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DNA POLYMEBASE OF GAMMA HERPES VIRUSES ASSOCIATED WITH KAPOSI'S 
SARCOMA AND RETROPERITONEAL FIBROMATOSIS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This appUcation is a continuatlon-ln--part of U.S. provisional patent application Serial No. 60/001,148, 

filed July 14, 1995, and pending U.S. patent application Serial No. [pending, attorney docket 29938-

20001.00], filed July 11, 1996, which are hereby incorporated herein by reference in their entirety. 

STATEMENT OF RIGHTS TO INVENTIONS MADE UNDER 
FEDERALLY SPONSOR§D RESEARCH 

This Invention was made in part during work supported by a grant from the National Institutes of 

15 Health (RR00166-34). The Govemment has certain rights in the Invention. 

TECHNICAL FIELD 

The present Invention relates generally to the field of virology, partiaJlarly viruses of the herpes 

20 family. More specifically, it relates to the identification and characterization of DNA polymerase in a virus 

subfamily, members of which are associated with fibroproliferative and neoplastic conditions In primates, 

including humans. 

25 
BACKGROUND ART 

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

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

the histological level, it is characterized by proliferation of relatively uniform spindle-shaped cells, fanning 

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

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

associated lymphoma. (See generally Martin et al .• Finesmlth et al.) 

Once a relatiVely obscure disease, it has leapt to pubHc attention due to its association with AIDS. As 

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

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

35 and 1herapeutic immunosuppression. 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.). 

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

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

representational difference analysis (llsltsyn et al.), in which DNA from affected and unaffected tissue 

were amplified using unrelated priming oligonucleotides, and then hybridlZed together to highlight 
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differences between the cells. The sequence was partly identical to known sequences of the Epstein Barr 

Virus and herpesvirus salmiri. It coded for capsid and tegument proteins, two structural components. In a 

survey of tissues from various sources, the sequence ~s found in 95% of Kaposi's sarcoma lesions, 

regardless of the patients' HIV status (Moore et al.). 21% of uninvolved tissue from the same patients was 

5 positive, while 5% of samples ~ a control population was posttlve. There was approximately 0.5% 

sequence variation between samples. The sequence was also detected at a higher copy number In body 

.. 

cavity lymphoma, a lymphomatous effusion with a Prcell genotype occurring uniquely in AIDS patients ... 

(Cesarman et al.). other AIDS-associated lymphomas were negative. 

The herpes virus family comprises a number of multi-enveloped viruses about 100 nm in size, and 

10 capable of infecting 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 transcripts at various stages in the life cycle of the virus. In one of the stages, a 

nLDnber of nucleotide and polynucleotide processing enzymes are produced that are required for viral 

replication, including DNA polymerase, DNAse, dUTPase, ribonucleotlde reductase, uracil-DNA 

15 glycosylase, and thymidine kinase. These functional proteins tend to be relatively well conserved between 

species, compared with extemal viral components (Karlin et al.). 

The herpes virus family has been divided into several subfamilies. Assignments to each of the 

categories were originally based on the basis of biologic properties, and are being refined as genomic 

sequence data emerges. The alpha subfamily comprises viruses that have a broad host range, a short 

20 replicative cycle, and an affinity for the sensory ganglia. They include the human simplex virus and the 

Varicell•zoster virus. The beta subfamily comprises viruses that have a restricted host range, and Include 

Cytomegalovirus and human Herpes Virus 6. The gamma subfamily comprises viruses that are generally 

lymphotrophic. The DNA is marked by a segment of about 110 kllobases with a low GC content. flanked 

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

25 virus salmiri, equine Herpes Virus 2 and 5, and bovine Herpes Virus 4. 

Herpes viruses are associated with conditions that have a complex clinical course. A feature of many 

herpes viruses is the abUlty to go into a latent state within the host for 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 the lymphocyte lineage. Latency is 

30 associated with the transcription of certain viral genes, and may persist for decades until conditions are 

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 infect For example, EBV is associated with B cell lymphomas, oral hairy leukoplakia, lymphoid 

Interstitial pneumonitis, and nasopharyngeal carcinoma. 

35 A number of other conditions occur in humans and other vertebrates that involve fibroproliferation and 

the generation of pre-neoplastic cells. Examples occurring in humans are retroperitoneal fibrosis, nodular 

fibromatosls, pseudosarcomatous fibromatosis, and sclerosing mesenteritls. Another condition known as 

Enzootic Retroperitoneal Fibromatosis (RF) has been observed in a colony of macaque monkeys at the 

University of Wsshington Regional Primate Research Center (Giddens et al.). Late stages of the disease 

40 are characterized by proliferating fibrous tissue around the mesentery and the dorsal part of the peritoneal 
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cavity, with extension into the inguinal canal, through the diaphragm, and into the abdominal wall. Once 

clinically apparent, the disease is invariably fatal within 1-2 months. The condition has been associated 

Wlth simian Immunodeficiency {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 

5 frequency of RF at Washington has been declining in recent years . 

10 

The study of such conditions in non-human 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 herpes virus saimiri appears to cause no disease in its natural host, the squirrel 

monkey (Saimirf seiureus), but it causes polyclonal T-cell lymphomas and acute leukemias in other 

primates. particularly owl monkeys. 

There Is a need to develop reagents and methods for use in the detection and treatment of herpes 

virus infections. 

For example, there is a need to develop reagents and methods which can be used in the diagnosis 

and assessment of Kaposi's sarcoma, and similar conditions. Being able to detect the etiologic agent in a 

15 new patient may assist in differential diagnosis; being able to assess the level of the agent in an ongoing 

condition may assist in clinical management. The tegument encoding polynucleolide of Chang et al. may 

have limited applicability in this regard. It is desirable to obtain a marker capable of distinguishing active 

from latent infection. It is also desirable to obtain a marker that is immunogenic, and can be used to 

assess immunological exposure to the agent as manifest in the antibody response. 

20 Second, there is a need to develop reagents and methods which can be used in the development of 

new phannaceulicals for Kaposi's sarcoma, ancf similar comfltions. The current treatment for Kaposi's is 

radiation in combination with tradiUonal chemotherapy, such as vincristlne (Northfelt, Mitsuyasu}. While 

lesions respond to 1hese modalities, the response Is temporary, and the downward cUnlcal course 

generally resumes. Even experimental therapies, such as treatment with eytokines, 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 for a clirical regimen with long-tenn efficacy. 

Third, there is a need to develop reagents and methods which can be used to identify viral agents 

that may be associated with other fibroprollferalive conditions. The representational difference analysis 

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

30 test More desirable. are a set of primers or probes to be used as reagents in more routine assays for 

surveying a variety of tissue samples suspected of containing a related etiologic agent. Preferably, the 

reagents are sUfficiently cross-reaclive to identify previously undescribed viral compounds, but sufficiently 

specific to avoid Identifying unwanted viruses or endogenous components of the host. 

35 DISCLOSURE OF THE INVENTION 

It is an objective of this invention to provide isolated polynucleotides, polypeptides, and antibodies 

derived from or reactive with the products of novel DNA polymerase genes. The genes are present in 

herpes viruses associated with fibroproliferative conditions and neoplasms, especially those that occur in 

40 humans and non-human primates. Another objectiVe of this Invention Is to provide polynucteotide primers 

and probes for detecting and characterizing DNA polymerase genes in any member of the herpes virus 
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family, especially the gamma herpes subfamily. Another object of this invention Is to provide materials and 
methods based on these polynucleoticles, polypeptides, and antibodies for use in the diagnosis and 
treatment of gamma herpes virus infection In primates, particularly humans. 

Embodiments of the invention Include the following: 

5 • · An isolated polynucleotlde with a region encoding a DNA polymerase of a herpes virus, the " 
polynucleotide comprising a sequence (preferably 475 nucleotides long) that Is at least 69% Identical 
to nucleotides 'Z'I to 501 of a sequence selected from the group consisting of SEQ. ID N0:1 and SEQ. 
ION0:3. 

• An Isolated polynucleotide comprising a fragment of at least 18, more preferably at least about 35, still 
1 o more preferably at least about 50 consecutive nucleotides of the DNA polymerase encoding region of 

the polynucleotide of the previous embodiment, wherein the sequence of said fragment is not 
contained in SEQ. ID NOS:110or111. Preferred examples are Isolated polynucleotides comprising a 
fragment of at least 18 conseartive nucleotides contained in SEQ. ID. NOS:1, 3, 116, or 118. 

• An isolated polynucleotide with a region encoding a DNA polymerase of a herpes virus, the 
15 polynucleotlde comprising a sequence of 26 nucleotides at least 80% identical to oligonucleotide 

LSGGA (SEQ. ID N0:107). 

• An ISOiated polynucleotide with a region encoding a DNA polymerase of a herpes virus, the 
potynucleotide comprising a sequence of 29 nucleotides at least 69% identical to oligonucleotide 
CTOPA (SEQ. ID N0:108). 

20 • An isolated polynucleotide with a region encoding a DNA polymerase of a herpes virus, the 
polynucleotide comprising a sequence of 32 nucleotideS at least 80% identical to oligonucleolide 
KMLEA (SEQ. ID N0:22). 

• An isolated polynucleotide with a region encoding a DNA polymerase of a herpes virus, the 
polynucleolide comprising a sequence of 29 nucleotides at least 69% identical to oligonucleotide 

25 GISPA(SEQ. ID N0:109). 

• An isolated polynucleotide comprising a fragment of at least 18, more preferably at least about 35, 

more preferably at least about 50 consecutive nucleotides of the DNA polymerase encoding region of 
the polynucleolide of the previous embodiments, wheiein the sequence of said fragment Is not 
contained in SEQ. ID NOS:110 or 111. 

30 • The polynucleotide of any of the previous embodiments, wherein said herpes virus is capable of 

infecting primates. Preferred examples are RFHV, KSHV, and RFHV2. 

• An isolated polynucleotide comprising a linear sequence of at least 18 nucleotides identical to a 
linear sequence between nucleotides 27 to 501 inclusive of SEQ. ID N0:1, or between nucleotides 
27 to 501 inclusive of SEQ. ID N0:3, er between nucleotides 36 to 2499 inclusive of SEQ. ID 

35 N0:116, or between nucleotides 1 to 454 inclusl_ve of SEQ. ID N0:118, but not to a linear sequence 
within either SEQ. ID N0:110 or SEQ. ID N0:111. The Isolated polynucleotide preferably 
comprises a linear sequence essentially identical to nucleotides 27 to 501 of SEQ. ID N0:1, er to 
nucleotides 27 to 501 of SEQ. ID N0:3, or to nucleotides 36 to 2499 of SEQ. ID N0:116, er to 

nucleotides 1 to 454 of SEQ. JD N0:118. 

40 • An isolated polypeptide encoded by any of the polynucfeotides embodied in this invention. 
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• An Isolated polypeptide, comprising a linear sequence of at least 11, preferably 12, and more 

preferably 15 amino acids essentially identical to a sequence between amino acids 10 to 167 Inclusive 

of SEQ. ID N0:2 or between amino acids 1 O to 167 inclusive of SEQ. ID N0:4 or between amino 

acids 13 to 833 inclusive of SEQ. ID N0:117, or in any of SEQ. ID NOS:119-123, but which is not 

5 contained In SEQ. ID NOS:112 or in SEQ. ID N0:113. 

• A fusion polypeptide comprising 1he amino acid sequence of an isolated peptide of the previous 

embodiment, joined to a second amino acid sequence. 

~ The isolated polypeptide of the previous embodiment, which has nucleic acid binding activity, 

nucleotide binding activity, or DNA polymerase activity. 

10 • An isolated polypeptide, comprising a Dnear sequence of amino acids identical to a sequence selected 

from the group consisting of SEQ. ID NOS:SO, 82, 84, 86, 88, and 90 to 103. 

• An isolated polynucleotide encoding a polypeptide embodied in this invention. 

• A non-naturally occurring polynucleotide encoding a polypeptide embodied in this invention. 

• A polynucleotide encoding a fusion polypeptide, comprising the polynucleotide embodied in this 

15 invention joined directly to a second polynucleotide encoding a polypeptide. 

• A recombinant cloning vector comprising a polynucteotide sequence encoding a polypeptide of at 
least 11, preferably at least 12, more preferably at least 15 consecutive amino acids between amino 

acids 10-167 inclusive of SEQ. ID N0:2, or between amino acids 10-167 inclusive of SEQ. ID N0:4, or 

between amino acids 13-833 Inclusive of SEQ. ID N0:117, or in any of SEQ. ID NOS:119-123, but not 

20 contained in SEQ. ID N0:112 or SEQ. ID N0:113. 

• A recombinant expression vector comprising a polynucleotide sequence encoding a polypeptide of at 
least 1, preferably at least 12, more preferably at least 15 consecutive amino acids between amino 

acids 10-167 Inclusive of SEQ. ID N0:2, or between amino acids 10-167 Inclusive of SEQ. ID N0:4, or 

between amino acids 13-833 Inclusive of SEQ. ID N0:117, or in any of SEQ. ID NOS:119-123, but not 

25 contained In SEQ. ID N0:112 or SEQ. ID N0:113, operatively linked to a control polynucleotide 

sequence. 

• A recombinant cloning vector comprising a linear sequence of at least 18 nucleotides identical to a 

llnearsequenceWllhln SEQ. ID NOS:1, 3, 116, or118, but not In SEQ. ID NOS:110or 111. 

• A host cell genetically altered by any of the polynucleotides, cloning vectors, or expression vectors of 

30 this invention. 

• A monoclonal or isolated polyctonal antibody specific for a DNA polymerase encoded in said encoding 

region of a polynucleotide of this invention. 

• A monoclonal or isolated polyctonal antibody specific for a peptide of this invention. 

• An oligonucteotlde essentially Identical to an ollgonucleotide selected from the· group consisting of 

35 SEQ. ID NOS:Sto 16, 21, 22, 104-109, and 124-152. 

• A method of obtaining an amplified copy of a polynucleotide encoding a DNA polymerase, comprising 

the steps of contacting the polynucleotide with an oligonucleotide of this invention, which may be a 

Type 1, Type 2, or Type 3 oligonucleotide, and elongating oligonucleotide that has formed a duplex 

with the polynucleotide. Preferably, the amplification reaction is a polymerase chain reaction (PCR). 
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The PCR preferably comprises repeated cycles of annealing and elongating, and the annealing is 
conducted at a temperature of at least 60-C. 

• The PCR is preferably conducted in a buffer containing 1o-30 mM (NHJa604 and1-10 mM MgCl2., 

such as WB4 buffer. 

5 • A method~ obtaining an amp&fied copy of a polynucleotide encoding a DNA polymerase, wherein the 

polynucleotide which is amplified is first obtained from a biological sample taken from an individual 

affected with a disease featuring fibrobl~ proliferation and collagen deposition. 
• A method of obtaining an amplified copy of a polynucleotlde encoding a DNA polymerase, wherein the 

polynucleotide which is amplified is first obtained from a biological sample taken from an individual 
10 affected with a malignancy of the lymphocyte Hneage. Also included is a method wherein the 

polynucleotfde which is amplified Is first obtained from a biological sample taken from an individual 
affected with a concfdion selected from the group consisting of retroperltoneal fibrosis, nodular 

fibromatosis, pseudosarcomatous fibromatosis, fibrosarcoma, scleroslng mesenteritis, acute 
respiratory disease syndrome, idiopathic pulmonary fibrosis, diffuse proliferative glomerulonephritis, 

15 glloma, gfioblastomas, gliosis, leukemia and lymphoma. 

• A method of detecting viral DNA or RNA in a sample of primate origin, comprising the steps of: 

contacting the DNA or RNA in the sample with a probe comprising the polynucleotlde of this invention. 
under conditions that would permit the probe to form a stable duplex with a polynucleotide having the 
sequence shown in SEQ. ID N0:1, and with a polynucleotlde having the sequence shown in SEQ. ID 

20 N0:3, but not with a polynucleoticle having a sequence of any of SEQ. ID NOS:24 to 29; and detecting 
the presence of said stable duplex formed In step a), if any. The conditions referred to are a single set 
of reaction parameters, such as incubation time, temperature, solute concentrations, and washing 
steps, that tumlls all the criteria listed. Under these conditions, the polynucleotlde would be capable of 
fanning a stable duplex If contacted with a polynucleotide having SEQ. ID N0:1. It would also be 

25 capable of fanning a stable duplex if contacted with a polynucleotlde having SEQ. ID N0:3. It would 
not be capable of forming a stable duplex if contacted with a polynucleotlde having a sequence of any 
of SEQ ID N0:24 to SEQ. ID N0:29. The reaction conditions may optionally be tested by contacting 
with the polynucleotides consisting only of the sequences indicated, or by contacting with 
polynucleotldes with the sequences indicated linked to additional nucleotides, so long as formation of 

30 a stable duplex under the test conditions relies on the sequence indicated. Also Included are similar 
methods using other polynucleoti• of this invention. This includes conducting an amplification 
reaction on the DNA or RNA of the sample prior to being contacted with the probe. The amplification 

reaction may be conducted using an oligonucleotide primer of this Invention. 

• A method of detecting viral DNA or RNA in a sample of primate origin, comprising the steps of: 

35 contacting ftle DNA or RNA in the sample with an oligonucleotide probe comprising a sequence 
shown in SEQ. ID NOS: 21, 22, 107, 108, or 109, under conditions that would permit the probe to form 

a .stable duplex with a polynucleotide having the sequence shown In SEQ. ID N0:1, and with a 
polynucleotlde having the sequence shown In SEQ. ID N0:3, but not with a polynucleotide having a 
sequence of any of SEQ. ID NOS:24 to 29; and detecting the presence of said stable duplex formed, if 

40 any. 
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• A method of detSCiing viral DNA or RNA in a sample, comjjl'itilng the steps of: contacting the DNA or 
RNA in the sample with an oligonucleotide probe comprising a sequence shown In SEQ. ID NOS:22, 

107, 108 or 109 under conditions that would permit the probe to form a stable duplex with a 

polynucleotide having the sequence shown in SEQ. ID N0:1, and with a polynucleotide having the 

5 sequence shown In SEQ. ID N0:3, but not with a polynucleotlde having a sequence of any of SEQ. ID 

NOS:23 to 29; and detecting the presence of said stable duplex formed f any. 

• A method of detecting viral DNA or RNA in a sample, comprising the steps of: conducting an 

amplification reaction on a polynucleotlde In the sample using ~e oligonucleotide of this invention as a 

primer in the reaction; and detecting the presence of amplified copies of the polynucleotide, If any. 

