprotein B as the primary 

antibody. 
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In another example, recombinant plasmids for expressing Glycoprotein B are cloned under 
control of the Rous sarcoma virus long terminal repeat in the episomal replicating vector pRP-RSV. 
This plasmid contains the origin of replication and early region of the human papovavirus BK. as well as 
the dhfr resistance marker. The vector Is can then be used, for example, to transfonn human 293 cells. 

5 By using a Glycoprotein B encoding region devoid of the transmembrane spanning domain, the 
Glycoproteln B polypeptide is constitutively secreted into the culture medium at 0.15-0.25 pg/cell/day. 
In the presence of 0.6-6 J1M methotreXate, production may be increased 10- to 100-fold, because of an 
amplification of the episomal recombinant. Glycoproteln B prepared In this way are appropriate, inter 
alia, for use in diagnosis, and to prepare vaccines protective against new and recurrent herpes virus 

10 infections (Manservigi et al). 

Use of polypeptides to ...... hfH'pflS virus Infection 

The polypeptides embodied in this invention may be used to detect or assess the status of a 
15 herpes virus infection in an indiVidual in several different applications. 

In one application, a polypeptide encoding a portion of a herpes virus Glycoprotein B is supplied 
as a reagent for an assay to detect the presence of antibodies that can specifically recognize it. Such 
antibodies may be present, for example, in the circulation of an individual with current or past herpes 
virus exposure. 

20 The presence of antibodies to Glycoprotein B In the circulation may provide a sensitive and early 

Indication of viral infection. Since Glycoprotein B is a functional component of the viral envelope, it is 
produced In greater quantity than other transcripts sequestered within the viral particle. Its distribution 
Is wider than transcripts that appear only transiently In the life cycle of the virus. Furthennore, it may be 

expressed not only by intact virus, but also by non-Infective products of virally infective cells, such as L-
25 particles. Glycoprotein B from various species of herpes virus are known to be strongly immunogenic. 

Thus, detection of antibody to Glycoprotein B in an Individual may be an indication of ongoing active 
herpes virus infection, latent infection, previous exposure, or treatment with a Glycoproteln B vaccine. 

Suitable clinical samples In which to measure antibody levels include serum or plasma from an 
Individual suspected of having a gamma herpes virus infection. The presence of the antibody is 

30 detennined, for example, by an Immunoassay. 

A number of immunoassay methods are established In the art for perfonnlng the quantitation of 

antibody using viral peptides (see, e.g., U.S. Patent No. 5,350,671: Houghton et al.). For example, the 

test sample potentially containing the specific antibody may be mixed with a pre-determined 

non-limiting amount of the reagent polypeptide. The reagent may contain a directly attached label, such 
35 as an enzyme or a radioisotope. For a liquid-phase assay, unreaded reagents are removed by a 

separation technique, such as filtration or chromatography. Alternatively, the antibody in the sample 
may be first captured by a reagent on a solid phase. This may be, for example, the specific 
polypeptide, an anti-lmmunoglobulin, or Protein A. The captured antibody is then detected with a 
second reagent. such as the specific polypeptide, antl-lmmunoglobulin, or protein A with an attached 

40 label. At least one of the capture reagent or the detecting reagent must be the specific polypeptide. In 

"" 
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a third variation, cells or tissue sections containing the polypeptide may be overlaid first with the test 

sample containing the antibody, and then with a detecting reagent such as labeled antl-immunoglobulin. 

In all these examples, the amount of label captured In the complex is positively related to the amount of 

specific antibody present In the test sample. Similar assays can be designed In which antibody in the 

5 test sample competes with labeled antibody for binding to a limiting amount of the specific peptide. The 

amount of label in the complex 11 then negatively correlated with the amount of apecilic antibody in the 

test sample. Results obtained using any of these assays are compared between test samples, and 

control samples from an lminfected source. 

By selecting the reagent polypeptide appropriately, antibodies Of a desired spaclftcity may be 

10 detected. Far example, if the intact Glycoproteln B is used, or a fragment comprising regions that are 

conserved between herpes virus, then antibodies detected In the test samples may be virus specific, 

cross-reactive, or both. A multi-epitoPe reagent is preferred for a generat SC1'88nlng assay for 

antibodies related to herpes Virus Infection. To render the assay specific for antibodies directed either 

against RFHV or against KSHV, antigen peptides comprising non-conserved regions of the appropriate 

15 Glycoprotein B molecule are selected, such as those listed in Class Ill Of Table 8. Preferably, a mixture 

of such peptides is used. To simultaneously detect antibodies against RFHV, KSHV, and closely 

related vfrusas of the gamma herpes family, but not aHV1 and EBV. antigen peptides are selected with 

the properties of those listed In Class II of Table 8. Preferably, a mixture of such peptides is used. 

Antibodies stimulated during a herpes virus Infection may subside once the Infection resolves, or 

20 they may persist as part of the immunological memory of the host. In the latter instance, antibodies due 

to currant Infection may be distinguished from antibodies due to immunological memory by determining 

the dass of the antibOdy. For example, an BSAY may be conducted in which antibody in the test 

sample is captured with the specific polypeptide, and then developed with labeled anti-lgM or anti-lgG. 

The presence of specific antibody In the test sample of the lgM class indicates ongoing infection, while 

25 the presence of lgG antibodies alone indicates that the activity is due to immunological memory of a 

previous Infection or vaccination. 

U.e of polypeptides to design or sc11Ntn anti-viral drugs 

30 Interfering with the Glycoprotein B gene or gene product would modify the Infection process, or 

the progress of this dilaase. It is an objective of this invention to provide a method by which useful 

pharmaceutical compositions and methods of employing such compounds In the treatment of gamma 

herpes virus Infection can be developed and tested. Particularly preferred are phannaceutical 

compounds useful in treating infections by RFHV, KSHV and other members Of the RFHVIKSHV 

35 subfamily. Suitable drugs are those that interfere with transcription or translation of the Glycoprotein B 

g&r!8, and those that Interfere wi1h the biological function of the polypeptide encoded by the gene. It is 

not necessary that the mechanism of Interference be known; only that the interference be preferential 

for reactions associated with the Infectious process. 

Preferred drugs Include those that competitively interfere with the binding of the Glycoprotein B 

40 to its substrate on target cells, such aa heparan sulfate and Its analogs. Also prefened are drugs that 

~ 
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competitively Interfere with m1Y interaction of Glycoproteln B to other viral envelope components that 

may be necessary for 1he virus to exert one of Its biologic functions, such as penetration of target ceUs. 

Also preferred are molecules capable of cross-linking or otherwise immobilfzing the Gtycoproteln B, 

thereby preventing it from binding it8 suba1rate or performing any biological function that plays a role in 

5 viral infectlvity. 

This invention provides methods for screening pharmaceutical candidates to detennine which 

are suitable for dlnical use. The methods may be brought to bear on antiviral compounds that are 

currently known, and those which may be designed In the fUture. 

The method Involves combining an active Glycoproteln B With the pharmaceutical candidate, and 

10 determining whether the biochemical function is altered by the pharmaceutical candidate. The 

Glycoprotein B may be any fragment encoded by the Glycoprotein B gene m the RFHVIKSHV 

subfamily that has Glycoproteln B actiVlly. Suitable fragments may be obtained by expressing a 

genetically engineered polypeptlde encoding an actlVe site of the molecule, or by cleaving the 

Glycoprotein B with proteases and purifying the active fragments. In a preferred embodiment, the entire 

15 Glycoprotein B is provided. The reaction mixture wilt also comprise other components necessary to 

measure the biological activity of the protein. For example, in an assay to measure substrate binding, 

heparan sulfate er an analog thereof may be provided, perhaps linked to a solid support to facmtate 

measurement of the binding reaction. 

One embodiment of the screening method is to measure binding of the pharmaceutical candidate 

20 directly to the isolated Glycoprotein B, er a fragment thereof. Compounds that bind to an active site of 

the molecule are expected to interfere with Glycoprotein B activity. Thus, the entire Glycoproteln B, or a 

fragment comprising the active site, is mixed with the phannaceutical canc:lidate. Binding of the 

candidate can be measured direclly, for example, by providing the candidate in a radiolabeled or 

stable-Isotope labeled form. The presence of label bound to the Glycoproteln B can be determined, for 

25 example, by precipitating the Glycoproteln B with a suitable antibody, or by providing the molecule 

attached to a solid phase, and washing the solid phase after the reaction. Binding of the candidate to 

the Glycoprotein B may also be observed as a conformational change, detected for example by 

difference spectroscopy, nuclear magnetic resonance, or circular dichroism. Alternatively, binding may 

be determined In a competitive assay: for example, Glycoproteln B Is mixed with the candidate, and 

30 then labeled nucleotide or a fragment of a regulatory subunit is added later. Binding of the candidate to 

the biochemically relevant site should inhibit subsequent binding of the labeled compound. 

A second embodiment of the screening method is to measure the ability of the pharmaceutical 

candidate to Inhibit the binding of Glycoproteln B to a substrate or substrate analog. A preferred analog 

is heparin, coupled a solid support such as Sepharose™ beads. Inhibition may be measured, for 

35 example, by providing a radiolabel to the Glycoprotein B, incubating it with the pharmaceutical 

candidate, adding the affinity resin, then washing and counting the resin to determine If the candidate 

has decreased the amount of raclloacliVlty bound. Pharmaceutical candidates may also be tested for 

their ability to competitively Interfere with Interactions between Glycoprotein B and other herpes virus 

proteins. 

SJ 
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A third embodiment of the screening method la to measure the ability of the phannaceutical 

candidate to inhibit an activity of an active particle, such as a viral particle, mediated by Glycoprotein B. 

A particle is engineered to express Glycaprotein B, but not other components that are capable of 

mediating the same function. The ability of the particle to exhibit a biological function, such as 

5 subllrate binding or membrane fusion, Is then measured in the presence and absence of the 

phannaceutlcal candidate by providing an appropriate target. 

This Invention also provides for the development of phannaceutlcals for the treatment of herpes 

infection by rational drug design. See. generally, Hodgson; and Erickson et al. In this embodiment, tne 
three-dimensional structure of the Glycoprotein B Is determined, either by predictive modeling based on 

10 the amino acid sequence, or prefefably, by experimental determination. Experimemal methods Include 

antibody mapping, mutational analysts. and the formation of anti-idiotypes. Especially pl9fell'9d is X-ray 

crystallography. Knowing the three-dimensional atructura of the glycoprotein, especially the orientation 

of important amino acid groups near the substrate binding site, a compound is designed de novo, or an 

existing compound Is suitably modified. The designed compound will have an appropriate charge 

15 balance, hydrophobicity, and/or shape to permit it to attach near an active site of the Glycoprotein B. 

and stertcally interfere with the normal biochemical function of that site. Preferably. compounds 

designed by this method are subsequently tested In a drug screening assay. such as those outlined 

above. 

20 An'llbodiu against Glycoptoteln B and their preparation 

The amino acid sequence of the Glycoprotein B molecules embodied herein are foreign to the 

hosts they Infect. Glycoproteln B from other species of herpes virus are known to be strongly 

immunogenic in mammals. Anti-Glycoprotein B Is formed in humans, for example, as a usual 

25 consequence of Infection with hCMV. By analogy. it is expected that Glycoprotein B of RFHV, KSHV, 

and other members of the RFHVJKSHV subfamily will be immunogenie In mammals, including humans. 

These expectations are supported by the observations described In the Example section below. 

Antibodies against a polypeptide are generally pntpared by any method known In the art. To 

stimulate antibody production In an animal experimentally, it is often preferable to enhance the 

30 immunogenlcity or a polypeptide by such techniques as polymerization with glutaraldehyde, or 

combining with an adjuvant. such as Freund's adjuvant. The immunogen is injected into a suitable 

experimental animal: preferably a rodent for the preparation of monoclonal antibodies; pteferably a 

larger animal such as a rabbit or sheep for preparation of palyclonal antibodies. It is preferable to 

provide a second or booster injection after about 4 weeks, and begin harvesting the antibody source no 

35 less than about 1 week later. 

Sera harvested from the inmunized animals provide a saurce of polyclonal antibodies. Detailed 

procedures for purtfying specific antibody acllvity from a source material are known within the art If 

desired, the specific antibody actMty can be further purified by such techniques as protein A 

chromatography, ammonium sulfate precipitation, ion exchange chromatography. high-performance 
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liquJd chromatography and fmmunoaffinlty chromatagraphy on a COiumn of the immunizing polypeptide 

coupled to a solid support. 

Polyclonal antibodies raised by Immunizing with an Intact Glycoprotain B or a fragment 

comprising conserved sequences may be cross-reactive between herpes viruses. Antibodies that are 

5 virus or subfamily specific may be raiaed by immunizing with a suitably specific antigen, such as those 

listed above in Table 8. Alternatively, polyclonal antibodies raised against a larger fragment may be 

rendered specific by removing unwanted activity against other virus Glycoprotetn B's, for example, by 

passing the antibodies over an adsorbent made from Glycoprotein B and collecting the unbound 

fraction. 

10 Alternatively, immune cells such as splenocytes can be recovered fi'om the Immunized animals 

and used to prepare a monoclonal antibody-producing cell line. See, for example, Harrow & Lane 

(1988), U.S. Patent Nos. 4,472,500 (Miistein et al.), and U.S. -i,444,887 (Hoffman et al.). 

Briefly, an antibody-producing tine can be produced inter alia by cell fusion, or by transforming 

antibody-producing cells with Epstein Barr Virus, or transfonning with oncoganlc DNA. The treated 

15 cells are cloned and cultured, and clones are selected that produce antibody of the desired specificity. 

Specificity testing can be perfonnecl on culti.n supematants by a number of techniques, such as using 

the immunizing polypeptide as the detecting reagent in a standard immunoassay, or using cells 

expressing the polypeptide in immunohlstochemistry. A supply of monoclonal antibody from the 

selected clones can be purified from a large volume of tissue culture supematant, or from the ascltes 

20 ftuid of suitably prepared host animals injected with the clone. 

Effective variations of this method Include those in which the immunization with the polypeptide 

is performed on isolated cells. Antibody fragments and other derivatives can be prepared by methods 

of standard protein chemistry, such as subjecting tha antibody to daavage With a proteolytic enzyme. 

Genetically engineered variants of the anllbody can be produced by obtaining a polynucleotide 

25 encoding the antibody, and applying the general methods of molecular biology to Introduce mutations 

and translate the variant. 

Monoclonal antibodies raised by injecting an intact Glycoprotein B or a fragment comprising 

con881'Ved sequences may be crDSH'8active between herpes viruses. Antibodies that are virUs or 

subfamily spaclftc may be raised by immunizing with a suitably specific antigen, as may be selected 

30 from Table 8. Altematively, virus-specific clones may be selected from the cloned hybrldomas by using 

a suitable antigen, such as one selected from Class m of Table 8, in the screening process. 

Specific antibodies against herpes virus Glycoproteln B have a number of uses in 

developmental, diagnostic and therapeutic work. For example, antibodies can be used in drug 

screening (see U.S. Patent No. 5, 120,839). They may also be used as a component of a passive 

35 vaccine, or for detecting herpes virus in a biological sample anc:t for drug targeting, as described in the 

following aectlona. 

Antf.ldiotypes relating to GJycoprotein B may also be prepared. This Is accomplished by first 

preparing a Gtycoproteln B antibody, usually a monoclonal anUbody, according to the aforementioned 

methodology. The antibody is then used as an immunogen In a volunteer or experimental animal to 

Sa 
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raise an anti-idiotype. The anti-idiolype may be either monoclonal or polyctonal, and Its development is 

generally according to the methodology used for the first antibody. Selection of the anti·ldiotype or 

hybrldoma clones expressing anti-idiotype Is clone using the immunogen antibody as a positive 

selector, and using antibodies of unrelated specificity as negative selectors. Usually, the negative 

S selector antibodies will be a palyclonal lmmunoglobulln preparation or a pool comprising monoclonal 

immunoglobulins of the same immunoglobulin class and subclass. and the same species as the 

immunogen antibody. An anti-idlotype may be used as an alternative component of an active vaccine 

against Glycoproteln B. 

10 Use of antibodies for detecting Glycopmteln S In blologicalaamplas 

Antibodies specific for Gtycoprotein B can be used to detect Glycoprotein B polypeptides and 

fragments of viral origin that may be present, for example, in solid tissue samples and cultured cells. 

lmmunohistological techniques to carry out such determinations will be obvious to a practitioner of 

15 ordinary skiU. Generally, the tissue Is preserved by a combination of techniques which may include 

freezing, exchanging into different solvents, fixing with agents such as parafonnaldehyde, drying· with 

agents such as alcohol, or embedding in a commercially available medium such as paraffin or OCT. A 

section of the sample Is suitably prepared and overlaid With a primary antibody specific for the protein. 

The primary antibody may be provided directly with a suitable label. More frequently, the primary 

20 antibody ls detected using one of a number of developing reagents which are easily produced or 

available commercially. Tyt:ically, these developing reagents are anti-immunoglobulin or protein A, and 

they typically bear labels Which include, but are not limited to: fluorescent markers such as ftuorescein, 

enzymes such as peroxidase that are capable of precipitating a suitable chemical compound, eleclran 

dense markers such as colloidal gold, or radioisotopes such as 1251. The section Is then visualized 

25 using an appropriate microscopic technique, and the level of labeling is compared between the 

suspected virally Infected and a control cell, such as cells surrounding the area of infection or taken 

from a remote site. 

Proteins encoded by a Glycoprotein B gene can also be detected in a standard quantitative 

Immunoassay. If the protein is secreted or shed from infected cell in any appreciable amount, it may be 

30 detectable in plasma or serum samples. Alternatively, the target protein may be solubilizecl or extracted 

from a solid tissue sample. Before quantitating, the protein may optionally be affuced to a solid phase, 

such as by a blot technique or using a capture antibody. 

A number of immunoassay methods are established in the art for performing the quantitatlon. For 

example, the protein may be mixed with a pre-determined non-limiting amount of the reagent antibody 

35 specific for the protein. The reagent antibody may contain a directly attached label, such as an enzyme 

or a radioisotope, or a second labeled reagent may be added, such as anti..jmmunoglobulin or protein 

A. For a solid-phase assay, unreacted reagents ara removed by washing. For a liquid-phase aasay, 

unreacted reagents are removed by some other separation techniqUe, such as filtratiOn or 

chromatography. The amount of label captured in the complex is positively related to the amount of 

40 target protein present in the test sample. A variation of this technique is a competitive assay, in which 

~'il/ 
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the target protein competes with a labeled analog for binding sites on the specific antibody. In this 

case, the amount of label captured is negatively related to the amount of target protein present in a test 

sample. Results obtained using any such assay are compared between test samples, and control 

samples from an uninfected source. 

Use of antibodies fol' drug tatgetlng 

An example of how antibodies can be used in therapy of herpes virus infection is in the specific 

targeting of effector components. VlralJy Infected cens generally display peptides of the virus, especially 

10 proteins expressed on the outside of the viral envelope. The peptide therefore provides a marker for 

infected cells that a specific antibody can bind to. An effector component attached to the antibody 

therefore becomes concentrated near the Infected cells, improving the effect on those cells and 

decreasing the effect on uninfected cells. Furthermore, if the antibody is able to induce endocytosis. 

this will enhance entry of the effector Into the cell Interior. 

15 For the purpose of targeting, an antibody specific for the viral polypeptide (in this case, a region 

20 

of a Glycoprotein B) is conjugated with a suitable effector component, preferably by a covalent or 

high-affinity bond. Suitable effector components in such compositions include radionucUdes such as 
1311, toxic chemicals, and toxic peptides such as diphtheria toxin. Another suitable effector component 

is an antisense polynucleoUde, optionally encapsulated in a llposome. 

Diagnostic lrlts 

Diagnostic procec:k.lres using the polynucleatides, oligonucleotides, peptides, or antibodies of this 

invention may be performed by diagnostic laboratories, experimental laboratories, practitioners. or 

25 private individuals. This invention provides diagnostic kits which can be used in these settings. The 

presence of a herpes virus in the individual may be manifest in a clinical sample obtained from that 

individual as an alteration in the DNA, RNA, protein, or antibodies contained in the sample. An 

alteration in one of these components resulting from the presence of a herpes virus may take the form 

of an increase or decrease of the lewl of the component, or an alteration in the form of the component. 

30 compared with that in a sample from a healthy individual. The clinical sample is optionally pre-treated 

for enrichment of the target being tested for. The user then applies a reagent contained in the kit in 

order to datect the changed level or alteration in the diagnostic component. 

Each kit necessarily comprises the reagent which renders the procedure specific: a reagent 

polynudeotide, used for detecting target DNA or RNA; a reagent antibody, used for detecting target 

35 protein: or a reagent polypeptide, used for detecting target antibody that may be present In a sample to 

be analyzed. The reagent is supplied in a solid form or liquid buffer that is suitable for inventory 

storage, and later for exchange or addition into the reaction medium When the test Is performed. 

Suitable packaging is provided. The kit may optionally provide additional components that are useful in 

the procedure. These optional components include buffers, capture reagents, developing reagents, 
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labels, reacting surfaces, means for detection, control samples, Instructions, and interpretive 

information. 

Other members of the RFHVIKSHV subfamily 

RFHV and KSHV are exemplary members of the RFHV/KSHV subfamily. This invention 

embodies polynucleotide sequences encoding Glycoproteln B of other members of the subfamily, as 

defined herein. The consensus-degenerate gamma herpes virus oligonucleotide Type 1 and 2 primers, 

and the methods described herein are designed to be suitable for charaderizatlon of the corresponding 

10 polynucleotide fragment of other members of the RFHVIKSHV subfamily. One such member is another 

virus infecting monkeys, designated RFHV2. A segment of the Glycoprotein encoding sequence for this 

virus was cloned from RF tissue obtained from a Macaca mutatta monkey, as described In Example 12. 

In order to identify and characterize other members of the family, reagents and methods of this 

invention are applied to DNA extracted from tissue samples suspected of being Infected With such a 

15 vtrus. 

Suitable sources of DNA for this purpose include biological samples obtained from a wide range 

of conditions occurring In humans and other vertebrates. Preferred are conditions in which the agent is 

suspected of being lymphotrophic, similar to other members of the gamma herpes virus subfamil)'; for 

example, infectious mononucleosis of non-ESV origin. More preferred are conditions which resemble in 

20 at least one of their clinical or histological features the conditions with which RFHV or KSHV are 

associated. These include: a) conditions in which fibroproliferatlon is part of the pathology of the 

disease, especially in association with collagen deposition, and especially where the fibrous tissue is 

disorganized; b) conditions involving vascular dysplasia: c) conditions Involving malignant 

transformation, especiaDy but not limited to cells of lymphocyte lineage; d) conditions for which an 

25 underlying immunodeficiency contributes to the frequency or severity of the disease; e) conditions 

which arise idlopathlcally at multiple sites in an organ or in the body as a whole; f) conditions which 

epidemiological data suggests fre associated with an Infectious or environmental agent. Conditions 

which fulfill more than one of these criteria are comparably more preferred. Some examples of 

especially preferred conditions include retroperitoneal fibrosis, nodular fibromatosis, 

30 pseudosarcomatous fibromatosis, fibrosarcomas, sclerosing mesenteritis, acute respiratory disease 

syndrome, idiopathic pulmonary fibrosis, diffuse proliferative glomerulonephritis of various types, 

gllomas, glioblastomas, gliosis, and all types of leukemias and lymphomas. 

The type of tissue sample used will depend on the clinical manifestations of the condition. 

Samples more likely to contain a virus associated with the condition may be taken from the site involved 

35 In the disease pathology, or to which there is some other evidence of viral tropism. Peripheral blood 

mononuclear cells of an Infected Individual may also act as a carrier of an RFHVJKSHV subfamHy virus. 

KSHV has been detected in PBMC of both Kaposi's Sarcoma (Moore et al. 1995b) and castleman's 

disease (Dupin et al.). Other suitable sources are eell cultures developed from such sources. and 

enriched or Isolated preparations of virus obtained from such sources. For negative control samples, 
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tissue may be obtained from apparently unaffected sites on the same Individuals, or from matched 

Individuals who apparently do not suffer from the condition. 

The process of Identification of members of the RFHVIKSHV subfamily preferably involves the 

use of the methods and reagents provided In this invention, either singularly or In combination. 

5 Ona method involves amplifying a polynudeotlde encoding a herpes virus Glycaprotein B from 

DNA extracted from the sample. This can be performed, for example, by amplifying the pofynudeotide 

in a reaction such as a PCR. In one variation, the amplification reaction Is primed using broadly specific 

consensus-degenerate Type 1 oligonucleotldes, suCh as thoSe shown in Table 4. This will amplify 

herpes viruses, primarily of the gamma type. Since the RFHV/KSHV subfamily is a subset of gamma 

1 o herpes viruses, Glycoproteln B sequences detected by this variation need to be characterized fUrther to 

determine whether they fall into the RFHV/KSHV subfamily. In a second variation, the amplification Is 

primed with RFHV or KSHV specific Type 3 oligonucleotides, such as those Hated In Table 7, or other 

Glycoprotein B polynucleotide segments taken from these viruses. The amplification is conducted 

under conditions of medium to IOw stringency, so that the oligonucleotides wiU cross-hybridize with 

15 related species of viruses. Jn a more preferred variation, the amprlfication reaction is primed using 

RFHV/KSHV subfamily specific Type 2 oligonucleotides, such as those listed in Table 6. Under 

appropriate hybridization conditions, these primers will preferentially ampllfy Glycoprotein B from herpes 

viruses in the subfamily. 

Preferred members of the subfamily detected using a Glycoprotein B polynucleotlde probe are 

20 those that are at least 85% Identical with the RFHV or KSHV Glycoproteln B nucleotide sequence 

between residues 36 and 354 of SEQ. ID N0:1 or SEQ. ID N0:3. More preferred are those that are at 

least about 67% identical; more preferred are those at least about 70% identical; more preferred are 

those that are at least about 80% identical; even mare preferred are those about 90% identical or more. 

Members of the subfamily can also be Identified by performing a hybridization assay on the 

25 polynucleotide of the sample, using a suitable probe. The polynucleotide to be tested may optionaly be 

amplified before conducting the hybridization assay, such as by using Type 1 or Type 2 

ollgonucleotides as primers. The target is then tested in a hybridization reaction with a suitable labeled 

probe. The probe preferably comprises at least 21 nucleotides, preferably at least about 25 

nucleotides, more preferably at least about 50 nucleotides contained the RFHV or KSHV Glycoprotein B 

30 sequence in SEQ. ID NOS:1and3. Even more preferably, the probe comprises nucleotides 3&.354 of 

SEQ. ID NOS:1or3. Other prefened probes include Type 2 oligonudeotldes, such as those shown in 

Table 6. Hybridization conditions are selected to permit the probe to hybridize with Glycoprotein B 

polynucleotide sequences from the RFHV/KSHV subfamily, but not previously sequenced herpes 

viruses; particularly sHV1, bHV4, eHV2, mHV88, hEBV, hCMV, hHV6, h'VZY, and HSV1. Formation of 

35 a stable duplex with the test polynuclaolide under these conditions suggests the presence of a 

polynucleotide in the sample derived from a member of the RFHV/KSHV subfamily. 

Members of the subfamily can also be Identified by using a Class II antibody, the preparation of 

Which was outlined earlier. A Class II antibody cross-reacts between antigens produced by members of 

the RFHVIKSHV subfamily, but not with other antigens, induding those produced by herpes viruses not 

S? 
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members of the subfamily. The test for new subfamily merners Is performed, for example, by using the 

antibodies In an lmmunohistochemistry study of tissue sections prepared from individuals with the 

conditions listed above. Positive staining of a tissue section with the antibody suggests the presence of 

Glycoprotein B in the sample from a member of the RFHVJKSHV subfamily, probably because the 

5 tissue is infected with the virus. If, in addition, the tissue section is non-reactive With RFHV and KSHV 

specific Class Ill antibodies, the Glycoprotein B in the tissue may be derived from another member of 

the subfamily. Slmllarty, if Class H antibodies are found in the circulation of an individual, the individual 

may have been subject to a present or past infection with a member of the RFHVIKSHV subfamily. 

Once a putative new virus is identified by any of the aforementioned methods, its membership in 

1 O the RFHVIKSHV subfamily may be confirmed by obtaining and sequencing a region of the Glycoprotein 

B gene of the virus, and comparing it with that of RFHV or KSHV according to the subfamily definition. 

For new members of the RFHV/KSHV subfamily, other embodiments of this invention may be brought 

into play for purposes of detection, diagnosis, and pharmaceutical development. Adaptation of the 

embodiments of the invention for a new subfamily member, if required, is expected to be minor in 

15 nature, and will be obvious based on the new sequence data, or a matter of routine adjustment. 

Alteted forms of Glycoproteln 8 from the RFHVIKSHV subfamily 

This invention also embodies altered fonns of Glycoprotein B of the RFHVIKSHV subfamily. 

20 A number of studies on both naturally occurring and induced mutations of the Glycoprotein 8 of 

HSV1 and hCMV point to a role of certain regions of the molecule for its the various biochemical 

functions. See, for example, Reschke et al. and Baghian et al. for a role of carboxy-termlnal amino 

acids in fusion; Shiu et al. and Pellett et al. for epitopes for neutralizing antibodies; Gage et al. for 

regions of the molecule involved in syncytium formation: Navarro et al. (1992) for regions Involved in 

25 virus penetration and cell-to-cell spread; Quadri et al. and Navarro et al. (1991) for regions involved in 

intracellular transport of Glycoprotein B during biosynthesis. 

Some of the residues described may be conserved between the Glycoprotein B molecules of the 

viruses investigated previously, and the Glycoprotein B ·molecules described herein. By analogy, 

mutation of the same resiclUe in the Glycoprotein B of the RFHVIKSHV subfamily is expected to have a 

30 similar effect as described for other viruses. Alternatively, functional regions of different Glycoprotein B 

molecules may be combined to produce Glycoprotein B recombinants with altered function. For 

example, replacing the Glycoproteln B gene in a pathogenic virus with that of a non-pathogenic virus 

may reduce the pathogeniclty of the recombinant (Kostal et al.). Either mutation and recombination of 

Glycoprotein B of the RFHVIKSHV herpes virus subfamily may lead to attenuated strains, In which 

35 either the lnfectivity, replication activity, or pathogenicity is reduced. Alterations in the Glycoprotein B 

sequence which have these effects are contemplated in this invention. 

Attenuated strains of herpes viruses are useful, for example, in developing polyvalent vaccines. 

It is desirable, especially in developing countries, to provide prophylactic vaccines capable of 

stimulating the immune system against several potential pathogens simultaneously. Viruses that are 

-40 engineered to express immunogenic peptides of several different pathogens may accomplish this 

Si 
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purpose. Herpes viruses may be especially suitable vectors. because the large genome may easily 

accommaclate several kilobasea of extra DNA encoding the peptides. Ideally. the viral vector is 

sufficiently intact to exhibit some biological activity and attract the attention of the host's immune 

system, while at the same time being sufficiently attenuated not to cause significant pathology. Thus, 

5 an attenuated virus of the RFHVJKSHV subfamily may be useful as a vaccine against like virulent 

forms, and may be modified to express additional peptides and extend the range of immune protection. 

Another use for attenuated forms of herpes viruses is as delivery vehicles for gene therapy 

(Latchman et al •• Glorioso et al.). In order to be effective, polynucleotides in gene therapy must be 

delivered to the target tissue site. In the treatment of fibrOtic diseases, malignancies and related 

10 conditions, attenuated viral vectors of the RFHVIKSHV subfamily may be preferable over other 

targeting mechanisms. including other herpes viruses, since they have the means by wliich to target 

towards the affected tissues. In this embodiment. the virus Is first attenuated, and then modified to 

contain the polynucleotlde that Is desJred for gene therapy, such as those that are outlined in a previous 

section. 

15 

Glycoproteln B In RFHVIKSHV subfamily vaccines 

Because of itB prominence on the envelope of the infectious virus and infected cells, glycoprotein 

B Is predicted to be a useful target for immune effectors. Herpes virus Glycoprotein B Is generally 

20 imrnunogenic, giving rise to antibodies capable of neutralizing the virus and preventing It from entering 

a replicative phase. In addition. Glycoprotein B is capable of eliciting a T-cell response, which may help 

eradicate an ongoing viral Infection by attacking sites of viral replication in host cells. 

This Invention embodies vaccine compositions and methods for using them In the prevention and 

management of Infection by viruses from the RFHV/KSHV subfamily. 

25 One series of embodiments relate to active vaccines. These compositions are designed to 

stimulate an immune response in the individual being treated against Glycoprotein B. They generally 

comprise either the Glycoprotein B molecule. an immunogenic fragment or variant thereof, or a cell or 

particle capable of expressing the Glycoproteln B molecule. Altematively. they may comprise a 

polynucleotlde encoding an lmmunogenlc Glycoprotein B fragment (Hom et al.). preferably In the farm 

30 of an expression ve~r. Polynucleotide vaccines may optionally comprise a delivery vehicle like a 

tlposome or viral vector particle, or may be administered as naked DNA. 

Vaccine compositions of this invention are designed in such a WfJ1f that the immunogenic 

fragment is presented to stimulate the proliferation and/or biological function of the appropriate immune 

cell type. Compositions directed at ellcltlng an antibody response comprise or encode B cell epitopes, 

35 and may also comprise or encode other elements that enhance uptake and display by 

antigen-presentation cells, or that recruit T cell help. Compositions directed at eliciting helper T cells, 

especially c04• cells, generally comprise T cell epitopes that can be presented in the context of class II 

histocompatlblllty molecules. Compositions directed at Stimulating cytotoxic T cells and their 

precursors, especially cos• cells, generally comprise T cell epitopes that can be presented in the 

40 context of class I histocompatibillty molecules. 
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In the protection of an Individual against a future exposure with herpes virus, an antibody 

response may be sufficient Prophylactic compositions preferably comprise components that elicit a e 

cell response. Successful eradication of an ongoing herpes Virus infection may involve the partidpation 

of cytotoxic T cells, T helper-inducer cells, or both. Infections for treating ongoing infection preferably 

5 comprise components capable of eliciting both T helper cells ancl cytotoxic T cells. Compositions that 

preferentially stimulate Type 1 helper (T Ht) cells over Type 2 helper {T H2) cells are even more preferred. 

The preparation and testing of suitable compositions for active vaccines is outlined in the sections that 

follow. 

Another series of embodiments relates to passive vaccines ancl other materials for adoptive 

1 O transfer. These compositions generally comprise specific immune components against Glycoprotein B 

that are immediately ready to participate In viral neutralization or eradication. Therapeutic methods 

using these compositions are preferred to prevent pathologic consequences of a recent viral exposure. 

They are also preferred In lmmunocompramized indlViduals Incapable of mounting a sufficient immune 

response to an active vaccine. Such Individuals Include those with congenital immunodeficiencies, 

15 acquired immunodeficiencies (such as those Infected with t;flV or on kidney dialysis), and those on 

immunosuppreasive therapies, for example, with corticosteroids. 

Suitable materials for adoptive transfer include specific antibody against Glycoprotein B, as 

described below. Also Included are the adoptive transfer of immune cells. For example. T cells 

reactive against Glycopratein B may be taken from a donor individual, optionally cloned or cultured in 

20 vitro, and then transferred to a histocompatible recipient. More preferably, the transferred cells are 

autologous to the recipient, and stimulated in vitro. Thus, T cells are purified from the Individual to be 

treated, cultured in the presence of immunogenic components of Glycoprotein B and suitable 

stimulatory factors to elicit virus-specific cells, and then readmlnistered. 

Certain compositions embodied herein may have properties of both active and passive vaccines. 

25 For example, Glycoprotein B antibody given by adoptive transfer may confer Immediate protection 

30 

against herpes virus, and may also stimulate an ongoing response, through an anti·idiotype network, or 

by enhancing the immune presentation of viral antigen. 

Vaccines comprising Glycopiotaln B polypeptides 

Specific components of vaccines to stimulate an Immune response against Glycoprotein B 

include the intact Glycoprotaln B molecule, and fragments of Glycoprotein B that are immunogenic in 

the hast. 

Intact Glycoprotein B and longer fragments thereof may be prepared by any of the methods 

35 described earlier, especially purification from a suitable expression vector comprising a Glycoproteln B 

encoding polynucleotide. Isolated Glycoprotein B from other viral strains stimulate a protective immune 

response (See U.S. Patent Nos. 5, 171,568: Burke et al.). Preferred fragments comprise regions of the 

molecule exposed on the outside of the intact viral envelope; located within about 650 amino acids of 

the N·tenninal of the mature protein. 
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Glycosylation of Glycoprotein Bis not required for immunogeniclty (O'Donnell et al.). Hence, 

gtycosylated and unglycoaylated fonns of the molecule are equally praferred. Glycosylation may be 

determined by standard techniques; for example, comparing the mobility of the protein in SOS 

polyaaylamide gel electrophoresis before and after treating with commercially available 

5 endoglycosidaSe type F or H. 

Smaller fragments of 5-50 amino acids comprising particular epltopes of Glycoprotein B are also 

suitable vaccine components. These may be prepared by any of the methods described earlier; most 

conveniently, by chemical synthesis. Preferred fragments are those Which are immunagenic and 

expressed on the outside of the viral envelope. Even more preferred are fragments implicated in a 

1 O biological function of Glycoprotein B, such as binding to ceJI surfaee receptors or penetration of the virus 

into a target cell. 

lmmunogeniclty of various epitopes may be predicted by algorithms known in the art Antigenic 

regions for B cell receptors may be detannlned, for example. by identifflng regions Of variable polarity 

(Hopp et al., see Example 9). Antigenic regions for T cell receptors may be determined, for example, 

15 by identifying regions capable of fanning an amphipathic helix in the presentation groove of a 

histocompatibility molecule. Antigenic regions may also be identified by analogy with Glycoprotein B 

molecules of other viral species. See, e.g., Sanchez-Pescador et al. and Mester et al., for B cell 

epltopes of HSV1; Uu et al. for HLA-restrieted helper T cell epltopes of hCMV; and Hanke et al. for 

cytotoxic T lymphocyte epitopes of HSV1. 

20 lmmunogenicity of various epitopes may be measured experimentally by a number of different 

techniques. Generally, these involve preparing protein fragments of 5-20 amino acids in length 

comprising potential antigenic regions, and testing them in a specific bioassay. Fragments may be 

prepared by CNBr and/or proteolytic degradation of a larger segment of Glyc:oproteln B, and purified, for 

example, by gel electrophoresis and blotting onto nitrocellulose (Demotz et al.). Fragments may also 

25 be prepared by standard peptide synthesis (Schumacher et al., Liu et al.). In a preferred method, 

consecutive peptides of 12 amino acids overlapping by B residues are synthesized according to the 

entire extracellular domain of the mature Glycoprotein B molecule, using F-Moc chemistry on a nylon 

membrane support {see Example 11). 

Readivity against the prepared fragment can then be determined in samples from individuals 

30 exposed to the intact virus or a Glycoprotein B component. The Individual may have been 

experimentally exposed to the Glycoproteln B component by deliberate administration. Alternatively, 

the individual may have a naturally occurring viral infection, preferably confirmed by a positive 

amplification reaction using a virus-specific oligonucleotide probe to Glycoproteln B or DNA 

Polymerase. Blood samples are obtained from the individual, and used to prepare serum, T cells, and 

35 peripheral blood mononuclear cells (PBMC) by standard techniques. 

Serum may be tested tor the presence of Glycoproteln B specific antibody in an enzyme-linked 

immunosorbant assay. For example, peptides attached to a solid support such as a nylon membrane 

are incubated with the serum, washed, incubated with an enzyme-linked anti-immunoglobulin, and 

developed using an enzyme substrate. The presence of antibody against a particular Glycoprotein B 

ft, I 
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peptide Is Indicated by a higher level of reaction product in the test welt than in a well containing an 

unrelated peptide (Example 11). 

Lymphocyte preparations may be tested for the presence of Glycoprotein B specific helper T 

cells in a proliferation assay. Approximately 2 x 1 a' helper T cells are incubated with the peptide at 1 o· 
5 '· 1 o"' M in the presence of inaclfated autologous or irradiated 1 a5 PBMC as antigen presenting cells for 

about 3 days. (3Hrrhymidine iS added for about the last 16 h of culture. The cells are then haNestad 

and washed. Radioactivity In the washeel cells at a level of about 10 fold over those cultured in the 

absence of peptide reflects proliferation of T cells specific for the peptide (Liu et at.). If desired. cells 

with a co3• 4•a· phenotype may be cloned for further Characterization of the helper T cell response. 

10 Lymphocyte preparations may be tested for the presence of Glycoprotein B specific cytotoxic T 

cells in a 51Cr release assay. Targets are prepared by infecting allogeneic cells with a herpes viNS 

comprising an expressible Glycoprotein B gene. Alternatively. atlogeneic cells transfected with a 

Glycoprotein B expression vector may be used. The targets are incubated with 51Cr for about 90 min at 

37-C and then washed. About 5 x 10' target cells are Incubated with 1cr4-1 o..s M of the peptide and 

15 0.1·2x1o' test T cells for about 30 min at 3i-c. Radioactivity released Into the supernatant at a level 

substantially above that due to spontaneous lysis reflects CTL activity. If desired, cells with a co3•41r 
phenotype may be cloned for further characterization Of the CTL response. 

Glycoproteln B peptides may optionally be combined in a vaccine with o1her peptidel of the 

same virus. Suitable peptides include peptides of any of the other components of the herpes virus, 

20 such as Glycoprotelns c. D. H, E. I, J, and G. Glycoprotein B peptides may also optionally be 

combined with immunogenic peptides from different viruses to provide a multivalent vaccine against 

more than one pathogenic organism. Peptides may be combined by preparing a mixture of the 

peptides in solution. or by synthesJzing a fusion protein in which the various peptide components are 

linked. 

25 Forms of Glycoproteln B comprising suitable epitopes may optionally be treated chemically to 

enhance their immunogenlcity, especially if they comprise 100 amino acids or less. Such treatment 

may include cross-linking, for example, with glutaraldehyde; linking to a protein carrier, such as keyhole 

limpet hemocyanin (KLH) or tetanus toxold. 

The peptide or peptide mixture may be used neat. but normally will be combined with a 

30 physiologically and pharmacologically acceptable excipient, such as water, saline. physiologically 

buffered saline, or sugar solutiOn. 

In a preferred embodiment, an active vaccine also comprises an adjuvant which enhances 

presentation of the immunogen or othelwise accentuates the immune response against the 

immunogen. Suitable adjuvants include alum, aluminum hydroxide, befa.2 microglobulin (WO 

35 91116924: Rock et al.), muramyl dlpeptides. muramyl tripeptides (U.S. Patent No. 5, 171,568: Burke et 

al.), and monophosphOlyl lipid A (U.S. Patent No. 4,436,728: Ribl et al.: and WO 92116231: Francotte et 

al.). lmmunomodulators such as Interleukin 2 may also be present. The peptide and other components 

(if present) are optionally encapsulated In a rtposome or mlcrosphere. For an outline of the 

experimental te&ting of various adjuvants. see U.S. Patent No. 5,171 ,568 (Burke et al.). A variety of 

'"~ 
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adjuvants may be efficacious. The choice of st acljuvant will depend at least in part on the stabirlty of 
the vaccine in the presence of the adjuvant, the route of administration, and the regulatory acceptability 
of the adjwant, particularly when intended for human use. 

Polypeptide vaccines generally have a broad range of effective latitude. The usual route of 
5 administration is intramuscular, but preparations may also be developed which are effective given by 

other routes, including intravenous, lntraperttoneal, oral, intranasal, and by inhalation. The total amount 
of Glycoprotein B polypeptide per dose of vaccine when given intramuscularly will generally be about 10 
1&g to 5 mg; usually about 50 1&g to 2 mg; and more usually about 100 to 500 1&9. The vaccine is 
preferably administered first as a prlmtng dose, and then again as a boosting dose, usually at least four 

10 weeks later. Further boosting doses may be given to enhance or rejuvenate the response on a periodic 
basis. 

Vacc:lnes comprlalng viral palllc/M exp1'8Alng Glycoproteln B 

15 Active vaccines may also be prepared as particles that express an immunogenic epitope of 
Glycoprotein B. 

One such vaccine comprises the L-particle of a recombinant herpes virus (see U.S. Patent No. 
5,284,122: Cunningham et al.). The genome of the recombinant virus Is defective in a capsid 
component, or othelwise prevented from forming intact virus; however, it retains the abDity to make 

20 L-partides. The genome is engineered to include a Glycoproteln B encoding polynucleotide of the 
present invention operatively linked to the controlling elements of the recombinait virus. The virus is 
then grown, for example, in cultured cells, and the particles are purified by centrifugation on a suitable 
gradient, such as FICOLL™. Such preparations are free of Infective virus, and capable of expressing 
peptide components of a number of different desirable epltopes. 

25 Another such vaccine comprises a live virus that expresses Glycoprotein B of the present 
invention as a heterologous antigen. SUch viruses include HIV, SIV, FIV, equine infectious anemia, 
visna virus, and herpes viruses of other species. The virus should be naturally non-pathogenic in the 
species to be treated; or alternatively, it should be attenuated by genetic modification, for example, to 
reduce replication or virulence. Herpes virus may be attenuated by mutation of a gene Involved in 

30 replication, such as the DNA Polymerase gene. Herpes virus may also be attenuated by deletion of an 
essential late-stage component, such as Gtycoprotein H CWO 92105263: Inglis et al.). A live vaccine 
may be capable of a low level of replication In the host, particularly if this enhances protein expression, 
but not to the extent that it causes any pathological manifestation in the subject being treated. 

A preferred viral species for preparing a live vaccine is adenovirus. For human therapy, human 
35 adenovirus types 4 and 7 have been shown to have no adverse affects, and are suitable for use as 

vectors. Accordingly, a Glycoprotein B polynucleotide of the present invention may be engineered, for 
example, into the E1 or E3 region of the viral genome. It is known that adenovirus vectors expressing 
Glycoprotein B from HSV1 or HSV2 stimulate the production of high titer vlrus-neutraliZlng antibody 
(McDermott et al.). The response protects experimental animals against a lethal challenge with the 

40 respective live virus. 
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Also preferred as a virus for a live recombinant vaccine is a recombinant pox virus, especially 

vaccinia. Even more preferred are strains of vaccinia virus which have been modified to inactivate a 

non-essential virulence factor, for example, by delatlon or insertion of an open reading frame relating to 

lhe factor (U.S. Patent No. 5,364,773: Paoletti et al.). To prepare lhe vaccine, a Glycoprotein B 

5 encoding polynucleotide of the present invention is genetically engineered into the viral genome anel 

expressed under control of a vaccinia virus promoter. Recombinants of this type may be used directly 

for vaccination at about 107-1o' plaqu•forming units per dose. Single doses may be sufficient to 

stimulate an antibody response. Vaccinia virus recombinants comprising Glycoprotein B of HSV1 are 

effective in protecting mice against lethal HSV1 infection (Cantin et al.). 

10 Another vaccine In this category is a self-assembling repllcation-defectiye hybrid virus. See, for 

example, WO 92/05263 (Inglis et al.). The particle may contain. for example, capsid and envelope 

glycoprotelns, but not an intact Viral genome. As embodied in this invention, one of the glycoproteins in 

the viral envelope is Gl~proteln B. 

In a preferred embodiment, the particle is praduced by a viral vector of a first species, having a 

15 sufficient segment of the genome of that species to replicate, along with encoding regions for a capsid 

and an envelope from a heterologous species (see U.S. Patent No. 5,420,026: Payne). Genetic 

elements of the first species are selected such that infection of eukaryctic cells with the vector produces 

capsid and envelope glycoprotelns that self-assemble Into replication-defective particles. In a variant of 

this embodiment, polynucleotides encoding the capsid and envelope glycoptcteins are provided In two 

20 separate vectors derived from the first viral species. The capsid encoding regions may be derived from 

a lentivirus, such as HIV, SIV, FIV, equine Infectious anemia virus, or visna virus. The envelope 

encoding regions comprise a Glycoprotein B encoding palynucleotide of lhe present invention. 

Preferably, all envelope components are encoded by a herpes virus, particularly of the RFHV/KSHV 

subfamily. The defective viral particles are obtained by infecting a susceptible eukaryotic cell line such 

25 as BSC-40 with the vector(s) and haNestlng the supernatant after about 18 hours. Viral particles may 

be further purified, if desired, by centrifugation through a sucrose cushion. Particles may also be 

treated with 0.8% formalin at 40-C for 24 hours prior to administration as a vaccine. 

Vaccines comprising a live attenuated Virus or virus analog may be lyophiliZed for refrigeration. 

Dlluents may optionally include tissue culture medium, sorbitol. gelatin, sodium bicarbonate, albumin, 

30 gelatin, saline solution, phOsphate buffer, and sterile water. Other active components may optionally be 

added. such as attenuated strains of measles, mumps, and rubella, to produce a polyvalent vaccine. 

The suspension may be lyophlllzed, for example, by the gas injection technique. This is performed by 

placing vials of vaccine in a lyophllizing chamber precooled to about -459<: with 10-18 Pa of dry sterile 

argon, raising the temperature about 5-259<: per h to +30"C, conducting a second lyophiliZing cycle with 

35 full vacuum, and then seaHng the Vials under argon in the usual fashion (see EP 029019781: Mcaleer et 

al.). For vaccines comprising live herpes virus, the final lyophllized preparation will preferably contain 

2-8% moisture. 

It is recognized that a number of altematiYe compositions for active vaccines, not limited to those 

described here In detail, may be efficacious in eliciting specific B- and T-cell Immunity. All such 
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compositions are embodied in the spirit of the present invention, providing they include a RFHVJKSHV 

subfamily Glycoproteln B pclynucleotide or polypeptide as an active Ingredient. 

Vaccines comprising Glycoproteln B an'llbodlu 

Antibody against Glycoprotein B of the RFHV/KSHV subfamily may be administered by adoptive 

transfer to immediately confer a level of humoral Immunity in the treated subject. Passively 

administered antl-glycoproteln B experimentally protects against a lethal challenge with other herpes 

viruses, even in subjects with compromised T-cell immunity (Eis-Hubinger et al.). 

10 The antibody molecule used should be specific fer Glycoproteln B against which protection is 

desired. It should not cross-reactive with other antigens, particularly endogenous antigens of the 

subject to be treated. The antibody may be specific for the entire RFHV/KSHV subfamily (Class II 

antibodies), or for a particular virus species (Class Ill antibodies), depending on the ObjectiVe of the 

treatment. Preferably, the antibody will have an overall affinity for a polyvalent antigen of at least about 

15 1D8 M"1: more preferably it will be at least about 1010 M'1: more preferably it will be at least about 1012 

M"1; even more preferably, it will be 1013 M"1 or more. Intact antibody molecules, recombinants, fusion 

proteins, or antibody fragments may be used; however, intact antibody molecules or recombinants able 

to express natural antibody effector fUnctlons are preferred. Relevant effector fl.lictions include but are 

not limited to virus aggregation; antibody-dependent cellular cytotoxicity; complement activation; and 

20 opsonization. 

Antibody may be prepared according to the description provided in an earlier section. For 

systemic protection, the antibody is preferably monomeric, and preferably of the tgG class. For 

mucosa! protection, the antibOdy may be polymeric, preferably of the lgA class. The antibody may be 

either monoclonal or polydonal; typically, a cocktail of monoclonal antibodies is preferred. It is also 

25 preferred that the preparation be substantially pure of other biological components from the original 

antibody source. Other antibody molecules of desired reactivity, and carriers or stabilizers may be 

added after purification. 

In some instances, it Is desirable that the antibody resemble as closely as possible an antibody 

of the species which is to be treated. This Is to prevent the administered antibody from becoming itself 

30 a target of the recipient's immune response. Antibodies of this type are especially desirable when the 

subject has an active immune system, or when the antibodies are to be administered in repeat closes. 

Accordingly, this invention embodies anti-Glycoprotein B antibody which is human, or which has 

been humanized. Polyclonal human antibody may be purified from the sera of human lndMduals 

previously infected with the respective RFHV/KSHV subfamily herpes virus, or from volunteers 

35 administered with an active vaccine. Monoclonal human antibody may be produced from the 

lymphocytes of such individuals, obtained, for example, from peripheral blood. In general, human 

hybridomas may be generated according to the methods outlined earlier. Usually, the production of 

stable human hybriclomas will require a combination of manipulative techniques, such as both fusion 

with a human myeloma ceff line and transfomaation, for example, with EBV. 
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In a preferred method, human antibody is produced from a chimeric non-primate animal with 

fundional human immunoglobulin loci rNQ 91/10741: Jakobovits et al.). The non-primate animal strain 

{typically a mouse) is Incapable of expressing endogenous immunoglobulin heavy chain, and optimally 

at least one endogenous immunoglobulin light chain. The animals ara genetically engineered to 

5 express human heavy chain, and optimally also a human light chain. These animals we immunized 

with a Glycoprotein B of the RFHV/KSHV subfamHy of herpes viruses. Their sera can then be used to 

prepare polyclonal antibody, and their lymphocytes can be used to prepare hybridomas in the usual 

fashion. Aiter appropriate selection and purification, the resultant antlbOdy Is a human antibody with the 

desired specificity. 

1 O In another prefened method, a monoclonal antibody with the desired specificity for Glycoprotein 

Bis first developed in another species, such as a mouse, and then humanized. To humanize the 

antibody, the polynucleotide encoding the specific antibody is isolated, antigen binding regions are 

obtained. and then recombined with polynucleotides encoding elements of a human immunogloburm of 
unrelated specificity. Altematively, the nucleotide sequence of the specific antibody is obtained and 

15 used to design a related sequence with human characteristics, which can be prepared, for example, by 

ehemieal synthesis. The heavy chain constant region or the light chain constant region of the specific 

antibody, preferably both, are substitUted with the constant regions of a human immunoglobulin of the 

desired dass. Preferably, segments of the variable region of both chains outside the complementarity 

determining regions (COR) are also substituted with their human equivalents (EP 0329400: Winter). 

20 Even more preferab,y, segments of the variable region are substituted with their human 

equivalents, providing they are not involved either in antigen binding or maintaining the structure of the 

binding site. Important amino acids may be identified, for example, as described by Padlan. In one 

particular technique (WO 94/11509: Couto et al.), a positional consensus sequence is developed using 

sequence and crystallography data of known immunoglobulins. The amino acid sequence of the 

25 Glycoprotein B specific antibody is compared With the model sequence, and amino acids involved in 

antigen binding, contact with CDR's, or contact with opposing chains are identified. The other amino 

acids are altered, where necessary, to make them conform to a consensus of human immunoglobulin 

sequences. A. polynucleotide encoding the humanized sequence Is then prepared, transfacted into a 

host cell, and used to produce humanized antibody with the same Glycoprotein B specificity as the 

30 orlginany obtained antibody clone. 

Specific antibody obtained using any of these methods is generally sterilized, mixed with a 

pharmaceutically compatible excipient. Stabilizers such as 0.3 molar glycine, and preservatives such 

as 1:10,000 thimerosal, may also be present. The suspension may be buffered to neutral pH {-7.0), for 

example, by sodium carbonate. The potency may optionally be adjusted by the addition of normal 

35 human lgG, obtained from large pools of normal plasma, for example, by the Cohn cold ethanol 

fractionation procedure. Other diluents, sueh as albumin solution, may be used as an alternative. The 

concentration is adjusted so that a single dose administration constitutes 0.005-0.2 mglkg, preferably 

about 0.06 mg/kg. A single dose preferably results in a circulating level of anti-Glycoproteln 8, as 

detected by ELISA or other suitable technique, which are comparable to those observed in individuals 

"' 
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who have received an active Glycoprotein B vaccile or have recovered from an acute Infection with the 
corresponding virus, or which are known from experimental work to be protective against challenges 
with a pathologic dose of virus. 

Administration should generally be performed by intramuscular Injection, not Intravenously, and 
5 care should be taken to assure that the needle is not in a blood vessel. Special care should be taken 

with individuals who have a history of systemic allergic reactions following administration of human 
globuln. For prophylactic applications, the antibody preparation may optionally be administered in 
combination with an active vaccine for Glycoproteln B, as described in the preceding sections. For 
post-exposure applications, the antibody preparation is preferably administered Within one week of the 

1 O exposure, more preferably within 24 hours, or as soon as possible after the exposure. Subsequent 
doses may optionally be given at approximately 3 month intervals. 

As for all therapeutic instruments described herein, the amount of composition to be used, and 
the appropriate route and schedule of administration, will depend on the clinical status and 
requirements of the particular individual being beated. The choice of a particular regimen is ultimately 

15 the responsibility of the prescribing physician or.veterinarian. 

The foregoing description provides, inter alia, a detailed explanation of how Glycoprotein B 
encoding regions of herpes viruses, particularly those of the RFHVIKSHV subfamily, can be identified 
and their sequences obtained. Polynucleotlde sequences for encoding regions of Glycoprotein B of 

20 both RFHV and KSHV are provided. 

The polynucleotide sequences listed herein for RFHV and KSHV are believed to be an accurate 
rendition of the sequences contained in the polynucleotides from the herpes viruses in the tissue 
samples used for this study. They represent a consensus of sequence data obtained from multiple 
clones. However, it is recognized that sequences obtained by amplification methods such as PCR may 

25 comprise occasional errors In the sequence as a result of amplification. The error rate Is estimated to 
be between about 0.44% and 0.75% for single determinations; about the same rate divided by .,/(n-1) for 
the consensus of n different detenninations. Nevertheless, the error rate may be as high as 1% or 
more. Sequences free of amplification errors can be obtained by creating a library of herpes virus 
polynucleotide sequences, using oligonucleotides such as those provided in Table 7 to select relevant 

30 clones, and sequencing the DNA In the selected clones. The relevant methodology Is well known to a 
practitioner of ordinary skill in the art, who may also wish to refer to the description given In the Example 
section that follows. 

It is recognized that allelic variants and escape mutants of herpes viruses occur. 
Polynucleotides and polypeptides may be isolated or derived that incorporate mutations, either naturally 

35 occurring, or accidentally or deliberately induced, without departing from the spirit of this invention. 
The examples presented below are provided as a further guide to a practitioner of ordinary skill 

In the art, and are not meant to be limiting In any way. 

ti7 
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ExAMeLES 

Example 1: Otlgonucleotlde primers for fferpea Virus Glycoproteln B 

5 Amino acid sequences of known herpes virus Glycoproteln B molecules were obtained from the 

PIR protein database, or derived from DNA sequences obtained from the GenBank database. The 

sequences were aligned by computer-aided aligrvnent programs and by hand. 

Results are shown In Figure 3. sHV1, bHV4, mHV88, EBV and hHV6 sequences were used to 

identify regions that were relatively well conserved, particularly amongst the gamma herpes viruses. 

1 O Nine regions were chosen for design of ampHftcation primers. The DNA sequences for these regions 

were then used to design the ollgonucleotide primers. The primers were designed to have a 

degenerate segment of 8-14 base pairs at the 3' end, and a consensus segment of 18-30 bases at the 

5' end. This provides primers with optimal sensitivity and specificity. 

The degenerate segment extended across highly conserved regions of herpes virus Glycoprotein 

15 B sequences, encompassing the least number of alternative codons. The primers could therefore be 

synthesized with altemative nucleotide residues at the degenerate positions and yield a minimum 

number of combinations. There were no more than 256 alternative fonns for each of the primers 

derived. 

The consensus segment was derived from the corresponding flanking region of the Glycoprotein 

20 B sequences. GeneraUy, the consensus segment was derived by choosing the most frequently 

occurring nucleotide at each position of all the Glycoprotein B sequences analyzed. However, selection 

was biased in favor of C or G nucleotides, to maximize the ability of the primers to form stable duplexes. 