10 • An isolated polynudeotide capable of forming a stable duplex with an oligonucleotide comprising a 

sequence selected from the group consisting of SEQ. ID N0:107, SEQ. ID N0:108, and their 

respective complementary sequences, under conditions wherein the oligonucleotide is capable of 

forming a stable duplex with a polynucleotide having the sequence shown in SEQ. ID N0:1, and with a 

polynucleotide having the sequence shown in SEQ. ID N0:3, but not with a polynucleotide having a 

15 sequence of any of SEQ. ID NOS:23 to 29.An isolated polypeptide comprising a linear sequence of at 

least 11 amino acids, preferably at least 12 amino acids, more preferably at least 15 amino acids 
encoded within the polynucleotide of the prececting embodiment 

• A method for detecting infection of an individual by a herpes virus, comprising detecting viral DNA or 

RNA in a biological sample obtained from the individual, wherein the detecting of viral DNA or RNA is 

20 by the method of embodied in this invention. Also included is a method for detecting infection of an 

Individual by a herpes virus, comprising detecting viral DNA or RNA in a biological sample obtained 

from the Individual, wherein 1he detecting of viral DNA or RNA Is by 1he method of: a) contacting the 

DNA or RNA in the sample with a probe comprising the pclynucleotide of this invention under 

conditions that would permit the probe to form a stable duplex with a polynucleotlde having at least 

25 one sequence selected from the group consisting of SEQ. ID NOS:1, 3, 116, or 118, but not with 

polynucleotides having a sequence of any of SEQ. ID NOS:24 to 29; and b) detecting the presence of 

said stable duplex formed in step a), If any. Also included is a method for detecting infection of an 
individual by a herpes virus, comprising detecting viral DNA or RNA in a biological sample obtained 

from the individual, wherein the detecting of viral DNA or RNA is by the method of: a) contacting the 
30 DNA or RNA in the sample with a probe comprising the polynucleotlde of this Invention under 

conditions that would permit the probe to form a stable duplex with a polynudeotide having a 

sequence shown in SEQ. ID N0:116, but not with polynucleotides having a sequence of any of SEQ. 

ID NOS:24to29; and b) detectfngthe presence of said stable duplex formed in step a}, if any. 

• A diagnostic kit for detecting a herpes virus polynucleotide in a biological sample, comprising a 

35 reagent in suitable packaging, wherein the reagent comprises a polynucleotide of this invention 

• A diagnostic kit for detecting a herpes virus polynucleotlde In a blologlcal sample, comprising a 

reagent in suitable packaging, wherein the reagent comprises the oligonucleotide of this invention. 

• A method of detecting Infection of an Individual by a herpes virus, comprising the steps of: contading 

antibody from a sample obtained from the individual with the polypeptide of this invention under 
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conditions that permit the formation of a stable antlgerHmtlbody complex; and detecting said stable 

complexes fonned , if any. 

• A diagnostic kit for detecting an anti-herpesviNS antibody present in a biological sample, comprising a 

reagent In suitable packaging, wherein the reagent comprises a polypeptide of this invention. 

5 • A method of detecting Infection of an Individual by a herpes virus, comprising the steps of: contacting 

antibody from a sample obtained from the indMdual with a polypeptide of this invention under 

conditions that pennit the fonnation of a stable antigen-antibody complex; and detecting said stable 

complexes formed, if any. 

• A diagnostic kit for detecting an anti-herpesvirus antibody present in a biological sample, comprising a 

1 O reagent in suitable packaging, wherein the reagent comprises a polypeptide of this invention. 

• A method of detecting Infection of an individual by a herpes virus, comprising the steps of: contacting 

a polypeptide from a sample obtained from the individual with the antibody of this invention under 

conditions that permit the tormatlon of a stable antigen-antibody complex; and detecting said stable 

complexes formed, if ariy. 

15 • A diagnostic kit for detecting a herpes virus polypeptide present In a biological sample, comprising a 

reagent in.suitable packaging, wherein the reagent comprises an antibody of this invention. 

• A composition for use in the treatment of herpes virus Infection, comprising a polynucleotide, 

polypeptide, or antibody of this invention. 

• A me8:1od of detenninlng whether a phannaceutical candidate is useful for treating gamma herpes 

20 infectron, comprising the steps of: contacting a peptide of this Invention with the pharmaceutical 

candidate; and determining whether a· biochemical function of the polypeptide is altered by the 

phannaceutical candidate. The biochemical function of the polypeptide determined may be the 

binding of the polypeptide to a nucleic acid., or DNA polymerase activity. 

• A method of determining whether a phannaceutical candidate is useful for treating gamma herpes 
25 infection, comprising the steps of: genetically altering a cell using a polynucleotlde of this invention, 

and determining the effect of the pharmaceutical cancldate on the cell in comparison with a cell not 

genetically altered with the polynucleotide. 

• A method of obtaining a compound for use in treating an indMdual infected with herpes virus, 

comprising the steps of: creating a compound capable of binding a region of the polypeptide of this 

30 invention Involved in interacting with a nucleic acid; and determining whether the compound interferes 

with a biochemical function of the polypeptide. 

BRIEF DESCRIPTION OF THE DRAWING§ 

35 Figure 1 is a listing of polynucleotide sequences amplified from a DNA polymerase encoding region .. 

of RFHV and KSHV, along with the encoded polypeptides. The 475-base fragment of each polynucleOtide 

between primers DFASA and GDTD1B is underlined. Also shown in lower-case letters are 

oligonucleotides useful as amplification primers aligned with corresponding regions of the DNA 
polymerase gene. DFASA, VYGA and GDTD1B are oligonucleolides with consensus and degenerate 

40 segments that can be used to amplify any herpes virus DNA polym~ gene. LSGGA, CTDPA, PCLNA, 

KMlEA and GISPA are oligonucleotldes specific for the RFHV/KSHV subfamily of herpes viruses. 
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VASGA. ILPCA, PIEAB and PEARB are RFHV-specific primers. SGILA, CLNIA, IEASB and EARFB are 

KSHV-speclfic primers. Oligonucleotides that initiate amplification In the direction of the coding sequence 

(with designations ending in •A•) are listed 5'-+3'. Oligonucleotldes that Initiate amplification In the 

direction opposite to that of the coding sequence (With designations ending in •B") are listed 3'-+5', to show 

• 5 alignment"with the corresponding sequences in the RFHV and KSHV polynucleotlde. 

Figi.re 2 Is a listing of the previously known polypeptide sequences of other herpes virus DNA 

polymerases. showing regions that are relatively conserved between species. 

Figure 3 Is a listing of previously known polynucleotide sequences of herpes viruses near conserved 

REGION 2. showing the alignment of oligonucleotldes DFASA and DFQSA with the sequences from which 

10 they were designed. 

Figure 4 is a listing of previously known polynucleotide sequences of herpes viruses near conserved 

REGION 3, showing the alignment of oligonucleotides VVGA, VYGCA and VYGSQA with the sequences 

from which they were designed. 

Figure 5 is a Osting of previously known polynucleotide sequences of herpes viruses near conserved 

15 REGION 1, showing the alignment of oligonucleotides GDTD1B and GDTDSQB with the sequences from 

which they were designed. 

Figure 6 Is a listing comparing the polynucleotide sequences of DNA polymerase of the gamma 

herpes virus subfamily. The fragment shown Is the 475 base pairs between the hybridizing site of DFASA 

andGDTD1B. 

20 Figure 7 is a Hsting comparing polypeptide sequences of DNA polymerase for the same viruses over 

the same fragment as Figure 6. This figure also shows examples of posSible antibody binding regions, 

Including those which are specific for RFHV, KSHV, or the RFHV/KSHV subfamily. 

Figure 8 ls a comparison of the polypeptide sequence for the fragment encoded between OFASA and 

GDTD1 B 8a'OSS a broader range of herpes viruses. Sequences are shown for herpes viruses of the 

25 alpha, beta, and gamma subfamilies, and for endogenous mammalian DNA polymerase. 

Figure 9 is a relationship map of DNA polymerases, based on polypeptide sequences shown in 

Figure 8. 

Figure 10 is a listing of the ONA polymerase genes for members of the gamma herpes virus 

subfamily over the same region as Figure 6. This Figtn shows the alignment of oligonucleotides LSGGA, 

30 CTDPA, PCLNA, KMLEA and GISPA aligned with the sequences from which they were designed. These 

oligonucleatides are specific for ONA polymerase from the RFHVJKSHV virus subfamily. 

Figure 11 is a Hopp-Woods antigenicity plot for the polypeptide fragment of RFHV encoded between 

VYGA and GDTD1B. Indicated below are spans of hydrophobic and antigenic residues in the sequence. 

Figure 12 is a Hopp-Woods antigenicity plot for the polypeptide fragment of KSHV encoded between 

35 DFASA and GDTD1 B. Indicated below are spans of hydrophobic and antigenic residues in the sequence. 

Figure 13 is a listing of about 2511 nucleotides of the DNA polymerase encoding sequence of KSHV, 

· estimated to be about 3000 nucleotides long, along with the amino acid translation. Additional sequence 

data is provided in the 5' and 3' direction from the PCR segment shown in Figure 1. 

Figure 14 is a Osting comparing a portion of the KSHV DNA polymerase amino acid sequence wfth 

40 that of other herpes viruses. Asterisks ("') and bullets (•) indicate conserved residues or conservative 
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substitutions. Arrows (t) indicate residues that are conserved amongst ~r herpes viruses, but different 

in the KSHV sequence. 

Figure 15 ls a Usting showing known variants of the KSHV DNA polymerase amino acid sequence. 

Figure 16 is a listing of polynucleotlde sequences amplified from a DNA polymerase encoding region 

5 of RFHVMm (designated here as RFMm).. RFHVMm Is a third member of the RFHVIKSHV herpes virus ,. 

subfamily identified according to the criteria of this invention. Shown for comparison are DNA polymerase 

encoding regions of RFHV (designated RFMn) and KSHV. 

Figure 17 is a listing comparing amino acid sequences encoded in a DNA polymerase encoding 

region of RFHVMm with corresponding sequences of RFHVMn, KSHV, and three other herpes viruses. 

10 Figure 18 is a statistical phylogeneic analysis of the amino acid alignments in Figure 17. The 

numbers shown are bootstrap values out of 100 repetitions. 

Figure 19 is a map showing approximate hybrtdization positions of Type 1, Type 2, and Type 3 

oligonucleotide probes in the DNA polymerase nucleotide sequences of members of the RFHV/KSHV 

subfamily. 

15 Figure 20 is a representative screen for the prevalence of RFHVMn and RFHVMm herpesvirus 

20 

sequences In M. nemestrina monkeys (lanes A-D, I, and J), and M. mu/atta monkeys (lanes G and H) in a 

nested ampDftcation assay using virus-specific oligonucleotide primers. 

BEST MODE FOR CARRYING OUT THE INVENTION 

We have discovered and characterized polynucleotides encoding DNA polymerase from RFHV, 

RFHV2, and KSHV, Which are exemplary members of the RFHVJKSHV subfamily of herpes viruses. The 

polynucleotides obtained, related polynucleotides, and corresponding polypeptides and antibodies are 

useful in the diagnosis, clinical monitoring, and treatment of herpes virus infections and related conditions. 

25 Sources for the polynucleotides from RFHV and KSHV were affected tissue samples taken from 

Macaque nemesttfna monkeys with retroperitoneal fibromatosis rRP) and from humans with Kaposi's 

sarcoma rKS"). respectively. We predicted that these conditions were associated with viruses distinct 

from those responsible for any contemporaneous Immunodeficiency. We did not know in advance that the 

RF and KS a8soclated viruses would be related. 

30 We decided to test the premise that viruses associated With both conditions are members of the 

herpes virus family. Accordingly, we designed oligonucleotldes for use In an amplification reaction to 

obtain polynucleotides encoding a DNA polymerase from a broad spectrum of herpes viruses. Comparing 

amino acid sequences of herpes viruses that have been previously described, three conserved regions 

were identified. The corresponding known polynucleotfde sequences were used to construct 

35 oligonucleotldes comprising a degenerate segment and a consensus segment. These oligonucleotides 

served as primers in amplification reactions that yielded fragments of the DNA polymerase encoding 

segment from each of the two tissue sources. 

The sequences of the polynucleotide fragments obtained from the final step of the amplification 

reactions are shown In Figure 1 (SEQ. ID N0:1 and SEQ. ID N0:3, respectively). Both sequences are 

40 novel, although they contain regions that are highly homologous to regions of DNA polymerase sequences 

from' other herpes viruses. The virus infecting the M. nemestrina monkeys was designated 
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•RetroperilDneal Fibrcmatosis Herpes Virus• ("RFHV"). The virus Infecting the human patients was 

designated •Kaposi's Sarcoma Herpes Virus• ("KSHV"). The polynucleotide sequences shown include 

segments at each end corresponding to the hybridizing regions of the DFASA and GDTD1 B primers used 

In the amplification. The 475 base pair fragment between the primers represents an amplified portion of 

5 the DNA polymerase gene for RFHV and KSHV. 

Since the primers were designed to amplify a broad spectrum of DNA polymerases, we were 

surprised to find that these two DNA polymerase sequences are apparently more closely related to each 

other (71 % Identity at the nucleotide leve~ than to any other known herpes virus DNA polymerase. The 

next most closely related polynucleotide sequences are m>m equine herpes virus 2 (eHV2), saimirt herpes 

10 virus 1 (sHV1), and Epstein Barr vlrus (EBV). We therefore predict that both RFHV and KSHV are 

members of the herpes gamma subfamily. RFHV and KSHV share with other gamma herpes an 

association with abnonnal cellular or fibrotic growth, and an association with immune abnormalities, 

including immunosuppression and B cell dysplasias. However, RFHV and KSHV DNA polymerase 

sequences differ m>m sHV1 and EBV in the frequency of CpG dinucleotldes. RFHV and KSHV DNA 

15 polymerase nucleotide sequences and oligonucteotides based upon them define the RFHV/KSHV 

subfamily as described below. The DNA polymerase sequence of a third member of the subfamily 

Infecting M. mulatta monkeys, RFHV2, is also provided. 

The degree of conservation between DNA polymerases means that the polynucleotides and 

polypeptides embodied in this invention are reHable marl<ers amongst different strains of RFHV and KSHV. 

20 Because It is a sequestered antigen, DNA polymerase is not under the same degree of immunological 

pressure to fonn escape mutants. Furthennore, the sequences are constralnacl by the critical role that 

these regions play In the catalytic activity of the DNA polymerase. Thus, the polynucleotldes, 

polypeptides, and antibodies embodied in this invention are useful in such applications as the detection of 

viral infection in an individual, due to RFHV, KSHV, or other herpes viruse5 that are of the same subfamily. 

25 Embodiments of the invention are also useful in the characterization of herpes virus DNA polymerase, and 

the design of pharmaceutical therapies. 

Because the DNA polymerase plays a critical role in viral replication, it is an appropriate target for 

phannacological Intervention. Particularly sensitive regions of the molecule are those Involved In substrate 

recognition, template binding, catalysis, and association with regulatory subunits. 

30 Polynucleotides of the RFHV/KSHV subfamily, related oligonucleotide probes and primers, related 

35 

polypeptides and antigens, fetatecl specific antibodies, the preparation and use of these compounds. and 

related methods and products are described in further detail in the sections that follow. 

Abbreviations 

The following abbreviations are used herein to refer to species of herpes viruses, and polynucleotides 

and genes derived therefrom that encode DNA polymerase: 
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Definitions 

simian Retroperltoneal Fibromatosis­
assoclated HarpesVirus 

human Kaposi's Sarcoma.associated 
HarpesVirus 

equine HerpesVirus 2 

salmlrf monkey HerpesVirus 1 

hLman Epstein-Barr Virus 

human CytoMegaloVirus 

murine CytoMegaloVirus 

guinea pig CytoMegaloVirus 

human HerpesVirus 6 

human Varicella-Zoster Virus 

human Herpes Simplex Virus 1 

human Herpes Simplex Virus 2 

equine HerpesVirus 1 

ictalurid catfish HerpesVirus 

human endogenous DNA polymerase 

bovine endogenous DNA polymerase 

PCT/US%111688 

beta-Herpes Virus 

alpha-Herpes Virus 

eukaryotic delta DNA 
polymerase 

"RFHV" and •KsH\I" are viruses of the herpes family detected in tissue samples of Infected macaque 
5 nemestrlna monkeys and hLmans, respectively. Cells infected with these viruses contain polynucleotides 

encoding the respective DNA polymerases as desaibed herein. "RFHV" Is synonymous with the terms 
•RFHV1·, ·RFHVMn•, and •RFMn•. A third member of the RFHV/KSHV subfamily is a virus Identified in a 
M. muJatta monkey. The virus is refarred to herein as ·RFHV2·. •RFHV2" is synonymous with the terms 
"RFHVMm" and "RFMm". 

10 The "RFHVIKSHV subfamily" is a term used herein to refer to a collection of herpes Viruses capable 
of infecting vertebrate species. The subfamily consists of members that have sequences that are more 
closely related to the corresponding sequences of RFHV or KSHV than either of these viruses are to any 

other virus listed in Table 1. The sequence comparison may be made at either the polynucleotide or the 
polypeptide level, and may be across intact genes or proteins, or across fragments thereof. As used 

15 herein, the subfamily refers to herpes viruses that contain a portion of a DNA-polymerase-encoding 
polynucleoticte that Is more closely Identical to the corresponding region of RFHV or KSHV than either of 
these viruses are to the viruses in Table 1. Preferably, the polynucleotide encoding the polymerase 
comprises a segment that is at least 69% identical to that of RFHV (SEQ. IC N0:1) or KSHV (SEQ. ID 
N0-.3) between residues 27 and 501; or at least 80% identical to the oligonucleotide LSGGA; or at least 
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69% identical to the oligonucleotide CTOPA; or at least 80% identical to the oligonucleotide KMLEA; or at 
least 69% identical to the oligonucleotide GJSPA 

As used herein, a •oNA 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 

5 complementary to a polynucleotide used as a template. A DNA polymerase may also have other catalytic 
activities, such as 3'-5' exonuclease 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. 
•DNA polymerase activity" refers to the catalytic activity directed at DNA polynucleotide assembly. A ·DNA 
polymerase reaction" is any step in a reaction mechanism on the pathway to polymerization of nucleotides, 

1 o Including association with su~s. cofactors, and regulatory subunits, the formation Of intermediates, 
and the formation Of reaction products. 