Results are shown In Figures 4-12, and are summariZed In Table 4. In a PCR, oligonucleotides 

listed in Table 4 as having a "sense• orientation would act as primers by hybridizing with the strand 

25 antisense to the coding strand, and initiating polymerization in the same direction as the Glycoprotein B 

encoding sequence. Oligonucleotides lated in Table 4 as having an "antisense• orientation would 

hybridize with the coding strand and initiate polymerization in the direction opposite to that of the 

Glycoprotein B encoding sequence. 
Synthetic oligonucleotides according to the designed sequences were ordered and obtained from 

30 Oligos Etc, Inc. 

Example 2: DNA extraction 

Biopsy specimens were obtained from Kaposi's sarcoma lesions from human subjects 

35 diagnosed with AIDS. The specimens were fixed in paraformaldehyde and embedded in paraffin, which 

were processed for normal histological examination. 

Fragments of the paraffin samples were extracted with 500 µl of xylene in a 1.5 ml 

EPPENDORfTM conical centrifuge tube. The samples were rocked gently for 5 min at room 

temperature, and the tubes were centrifuged in an EPPENDORfTM bench-top centrifuge at 14,000 rpm 

40 for 5 min. After removing the xylene with a Pasteur pipette, 500 pl of 95% ethanol was added, the 
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sample was resuspended, and then re-centrifuged. The ethanol was removed. and the wash step was 

repeated. Samples were then air-dried for about 1 hour. 500 J1L of proteinase-K buffer (0.5% TWEENN 

20. a detergent 50 mM Tris buffer pH 7.5, 50 mM NaCl) and 5 11L of proteinase K (20 mg/ml) were 

added, and the sample was incubated for 3 h at 55-C. The proteinase K was inactivated by incubating 

5 at 95-C for 1 O min. 

10 

Samples of DNA from KS tissue were pooled to provide a consistent source of polynucleotide for 

the amplification reactions. This pool was known to contain DNA from KSHV, as detected by 

amplification of KSHV ONA polymerase sequences, as described in commonly owned U.S. Patent 

Application 60/001, 148. 

Example 3: Obtaining amplified segments of KSHV Glycoproteln B 

The oligonucleotides obtained in Example 1 were used to amplify segments of the DNA 

extracted from KSHV tissue In Example 2, according to the following protocol. 

15 A first PCR reaction was conducted using 2 p.L of pooled DNA template, 1 pl of oligonucleotlde 

FRFOA (50 pmotlµL), 111L of ollgonucleotlde lVNCB (50 pmoUpL), 10 µL of 10X buffer, 111L containing 

2.5 mM of each of the deoxyribonucleotide triphosphates (dNTPs), 65 µL distiled water, and 65 µL 

mineral oil. The mixture was heated to 80-C in a Perkin-Elmer (model 480) PCR machine. 0.5 µL Taq 

polymerase (BRL, 5 U/µL) and 19.5 pl water was then added. 35 cycles of amplification were 

20 conducted in the following sequence: 1 min at 94•C, 1 min at the annealing temperature, and 1 min at 

72-C. The annealing temperature was eo-c in the first cycle, and decreased by 29C each cycle until 

50-C was reached. The remaining cycles were perfonned using sere as the annealing temperature. 

A second PCR reaction was conducted as follows: to 1 µL of the reaction mixture from the 

previous step was added 1 pL ollgonucleotide NIVPA (50 prnollµL), 1 11L ollgonucleotide lVNCB (50 

25 pmoUpl), 1011L of 10x buffer, 1 pl dNTPs, 8811L water, and 85 µL mineral oil. The mixture was heated 

to acre. and 0.5 µL Taq polymerase in 19.5 11L water was added. 35 cycles or amplification were 
conducted using the same temperature step-down procedure as before. The PCR product was 

analyzed by electrophoresing on a 2% agarose gel and staining with ethidium bromide. 

The two-round amplification procedure was performed using fourteen test buffers. Five buffers 

30 yielded PCR product of about the size predicted by analogy with other herpes sequences. These 

included WB4 buffer {10x WB4 buffer I& 0.67 M Tris buffer pH 8.8, 40 mM MgCl2, 0.16 M (NH.4)2804, 0.1 

M jHnercaptoethanol, 1 mg/ml bovine serum albumin, which is diluted 1 to 10 in the reaction}. Also 

tested was WB2 buffer (the same as WB4 buffer, except with 20 mM MgCl2 in the 10x concentrate}. 

Also tested were buffers that contained 10 mM Tris pH 8.3, 3.5 mM MgCl2 and 25 mM KCI; or 10 mM 

35 Tris pH 8.3, 3.5 mM MbCb and 75 mM KCI; or 10 mM Tris pH 8.8, 3.5 mM MgCl2 and 75 mM KCI; when 

diluted to final reaction volwne. The WB4 buffer showed the strongest band, and some additional 

fainter bands. This may have been due to a greater overall amount of labeled amplified polynucleotide 

In the WB4 sample. 

The product from amplification with WB2 buffer was selected for further investigation. A third 

40 round of amplification was performed to Introduce a radiolabel. The last-used oligonucleotide (lVNCB) 

~'l 
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is end-labeled with gamma 32P-ATP, and 1 J&L was added to 20 Ill of the reaction mixture from 1he 

previous amplification step, along with 1 µL 2.5 mM dNTP. The mixture was heated to 80'C, and 0.5 JLL 

Taq polymerase was added. Amplification was conducted through five cycles of 94•c, 60"C and 72°C. 

The reaction was stopped us1ng 8.8 JLL of loading buffer from a Circumvent sequencing gel kit 

5 A -4 µL aliquot of the radiolabeled reaction product was electrophoresed on a 8% 

polyacrylamide sequencing gel for 1.5 hat 51"C. The gel was dried for 1.5 h, and an autoradiograph 

was generated by exposure for 12 h. Two bands were identified. The larger band had the size 

expected for 1he fragment from analogy with other gamma herpes virus sequences. 

The larger band was marked and cut out. and DNA was eluted by Incubation In 40 µL TE butfer 

10 (10 mM Tris and 1 mM EOTA, pH. 8.0). A further amplification reaction was perfonned on the extracted 

ONA, using 1 µI. of the eluate, 10 µL 10x WB2 butter, 1pl2.5 mM dNTP, 1 p.t. of each of the second 

set of ollgonucleotlde primers (NIVPA and TVNCB), and 85 pl water. The mixture was heated to 80-C, 

and 0.5 µL Taq polymerase in 19.5 pl water was added. Amplification was conducted through 35 

cycles, using the temperature step-down procedure described earlier. 

15 

Example 4: Sequence Of the 386 base fragment Of KSHV Glycoproteln S 

The amplified polynucleotide fragment from the Glycoproteln B gene of KSHV was purified and 

cloned according to the following procec:lure. 

20 40 µL of amplification product was run on a 2% agarose gel, and stained using 0.125 11glml 

ethydium bromide. The single band at· about 400 base pairs was cut out. and purified using a 

QIAGEN™ II gel extraction kit, according to manufacturer's instrudions. 

The purified PCR product was ligated into the pGEM""'"t cloning vector. The vector was used to 

transform competent bacteria (E.coli JM-109). Bacterial clones containing the amplified DNA were 

25 picked and cultured. The bacteria were lysed and the DNA was extractecl using phenol-chloroform 

followed by precipitation with ethanol. Colonies containing inserts of the correct size were used to 

obtain DNA for sequencing. The clone inserts were sequenced from both ends using vector-specific 

oligonucleotides (forward and reverse primers) with a SEQUENASE™ 7-cleaza dGTP kit, according to 

manufacturer's directions. A consensus sequence for the new fragment was obtained by combining 

30 sequence data obtained from 5 clones of one KSHV Glycoprotein B amplification product. 

The length of the fragment in between the primer hybridizing regions was 319 base pairs. The 

nucleotide sequence Is listed as SEQ. ID N0:3 and shown in Figure 1. The encoded polypeptide 

sequence Is listed as SEQ. ID N0:4. 

Figure 13 compares the sequence of this Glycoprotein B gene fragment with the corresponding 

35 sequence of other gamma herpes viruses. Single dots (.) indicate residues in other gamma herpes 

viruses that are identical to those of the KSHV sequence. Dashes (·) indicate positions where gaps 

have been added to provide optimal alignment of the encoded protein. The longest stretch of 

consecutive nucleotides that is Identical between the KSHV sequence and any of the other listed 

sequences Is 14. Short conserved sequences are scattered throughout the fragment. overall, the 
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polynucleolida fragment Is 63% Identical between KSHV and the two closest herpes virus sequences, 

sHV1 and bHV4. 

The sequence data was used to cteSlgn Type 3 offgonucteotide primers of 20-40 base pairs in 

length. The primers were designed to hybridize preferentially with the KSHV Glycoproteln B 

5 polynucleotide, but not with other ·sequenced polynucleotides encoding Glycoproteln B. Example 

primers of this type were listed earlier in Table 7. 

Figure 14 compares the predicted amino acid sequence encoded by the same Glycoprotein B 

gene fragment. At the amino acid level, two short segments are shared between KSHV and a 

previously known gamma herpes virus, bHV4. The first (SEQ. ID N0:64) Is 13 amino acids In length 

10 and located near the N-tenninal end of the fragment. The second (SEQ. ID N0:65) Is 15 amino acids In 

length and located near the C-terminal end of the fragment. All other segrrients shared between KSHV 

15 

I 

and other gamma herpes viruses are 9 amino acids or shorter. 

Example 5: Sequence of the 386 base fragment ol RFHV Glycoproteln B 

Tissue specimens were obtained from the tumor of a Macaque nemestrina monkey at the 

University of Washington Regional Primate Research Center. The specimens were fixed in 

paraformaldehyde and embedded In paraffin. DNA was extracted from the specimens according to the 

procedure of Example 2. 

20 The presence of RFHV polynucleotide in ONA preparations was determined by conducting PCR 

amplification reactions using ollgonucleotide primers hybridizing to the DNA polymerase gene. Details 

of this procedure are provided in commonly owned U.S. Patent Application 60/001, 148. DNA extracts 

containing RFHV polynucleotide determined in this fashion were pooled for use In the present study. 

DNA preparations containing RFHV polynucleotide served as the template in PCR amplification 

25 reactions using Glycoproteln B consensus-degenerate oligonucleotides FRFDA and TVNCB, followed 

by a second round of amplification using oligonucleotides NIVPA and TVNCB. Conditions were 

essentially the same as in Example 3, except that only WB4 buffer produced bands of substantial 

intensity, with the amount of DNA In the Initial source and the conditions used. Labeling of the amplified 

DNA was performed with 32p end-labeled NIVPA, as before; the product was electrophoresed on a 6% 

30 polyacrylamide gel, and an autoradiogram was obtained. A ladder of bands corresponding to about 386 

base pairs and about 10 higher mol wt concatemers was observed. The 386 base pair band (with the 

same mobility as a simultaneously run KSHV fragment) was cut out of the gel and extracted. 

To detennine whether the DNA in this extract was obtained from a specific amplification reaction, 

PCR's were set up using NIVPASQ alone, TVNCBSQ alone, or the two primers together. Buffer 

35 conditions were the same as for the Initial amplification reaction&. The mixture was heated to BO"C, Taq 

polymerase was added, and the amplification was carried through 35 cycles using the temperature 

step.down procedure. Theoretically, specific amplification reactions accumulate product linearly when 

one primer is used, and exponentially when using two primers with opposite orientation. Thus, 

specificity is indicated by more product In the reaction using both primers, whereas equal product in all 

40 three mixtures suggests non-specific amplification. Amplification products from these test reactions 
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were analyzed on an agarose gel stained with ethidi1.1n bromide. The RF extract showed no product for 

the NIVPASQ reaction, a moderate staining band for the TVNCBSQ reaction at the appropriate mobility, 

and an intensely staining band fOr both primers together. For a KSHV fragment assayed In parallel, 

there was a faint band for the NIVPASQ reaction, no band for the TVNCBSQ reaction, and an Intensely 

5 staining band for both primers together. We concluded that the 386 base pair band In the RF a>etract 

represented specific amplification product. 

Acccrdingly, 40 µL of the RF extract that had been amplified with both primers was run 

preparatiVely on a 2% agarose gel, and the -386 base pair band was cut out. Agarose was removed 

using a QIAGENN kit, and the product was ctonecl in E. coli and sequenced as in Example 4. A 

10 consensus sequence was determined for 3 different clones obtained from the same amplified RFHV 

product. 

The polynucleotide sequence of RFHV Glycoprotein B fragment (SEQ. ID N0:1) is aligned in 

Figure 1 with the corresponding sequence from KSHV. Also shown is the encoded RFHV amino acid 

sequence (SEQ. ID N0:2). Between the primer hybridization regions (nucleotides 36-354), the 

15 potynucleotfde sequences are 76% Identical; and the amino acid sequences are 91 % identical. The 

internal cyateine residue and the potential N-linked glycosylation site are both cons&Ned between the 

two viruses. 

The sequence data was used to design Type 3 ollgonucleotide primers of 20-40 base pairs in 

length. The primers were designed to hybridlZe preferentially with the RFHV Glycoprotein B 

20 polynucleotide, but not with other sequenced polynucleotides encoding Glycoprotein B. Example 

primers of this type were listed earlier in Table 7. 

Figure 15 compares the predicted amino acid sequence encoded by nucleotides 38-354 of the 

Glycoproteln B gene fragment. As for the KSHV sequence, two short segments are shared between 

RFHV and a previously known gamma herpes virus, bHV4. All other segments shared between RFHV 

25 and other gamma herpes viruses are shorter than 9 amino acids in length. 

Figure 16 is an alignment of sequence data for the same Glycoprotein B fragment in the 

spectrum of herpes viruses for which data Is available. Figure 17 shows the phylogenetic relationship 

between herpes viruses, based on the degree of identity across the partial Gtycoprotein B amino acid 

sequences shown in Figure 16. By amino acid homology, amongst the viruses shown, RFHV and 

30 KSHV are most closely related to bHV4, eHV2, and sHV1. 

Example 6: 01/gonucleotlde primers and probes for the RFHVIKSHV subfamily 

Based on the polynucleotide fragment obtained for RFHV and KSHV, seven Type 2 

35 oHgonucleotides were designed that could be used either as PCR primers or as hybridization probes 

with members of the RFHVJKSHV subfamily. 

Four consensus-degenerate Type 2 oligonucleotides, SHMDA, CFSSB, ENTFA. and DNIQB are 

shown in Figure 17, alongside the sequences they were derived from. Like the oligonucleotldes of 

Example 1, they have a consensus segment towards the 5' end, and a degenerate segment towards 

40 the 3' end. However, these oligonucleotides are based only on the RFHV and KSHV sequences, and 
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will therefore preferentially fonn stable duplexes with Glycoproteln B of the RFHVJKSHV subfamily. A 

list af exemplary Type 2 oligonucleotides was provided earlier In Tabla 6. 

Different Type 2 oligonucleotlcles have sense or antlsense orientations. Primers with opposing 

orientations may be used together in PCR amplifications. Altematively, any Type 2 oligonucleotide may 

5 be used In combination with a Type 1 oligonucleotide with an opposite orientation. 

&ample 1: Upstntam and downattaam Glycoproteln B sequence 

Further amplification reactions are conducted to obtain additional sequence data. The source for 

1 o KSHV DNA is Kaposi's Sarcoma tissue, either frozen tissue blocks or paraffin-embedded tissue, 

prepared according to Example 2, or cell lines developed from a cancer with a KSHV etiology, such as 

body cavity lymphoma. Also suitable Is KSHV that is propagated in culture (Weiss et al.) 

The general strategy to obtain further sequence data In the 5' direction of the coding strand is to 

conduct amplification reactions using the consensus-degenerate (Type 1) oligonucleotide hybridizing 

15 upstream from the fragment as the 5' primer, In combination with the closest virus-specific (Type 3) 

oligonucleotides as the 3' primers. Thus, a first series af amplification cycles are condUcted, for 

example, using FRFDA and TNKYB as the first set of primers. This may optionally be followed by a 

second series af amplification cycles, conducted, for example, using FRFDA and Gl TEB as a second 

set of primers. 

20 The conditions used are similar to· those described In Examples 3 and 4. The reaction is 

performed in WB4 buffer, using the temperature step-down procedure described in Example 3. After 

two rounds of amplification, the product Is labeled using the last-used virus-specific oligonucleotide 

(GLTEB, In this case), end-labeled with gamma 32P-ATP. The labeled product is electrophoresed on 

6% polyacrylamlcle, and a band corresponding to the appropriate size as predicted by analogy with 

25 other herpes viruses is excised. After re-amplification, the product is purified, cloned, and sequenced 

as before. A consensus sequence for the new fragment is obtained by combining results of about three 

determinations. 

In order to obtain fUrther sequence data In the 3' direction of the coding strand, ampRfications are 

conducted using consensus-degenerate (Type 1) oligonucleotides hybridizing downstream from the 

30 fragment as the 3' primer, in combination with the closest virus-specific (Type 3) oligonucleotides as the 

5' primers. In one example, a first series of amplification cycles are conducted using NVFDB and 

TVFLA, optionally fallowed by a second series conducted using NVFDB and SQPVA. Amplification and 

sequendng Is perfonned as before. The new sequence is used to design further Type 3 

oligonucleotides with a sense orientation, which are used with other downstream-hybricfizing Type 1 

35 ollgonucleoticles (such as FREYB and NVFDB) to obtain further sequence data. Altematively, further 

sequence data in the 3' direction is obtained using Type 1 oligonucleotides with opposite orientation: 

for example, two primers are selected from the group af FRFDA. NIVPA. lVNCA, NIDFB, NVFDB, and 

FREYB; additional primers may be selected for nested amplification. 

To obtain sequence data 3' from the most downstream oligonucleotide primer. Type 1 primers 

40 such as CYSRA. or Type 3 primers such as TVFLA, may be used in combination with primers 
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hybridizing towards the 5' end of the DNA polymerase gene. Oligonucleotide primers hybridizing to the 

DNA polymerase gene of herpes viruses related to RFHV and KSHV are described in commonly owned 

U.S. Patent Application 80/001, 148. The DNA polymerase encoding region is located 3' to the 

Glycoprotein B encoding region. PCRs conducted using this primer combination are expected to 

5 amplify polynucleotides comprising the 3' end of the Glycoprotein B encoding region, any intervening 

sequence If present, and the 5' end of the DNA Polymerase encoding region. 

This strategy was Implemented as follows: 

DNA containing KSHV encoding sequences for Glycoprotein B was prepared from a frozen 

Kaposi's sarcoma sample, designated RiGr, and a een line derived from a body cavity lymphoma, 

10 designated BC-1. 

In order to obtain the full 5' sequence, a Type 1 oligonucteotide ptObe was designed for the 

encoding sequence suspected of being upstream of Glycoproteln B: namely, the capsid maturation 

gene (CAPMAT). Known sequences of CAPMAT from other viNses were used to identify a relatively 

conserved region. and design a consensus-degenerate primer designated FENSA to hybridize wilh 

15 CAPMAT in the sense orientation of Glycoproteln B. A Type 1 oligonucleotide probe was designed for 

the encoding sequence suspected of being downstreem of Glycoprotein B: namely, the ONA 

polymerase. These ollgonucleotides are listed in Table 9: 

···.T~ a: Addltlai1al,Type_:1:·0i1gonucleotld~.Ulld for Detacti~g. AmpJlfP.lg•·orCharactartzlna 
· · : . : ·'.··.:.Herpes Vinl8 Potynucteotldes · · 

· FENSAC 

"FENSAG 

~ 
(5'to3') 

GCCTITGAGAATTCYAARTAYATHAAR 

GGGTITGAGAATTCYAARTAYATHAAR 

length No. of. . .Orien-talion SEQ 
fomiS ID: 

27 48 77 

27 sense 78 

. .Designation Sequence Length No. of Orien-talion SEQ 
. (5' to 3') fonns 10: 

· CVNVB TAAAAGTACAGCTCCTGCCCGAANACRTIN 35 64 antisense 79 
ACRCA 

20 Amplification was carried out using pairs of sense and antisense primers that covered the entire 

Glycoprotein B encoding region. Fragments obtained include those listed in Table 10. 
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":·. 

1 : NIVPA'.·-+ :rvNcB 0.39kb original f18gment 

2 .-~~~- 0.9kb 5' of fragment 1 aaoss to CAPMAT 

3·.-: .. · "NNCA~=f.Rm 2.3kb 3' of fragment 1' . . 

.... 4·,;·.·,··. 'FAYDA-'..;.t~B 0.65kb 3' of fragment 1 

5 .:· .SQPVA:1+M.QB. 2.5kb 3' of fragment 1 across to DNA polymerase 

6: .. 'FREYA .:.+-.SCGFB. · :· :.· 1.1 kb 3' of fragment 2 across to DNA polymerase 

The protocol used for ampflfying and sequencing was as follows: PCR amplification was carried 

out using the DNA template with the primer pair (e.g., FREYA and SCGFB). 35 cycles were conducted 

of 94°C for 45 sec, 60°C for 45 sec, and 72°C for 45 sec; and then followed by a final extension step at 

5 72°C for 1 O min. PCR products of the predicted length were purified on agarose gels using the 

QIAQUICK,. PCR purification ktt from QUiagen. Purified PCR products were reamplified In a second 

round of amplification. The second round was conducted altematlvely In a nested or non-nested 

fashion. In the example given, second·round ampHflcation was conducted using FREYA and SCGFB, 

or with FREY A and HVLQB. Ampllfication for 35 cydes was conducted at 94°C for 45 sec, 65oC for 45 

10 sec. and 72"C for 45 sec; and then followed by a final extension step at 72"C for 60 min. 

The PCR products were ligated into the Novagen P17 BLUEna vector, and transformed into 

Novablue competent E. colt Ligations and transformations were performed using Novagen protocols. 

Colonies were screened by PCR using M13 forward and reverse olfgonucleotldes. Using the Oulaquick 

plasmid Isolation kit, plasmids were isolated from PCR positive colonies that had been grown. up 

15 ovemight in 5 ml LB broth at 3°7°C. Manual sequencing of the plasmids using M13 forward and reverse 

sequencing primers was performed following the USB Sequenase Kit protocol (USB). Automated 

sequencing was performed by ABI methods. 

Additional KSHV-specific Type 3 oligonucleotides were designed as the KSHV sequence 

emerged. Type 3 ollgonucleotldes were used in various pair combinations or with Type 1 

20 ollgonucleotides to PCR amplify, clone. and sequence sections of the KSHV DNA. The Type 3 

oligonucleotides used are listed in Table 11 : 
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·TABLE 11::.;Ad~ 1YP8:30ugon~ tlS8d for Detac:ting•··Ampllfyl~g,.or 
Charactlti'ti1nl'Herpel=VlrUs Polynuc1eot1des encoding Glycoprotaha:B 

... ··T.,-.::··G~Bfrom KSHV 

O..lg· '.>-.-0..· Lel'.llllh No.of. ~tlon SEQ 
ftatlon ·. · .= ::(s•=to'~l : fonu ··ID; 

GAYTA TGTGGAMCGGGAGCGTACAC 21 1 sense 80 

:·DTYSB TCAGACMGAGTACGTGTCGG 21 1 anti-sense 81 .. 
AIYGB TACAGGTCGACCGTAGATGGC 21 1 anti-sense 82 

.. : 

. VTECA CGCCATITCCGTGACCGAGTG 21 1 sense 83 

CEHYB TGATGAAGTAGTGTTCGCAGG 21 1 anti-aen&e 84 

:.·:DLGGB GATGCCACCCAGGTCCGCCAC 21 1 ankense 85 
. . 
: ... ocGGA· GTGGCGGACCTGGGTGGCATC 21 1 sense 86 

. :··RAPPA CGTAGATCGCAGGGCACCTCC 21 1 sense 87 

.. ·: -Tiraet :DNA.~ from KSHV 

Dellig-
. . .. -Saciillnce . No.of Orientation SEQ Length 

·nation . (l1·tf3') fonn• . ID: 

GEVF~. GTCTCTCCCGCGAATACTTCT 21 1 antiaense 88 

HVL.Qe· GAGGGCCTGCTGGAGGACGTG 21 1 antisense 89 

SCGFB CGGTGGAGAAGCCGCAGGATG 21 1 antiaense 90 

Figure 18 is a map shoWing the location where oligonucleotides hybridize with the KSHV DNA. 

Abbreviations used are as folows: d or h = consensus-degenerate probes 1hat hybridize with 

herpesvirus sequences (Type 1). sq= additional sequencing tail available, g =probes that hybridize 

5 with gamma herpesviruses (Type 1), f = probes that hybridize with KSHV/RFHV family of herpesviruses 

(Type 2), ks = probes specific fOr KSHV (Type 3). 

Figure 19 lists a consensus sequence obtained by compiling sequence data from each of the 

characterized fragments. The polynucleoticle sequence (SEQ. ID N0:91) is shown. Nucleotides 1-3056 

(SEQ. ID N0:92) incorporating the region before the DNA polymerase encoding sequence is an 

1 O embodiment of this invention. This consensus sequence represents the consensus of data obtained 

from both the Kaposi's sarcoma sample RiGr. and the lymphoma cell line BC-1, with a plurality of 

clones being sequenced for each sample and each gene segment. Between about 3-9 determinations 

have been performed at each locatlon. 

Also shown In Figure 19 is the amino acid translation of the three open reading frames (SEQ. ID 

15 NOS:93·95). The encoded CAPMAT protein fragment (SEQ. ID N0:93) overlaps the 5' end of the 

Glycoproteln B encoding sequence (SEQ. ID N0:94) in a different phase. Further upstream, the 

CAPMAT encoding ·sequence ls also suspected of comprising control elements for Glycoprotein B 

transcription, due to homology with the binding site for RNA polymerase 2 of Epstein Barr Virus. This 

putative promoter region is underlined In the Figure. At the 3' end of the Glycoproteln B encoding 
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sequence, there is an untranslated sequence Including a polyadenlyation signal. Fllther downstream is 

the encoding sequence for a ONA Polymerase fragment (SEQ. ID N0:95). 

When the Glycoprotein B encoding sequence was compared with other sequences on GenBank. 

homology was found only with Glycoproteln B sequences from other herpes viruses. Occasional 

5 sequences of 20 nucleotides or less are shared with several herpes viruses. The sequence 

ATGTrCAGGGAGTACAACTACTACAC {SEQ. ID N0:98) is shared with eHV2. Other than this 

sequence, segments of the KSHV encoding region 21 nucleotides or longer are apparently unique, 

compared with other previously known sequences. 

Within the Glycoprotein B encoding sequence, four allelic variants were noted at the 

10 polynucleotide level between sequence data obtained using the Kaposi's sarcoma sample and that 

obtained using the body cavity lymphoma cell line. These are indicated in the F"19ure by arrows. All but 

one of the variants was silent. The fourth variant causes a difference of Proline to Leucine in the gene 

product. 

The protein product encoded by the KSHV Glycoprotein B gene has the following features: 

15 There Is a domain at the N-termlnus that corresponds to the signal-peptide domain (the "leader") of 

Glycoprotein B other herpes viruses. The complete KSHV Glycoproteln B amino acid sequence with 

that known for other herpes viruses is provided in Figure 3, and reveals areas of homology. Residues 

highly conserved amongst herpes virus Glycaproteln B sequences are marked with an asterisk (") .. The 

cystaine residues conserved amongst other herpes virus Glycoprotein B sequences are also present in 

20 that of KSHV. In addition, there are two additional cysteines which could fonn an additional Internal 

disulfide and stabilize the three-dimensional structure (marked by ···). The KSHV Glycoprotein B 

sequence also has a predicted membrane-spanning domain that corresponds to that on Glycoprotein B 

of other herpes viruses. 

The full glycoprotein B sequence of RFHV is obtained by a similar strategy. The source for 

25 RFHV DNA Is similarly prepared tissue from infected monkeys at the University of Washington Regional 

Primate Research Center. DNA is extracted as described In Example 5. 

In order to obtain further sequence data in the 5' direction of the coding strand, amplifications are 

conducted using the consensus-degenerate (Type 1) oligonucleotide hybridizing upstream from the 

fragment as the 5' primer, in combination with the closest virus-specific (Type 3) oligonucleotides as the 

30 3' primers. Thus, a first series of amplification cycles are conducted, for example, using FRFDA and 

AAITB as the first set of primers. This is followed by a &eCOnd series of amplification cycles, conducted 

the same primers, or using the nested set FRFDA and GMTEB. Amplification conditions are aimilar to 

those described for KSHV. 

In order to obtain further sequence data in the 3' direction of the coding strand, amplifications are 

35 conducted using consensus-degenerate (Type 1) oligonucleotides hybridizing downstream from the 

fragment as the 3' primer, in combination with the closest virus-specific (Type 3) oligonucleotides as the 

s• primers. Thus, a first series of amplification cycles are conducted using NVFDB and VEGLA, 

followed by a second series conducted using NVFDB and PVL YA. Amplification and sequencing is 

p&fformed as before. The new sequence Is used to design further Type 3 oligonucleotldes with a sense 

·7? 
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orientation, which are used with other downstream-hybridizing Type 1 oligonuclectides (namely FREVB 

and NVFDB) to obtain further sequence data. 

Polynucleotide and amino acid sequence data Is used to compare the Glycoprotein B of RFHV 

and KSHV with each other, and with that of other herpes viruses. The RFHV and KSHV sequences 

5 may be used to design further subfamily-specific Type 2 oligonucleotides, as in Example 6. 

Example 8: Glycoproteln B sequences from DNA llbratles 

Complete Glycoprotein B sequences can be obtained or confirmed by generating DNA libraries 

1 o from affected tissue. Sources of ONA for this study are the same as for Example 7. 

The DNA lysate is digested with proteinase K. and DNA is extracted using phenof..chlorofonn. 

After extensive dialysis, the preparation is partially digested with the Sau3A I restriction endonuclease. 

The digest is centrifuged on a sucrose gradient. and fragments of about 10-23 kilobases are recovered. 

The lambda DASH-2™ vector phage (Stratagene) is prepared by cutting with BarnHI. The 

15 size.selected fragments are then mixed with the vector and ligated using ONA llgase. 

The ligated vector is prepared with the packaging extract from Stratagene according to 

manufacturer's directions. It is used to Infect XL 1-BLUETM MRA bacteria. About 200,000 of the 

phage-infected bacteria are plated onto agar at a density of about 20.000 per plate. After culturing, the 

plates are overlaid with nitroceUutose, and the nltrocellulase is c:ut into fragments. Phage are eluted 

20 from the fragments and their DNA are subjected to an ampltftcation reaction using appropriate 

vi..u.specific primers. The reaction products are run on an agarose gel, and stained with ethldium 

bromide. Phage are recovered from regions of the plate giving amplified DNA of the expected size. 

The recovered phage are used to Infect new XL 1 bacteria and re-plated in fresh culb.lres. The process 

is repeated until single clones are obtained at limiting dilution. 

25 Each clone selected by this procedure is then mapped using restriction nucleases to ascertain 

the size of the fragment incorporated. Inserts sufficiently large to incorporate the entire Glycoprotein B 

sequence are sequenced at both ends using vector-specific primers. Sequences are compared with 

the known palynucleotide sequence of the entire EBV genome to determine whether the fragment 

spans the intact Glycoprotein B sequence. DNA is obtained from suitable clones, sheared, and 

30 sequenced by shot-gun cloning according to standard techniques. 

Example 9: Antigenic tagiona of Glycoproteln B 

The polynucleotide fragments between the hybridization sites for NIVPA and TVNCB in the 

35 Glycoprotein B gene have the predicted amino acid sequences shown in Figure 14. Based on these 

sequences, peptides that are unique for RFHV or KSHV, or that are shared between species can be 

identified. 

Figure 14 shows example peptides of 6 or 7 amino acids in length. Some of the peptides 

comprise one or more residues that are distinct either for RFHV or KSHV (Class Ill), or for the 

40 RFHVIKSHV subfamily (Class II) compared with the corresponding gamma herpes virus peptides. 

?i 
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To confirm that regions contained within this 106-amino acid region of Glycoproteln B may be 

recognized by antibody, computer analysis was performed to generate Hopp and Woods antigenicity 

plots. The Hopp and Woods determination Is based In part on the relative hydrophillcity and 

hydrophobicity of consecutive amino acid residues (Hopp et al). Results are shown in Figures 20, 

5 21 and 22. Key: - =antigenic; A= hydrophobic;#= potential N-llnked glycosytation site. Figure 20 

shows the analysis of the 106 amino acid Glycoproteln B fragment from RFHV; Figure 21 shows the 

analysis of the KSHV fragment, and Figure 22 shows the analysis of the full KSHV sequence. 

Both RFHV and KSHV contain several regions predicted to be likely antibody target sites. In 

particular, the KSHV sequence shows an antigenic region near the N-termlnal end of this fragment, and 

10 near the potential N-llnked glycosylation site. The full-length KSHV sequence shows hydrophobic 

minima corresponding both to the signal peptide (residue -25) and the transmembrane domain (residue 

-750). A number of putative antigenic regions with scores >1.0 or >1.5 are observed. Particularly 

notable Is a region scoring up to -2.5 that appears at about residues 440-460. 

15 &ample 10: Virus specHlc Glycoproteln B amplification assays 

Type 3 oligonucleotideS are used In nested virus-specific amplification reactions to detect the 

presence of RFHV or KSHV in a panel of tissue samples from potentially affected subjects. 

For KSHV, DNA is extracted from tissue suspected of harboring the virus; particularly biopsy 

20 samples from human subjects with Kaposi's Sarcoma lesions and body cavity B-cell lymphoma. A 

number of different tissue samples are used, Including some from KS lesions, some from apparently 

unanected tissue in the same lndMduals, some from HIV positive Individuals with no apparent KS 

lesions, and some from HIV negative individuals. F'ive samples are obtained in each category. DNA is 

prepared as described in Example 2. 

25 The aligonucteotide primers GL TEA. YaPA, VNVNB, and ENTFB are ordered from Oligos Etc .• 

Inc. The DNA is amplified in two stages, using primers GL TEA and ENTFB in the first stage, and 

YELPA and VNVNB in the second stage. The conditions of the amplification are similar to thOse of 

Example 3. The reaction proc:luct Is electrophoresed on a 2% agarose gel, stained with ethidium 

bromide, and examined under U.V. light A positive result Is indicated by the presence of abundant 

30 polynucleotide In the reaction product, as detected by ethidium bromide staining. This reflects the 

presence of KSHV derived DNA In the sample; specifically, the Glycoproteln B encoding fragment from 

YELPA to VNVNB. Results are matched with patient history and sample hlstopathology to determine 

whether positive assay results correlate with auscepllbllity to KS. 

For RFHV. DNA is extracted from frozen tissue samples taken from Macaca nemestrina and 

35 Macaca faacicularis monkeys living in the primate colony at the Washington Regional Primate 

Research Center. Ten samples ·are taken each from tissue sites showing overt sympt0ms of 

fibromatosis, apparently unatracted sites In the same monkeys, and corresponding sites in monkeys 

showing no symptomatology. Nested PCR amplification is conducted first using GMTEA and VEGLB, 

then using KYEIA and TDRDB. Amplification product is electrophoresed and stained as before, to 

40 determine whether RFHV polynucleotide is present in the samples. 

• ?q 
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Example 11: lmmunogenlc teglons of Glycopl'Ot.eln B 

To Identify what antibodies may be generated during the natural course of Infection with KSHV, 

5 serum samples are obtained from 10-20 AIDS subjeetS with Kaposi's Sarcoma lesions, from 10-20 

HIV-positive symptom-negative subjects, and 10-20 HIV-negative controls. In initial studies. sera in 

each population are pooled for antibody analysis. 

Peptides 12 residues long are synthesized according to the entire predicted extracellular domain 

of the mature KSHV Glycoprotein B molecule. Sequential peptides are prepared covering the entire 

1 o sequence, and overlapping by 8 residues. The peptides are prepared on a nylon membrane support by 

standard F·Moc chemistry, using a SPOTS1M kit from Genosys according to manufacturer's directions. 

Prepared membranes are overlaid With the serum, washed, and overlaid with beta-galactose 

conjugated anti-human lgG. The test is developed by adding the substrate X-gal. Positive staining 

indicates lgG antibody reactivity In the serum against the corresponding peptide. 

15 Similarly, to identify antibodies formed in the natural course of RFHV infection, blood samples 

are colected from 10 Macaca nemestnna and 10 Macaca fascicularis monkeys, a proportion of which 

display overt symptoms of tibrornatosis. The presence or absence of an ongoing RFHV infection is 

confirmed by conducting PCR amplification assays using RFHV-speclfic oligonucleatldes as In Example 

1 o. Plasma and blood oeUs are separated by oentrtfugation. These sera are used to test for antibodies 

20 in a method similar to that for KSHV, except that 12-mers are synthesized based on the RFHV 

Glycoproteln B sequence. 
Select RFHV and KSHV peptides are also tested in animal models to determine immunogenicity 

when administered in combination with desirable adjuvants such as alum and DEroxn1• Suitable 

peptides Include ·those identified in the aforementioned experiment as eliciting antibody during the 

25 natural course of viral infection. Other candidates include those believed to participate in a biological 

function of Glycoprotein 8, and those corresponding to peptides of other herpes viruses known to elicit 

viral neutralizing antibodies. The peptides are coupled onto keyhole limpet hemocyanin (KLH) as a 

carrier, combined with adjuvant according to standard protocols, and 100 µg peptide equivalent in 1-2 

mL inoculum is injected intramuacularly into rabbits. The animals are boosted with a second dose 4 

30 weeks later, and test-bled after a further 2 weeks. 

35 

Microtiter plate wells are prepared for ELISA by coating with the immunogen or unrelated 

peptlde-KLH control. The wells ant overlaid with serial dilutions of the plasma from the test bleeds, 

washed, and developed using beta-galactose anti-human lgG and X.gal. Positive staining in the test 

wells but not the control wells indicates that the peptide Is immunogenic under the conditions used. 

Example 12: Identification and characterization of Glycoproteln B fn>m other membens of 
fM RFHVIKSHV subfamily 

Tissue samples suspected Of containing a previously unclescribed gamma herpes virus. 

40 particularly fibroproliferative conditions, lymphocyte malignanctes, and conditions associated with 

cio 
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immunodeficiency and imrnunosuppression, such as acute respiratory disease syndrome CARDS). are 

preserved by freezing. and the DNA Is extracted as in Example 2. Two roundS of PCR amplification are 

conducted using Type 1 oJlgonucleotfdes FRFDA and TVNCB In the first round. then using nested Type 

1 or Type 2 oligonucleotides In the second round. 

5 Optionaly, the presence of an RFHV/KSHV family Glycoprotein B potynucleotide is confirmed by 

probing the amplification product with a suitable probe. The amplified polynucteotide is electrophoresed 

in agarose and blotted onto a nylon membrane. The blot is hybridized with a probe comprising the 

polynucleotide fragment obtained from the KSHV polynucleotide encoding Glycoprotein B (residues 36-

354 of SEQ. ID N0:3), labeled wilh 32P. The hybridization reaction Is done under condmons that will 

10 permit a stable complex forming between the probe and Glycoprotein B from a herpes virus, but not 

between the probe and Glycoprotein B encoding polynucleotides from sources outside the RFHVIKSHV 

subfamily. Hybridization conditions will require approximately 70% identity between hybridizing 

segments of the probe and the target for a stable complex to form. These conditions are calculated 

using the formula given earlier, depending on the length and sequence of the probe and the 

15 corresponding sequence of the target. The conditions are estimated to be: a) allowing the probe to 

hybridize with the target in 6 x SSC (0.15 M NaCl, 15 mM sodium citrate buffer) at room temperature in 

the absence of formamlde; and b) washing newly formed duplexes for a brief period (5-10 min) In 2 x 

SSC at room temperature. 

Amplified polynucleotldes that hybridize to the labeled probe under these conditions· are selected 

20 for further characterization. Alternatively, PCR amplification products having about the same size as 

that predicted from the KSHV are suspected of having a related sequence. Samples may also be 

suspected of having a related sequence if they have been used to obtain polynucleotides 

encompassing other regions of a herpes virus genome, such as DNA polymerase. Samples containing 

fragments potentiaUy different from RFHV or KSHV, either due to a size difference or different origin, 

25 are sequenced across the fragment as In Example 4. Those with novel sequences are used to 

determine the entire Glycoprotein B gene sequence by a method similar to that in Example 7 ore. 
A Glycoprotein B encoding sequence from a third member of the RFHVIKSHV herpes virus 

subfamily was obtained as follows. 

DNA was extracted from two frozen tissue samples from a Macaca mulatta monkey with 

30 retroperitoneal fibromatosis. Extraction was conductec:I according to Example 1. The extracted DNA 

was praclpitetec:I with ethanol in the presence of 40 pg glycogen as carrier, washed in 70% ethanol, and 

resuspended in 10 mM Tris buffer, pH B.O. The extracled DNA was used to obtain a 151 base pair 

fragment of a herpes virus DNA polymerase gene, which was non-identical to that of KSHV, RFHV, or 

any other previously characterized DNA polymerase. This lead to the suspicion that the sample 

35 contained genomic DNA from a different herpes virus, that could be used to identify and characterize a 

new Glycoprotein B gene. 

A 386 base pair fragment of a Glycoproteln B encoding sequence was amplified from the sample 

using a heml-nested PCR. The procedure was similar to that used in Examples 4 and 5, with a first 

~' 
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round of amplification using FRFDA and lVNCB, followed by a second round of amplification using 

NIVPA and TVNCB. The final PCR praduct was sequenced as before. 

Figure 23 lists the polynucleotlde sequence (SEQ. ID N0:96) along with the corresponding 

amino acid translation (SEQ. ID N0:97). Underlined is the 319 base pair sequence in between the two 

5 primer hybridization sites. The sequences are different from those of KSHV and RFHV. The 

Glycoprotein B Is from a new member of the RFHV/KSHV subfamily of herpes viruses. designated 

RFHV2. 

10 
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SEOUENCU 

I 
1· RFHV Glycoptotein 8 PCR segment dsDNA Figure 1 

·.·.-.. :2,: RFHV G~ B PCR segment Protein Figure 1 

, .. :···.,3':: KSHV Glyr:oplDfein 8 PCR ~ dsDNA Figure 1 

··: ·-:~:. KSHV G/ycoplolein B PCR segment Protein Figure 1 

:"• :·.~:: .. sHV1 G/)lcoplmejn B sequence dsDNA GenBank 
.. ·. HSVSPOLGBP 

:':'·;~;.:. bHV4 Glycoprotein B sequence dsDNA GenBank 
. ...::.: BHT4GLYB 

7. . eHV2 Glycopmte/n B sequence dsDNA GenBank 
· .. EHVU20824 

8 mHV68 GlycoplOIBin B sequence dsDNA GenBank 
MVU08990 

9.:· hEBV Glycoprotein B sequence dsDNA GenBank 
EBV 

·· 19 hCMV GJycoprotein B sequence dsDNA GenBank 
... ·. HEHCMVGB 

. 11 hHV6 GlycoptOtein B sequence dsDNA GenBank 
.. HH6GBXA 

. 12 hVZV Glycopmteln B sequence dsDNA GenBank 
HEVZVXX 

·13 HSV1 Glycop10tein B sequence dsDNA GenBank HS1GLYB 

14 sHV1 Glycop10tein B sequence Protein Translation 

. 15 bHV4 G/ycoplotein B sequence Protein Translation 

. -16 eHV2 ~Bsequance Protein Translation 

17· mHV68 GlycoplOtein s sequence Protein Translation 

: ·'.18 hEBV Glycoptolein 8 sequence Protein Translation 

19 hCMV Glycoptoteln B sequence Protein Translation 

:.:·:20 hHV6 Glycoptotein B sequence Protein Translation 

' .. ,21. hVZV Glyr:opmtein B sequence Protein Translation 

:··22 HSV1 Glycoprotein B sequence Protein Translation 

·. :23, sHVSA8 Glycoploteln s sequence Protein Translation 

,:·2+.40 TYPE 1 ollgonucleotldes ssDNA Table4 
.. :·· 

: ·.• (Gamma herpes Glycoproteln 8} (IUPAC) 

,:··:41-:47 TYPE 2 oligonuclaotlde ·· .. ·: ssDNA Table6 
.. : ... 

(RFHVIKSHV subfamily G/ycopmtein B) (IUPAC) .. 
: 
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I ~ I ·eource I 
. 4.55 TYPE 3 aligonucteolides - ssDNA Table7 

RFHV specific Glycopmtein B 

=:·56-63 TYPE 3 oligonucleotides- ssONA Table7 
··: KSHV specific Glycoprotein B 

'·6+66 CLASS I antigen peptides Protein Tables 
:: (Gamma herpes Gl)tcopmtein 8) 

: 87.;,72 CLASS II antigen peptides Protein Tables .. 
:· .. 

: (RFHVIKSHV subfamily Glyr:opmte/n 8) 

···1-s-14· CLASS Ill antigen peptides- Protein Table8 
.. 

RFHV specific G/ycopmte;n B 

·'75-78 CLASS Ill antigen peptide &- Protein Table8 

KSHV specific Glycoptotein B 

77:..78 TYPE 1 oligonucleolide ssDNA Table9 

(Gamma herpes Capsld matul'ation) (IUPAC) 

. ··79 TYPE 1 oligonucleotide ssDNA Table9 

(Gamma herpes DNA polymetue) (IUPAC) 

·.~1 TYPE 3 origonucleotides - Table 11 

KSHV specilic G/ycoptOtein B 

aa:.eo TYPE 3 allgonucleotides - Table 11 

KSHV specific DNA Polyme1Ue 

91 KSHV ONA sequence comprising encoding regions dsDNA Figure 18 
for Capsld Maturation fragment, Glycoptote/n 

8, and DNA polymel8se fragment 
.. 92 KSHV DNA sequence comprising encoding regions dsDNA Example7 

for Capsid Matutalion ftagment and 
.. Glycoploteln B (residues 1-3056) 

..... 93 KSHV Csps/d Matul8tion sequence Protein Figure 18 
·,.:.:.94 KSHV Glycopmteln 8 sequence Protein Figure 18 

.·=··,95 .. KSHV DNA polymense sequence Protein Figure 18 

'':=·96 RFHV2 G/ycoplotein 8 PCR segment dsDNA Figure22 

·=::·97. RFHV2 Glycoprotefn B PCR segment Protein Figure22 
.::·.::98·· . Shared sequence dsDNA Example? 

,·.=-.100 CLASS I antigen peptides ofGJycoprotein 8 Protein TableB 
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PARTIAL SEQY§NCE LISTING 

5 (1) CDERAL JNRIUfr\TION: 
(i) APPLICANT: Rose, TilllDtf\Y M. 

Bosch, Marnix 
Strand. Kurt 

(if) TITLE OF INVENTION: GLYCOPROTEIN B OF 1HE RFHV/KSHV 
10 SlBFMILY OF IERPES VIRUSES 

(111) NlleER OF SEQIEaS: 40 
(iv) CORRESPOlllENCE mESS: 

CA) ADDRESSEE: Morrison & Foerster 
(8) STREET: 755 Page Mill Road 

15 {C) CITY: Palo Alto 
(D) STA'TE: CA 
CE) COllfTRY: USA 
CF) ZIP: 94304·1018 

(\1111) ATTORNEY/MDT l~TION: 
20 CA> NN£: Schiff. J. Michael 

CB) REGISlRATIU. MMER: 40,253 
(C) REFERENC£/DOCl<ET DBER: 29938·20002.00 

(ix) lELEcotllNJCATION JNRIM\TJM: 
CA) m.EPHONE: (415) 813·5600 

25 (B) 1UEFAX: (415) 494-0792 
(C) TELEX: 706141 

SEQ ID NO:l: 
GTGT.ACAS MiAACAltGT GCC&TACATT TTCMGGr~ GrJmTICAT »MATBA 60 

30 ACArcnm:A ccmcrl.CCG amAm GN«JIDI. Tr.N:JNaA ·ATATGAGATC 120 
cce&:ccG T<l:ClCTCTA CGN;A.TCAGT CICATSW:A GCICCTICCA 6t&CTITAGT 180 
TCCA16AAAA Tm'l.G'lGM cmtSl'tGM AATl.CGTTCA ~lam\ TIW:GTAAAC 240 
NNalirAT 1lCTCCla:C CGTCGMSrr CTAACTIW:A It.AT/ONG ATACTITAGC 300 
CNa.16.TAC 1liTACTClGA ICCCS3ATQi TTCCCNliTA TCTN:Atmr ~ 360 

35 GTAMClGTG AG\Tm'AGA CATGIT 386 

SEQ ID N0:2: 
Val Tyr lys Lys Asn Ile Val Pro Tyr Ile Pile lys Val Arg Arg Tyr 
Ile Lys Ile Ala Thr Ser Val 1hr Val Tyr Arg Gly Met Thr Glu Ala 

40 Ala Ile Thr Asn lys Tyr Glu Ile Pro Arg Pro Val Pro Leu Tyr Glu 
Ile Ser H1s Met Asp Ser Thr T.vr G1n Cys Phe Ser Ser Met Lys Ile 
Val Val Asn Gly Val Glu Asn Thr Phe Thr Asp Arg Asp Asp Val Asn 
l.ys Thr Val Phe Leu Gtn Pro Vat Glu Gly Leu Ttu- Asp Asn Ile Gln 
Arg Tyr Phe Ser Gln Pro Val Leu Tyr Ser Glu Pro Gly Trp Pile Pro 

45 Gly Ile Tyr Arg Val Gly Thr lhr Val Asn Cys Glu Ile Val Asp Met 

SEQ ID N0:3: 
GTGTACMG.\ llWO.Trm GCCGTATATT mMmTGC tml:T'ATAG GAAAATraCC 60 
ACCltiGICA CGGTCTACAG cacn&ACA GtmCCGCCA TCACCAACAA GTAlGAACTC 120 

50 CCG'9.CCtG TGCCAC'TCTA T(W;ATIJS: CICA'TBW:A <V.CCTATCA GTGCllTIGT 180 
TCCATIWG TMAlGTCAA CIDm'AGAA NtN:AmA C1GACA6llGA CGA1GTTAAC 240 
lit.CN:Ji6rAT TCCTCCMCC AGTISll?li/iiS CTTACOOATA OTTCAAAG GTACTTI'AGC 300 
CAtUG&TCA TCT~ ~ mccccEA TAT~ TN1.W»f.A 360 
GTtAACTGTG N3AT1GTl6't CATGTT 386 

55 
SEQ ID N0:4: 

Val Tyr Lys Lys Asn Ile Val Pro Tyr Ile Phe Lys Val Arg Arg T~ 
Arg Lys Ile Ala Thr Ser Val Thr Val Tyr Arg Gly Leu Thr Glu Ser 
Ala Ile Thr Asn L.YS Tyr Ght Leu •ro Arg Pro Val Pro Leu Tyr Glu 

60 Ile Ser His Met Asp Ser Thr Tyr Gln Cys Phe Ser Ser Met Lys Val 
Asn Val Asn Gly Val Glu Asn Thr Phe Thr Asp Arg Asp Asp Val Asn 
Thr Thr Val Phe Leu Gln Pro Val Glu Gly Leu Thr Asp Asn Ile Gln 

t~ 
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Arg Tyr Phe Ser Gin Pro Val Ile Tyr Ala Glu Pro Gly Trp Phe ~i'o 
Gly Ile Tyr Arg Val Arg Thr Thr Val Asn Cys Glu Ile Val Asp Met 

SEQ ID NO:S: 
5 A19iTACCTA ATAAACACTT ACTQCTTATA Al 11 IGICGT mtTACTGC A'lGlllW:AA 60 

N:J3N'XJ:rA CTM:AGCTGT TW.\W.1AT NNl:fCAJS CTATATliCCA MWn'ATTl'C 120 
AAATAltGTG TA16TAGRI: ATCMCTACT IBGAATT&T TTAGATTTGA mNW:AGA 180 
l.tnmtcAA GTACTGMGA CAAAGTitAT Ntalll&A 1it1T1TIGT GfN:l.WJA 240 
AATATIGTTC CATATAltlT TAMGlCltGA IBATIONA AAATrXNC A~ 300 

10 ATTTTTAATG ~AG AGMSmITT OCTATTICAA ACAAA'l&a ACTTltTAGA 360 
U::l'GI ICXAA MTA~T AGATATTATG &\TMGACTT ACCAA'IGTCA TAATmCATG 420 
CAGATAGAAG TAAllmiAAT GTTAAAlltT TACTATiw:A GAGA'RBAA TNtMAll:r 480 
GTAGACTTAA AS:CTGTAGA nmtTMCG am£MTTA CNMTACAT TAGCCAACCT 540 
ANGTT1lTG CT&\TCClm C'IETA'Tm lGW:TTACA mAClCG.W: TM:CGn'AAC 600 

15 lGIGAAATTG TAGACA1GTT l&:TIGiltT 9:l'GACCC1T WlATN:fT ~ 660 
CmD:GACA CCNWS cm:n:cmc nn\lGrAG ATAATTCATG CCCAAATa:A 720 
ICRW:GTGT TGTCISl'ACA MTMW:nA AAltACACTG rmmw:TA TEMATAGA 780 
OCTK.AltX IS'>GrATAA A1JJJIJAATA Trnl:TtATA CTIT81TA llCIGlllCI 840 
'TIDW«TG TAAACAAATC CGCGTCIGrA TGCTCMlm I I Ii I IQM GAGl1TitAA 900 

20 CG.G:TATCC AAAt:r6Na. ll1ACTT.AACT TATCATITCA TTGCTAATGA MTAll:JID. 960 
<BTTtltTA ~ ACCCTTl«A AATITTACM GmAlTICAA TTGTCTTATG 1020 
ACTCATATCA ACACTACTIT JSJS3ATNG AT/rl?J:JJIWJ TWCAATAC TCACACTCCA 1080 
M&TACAG CISAATATTA TC»N:JSM ~TGA TITTIGTiil'G GCAGCCATTA 1140 
ATN:£AATAG AATTNWSA NDA1G11G GANr»l:rA CATCTCCAST AACTCCTAGT 1200 

25 fVIDICfA OCTCATCTAG AIGFN1!113A CDATNBM OCATNEIBA TGTG.161\n 1260 
c:G1"ltN3AAA ATAATirnm' ltTATCACM ATACAATATG CATATGATAA OCTACGltAA 1320 
AGTATCAACA ACGT6CTAGA AIWITTl«T ATAACATlliT GTMMGAACA ~ 1380 
K>ATmTGT EA~T N!Dl/#.TT AATCCNOA GlGITATGAC IS:AATATAT 1440 
mwACCTG TCICICGTM IC'ITT&\ &\16TAATCT CTGTT/Oa ATGTATAAAT 1500 

30 GTTGACCAAT CTAGJ'GTGAG CATIOl:NG AGTCTTAAM CNiNMTAA TGACATATGC l560 
TATTCACOOC crwmTAC AmAAAm GTrMCNiTA G1Cl.GCTGTT TAAllBCAG 1620 
TTA!DD:TA GAAATGAAAT ICI ICIGICA G.W6l'CTTG TliGMAATTG cr.N:.CAAMT 1680 
r:cAG.fGAC1T TTTTTACAGC. TAAAAAlGAA M:TTACCACT TTAAAAATTA ma:ATGTA 1740 
GAAACTTTGC CAGTGMTAA CATTTrMCT TT.AGllJXTI' TITTIGCTCT TAACCTAACT 1800 

35 TTCATAGMA ATATTGACTT TAAA&CTGTT &AATliTATT ~ &fiGAAAGTTA 1860 
GCAAACGTGT TTGAITTAGA GACTAlGTIT IBISMTATA ACTATTACGC Tr.AGNn'ATA 1920 
TC llD.'TTAA GMAAGATIT TGi\TAACltT C>.WA1JCA IOSIGlaG AATCATTtAA 1980 
GA1TTTTCAG AAATICTAGC AGACTTND: ltTAltOOCA MGTTATmT TMllrn«A 2040 
"1:J?l.1::JV.T IT1tTC 1111 TGGBTATT GrA11:,N1,V. TATTAAAm TATTAAMAT 2100 

40 CCTTTGTG GCAmitAC ATTICTATTA A~ TTATAAltlT AGTAATICTA 2160 
CTAGTMm: FDl:.AMTAA TAlGTCTCAA GCTCCMTTA GAAl&\mA CCCAGA1GTT 2220 
GMAAATCTA AATCTACTGT GACGCCTATG GAGCcmMA CMTTINCA .Mi 11 IOCTT 2280 
OOAATGCATA AtATOCNJt.A N?Nll£ATAT NSIAWJG NSAN:NNJ AGCTGCTAGA 2340 
carn:TATIT TT"6ACMGC ~ 111 i IGCGTA "6C&\'TCTOO lTIONlJS 2400 

45 ATTTCAACCG NG>lMAAT AGl'AT 2425 

SEQ ID N0:6: 
A16TATTATA AGACTA1tTT A:i ICI lta:T CTAATTA& TATIDGTTT CNa:JGAt.C 60 
N:rNXN:r CNa.N:Nt,. ClCACCAAGT AmtAltM CCXCTCTTC CN:.NUll.A 120 

50 TtNCAAGCA ISXATCMA CACNUTCA l.CAAATAGTT CATTlill:TII: CTCTCCCCM1 180 
AMXGTCAA CHS:NSX ATCCAClGAT MlCAIBiTA CCN;TACCCC CACTATTtCA 240 
ACl6TTACTG ATGllXJ« C'JSTNIMT lTTTATAAAT ACMWD'ATG CA&'l'OCATCA 300 
1CTTCCTCTG CWWCTATT CAGAiTTGAC C'ITGATI:AGA CAmtCAGA TN:AANl;AT 360 
AAAAAACATG TGGAAliiCAT CCMCTllirA trAA»>l8A ATATl'6JCCC ATACATCTTC 420 

55 MA616GA MTATIBMA Mnm:ACC TCMtGACAG m~ GTGGTCCCAG 480 
OCAOCTGITA CCAATN&A TGATATCIS: ISS'J:ATlt. CCTATAATGA AATTltAATG 540 
ATIBAT&A. CCTATCATTG n ICrtna:r A'IENtAG TCATTAAlm &\TltT&W.: 600 
ACCTATATAG ~ TGAAMTAAG ICIQi lttOC TCCm:AGT 66CCsw:lG 660 
~ TINOIJATA CTIT/Qt.M CCTCTCATAT ATGCIGMCC TIB:TWTI I 720 

60 tt:lmMm ATltGAG'IW M:AACmlT AATIGTGAGG 1'1\iTTGACAT GTAla:CCGC 780 
lt1lilDAC CATATACTCA ClTTATTACA fl:lthillSi ACACTATT&\ MTCTtCCCA 840 
T1CTii1'tXA ACAATTCTCA Am:ACCACT <mAATTCCA ttltAIG.a TGCCACMAG 900 
GTA'TDTAG MWN.TCA CCAAACTGTT GACTATGMA GACtBmCA TCCCM:TAAA 960 

3°'1 
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GATAAANM TCTITCTAAA AGA'TGQiM TATACCAltT CCTm.W« /IDNl;ATN;A 1020 
~A lTRiTGATTT 'RiTGATAB AWCC1TTC CCNDIX'AT N:JNCAATC 1080 
CATAATGAM Ci:TT1tACTT lGTEAAAT GM'i1t10iG CCETTTTT AIQTCCN£ 1140 
CNGNGA•J. CGGETACG TQiAMTACC G.'MTATTGA ATmCA'1GM TIBl'ACCATA 1200 

5 AATGAAACTC TJIWlilSK. NifCMMAA MAACAAAT CCCATATCAG AGA'TIDliAG 1260 
GTAVBrACT ATA.tAN:MA 1™TA TTCCTTAltT ~T GA.f.ACCCCTT 1320 
AATC1SltM NDOl:NA CTIOtCTAlT GA.a..&t.ATA ~ AAATAMTCA 1380 
Gf».t}JA mttm'IGA TIOJ.llJNX 1TCCANBXi CC'.A.GD:CT GTC<XTGCC 1440 
CHml'CMT AECT'AlGA CCATITMGA NJNil:>.lGA AltlCATCCT ltGlaMTrA 1500 

10 NXAAAlt.A.T ~ IO.tM.WG GM;MltTAA llmmATGi\ GCRWn'AAA 1560 
ATTAACr.CM TWm'GTCAT mn TA1'GIEIAMC CTGRIDGT GWGCCATG 1620 
SiA&\TIDT TCATim'TJ'C twmCATC AATGl'l1W!C laCMm1T CMTATCCAT 1680 
AAMGTATIM GW:CalGA TCCCMUTA mTICT'CCA G.mC&T CACATTI'MA 1740 
TTIGT6AATA GTAC'RUAC CTI'Clamf CltGCT1'mAA CM9A1'3A AAICI IGClC 1800 