The term •DNA polymerase gene• Includes any gene that encodes a polypeptide capable of a DNA 
polymerase reaction. It also includes any gene that Is balleved to be derived from an ancestral gene that 
encoded a DNA polymerase, because of homology. with other DNA polymerase genes or its location 

15 relative to neighboring genes; such a gene may encode a non-functional DNA polymerase analog, a DNA 
' 

polymerase fragment or mutant, or It may be untranscribed or untranslated. 
A "regulatory subunir for a first polypeptide that has DNA polymerase activity is a second polypeptide 

that regulates DNA polymerase activity of the first polypeptide when assocfated with it. UL42 is an 
example of a regulatory subunit 

20 •ul42• or ·ul42 subunit" ls an accessory protein that is encoded in the genome of some herpes 
viruses. It is capable of associating with the DNA polymerase Of the virus. Under certain conditions, it 
enhances the DNA polymerase ac6vlty of a polypeptide encoded by a DNA polymerase gene, and may be 
required for the virus to replicate. As used herein, the definition is a functional one, and does not depend 
on the structure or genomic location of the corresponding gene. Thus, a UL42 subunit of RFHV or KSHV 

25 may have a sequence that Is not essentially identical to the UL42 subunit of other viruses. 
The tenns "polynucleotfde• and "ollgonucleotide• are used interc:hangeably, and refer to a polymeric 

form of nucleotides of any length, either deoxyribonucleotides or ribonucleotldes, or analogs thereof. 
Polynucleotides may have any three-dimensional structure, and may perfonn any function, known or 
unknown. The following are non-limiting examples Of polynucleotides: a gene or gene fragment, exons, 

30 intrans, messenger RNA (mRNA), transfer RNA, ribosomal RNA, nbozymes. cDNA, recombinant 
polynucleatides, branched polynucleotldes, plasmids, vectors, isolated DNA of any sequence, isolated 
RNA of any sequence, nucleic acid probes, and primers. A polynucleotide may comprise modified 
nucleotides, 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 

35 nucleotides may be Interrupted by non-nucleotide components. A polynucleotide may be further modified 
after polymerization, such as by conjugation with a labeling component 

The term polynucleotide, as used herein, refers interchangeably to double- and single-stranded 
molecules. Unless otherwise specified or required, any embodiment Of the Invention desaibecl herein that 
is a pofynucleotide encompasses both the double-stranded fonn and each of two complementary 

40 single-stranded forms known or predicted to make up the double-stranded fonn. 
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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 which residues that neighbor each other in the sequence are 

contiguous in the primary structure of the polynucleotide. A "partial sequence" Is a linear sequence of part 

of a polynucleotide which Is known to comprise additional residues in one or both directions. 

5 "Hybridization• refers to a reaction in which one or more polynucleotides react to form a complex 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 sequenc&-SPSCific manner. 

Tile complex may comprise two strands fonnlng a duplex structure, three or more strands forming a 

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

1 O reaction may constitute a step In a more extensive process, such as the initiation of a PCR, or the 

enzymatic cleavage of a polynucleoticle by a ribozyme. 

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

increase the stringency af 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 

15 stringency): Incubation temperatures of 25°C, arc, 50"C, and 68°C; buffer concentrations of 10 x SSC, 6 

x SSC, 1 x SSC, 0.1 x SSC (where SSC Is 0.15 M N&CI and 15 mM citrate buffer) and their equivalent 

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

min to 24 h; and washes af increasing duration, increasing frequency, or decreasing buffer concentrations. 

"Tm· is the temperature in degrees Centigrade at which 50% of a polynucleotide duplex made oi 
20 complementary strands hydrogen bonded In an antlparallel direction by watson-Crick base paring 

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

25 
Tm= 81.5 + 16.6 log [Na"]+ 0.41 (%GIC) • 0.61 (%F) • 6001L 

Where Na• is the cation concentration (usually sodium Ion) in mol/L; (%GIC) is the number of G and c 
residues as a percentage of total residues in the duplex; (%f'.) is the percent formamide in solution (wt/vol); 

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

A "stable duplex" of polynucleotides, or a "stable complex" formed between any two or more 

30 components in a biochemical reaction, refers to a duplex or complex that is sufficiently long-lasting to 
persist between the formation af the duplex or complex, and its subsequent detection. The duplex or 

complex must be able to withstand whatever conditions exist or are introduced between the moment of 

formation and the moment of detection, these conditions being a function of the assay or reaction which is 

being performed. Intervening concfdions which may optionally be present and which may dislodge a 

.. 

35 duplex or complex include washing, heating, adding additional solutes or solvents to the reaction mixture :. 

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

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

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. 
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When stable duplexes form in an antiparallel configuration between two single-stranded 
polynucleotldes, particularly under conditions of high stringency, 1he strands are essentially 
•complementary". A double-stranded polynucleotide can be •comple-mentary" to another polynucleotide. if 
a stable duplex can form between one of the strands of the first polynucleotide and the second. A 

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

sequence of standard nucleotides expected to form hydrogen bonding with the single-stranded 

polynucleotide accon:llng to generally accepted base-pairing rules. 

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

polynucleotides 'Vllhich are complementary to each other. They may be opposing strands of a 
1 o double-stranded polynucleotlde, or one strand may be predicted from the other according to generally 

accepted base-pairing rules. Unless otherwise specified or implied, the assignment of one or 1he other 

strand as "sense" or •antlsense• Is arbitrary. 

A linear sequence of nucleotides Is ·identical" to another linear sequence, if the order of nucleotides 

in each sequence is the same, and occurs without substitution, deletion, or material substitution. It is 

15 understood that purine and pyrimidine nitrogenous bases with similar structures can be functionally 
equivalent in terms of watson-Crick base-pairing; and the Inter-substitution of like nitrogenous bases, 
particularly urac:il and thymine, or the modification of nitrogenous bases, such as by methylation, does not 
constitute a material substitution. An RNA and a DNA polynucleotide have identical sequences when the 
sequence for the RNA reflects the order of nltrcgenous bases in the polyribonucleotide, the sequence for 

20 the DNA reflects the order of nitrogenous bases in 1he polydeoxyribonucleoticle, and the two sequences 
satisfy the other requirements of this definition. Where at least one of the sequences is a degenerate 

oligonucleotide comprising an ambiguous residue, the two sequences are Identical If at least one of the 
alternative forms of the degenerate oligonucleolide is Identical to the sequence with which It ls being 
compared. For example, AYAAA is Identical to ATMA. if AYAAA is a mbcture of ATMA and ACAAA. 

25 When comparison is made between polynucleotides, it is lmpffcllly understood that complementary 
strands are easily generated, and the sense or antisense strand is selected or predicted that maximizes 
the degree of identity between the polynucleotlcles being compared. For example, where one or both of 
the polynucleolides being compared is double-stranded, the sequences are Identical If one strand of the 
first polynucleotide is identical with one strand of the second polynucleotide. Similarly, when a 

30 polynucleotide probe 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 nucleotides is •essentially identical• to another linear sequence, if both 

sequences are capable of hybridizing to form dUplexes with the same complementary polynudeotlde. 
Sequences 1hat hybridize under conditions of greater stringency are more preferred. It is understood that 

35 hybridization reactions can accommodate insertions, deletions, and substitutions in the nucleotide 
sequence. Thus, linear sequences of nucleotides can be essentiaDy identical even if some of the 

nucleotide residues do not precisely correspond or align. Sequences 1hat correspond or align more closely 

to 1he invention disclosed herein are comparably more preferred. Generally, a polynucleolide region of 
about 25 residues Is essentially identical to another region, If the sequences are at least about 80% 

40 identical; more preferably, they are at least about 90% identical; more preferably, they are at least about 
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95% identical; stiD more preferably, the sequences are 100% identical. A polynucleotide region of 40 
residues or more will be essentially identical to another region, after alignment of homologous portions if 
the sequences 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 90% 

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

In determining whether polynucleotide sequences are essentially Identical, a sequence that 

.. 

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

Functionality can be determined by different parameters. For example. if the polynucleotide Is to be used 

in reactions that involve hybridizing with another polynucleotide, then prefened sequences are those which 

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

about 1-C for every 1% decrease In sequence Identity for duplexes of 200 or more residues; or by about 

S-C for duplexes of less than 40 residues, depending on the position of the mismatched residues (see, 

e.g., Meinkoth et al.). Essentially identical sequences of about 1 DO residues will generany form a stable 

duplex with each other's respective complementary sequence at about 2D"C less than Tm: preferably, they 

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

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

form a stable duplex at about T"" In another example, if the polypeptide encoded by the polynucleotide is 

an important part of its functionality, then prefened sequences are those which encode identical or 

essentially identical polypeptides. Thus, nucleotide differences which cause a conservative amino acid 

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

which do not alter the amino acid sequence are more preferred, while identical nucleotides are even more 
prefened. Insertions or deletions in the polynucleotide that result In insertions or deletions in the 

polypeptide are preferred over those that result In the down-stream coding region being rendered out of 

phase; polynucleoticle sequences comprising no insertions or deletions are even more preferred. The 
25 relative importance of hybridization properties and the encoded polypeptide sequence of a polynucleotide 

depends on the application of the invention. 

A polynucleotide has the same •characteristics" of another polynucleoticle If both are capable of 

fanning a stable duplex with a particular third polynucfeotide under similar conditions of maximal 
sbingency. Preferably, in addition to similar hybridization properties, the polynucleotldes also encode 

30 essentially identical polypeptides. 

•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 those that are conserved amongst more related sequences than residues appearing elsewhere in the 

sequences. 

35 •Related" potynucleotides are polynucleotides that share a significant proportion of Identical residues. 

As used herein, a •degenerate" oligonucleotide sequence is 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 degenerate sequence, while residues that are not conserved in 

the originating sequences may be provided as several altematives in the degenerate sequence. For 

40 example, the degenerate sequence AYASA may be designed from originating sequences ATACA and 
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ACAGA. where Y Is c or T and s is c or G. Y and S are examples of •ambiguous" residues. A 

degenerate segment is a segment of a polynucleolide containing a degenerate sequence. 

It is understood that a synthetic oligonucleotlde comprising a degenerate sequence is actuaUy a 

mixture of closely related oliganucleotides sharing an identical sequence, except at the ambiguous 

5 positions. Such an oligonucleolide is usually synthesized as a mixture of all possible combinations of 

nucleotides at the ambiguous positions. Each of the ollgonucleotldes in the mixture is referred to as an 

•a1tematlve form". The number of fonns in the mixture is equal to 

n 

10 

where k1 Is the number of altematlve nucleotides allowed at each position. 

As used herein, a "consensus• ollgonucleotide sequence Is a designed sequence derived from at 

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

originating sequences are preserved in ttie consensus sequence; while at positions where residues are 

not conserved, one alternative is chosen from amongst the originating sequences. In general, the 

nucleotide chosen ls 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, 

· 20 AAGAA, and AAAAT. A consensus segment is a segment of a polynucleotide containing a consensus 
sequence. 

A polynucleotide "fragmenr or "insert• as used herein generally represents a sub-region of the 

full-length form, but the entire full-length polynucleotide may also be included. 

Different polynucleotides "correspond" to each other if one is ultimately derived from another. For 
25 example, messenger RNA corresponds to the gene from which it is transcribed. cDNA corresponds to 

the RNA from which It has been produced, such as by a reverse transcription reaction, or by chemical 

synthesis of a DNA based upon knowledge of the RNA sequence. cDNA also corresponds to the gene 

that encodes the RNA. Polynucleotides also •correspond" to each other if they seJVe a similar function, 

such as encoding a related polypeptide, In different species, strains or variants that are being 
30 compared. 

A "probe• when used in the context of polynucleotide manipulation refers to an oligonucleotide 

which is provided as a reagent to detect a target potentially present in a sample of interest by 

hybridizing with the target Usually, a probe will comprise a label or a means by which a label can be 

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

35 limited to radioisotopes, ftuorochromes, chemiluminescent compounds, dyes, and proteins, including 

enzymes. 

A "primer" is an oligonucieotide, generally with a free 3' -OH group, that binds to a target 

potentially present in a sample of interest by hybridizing with the target, and thereafter promotes 
polymerization of a polynucleotlde complementary to the target. 

40 Processes of producing replicate copies of the same polynudeotide, such as PCR or gene cloning, 

are collectively referred to herein as •amplification• or •replication•. For example, single or double-
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stranded DNA may be replicated to form another DNA with the same sequence. RNA ·may be 
replicated, for example, by an RNA-directed RNA polymerase, or by reverse-transcribing the DNA and 
then performing a PCR. In the latter case, the amplified copy of the RNA Is a DNA with the identical 
sequence. 

5 A •polymerase chain reaction" ("PCRj is a reaction In which replicate copies are made of a target 
polynucleotide using one or more primers, and a catalY$f: of polymerization, such as a reverse 
transcriptase or a DNA polymerase, and particularly a thermally stable polymerase enzyme. Generally, 
a PCR involves reiteratively forming three steps: •annealing•, in which the temperature Is adjusted such 
that oligonucleotide primers are permitted to form a duplex with the polynucleotide to be amplified; 

1 o "elongating", in which the temperature is adjusted such that oligonucleotides that have formed a duplex 
are elongated with a DNA polymerase, using the polynucleotide to which they've formed the duplex as 
a template; and •melting•, In which the temperature is adjusted such that the polynucleotide 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. Patenl Nos. 4,683, 195 (Mullls) and 

15 4,683,202 (Mullis et al.). 

Elements within a gene include but are not limited to promoter regions, enhancer regions, 
repressor binding regions, transcription initiation sites, ribosome binding sites, translation initiation sites, 
protein encoding regions, introns and axons, and termination sites for transcription and translation. 

A "control elem.enr or "control sequence• Is a nucleotide sequence involved in an interaction of 
20 molecules that conbibutes to the functional regulation of a polynucleotlde, Including replication, 

duplication, transcription, splicing, translation, or degradation of the polynucleotide. 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 control element. 
A promoter is a DNA region capable under certain conditions of binding RNA polymerase and initiating 

25 transcription of a coding region located downstream (In the 3' direction) from the promoter. 
"Operatively linked• refers to a juxtaposition of genetic elements, wherein the elements are in a 

relationship permitting 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 

30 is maintained. 

The tenns "polypeptide•, "peptide" and •protein• are used Interchangeably herein to refer to 
polymers of amino acids of any length. The polymer may be linear or branched, it may comprise 
modified amino acids, and it may be interrupted by non-amino acids. The terms also encompass an 
amino acid polymer that has been modified; for example, disulfide bond formation, glycosylatlon, 

35 lipidation, acetylation, phosphorylation, or any other manipulation, such as conjugation with a labeling 
component. 

In the context of polypeptides, a iinear sequence• or a •sequence• is an order of amino acids In a 
polypeptide in an N-terminal to C-termlnal direction 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 
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sequence of part of a polypeptide which is known to comprise additional residues in one or both 
directions. 

A linear sequence of amino acids is •essentially identical• to another sequence if the two 
sequences have a substantial degree of sequence identity. It is understood that the folding an~ the 

5 biochemical function of proteins can accommodate insertions, deletions, and substitutions in the amino 
acid sequence. Thus, linear sequences of amino acids can be essentially identical even If some of the 
residues do not precisely correspond or align. Sequences that correspond 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, 

1 O 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 properties can 
occur without disturbing the essential Identity of the two sequences. Methods for determining 
homologous regions and scoring the degree of homology are well known in the art; see for example 
Altschul et al. and Henikoff et al. Well-tolerated sequence differences are referred to as "conservative 

15 substitutions". Thus, sequences with conservative substitutions are preferred over those with other 
substitutions in the same positions; sequences with identical residues at the same positions are still 
more preferred. Generally, a polypeptide region of about 25 residues Is essentially identical to another 
region If the sequences are at least about 80% identical; more preferably, they are at least about 85% 

identical; more preferably, they are at least about 90% Identical; more preferably, they are at least about 
20 95% Identical; still more preferably, the sequences are 100~ identical. A polypeptide region of 40 

residues or more will be essentially identical to another region, after alignment of homologous portions, 
if the sequences are at least about 70% identical; more preferably, they are at least about 70% 

idenUcal, and comprise at least another 10% which are either identical or are conservative substlb.Jtions; 
more preferably, they are at least about 80% identical; more preferably, they are at least about 80% 

25 identical, and comprise at least another 10% which are either Identical or are conservative substitutions; 
more preferably, they are at least about 90% identical; stm 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 

30 may be established by different parameters, such as enzymatic activity, the binding rate or affinity in a 
substrate-enzyme or receptor-ligand Interaction, the binding affinity with an antibody, and x .. ray 
crystallographic structure. 

A polypeptide has the same •characteristics• of another polypeptide If It displays the same 
biochemical function, such as enzyme activity, ligand binding, or antibody reactivity. Preferred 

35 characteristics of a polypeptide related to a DNA polymerase or a DNA polymerase fragment are DNA 
polymerase activity, DNA template binding, and the binding of deoxyribonucleotide triphosphates. Also 
preferred is a polypeptide that displays the same biochemical function as the polypeptide with which it 
is being compared, and in addition, is believed to have a similar three-dimensional conformation, as 
predicted by computer modeling or determined by such techniques as X-ray crystallography. 
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The •biochemical function• or "biological activity" of a polypeptide Includes any feature of the 

polypeptide detectable by suitable experimental investigation. •Aftered" biochemical function can refer 

to a change In the primary, secondary, tertiary, or quaternary structure of the polypeptide; detectable, 

for example, by molecular weight determination, circular dichroism, antibody binding, difference 

5 spectroscopy, or nuclear magnetic resonance. It can also refer to a change In reactivey, such as the 

ability to catalyze a certain reaction, or the ability to bind a cofactor, substrate, Inhibitor, drug, hapten, or 

other polypeptide. 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 

1 O than occurs in nature. The regions may normally exist in separate proteins and are brought together In 

the fusion polypeptide; or they may nonnally exist 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 

iynthesis, or by creating and translating a polynucleotide in which the peptide regions are encoded in 

the desired relationship. 

15 An "antibody" (Interchangeably used in plural form) Is an immunoglobulin molecule capable of 

specific binding to a target, such as a polypeptide, through at least one antigen recognition site, located 

In the variable region of the immunoglobulln molecule. As used herein, the term encompasses not only 

intact antibodies, but also fragments thereof, mutants thereof, fusion proteins, humanized antibodies, 

and any other modified configuration of the immunoglobulln molecule that comprises an antigen 

20 recognition site of 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 

25 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 antigens that can be recognized by antibodies include polypeptides, 

polynucleotides, other antibody molecules, oligosaccharldes, complex lipids, drugs, and chemicals. 

An •1mmunogen• Is an antigen capable of stimulating production of an antibody when injected into 

30 a suitable host, usually a mammal. Compounds may be rendered fmmunogenic by many techniques 

known in the art, including crosslinking or conjugating with a carrier to increase valency, mixing with a 

mitogen to increase the immune response, and combining with an adjuvant to enhance presentation. 

A "Vaccine• is a pharmaceutical preparation for human or animal use, which is administered with 

the Intention of conferring the recipient with a degree of specific immunological reactivity against a 

35 particular target, or group of targets. The immunological reactivity may be antibodies or cells 

(particularly B cells, plasma cells, T helper cells, and cytotoxic T lymphocytes, and their precursors) that 

are immunologically reactive against the target, or any com~ination thereof. Possible targets include 

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

expressed by a cancer cell. The immunological reactivity may · be desired for experimental 
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purposes, for the treatment of a particular condition, for the elimination of a particular substance, or for 
prophylaxis against a particular condition or substance. 

A •passive vaccine• Is a vaccine that does not require participation of the recipient's Immune 
response to exert its effect. Usually, it is comprised of antibody molecules reactive against the target. 

5 The antibodies may be obtained from a donor subject and sufficiently purified for administration to the 
recipient, or they may be produced In vitro, for example, from a culture of hybrldoma cells. or by 
genetically 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 lmmunologlcal reactivity against the target 

1 o An active vaccine comprises a suitable immunogen. The immune resp0nse that is desired may be 
either humeral or cellular, systemic or secretory, or any combination of these. 

A "reagenr polynucleotlde, polypeptide, or antibody, is a substance provided for a reaction, the 
substance having some known and desirable parameters for the reaction. A reaction mixture may also 
contain a "target", such as a polynucfeotide, antibody, or polypeptide that the reagent is capable of 

15 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 measuring the amount of 
reaction product In the context of clinical management, a "targer may also be a cell, collection of cells, 
tissue, or organ that is the object of an administered substance, such as a pharmaceutical compound. 

An "isolated" polynucfeotide, polypeptide, protein, antibody, or other substance refers to a 
20 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. Enrichment 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 in the 

25 source mixture. Increasing enrichments of the embodiments of this invention are increasingly more 
preferred. Thus, for example, a 2-fold enrichment is preferred, 1Q..fold enrichment is more preferred, 
1 DO-fold enrichment is more preferred, 1000-fold enrichment is even more preferred. A substance can 
also be provided in an isolated state by a process of artificial assembly, such as by chemical synthesis 
or recombinant expression. 

30 A polynucleotide used in a reaction, such as a probe used in a hybridization reaction, a primer 
used In a PCR, or a potynucleotlde present in a pharmaceutical preparation, Is referred to as "specific" 
or •selective• if it hybridizes or reacts with the Intended target more frequently, more rapidly, or with 
greater duration than it does with alternative substances. Similarly, a polypeptide is referred to as 
•specific" or "selective• if it binds an intended target, such as a ligand, hapten, substrate, antibody, or 

35 other polypeptide more frequently, more rapidly, or with greater duration than it does to alternative 
substances. An antibody is referred to as "specific• or "selective• if it binds via at least one antigen 
recognition site to the intended target more frequently, more rapidly, or with greater duration than it 
does to alternative substances. A polynucleotide, polypeptide, or antibody Is said to "selectively inhibit" 
or •setectively interfere with• a reaction if It Inhibits or Interferes with the reaction between particular 
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substrates to a greater degree or for a greater duration than It does with the reaction between 

altematlve substrates. 

A "pharmaceutical candidate• 9r "drug candidate• Is a compound believed to have therapeutic 

potentral, that is to be tested for efficacy. The •screening• of a phannaceutical candidate refers to 

5 conducting an assay that Is capable of evaluating the efficacy and/or specificity of the candidate. In this 

context, •efficacy" refers to the ability of the candidate to affect the cell or organism it Is administered to 

In a beneficial way: far ~pie, the limitation of the pathology due to an invasive virus. 

The •effector componenr of a pharmaceutical preparation is a component which modifies target 

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

10 Some advanced pharmaceutical preparations also have a "targeting component", such as an antibody, 

which helps deliver the effector component more efficaciously 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 normal function of a cell, It may eliminate or suppress an 

abnormal function of a cell, or it may alter a cell's phenotype. Altematively, it may kill or render dormant 

15 a cell with ·pathological features, such as a virally infected cell. Examples of effector components are 

provided in a later section. 

A "cell line" or "cell cutture• denotes higher eukaryotlc cells grown or maintained in vitro. It is 

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

genotypically, or phenotypically) to the parent cell. 

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

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

transfonnant 

•Genetic alteration" refers to a process wherein a genetic element is Introduced into a cell other than 

by natural cell division. The element may be heterologous to the cell, or it may be an additional copy or 

25 improved version of an element already present in the cell. Genetic alteration may be effected, for 

example, by transfecting a cell with a recombinant plasmid or other polynucleotlde through any process 

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

polynucleotide-liposome complex, or by transduction or infection with a DNA or RNA virus or viral vector. 

The alteration Is preferably but not necessarily inheritable by progeny of the altered cell. 

30 An •individual• refers to vertebrates, particularly members of a mammalian species, and Includes 

but is not limited to domestic animals, sports animals, and primates, including humans. 

The tenn •primate" as used herein refers to any member of the highest order of mammalian 

species. This includes (but Is not limited to) prosimians, such as lemurs and lorises; tarsioids, such as 

tarsiers; new-world monkeys, such as squirrel monkeys (Saimiri sciureus) and tamarins; old-world 

35 monkeys such as macaques (Including Macaca nemestdna, Macaca fasclcularis, and Macaca tuscata); 

hylobatids, such as gibbons and siamangs; ponglds, such as orangutans, gorillas, and chimpanzees; 

and hominids, including 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 invasion of the virus 

40 into previously uninfected cells, replication of the virus at the expense of the nonnal metabolism of the 
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cell, generation of toxins or other unnatural molecules by the virus, irregular growth of cells or 

intercellular sbuctures (Including fibrosis), irregular or suppressed biological activity of i.nfected cells, 

malignant transformation, interference with the normal function of neighboring cells, aggravation or 

. suppression of an Inflammatory or Immunological response, and Increased susceptibility to other 

5 pathogenic organisms and conditions. 

"Treatment" of an individual or a cell is any type of intervention in an attempt to alter the natural 

course of the Individual or cell. For example, 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 
limited to) administration of a composition, such as a phannaceutical composition, and may be 

10 perfonned either prophylactically, or therapeutically, subsequent to the initiation of a pathologic event or 

contact with an etlologlc agent. 

It Is understood that a cllnlcal or blologlcal "sample· encompasses a variety of sample types 

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

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

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

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 that have been 

20 solubllized or enriched for certain components, such as ONA, RNA, protein, or antibody. 

Oligonucleoticle primers 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 DNA 

polymerase they are based upon, usually 4 residues long. This is followed with the letter A or B, 

indicating respectively that the ollgonudeotide is complementary to the sense or anti-sense strand of 

25 the DNA polymerase encoding region. Secondary consensus oligonucleotldes used for sequencing 

have the letters SQ at the end of the designation. 

Genwal techniques 

30 The practice of the present invention will employ, unless otherwi~ indicated, conventional techniques 

of molecular biology, microbiology, recombinant DNA, and Immunology, which are within the 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), ·ongonucleotide Synthesis" (M.J •. Gait, ed., 

1984), "Animal Cell Culture• (R.1. Freshney, ed., 1987); the series "Methods in Enzymology" (Academic 

35 Press, Inc.): •Handbook of Experimental Immunology" (D.M. Weir & C.C. Blackwell, eds.), "Gene Transfer 

Vectors for Mammalian Cells" (J.M. Miller & M.P. Calos, eds., 1987), •eurrent Protocols in 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 publications mentioned herein, both supra and infra, are 

40 hereby incorporated herein by reference. 
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Po/ynucleotldes encoding DNA polymerase of the herpes virus RFHVIKSHV subfamily 

This Invention embodies Isolated polynucleotide segments derived from DNA polymerase genes 

5 present In herpes viruses, preferably that ~de a fragment of a polypeptide that is capable of a DNA 

polymerase reaction. Polynucleotides provided are from the RFHVIKSHV subfamily of herpes viruses. 

Preferred polynucleotides are those encoding a fragment of a DNA polymerase from either RFHV or 

KSHV. Preferred fragments are those that have been amplified and isolated from the DNA polymerase 

gene, as desaibed In the Examples below. Exemplary fragments are shown in Figure 1, and designated 

10 · SEQ. ID N0:1 and SEQ. ID N0:3, respectively. Especially preferred are polynucleotfdes comprising the 

sequence belween residues 27 and 501 of the RFHV sequence (SEQ. ID N0:1 ), and the sequence 

between residues 27 and 329 of the KSHV sequence (SEQ. ID N0:3}. 

The polynucleotk:le segments of RFHV and KSHV between residues 27 and 501 (the 475 base pair 

fragment underlined In Figure 1) are 71% Identical. Shared residues are indicated in Figure 1 by .... The 

15 largest number of consecutive bases shared between RFHV and KSHV within this segment is 17. 

The 475 base pair fragments of RFHV and KSHV are more Identical to each other than either of them 

are to the corresponding segment of any of the previously sequenced herpes viruses of Table 1. The next 

most closely related sequence is the DNA pol)'l11el'8Se from the eHV2 virus. which is about 68% identical 

In this region to either RFHV or KSHV. Contained within this region is a first 20 base pair subfragment 

20 (SEQ. ID N0:110) and a second 20 base pair subfragment (SEQ. ID N0:111) which is shared identically 

between eHV2 and RFHV. The 475 base pair region is less than about 65% identical between either 

RFHV or KSHV and the other known DNA polymerase sequences from herpes viruses capable of Infecting 

primates, including sHV1 and EBV. The longest subfragment shared identically between RFHV or KSHV, 

and sHV1, is about 14 bases in length. The longest subfragment shared identically between RFHV or 

25 KSHV, and EBV, Is about 15 bases in length. It is predicted that polyoocleotlde sequences are more likely 

to be conserved between herpes virus DNA polymerase encoding regions than With other polynucleotides. 

Therefore, other than the two subfragments shared with eHV2, it is believed that any subfragment of the 

RFHV or KSHV sequence of 18 base paiis or longer will be unique to the RFHVIKSHV subfamily, or to 

particular herpes virus species and variants within the subfamily. 

30 This invention embodies subfragments contained In the DNA PQlymerase gene of the RFHV/KSHV 

subfamily, preferably comained in the region corresponding to the 475 base pair fragment between 

residues 27-501, as shown in Figure 1. Preferably, the sub-fragments are at least about 16 residues in 

length; more preferably they are at least 18 residues In length; more preferably they are at least 20 

nucleotides in length; more preferably they are at least about 25 nucleotides In length; more preferably 

35 they are at least about 35 nucleotides in length; still more preferably they are at least about 50 nucleotides 

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 polynucleotides 

comprising the entire open reading frame of each respective herpes virus DNA polymerase. 

To predid the role encoded peptide fragments play In the blologlcal function of the DNA polymerase, 

40 comparisons may be made with other DNA polymerases. Conserved regions In the amino acid sequence 

of DNA polymerase from various herpes viruses are shown In Fig1.1e 2. The areas labeled Exol, Exoll, 
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and Exolll have been shown to be important binding sites for metal ligands at the 3'-5' exonuclease active 
site (Derbyshire et al., Bemard et al. (1989), Simon et al., Soengas et al.). The area designated as 
REGION 1 has been shown to be Important In polymerization activity, and functions both as a drug binding 
site and polymerization substrate (deoxyribonucleotide triphosphate) binding site (Dorsky et al. (1988, 

5 1990), Bernard et al. (1990)). A mutation of the amino acid G to A in this region of herpes simplex (HSV) 1 
DNA polymerase inhibits polymerase activity in virus-infected cells. A mutation of F to C, Y or M yield 
cflfferent sensitivities to drugs such as nucleoside and pyrophosphate analogs, and aphidicolin. REGION 2 
and REGION 3 of the HSV1 DNA polymerase appear to be involved in drug and substrate recogniti~n 

(Gibbs et al. (1988a, 1988b), Basco et al. (1993)): REGION 3 is involved In binding to the DNA template 
10 ·(Basco et al. (1992)). REGION 7 may be important in polymerization activity (Basco et al. (1993)). In 

some herpes viruses such as HSV1, amino acids near the C-tenninal are involved in binding to a 
regulatory subunit known as UL42, encoded elsewhere in the herpes genome, and essential for DNA 

polymerase activity associated with replication of the virus (Dignard et al., stow). 
The RFHV and KSHV polynucleotides shown in Figure 1 are near regions of the polynucleotide that 

15 encode functionally Important parts of the DNA polymerase. Specifically, the oUgonudeolides OFASA, 
VVGA, and GDTD18 map respectively to REGION 2, REGION 3, and REGION 1. The fragment between 
DFASA and GOTD1B obtained for KSHV encompasses the entire REGION 4 and REGION 3 sequences, 
and overlaps with the REGION 2 and REGION 1 sequences. 

The RFHV/KSHV subfamily consists of members that have sequences that are more closely identical 
20 to the corresponding sequences of RFHV or KSHV, than RFHV or KSHV are to any other virus listed in 

Table 1. Preferred members of the family may be identified on the basis of the sequence of the DNA 
polymerase gene in the region corresponding to that of Figure 1. Table 2 provides the degree of sequence 
identities in this region: 

25 
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71% 72% 70% (100%) 

68% 68% 67% 68% 71% 63% 

59% 60% 59% 62% 65% 58% 

64% 66% 58% 62% 62% 57% 

53% 54% <50% 49% 49% <50% 

46% 52% <50% 48% 50% <50% 

45% 46% <50% 48% 47% <50% 

53% 58% <50% 53% 53% <50% 

The percentage of sequence identity is calculated by first aligning the encoded amino acid 
sequence, determining the corresponding alignment of the encoding polynucleotlde, and then counting 

5 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 aligned. Offsetting insertions just to improve. sequence alignment are not 
permitted at either the polypeptide or polynucleotlde level. Thus, any insertions In the polynucleotide 

10 sequence will have a length which is a multiple of 3. The percentage is given In terms of residues in the 
test sequence that are identical to residues in the comparison or reference sequence. 

The degree of identity between viruses in Table 2 has been calculated for segments of the RFHV 
and KSHV sequence numbered as shown in Figure 1. 

Preferred DNA polymerase-encoding polynucleotide sequences of this invention are those derived 
15 from.the RFHVIKSHV herpes virus subfamily. They include those sequences that are at least 69% 

Identical with the RFHV or KSHV sequence between bases 27 and 501 as shown In Figure 1; more 
preferably, the sequences are at least 70% identical; more preferably, the sequences are at least about 
72% 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% 

20 identical; more preferably, the sequences are at least about 90% Identical; even more preferably, the 
sequences are over 95% identical. Also preferred are sequences that are at least 69% identical to the 
RFHV sequence between bases 27 and 329; more preferably, they are 70% Identical; more preferably, 
they are at least 72% identical; more preferably, they are at least 75% identical; more preferably, they 

are at least 80% identical; more prefera~ly, the sequences are at least 90% identical; even more 
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preferably, the sequences are at least 95% identical. Also preferred are sequences that are at least 
72% Identical to the KSHV sequence between bases 27 and 329; more preferably, they are at least 
75% Identical; more preferably, they are at least 80% identical: more preferably, they are at least 90% 
Identical; even more preferably, they are 95% identical or more. 

5 Other preferred DNA polymerase-encoding polynucleotide sequences may be Identified by the 

10 

percent identity with RFHVJKSHV subfamily-specific oligonucleotides, described in more detail in a 
further section. The percent Identity of RFHV and KSHV DNA polymerase with example 
oligonucleotides is shown in Table 3: 

92% 94% 

96% 86% 93% 88% 

77% 55% 93% 72% 

65% 62% 76% 78% 

65% 66% 73% 78% 66% 

<50% <50% 54% 53% 48% 

<50% <50% <50% 47% 38% 

54% <50% <50% <50% 38% 

50% <50% 50% 58% 52% 

The percent identity shown in Table 3 was calculated for the corresponding residues of the viral 
sequences, aligned as shown in Figure 6. 

Pretend DNA polymerase sequences are those which over the CD1Tesponding region are at least 
about 80% identical to LSGGA; more preferably they are at least about 83% identical; more preferably 

15 they are at least about 86% Identical; more preferably they are at least about 90% Identical; even more 
preferably, they are at least 95% identical. Other preferred DNA polymerase sequences are those 
which over the corresponding region are at least about 69% identical to CTDPA; more preferably they 
are at least about 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 

20 preferably, they are at least about 95% identical. Other preferred DNA polymerase sequences are 
those which over the c01TeSpondlng region are at least about 95% Identical to PCLNA. Other preferred 
DNA polymerase sequences are those which over the corresponding region are at least about 80% 
Identical to KMLEA; more preferably they are· at least about 83% identical; more preferably they are at 
least about 86% identical; more preferably they are at least about 90% identical; even more preferably, 

25 they are at least 95% Identical or more. Other preferred DNA polymerase sequences are those which 
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over the corresponding region are at least about 69% identical -to GISPA; more preferably they are at 
feast about 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 95% Identical. 

5 DNA polymerase encoding sequences from members of the RFHVJKSHV subfamily identified by 

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

subfamily-specific oligonucleotides, are equally preferred. Especially preferred are DNA polymerase 
encoding sequences of RFHV and KSHV. Also embodied In this invention are fragments of DNA 
polymerase encoding sequences of the subfamily, and longer polynucleotides comprising such 

1 O polynucleotide fragments. 

15 

The polynucleotide sequences described in this section provide a basis for obtaining the synthetic 
oligonucJeotides, proteins and antibodies outlined In the sections that follow. 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 polynucleotides 

Polynucleotides and oligonucleotides 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 

20 obtained from herpes virus infected tissue, as in Example 3 and Example 5, described below. 

Alternatively, oligonucleotldes can be used to Identify suitable bacterial clones of a DNA library, as 
described below In Example 1 o. 

Polynucleotides may also be prepared directly from the sequence provided herein by chemical 
synthesis. Several methods of synthesis are known in the art, including the triester method and the 

25 phosphite method. In a preferred method, polynucleoticles are prepared by solid-phase synthesis using 
mononucleoside phosphoramidite coupling ~ See, for example Horise et al., Beaucage et al., Kumar 
et al., and U.S. Patent No. 4,415,732. 

A typical solid-phase synthesis Involves reiterating four steps: deprotectlon, coupling, capping, and 
oxidation. This results in the stepwise synthesis of an oligonucleotlde In the 3' to 5' direction. 

30 In the first step, the growing ollgonucleotide, which is attached at the 3'-end via a (-0-) group to a 
solid support, is deprotectecl at the 5' end. For example. the 5' end may be protected by a -ODMT group, 
formed by reacting with 4,4'-dimethoxytrityl chloride (DMT-CO in pyridine. This group is stable under basic 
conditions, but is easily removed under acid conditions, for example, In the presence of dichloroacetic acid 
(DCA) or trichloroacetic acid (TCA). Deprotection provides a 5' -OH reactive group. 

35 In the second step, the oligonucleotfde Is reacted with the desired nucleotide monomer, which Itself 
has first been converted to a 5'-protected, 3'-phosphoramidite. The 5' -OH of the monomer may be 

protected, for example, in the fonn of a -ODMT group, and the 3'-0H group may be converted to a 
phosphoramidite, such as -OP(OR')NR2: whe1e R is the isopropyl group-CH(CH3)2: and R' ls, for example, 
-H (yielding a phosphoramldlte dlester), or -CH3, -CH2CH3, or the beta-cyanoethyl group -CHaCH2CN 

40 {yielding a phosphoramldlte triester). The 3'-phosphoramidlte group of the monomer reacts with the 5' -OH 
group of the growing oligonucleotide to yield the phosphite linkage 5'-0P(OR')0-3'. 
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(yielding a phosphoramidite triester). The 3'-phosphoramidite group of the monomer reacts with the 5' -OH 

group of the growing oDgonucleotide to yield the phosphite Unkage 5'-0P(OR')0-3'. 