15 1it.ANtXX.. /ifJrnSNC. llGI'~ lt.llVliATt ATTATTTm lGTAAIGW: 1860 
ATGNXN:f ATTIT~ CTATM\TTT ~ lDTACCM TMCATATCC 1920 
ACCC'lmATA CATTmAAC TCTCAATTTA ACTTTTATAG ICMTATIBA 'IT1'CWW:A 1980 
G1G6AACTTT ACAfil6'6tiC mwa\IAS AlECAGTG CCC'ltGMX:T CMW:G.\TG 2040 
mwr ATAATTACTA CNXJGAAG cml:MG1'C ~ lCTIM:AAC 2100 

20 M:CATTGACC ~ CA!W:TMiTT AAMA'TCl'CT C'IGAMTGl\T QDGllCCTT 2160 
GIWiACATTG GAAMG11ln' sm:NaCA TTCIG'RD:A l'l'GlmGT I I I naTC I 2220 
ATNmSTG GAT'llGTfJG Tm1TCN:A MCCCCATIG tmDl'GAC GATCATCCTC 2280 
CTTCTCATAG I IGIWI 111 IGITGI 1111 ATAGltltCA ~ TAACA'TGMC 2340 
GmCCCCA TAAMAlGAT trATCCAMC A~ a:rcmiG:A CliAGMCATr 2400 

25 aa:cccTAC CCDWiAOOA GATTNG:a: AltCTtCTIG GAA'laXCA OCTtCM1CAA 2460 
AGnWiCACG GCAAA~ GIWiGAlaT NJa.ATINt. CIGiGI IGI I CWCTATIG 2520 
GGGGATOOCC TACMTIGCT ~ GGGTATACTA cmTACr.AAC lTTltW:CCC 2580 
llG'l'CCm. AlGACACATt ~ CAMAATATG TTT 2623 

30 SEQ m ll0:7: 
A'RDitmCG ~ TCQ':Glt(ilt ClttGlaAT ESIGl'CGC lQ:Q:i ICIC 60 
TGCCASm ~ Hil IGIKI' fWJtJ!JtXA CCCCGI illl: Na.rJOSA 120 
CCAGMG1tli ~ GMCCaD:C NUXCI I IC 1Q.'Qi1 ICAG SiTAu:& 180 
C«ltm:TA ~ GATATJCAm TTCCCCC100 ~ CCCCMCACG 240 

35 6NliJt.NSJ laX.ATIBA. rm:ATl«T C'ltATCTltCA ISll'J:Nl:AT ~AT 300 
GT'lTITAAlG ltNWIGTA T~TC AllW:CICGA C<XCAltTA CAIGl"IQ; 360 
AGCGm\lG CCATNO.AA C~ IS?Jl!J:fltJJ cmrcctCCT GTJOWlilt 420 
CAGA'TGA'TGG ACCM:TA'TTA l061GCT1T NJS:.rSflC ~ W£AC 480 
6TCMCACCT ACTAlW'CAG ~ ~ CCTltCTCM laJ?S:J:ll,AT 540 

40 GGltTCACCT CTAGCATMC ll:S:TA'ltAG ISltMCCAG IGmil'tae r.ACCCCCAGA 600 
MCC1GT1GT cmtTTACIC AIONWt.C lalifrNt:r G&1lW: AGNiA1G1tT 660 
GCGAGATCCA "IGAMCCA'TT nw;rrcm cm.w:G1t16 lTESllW:AC TATHWP.lG 720 
ltltttl 111 TAJ.•Jl3M.tA 1tDXAGAG a:Jl!IDAltA lCTTGWAli Al:CMXTCT 780 
ATTCAAClGC lGMAMCTA 1GCT61'CACA NGTACESIG 'WI nm ca.&GCTGAT 840 

45 Nai/:rN;CA GATICI 111£ AATA1'111& GACTAnccc IGICI IQiAA aoa.N:T 900 
GMNal7t:f ccrm mAATITTA TilWSil'm TITCCAATII: CATI'CNJICT !J60 
CIN.Jt.MTA GCAGTCTCCA TlTTATmCC AA'ltiATATM CNJ:CTtCTI' CTCTACTCCT 1020 
TTAGAAGMG m:TAATTT waww:A TlTMS'IGl'A TATllWtAA aaol6AA 1080 
GAAATltAAA AAAKITTAAA A&&TTGAA AM/CJtl£A GACCToWm TACTGCGMG 1140 

50 GTCTATAAM Wt.111.VA TCTiil'ACAiT G1TTGGCAAC CEITATACA GATMW:CTG 1200 
trAGATAC'lt A'mCCN«T GTACAAltTC N:ANt.Gt:fA aa:ntACC TJCATr.NCA 1260 
Cf:IXNO.T CTCCC&A6 ~ GATl.CTTCAA GrGITNnm ~T 1320 
AA'flal4l(A N:rCAICfAA ~ GmGCCB:Cr CCC&1TCA GI I llUTAT 1380 
&ACMTCTCA Gl.•JGJS:AT CA.llCN&TG ~ lG1tC&iC A~ 1440 

55 Wl:JllrN:A GOOCCTta:T CAmeGTAC GAGC16AGCA NiATCINU- CMV«GTC 1500 
A~ TCTA'RB:AG a:CMTGttT GCCMGT1GA TmGT tmG1tAGTG 1560 
TCAG.\TRiTA TCNiiGTTGA CrJNllill£ GIGI I IGIOC N:MMATAT GNGrniCC1" 1620 
GllD.'IONG l.CCl'GIGI IA <XCMB:Cr ~ 1tNGrlTAT CAA'TCBE 1680 
6MC1G1'Tl'G cimws;r &ltCCMn ~ 1\£1GICCAC C1t1tlmTG 1740 

60 ~ AGCAC"8:TG CCWiCM:TAC TTCCNECG SWlCAGAT fffle.NGT/C 1800 
Nlllill:TACT ACTATG'ICAG TACCCTCAAC CIGAC'1GO TACCCXCCT lrX.J/XATG 1860 
ATTACCCTGA ACCIGICICI SiT/t&fGAAT ATAGATTTTA &16.\1™ GC'TCTATICT 1920 
AA.WJIWiA AN61CTGTt CMCGTmT <W:ATCGN3A CCATGrTCAG 'SIIrlf.NC 1980 

qo 
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TACTAIXTC AGMCtTCM c:m:m.& NGW:Ca ATGN:JIV.T MATCA'TOOC 2040 
NlllJ!IOl£T TCA'ltCAGfC cc:narG.'C ATCA'TGC& ACCTm:AC CATNS:NG 2100 
GT51lmCA AIGIECIG ~ TCCCltl 116 tari:ATAGT c:raumTG 2160 
ATAAGCTITT Tt.W.AA1CC Cl 1 IW: .uacmtTCA TNiTCCTCAT CATt.GCCCm 2220 

5 GTMmmGG lGTNx:TGTT TATliACClliG 'l'CC.aAGCA TATACTCTGC CCCCAlTAGA 2280 
ATGCTCTl.CC CCQBIB G.G'DDl:C ~ ~ mTG1CISAA 2340 
GACCMATCA OOMCATCCT GAT&MlG CM:CAATnC ~ &amr.mM 2400 
G&aCC ~ 81GfAAM QWJ.tAGM CTCICI 1 IGA AG'IGATMG.\ 2460 
GACTt1GCGA CCl«G1TCT GAm.WM J&mn'G GT&TACCA mcTIOiG 2520 

10 C6AGACGOOA GaW.GAl&\ ~TTAT Gf«CATTGA <S:JiN»SA ~ 2580 
GM:G.G1GG AarnBm: NB:JlSJ:.G GATl.C<mm TGl'AA 2625 

SEQ ID fl> :8: 
ATGTliCCCTA CIGTGMAAG TA1616fGTC m:tlCCTAA CCAATCTCCT NL"a:i ICIG 60 

15 iGlCTGCIGI ~ ltTCTACGTA 1G1tAGCCAA CCACTCTGAG CVGX:ATCA 120 
cw:AlGACCC ~ ca:n:CNa. cww:1tCCC CIL"tCCfCIC IN:TNl:Kr 180 
NtJlWS:r l"IWTIQT ua::GIGIGI amlE16 aJiOBmA tw:ern:AQ; Z40 
TTTGAMIG Kl»-016 cctCIGrACA WGATMIA l«A'T'Gila aKA'TtTm 300 
cn:GmTATA NJATf:NO.T CGTGCCCT/4C AlCTltAAAA ~TA Tlt!N#ATA 360 

20 AlT.ACTCAAC nw:tATCrG GtG&CCTA .ACCACTIGM' CAGl'CAC1m TAAATTTGAA 420 
A11D:CAClt '8l':CCACG.\ 61BYGlG maw:mG N:NV.lcrA TC#iGTGCrAC 480 
AAT/llZSXA CCA'T'lmSr ANDltmC ~ AlGTClW:AG AGA'11mirt 540 
AATAAAACTG TGAACATACG CCCIGI IGAT lliTCTMCAG CGMTAltcA MG.\TAC1TT 600 
IGftJS'JXA cccmATTC AGMCCTim "RaTm:TG GCTTTTATCG 1GTTCGMCC 660 

25 lt.aifTNCr 6TGAAATTGT ar.AnmG llXS:1'CCA 11&\ltCCTA TMCTACATC 720 
s:rm 1tlaGACAG CC1&Wl:TC TCCCCGI I IC AMCC1TIGA CNOl'J:JS'. 780 
CAGTGTICTG cm:TAAGAG l«FGATAlG IC&'J'C'8 NmWBM TTICMSTTT 840 
GTliGAlTATA ATAN:.NJa .MC'RECCCC ~ GC&t.CC1T ltTNMACT 900 
CCCTClGCCA CTT.ACTttlG fWJJalr.C N:rJBJQM crm:ACG1G C6ftCCT8STG 960 

30 CAC1EAAAA CATTCCCTCG. C«CA'TCCAA ACRE'TtATG. AN:ATNrrA CCATTTIGTG 1020 
GCCAAlGMG. TCACCm:AC CTI"CMTM:A ccccnw:nr NmNJNM TTTCACC£ 1080 
lmTATK!J:f C£GTCMl'GA CCIMTCAAT MW:CAltT CTGAATATAT CCA.WGTTG 1140 
NCAN:TCr:r ACSnB:CMi nmt.t..w:A CAGTATTTCA AGACTGA'lm TAACCT&TAC l200 
C'ftAlC1E NCCACltGA ACATCC81S ATltWGACA T~ Cl«CW:CCA 1260 

35 GNl'J:NCCC ~ ANSTttlO. llJIWWJJ .. •. GllWIDl.r. nw:M'ID 1320 
AN:rr.JK.AT C'Ril&TCTC NNiSDCA &WATCCGC TCATTN.JE CCAMTitAA 1380 
1T1GCCTA1G ION1:fG#t CM:C1G:G'rC ~ 'T1GAStG1T GrCCIBmi 1440 
ia;JGl'IGAG ~ ISJt.JtJ1:fC A.1\il'GSfAlG NrfTllDA &:m:AICCCf 1500 
~ 16TC1w:AT TrA1™ CCTGTCa:n1 cv.tmGT a:GAC&:C 1560 

40 ATATCnm1.\ CMACTGTAT CTA'lGTQW: CAAAGTJ'CM ltM:ATCCA CCA6AOC1l6 1620 
aa:TGCI&: AmATAAMC CM:Cla:TAC ~A 6'G'1'CM:C1T CAN.MATA 1680 
Nr.JGTN:JG ACtrJ!l:.TNI:. 1BCIG1'TG CBTCCTIGM ANWATrAT CCTCTttNC 1740 
ll:INO.TN.i AAACA.TfaA OOA1G8GT GMIXTACT ltATRrn& CSATACAlT 1800 
TACTATTATA AMATIACAT 'TT11GN6M Nl!£TMN:t. TtltNG:AT CGCTACCCTA 1860 

45 G.tOCAmA TMCCC'ltAA TAltltATIT ATTGMAATA 1aw:TTCAA AN.N.ifll.W. 1920 
CTGTACltCT CTACTGWG GAMC1'ClD TCti"8CGTCT TIG.\TATAG.\ AltCAltiTIT 1980 
NDW.TATA N:rATTIOt. CTIOa:CTC tnm:ATIA llJNlilNA:f· NilitNfX.C 2040 
AltlW:TACA ATISJIJIO/.j M:mTTCltG ~ ACA1&A11£ ™~ 2100 
GACATTmM GA:ICJGIClif GM1Gllmt NiCJtG.GTNi lt:ICATTTIT CASTIGTA1T 2160 

50 GmtlCISr ltATTAMn cmACCAAC CCICTME GMTATTCAT TCTCCTAAn 2220 
AlltmG6AA TAATCTTm CiillmAGTC CTAMTAGAA GWCTCACA 61'11tM:GA.T 2280 
CVtCCCATCA AMTGC'Ril'A cccnclGI I GMMCTACG ~ GGCGaXCT 2340 
CCCTATNiCG CATCACCTCC NrrATNW. INBllSM TTMIXDT ACI 11 ltDilt 2400 
ATGCATCAGG TN:Aa:lla. ISA•.WSM fl:Jtll!NN:. IN:rNl'.CAA CJtlm:cT 2460 

55 ACI 1 IGIOOC N.WNZ.Clt. .8'TTCCTT NWA'Tf8.C ~TA CAGCCMCTT 2520 
CC1tTBiAAG A'JGAATCAAC TJtCatT 2548 

SEQ ID N0:9: 
A~ GTNBilal' ~ ~ as:ccna: GTOCCGJCJC 60 

• 60 ~~~ax8XNXA~T~ 120 
arn:AIDAA CC£TTTCC 11TCCXWm: ~ ~ CGACCIGm 180 
CQ:i ICltcT caw:AlCCA GIGICCCJt& TTTID:l.m: CDW.iAAltA CNJliNBl:£ 240 
C1GITGA1GG 'Rm'TMllGA CNCATTATT CCCTICT'CGT TTMmtCG CTCCT#aGC 300 

"' 
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AASATMiTGA CCNCATTCT CAltTM:MT CKnmM:G mw:TCCG1' ~ 360 
~ /IJI ICICOOT nw:la:TM: &WCnW:C ltGAlmATAC CATCTACCIG 420 
TGCTArMCG cmrtNaAT GICN»GAT &cnW:GC a:GTGTATST ~ 480 
GGlTM:A lCICC6ttM CCTAMS:CC N:J:sll1l1X ~ ~ 540 

5 TACOCCliGCC ~ CTAT<WKC cccama;r TGATA'Rae TTN:llWl:A 600 
NiNl:fACm ~ G.\TAM:lUC ATGATIEtA Nrn:CAACM CCCCl1C6'C 660 
TTCI I IGl"G\ ctm GCAGACTG1U GMA11JtCC CTTTCTA'TGA amA•J.•AT 720 
NIJJMltJ:r TCCATGl&:G EA6ACTCC TTtCACG1GA GMCTAllCTA CAAGATAGJG 780 
GACT/l.CGACA ~ G.v4XaEAA ~ G.IG:Ci ltcr ~ 840 

10 ICITN:JtS'. TA'TtTIDA mtGAGMC 8IOIZ.CT ACRECCa:T ~ 900 
CAAM:CTT16 ACTaWXAT Cll:CACNiM llJlaNST CMTOm ~ 960 
GNm:liCCT CT"6ClTC61' 6laNtXA ICCG1tBl:A TtwaTCCC <IWm:Tlt 1020 
NiGll£AlCG NSllVlm GNlNGN:.C ATGCAlWGA IUTA&Gm CGJtC:ltmf.T 1080 
CGTI'AeliCGA 11!/B'DSJA NJ;CATTM:A TATTTl'ATAA C6fCGB.G ATIGTTATTA 1140 

15 GCl1ETAC cn:nw:ccc CIZltlii lG mltA N.iMCCM 8Wl:TTllCC 1200 
ACTCCGAC'TT rm CIQ1GTCCA na:cc:ccAG CCCCAltCGC an:cGClm 1260 
NV.CCCCCG CCIUGI ICI GMmii'CCU a:caATG c:ta/8.M:GC rN£m 1320 
61GCCCCCCA CECCCC9.i fMiTCCC16 <KltCC1tA ACAAltCCGC au:arn:cAG 1380 
ATCCMTTTG CCTACGN:Tt CCTGIZCGC C'.AGA1CW:C GCA'111:1lm AGACCma 1440 

20 amcnm t£CRIWiCA 6AAtWKM AD.1SR£ 16A1WWLT IKJ:.AIGATT 1500 
AATCCMXA CCSTtATGlt CAGCAltTAC mTMDm 'l9l:BCM GCm:Tam 1560 
GAlGTCAlCT CAGTtTCCCA Gra:nm: GTTMCCIG3 CCACCGTCAC CC1GCDAG 1620 
l«A1GMBi ltCCTC£1t WCA16 ~ GCCCCCTQir ~ 1680 
mATCAACG N:NXNSIC CT~ C'JGC'RIEA CCGACMCG.\ GATCTitC'l'C 1740 

25 IUJ».lfJGA ~ Glm:m ll:J".Jl1:DGf ACTACTTCCA GTCC1B:MC 1800 
68TCCACG TCTACAACG.\ CTACCACCAC mAAAACCA TCGAS:TOOA CCEATim: 1860 
ACCC1GCla CCTI'CATCTt N:rANtXr. lCCCTtAltG AGMCATlGA Ci I il'UTCC 1920 
cnas:TGr ~ awas:Gr a:atcNCG TCTTIWttr CBGKAlt 1980 
1TCCt&IGT ACAACT1tCA ~ Aim:c:tn:C nmw.mA rrmw:MT 2040 

30 crJGlGTCAA ACraJlWiA TCAATTCGTG cwm:C'lm CDWIC'ITAT 9CIB1tTii 2100 
lmlCl:GTIU liitNiltCAT CACCAACCTA ~ Will GTTT'IG:AGC 2160 
CTQiiltltlG GmtATCTC cm:rrtMA M:CCCTTC6 a:GIEAET CA:i ICIGSTt 2220 
ctm BTGGJ'GAT ccnmTATT 'ltCCRXM CDKm WG\mtG 2280 
~ 'RD&\TGCT CTACC:C<:& A~ '1tGC1tNi:A ACATI£CTCT 2340 

35 arnwmrt CAIB:AlTM 1tCCA1TAGT HllN:NMAT T.M:Ml:CAT CATGTrAGCG 2400 
Cl\Vil&fS: NJJt£.N.1.;A 'DJIJ6/ll?:A CDS:tC8 m:BCCG l\CCClt1Gl'6 2460 
~ CA'TTGCAOOC ~ CGTT1TCCIB m:TACGCIG NGN:JJ:TAT 2520 
CACGATCCIU l6Jt.CGt.rJI:. aacTGCTT llR"*6CAG ~ TT 2572 

40 SEQ ID f«>:lO: 
A'TB3MTCCA am tcmrMi'lt TGCGrTAACC TlilliTAltGT Clliitl&S1T 60 
a:TGCGGI I I CCTCTTCTA& TACTl'CCCAT cv.ACTTC1T CTACltl.CM ~T 120 
ACITCTCGTA CGACGTtra: 'JtHACCCSj TCfQCJ'ATT CTCMCACGr AACGICI rtl 180 
cws:cG1tA GTCATIQSC CAH:GllGACT A1t11QIO. CTACCC1tM 6fACGGN.V.T 240 

45 ~ TtMCACTAC CAAGTMXCC TA'l'CG'ltiT Gn'CTATID: CC1ai'ACG 300 
G.\TCTTATTC GCTTTGMCG TAATATtATt 1lDCC1CGA l&MGCCTAT CAA'TIWGM: 360 
TllB\TGAGG GCAltATim s;JCTACMG CKMCATCG ~ CT1TMBiTA 420 
amn:TACC AWSiTm GH:GI I ICGT CGl'M:TACG CTI'ACAltTA CXCACTTAT -180 
CTGC1GG6CA GCAATACOOA ATACGTID:G CCltCTATGT G*TICA TCN:AltAAC 540 

50 Mm'TGCTC AATGCTM:Mi lTCCTIOS: m:GTTATA& ~ TTTCGl'EA 600 
TATCATM.a M:A&TTAlGA mt»NtJ:. Am:AATTAA rrccaw:GA TTATTtW.C 660 
N:.CCJCl4irA CCCGITAtGT GAtCmCMG GAltlGIE lfJm aa:ACCTCJi 720 
CTCTATtG'IU AMCCTGTM lCIGMCmT A1'E16fa:A TCACT.H:m: a:GC1ttMi 780 
TATCCTI'Alt Al I Iii i IOC AACT1CCACG Qil'GATGlai mACAmt Ttti I ICIJ.C 840 

55 IW:JlJ.Wl'J:,A A'TCGCAA~ Cla::l'ACTIT ~Y..~ CCGM:NGrr mtATnTC 900 
CCGAACTM:A CCAlCGTTTC CGACl1lBGA IM'JXAJl:n C'RDCCAGA AN:CCAT& 960 
lT6GTETT TTCTCGMCG TimiACTtG Gl'&\TCltTT &ATATACA GGN:IWWG 1020 
AATGTCACCT GCtAGCTtAC Clltl&M ~ GTACTATCCG m:cGMGCC 1080 
GMGACTCGT ACCACTTT1t TTtTCIX:AAA AltW:'1a:AA CI I I itlGlC TNSAJJCAA 1140 

60 GMrn1AN:A TG1tCGN:'lt r.a:tBW: Tal'liCGl'G A1'WEl'AT AAATNGrTA 1200 
CltGQSA.m TCAATACTl'C ATJOATr>A ACATATGNA AATllSAAA CGT6TCCGTt 1260 
TJtGWaA GCCBDiiCI tmemGI re TI£>..&CA Tc:NID.YA Altl r icmG 1320 
GAA.TIDM: GI I lm:M 1CGA'TCCIGT aGAATAltA CTtATIS.W: r:.NWlWGT 1380 
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~ ATMTltNC ltATTm'CC .c\TIIMT cmTaxM ICIOOTCTli 1440 
a:ccAGCmC AGTTCACCTA TlWXG1T6 m:cmro 1CAACCIBiC GCTlBlO.A 1500 
Alm:AGAAG CClWIGIGI taTCM:GG caxccrMi AmTClTCAA aw.crCNaC 1560 
NSATCAN:.r. CGTCAGCCAT TCTCraac ATIT#O.ltA ~nae CGCGCGTTTC 1620 

5 ATiml'GAlG ICI iamT ~ G'IGACCAlCA NI.AANXIG CGJtNarni 1680 
crocGlGATA 1GAG1GM ~tem:A ~ N:rC'XJJla'. CGTmtf.ATC 1740 
MAAlTTCG CCM:AGCTC GrACGra:A& TACtmCAAC ~ CMCGAAATC 1800 
CIGI im:A lt.CK.C.fDC ~T&T CETTCCCA a:clt.WiAT CTltATCGCC 1860 
~ CCTACWTA CGTIIW:TAC CTCTTCAMC DTGATIM CC1tAGCAGT 1920 

10 ATCTtCACCG TCGACl«AT GATCGCCClG GATA~ ~ TACCGACllC 1980 
l8Tlt'TOO AACTlTACTC ~ ClQ!GntCA trMCGfTTT 1&\CC1tGM 2040 
6'GA1CA~ s:GAATTCM crtGTM:NG a.mmrM AGTGEA CiGACA&TA 2100 
~ TNXXl:CCTA CCttANmT CWC lCA't'GNlm CC1llD:GCC 2160 
GCl8WAOO can IWCGT MCCAma acamrmG ~ crcccmmt 2220 

15 GNalCGT1G axcrn:cr C1JA•.Ja:J:.C. T1tmECT TCACCAltAT rmt 2280 
ATMmrrliG ltATTATCAC TTAT11GA1t TATliC'TtGM: JG:CB'.GTC I ~ 2340 
CCGCTGCAGA UICI I ICC CTATCTGGTG TCCGCCtW:G GrW:CACr.G1° GM'.G1lDB: 2400 
IS:XDNS ""61tGT1" ~ ctntCTG '8AMi"Rif TTATAATTCT 2460 
am:aAAG GlaJmACC M:CGl'CGlCT GAEA'TCCA C<B'.CE1tC a:tTTNXC 2520 

20 ~ CTTACCA&\T 9;TTCTID:C C1T£CCG1C m.w:cDGA ~ 2580 
CJS;NWtS GTACIG\TIC ~ CA&4ICm ~ cmN:llJNIJ 2640 
CCTAACCTGC TAGACQKT Ci:GACAltGC AfJJN:Jlrf N::ISJtJCfT GAAllGAC1tC 2700 
GNlWlWG AGAACGTCTG M 2722 

25 SEQ ID NO:ll: 
A~ TGAGfGTATT ATTCC1ET GICI I I I IGA 'IGMTAGmT TTTAA'IGATA 60 
TArra:GATI fmA'IGATTA TA'ltltGAGCG CD:TATMlt ACAAATATCC TTTn:CaTT 120 
mm; a:Mll!IDl:. lGATTmAlG ~ &ti&\TATTTt GIGI lmx:A 180 
TATM61tl'A A1GCANtG.'T Gi'CG1Wmr TTTT1tA1tA MACAAMC AAAlATCXWj 240 

30 lt.crKK:rT TTCCAliT6'iG AICATATIM. ~ CGntCAAfL CMmlCCGT 300 
GAIGl<mlG rarnTAm l'ClmATCm AtmlGATm G1 i lm:AT QtailGIH: 360 
CWGCAAATT TliGTTMTrC ~ 161TAntlG CCGTMDAT A.•JJCSNXC 420 
GA1G&Tlaii TGmfSJOC CTATtATGMi GATMTMTA M.._v:sliJJC lCTliGMlTA 480 
1TTCClC16A AmtAAGTt TIITT.ACTMT AANGATTTA TtACTACGAA NWUJ:rN:. 540 

35 1Tl'GCANm GJCCI I IGIG s:TCTATl'CT ACA1CGfCGT CTCTCMTTG TATTGJGACG 600 
CWD:TN:.GG c:r/tl/1ll:JJM ATATttGTTT Mm'ACTTIG CTTIGACGAC 'lSlGMAlC 660 
Glawam cnmnt:TT CGACCm1tA N&rlllr. AlTlTIDiGA GCCGTTIGM 720 
AAArnw:M TCTT&AAA CTAT.ACTAlG ATIGMGATC TAATGMl&i TAlGAAl& 780 
GCTACTACGT TAGTNGM &\lUl!i 11 I CRMWIG ca\TACm GI I I IL1100 840 

40 GAAA'TtA& .MGl'GAATGA ATCa:llGIGI Ala:TANG: AClmftCTAC arnw:1tX 900 
CEI ICGAG ~ ™6ACTTAT CICI I IA'JTT CT.waGTT 6'.CAGCCtO' 960 
T1tG1tGCCT CCAAllWilt mAM1CTT M:tGAlCttA AACAAM:GTG TATTNIGAAT 1020 
GAATT'IGAGA IGATAATrN: IGATiilCTAT AlmtlGATT ATAA'MAlGA CTl.CIS:ATG 1080 
AM:aiTMITT ATCAAA11TT TNM:TICG GGAGA1'CJ&\ 1Tn'GATl1G GCim:1trr 1140 

45 Gl&:AAAAAT ClCITAltm TCTmENl cmitlBrM ACTTACGTMi CWD:GfGAT 1200 
TlllmaTG TCMil't'TliG ACATGATATT CTTTA"IG'RJ; AATTACISTA ctlt:TATGAT 1260 
ACnlGAMG ATTATATCAA CGATGCCrTG mGMTT1m CMMlCTIG GmCCTCG.\T 1320 
CNNN:J;AA CGAT~T GmDCGAA CTI'IG'l'AllQ TCIQtCAlC GimAltGTG 1380 
lC1lWmT'T' MXmtGl'CC GATAlCla:A C'JG'l'mCATG Gt&\1G1GTT Nl:TAlCTtG 1440 

50 AM'TlDTliG MGTTMTCA AlCA'itCGTT Cl«TTTATA MASTA'IUCG am:GTCG.\T 1500 
GC&WDiAG T~ AACGATGTGT TATAAlOE CCTTarnW: GTTTl«TTT 1560 
GTGMCTtCA c:a:cmimT IGltCllml' CliGCTNmr TA&\TM'IGA GATfCIGTIG 1620 
rmGAlCATA ~ ATGTIWiATA CCTNiTACM MATA'TTTCT Al't'D1AAAT 1680 
CA'RUOaj lm'ATACCGA TTAT.tm:AT AtGAATltGA C6CCCATl6' AtW:ATTG.fG 1740 

55 GTAT'imATG CTTITATTM N:TANVATC tWXClCIQi AAMllE'MA TTTTMICTA 1800 
CTIGAIDAT ATTCm:B CGAATTIWiT IGJIVNfJ3 TTTltGAITT AGGATAlT 1860 
cntGTGAAT ATMCTCATA TIJIWl1D. CTATATIGTA TAGMIETM AATmCTACT 1920 
AATACGCCGT CGTATGTCAA TBATTAAT ltl 111 I I.AC AAIBiCTlGG lD:TATND: 1980 
AC1GGA11Bi GCTamTAT MiJ'GTTACG ~ Tnlm\TAT IGicmrD 2040 

60 GTSIGICTT TTTTAMAM ltCATTtB GGMICICA 1G1"1&\TTTT ll.J:JJATK3fA 2100 
GI IGICGtTA TMTMTm <iii I I ICGTT ~ Ama:TTIG TNS:CTATT 2160 
GM:ATGAlGT TTCCTTAm: CACCMTCCG GMTAClG TG1tCliGTGT TAC<DM:C 2220 
ACIGICGTCA AGIOl:CTA& T&lTMMAT GC'RW8Di GCACATCl&T WI I ICG 2280 