In the third step, oligonucleotides that have not coupled with the monomer are withdrawn frOm further 

synthesis to prevent the fonnation of Incomplete polymers. This Is achieved by capping the remaining 5' -

5 OH groups, for example, in the form of acetate& (-OC(O)CH3,) by reaction with acetic anhydride (CH3C(O)­

O-C(O)CHa). 

In the fourth step, the newly formed phosphite group (i.e., 5'-0P(OR')0-3') is oxidized 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, slnce the ollgonucleotide obtained at the end of the 

10 process is 5'-protected and is ready for use in step one. When the desired fi.111-length ollgonucleotide has 

been obtained, it may be cleaved from the solid support, for example, by treatment with alkali and heat 

This step may also serve to convert phosphate triesters (i.e., when R' is not -H) to the phosphate diesters 

(-OP(=OkO-), and to deprotect base-labile protected amino groups of the nucleotide bases. 

Polynucleotides prepared by any of these methods can be replicated to provide a larger supply by 

15 any standard technique, such as PCR amplification or gene cloning. 

Cloning and expression vactons compmlng a DNA polym81'8Se encoding polynucleotlde 

Cloning vectors and expression vectors are provided In this invention that comprise a sequence 

20 encoding a herpes virus DNA polymerase or variant or fragment thereof. SUllable cloning vectors may be 

constructed according to standard techniques, or may be selected from the large number of cloning 

vectors available in the art. While the cloning vector selected may vary according to the host cell Intended 

to be used, useful cloning vectors will generally have the a!J!lity to self-repUcate, may possess a single 

target for a particular restriction endonuclease, and may cany genes for a marker that can be used in 

25 selecting transfected clones. Suitable examples include plasmids and bacterial viruses; e.g., pUC18, 

mp18, mp19, pBR322, pMB9, CoJE1, pCR1, RP4, phage DNAs, and shuttle vectors like pSA3 and pAT28. 

Expression vectors generally are replicable polynucleotlde constructs that encode a polypeptide 

operatively linked to suitable transcriptional and translational controlling elements. Examples of 

80 transcriptional controlling elements are promoters, enhancers, transcription initiation sites, and 

transcription tennlnation sites. Examples of 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 or signal peptides Md protease deavage sites required for 

translocation of the polypeptide across the membrane or secretion from the cell. The elements employed 

35 would be functional in the host cell used for expression. The controlling elements may be derived from the 

same DNA polymerase gene used in the vector, or they may be heterolo9ous (i.e., derived from other 

genes and/or other organisms). 

Polynucleotides may be Inserted Into host cells by any means known in the art. Suitable host cells 

include bacterial cells such as E. coli, mycobacteria, other procaryotlc mtcroorganisms and eukaryotic cells 

40 (including fungal cells, insect cells, plant cells, and animal cells). The cells are transformed by inserting the 

exogenous polynucleotide by direct uptake, endocytosis, transfection; f-mating, or electroporatlon. 
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Subsequently, the exogenous polynucleotfde may be maintained within the cell as a non-Integrated vector, 

such as a plasmid, or may altematively be integrated into the host cell genome. 

Cloning vectors may be used to obtain replicate copies of the polynucleotides they contain, or as a 

means of storing the polynucleotldes In a depository for fUture recovery. Expression vectors and host cells 

5 may be used to obtain polypeptides transcribed by the polynucleotlcles they contain. They may also be 

used In assays where It is desirable to have inlact cells capable of synthesizing the polypeptide, such as in 

a drug screening assay. 

Synthetic ollgonucleotides for herpes virus DNA polymerase useful as hybridization probes 
10 and amplification primers 

Qlgonucleotides designed from sequences of herpes virus DNA po~erase, as embodied In this 

Invention, can be used as probes to identify related sequences, or as primers in an amprmcation reaction 

such as a PCR. 

15 Different oUgonucteotides with different properties are described in the sections that follow. 

Oligonucleotides designated as Type 1 are designed to hybridize with polynucleotldes encoding any 

herpes virus DNA polymerase, and may be used to detect previously known species of herpes virus. They 

may also be used to detect and characterize new species of herpes virus. Ollgonucleotides designated as 

Type 2 are designed to hybridize with DNA polymerase encoding polynucleotides of the RFHV/KSHV 

20 subfamily, Including members not yet identified, but not with polynucleotides of other herpes viruses. 

25 

Qigonucleotldes designated as Type 3 are designed to hybridize specifically with polynucleotides 

encoding DNA polymerase only from RFHV, or altematlvely from KSHV. 

Preferred examples of Type 1 oligonucleotldes are listed in Table 4. These oligonucleotfdes have a 

specificity for DNA polymerase encoding polynucleolides of a broad range of herpes viruses. · 
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GTGTTCGACTIYGCNAGYYTNT 
AYCC 

GTG1TCGACTIYCARAGYYTNT 26 128 Herpes DNA 5'-+3' 6 
AYCC polymerase, 

especially the 
beta subfamily 

ACGTGCAACGCGGTGTAYGGN 29 256 Herpes DNA 5'-+3' 7 
KTNACNGG polymerase 

ACGTGCAACGCGGTGTACGGS 29 8 Herpes DNA 5'-+3' 8 
GTSACSGG polymerase 

(GC-rich) 
ACGTGCAACGCGGTGTA 17 1 Herpes DNA 5'-+3' 9 

polymerase 

CGGCATGCGACAAACACGGAG 35 64 Herpes DNA 3'-+5' 11 
TCNGTRTCNCCRTA polymerase 

CGGCATGCGACAAACACGGA 20 1 Herpes DNA 3'-+5' 12 
polymerase 

· The orientation indicated is relative to the encoding region of the polynucleoticle. Oligomers with a 

5'-+3' orientation will hybridize to the strand antisense to the coding strand and Initiate amplification in 

the direction of the coding sequence. Oligomers with a 3'-+5' orientation will hybridize to the coding 

5 strand and initiate amplification in the direction opposite to the coding sequence. 

These ollgonucleotides have been designed with several properties In mind: 1) sensitivity for 

target DNA even when present In the source material at very low copy numbers; 2) sufficient specificity 

to avoid hybridizing with unwanted sequences; for example, endogenous DNA polymerase sequences 

present In the host 3) sufficient cross-reactivity so that differences between an unknown target and the 
10 sequence used to design it do not prevent the oligonucleotlde 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 polynueleotldes believed to be 

somewhat conserved with the polynucleotide target. The various permutations of the ambiguous 

15 residues help ensure that at least one of the alternative forms of the oligonucleotide will be able to 
hybriaize with the target. Adjacent to the degenerate segment at the 5' end of the oligonucleotide 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' 

end of the molecute to increase the likelihood of a close match between the ollgonucleotide and the 

20 target at the site where elongation begins during a polymerase chain reaction. 

The ambiguous residues in the degenerate part of the sequences are Indicated according to the 

following code: 
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R A or G (purine) 

y C or T (pyrimidine) 

w AorT 

s CorG 

M AorC 

K GorT 

B C orG orT (not A) 

D AorGorT (notC) 

H AorC orT (notG) 

v AorC orG (notT) 

N AorCorGorT 

The Type 1 oligonucleotides shown in Table 4 are generally usefUI for hybridizing with DNA 
polymerase encoding polynucleotide segments. This may be conducted to detect the presence of the 

5 polynucleotide, or to prime an amplification reaction so that the polynucleotide can be characterized 
further. Suitable targets ll')clude pofynucleotldes encoding a region of a DNA polymerase from a wide 
spectrum of herpes viruses, including those in the alpha, beta, and gamma herpes viruses, those 
infecting any vertebrate animal, including humans and non-human primates, whether or not the 
polymerase or the virus has been previously known or described. Non-limiting examples ~nclude 

10 polynucleotldes encoding DNA polymerase from any of the herpes viruses listed In Table 1. We have 
used these oligonucleotldes to obtain segments of the DNA polymerase from RFHV, KSHV, EBV, 
HSV1, HHVS and HHV7 - a group that includes representatives from the alpha, beta, and gamma 
subfamilies. 

The oligonucleotides may be used, inter alia, to prime a reaction to amplify a region of the target 
15 polynucleotide In the 3' direction from the site where the oligonudeotide hybridizes. DFASA, OFQSA, 

VYGA, VYGCA and GDTD1 B are oligonucleotides with a consensus segment adjoining a degenerate 
segment, and are useful for that purpose, and also may be used when the sequence of the target DNA 
Is unknown. Selection between oligonucleotldes DFASA and DFQSA depends on the sequence of the 
target polynucleotlde. DFQSA promotes amplification of HHV6-like sequences somewhat batter than 

20 other sequences; DFASA promotes amplification of both HHV6- and non-HHV6-like sequences. VYGA 
has a broad cross-reactivity and is especially useful as a primer for a second amplification reaction 
prefonned using polynucleotldes first amplified by another primer, such as DFASA. VYGCA is a Ge­
rich analog of VYGA, producing. less complex amplification mixtures and allowing hybridization 
reactions to occur at higher temperatures. VYGSQA and GDTDSQB are specific non-degenerate 

25 oligonucleotides which can be used, inter alia, to sequence amplification products made with VYGA or 

-32-



W097/U410S PCTJUS96/11688 

GDTD18, respectively; or for more specific ampllflcatlon of a target polynucleotide after a preliminary 
amplification with a degenerate primer. 

A preferred source of DNA for use as a target for the oligonucleotides of Table 4 is any biological 
sample (including solid tissue and tissue cultures), particularly of vertebrate animal origin, known or 

5 suspected to harbor a herpes virus. DNA is extracted from the source by any method known in the art, 
Including extraction with organic solvents or precipitation at high salt concentration. 

A preferred method of amplification Is a polymerase chain reaction: see generally U.S. Patent No. 
4,883, 195 (Mullis) and U.S. 4,683,202 (Mullis et al.); see U.S. 5, 176,995 (Sninsky et al.) for application 
to viral polynucleotides. An amplification reaction may be conducted by combining the target 

10 polynucleotlde to be amplified with short oligonucleotides capable of hybridizing with the target and 
acting as a primer for the polymerization reaction. Also added are substrate mononucleotides and a 
heat-stable DNA-dependent DNA polymerase, such as Taq. The conditions used for amplification 
reactions are generally known in the art, and can be optimized empirically using sources of known 
viruses, such RFHV, KSHV, EBV or HSV1. Conditions can be altered, for example, by changing the 

15 time and temperature of the amplification cycle, particularly the hybridization phase; changing the 
molarity of the oligonucleotlde primers; changing the buffer concentration; and changing the number of 
amplification cycles. Fine-tuning the amplification conditions is a routine matter for a practitioner of 
ordinary skill In the art. 

In one method, a single primer of this invention is used in the amplification, optionally using a 
20 second primer, such as a random primer, to Initiate replication downstream from the first primer and in 

the opposite direction. In a preferred 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 two specific primers 
enhances the specificity of the amplification reaction, and defines the size of the fragment for 
comparison between samples. For example, amplification may be performed using primers DFASA 

25 and GDTD1 B. More preferred is the use of all three primers in a nested fashion to enhance the 
amplification. Nesting Is accomplished by performing a first ampUflcation using primers that encompass 
an intermediate fragment comprising a binding site for a third primer. This is followed by a second 
ampl"lfication using the third primer, thereby providing a final fragment that is a subfragment of the 
Intermediate fragment. Particular1y preferred Is a first amplification using primer DFASA and primer 

30 GDT01 B, followed by a second ampllfication using primer VYGA and primer GDTD1 B. When 
performed on a polynucleotide from a DNA polymerase gene of RFHV or KSHV, the size of the 
fragment is about 238 bases. 

The amplified polynucleotides can be characterized at any stage during the amplification reaction, 
for example, by size detenninatlon. Preferably, this is perfonned by running the polynudeotlde on a gel 

35 of about 1-2% agarose. If present in sufficient quantity, the polynucleotide in the gel can be stained 
with ethidium bromide and detected under ultraviolet llghl Altematively, the polYmicleotide can be 
labeled with a radioisotope such as 32P or~ before loading on a gel of about 6% polyacrylamide, and 
the gel can subsequently be used to produce an autoradiogram. A preferred method of labeling the 
ampflfied polynucleotide is to end-label an oligonucleotide primer such as VYGA or VYGSQA with 32P 
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using a polynucleotide kinase and gamma-[32P]-ATP, and continuing amplification for about 5-15 

cycles. 

If desired, size separation may also be used as a step in the preparation of the amplified 

polynucleotide. This is particularly useful when the amplification mixture is found to contain artifact 

5 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, Js dried onto a paper backing 

and used to produce an autoradiogram. Positions of the gel corresponding to the desired bands on the 

autoradiogram are cut out and extracted by standard techniques. The extracted polynucleotlde can 

then be characterized directly, cloned, or used for a fUrther round of amplification. 

1 o Unwanted polynucleotldes in the mixture from an amplification reaction can also be proportionally 

reduced by shifting to more specific ollgonucleotide primers. For example, an initial 3-5 cycles of 

amplification can be conducted using primers VVGA and GDTD1B at 1/5 to 1125 the normal amount. 

Then a molar excess (for example, 50 pmol) of GDTDSQB and/or VYGSQA are added, and the 

amplification is continued for an additional 30-35 cycles. This reduces the complexity of the 

15 oligonucleotides present in the amplification mixture, and enables the reaction temperatures to be 

increased to reduce amplification of unwanted polynudeotldes. 

Preferred examples of Type 2 oligonucleotides are listed in Table 6: 

CGCAAGAACCTGGCCTCNTG 
YACNGAYCC 

GTCGCCTCTGGCATCCTNCC 
NTGYCTNAA 

CAGGGCCGGAAGATGCTGG 
ARACRTCNCARGC 

TCTCAGGCGTTCGTAGARGG 
NATHTCNCC 

29 

29 

32 

29 

64 

128 

32 

96 

DNA polymerase 
of the 

RFHVIKSHV 
subfamily 

107 

5'-+3' 108 

5'-+3' 21 

5'-+3' 22 

5'-+3' 109 

20 LSGGA, CTOPA, PCLNA, KMLEA and GISPA are all ollgonucleotldes With a consensus segment 

at the 5' end joined directly to a degenerate segment at the 3' end. They are capable of forming stable 

duplexes with a polynucleotide encoding DNA polymerase from either RFHV, KSHV, or from other 

viruses of the RFHV/KSHV subfamily. They can be used for any purpose in which such specificity is 

desired, such as the detection or amplification of polynucleotides from the RFHV/KSHV subfamily. 

25 In one application, these Type 2 ollgonucleotides are used individually or in combination as 
amplification primers. In one example of this application, the oligonucleotides are used directly on DNA 
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obtained from a tissue sample to obtain a DNA polymerase segment derived from RFHV, KSHV, or 
closely related viruses, but not more distantly related viruses such as EBV, CMV or HSV. In another 
example, the DNA from· a tissue sample is first amplified with a less specific set of probes, such as 
DFASA or VYGA, In combination with GDTD1 B~ One of the oligonucleoticles of Table 6 Is then used in 

5 a second round of amplification, thereby providing a sensitive nested amplification assay which Is 

specific for RFHV, KSHV, and other members of the RFHV/KSHV subfamily. 

In another application, Type 2 oligonudeotldes, or oligonudeotides comprising these sequences 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. such as DNA 
10 amplified using DFASA and/or VYGA, along with GDTD1 B. 

Preferred examples of Type 3 ollgonucleotides are shown in Table 7: 

;~~~,f~~,f~~~lli!~~,,,ii;~~l-~lf~~-~~~~~~~:·; 
~)1~-1 ;~,~~;~_ti~~--::.:.~;\~~~j~~i~~I,~:l _:~t::} t~-:; ;~~~im:~;~:t i:~f~;;i ;,~~~6~_:·:: 

CGTCGCTTCCGGCATCCTAC 21 
c 
GGCATCCTACCGTGCCTGM 21 
c 
CCGGAGACGCCTCGATCGGT 21 
c 
MCCTGGCTTCCGGAGACGC 21 
c 
GCGTTGCCTCTGGCATACTG 20 

CTGCCTI'GCCTAAACATAGC 21 
G 

GGTGAGACGTCTAlTGGCCT 20 

AATCGGGCGTCGGGTGAGAC 21 
G 

1 

1 

1 

1 

1 

1 

1 

1 

RFHVDNA 
polymerase 

KSHVDNA 
polymerase 

5'-+3' 13 

5'-+3' 14 

3'-+5' 15 

3'-+5' 16 

5'-+3' 17 

5'-+3' 18 

3'-+5' 19 

3'-+5' 20 

These are non-degenerate oligonucleotldes designed to be specific for DNA polymerase encoding 
15 polynucleotides of particular herpes viruses; namely RFHV or KSHV. The particular sequence chosen 

Is from a segment of the encoding region that is more different from that of the other virus than 
neighboring segments. 

VASGA. ILPCA, PIEAB, and PEARB are specific non-degenerate oligonucleotides for the RFHV 

DNA polymerase, and can be used In hybridization reactions conducted at high stringency. For 
20 example. they can be used alone or in combination as primers for amplifying a target polynucleotide 

encoding RFHV DNA polymerase. Preferably, the amplification is done using the oligonucleotides in a 
nested fashion: e.g., a first amplification is conducted using VASGA and PEARB as primers; then a 
second amplification is conductecl using ILPCA and PIEAB as primers. 
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Similarly, SGILA, CLNIA, IEASB, and EARFB are specific non-degenerate oligonucleotides for the 

KSHV DNA polymerase, and can be used in a similar fashion, including as primers for an amplification 

reaction. Preferably, the amplification Is done using the ollgonucleotides in a nested fashion: e.g., a 

first amplification is conducted using SGILA and EARFB as primers; then a second amplification is 

5 conducted using CLNIA and IEASB as primers. This provides an extremely sensitive amplifiCatton 

assay that is specific for KSHV DNA polymerase. 

Practitioners skilled in the art will Immediately recognize that oligonucleotides of Types 1, 2, and 3 

(In particular, those shovin in Tables 4, 6, and 7) can be used in combination with each other in a PCR 

to amplify different sections of a DNA polymerase encoding polynucleotide. The specificity of the 

10 amplification reaction generally ts determined by the primer with the least amount of cross reactivity. 

The size and location of the amplified fragment Is determined by the primers used in the final round of 

amplification. For example, LSSGA used in combination with GDTD1 B will amplify about 361 bases of 

DNA polymerase encoding polynucleotide from a virus of the RFHVIKSHV subfamily. Similarly, VYGA 

used in combination with PEARB will amplify about 444 bases of DNA polymerase encoding 

15 polynucieotide from RFHV. Suitable combinations of ollgonucleotides may be used as amplification 

primers In a nested fashion. 

Use of synthetic ollgonucleotides to characterize polynuc/eotlde targets 

20 As described In the previous section, the otigonucleotides embodied in this invention, can be used as 

primers for amplfflcaUon of polynucleotides encoding a herpes virus DNA polymerase, particularly in a 

polymerase chain reaction. 

The conditions for conducting the PCR depend on the nature of the ollgonucleotide being used. In 

particular, when using oligonucleotides comprising a degenerate segment, or a consensus segment that is 

25 only partly identical to the corresponding segment of the target, and when the target polynudeotide 

comprises an unknown sequence, the selection of conditions may be important to the success of the 

amplification. Optimizing conditions for a new primer or new polynucleotide target are routine for a 

practitioner of ordinary skill. What foDows is a guide to assist In that objective. 

First, the temperature of the annealing step of the PCR ts optimized to increase the amount of target 

30 polynucleotide being amplified above the amount of unrelated polynudeotide amplified. Ideally, the 

temperature permits the primers to hybridize with the target sequence but not with other sequences. For 

primers comprising a consensus segment, the temperature of the annealing step is generally at least about 

55-C; preferably it is at least about acre. Primers which are virus-specific are more selective, and may be 

effective over a broader temperature range; between so·c and 65-C. 

35 Second, the buffer conditions are optimized. We have found that buffers supplied with commercial 

preparations of Taq polymerase are sometimes dlfficuft to use, in part because of a critical dependence on 

the concentration of magnesium Ion. PCRs performed using the oligonucleotides of this invention 

generally are more easily performed using a buffer such as that suggested by M. Wigler (llsitsyn et al.}. 

Preferably, the final PCR reaction mixture contains (NH,.)2804 instead of KCI as the principal ion source. 

40 Preferably,_ the concentration of (NH;J)z804 In the final reaction mixture Is about 5-50 mM, more p~ferably 

about 10-30 mM, even more preferably 16 mM. The buffering component is preferably Tris, preferably at a 
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final concentration of about 67 mM and a pH of about 8.8. Under these conc:ltlons, the MgCl2 

concentration is 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

mercaptoethanol and 0.05-1 mg/mL bovine serum albumin. An especially preferred buffer is WB4 buffer 

5 (ffl mM Tris buffer pH 8.8, 4 mM MgCl2, 16 mM (N~~o ... 10 mM B-mercaptoethanol and 0.1 mg/ml 

albumin. Preferred conditions for perfonnlng the reaction are provided below in Example 3. 

Amplification reactions using any the oligonucleotides of this invention as primers yield polynucleotide 

fragments encoding a portion of a DNA polymerase. 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 

1 o characterizing a fragment are as follows: 

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 doned and/or amplified before sequencing. The 

15 rwcleotide sequence can be used to predict the amino add sequence encoded by the fragment. 

Sequence data can be used for comparison with other sequenced DNA polymerases, 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 

three-dimensional structure. 

20 In a second method of characterizing, the size of the fragment can be determined by any suitable 

method, such as running on a polyacrylamlde or agarose gel, or centrifUging through an appropriate 

density gradient. For example, for RFHV and KSHV, the fragment between VYGA and GDTD1 B is about 

172 bases. Hence, the length of the entire amplified fragment including primer binding regions Is about 

236 bases. The conesponclng EBV fragment contains an additional 9 base pairs. The EBV fragment can 

25 therefore be distinguished from that of RFHV or KSHV, for example, by ruming amplified polynucleotide 

fragments from each In neighboring lanes of a separating gel, or by ruMing the EBV fragment beside 

suitable molecular weight standards. Polynucleolide fragments Identical in size ta that of RFHV and KSHV 

may be derived from a variant strain of one of these viruses, or a closely related species. Fragments 

substantially different in size are more likely to be derived from a different herpes virus. 

30 In a third method of characterizing, a fragment can be tested by attempting to hybridize it with an 

oligonucleotide probe. In a preferred example, a fragment Is tested for relatedness to the DNA polymerase 

encoding region of RFHV or KSHV. The test is conducted usi~ a probe comprising a sequence of a DNA 

polymerase encoding region, or Its genetic complement Suitable probes are polynucleotides comprising 

sequences from RFHV or KSHV, a mixture of such polynudeotides, or a polynucleotide comprising a 

35 degenerate sequence derived from RFHV and KSHV, such as the oligonucleotldes listed In Table 6. 

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 variants, then hybridization is performed under conditions of high sbingency. A sequence from the 

respective RFHV or KSHV DNA polymerase Is used. Longer length sequences Improve the specificity of 

40 the test and can be used under conditions of higher stringency. Preferably, the probe will comprise a DNA 
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polymerase 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 polynucleotides that are related to RFHV or KSHV, such as in a screening 
test or a test to recruit previously undescribed viruses of the RFHV/KSHV subfamily, then different 

5 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 selected 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 formulas given earlier, by calculating the Tm and then calaJlating the 

10 corresponding temperature for the maximum degree of mismatch. to be tolerated. The suitability of the 

concltions can be tested emplncally by testing the cross-reactivity of the probes with samples containing 
known target polynucleotides encoding herpes ONA polymerases. 

The minimum degree of complementarity required for a stable duplex to form under the conditions of 
the assay will determine what DNA polymerase sequences will hybridize with the probe. Consider, for 

15 example, a target obtained from a human or non-human primate, amplified to produce a fragment 
corresponding to bases 330-501 of Figure 1, and then probed with the corresponding fragment of the 
RFHV polynucleotlde. According to the data in Table 2, if the hybrid"ization reaction is performed under 
concfdions that require only about 50% identity for a stable duplex to form, the probe may hybridize with 
targets from any of the sequenced gamma herpes DNA polymerase genes, including EBY and sHV1. If 

20 the reaction is performed under conditions that require at least about 62% Identity between probe and 
target, preferably at least about 65% Identity, more preferably at least about 68% identity, and even more 
preferably at least about 70% identity for a stable duplex to form, the assay wm detect a target 
polynucleotlde from RFHV, KSHV, or from a related herpes virus DNA polymerase that has not yet been 
sequenced. Polynucleotides encoding DNA polymerase from EBV or sHV1 are not e>epected to form a 

25 stable duplex under these conditions. A polynucleotide encoding DNA polymerase from eHV2 is not 

expected to be present in the DNA tested, because eHV2 Is not believed to be capable of infecting 
primates. 

It is possible to combine characterization by size and characterization by hybridization. For example, 
the amplified polynucleotide may be separated on a gel of acrylamide or agarose, blotted to a membrane 

30 of suitable material, such as nltrocellulose, and then hybridized with a probe with a suitable label, such as 
32p. The presence of the label after washing reflects the presence of hybridizable ~aterial 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 aforementioned probes under conditions of high 
stringency but having an unexpected size would Indicate a DNA polymerase sequence with a high degree 

35 of identity to the probe, but distinct from RFHV or KSHV. 

Use of polynucleotldes and ollgonucleotldes to detect herpes virus Infection 

Polynucleotides encoding herpes virus DNA polymerase, and synthetic oligonucleotides based 
40 thereupon, as embodied in this invention, are useful in the diagnosis of clinical conditions associated with 

herpes virus infection. For example, the presence of detectable herpes DNA polymerase In a clinical 
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sample may suggest that the respective herpes virus participated as an etiologic agent In the development 

of the condition. The presence of polymerase in a particular tissue, but not in surrounding tissue, may be 

usefUI in the localization of an infected lesion. Differentiating between gamma herpes virus and other 

herpes viruses in clinical samples, or differentiating between RFHV, KSHV, and EBV, may be useful in 

5 predicting the dlnlcal course of an Infection or selecting a drug suitable for treatment. 

In addition, since DNA polymerase Is actively Involved in the replication of the herpes virus, it may be 

preferred over other markers for certain applications. DNA polymerase is not expressed in the latent state 

of Vartcella-Zoster herpes, but is expressed In the replicative state (Meier et al.). Thus, an assay for DNA 

polymerase may help determine whether an lnclMdual infected with gamma herpes is currently in an active 

1 O phase of the disease. The capacity of a strain of HSV1 to move from the eye to the brain is related to DNA 

polymerase activity (Yeung et al.). Thus, an assay for DNA polymerase may help predict the 

aggressiveness or Invasiveness of a gamma herpes infection. 

The procedures for conducting diagnostic tests are extensively known in the art, and are routine for a 

practitioner of ordinary sklll. Generally, to perform a diagnostic method of this invention, one of the 

15 compositions of this invention is provided as a reagent to detect a target in a clinical sample with which it 

reacts. For example, a polynucleotlde of this Invention may be used as a reagent to detect a DNA or RNA 

target. such as might be present in a cell infected with a herpes virus. A polypeptide of this Invention may 

be used as a reagent to detect a target with which It is capable of forming a specific complex, such as an 

antibody molecule or (If the polypeptide is a receptor) the corresponding ligand. An antibody of this 

20 Invention may be used as a reagent to detect a target It specifically recognizes, such as a polypeptide 

expressed by virally infected cells. 

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 individuals 

suspected of harboring a herpes virus. Many types of samples are suitable for this purpose, including 

25 those that are obtained near the suspected site of Infection or pathology by biopsy or surgical dissection. in 

Vitro cultures of cells derived therefrom, solubUized extracts, blood, and blood components. If desired, the 

target may be partially purified from the sample or amplified before the assay Is conducted. The reaction is 

performed by contacting the reagent with the sample ooder 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 

30 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 be supplied wilh 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 detection are provided in the descriptions 

that follow. 

35 To determine whether the amount of complex formed Is representative of herpes Infected or 

uninfected cells, the assay result is preferably compared with a simDar assay conducted on a control 

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 the relative amount of target in the control Is known or can be used tor comparative 

40 purposes. It is often preferable to conduct the assay on the test sample and the control sample 
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simultaneously. However, If the amount of complex formed Is quantifiable and sufliclenUy consistent, It is 
acceptable to assay the test sample and control sample on different days .or in different laboratories. 

Accon:lingly, polynucleotides encoding DNA polymerase of the RFHV/KSHV subfamily, and the 
synthetic ollgonucleotides embodied In this invention, can be used to detect gamma herpes virus 

5 polynucleotide that may be pre~ 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 (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 ampllftcation with a specific 
primer, or 3) by a combination of the two; 

10 To perform an assay that is specific due to hybricfization with a specific probe, a polynucleotide Is 
chosen with the required degree of complementarity for the intended target. Preferred probes include 
polynucleotldes of at least about 16 nucleotides In length encoding a portion of the DNA polymerase of 

RFHV, KSHV, or a member of the RFHV/KSHV subfamily. Increasingly preferred are probes comprising 
at least about 18, 20, 25, 30, 50, or 100 nucleotides of the DNA polymerase encoding region. Also 

15 preferred are degenerate probes capable of forming stable duplexes with polynucleotldes of the 
RFHV/KSHV subfamily, but not with that of other herpes viruses. 

The probe is generally provided with a label. Some of the labels often used in this type of assay 
Include radioisotopes such as 32p and 33P, chemiluminescent or fluorescent reagents such as fluorescein, 
and enzymes such as alkaline phosphataie that are capable of producing a coJored solute or precipitant. 

. 20 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 intermeclate reactive molecules, such as a blotln-avldln complex, or a series 
of inter-reactive poiynucleotides. The label may be added to the reagent before hybridization with the 
target polynucleotide, or afterwards. To improve the sensitivity of the assay, It is often desirable to 
Increase the signal ensuing from hybriclization. This can be accomplished by using a combination of 

25 serially hybridizing polynucleotldes or branched polynucleotides in such a way that multiple label 
components become incorporated into each ccmplex. See U.S. Patent No. 5, 124,246 (Urclea et al.). 

If desired, the target polynucleotide may be extracted from the sample, and may also be partially 
purified. To measure viral particles, the preparation is preferably enriched for DNA; to measure active 
transcription of DNA polymerase, the preparation is preferably enriched for RNA. Generally, it is 

30 anticipated that the level of polynucleotide of a herpes virus will be low in clinical samples: there may be 
just a few copies of DNA encoding the polymerase 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 in cells 
where the polymerase is actively expressed than those where the polymerase gene is Inactive. It may 
therefore be desirable to enhance the level of target in the sample by ampDfying the DNA or RNA. A 

35 suitable method of amplification Is a PCR, which is preferably conducted using one or more of the 
oligonucleotide primers embodied in this Invention. RNA may be amprlfied by making a cDNA copy using 
a reverse transcriptase, and then conducting a PCR using the aforementioned primers. 

The target polynucleotide can be optionally subjected to any combination of additional treatments, 
including digestion with restriction endonudeases, size separation, for example by electrophoresis in 

40 agarose or polyaaylamide, and affixation to a reaction mabix, such as a blotting material. 
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Hybridization is allowed to occur by mixing the reagent polynucleotlde with a sample suspected of 

containing a target polynucleotide under appropriate reaction conditions. This may be followed by washing 

or separation to remove unreacted reagent Generally, both the target polynucleotide and the reagent 

must be at least partly equilibrated into the single-stranded fonn in order for complementary sequences to 

5 hybridize etliclenuy. Thus, it may be useful (particularly in tests for DNA) to prepare the sample by 

standard denaturatlon techniques known in the art. 

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 DNA polymerase is used, and the reaction Is conducted under conditions of high stringency. 

10 For example, a prefened set of conditions for use with a preferred probe of 50 nucleotides or more is 6 x 

SSC at 37°C in 50% formamide, followed by a wash at low ionic strength. This wlll generally require the 

target to be at least about 90% identical with the polynucleotide probe for a stable duplex to fonn. The 

specificity of the reaction for RFHV or KSHV can also be increased by increasing the length of the probe 

used. Thus, longer probes are particularly preferred for this appllcation of the invention. 

· 15 Alternatively, if it is desired that the test be able to detect gamma herpes viruses related to RFHV or 

KSHV, then a lower stringency is used. Suitable probes include fragments from the RFHV or KSHV DNA 

polymerase, a mixture thereof, or degenerate oligonucleotides such as those listed in Table 6. 

Appropriate hybridization conditions are detenntned to pennit hybricliZation of the probe only to DNA 

polymerase sequences that have the desired degree of identity with the probe. The stringency required 

20 depends on the length of the polynucleotide probe, and the degree of identity between the probe and the 

desired target sequence. Consider, for example, a probe consisting of the KSHV potynucleotlde fragment 

between the hybridization sles of DFASA and GDTD1B. Concitions requiring a minimum identity of 55% 

would result in a stable dupleX formed With a corresponding polynucleotide of KSHV, RFHV, and EBV; 

conditions requiring a minimum idenUty of 68% would result in a stable duplex fanning with a 

25 · polynucleotide from KSHV, RFHV, or a related polynucleoUde, but not EBV; conditions requiring a 

minimum identity of 80% would result in a stable duplex forming with a potynucleotide from KSHV, but not 

RFHV or EBV (see Table 2). 

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, 

30 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 

amplifying DNA from tissues believed to be infected with the respective herpes virus. Detennining 

hybridization conditions is a matter of routine adjustment for a practitioner of ordinary skill, and does not 

require undue experimentation. Since eHV2, sHV1 and EBV are more closely identical to RFHV or KSHV 

35 than members of the alpha and beta subfamilies, conditions that exclude polynucleotides of those viruses 

will generally also exclude the other herpes viruses listed in Table 1. In addition, if It is believed that 

certain viruses will not be present in the sample to be tested In the ultimate determination (such as eHV2 in 

. a human tissue sample), then the conesponding target sequences may optionally be omitted when 

working out the cond"rtions of the assay. Thus, conditions can be determined that would permit an 

40 oligonucJeotlde probe such as LSGGA, CTDPA, KMLEA or GISPA to fonn a stable duplex both with 
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polypeptides comprising SEQ. ID N0:1 and SEQ. ID N0:3, but not a sequence selected from the group 

consisting of SEQ. ID N0:23 to SEQ. ID N0:29. Conditions can also be detennined that would permit an 

oligonucleotide probe such as PCLNA ($EQ. ID N0:21) or any suitable fragment comprising at least 18 or 

more consecutive bases of SEQ. ID N0:1 or SEQ. ID N0:3 to fonn a stable dup!ex both with a 

5 polynucleotlcle comprising SEQ. ID N0:1 and with a polynucleotide comprising SEQ. ID N0:3, but not a 

polynucleotlde comprising one of SEQ. ID N0:23 to SEQ. ID N0:29. 

Alternatively, to conduct an assay that Is speclftc due to amplification with a specific primer. DNA or 

RNA Is prepared from the biological sample as before. Optionally, the target polynucleotlde Is 

pre-amplified In a PCR using primers which are not species specific, such as those listed In Table 4. The 

1 o target is then amplified using specific primers, such as those listed In Table 6 or Table 7. For example, if it 

is desired that the test be specific for RFHV, then VASGA, ILPCA. PIEAB, PEARB, or a combination 

thereof may be used. If it is desired that the test be specific for KSHV, then SGILA, CLNIA. IEASB, 

EARFB, or a combination thereof may be used. If it is desired that the test be able to detect gamma 

herpes viruses related to RFHV or KSHV, then degenerate or aoss-reactlve probes, such as those listed 

15 in Table 6, or a combination thereof may be used. In a preferred embodiment, two rounds of amplification 

are performed, using cligonucleotlde primers in a nested fashion: virus-specific or non-specific in the first 

round; virus-specific In the second round. This provides an assay which Is both sensitive and specific. 

Use of a specific primer during amplification is sufficient to provide the required specificity. A positive 

test may be indicated by the presence of suflicient reaction product at the end of the amplification series. 

20 Amplified polynucleotlde can be detected, for example, by blotting the reaction mixture onto a medium 

such as nitrocellulose and staining with ethidium bromide. Alternatively, 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 detected (e.g. by 

counting or by autoradiography). If run on a gel of agarose or polyacrylamide, the size Of the product may 

25 help confirm the identity of the amplified fragment Specific 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 ~uUined earlier. 

30 
Use of polynucleotldes for gene therapy 

Embodied In this invention are pharmaceuticals comprising virus-specific polynucleotldes, 

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-specific pharmaceutical compounds. 

35 Polynucleotides of this Invention encoding part of a herpes virus DNA polymerase 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 ta administer the polynucleotide In such a 

way that It interferes with the expression Of the corresponding·gene, such as by complexing with the gene 

itself or with the RNA transcribed from the gene. Entry of the polynucleotide into the cell is facilitated by 

40 suitable techniques known in the art, such as providing the polynucleotide In the fonn of a suitable vector, 
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or encapsulation of the polynucleotide in a llposome. The polynucleotide may be injected systemically, or 

provided to the site of infection by an antigen-specific homing mechanism, or by direct Injection. 