93 
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WJJJIWI,; IQi;TATCD: ~ aw:AAATM GlWRi\lM ATATJC.atM 2340 
GMGAlGCTT TIMMm:T CNS?J:.CATA NGTClTTAG ACGA&TCCTA CNWGAAM 2400 
CC11tGTtTT C1GfGTCTCA ~ CCTIGITIGA ~T CNm'ATS 2460 
CNTTATNGA GIGT#Altil' llWGNllJ:JA 1'A 2493 

5 
SEQ 10 N0:12: 
AlGl 1 IGI l:A aGXmrGr crnmrcn:T c:cMiCTCGT MA'IWAG MACMGTA 60 
GNrUXX. MTr.IGNGA TATAACCQU ltlGCTCAlt Tm:GA'JOO 'IM'RWATC 120 
JGllWllJ:rA TIOO.AGTC CCAllWlU Gl»l»JJC CCACCITTTTA CGICIWXA 180 

10 ~ a:TCCACMT CGTACGATTA GMCrM:1t lmCATGTCC tliATTA'ltAC 240 
tmm'MAA ICTTTOGA &TAmET mmTATA NliA• .. • .. OT la:G:GTIC 300 
MGJTTA& awmTATA TTJCNllJAT GTl'ATCGTrA (V.C(£GTG CD:CaWGT 360 
TC'TTATACS: NATTN:rAA TIGATA'l\D GATIG.ml'C CAATitctGT ~TC 420 
NJBtXD. 11&\TAMITT 'RKMG1GT ltTltTAMG CMCGTACGT It/WI.TAN:. 480 

15 C1iCANGT1'G MGCCTTTAA 'JGaATAAA MJCCX& ATATGCCTCT AA'TCll:ATCA 540 
AAATATMTT ~TC CAAAGt'Alm CATACTACCA ATIWXGTA CA~ 600 
cawxm:G GVCATATAG GACCmltCG 'ltETCMTT «ATCATTGA CIWG1lGAA 660 
GCfJPGAltAA TAT1tCCTTA TGATMTTTT racrntCA CG!aGATAT MTATOTG 720 
lWlGI 111 TIECTACG 81ail8:A TN:/JBllWtt, ATTCCMTTA m:MllaT 780 

20 CGTTTTCl.CC HiTT16'& lTATIBOA #llla.TCmi N'.JCTIDK£. ATI~ 840 
CC'la:AOCGC mMC1TTTT AGTtACa:CT CATlTAlllm TTWI nm C'lawa:cA 900 
Wt:J.Wf.m AAliil IGI IC~~ T1GMlW:GT ~T 960 
GAGTAra::AC ACAATITTCG tmACAATG AAAACACm CTACCACGTT TATAAGTGAA 1020 
N:»llJ.jlGT TTAATCTTM CCAAATCr.AT CTCNiTCAAT GTGTAMOOA aws:ccoo 1080 

25 OCTAlTATTA AeamTCTA TIO>tDGA TACAACTtAT CTCATGTTMi Na:JllJ?S.T 1140 
ATCCIGACCT liCCTTGCCAG WI 11 GI IGllliiGI TltNICCCCT ~T 1200 
TCCCTCm:C GTCTCTATCT CCAAGMTlG GrCCG1M\\ IOl:rM'Tr.A TTCACCACAA 1260 
ANOat.GA CTCGAAATAC CAGATCCCGA CGMDTGC CIGl1GAGTT a:GTGCCAAT 1320 
IGNfJtA.TM CAACaCC1t A'l'CmlmM T11GCTAlGC ltCAGTTTIC ATATGACCN: 1380 

30 AT1tMGAGC ATGTTAA'IM AA'TGTTEA CGTATCl'CCT rm CCETACAA 1440 
AA'TCSlWL <llnti ITG cwmw:TA mtCMTTA ~ TlTN.l:GAGC 1500 
ACCATTTTIE ATCAACGlGT TAMGCTCGT ATltTI3iCG ACGTTATCTC CGTTTCTAAT 1560 
1G1tCAGMC naATCAGA TACAm:ATT ATACTl'CAAA At1tTA™6 Qil'ATCTG6T 1620 
AGTACTACGC GTTGTTATAG CCGTCCI I IA ATTTtAATAG TTAGTTTAAA nmrccGOO 1680 

35 ~ ~ AJOMTNr. &fGITMrrA ~ TClGITMAA 1740 
CCAm:G'l9'i CTAATCACAA GCGATATlTT CTAlTl&: ATCACTACGT ATArrA'JW 1800 
GATTAltGTT ~ AATCGCAGlt CAlGAlGlm GM'JMlTAG CACTTACGTA 1860 
GAmAAACT TAMXTTCT TAAHMTIGA 6'Sl'TTAlGC ~ ATATICNSA 1920 
~ cm.\TAC& AlTACTMK TIOGJtiMA TTCMll:tG AAATCMATG 1980 

40 CATitS:lGC GlTTTTAlGA CAT"""6 6Tl'Gla:MT AlGATA!IX» AM:tG:CATT 2040 
A'TGCIGD:A nKTtAGTT TTTCClaa. crnmu& am:c&c CGTTIBCAT 2100 
GWSl ICI IG satAC& 1S:GCTGC1T ltCACCGTl.C ACGGATlTllC CACGTTTTTA 2160 
TCTM:CCAT TTIDB:ATT ~ lTArnmTT 'TB:CDW:T mTASm:C 2220 
111 I I IGO:il ACCail'ACGT Cl:TTAAACTT AAHOJSU CG.\'TGAND: ATTATATCCA 2280 

45 C1CICAACCA /lll'ISmMA M:ASTTMXG &YGA'Tm ATtCC 11 IQ; CtWWACCC 2340 
AACS:TACIG ATN:.Cr.CAAT NINGAMlT IB:GACTtAC AWCAC1GA ~A 2400 
MTIS:.&r TraATCCCG.\ TAAATITCGA GMl.l:CCMG AAA'mAlTAA ATATATIW:G 2460 
TTAGTATCTG CGGCTGEG CCNGAAlCT Wl?l'J:J:1V, MNNATAA GACTAIDCC 2520 
CTTITAAClT CACGTtTTAC aati IOCT TIGAAATt GCCGAS;ATA CTtCamiTT 2580 

50 ~ Al6TMCOOG oomTMA 2608 

SEQ ID M>:l3: 
Atam:Am ~Cll:GCG amTGam TEI ltGTCG TAT&:GCT Cl llDl!iTTG 60 
ACGCTCBm lttTlliTmC GTCSiCET CCGNITTCCC CC<Klim:C TlmiTCGCG 120 

55 mcc N!l(;tl1DM r.mmaccT ~ CGCCOCCCGC CCC1fB:CCC 180 
~ llJ!J3/ttXMA ICtJWlWG AICHJAVC mA.+Aw:J:J:.. ~ 240 
CGCCCCGCCG GDiN:Ala£ GllCCGTm:C (£m:tN::G CCACCClGCG CG.t«ACCJG 300 
CSACATCA ~ CACC&\ia:A M:TTITM:G ~ CCCCACSD: 360 
~ TGCAGTTCGA GCG:CGa£ CGCTm:CGA CCCCB:cmA &TtAGAAC 420 

80 T~ GCATCGCCm ~ cww:ATCG CCCCGTltAA Gl'lt.wa:C -480 
/CrATBrACT /tCMIBJlJir CllCGTTTCG CMiiGIQ;T 1tlll:CM:CG CTACTCCCAG 540 
MAnm;A TCTTTIWli.\ CC«GCCCCX: GltCCCT1tG ~T CGAC»&\TC 600 
Nl'J!/XNS?a l'BICIGICG GTCCM:mCC AAGTACGTS: caJtMrT ~ 660 

'" 
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cmmtACC BJt.Glt.C'.A fJ?liGla'/.W:. ATQGAQCTG.\ AltJSaM ~C 720 
aDCGAGCC aac1EA aa.N:J:l!lt. CTCNiGTACA ACCCCTts::G ~ 780 
T1tCACCG6T N:J!JIJll:JW:. OOTANICTGC AltGltGG ~ GCGCTim1G 840 
TACCCGTM:G ACGAGTTTGT GCRB:GACT ca:GN:TTTG 'IGfACATGTC CCCGI 11 l:AC 900 

5 QLTACCC& AS.m1tGCA CJtJ'JWOC N:t:Ntl:TICG CCGCCGACCG CTTtAA&DG 960 
6llGACEGCT lCTHD:GCG CGACCTCICC NXNllllifAJ:. ~ ~C 1020 
cmw:tTGC Tr.ACGACCCC r.NGm'.ACC 61EC1D ACRmTGCC MNZS:J:.00 1080 
TCMIClGCA CCA'MACCAA GRKIBWi ~ TGCTGCGCTC CGAGTACCK 1140 
CETCCTI'CC &\TICTCClt e&a:C\TA 1tCM:CM:CT 1CACCXCAA CCRMCCGAG 1200 

10 TACCCS:TCT ~ cx:TCD&AC llDTCCD:A NSIS:J:J:Ji CGACOCCATG 1260 
GACCGCATCT TCOCCCOCAG GTACAACGCG N:JVtATCA AmTimCCA GCCGCAGTAC 1320 
TACC166CCA A"JtDm'TT mm TACCMCCCC T1tTCAIDA CACGCltOCG 1380 
<WiCTGTM:G wamw:A CCJtCGIGfO ~ ~ cca:ACGCCC 1440 
CCGCCGCCCG GOOCCAGCGC CNtCal'CC ~ Tr.N.GACCAC CTtC'TtCATC 1500 

15 GAGT'TCSXC ETGCAGIT TACGTACAAC CIO.TICJ/r. GCCATGTCAA CGATA1611G 1560 
<ECGCGT1G CCATCGCG'IG GTil:GAGC1G CNMTCACG liGCIGACCCT 6'TQWCGAG 1620 
mm:AI« 1GMCCCCAA CGCCATC(£C TCCB:tXCG im:au:& <B1'GfG:GCG 1680 
<m\l\iCTCG ~T liUGICICC #.tG'Rl:G1GC amtGCCGC aw:Nm1G 1740 
ATCGTCCAAA ACTCGATGCG CATCAGCTCG cm:ccaa ~ ccm:cccm 1800 

20 GTCAGCTI1t OOTAC&Va CCMmCCCG T11mCGMU ~ fiSIWt:NC. 1860 
GfBC1GCGGC TGM:GCGCGA TGCG\TCGAS CCGTGCACCG TCmtaiCCG Gm:TACllC 1920 
ACCTUXmG GGECTACGT GTACTltGAG GfBTACGCGT ACTCCCAcr.A GCTGAOCCGC 1980 
GCCGN:AlCA CCACCGTCttG CACCTTCATC GACCTCAACA 'RXCATGCT BWaltAC 2040 
cwmmtc CCC1tlWm GTICACCCGC CMXWM'TCA ~ CCTGC1aGAC 2100 

25 TACAC9.Wi& TCCl«S:CG CM:CAS:m CACcw:t:IOC ~ CATC<WXG Zl6D 
GTCATCCACG caw:GCCAA mm:cATG TTCGal.DX 1m:G11' ~ ZZZO 
A~ nDmlK arn:tENG GlmJGA'JOO DTCGTim aa:GmGTA 2280 
rnRiT CGCGRi1t CTCClTCATG TCCAACCCCT ~ ECGRmT 2340 
CTGTmm:C ~ CD'.BET rn:nm:cr TICGCTACGT CAlGCETG 2400 

30 ~C CCA"RWGit ccn;rM:CCG trAACCltCA ~ GMCCCC1tt 2460 
AACCCmftCG CGltCCBD\ ~ ~ ~ CMGCT~ 2520 
&m:cccm l.GA'TGATICG GTACATEC C'MGIGICJG CCAT93ND CltJ?JJJNX. .2580 
ANB:J:Nl3A /ISAN?SDC G8:m C1tNl'a:CA ~ CATOOJCAlG 2640 
CfOJ«.Ga. «»tJaM CTACACCCAA G1iCCCMCA ~ CGCCGM:GAG 2700 

35 GM:GACCTGT GAC 2713 

40 

45 

50 

55 

60 

SEQ ID NO:l4: 
Met Val Pro Asn Lys His Leu Leu Leu Ile Ile Leu Ser Phe Ser 1hr 
Ala Cys Gly Gln Thr Thr Pro Thr Thr Ala Val Glu Lys Asn Lys Thr 
Gln Ala Ile Tyr Gln Glu Tyr Piie Lys Tyr Arg Val Cys Ser Ala Ser 
Thr Thr Gly Glu Leu Piie Arg Piie Asp Leu Asp Arg Thr Cys Pro Ser 
Thr Glu Asp L.Ys Val His L.Ys Glu Gly Ile Leu Leu Val Tyr L,ys Lys 
Asn Ile Val Pro Tyr Ile Piie Lys Val Arg Arg Tyr L.ys Lys Ile Thr 
Thr Ser Val kg Ile Phe Asn Gly Trp Thr Arg Glu Gly Val Ala Ile 
Thr Asn L,ys Trp Glu Leu Ser Arg Ala Val Pro Lys Tyr Glu Ile Asp 
Ile Met Asp Lys Thr Tyr &ln Cys His Asn Cys Met Gln Ile Glu Val 
Asn Gly Met Leu Asn Ser TJr Tyr Asp Arg Asp Gly Asn Asn Lys Thr 
Val Asp Leu Lys Pro Val Asp Gly Leu Thr Gly Ala Ile Thr Arg Tyr 
Ile Ser Gln Pro l.ys Val Phe Ala Asp Pro Gly Trp Leu Trp Gly Thr 
Tyr Arg Thr Arg Thr Thr Val Asn Cys Glu Ile Val Asp Met Piie Ala 
Arg Ser Ala Asp Pro Tyr Thr Tyr Phe Val 111r Ala Leu Gly Asp Thr 
Val Glu Val Ser Pro Phe Cys Asp Val Asp Asn Ser Cys Pro Asn Ala 
Thr Asp Val Leu Ser Val Gln Ile Asp Leu Asn His Thr Val Val Asp 
Tyr Gly Asn Arg Ala Thr Ser Gln Gln His Lys l.15 Arg Ile Phe Ala 
H;s Thr Leu Asp Tyr Ser Val Ser Trp Glu Ala Val Asn Lys Ser Ala 
Ser Val Cys Ser Met Val Piie Trp Lys Ser Piie Gln Arg Ala Ile Gln 
Thr Glu His Asp Leu Thr Tyr His Phe Jle Ala Asn Glu Ile Thr Ala 
Gly Phe Ser Thr Val Lys Glu Pro Leu Ala Asn Phe Thr Ser Asp Tyr 
Asn Cys Leu Met Thr His Ile Asn Thr Thr Leu Glu Asp Lys Ile Ala 
Arg Val Asn Asn Thr His Thr Pro Asn Gly Thr Ala Glu Tyr Tyr Gln 
Thr Glu G\y Gly Met Ile Leu Val Trp Gln Pro Leu Ile Ala lle Glu 
Leu Glu Glu Ala Met Leu Glu Ala Thr 1hr Ser Pro Val Thr Pro Ser 
Ala Pro Thr Ser Ser Ser Arg Ser Lys Arg Ala Ile Arg Ser Ile Arg 
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Asp Val Ser Ala Gly Ser Glu Asn Asn Val Phe Leu Ser Gln Ile Gln 
Tyr Ala Tyr Asp Lys Leu Arg Gln Ser Ile Asn Asn Val Leu 61u Glu 
Leu Ala Ile Thr Trp Cys Arg Glu G1n Val Arg Gln 1hr Met Val Trp 
Tyr Glu lle Ala Lys Ile Asn Pro Thr Ser Val Met Ttr Ala lte Tyr 

5 G1y Lys Pro Val Ser Arg Lys Ala Leu 611 Asp Val Ile Ser Val Thr 
Glu Cys Ile Asn Val Asp Gln Ser Ser Val Ser Ile Hfs Lys Ser Leu 
Lys Thr Glu Asn Asn Asp Ile Cys Tyr Ser Arg Pro Pro Val Thr Phe 
Lys Phe Val Asn Ser Ser Gln Leu Phe Lys Gly Gln Leu Sly Ala Arg 
Asn Glu Ile Leu Leu Ser Glu Ser Leu Val Glu Asn Cys His Gln Asn 

10 Ala 61u Thr Phe Phe Ttr Ala Lys Asn Glu lhr Tyr His Phe Lys Asn 
Tyr Val H1s Val Glu Thr Leu Pro Val Asn Asn Ile Ser Thr Leu Asp 
Thr Phe Leu Ala Leu Asn Leu Thr Phe I1e G1u Asn Ile Asp Phe Lys 
Ala Val Glu Leu T,Yr Ser Ser 61y Glu Arg Lys Leu All Asn Val Phe 
Asp Leu Glu Thr Met Phe Arg Glu Tyr Asn T,Yr Tyr Ala Gln Ser Ile 

15 Ser Gly Leu Arg Lys Asp Phe Asp Asn Ser Gln Arg Asn Asn Arg Asp 
Arg Ile Ile Gln Asp Piie Sir 6lu Ile Leu Ala Asp Leu Gly Ser Ile 
Gly Lys Val Ile Val Asn Val Ala Ser Gly Ala Phe Ser Leu Piie Gly 
Gly Ile Val Thr Gly Ile Leu Asn Phe Jle Lys Asn Pro Leu Gly Gly 
Met Phe Thr Piie Leu Leu Ile Sly Ala Vat Ile lle Leu Val Ile Leu 

20 Leu Val Arg Arg 1tr Asn Asn Met Ser Gln Ala Pro Ile Arg Met Ile 
T,yr Pro Asp Val Glu Lys Ser Lys Sir Tilr Val Thr Pro Met Glu Pro 
Glu 1hr Ile Lys Gln Ile Leu Leu Gly Met His Asn Met Gln Gln Glu 
Ala Tyr Lys L.ys L.ys Glu Glu Gln Arg Ala Ala Arg Pro Ser Ile Phe 
Arg Gln Ala Ala Glu Thr Phe Leu Arg Lys Arg Ser Gly Tyr Lys Gln 

25 Ile Ser Thr Glu Asp Lys Ile Val 

SEQ ID llO:lS: 
Met Tyr Tyr L.ys Thr Ile Leu Phe Phe Ala Leu Ile Lys Val Cys Ser 
Phe Asn Gln Ttr Thr Thr His Ser 1hr Thr Thr Ser Pro Ser Ile Ser 

~ SerThrlhrSerSerThrlhrThrSerlhrSerLysProSerAsnlhr 
Thr Ser Thr Asn Ser Ser leu Ala Ala Ser Pr0 Gln Asn lhr Ser Thr 
Ser L.ys Pro Ser Thr Asp Asn Gln Gly lhr Ser Thr Pro Thr Ile Pro 
Thr Val Thr Asp Asp Thr Ala Ser L.ys Asn Phe T,Yr Lys Tyr Arg Val 
Cys Ser Ala Ser Ser Ser Ser Gly Glu Leu Phe Arg Phe Asp Leu Asp 

35 Gln Thr Cys Pro Asp Thr Lys Asp L.ys Lys His Vil Glu Gly Ile Leu 
Leu Val Leu L.ys Lys Asn Ile Val Pro Tyr Ile Phe Lys Val Arg Lys 

Tyr Arg Lys Ile Ala Thr Ser Val Thr Val Tyr Arg Gly Trp Ser Gln 
Ala Ala Yal Thr Asn Arg Asp Asp Ile Ser Arg Ala Ile Pro Tyr Asn 
Glu Ile Ser Met lle Asp Arg Thr Tyr H'ls Cys Phe Ser Ala Met Ala 

40 Thr Val Ile Asn Gly Ile Leu Asn 1hr Tyr Ile Asp Arg Asp Ser Glu 
Asn L.Ys Ser Val Pro Leu G1n Pro Val Ala Gly Leu Thr Glu Asn Ile 
Asn Arg Tyr Phe Ser Gln Pro Leu Ile Tyr Ala Glu Pro Gly Trp Phe 
Pro Gly Ile Tyr Arg V1l Arg Thr Thr Val Asn Cys Glu Val Val Asp 
Met Tyr Ala Arg Ser Val Glu Pro Tyr Thr Hfs Phe Ile lhr Ala Leu 

45 Gly Asp Thr Ile Glu Ile Ser Pro Phe Cys His Asn Asn Ser Gln Cys 
Thr Thr Gly Asn Ser Thr Ser Arg Asp Ala Thr Lys Val Trp Ile Glu 
Glu Asn H1s Gln Thr Val Asp Tyr Glu Arg Art Gly His Pro Thr Lys 
Asp Lys Arg Ile Phe Leu LYs Asp Glu Glu Tyr Thr Ile Ser Trp L.ys 
Ala Glu Asp Arg Glu Arg Ala Ile Cys Asp Phe Val Ile Trp Lys lhr 

50 Phe Pro Arg Ala Ile Gln Thr Ile !tis Asn Glu Ser Phe His Phe Val 
Ala Asn Glu Val Thr Ala Ser Phe Leu Thr Ser Asn Gln Glu Glu Thr 
Glu Leu Arg Gly Asn Thr Glu Ile Leu Asn Cys Met Asn Ser Thr Ile 
Asn Glu Thr Leu Glu Glu lhr Val L.ys Lys Phe Asn Lys Ser His Ile 
Arg Asp Gly Glu Val L,ys Tyr Tyr Lys Thr Asn Gly Gly Leu Phe Leu 

55 Ile Trp Gln Ala Met Lys Pro Leu Asn Leu Ser Glu His Thr Asn Tyr 
Thr Ile Glu Arg Asn Asn Lys Thr Gly Asn L.YS Ser Arg Gln L.YS Arg 
Ser Val Asp Thr Lys Thr Phe Gln Gly Ala L,ys Gly Leu Ser Thr Ala 
Gln Val Gln Tyr Ala Tyr Asp His Leu Arg Thr Ser Met Asn His Ile 
Leu Glu Glu Leu lhr L.ys lhr Trp Cys Arg Glu Gln Lys Lys Asp Asn 

60 Leu Met Trp Tyr Glu Leu Ser Lys Ile Asn Pro Val Ser Val Met Ala 
Ala Ile Tyr Gly L.ys Pro Val Ala Val Lys Ala Met Gly Asp Ala Phe 
Met Val Ser Glu Cys Ile Asn Val Asp Gln Ala Ser Val Asn Ile His 
Lys Ser Met Arg Thr Asp Asp Pro L.ys Val Cys Tyr Ser Arg Pro Leu 

qi, 
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Val lll" Phe Lys Phe Val Asn Ser Thr Ala Thr Phe Arg Gly Gln Leu 
Gly Thr Arg Asn Glu Ile Leu Leu Thr Asn Thr His Val Glu Thr Cys 
Arg Pro Thr All Asp H1s Tyr Phe Phe Val L,ys Asn Met Thr His Tyr 
Phe Lys Asp Tyr Lys Phe Val Lys Thr Met Asp Thr Asn Asn Ile Ser 

5 ThrleuAspThrPheleulbrleuAsnleuThrPhe~AspAsn~ 
Asp Phe Lys Thr Val Glu Leu Tyr Ser Glu Thr Glu Arg Lys Met Ala 
Ser Ala Leu Asp Leu Glu Thr Met Phe Arg Glu Tyr Asn Tyr Tyr Thr 
Gln Lys Leu Ala Ser Leu Arg Glu Asp Leu Asp Asn Thr Ile Asp Leu 
Asn Arg Asp Arg Leu Val Lys Asp Leu Ser Glu Met Met Ala Asp Leu 

10 Gly Asp Ile Gly lys Val Val Val Asn Thr Phe Ser Gly Ile Val Thr 
Val Phe Gly Ser Ile Val Gly Gly Phe Val Ser Phe Phe Thr Asn Pro 
Ile Gly Gly Val Thr Ile Ile Leu Leu Leu Ile Val Val Val Phe Val 
Val Phe Ile Val Ser Arg Arg Thr Asn Asn Met Asn Glu Ala Pro Ile 
l.ys Met Ile Tyr Pro Asn Ile Asp L,ys Ala Ser Glu Gln Glu Asn Ile 

15 Gln Pro Leu Pro Gly Glu Glu Ile Lys Arg Ile Leu Leu Gly Met His 
Gln Leu Gln Gln Ser Glu His Gly Lys Ser Glu Glu Glu Ala Ser His 
Lys Pro Gly Leu Phe Gln Leu Leu Gly Asp Gly Leu Gln Leu Leu Arg 
ArgArg~~ThrArgleuProlbrPheAspProSerPro~Asn 

20 
Asp Thr Ser Glu Thr His Gln Lys Tyr Val 

SEQ m N0:16: 
Met Gly Val Gly Gly Gly Pro Arg Val Val Leu Cys Leu Trp Cys Val 
Ala Ala Leu Leu Cys Gln Gly Val All Gln Glu Val Val Ala Glu Thr 
Thr Thr Pro Phe Ala Ttr His Arg Pro Glu Val Val Ala Glu Glu Asn 

25 Pro Ala Asn Pro Phe Leu Pro Phe Arg Val Cys Gly Ala Ser Pro Thr 
Gly Gly Glu Ile Phe Arg Phe Pro Leu Glu Glu Ser Cys Pro Asn lhr 
Glu Asp Lys Asp His Ile Glu Gly Ile Ala Leu Ile Tyr Lys Thr Asn 
Ile Val Pro Tyr Val Phe Asn Val Arg lys Tyr Arg Lys Ile Met Thr 
Ser Thr Thr Ile Tyr L.Ys Gly Trp Ser Glu Asp Ala Ile Thr Asn Gln 

30 His Thr Arg Ser Tyr Ala Val Pro Leu Tyr Glu Val Gln Met Met Asp 
His Tyr Tyr Gln Cys Phe Ser Ala Val Gln Val Asn Glu Gly Gly His 
Val Asn Thr Tyr Tyr Asp Arg Asp Gly Trp Asn Glu Thr Ala Phe Leu 
L,ys Pro Ala Asp Gly Leu Thr Ser Ser Ile Thr Arg Tyr Gln Ser Gln 
Pro Glu Val Tyr Ala Thr Pro Arg Asn Leu Leu Trp Ser Tyr Thr Thr 

35 Arg Thr Thr Val Asn Cys Glu Val Thr Glu Met Ser Ala Arg Ser Met 
Lys Pro Phe Glu Phe Phi Val Thr Ser Val Gly Asp Thr Ile Glu Met 
Ser Pro Phe Leu Lys Glu Asn Gly Thr Glu Pro Glu Lys Ile Leu Lys 
Arg Pro His Ser Ile Gln Leu Leu Lys Asn Tyr Ala Val Thr Lys Tyr 
Gly Val Gly Leu Gly Gln Ala Asp Asn Ala Ttr Arg Phe Phe Ala Ile 

40 Phe Gly Asp Tyr Ser Leu Ser Trp Lys Ala Ttr Thr Glu Asn Ser Ser 
Tyr Cys Asp Leu Ile Leu Trp Lys Gly Phe Ser Asn Ala Jle Gln Thr 
Gln His Asn Ser Ser Leu His Phe Ile Ala Asn Asp Ile Thr Ala Ser 
Phe Ser Thr Pro Leu Glu Glu Glu Ala Asn Phe Asn Glu Thr Phe Lys 
Cys Ile Trp Asn Asn Thr 61n 61u Glu Ile Gln Lys Lys Leu Lys Glu 

45 Val Glu Lys Thr His Arg Pro Asn Gly Thr Ah Lys Val Tyr Lys Thr 
Thr Gly Asn Leu Tyr Ile Val Trp Gln Pro Leu Ile Gln Ile Asp Leu 
Leu Asp Thr His Ala Lys Leu Tyr Asn Leu Thr Asn Ala Thr Ala Ser 
Pro Thr Ser Thr Pro Thr Thr Ser Pro Arg Arg Arg Arg Arg Asp Thr 
Ser Ser Val Ser Gly Gly Gly Asn Asn Gly Asp Asn Ser Thr Lys Glu 

SO Glu Ser Val Ala Ala Ser Gln Val Gln Phe Ala Tyr Asp Asn Leu Arg 
Lys Ser Ile Asn Arg Val Leu Gly Glu Leu Ser Arg Ala Trp Cys Arg 
61u Gln Tyr Arg Ala Ser Leu Met Trp Tyr Glu Leu Ser Lys Ile Asn 
Pro Thr Ser Val Met Ser Ala Ile Tyr Gly Arg Pro Val Ser Ala Lys 
Leu Ile Gly Asp Val Val Ser Val Ser Asp Cys Ile Ser Val Asp Gln 

55 Lys Ser Val Phe Val His Lys Asn Met l.Ys Val Pro G1y l.ys Glu Asp 
Leu Cys Tyr Tir Arg Pro Val Val Gly Phe L,ys Phe Ile Asn Gly Ser 
Glu Leu Phe Ala Gly Gln Leu Gly Pro Arg Asn Glu Ile Val Leu Ser 
Thr Ser Gln Val Glu Val Cys Gln H1s Ser Cys Glu His Tyr Phe Gln 
Ala Gly Asn Gln Met Tyr Lys Tyr Lys Asp Tyr Tyr Tyr Val Ser Thr 

60 Leu Asn Leu Ttr Asp Ile Pro Thr Leu H1s Thr Met Ile Thr Leu Asn 
Leu Ser Leu Yal Glu Asn Ile Asp Phe lys Val Ile Glu Leu Tyr Ser 
lys Thr 61u Lys Arg Leu Ser Asn Val Phe Asp Ile Glu Thr Met Phe 
Arg Glu Tyr Asn Tyr Tyr Thr Gln Asn Leu Asn Gly Leu Arg Lys Asp 

'l? 