A preferred mode of gene therapy Is to provide the polynucleotide in such a way that it will replicate 

inside the cell, enhancing and prolonging the interference effect. Thus, the polynucteotide is operatively 

5 finked to a suitable promoter, such as the natural promoter of the corresponding gene, a heterologous 

promoter that Is inbinsically active in infected cells, or a heterolcgous promoter that can be Induced by a 

suitable agent Preferably, the construct is designed so that the polynucleotide sequence operatively 

Dnked to the promoter is complementary to the sequence af the corresponding gene. Thus, o~ 

Integrated Into the cellular genome, the transcript of the administered polynucleotide will be 

10 complementary to the transcript of the gene, and capable of hybricflZing with it. This approach Is known as 

anti-sense therapy. 

RFHVIKSHV subfamily polypeptides with DNA polymerase actiVlty and fragments thereof 

15 The RFHV and KSHV polynudeotides shown in Figure 1 each have an open readir:ig frame. The 

polypeptides encoded are respectively designated SEQ. ID N0:2 and SEQ. ID N0:4. The polypeptides 

have a significant number of homologous residues to DNA polymerases af other sequenced herpes 

viruses. They are more closely identical to each other within this fragment than to the corresponding 

fragment of the other sequenced viruses. The fragment is believed to encompass residues that are near 

20 the nucleotide substrate binding site of the Intact protein. This region may play a role In the catalytic 

aclivily of the polymerase. Polypeptides with DNA polymerase activity from other members of the 

RFHV/KSHV subfamily are expected to share a large proportion of identical residues over 1his region. In 

general, residues conserved between RFHV and KSHV are expected to be relatively conserved within the 

subfamily. 

25 · Beginning at about amino acid 89 of SEQ. ID N0:2, there is a linear sequence of about 46 residues 

that is shared identically between the DNA polymerase of RFHV and KSHV. Beginning at about amino 

acid 88 of SEQ. ID N0:2, there is a linear sequence of about 31 residues shared between the DNA 

polymerase of RFHV and eHV2. The sequence shared with eHV2 Is listed separately in SEQ. ID N0:112. 

Also contained in SEQ. ID N0:112 ls a sequence of about 26 amino acids shared between RFHV and 

30 sHV1, and two sequences of 12 amino acids shared between RFHV and EBV. Beginning at about amino 

acid 10 of SEQ. ID N0:4, there Is a linear sequence of about 15 residues shared between KSHV and 

various other gamma herpes viruses. This shared sequence Is listed separately In SEQ. ID N0:113. The 

longest sequence contained in SEQ. ID NOS:2 or 4 but not in SEQ. ID NOS:112 or 113 that Is shared with 

other known herpes virus DNA polymerases is 10 amino acids in length. Hence, arrt fragment of the 

35 RFHV or KSHV DNA polymerase protein sequence that is 11 amino acids or longer, and not in SEQ. ID 

NOS:112 or 113, is believed to be specific for the RFHV/KSHV subfamily, or species and variants therein. 

This invention embodies both Intact DNA polymerase from herpes viruses of the RFHV/KSHV 

subfamily, and any fragment thereof that Is specific for the subfamHy. Preferred DNA polymerase 

fragments of this invention are at least 11 amino acids in length; more preferably they are about 12 amino 

40 acids in length, more preferably they are at least about 15 amino acids in length; even more preferably 
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they are at least about 20 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 DNA polymerase fragments can be used to 
identify virus-specific and cross-reactive antigenic regions. 

5 In principle, a specific antibody could recognize any amino acid difference 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 5-9 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 arising spontaneously !n 
animals infected with a virus expressing the DNA polymerase. Specific antibodies may also be induced by 

1 o Injecting an experimental animal with either the intact polymerase or a polymerase fragment. 
Thus, any peptide of 5 amino acids or more that Is unique to RFHV or KSHV is a potential 

virus-specific antigen, and could be recognized by a RFHV- or KSHV-specific antibody. Peptides of at 
least 5 amino acids shared between RFHV and KSHV, but not EBV, eHV2 and sHV1 are potential 
RFHVJKSHVsubfamilyspecificantigens. 

15 Some examples 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 either direction. 

The Class I peptides shown in Table 8 are conserved between all known DNA polymerase 
polypeptide sequences of the gamma herpes virus subfamily. An antibody directed against one such DNA 

20 polymerase in this region is expected to cross-react with the others. Class II peptides are conserved 
between RFHV and KSHV, but not with sHV1 and EBV. An antibody directed against this region is 
expected to cross-react between RFHV, KSHV, and other viruses of the RFHV/KSHV subfamily. Class Ill 
peptides are different between RFHV and KSHV. An antibody binding to this region, particularty to 
non-identical residues, is expected to distinguish the RFHV DNA polymerase from the KSHV DNA 

25 polymerase. 
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Peptides contained within 
RTILDKQQLAIKVTCNAVYGFTGVASGILPCL 

(SEQ. ID N0:112) 

Peptides contained within 

SllQAHNLCYSTLIP 

(SEQ. JD N0:113) 

IAElVTL 73 

PDDYETF 90 

KRKEIRK 91 

LAKRKEI 92 
LASCTDP 93 

VASGIL.P2 74 
GILPCLN 75 

CLNIAET 76 

QGRKMLE n 
SQAFVE 78 

ARFKVI 79 

TGSALHG (RFHV) 94 

PGDSLHL (KSHV) 95 

SALHGHP (RFHV) 96 

DSLHLHP (KSHV) 97 

GHPEl.TP (RFHV) 98 
LHPHLGP (KSHV) 99 
HLSGGlV (RFHV) 100 

VLSGGLV (KSHV) 101 

TDPTMRT (RFHV) 102 

TOPAL.Kr (KSHV) 103 

LETSQAF (RFHV) 80 

LERSQAF (KSHV) 81 
.. EGISPTA (RFHV) 82 
. ·.· 

EAISPER (KSHV) 83 
~·. ::: . ·-·~ ....... ·:· · . .=- . 

ADLLQRP (RFHV) 84 . ·.:-. -~ : .. .'.";: ~:J' · .. _.· · .. ::=· .. .. 
.-·-:- AGLLRRP (KSHV) 85 
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RRPIDVS 

IEASPEA 

IDVSPDA 

(KSHV) 

(RFHV) 

(KSHV) 
1 

- Not shared with eHV2, sHV1 or EBV, except where indicated 
2 -Also shared with eHV2 but not with sHV1 or EBV 
3 

- Not shared with any other sequenced herpes virus; may be 
present in some unsequenced RF:HV/KSHV subfamily viruses 

PCT/US96/11688 

87 

88 

89 

Particularly preferred peptides from Classes II and Ill are QGRKMLE, ARFKVI, RRPIDVS, 
QRPIEAS, IEASPEA, and IDVSPDA. Given the complete sequence of a DNA polymerase from RFHV 
and/or KSHV, virus- or subfamily-specific peptides can be predicted for other regions of the molecule by 

5 a similar analysis. 

Preparation of polypep'lldes 

Polypeptides of this invention, including intact protein, protein fragments, and antigenic regions, can 
1 O be prepared by several different methods, all of which will be known to a practitioner of ordinary skill. For 

example, the appropriate strand of the full-length cDNA can be operatively finked to a suitable promoter, 
and transfected into a suitable host cell. The host cell is then culb.Jred under conditions that allow 
transcription and translation to occur, and the polypeptide is subsequently recovered. For a description of 
the expression and recovery of a herpes virus DNA polymerase by transfecting S. cerevisiae, see Haffey 

15 et al. and Patent Application EP 0337441. For a description of the expression of another herpes virus 
protein in mammalian cells, see U.S. Patent No. 5,244,792 (Burke et al.). 

Polypeptides may also be prepared difectly from sequence data by chemical synthesis. Several 
methods of synthesis are known In the art. A preferred method is the solid-phase Merrifield technique. 
Alternatively, a polynucleotide encoding the desired polypeptide may be prepared by any of the methods 

20 described earlier, and translated using an in vitro translation system, such as the rabbit reticulocyte 
system. See, e.g., Dorsky et al. 

Use of polypeptides to assess herpes virus Infection 

25 The polypeptides embodied in this invention may be used to detect or assess the status of a herpes 
virus infection In an Individual in several different applications. 

In one appftcation, a polypeptide encoding a portion of a herpes virus DNA polymerase 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 

30 infection. 
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The presence of antibodies to DNA polymerase In the circulation may provide an early indication of a 
pathological condition. The antibody to hepatitis B virus DNA polymerase is an early Indication of acute 
hepatitis B virus infection (WO 8904964: Fietelson et al.). Antibodies to DNA polymerase are useful in 
diagnosis of nascpharyngeal carcinoma (Lin et al., Liu et al.). Similarly, it may be useful to monitor for the 

5 presence of antibodies to DNA polymerase of KSHV in HIV-infected humans before Kaposi's sarcoma 
lesions are clinically apparent 

Suitable clinical samples In which to measure antibody levels include serum or plasma from an 
indMdual suspected of having a gamma herpes virus Infection. The presence of the antibody is 
determined, for example, by an immunoassay. 

10 A number of Immunoassay methods are established in the art for performing the quantltation 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 as an enzyme 

or a radioisotope. For a liquid-phase assay, unreacted reagents are removed by a separation technique, 

15 such as filtration or chromatography. Altematlvely, 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-immunoglobulln, or 
protein A. The captured antibody is then detected with a second reagent, such as the specific polypeptide, 
anti-immunoglobulin, or protein A with an attached label. At. least one of the capture reagent or the 
detecting reagent must be the specific polypeptide. In a third variation, cells or tissue sections containing 

20 the polypeptide may be overlaid first with the test sample containing the antibody, and then with a 
detecting reagent such as labeled anti-immunoglobuDn. In all these examples, the amount of label 
captured in the complex is positlvely related to the amount of specific antibody present In the test sample. 
Similar assays can be d~slgned In which antibody In the test sample competes with labeled antibody for 
binding to a limiting amount of the specific peptide. The amount of label In the complex is then negatively 

25 correlated with the amount of specific antibody in the test sample. Results obtained using any of these 
assays are compared between test samples, and control samples from an uninfected source. . 

By selecting the reagent polypeptide appropriately, antibodies of a desired specificity may be 
detected. For example, if the intact DNA polymerase is used, or a ftagment comprising regions that are 
conserved between herpes virus, then antibodies detected in the test samples may be virus specific, 

30 cross-reactive, or both. A reagent of this nature is preferred for a general screening assay for 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 viral DNA polymerase are selected, 
such as those Dsted In Class Ill of Table 8. Preferably, a mixture of such peptides is used. To 

simultaneously detect antibodies against RFHV, KSHV, and closely related viruses of the gamma herpes 

35 family, but not sHV1 and EBV, antigen peptides are selected with tha properties of those listed in Class JI 
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 they 

may persist as part of the immunological memory of the host In the latter instance, antibodies due to 
current infection may be distinguished from antibodies due to immunological memory by determining the 

40 class of the antibody. For example, an assay may be conducted In which antibody in the test sample is 
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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, whDe the 
presence cf lgG antibodies alone indicates that the activity is due to immunological memory of a previous 

Infection or vaccination. 

5 In another applica~ion of the Invention, herpes virus encoded DNA polymerase is is~lated from a 

sample, and the amount present is determined by an enzymatic assay. AsSfl/S for DNA polymerase 

activity in a biological sample can be conducted, for example, by extracting the polymerase and performing 

a suitable polymerizatlon assay. The polymerase may be solubilized by standard techniques from a soHd 

tissue sample or tissue homogenate, forexample, by using non-ionic detergents such as TRITON™ X-100 

10 or deoxycholate. Alternatively, If the polymerase is secreted by infected cells, it may be possible to 
perform the assay on a liquid sample, such as plasma or lymph. 

Methods for conducting ONA polymerase assays are known In the art For example, a 

polymerization mbcture is prepared that contains the putative DNA polymerase, a mixture of nucleotides 

containing at least one labeled nucleotide, a DNA template such as M13 phage DNA, and, If necessary, a 
15 regulatory subunit. The mixture is incubated at 37"C for a time sufficient to allow polymerization to occur. 

Polymerase activity, or lack thereof, Is determined by measuring the amount of incorporation of label into 

the polynucleotide. Optimal conditions for conducting a DNA polymerase assay are readily ascertained 

without undue experimentation by a practitioner of ordinary skill in the art. For example, conditions for the 
DNA polymerase of HSV have been published by O'Donnell et al. Optimal conditions for DNA polymerase 

20 ft'om RFHV and ~HV are expected to be analogous. 

Use of polypeptides as components In active vaccines 

An example of how polypeptides embodied in this invention can be effectively used in treatment is 
25 through vaccination. 

In one embodiment of this application, the polypeptide is administered as part of an active vaccine in 
order to stimulate antibodies that will react against the pathogenic organism; in this case, a herpesvirus of 
the RFHVIKSHV subfamily. The development of active vaccines from isolated herpes virus components Is 
known in the art: see, e.g., U.S. Patent Nos. 5, 171,568 (Berke et al.). This type of vaccine is especially 

30 useful in prophylaxis, since the antibcclies it stimulates may be able to neutralize subsequently 
encountered organisms before they have a chance to invade the host's cells and begin a replica6ve cycle. 

Methods for preparing and administering polypeptide vaccines are known In the art Peptides may be 

capable of eliciting an immune response on their own, or they may be rendered more immunogenic by 

chemical manipulation, such as cross-Hnking or attaching to a protein carrier like KLH. Preferably, the 
35 vaccine ~lso comprises an adjuvant, such as alum, muramyl dipeptides, liposomes, or DETOX™. The 

vaccine may optionally comprise auxiliary substances such as wetting agents, emulsifying agents, and 

organic or Inorganic salts or acids. It also comprises a pharmaceutically acceptable excipient which is 

compatible with the active Ingredient and appropriate for the route of administration. The desired dose for 
peptide vaccines Is generally from 10 pg to 1 mg, with a broad_ effective latitude. The vaccine is preferably 

40 administered first as a priming dose, and then again as a boosting dose, usually at least four weeks later. 
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Further boosting doses may be given to enhance the effect. The dose and Its timing _are usually 

determined by the person responsible for the treabnent. 

In another embodiment of this application, the polypeptide is an active ingredient of a vaccine 

designed to stimulate specific cytotoxic T lymphocytes. This type of vaccine may be especially useful in 

5 the treabnent of a herpes virus Infection already present in a subject. The DNA polymerase of a herpes 

virus Is a suitable target for a cytotoxic T cell vaccine; net only because of its relatively conserved 

structure, but also because it is an important internal component of the virus. External virus components 

are expressed by circulating intact virus and defective viral particles, and have the potential of diverting the 

immune system away from infected cells. However, internal viral components are expressed 

10 extracellularly only by viraDy infected cells, which display them In the context of histocompatibllity class I 

molecules. Such cells are ideal targets for specific cytotoxic T cells, as they represent the site of viral 

replication and are therefore the virus's most vulnerable location within the host 

Cytotoxic T cell vaccines may comprise different antigenic regions than those required to stimulate 

antibodies. T cell epitopes are different from antibody epitopes; they generally depend less on 

15 conformational context, and/or develop from regions of the peptide capable of folding into an amphipathic 

alpha-helix. Cytotoxic T cen vaccines may also comprise adcfdional active ingredients or cytokines which 

may enhance the presentation of the peptide to the T cell population and/or assist in the recruitment of 

cells of the cytotoxic T cell lineage. 

In a variation of either of the preceding embodiments, the immunizing peptide Is provided not as an 

20 isolated protein or protein fragment, but in the form of an expression vedor. A polynucleotide encoding the 

peptide is operatively linked to suitable controlling elements of transcription and translation, and then 

transfected into a suitable vector. Suitable vectors include a vaccinia virus, or an attenuated form of a 

herpes virus. 

25 Use of polypeptides to dulgn or screen anti-viral drugs 

Interfering with. the DNA polymerase gene or gene product would modify the infection process, or the 

progress of this disease. 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 

30 herpes virus Infection can be developed and tested. Particulariy preferred are pharmaceutical compounds 

useful in treating Infections by RFHV and KSHV. Suitable drugs are those that interfere with transcription 

or translation of the DNA polymerase gene, and those that Interfere with the catalytic function of the 

polypeptide encoded by the gene. It is not necessary that the mechanism pf interference be known; only 

that the interference be preferential for reactions associated with the infectious process. 

35 PrefeR'ecl drugs include those that competitively interfere with the binding of the DNA polymerase to 

the substrate nucleotide triphosphate, the DNA template. Also preferred are nucleotide analogs that can 

be incorporated Into the polymerizing strand synthesized by the enzyme, but form a dead-end complex 

that prevents further polymerization (Reardon et at.} Some non-Hmiting examples of preferred drugs which 

may be tested by the procedures described herein are aphidicolon, acyclovir, gancyclovir, foscarnet, 

40 oosporein, BHCG, PMEA, other nucleotide analogs. isotrenes of these compounds, and other compounds 

that are structurally or functionally related to those listed. 
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Also preferred are drugs that interfere with the association of DNA polymerase with regulatory 
subunits that are necessary for catalytic activity. As described earlier, the UL42 subunit is essential for the 
DNA polymerase activity of HSV during the repllcatiVe process. Small peptides designed from the UL42 
sequence Inhibit binding between UL42 and the DNA polymerase, and are effective inhibitors of 

5 polymerase activity (U.S. Patent No. 5,223,391: Coen et al.). The C-tenninal region of the HSV DNA 

polymerase Is responsible for binding the UL42 subunit. It Is therefore expected that under certain 

conditions {s~ as those required fOr viral replication), the RFHV and KSHV DNA polymerase Will require 
a regulatory suburit which may or may not be an analog of UL42, In order to express full polymerase 
activity. Thus, peptides functionally equivalent to those described in U.S. 5,223,391, adapted appropriately 

1 O for gamma herpes viruses, are expected to have inhibitory activity and be therapeutically useful. 
This invention provides methods fOr screening pharmaceutical candidates to detennine which are 

suitable for clinical 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 DNA polymerase with the pharmaceutical candidate, and 
15 determining whether the biochemical funclion is altered by the phannaceutical candidate. The DNA 

polymerase may be any fiagment encoded by the DNA polymerase gene of RFHV or KSHV that has DNA 
polymerase activity. Suitable fragments may be obtained by expressing a genetically engineered 
polypeptide encocling the active sites of the molecule, or by cleaving the DNA polymerase with proteases 
and purifying the active fiagrnents. In a preferred embodiment, the entire DNA polymerase is provided. 