·---- --------
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Leu Asp Asp Ser Ile Asp H1s Gly Arg Asp Ser Phe Ile Gln Thr Leu 
Gly Asp Ile Met Gln Asp Leu Gly 1lr Ile Gly LYs Val Val Val Asn 
Val Ala Ser &ly Val Phe Ser Leu Phe Gly Ser Jle Val Ser Gly Val 
Ile Ser Phe Phe Lys Asn Pro Phe Gly Gly Met Leu Leu Ile Val Leu 

5 Ile Ile Ala Gly Val Val Val Val Tyr Leu Phe Met Ttr Arg Ser Arg 
Ser Ile Tyr Ser Ala Pro Ile Arg Met Leu Tyr Pro Gly Val Glu Arg 
Ala Ala Gln Glu Pro Gly Ala His Pro Val Ser Glu Asp Gln Ile Arg 
Asn Ile Leu Met Gly Met His Gln Phe Gln Gln Arg Gln Arg Ala Glu 
G1u Glu Ala Arg Arg Glu Glu Glu Val t.,ys Gly t.,ys Arg Thr Leu Phe 

10 Glu Val lle Arg Asp Ser Ala 1lr Ser Val Leu Arg Arg Arg Arg Gly 
Gly Gly Gly Tyr Gln Arg Leu Gln Arg Asp Gly Ser Asp Asp Glu Gly 
Asp Tyr Glu Pro Leu Arg Arg Gln Asp Gly Gly Tyr Asp Asp Val Asp 
Val Glu Ala Gly Thr Ala Asp Thr Gly Val 

15 S£Q ID N0:17: 
Met Tyr Pro Thr Val Lys Ser Met Arg Val Ala His Leu Thr Asn Leu 
Leu Thr Leu Leu Cys Leu Leu Cys His Thr His Leu Tyr Val tys Gln 
Pro Thr Thr Leu Arg Gln Pro Ser Asp Met Thr Pro Ala Gln Asp Ala 
Pro Thr Glu Thr Pro Pro Pro Leu Ser Thr Asn Ttr Asn Arg Gly Phe 

20 Glu Tyr Phe Arg Val Cys Gly Val Ala Ala Ttr Gly Glu Thr Phe Arg 
Phe Asp Leu Asp L.Ys Thr Cys Pro Ser Thr Gln Asp Lys Lys His Val 
Glu Gly Ile Leu Leu Val Tyr Lys Ile Asn Ile Val Pro Tyr Ile Phe 
Lys Ile Arg Arg Tyr Arg Lys Ile Ile Thr Gln Leu Thr Ile Trp Arg 
Gly Leu Thr Thr Ser Ser Val Thr Gly Lys Phe Glu Met Ala Thr Gln 

25 Ala His Glu Trp Glu Val Gly Asp Phe Asp Ser Ile Tyr Gln Cys Tyr 
Asn Ser Ala Thr Met Val Val Asn Asn Val Arg Gln Val Tyr Val Asp 
Arg Asp Gly Val Asn Lys Thr Val Asn Ile Arg Pro Val Asp Gly Leu 
Thr Gly Asn Ile Gln Arg Tyr Phe Ser Gln Pro Thr Leu Tyr Ser Glu 
Pro Gly Trp Met Pro Gly Phe Tyr Arg Val Arg lhr Thr Val Asn Cys 

30 Glu Ile Val Asp Met Val Ala Arg Ser Met Asp Pro Tyr Asn 'lyr Ile 
Ala Thr Ala Leu Gly Asp Ser Leu Glu Leu Ser Pro Phi Gln Thr Phe 
Asp Asn Thr Ser Gln Cys l1lr Ala Pro Lys Arg Ala Asp Het Arg Val 
Arg Glu Val l.Ys Asn Tyr Lys Phe Val Asp Tyr Asn Asn Arg Gly lhr 
Ala Pro Ala Gly Gln Ser Arg Thr Phe Leu Glu Thr Pro Ser Ala Thr 

35 Tyr Ser Trp Lys Thr Ala Thr Arg Gln Thr Ala Thr Cys Asp Leu Val 
His Trp l.Ys Thr Phe Pro Arg Ala Ile Gln Thr Ala H1s Glu His Ser 
Tyr H1s Phe Val Ala Asn Glu Val 1hr Ala Thr Phe Asn Thr Pro Leu 
Thr Glu Val Glu Asn Phe Thr Ser Thr Tyr Ser Cys Val Ser Asp Gln 
Ile Asn Lys Thr Ile Ser Glu Tyr Ile Gln t.ys Leu Asn Asn Ser Tyr 

40 Val Ala Ser Gly Lys Thr Gln Tyr Phe lys Thr Asp Gly Asn Leu Tyr 
Leu Ile Trp Gln Pro Leu Glu His Pro Glu Ile Glu Asp Ile Asp Glu 
Asp Ser Asp Pro Gl u Pro Thr Pro Al a Pro Pro l.ys Ser Thr Arg Arg 
Lys Arg Glu Ala Ala Asp Asn Gly Asn Ser Thr Ser Glu Val Ser Lys 
Gly Ser Glu Asn Pro Leu Ile ltlr Ala Gln Ile Gln Phe Ala Tyr Asp 

45 Lys Leu 1llr Thr Ser Val Asn Asn Val Leu Glu Glu Leu Ser Arg Ala 
Trp Cys Arg Glu Gln Val Arg Asp Thr Leu Met Trp Tyr Glu Leu Ser 
Lys Val Asn Pro Thr Ser Val Met Ser Ala Ile Tyr Gly lys Pro Val 
Ala Ala Arg Tyr Val Gly Asp Ala Ile Ser Val Thr Asp Cys Ile Tyr 
Val Asp Gln Ser Ser Val Asn Ile His Gln Ser Leu Arg Leu Gln His 

~ Asplyslhrlhr~~SerArg~Arg~ThrPhel.YsPhe~ 
Asn Ser Thr Asp Pro Leu Thr Gb Gln Leu Gly Pro Arg Lys Glu Ile 
Ile Leu Ser Asn ibr Asn Ile Glu Thr Cys Lys Asp Glu Ser Glu His 
Tyr Phe Ile Val Gly Glu Tyr Ile lyr Tyr Tyr L.ys Asn Tyr Ile Phe 
Glu Glu Lys Leu Asn Leu Ser Ser Ile Ala Thr Leu Asp Thr Phe Ile 

55 Ala Leu Asn lle Ser Phe Ile Glu Asn Ile Asp Phe lys Thr Val Glu 
Leu Tyr Ser Ser Thr Glu Arg Lys Leu Ala Ser Ser Val Phe Asp I1e 
Glu Ser Met Phe Arg Glu TJI" Asn Tyr Tyr lhr Tyr Ser Leu Ala Gly 
Ile Lys Lys Asp Leu Asp Asn Thr Ile Asp Tyr Asn Arg Asp Arg Leu 
Val Gln Asp Leu Ser Asp Met Met Ala Asp Leu Gly Asp Ile Gly Arg 

60 Ser Val Val Asn Val Val Ser Ser Val Val Thr Phe Phe Ser Ser Ile 
Val Thr Gly Phe Ile L.Ys Phe Phe Thr Asn Pro Leu Gly Gly Ile Phe 
Ile Leu Leu Ile Ile GlyGly Ile Ile Phe Leu Val Val Val Leu Asn 
Arg Arg Asn Ser Gln Phe His Asp Ala Pro Ile Lys Met Leu Tyr Pro 

'1i 
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Ser Val Glu Asn Tyr All Ala Arg Gln Ala Pro Pro Pro Tyr Ser Ala 
Ser Pro Pro Ala Ile Asp Lys Glu Glu Ile Lys Arg Ile Leu Leu Gly 
Met His Gln Val His Gln Glu Glu Lys Glu Ala Gln Lys Gln Leu Thr 
Asn Ser Gly Pro Thr Leu Trp Gln Lys Ala Thr Gly Phe Leu Arg Asn 

5 Arg Arg Lys Gly Tyr Ser Gln Leu Pro Leu Glu Asp Glu Ser Thr Ser 
Leu 

St:Q ID llO:l8: 
Met Thr Arg Arg Arg Val Leu Ser Val Val Val Leu Leu Ala Ala Leu 

10 Ala Cys Arg Leu Gly Ala Gln Thr Pro Glu Gln Pro Ala Pro Pro Ala 
Thr Thr Val Gln Pro Thr Ala Thr Arg Gln Gln Thr Ser Piie Pro Phe 
Arg Val Cys Glu Leu Ser Ser His Gly Asp Leu Piie Arg Piie Ser Ser 
Asp Ile Gln Cys Pro Ser Piie Gly Thr Arg Glu Asn H1s Thr Glu Gly 
Leu Leu Met Val Phe Lys Asp Asn Ile Ile Pro Tyr Ser Phe Lys Val 

15 Arg Ser Tyr Thr Lys Ile Val Thr Asn Ile Leu Ile Tyr Asn Gly Trp 
Tyr Ala Asp Ser Val Thr Asn Arg His Glu Glu Lys Phe Ser Val Asp 
Ser Tyr Glu Thr Asp Gln Met Asp Thr lle Tyr Gln Cys Tyr Asn Ala 
Val Lys Met Thr Lys Asp Gly Leu Thr Arg Val Tyr Val Asp Arg Asp 
Gly Val Asn Ile Thr Val Asn Leu Lys Pro Thr Gly Gly Leu Ala Asn 

20 Gly Val Arg Arg Tyr Ala Ser Gln Thr Glu Leu Tyr Asp Ala Pro Gly 
Trp Leu Ile Trp 1hr Tyr Arg Thr Arg lhr Ttr Val Asn Cys Leu Ile 
Thr Asp Met Met Ala Lys Ser Asn Ser Pro Phe Asp Pile Phe Val Thr 
Thr Thr Gly Gln 1hr Val Glu Met Ser Pro Phe Tyr Asp Gly Lys Asn 
Lys Glu Thr Phe His Glu Arg Ala Asp Ser Phe Hts Val Arg Thr Asn 

25 Tyr Lys Ile Val Asp Tyr Asp Asn Arg Gly Thr Asn Pro Gln Gly Glu 
Arg Arg Ala Phe Leu Asp Lys Gly Thr Tyr Thr Leu Ser Trp Lys Leu 
Glu Asn Arg Thr Ala Tyr Cys Pro Leu Gln His Trp Gln Thr Phe Asp 
Ser Thr Ile Ala Thr Glu Thr Gly Lys Ser Ile His Piie Val Thr Asp 
Glu Gly Thr Ser Ser Phe Val Thr Asn Thr Thr Val Gly Ile Glu Leu 

30 Pro Asp Ala Phe Lys Cys Ile Glu Glu Gln Yal Asn Lys Thr Met His 
Glu Lys Tyr Glu Ala Val Gln Asp Arg Tyr Thr Lys Gly Gln Glu Ala 
Ile Thr Tyr Phe Ile Thr Ser Gly Gly Leu Leu Leu Ala Trp Leu Pro 
Leu Thr Pro Arg Ser Leu Ala Thr Val Lys Asn Leu Thr Glu Leu lhr 
Thr Pro Thr Ser Ser Pro Pro Ser Ser Pro Ser Pro Pro Ala Pro Ser 

35 Ala Ala Arg Gly Ser Thr Pro Ala Ala Val Leu Arg Arg Arg Arg Arg 
Asp Ala Gly Asn Ala Thr Thr Pro Val Pro Pro Thr Ala Pro Gly Lys 
Ser Leu Gly Thr Leu Asn Asn Pro Ala Thr Val Gln Ile Gln Phe Ala 
Tyr Asp Ser Leu Arg Arg Gln Ile Asn Arg Met Leu Gly Asp Leu Ala 
Arg Ala Trp Cys Leu Glu Gln Lys Arg Gln Asn Met Val Leu Arg Glu 

40 Leu Thr Lys Ile Asn Pro Thr Thr Val Met Ser Ser Ile Tyr Gly Lys 
Ala Val Ala Ala Lys Arg Leu Gly Asp Val Ile Ser Val Ser Gln Cys 
Val Pro Val Asn Gln Ala Thr Val Thr Leu Arg Lys Ser Met Arg Val 
Pro Gly Ser Glu Thr Met Cys Tyr Ser Arg Pro Leu Val Ser Phe Ser 
Phe Ile Asn Asp Thr Lys Thr T,yr Glu Gly Gln Leu Gly Thr Asp Asn 

45 Glu Ile Phe Leu Thr Lys Lys Met Thr Glu Val Cys Gln Ala Thr Ser 
Gln T,yr Tyr Phe Gln Ser Gly Asn Glu Ile Hts Val Tyr Asn Asp Tyr 
H1s H1s Phe Lys Thr Ile Glu Leu Asp Gly Ile Ala Thr Leu Gln Thr 
Phe Ile Ser Leu Asn Thr Ser Leu Ile Glu Asn Ile Asp Phe Ala Ser 
Leu Glu Leu Tyr Ser Arg Asp Glu Gln Arg Ala Ser Asn Val Phe Asp 

50 Leu Glu Gly Ile Phe Arg &lu Tyr Asn Piie Gln Ala Gln Asn Ile Ala 
Gly Leu Arg Lys Asp Leu Asp. Asn Ala Val Ser Asn Gly Arg Asn Gln 
Phe Val Asp Gly Leu Gly Glu Leu Met Asp Ser Leu Gly Ser Val Gly 
Gln Ser Ile Ttr Asn Leu Val Ser Thr Val Gly Gly Leu Phe Ser Ser 
Leu Val Ser Gly Phe Ile Ser Phe Phe Lys Asn Pro Phe Gly Gly Met 

55 Leu Ile Leu Val Leu Val Ala Gly Val Val Ile Leu Val Ile Ser Leu 
Thr Arg Arg llr Arg Gln Met Ser Gln Gln Pro Val Gln Met Leu Tyr 
Pro Gly Ile Asp Glu Leu Ala Gln Gln His Ala Ser Gly Glu Gly Pro 
Gly Ile Asn Pro Ile Ser Lys Thr Glu Leu Gln Ala Ile Met Leu Ala 
Leu His Glu Gln Asn Gln Glu Gln Lys Arg Ala All Gln Arg Ala Ala 

60 Gly Pro Ser Val Ala Ser Arg Ala Leu Gln Ala Ala Arg Asp Arg Phe 
Pro Gly Leu Arg Arg Arg Arg Tyr H1s Asp Pro Glu Thr Ala Ala Ala 
Leu Leu Gly Glu Ala Glu Thr Glu Phe 
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SEQ ID re>: 19: 
Met Gl1.1 Ser Arg Ile Trp Cys Leu Val Val Cys Val Asn Leu Cys Ile 
Val Cys Leu Gly Ala Ala Val Ser 5er Ser Ser Thr Arg Gly Thr Ser 
Ala Thr His Ser His His Ser Ser His Thr Thr Ser Ala Ala His Ser 

5 Arg Ser Gly Ser Val Ser Gln Arg Val Thr Ser Ser Gln Thr Val Ser 
H1s Gly Val Asn Glu Thr Ile Tyr Asn Thr Thr Leu Lys Tyr Gly Asp 
Val Val Gly Val Asn 1hr Thr Lys Tyr Pro Tyr Arg Val Cys Ser Met 
Ala Gln Gly Thr Asp Leu Ile Arg Phe Glu Arg Asn Ile Val Cys Thr 
Ser Met Lys Pro Ile Asn Glu Asp Leu Asp Glu Gly Ile Met Val Val 

10 Tyr Lys Arg Asn Ile Val All His Thr Phe Lys Val Arg Val Tyr Gln 
Lys Val Leu Thr Phe Arg Arg Ser Tyr Ala Tyr Ile His Thr Thr Tyr 
Leu Leu Gly Ser Asn Ttr Glu Tyr Val Ala Pro Pro Met Trp Glu Ile 
H1s His Ile Asn Ser His Ser Gln Cys Tyr Ser Ser Tyr Ser Arg Val 
Ile Ala Gly Thr Val Phe Val Ala Tyr His Arg Asp Ser Tyr Glu Asn 

15 Lys Thr Met Gln Leu Met Pro Asp Asp T,Yr Ser Asn Thr H1s Ser Thr 
Arg Tyr Val Thr Val Lys Asp &ln Trp H1s Ser Arg Gly Ser Thr Trp 
Leu Tyr Arg Glu Thr Cys Asn Leu Asn Cys Met Val Thr Ile lhr lhr 
Ala Arg Ser Lys Tyr Pro Tyr H1s Phe Phe Ala Thr Ser Thr Gly Asp 
Val Val Asp Ile Ser Pro Phe Tyr Asn Gly Thr Asn Arg Asn Ala Ser 

20 Tyr Phe Gly Glu Asn Ala Asp L.ys Phe Ptle Ile Ptte Pro Asn Tyr 1hr 
Ile Val Ser Asp Phe Gly Arg Pro Asn Ser Ala Leu Glu Thr His Arg 
Leu Val Ala Phe Leu Glu Arg Ala Asp Ser Val Ile Ser Trp Asp Ile 
Gln Asp Glu Lys Asn Val Thr Cys Gln Leu Thr Phe Trp Glu Ala Ser 
Glu Arg Thr Ile Arg Ser Glu Ala Glu Asp Ser Tyr His Phe Ser Ser 

25 Ala LYs Met Thr Ala Thr Phe Leu Ser Lys Lys Gln Glu Val Asn Met 
Ser Asp Ser Ala Leu Asp Cys Val Arg Asp Glu Ala Ile Asn l.ys Leu 
Gln Gln Ile Phe Asn Thr Ser Tyr Asn Gln Thr Tyr Glu Lys Tyr Gly 
Asn Val Ser Val Pile 61u Thr Thr Gly Gly Leu Val Val Phe Trp Gln 
Gly Ile Lys Gln Lys Ser Leu Val Glu Leu Glu Arg Leu Ala Asn Arg 

30 · Ser Ser Leu Asn Leu Thr His Asn Arg Thr Lys Arg Ser Thr Asp Gly 
Asn Asn Ala Thr His Leu Ser Asn Met Glu Ser Val His Asn Leu Val 
T,Yr Ala Gln Leu Gln Phe Thr Tyr Asp 1hr Leu Arg Gly Tyr Ile Asn 
Arg Ala Leu Ala Gln Ile Ala Glu Ala Trp Cys Val Asp Gln Arg Arg 

Thr Leu Glu Val Phe Lys Glu Leu Ser Lys Ile Asn Pro Ser Ala Ile 
35 Leu Ser Ala Ile Tyr Asn Lys Pro Ile Ala Ala Arg Phe Met Gly Asp 

Val Leu Gly Leu Ala Ser Cys Val Thr Ile Asn Gln Thr Ser Val Lys 
Val Leu Arg Asp Het Asn Val Lys Glu Ser Pro Gly Arg Cys Tyr Ser 
Arg Pro Val Val Ile Phe Asn Phe Ala Asn Ser Ser Tyr Val Gln Tyr 
Gly Gln Leu Gly Glu Asp Asn Glu Ile Leu Leu Gly Asn His Arg Thr 

40 Glu Glu Cys Gln Leu Pro Ser Leu Lys Ile Phe Ile Ala Gly Asn Ser 
Ala Tyr Glu Tyr Val Asp Tyr Leu Phe Lys Arg Met Ile Asp Leu Ser 
Ser Ile Ser Thr Val Asp Ser Met Ile Ala Leu Asp Ile Asp Pro Leu 
Glu Asn Thr Asp Phe Arg Val Leu Glu Leu Tyr Ser Gln Lys Glu Leu 
Arg Ser Ser Asn Val Phe Asp Leu Glu Glu Ile Met Arg Glu Phe Asn 

45 Ser Tyr Lys Gln Arg Val Lys Tyr Val Glu Asp Lys Val Val Asp Pro 
Leu Pro Pro Tyr Leu Lys Gly Leu Asp Asp Leu Met Ser Gly Leu Gly 
Ala Ala Gly Lys Ala Val Gly Val Ala Ile Gly Ala Val Gly Gty Ala 
Val Ala Ser Val Val Glu G1y Val Ala Thr Phe Leu Lys Asn Pro Phe 
Gly Ala Phe Thr Ile I1e Leu Val Ala Ile Ala Val Val Ile Ile Ile 

50 Tyr Leu Ile Tyr Thr Arg G1n Arg Arg Leu Cys Met Gln Pro Leu Gln 
Asn Leu Phe Pro Tyr Leu Val Ser Ala Asp Gly Thr Thr Val Thr Ser 
Gly Asn Thr Lys Asp Thr Ser Leu Gln Ala Pro Pro Ser Tyr Glu Glu 
Ser Val Tyr Asn Ser Gly Arg L.YS Gly Pro Gly Pro PrO Ser Ser Asp 
Ala Ser Thr Ala Ala Pro Pro Tyr Ttr Asn Glu Gln Ala Tyr Gln Met 

55 Leu Leu Ala Leu Val Arg Leu Asp Ala Gtu Gln Arg Ala Gln Gln Asn 
Gly Thr Asp Ser Leu Asp Gly Gln 1hr Gly Thr 61n Asp Lys Gly Gln 
Lys Pro Asn Leu Leu Asp Arg Leu Arg H1 s Arg Lys Asn Gl y Tyr Arg 
His Leu Lys Asp Ser Asp Glu Glu Glu Asn Val 

60 SEQ JD N0:20: 
Met Ser LYs Met Val Val Leu Piie Leu Ala Val Phe Leu Met Asn Ser 
Val Leu Met Ile Tyr Cys Asp Pro Asp H1s Tyr Ile Arg Ala Gly Tyr 
Asn His Lys Tyr Pro Phe Arg Ile Cys Ser Ile Ala Lys Gly Thr Asp 

loo 
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Leu Met Arg Phe Asp Arg Asp Ile Ser Cys Ser Pro Tyr Lys Ser Asn 
Ala Lys Met Ser Glu Gly Pile Phe Ile Ile Tyr L.ys Ttr Asn Ile Glu 
Thr Tyr Thr Pile Pro Val Arg Thr Tyr Lys L,ys Glu Leu Thr Pile Gln 
Ser Ser Tyr Arg Asp Val Gly Val Val Tyr Phe Leu Asp Arg Thr Val 

5 Met Gly Leu Ala Met Pro Val Tyr Glu Ala Asn Leu Val Asn Ser His 
Ala Gln Cys Tyr Ser Ala Val Ala Met L.ys Arg Pro Asp Gly Thr Val 
Phe Ser Ala Phe His Glu Asp Asn Asn Lys Asn Asn Thr Leu Asn Leu 
Phe Pro Leu Asn Pile L,ys Ser Ile Thr Asn Lys Arg Phe Ile Thr Thr 
Lys Glu Pro Tyr Phe Ala Arg Gly Pro Leu Trp Leu Tyr Ser lhr Ser 

10 Thr Ser Leu Asn Cys Ile Val Thr Glu All lhr Ala Lys Ala Lys Tyr 
Pro Phe Ser Tyr Phe Ala leu '111r lhr Gly Glu Ile Val Glu Gly Ser 
Pro Pile Phe Asn Gly Ser Asn Gly Lys His Phe Ala Glu Pro Leu Glu 
Lys Leu Thr Ile Leu Glu Asn Tyr Thr Met Ile Glu Asp Leu Met Asn 
Gly Met Asn Gly Ala lhr Thr Leu Val Arg Lys Ile Ala Phe Leu Glu 

15 Lys Ala Asp Thr Leu Pile Ser Trp Glu Ile Lys Glu Glu Asn Glu Ser 
Val Cys Met Leu Lys His Trp Thr Thr Val Thr His Gly Leu Arg Ala 
Glu Thr Asp Glu Thr Tyr His Phe Ile Ser lys Glu Leu Thr Ala Ala 
Phe Val Ala Pro Lys Glu Ser Leu Asn Leu lhr Asp Pro Lys Gln Thr 
Cys ne L.ys Asp Glu Phe Glu L,ys Ile Ile Asn Glu Val Tyr Met Ser 

20 Asp Tyr Asn Asp Thr Tyr Ser Met Asn Gly Ser Tyr Gln Ile Phe Lys 
Thr Thr Gly Asp Leu Ile Leu Ile Trp Gln Pro Leu Val Gln Lys Ser 
Leu Met Phe Leu Glu Gln Gly Ser Glu L.ys Ile Arg Arg Arg Arg Asp 
Val Val Asp Val Lys Ser Arg His Asp Ile Leu Tyr Val Gln Leu Gln 
Tyr Leu Tyr Asp Thr Leu Lys Asp Tyr Ile Asn Asp Ala Leu Gly Asn 

25 Leu Ala Glu Ser Trp Cys Leu Asp Gln Lys Arg Thr Ile Thr Het Leu 
His Glu Leu Ser Lys Ile Ser Pro Ser Ser Jle Val Ser Glu Val Tyr 
Gly Arv Pro Ile Ser Ala &ln Leu His Gly Asp Val Leu Ala Ile Ser 
Lys Cys Ile Glu Val Asn Gln Ser Ser Val Gln Leu His Lys Ser Met 
Arg Val Val Asp Ala Lys Gly Val Arg Ser Glu Thr Met Cys Tyr Asn 

~ ArgPro~MThr~Ser~~AsnSerThr~~~~ 
Pro Gly Gln Leu Gl..Y Leu Asp Asn Glu Ile Leu Leu Gly Asp Hts Arg 
Thr Glu Glu Cys Glu Ile Pro Ser Thr lys Ile Phe Leu Ser Gly Asn 
His Ala His Val lyr Thr Asp Tyr Thr H1s 1hr Asn Ser lhr Pro Ile 
Glu Asp Ile Glu Val Leu Asp Ala Pile Ile Arg Leu lys Ile Asp Pro 

35 Leu Glu Asn Ala Asp Phe Lys Val Leu Asp Leu Tyr Ser Pro Asp Glu 
Leu Ser Arg Ala Asn Val Phe Asp Leu Glu Asn Ile Leu Arg Glu Tyr 
Asn Ser Tyr L.Ys Ser Ala Leu Tyr lhr Jle Glu Ala Lys Ile Ala Ttr 
Asn Thr Pro Ser Tyr Val Asn Gly Ile Asn Ser Phe l.eu Gln Gly Leu 
Gly Ala Ile Gly Thr Gly Leu Gly Ser Val Ile Ser Val Thr Ala Gly 

40 Ala Leu Gly Asp Ile Val Gly Gly Val Val Ser Phe Leu Lys Asn Pro 
Phe Gly Gly Gly Leu Met Leu Ile Leu Ala Ile Val Val Val Val Ile 
Ile Ile Val Val Phe Val Arg Gln Arg His Val Leu Ser Lys Pro Ile 
Asp Met Met Phe Pro Tyr Ala Thr Asn Pro Val Thr Thr Val Ser Ser 
~Thr~ThrThr~~LysThrProSer~~-~-

45 Gly Gly lhr Ser Val Ala Val Ser Glu Lys Glu Glu Gly Met Ala Asp 
Val Ser Gly Gln Val Ser Asp Asp Glu lyr Ser &ln Glu Ala Ala Leu 
lys Met Leu L.ys Ala Ile l.ys Ser Leu Asp Glu Ser Tyr Arg Arg LY5 
Pro Ser Ser Ser Glu Ser Hts Ala Ser Lys Pro Ser Leu lle Asp Arg 

50 
Ile Arg Tyr Arg Gly Tyr Lys Ser Val Asn Val Glu Glu Ala 

SEQ ID N0:21: 
Met Phe Val Thr Ala Val Val Ser Val Ser Pro Ser Ser Phe Tyr Glu 
Ser Leu Gln Val Glu Pro Ttr Gln Ser Glu Asp Ile lbr Arg Ser Ala 
His Leu Gly Asp Gly Asp Glu Ile Ar9 Glu Ala Ile His Lys Ser Gln 

55 Asp Ala Glu Tir Lys Pro lhr Phe Tyr Val Cys Pro Pro Pro Thr Gly 
Ser Thr Ile Val Arg Leu Glu Pro lhr Arg Thr Cys Pro Asp Tyr His 
Leu Gly Lys Asn Phe Thr Glu Gly Ile Ala Val Val Tyr Lys Glu Asn 
Ile Ala Ala Tyr l..ys Phe Lys Ala Thr Val T)IY" Tyr l.Ys Asp 'lal Ile 
Val Ser Thr Ala Trp Ala Gly Ser 5er Tyr Thr Gln Ile Tilr Asn Arg 

60 Tyr Ala Asp Arg Val Pro Ile Pro Val Ser Glu Ile Thr Asp lhr Ile 
-~~~~~SerSerLys~~~MArg~~ 
His ~ Val Glu Ala Phe Asn Glu Asp Lys Asn Pro Gln Asp Met Pro 
Leu Ile A1a Ser L.ys Tyr Asn Ser Val Gly Ser Lys Ala Trp His Thr 
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lhr Asn Asp Thr Tyr Met Val Ala Gly 1lr Pro Gly Thr Tyr Arg Thr 
Gly Thr Ser Val Asn Cys I1e 11e G1u Glu Val Glu Ala Arg Ser Ile 
Phe Pro Tyr Asp Ser Phe Gly Leu Ser 1lr Gly Asp Ile Ile Tyr Met 
Ser Pro Phe Pile Gly Leu Arg Asp Gly Ala Tyr Arg Glu His Ser Asn 

5 Tyr Ala Met Asp Arg Phe His Gln Phe Glu Gly Tyr Arg Gln Arg Asp 
Leu Asp Thr Arg Ala Leu Leu Glu Pro Ala Ala Arg Asn Phe Leu Val 
Thr Pro His Leu Thr Va1 Gly Trp Asn Trp Lys Pro Lys Arg l1r Glu 
Val Cys Ser Leu Val L,ys Trp Arg Glu Val Glu Asp Val Val Arg Asp 
Glu Tyr Ala His Asn Phe Arg Phe 1lr Met Lys lbr Leu Ser Thr Thr 

10 Phe Ile Ser Glu ihr Asn Glu Phe Asn Leu Asn Gln Ile Hts Leu Ser 
Gln Cys Val Lys Glu Glu Ala Arg Ala Ile Ile Asn Arg Ile Tyr Thr 
1lr Arg Tyr Asn Ser Ser His Val Arg Thr Gly Asp Ile Gln lhr Tyr 
Leu Ala Arg Gly Gly Phe Val Val Val Phe Gln Pro Leu Leu Ser Asn 
Ser Leu Ala Arg Leu Tyr Leu Gln Glu Leu Val Arg Glu Asn Thr Asn 

15 His Ser Pro Gln Lys H1s Pro 1lr Arg Asn Thr Arg Ser Arg Arg Ser 
Val Pro Val Glu Leu Arg Ala Asn Arg Thr Ile Thr Thr Thr Ser Ser 
Val Glu Phe Ala Met Leu Gln Phe Thr Tyr Asp His Ile Gln Glu His 
Val Asn Glu Met Leu Ala Arg Ile Ser Ser Ser Trp Cys Gln Leu Gln 
Asn Arg Glu Arg Ala Leu Trp Ser Gly Leu Phe Pro Ile Asn Pro Ser 

20 Ala Leu Ala Ser Thr Ile Leu Asp Gln Arg Val L,ys Ala Arg Ile Leu 
Gly Asp Val Ile Ser Val Ser Asn Cys Pro Glu Leu Gly Ser Asp lhr 
Arg Ile Ile Leu Gln Asn Ser Met Arg Val Ser Gly Ser Thr Thr Arg 
Cys Tyr Ser .Arg Pro Leu Ile Ser Ile Val Ser Leu Asn Gly Ser Gly 
Thr Val Glu Gly Gln Leu Gly lhr Asp Asn Glu Leu Ile Met Ser Arg 

25 Asp Leu Leu Glu Pro Cys Val Al 1 Asn His Lys Arg Tyr Phe Leu Phe 
Gly H1s H1s Tyr Val Tyr Tyr Glu Asp Tyr Arg Tyr Vil Arg Glu Ile 
Ala Val His Asp Val Gly Met Ile Ser Thr Tyr Val Asp Leu Asn Leu 
Thr Leu Leu lys Asp Arg Glu Phe Met Pro Leu Gln V1l Tyr Thr Arg 
Asp Glu Leu Arg Asp lhr Gly Leu Leu Asp Tyr Ser Glu Ile Gln Arg 

30 Arg Asn Gln Met His Ser Leu Arg Phe Tyr Asp Ile Asp L,ys Val Val 
61n Tyr Asp Ser Gly Thr Ala Ile Met Gln Gly Met Ala Gln Phe Phe 
61n Gly Leu Gly Thr Ala Gly Gln Ala Val Gly His Val Val Leu Gly 
Ala Thr Gly Ala Leu Leu Ser Thr Val His Gly Phe Thr Thr Phe Leu 
Ser Asn Pro Phe Gly Ala Leu Ala Val Gly Leu Leu Val Leu Ala Gly 

35 Leu Val Ala Ala Phe Phe Ala Tyr Arg Tyr V1l Leu Lys Leu Lys Thr 
Ser Pro Met Lys Ala Leu Tyr Pro Leu Thr Thr Lys Gly Leu Lys Gln 
Leu Pro Glu Gly Met Asp Pro Phe Ala Glu Lys Pro Asn Ala Thr Asp 
Thr Pro Ile Glu Glu Ile Gly Asp Ser Gln Asn Ttr Glu Pro Ser Val 
Asn Ser Gly Phe Asp Pro Asp Lys Phe Arg Glu Ala Gln Glu Met Ile 

40 Lys Tyr Met Thr Leu Val Ser Ala Ala Glu Arg Gln Glu Ser Lys Ala 
Arg L,ys Lys Asn Lys Thr Ser Ala Leu Leu Thr Ser Arg Leu Thr Gly 
Leu Ala Leu Arg Asn Arg Arg Gly Tyr Ser Arg Val Arg Thr Glu Asn 
Val Thr Gly Val 

45 SEQ ID N0:22: 
Met Arg Gln Gly Ala Ala Arg Gly Cys Arg Trp Phe Val Va1 Trp Ala 
Leu Leu Gly Leu Thr Leu Gly Val Leu Val Ala Ser Ala Ala Pro Ser 
Ser Pro Gly Thr Pro Gly Val Ala Ala Ala Thr Gln Ala Ala Asn Gly 
Gly Pro Ala Thr Pro Ala Pro Pro Ala Pro Gly Pro Ala Pro lhr Gly 

~ AspThrl.,ysProL.ysLysAsnL.ysL,ysProLysAsnProPro~Pro 
Arg Pro Ala Gly Asp Asn Ala Thr Val Ala Ala Gly His Ala Thr Leu 
Arg Glu H'is Leu Arg Asp Ile Lys Ala Glu Asn Thr Asp Ala Asn Phe 
Tyr Val Cys Pro Pro Pro Thr Gly Ala Thr Val Val Gln Phe Glu Gln 
Pro Arg Arg Cys Pro Thr Arg Pro Glu Gly Gln Asn Tyr TIJr Glu Gly 

55 Ile Ala Val Val Phe Lys Glu Asn Ile Ala Pro Tyr Lys Phe Lys Ala 
Thr Met Tyr Tyr Lys Asp Val Thr Val Ser Gln Val Trp Phe Gly H1s 
Arg Tyr Ser Gln Phe Met Gly Ile Pile Glu Asp Arg Ala Pro Val Pro 
Phe Glu Glu Val Ile Asp Lys Ile Asn Ala Lys Gly Val Cys Arg Ser 
Thr Ala Lys Tyr Val Arg Asn Asn Leu Glu Thr Thr Ala Phe H1s Arg 

80 Asp Asp H1s Gl-. Thr Asp Met Glu Leu L,ys Pro Ala Asn Ala Ala Thr 
Arg Thr Ser Arg Gly Trp Hts Thr Thr Asp Leu L.ys Tyr Asn Pro Ser 
Arg Val Glu Ala Phe H1s Arg Tyr Gly Thr Thr Val Asn Cys Ile Val 
Glu Glu Val Asp Ala Arg Ser Val Tyr Pro Tyr Asp Glu Phe Val Leu 

IO~ 
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Ala Thr Gly Asp Piie Val Tyr Met Ser Pro Phe Tyr Gly Tyr Arg Glli 
Gly Ser His Thr Glu His Tir Ser Tyr Ala Ala Asp Arg Phe Lys Gln 
Val Asp Gly Piie Tyr Ala Arg Asp Leu Thr Thr Lys Ala Arg Ala Thr 
Ala Pro Thr Thr Arg Asn Leu Leu Thr Thr Pro L.Ys Phe Thr Val Ala 

5 ~-~~ProL,ysArgProSer~~ThrMetThrLys-
Gln Glu Val Asp Glu Met Leu Arg Ser Glu Tyr Gly Gly Ser Phe Arg 
Phe Ser Ser Asp Ala Ile Ser Thr Thr Phe lhr lhr Asn Leu Thr Glu 
Tyr Pro Leu Ser Arg Val Asp Leu Gly Asp Cys Ile Gly Lys Asp Ala 
Arg Asp Ala Met Asp Arg Ile Phe Ala Arg Arg Tyr Asn Ala Thr His 

10 Ile Lys Val G1y Gln Pro Gln Tyr Tyr Leu Ala Asn Gly Gly Piie Leu 
Ile Ala Tyr Gln Pro Leu Leu Ser Asn Thr Leu Ala Glu Leu Tyr Val 
Arg Gl u His Leu Arg Gl u G1 n Ser Arg Lys Pro Pro Asn Pro Thr Pro 
Pro Pro Pro Gly Ala Ser Ala Asn Ala Ser Val Glu Arg Ile Lys Thr 
Thr Ser Ser Ile Glu Phe Ala Arg Leu Gln Phe Thr Tyr Asn His Ile 

15 Gln Arg His Val Asn Asp Met Leu Gly Arg Val Ala Ile Ala Trp Cys 
Glu Leu Gln Asn His Glu Leu Thr Leu Trp Asn Glu Ala Arg Lys Leu 
Asn Pro Asn Ala Jle Ala Ser Ala Thr Val Gly Arg Arg Val Ser Ala 
Arg Met Leu Gly Asp Val Met Ala Val Ser Thr Cys Val Pro Val Ala 
Ala Asp Asn Val Ile Val Gln Asn Ser Met Arg Ile Ser Ser Arg Pro 

20 Gly Ala C,ys Tyr Ser Arg Pro Leu Val Ser Piie Arg Tyr Glu Asp Gln 
Gly Pro Leu Val Glu Gly Gln Val Gly Glu Asn Asn Glu Leu Arg Leu 
Thr Arg Asp Ala Ile Glu Pro Cys Thr Val Gly His Arg Arg Tyr Phe 
Thr Phe Gly Gly Gly Tyr Val Tyr Piie Glu Glu Tyr Ala Tyr Ser ttis 
Gln Leu Ser Arg Ala Asp Ile Thr Thr Val Ser Thr Phe Ile Asp Leu 

25 Asn Ile Thr Met Leu Glu Asp His Glu Phe Val Pro Leu Glu Val Tyr 
Thr Arg His Glu Ile Lys Asp Ser Gly Leu Leu Asp Tyr Thr Glu Val 
Gln Arg Arg Asn Gln Leu His Asp Leu Arg Phe Ala Asp Ile Asp Thr 
Val Ile His Ala Asp Ala Asn Ala Ala Met Phe Ala Gly Leu Gly Ala 
Phe Phe Glu Gly Met GlyAsp Leu Gly Arg Ala Val Gly Lys Val Val 

30 Met Gly. Ile Val Gly Gly Val Val Ser Ala Vil Ser Gly Val Ser Ser 
Phe Met Ser Asn Pro Phe Gly Ala Leu Ala Val Gly Leu Leu Val Leu 
Ala Gly Leu Ala Ala Ala Phe Phe Ala Phe Arg Tyr Val Met Arg Leu 
Gln Ser Asn Pro Met Lys Ala Leu Tyr Pro Leu Thr Tllr Lys Glu Leu 
Lys Asn Pro Thr Asn Pro Asp Ala Ser Gly Glu Gly Glu Glu Gly Gly 

35 Asp Phe Asp Glu Ala Lys Leu Ala Glu Ala Arg Glu Met Ile Arg Tyr 
Met Ala Leu Val Ser All Met Glu Arg Thr Glu His Lys Ala Lys Lys 
Lys Gly Thr Ser Ala Leu Leu Ser Ala Lys Val Thr Asp Met Val Met 
Arg Lys Arg Arg Asn Thr Asn Tyr Thr Gln Val Pro Asn Lys Asp Gly 

40 
Asp Al a Asp Glu Asp Asp Leu 

SEQ ID N0:23: 
Met Arg Pro Arg Gly Thr Pro Pro Ser Phe Leu Pro Leu Pro Val Leu 
Leu Ala Leu Ala Val Ile Ala Ala Ala Gly Arg Ala Ala Pro Ala Ala 
Ala Ala Ala Pro Thr Ala Asp Pro Ala Ala Thr Pro Ala Leu Pro Glu 

45 Asp Glu Glu Val Pro Asp Glu Asp Gly Glu Gly Val Ala Thr Pro Ala 
Pro Ala Ala Asn Ala Ser· Val Glu Ala Gly Arg Ala Thr Leu Arg Glu 
Asp Leu Arg Glu Ile Lys Ala Arg Asp Gly Asp Ala Thr Phe Tyr Val 
Cys Pro Pro Pro Thr Gly Ala Thr Val Val Gln Phe Glu Gln Pro Arg 
Pro Cys Pro Arg All Pro Asp Gly Gln Asn Tyr Tllr Glu Gly Ile Ala 

50 Val Val Phe Lys Glu Asn Ile Ala Pro Tyr Lys Phe Lys Ala Thr Met 
Tyr Tyr Lys Asp Yal Thr Val ser Gln Val Trp Phe Gly H1s Arg Tyr 
Ser Gln PheMet Gly Ile Phe Glu Asp Arg Ala Pro Val Pro Phe Glu 
Glu Val Met Asp Lys Ile Asn Ala Lys Gly Val Cys Arg Ser Thr Ala 
Lys Tyr Val Arg Asn Asn Met Glu Ser Thi" Ala Phe H1s Arg Asp Asp 

55 His Glu Ser Asp Met Ala Leu L.Ys Pro Ala Lys Ala Ala Thr Arg Thr 
ser Arg Gly T'rp His Thr Thr Asp Leu L,ys Tyr Asn Pro Ala Arg Val 
Glu Ala Phe His Arg Tyr Gly Tllr Thr Val Asn Cys Ile Val Glu Glu 
Val Glu Ala kg Ser Val Tyr Pro Tyr Asp Glu Phe Val Leu Ala Thr 
Gly Asp Phe Val Tyr Mat 5er Pro Phe Tyr Gly Tyr Arg Asp Gly Ser 

60 His Gly Glu His Thr Ala Tyr All Ala Asp Arg Phe Arg Gln Val Asp 
Gly Tyr TJr Glu Arg Asp Leu Ser Thr Gly Arg Arg Ala Ala Ala Pro 
Val Thr Arg Asn Leu Leu Thr Thr Pro Lys Phe Thr Val Gly Trp Asp 
Trp Ala Pro Lys Arg Pro Ser Val Cys Thr Leu Thr Lys Trp Arg Glu 
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Val Asp Glu Met Leu Arg Ala Glu Tyr Gly Pro Ser Phe Arg Phi 5er 
Ser Ala Ala Leu Ser Thr Thr Phe Ttr Ala Asn Arg Thr Glu Tyr Ala 
Leu Ser Arg Val Asp Leu Ala Asp Cys Val Gly Arg Glu Ala Arg Glu 
Ala Val Asp Arg Ile Phe Leu Arg Arg Tyr Asn Gly Thr H1s Val Lys 

5 Val Gly Gln Val Gln Tyr Tyr Leu Ala Thr Gly Gly Phe Leu Ile Ala 
Tyr Gln Pro Leu Leu Ser Asn Ala Leu Val G1u Leu Tyr Val Arg Glu 
Leu Val Arg Glu Gln Thr Arg Arg Pro Ala Gly Gly Asp Pro Gly Glu 
Ala Ala Thr Pro Gly Pro Ser Val Asp Pro Pro Ser Val Glu Arg Ile 
Lys Thr Thr Ser Ser Val Glu Phe Ala Arg Leu Gln Phe Thr Tyr Asp 

10 His Ile Gln Arg His Val Asn Asp Met Leu Gly Arg Ile Ala Thr Ala 
Trp Cys &tu Leu Gln Asn Arg Glu Leu Thr Leu Trp Asn Glu Ala Arg 
Arg Leu Asn Pro Gly Ala Ile Ala Ser All Thr Val Gly Arg Arg Val 
ser Ala Arg Met Leu Gly Asp Val Met Ala Val Ser Thr Cys Val Pro 
Val Ala Pro Asp Asn Val Ile Met Gln Asn Ser Ile Gly Val Ala Ala 

15 Arg Pro Gly Thr Cys Tyr Ser Arg Pro Leu Val Ser Phe Arg Tyr Glu 
Ala Asp Gly Pro Leu Val Glu Gly Gln Leu Gly Glu Asp Asn Glu Ile 
Arg Leu Glu Arg Asp Ala Leu Glu Pro Cys Thr Val Gly His Arg Arg 
Tyr Phe Thr Phe Gly Ala Gly TJI' Val Tyr Phe Glu Glu Tyr Ala Tyr 
Ser His Gin Leu Gly Arg Ala Asp Val Thr Thr Val Ser Thr Phe Ile 

20 Asn Leu Asn Leu Thr Met Leu Glu Asp His Glu Phe Val Pro Leu Glu 
Val Tyr lhr Arg Gln Glu Ile Lys Asp Ser Gly Leu Leu Asp Tyr Thr 
Glu Val Gln Arg Arg Asn Gln Leu His Ala Leu Arg Phe Ala Asp Ile 
Asp Thr Val Ile t.,ys Ala Asp Ala H1s Ala Ala Leu Phe Ala Gly Leu 
Tyr Ser Phe Phe Glu Gly Leu Gly Asp Val Gly Arg Ala Val Gly Lys 

25 Val Val Met Gly Ile Val Gly Gly Val Val Ser Ala Val Ser G1y Val 
Ser ser Phe Leu ser Asn Pro Phe G1y Ala Leu Ala Val Gly Leu Leu 
Val Leu Ala Gly Leu Ala Ala Ala Phe Phe Ala Phe Arg Tyr Val Met 
Arg Leu Gln Arg Asn Pro Met L,ys Ala Leu Tyr Pro Leu Thr Thr Lys 
6lu Leu Lys 5er Asp Gly Ala Pro Leu Ala Gly Gly Gly Glu Asp Gly 

30 Ala Glu Asp Phe Asp Glu Ala Lys Leu Ala Gln Ala Arg Glu Met Ile 
Arg Tyr Met Ala Leu Val Ser Ala Met Glu Arg Ttr Glu His Lys Ala 
Arg Lys Lys Gly Thr Ser Ala Leu Leu 5er Ala Lys V11l Thr Asp Ala 
Val Met Arg Lys Arg Ala Arg Pro Arg Tyr Ser Pro Leu Arg Asp lhr 
Asp Glu Glu Glu Leu 

35 
SEQ ID N0:24: 
~ TTTcw:TTAG AvtWtCNl'G YCC 

SEQ JD N0:25: 
40 GTGl'ACAAGA AGAACAlCGT ~AYATN mM 

SEQ IO N0:26: 
GTsrACAAGA AGAACATCGT OCC 

45 SEQ ID N0:27: 
AM:A1\m:TA CAA'Tt'RXA RTINACtmN GT 

SEQ ID N0:28: 
AACATiiTCTA CAAltTlXA 

50 
S£Q ID N0:29: 
MTNCCTCT TT.At<D:CCA MTTCMM lDTA'YGA 

SEQ ID N0:30: 
55 CCAACGAG1G TGATGTCAGC CAmAYGGN MRCCNGT 

SEQ ID N0:31: 
~ TGA'TGTCIGC C 

60 SEQ ID N0:32: 
TGCTACTCC£ GACCTCTIBT CACCTTYAAR 1TYR1NAA 

SEQ ID N0:33: 

t<>'f 
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TGCTACTCGC 6'.CCTCTIGT CJi'.c 24 

SEQ ID N0:34: 
N:J:SWITN; AGTTW.C1G TY11RAARTC DAlRlT 36 

5 
SEQ ID N0:35: 
1GTCACCTTG ACA'RWB:C A 21 

SEQ ID N0:36: 
10 TI1GACCTOO AGACTA'IGTT vtGNGARTAY M 32 

SEQ ID N0:37: 
GCTCIQiGTG TAGTIGTTRT AYltYCTRM CAT 33 

15 SEQ ID N0:38: 
TCTCG6MCA TGClCTCCAG RTCRANW:R TT 32 

SEQ ID N0:39: 
N;CTTCATCA AAAAlCCCTT rmaNATii YT 32 

20 
SEQ ID N0:40: 
TBIW:lTACA D.CTCGMC NACNGTNAAY 16 32 

105' 
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CLAIMS 

What is claimed is: 

5 1. An iaolaled polynucleotlde with a region encoding a Glycoprotein B of a herpes virus, the 

polynucleotide comprising a sequence at least 65% identical to nucleotides 36 to 354 Of SEQ. ID 

N0:1 or SEQ. ID N0:3. 

2. An isolated polynucleatide comprising a fragment of at least 50 consecutive nucleotides of the 

10 Glycoprotein B encoding region of the polynucleotide Of Claim 1. 

3. An isolated poJynueleOtide with a region encoding a Glycopn>tein B of a herpes Virus, the 

polynucleotide comprising a sequence selected from the group consisting ot a sequence of 35 

nucleotides at least 74% identical to ollgonucleotide SHMDA (SEQ. ID N0:41); a sequence of 30 

15 nucleotides at least 73% Identical to aligonuclotlde CFSSB (SEQ. ID N0:43); a sequence of 29 

nucleotides at least 72% Identical to oligonucleotide ENTFA (SEQ. ID N0:45); and a sequence of 

35 nucleotides at least 80% identical to ollgonucleotide DNIQB (SEQ. ID N0:46). 

4. An isolated polynucleotide comprising a fragment of at least 50 c:onsecutive nucleotides of the 
20 Glycoprotein B encoding 1egion of the polynucleotlde Of claim 3. 

5. The polynucleotide of claim 1 or claim 2, whelein said herpes virus is capable of Infecting 

primates. 

25 6. The polynucleotide of claim 1 or claim 2. 'Wherein said herpes virus ts RFHV1, RFHV2, or KSHV. 

30 

7. An Isolated polynucl8otide comprising a linear sequence of at least 21 nucleotides identical to a 
linear sequence between nucleotides 36 to 354 inclusive of SEQ. ID NOS:1, 3, or 92 or anywhere 

within SEQ. ID N0:98; but nat In SEQ. ID N0:98. 

8. The isolated polynucleotide of claim 7, comprising a linear sequence essentially identical to 

nucleotides 36 to 354 of SEQ. ID N0:1, SEQ. ID N0:3, or SEQ. ID N0:96. or at least 200 

consecutive nucleotides In SEQ. ID N0:92. 

35 9. An isolated polypeptide encoded by the polynucleotide of claim 2. 

10. An lsOlated polypeptide. camprising a linear sequence of at least 17 amino acids essentially 

Identical to a sequence between amino acids 13 to 118 Inclusive of SEQ. ID NO S:2, 4, or 97 or 

anywhere within SEQ. tD N0:94; but not in SEQ. ID N0:99. 
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11. The isolated polypeptide of dalm 10, c:ansisting essentially of a polypeptide having the sequence 

Shown In SEQ. ID N0:2, SEQ. ID N0:4, SEQ. ID N0:94, or SEQ. ID N0:97 

5 12. A fusion poJypeptide comprising a linear sequence of at least 17 amino acids Identical to that 

10 

comprised In the polypeptide according to daim 10. 

13. The Isolated polypeptide of claim 10, implicated in the binding or fusion of herpes virus with a 

mammalian cell. 

14. The isolated polypeptide of daim 10. which is glycosylated. 

15. The isDlated polypeptide of claim 10, which is not glycosylated. 

15 16. The isolated polypeptide of claim 10, which is immunagenic. 

17. The isolated polypeptide of claim 10, comprising a sequence selected from the group consisting 

of SEQ. ID NOS:67-76. 

20 18. An isolated polylu:leolide encoding the polypeptide of claim 10. 

19. A non-naturally occurring polynucleotide encoding the polypeptide of claim 10. 

20. A polynucleotide encoclng a fusion polypeptide, comprising the polynucleotide of claim 2 joined 

25 directly to a second polynucleolide encoding a polypeptide. 

21. A recombinant cloning vector comprising a polynucleotide sequence encoding a linear sequence 

of at least 17 amino acids Identical to that comprised in the polypeptide according to claim 10. 

30 22. A recambinant expression vector comprising a polynucleotide sequence encoding a linear 

sequence of at leaat 17 amino acids identical to that comprised in the polypeptide according to 

claim 10, operatively linked to a control polynucleolide sequence. 

23. A recombinant cloning vector comprising a linear sequence of at least 21 nucleotides identical to 

35 a linear sequence comprised in the polynucleolide of claim 7. 

24. A host cell transfOlmed by the polynucleotide of claim 18 or claim 19, or by the vector of claim 21, 

claim 22, or dalm 23. 
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25. A monoctonat or laoiated polyelonal antibody specific for a Glycoprotein B polypeptide encoded in 

said encoding region of the polynucleotide of claim 1. 

26. A monoclonal or isolated polyclonat antibody speciftc for the polypeptide of dalm 11, but not for a 

5 polypeptide having an amino acid sequence of any of SEQ. ID NOS:30-41 .. 

10 

15 

20 

27. The antibody of dalm 26, which is a monoclonal antibody. 

28. The antibody of daim 26. which is an Isolated polyclonal antibody. 

29. A vaccine comprising the polypeptide of claim 9 or claim 10 in a pharmaceutically compatible 

exciplent. 

30. The vaccine of claim 29, alsQ comprising an adjuvant. 

31. A method of treating a herpes virus Infection, comprising administering the vaccine of claim 29. 

32. A vaccine comprising the polynucleotlde of claim 2 or claim 7 in a pharmaceutically compatible 

excipient. 

33. The vaccine of claim 32, which is a live virus or viral expression vector. 

34. A method of treating a herpes virus infection, comprising admlnistenng the vaccine of claim 32. 

25 35. A vaccine comprising the antibody of claim 25 or claim 26 in a phannaceulically compatible 

excipienl 

36. A method oftntating a herpes virus infection, compiislng administering the vaccine of claim 35. 

30 37. An oligonucleatide essentially Identical to an oligonucleotide selected from the group consisting cf 

SEQ. ID NOS:24-63, SEQ. ID NOS:77-78, and SEQ. 10 NOS:S0-90. 

38. A method of obtaining an amplified copy of a polynudeotide encoding a Glycoprotein 8, 

comprising the steps of: 

35 a) contacting the polynucleotide with the ollgonucleotlde of claim 37; and 

b) elongating oligonucleotlde that has fonned a duplex with the polynucleotide. 

39. The method of claim 38, whereil said amplification reaction is a polymerase chain reaction 

(PCR). 

THIS SHEET HAS BEEN 
REPLACED 



11111111· 1111111111111111111111·, 
* C L M s * 

W097/12042 PCT/US96/15102 

40. The method of claim 39, wherein said PCR comprises repeated cycles of annealing and 

elongating, and the annealing is conducted at a temperature of at least 50DC. 

5 41. The method of claim 38, wherein the polynucleotide which Is ampllfted Is first obtained from a 

biological sample taken ti'om an individual affeded with a disease featuring fibroblast proliferation 

and collagen deposition. 

42. A method of deteeting viral DNA or RNA In a lample, comprising the steps ot 
1 o a) contacting the DNA or RNA In the sample with a probe comprising the polynucleotida of 

15 

20 

claim 2 or claim 7 under conditions that would pennit the probe to fonn a stable duplex with 

at least one polynucleolide having a sequence shown in SEQ. ID NOS:1, 3, 92 or 94, but not 

with a polynucleotlde having any of the sequences shown in SEQ. ID NOS:S-13: and 

b) detectfng the presence of said stable duplex formed in step a), if any. 

43. A method of delecling viral DNA or RNA in a sample, comprising the steps of: 

a) contacting the ONA or RNA In the sample with a probe comprising the polynucleotide of 

claim 2 or claim 7 under conditions that would pennit the probe to form a stable duplex with 

a polynuclealide having the sequence shown In SEQ. ID N0:1, and with a polynucleolide 

having the sequence shown in SEQ. ID N0:34, but not with a polynucleotlde having any of 

the sequences shewn in SEQ. ID NOS:S-13; and 

b) detecting the presence of said stable duplex formed in step a), if any. 

44. A method Of detecting Viral ONA or RNA in a sample Of primate Oligin, comprising the steps at. 

25 a) contacting the DNA or RNA In the sample With a probe comprising the polynucleotide of 

30 

claim 2 or claim 7 under conditions that would permit the probe to form a stable duplex with 

at least one polynucleotide having a sequence shown in SEQ. ID NOS:1, 3, 92 or 94, but not 

with a polynucleotida having any of the sequences shown in SEQ. ID NOS:5 or 9-13: and 

b) detecting the presence of said stable duplex formed in step a}, if any. 

45. The method cl c:lalm 42 further comprising conducting an amplification reaction an the DNA or 

RNA of the sample prior to being conlBcled with the probe. 

46. A methOd Of detecting viral DNA or RNA In a sample, comprising the steps of: 

35 a) conducting an ampliticatlon reaction on a polynucleotide In the sample using the 

ofigonucleolide of claim 37 as a primer in the reaction; and 

b) detecting the pr9le1I08 of amplified copies of the polynucleotide. If any. 
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47. An isclated palynUcleotide capable of forming a stabie duplex with a second potypeplide 

comprising a seqimnce selected from the group consisting of SEQ. ID NOS:1, 3, 92. and 94, 

and their respective complementary sequences, under conditions wherein the second 

polynucleotide Is capable of forming a stable duplex with al least one polynudeotide having 

a sequence shown In SEQ. ID N0:1, 3, 92 or 94, but not with a polynucleotlda having a 

saquanca of arrt of SEQ. ID NOS:S-13. 

48. The Isolated polynucleatide of daim 47, the nucleotide sequence of which is contained in the 

genome of a naturally occurring virus. 

49. An lsalated polypeptide compri8ing a Hnear sequence of at least 25 amino acids encoded Within 

the polynucleotlde of claim 47. 

50. A method for detecting infection of an Individual by a herpes virus, comprising detecting viral DNA 

15 or RNA in a biological sample obtained from the individual, wherein the detecting of viral DNA or 

RNA Is by the method of claim 42, claim 44, or claim 46. 

51. A dlagnoatic kit fOr detecting a helpes virus polynuclaotida in a biOlogical sample, comprising a 

reagent in auilable packaging, wtaein the reagent comprises 1he polynucleoticle of claim 2or 

20 - clalm7. 

52. A diagnostic kit for detecting a herpes vilUS polynucleotlde in a biological sample, comprising a 

reagent in suitable packaging, wherein the reagent compi1ses the oliganucleotide of claim 37. 

25 53. A method of detecting infection of an ind"Mdual by a herpes virus, comprising the steps of: 

30 

a) contacting antibody from a sample obtained tom the individual with the polypeptide of claim 

25 or claim 26 under conditions that permit the formation of a stable antigen-antibody 

complex; and 

b) detecting said a1abla complexes formed in step a), if any. 

54. A diagnostic kit for detecting an anti-herpesvirua antibody present in a bialogicat sample, 

comprising a reagent In suilabla packaging, wherein the reagent comprises the polypeptide of 

claim 25 or claim 26. 

35 55. A method of detecting infedion of an individual by a herpes virus, comprising the steps of: 

a) contac:ting a polypeptide tom a sample obtained from the individual with the antibody of 

claim 9 or claim 10 \l\der conditions that permit 1he formation of a stable antigen-antibody 

complex: and 

b) detecting aald stable complexes formed In step a), if miy. 
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58. A diagnostic kit for detecting a herpes virus polypeptide present in a biological sample, 

comprising a reagent in suitable packaging, wherein the reagent comprises the antibody of claim 

9orclaim10. 

57. A. method of determining whether a pharmaceutical candidate is useful for treating gamma herpes 

Infection, comprising the steps of: 

a) contacting the polypeptide of claim 9 or claim 10 with the phannaceutical candidate; and 

b) determining whether a biochemical function of the polypeptide is •red by the 

phannaceutical candidate. 

58. The method of claim 57. wherein the biochemical function of the polypeptide determined in step 

b) is the binding of the polypeptide to the surface of a manmalian cell. 

15 59. A method of producing a Glycoprotein B polypeptide, comprising expressing the polynucleotlde of 

20 

claim 2 or claim 7 in a eukaryotic cell. 

60. A method of producing a polynucleotide comprising a region encoding herpes virus Glycoprotein 

B, comprising replicating the recombinant cloning vector of claim 21 or claim 23. 

I I I 
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