20 The reaction mixture will also comprise a suitable DNA template, substrate deoxyribonucleotlde 
lriphosphates, and whatever regulatory subunits are necessary for the reaclion to proceed. One 
embodiment of the screening method is to perfonn a DNA polymerase assay in vitro. The DNA 
polymerase is provided in isolated fonn, and mixed with the other reacting compounds in a suitable buffer. 
A DNA polymerase assay is conducted and monitored as outlined in an earlier section. The amount of 

25 polymerase activity per mole or per gram of enzyme in the reaction mixture is measured, fOr example, by 

the rate of incorporation of radlolabeled nucleotide Into the synthesized strand. The effect of the candidate 
drug may be determined by running two reactions in parallel, both with the same mixture of reacting 
substances except that one contains the candidate. Alternatively, the effect of the candidate drug may be 

determined by adding it to a polymerase reaction in progress, and determining whether the reaction rate is 

30 altered. A desirable effect Is one that elln:tinates or decreases the rate of synthesis of the labeled DNA. 
Another embodiment of the screening method is to express a polynucleotide encoding an active 

region of the DNA polymerase In a host cell. Transfection with the poJynucleotide may enhance the rate of 
replicaUon of the host cell, in which case the activity of the polymerase can be monitored by measuring the 
rate of replication of the cells. AltematiVely, activity of the polymerase may be measured as the rate of 

35 production of a product, such as a labeled polynucleotide, Inside the cell. The effect of the drug can 
therefore be determined by following its effect on DNA polymerase activity. Suitable control experiments 
include measuring DNA polymerase activity in the absence of the drug, and measuring the effect of the 
drug on untransformed host cells. 

A further embodiment of the screening method is to measure binding of the pharmaceutical candidate 
40 to the isolated DNA polymerase, or a fragment thereof. Compounds that bind to the catalytic site or the 
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binding site of a regulatory subunit are expected to interfere with DNA polymerase activity. Thus, the 

entire DNA polymerase, or a fi'agment comprising the catalytic site or the binding site of a regulatory 

subunit, Is mixed with the pharmaceutical candidate. Binding of the candidate can be measured directly, 

for example, by providing the candidate in a radlolabelecl or stable-isotope labeled form. The presence of 

5 label bound to the polymerase can be determined, for example, by precipitating the polymerase with a 

suitable antibody, or by providing the polymerase attached to a solid phase, and washing the solid phase 

after the reaction. Binding of the candidate to the polymerase may also be observed as a conformational 

change in the polymerase, detected for example by difference spectroscopy, nuclear magnetic resonance, 

or drcular dlchroism. Alternatively, binding may be determined in a competitive assay: for example, DNA 

10 polymerase Is mixed with the candidate, and then labeled nucleotide or a fragment of a regulatory subunit 

is aclc:led later. Binding of the candidate to the biochemically relevant site should inhibit subsequent 

binding of the labeled compound. 

This invention also provides for the development of pharmaceuticals for the treatment of herpes 

infection by rational drug design. See, generally, Hodgson, and Erickson et al. In this embodiment, the 

15 three-dimensional structure ofthe DNA polymerase is determined, either by predictive modeling based on 

the amino acid sequence, or preferably, by experimental determination. Experimental methods Include 

antibody mapping, mutational analysis, and the formation of anti-idiotypes. Especially preferred Is X-ray 

crystallography. Knowing the three-dimensional structure of the protease, especially the orientation of 

important amino acid groups near the nucleotide and regulatory subunit binding sites, a compound Is 

20 designed de novo, or an existing compound is suitably modified. The designed compound will have an 

appropriate charge balance. hydrophobicity, and/or shape to enable it to attach near an active site of the 

polymerase, and sterically interfere with the normal biochemical function of that site. Preferably, 

compounds designed by this method are subsequenUy tested in a drug screening assay, such as those 

ouUined above. 

25 

Antibodies against DNA polymerase and their preparation 

The amino acid sequence of the herpes virus DNA polymerases embodied herein are foreign to the 

hosts they infect. The polymerases are large, and potentially comprise a large number of antigenic 

30 regions. They are sequestered within the capsid of the respective virus, and are unlikely to be mimicking 

host antigens. It is therefore expected that these polymerases wi11 be substantially immunogenic. 

Antibodies may be generated against them spontaneously by a vertebrate host during the course of an 

infection with an Intact herpes virus. It Is also expected that antibodies can be raised in experimental 

animals by injection of Isolated DNA polymerase and suitably prepared fragments. These expectations 

35 are supported by the observations described in Example 5 and Example 10. 

Antibodies against a polypeptide are generally prepared by any method known in the art. To 

stimulate antibody production In an animal experimentally, it is often preferable to enhance the 

lmmunogenicity of a polypeptide by such techniques as polymerization with glutaraldehyde, or combining 

with an adjuvant, such as Freund's adjuvant The lmmunogen is Injected Into a suitable experimental 

40 animal: preferably a rodent for the preparation of monoclonal antibodies; preferably a larger animal such 
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as a rabbit or sheep for preparation of polyclonal antibodies. It Is preferable to provide a second or booster 
qectlon attar about 4 weeks, and begin harvesting the antibody source no less than about 1 week later. 

Sera harvested from the Immunized animals provide a source of polyclonal antibodies. Detailed 

procedures for purifying speciftc antibody activity ft'orn a source material are known within the art. If 

5 desired, the specific antibody activity can be further purified by such techniques as protein A 

chromatography, ammonium sulfate precipitation, ion exchange chromatography, high-performance liquid 

chromatography and immunoaflinily chromatography on a column of the immunizing polypeptide coupled 

to a soDd support. 

Polyclonal antibodies raised by immunizing with an intact DNA polymerase or a fragment comprising 

10 conserved sequences may be cross-reactive between herpes viNses. Antibodies that are virus or 

subfamily specific may be raised 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 DNA polymerases, for example, by passing the 

antibodies over an adsorbant made fi'om those polymerases and collecting the unbound fraction. 

15 Altematively, immune cells such as splenocytes can be recovered from 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 (Milstein et al.), and U.S. 4,444,887 (Hoffman et al.) 

Briefly, an antibody-producing tin~ can be produced inter alia by cell fusion, or by transforming 

antibody-producing cells with Epstein Barr Virus, or transforming with oncogenic DNA. The treated cells 

20 are cloned and cultured, and clones are selected that produce antibody of the desired specificity. 

Specificity testing can be perfonned on culture 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 lmmunohistochemlstry. A supply of monoclonal antibody from the selected clones can be 

purified from a large volume of tissue culture supernatant, or from the ascites fluid of suitably prepared 

25 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 the antibody to cleavage with a proteolytic enzyme. 

Genetically engineered variants of the antibody can be produced by obtaining a polynucleotide encoding 

30 the antibody, and applying the general methods of molecular biology to Introduce mutations and translate 

the variant 

Monoclonal antibodies raised by injecting an intact DNA polymerase or a fragment comprising 

conserved sequences may be cross-reactive between herpes viNses. Antibodies that are viNs or 

subfamily specific may be raised by immuniZing with a suitably specific antigen, as may be selected from 

35 Table 8. Alternatively, virus-specific clones may be selected from the cloned hybridomas by using a 

Sl.dtable antigen, such as one selected from Table 8, in the screening process. 

Use of antibodies for detecting DNA polymerase In blologlcal samples 

40 Antibodies can be used to detect DNA polymerase polypeptides and fragments of viral origin that 

may be present, for example, in. solid tissue samples and cultured cells. lmmunohistological techniques to 
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carry out such detenninatlons will be obvious to a practitioner of ordinary skill. 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 
commerclaUy available medium such as paraffin or OCT. A section of the sample is suitably prepared and 

5 overlaid with a primary antibody specific for the protein. 

The primary antibody may be provided dlrecUy with a suitable label. More frequently, the primary 
antibody is detected using one of a number of developing reagents which are easily produced or available 
commercially. TypicaUy, these developing reagents are anti-immunoglobulln or protein A, and they_ 
typically bear labels which include, but are not Dmited to: fluorescent markers such as fluorescein, 

1 O enzymes such as peroxidase that are capable of precipitating a suitable chemical compound, electron 
dense markers such as colloidal gold, or radioisotopes such as 1251. The section is then visualized 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 DNA polymerase gene can also be detected in a standard quantitative 
15 Immunoassay. If the protein is secreted or shed from infected cell in any appreciable amount, it may be 

detectable in plasma or serum samples. Alternatively, the target protein may be solublllzed or extracted 
from a solid tissue sample. Before quantilating, the protein may optionally be affixed 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 perfonning the quantitation. For 
20 example. the protein may be· mixed with a pre-detennined non-limiting amount of the reagent antibody 

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 antl-lmmunoglobulln or protein A. For 
a solid-phase assay, unreacted reagents are removed by washing. For a liquid-phase assay, unreacted 
reagents are removed by some other separation technique, such as filtration or chromatography. The 

25 amount of label captured In the complex Is positively related to the amount of target protein present in the 
test sample. A variation of this technique is a competitive assay, in which 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 conlrol samples from an uninfected source. 

30 Specific antibodies against herpes virus DNA polymerase 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, 120,639), or to prepare a passive vaccine. They may also be used for detecting herpes virus in a 
biological sample and for drug targeting, as described In the following sections. . 

35 Use of antibodies for drug targeting 

An example of how antibodies can be used in therapy of herpes virus infection is in the specific 
targeting of effector components. Virally infected cells generally display peptides of the virus (Including 
intemal viral components) on their cell surface in the context of histocompatibllity class I antigens. The 

40 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 
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effect on those cells and decreasing the effect on uninfected cens. Furthennore, if the antibody is able to 
induce endocytosls, this will enhance entry of the effector into the cell interior. 

For the purpose of targeting, an antibody specific for the viral polypeptide (in this case, a region of a 

DNA polymerase) is corjugated with a suitable effector component. preferably by a covalent or high-affinity 

5 bond. Suitable effector components in such compositions Include radionuclides such as 1311, toxic 

chemicals, and toxic peptides such as diphtheria toxin. Another suitable effector component is an 

antisense polynucleotide, optionally encapsulated in a lfposome. 

In most applications of antibody molecules In human therapy, It is preferable to use human 

monoclonals, or antibodies that have been humanized by techniques known In the art. This helps prevent 

10 the antibody molecules themselves from becoming a target of the hosfs Immune system. 

Diagnostic kits . 

Diagnostic procedures using the polynucleotldes, ollgonucleotides, peptides, or antibodies of this 

15 invention may be perfonned by diagnostic laboratories. experimental laboratories, practitioners, or 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 fonn of an increase or decrease of 

20. the level of the component, or an alteration in the form of the component, 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 f!!agenl contained in the kit in order to detect the changed level or 

alteration In the diagnostic component. 

Each kit necessarily comprises the reagent which renders the procedure specific: a reagent 
25 polynucleotide, used for detecting target DNA or RNA; a reagent antibody, used for detecting target 

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 fonn 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 · 

30 optional components include buffers, capture reagents, developing reagents, labels, reacting surfaces, 

means for detection, control samples, instructions, and interpretive lnfonnalion. 

Other membets of the RFHVIKSHV subfamily 

35 RFHV and KSHV are exemplary members of the RFHV/KSHV subfamily. This Invention embodies 

polynucleotide sequences encoding DNA polymerase of other members of the subfamlly, as defined 

herein. We anticipate that other members of the subfamily will be Identified and characterized, including 

some that are capable of infecting primates, Including humans. One such member is another virus 

Infecting monkeys, designated RFHV2. A segment of the DNA polymerase encoding sequence for this 

40 virus was cloned from RF tissue obtained from a Macaca mu/atta monkey, as described In Example 11. 
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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 virus. 

Suitable sources include btological 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 lymphotrophlc, 

5 similar to other members of the gamma herpes virus subfamily; for example, infectious mononucleosis of 

non-EBV origin. More preferred are conditions which resemble in at least one of their clinical or 

histological features the conditions with which RFHV or KSHV are associated. These Include: a) 

conditions In which fibropro6feration is part of the pathology of the disease, especially in association with 

collagen deposition, and especially where the fibrous tissue is disorganized; b) conditions lnvolVing 

10 vascular dysplasia; c) conditions involving malignant transformation, especially but not limited to cells of 

lymphocyte lineage; d) conditions for which an underlying Immunodeficiency contributes to the frequency 

or severity of the disease; e) conditions which arise iaiopathicaDy at multiple sites In an organ or in the 

body as a whole; f) conditions which epidemiological data suggests are associated with an infectious or 

environmental agent. Conditions which fulfill more than one of these criteria are comparably more 

· 15 preferred. Some examples of especially preferred conditions include retroperitoneal fibrosis, nodular 

flbromatosls, 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 process of identification of members of the RFHV/KSHV subfamily preferably involves the use of 

20 the methods and reagents provided in this invention, either singularly or in combination. 

One method Involves amplifying and/or characterizing a polynucleotide encoding a DNA polymerase 

in the sample. This can be performed, for example, by amplifying the polynucleotide in a reaction such as 

a PCR, using an RFHV/KSHV subfamily specific oligonucteotlde, such as those listed in Table 6, as a 

primer In the reaction. The presence of amplified reaction product suggests polynucleotlde In the sample 

25 derived from a member of the RFHVJKSHV subfamily. 

Members of the subfamily can also be identified by performing a hybridization assay on the 

polynucleotide of the sample, using a suitable probe. The polynucleotlde to be tested may .optionally be 

amplified before conducting the hybridization assay, suc11·as by using an oligonucleotlde listed in Table 4 

or Table 6 in a PCR. Preferred probes for the hybridization assay Include the oligonucleotldes of Table 6. 

30 Other preferred probes are fragments of 16 nucleotides or more of the polynucleotlde encoding DNA 

polymerase from either RFHV or KSHV, preferably contained in SEQ. ID N0:1 or SEQ. ID N0:3. The 

hybridization reaction is performed under the least stringent conditions wherein the probe will not form a 

stable duplex with a polynucleolide comprising any of SEQ. ID NOS:23 to 29, but wiD form a stable duplex 

with a polynucleotide comprising SEQ. JD N0:1 or a polynucleotide comprising SEQ. ID N0:3, and 

35 preferably either one. Formation of a stable duplex with the test polynucteotlde 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 reagent antibody of a specificity that 

cross-reaCIS between antigens produced by members of the subfamily, but not with other antigens, 

40 including those produced by herpes viruses not members of the subfamily. Methods for producing such 
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antibod"~ were outlined in an earlier section. The test Is performed, for example, by using the antibodies 

in an immunohistDchemistry study of tissue sec;tions prepared from Individuals with the condHlons listed 

abaVe. Positive staining of a tissue section with the antibody suggests the presence of ONA polymerase in 

the sample from a member of the RFHVJKSHV subfamly, probably because the tissue is infected with the 

5 virus. Similarly, if antibodies cross-reactive with RFHV or KSHV antigens but not with other herpes virus 

antigens are found in the circulation of an indlvlclual, this suggests that the fnclividLial has been subject to a 

present or past infection wilh a member of the RFHVJKSHV subfamily. 

Once a member of the RFHV/KSHV subfamily Is suspected In a biological sample, it is desirable to 

obtain a fragment of the ONA polymerase gene corresponding to nucleotides 330-501 of Figure 1. The 

10 fragment is sequenced according to standard techniques to determine whether the virus is a bone fide 

member of the RFHVJKSHV subfamily, as defined herein. A preferred method of identifying members of 

the RFHVJKSHV subfamily Is provided below in Examples 11 and 12. 

Once a new member of the RFHV/KSHV subfamily has been identified, other embodiments of this 

invention may be brought into play for purposes of detection, diagnosis, and pharmaceutical development. 

15 Changes to render them suitable for the new subfamily member, if required, are expected to be minor and 

will be obvious based on the new sequence data, or will be a matter of routine adjustment 

Altered forms of DNA polymerase from the RFHVIKSHV subfamily 

20 This invention also embodies altered forms of DNA polymerase of the RFHV/KSHV subfamily. As 

described earlier, work with DNA polymerase from other herpes viruses has helped pinpoint active regions 

and residues of the molecule involved in substrate binding, polymerase activity, or drug resistance. Some 

of the residues described appear in conseNed regions of the polymerase molecule, and are identical 

between RFHV, KSHV, and the virus In which they were originally described. By analogy, mutation of the 

25 same residue in the DNA polymerase of the RFHV/KSHV subfamily is expected to have a similar effect: 
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Reduction of DNA polymerase 
activity 

Increased resistance to antiviral 
compounds 

The numbering of the resfdues in Table 9 begins with the first amino acid encoded by the entire DNA 
polymerase polynucleotlcle ft'agment of KSHV shown in Figure 1 (i.e., the first amino acid of SEQ. ID 
N0:4). 

5 DNA. polymerase activity is believed to be essential for replication of a herpes virus. Mutations shown 

in Table 9 that are. expected to Impair DNA polymerase activity may therefore be useful in "creating 
attenuated forms of the respective virus. Other mutations may increase or decrease the resistance of the 
RFHV or KSHV polymerase to antiviral drugs. 

Herpes viruses, particularly attenuated forms, are useful In developing viral vectors for therapeutic 
10 purposes (Johnson et al., Ward et al.). One such use is in the development of 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 engineered to 
express immunogenic peptides of several different pathogens may accomplish this purpose. Herpes 
viruses may be especially suitable vectors, because the large genome may easily accommodate several 

15 kilobases 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, an attenuated virus of the RFHV/KSHV 
subfamily may be useful as a vaccine against like virulent fonns. and may be modified to express 
additional peptides and extend the range of immune protection. 

20 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 
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delivered to the target tissue site. In the treatment of fibrotic ·diseases, malignancies and related 
conditions, attenuated viral vectors of the RFHV/KSHV subfamUy may be preferable over other targeting 
mechanisms, including other herpes viruses, since they have the means by which to target towards the· 
affected tissues. In this embodiment, the virus is first attenuated, and then moclfied to contain the 

5 polynucleotide that is desired for gene therapy, such as those that are outlined In a previous section. 

The. foregoing description provides, inter alia, a detailed explanation of how DNA polymerase 
encoding regions of herpes viruses can be identified and their sequences obtained. Potynucleotide 
sequences far regions of the ONA polymerase gene of RFHV and KSHV are provided. 

10 The polynucleotide sequences provided are beHeved to be an accurate rendition of the sequences 
contained fn the polynucleotldes from the herpes viruses in the tissue samples used for this study. 
However, it is recognized that sequences obtained by ampllftcatlon methods such as PCR may comprise 
occasional errors in the sequence as a result of ampl"lfication. The error rate Is estimated to be between 
about 0.44% and 0.75% for single determinations; about the same rate divided by ..J(n-1) for the consensus 

~ 5 of n different determinations. Nevertheless, the error rate may be as high as 2% or more. Sequences free 
of amplification errors can be obtained by creating a library of herpes virus polynucleotide sequences, 
using ollgonucleotides such as those provided in Table 7 lo select relevant clones, and sequencing the 
DNA in the selected clones. The relevant methodology is well known to a practitioner of ordinary skill in 
the art see, e.g., Example 9. 

20 It is recognized that allelic variants and escape mutants of herpes viruses occur. Polynucleotides and 

25 

polypeptides may be isolated or derived that incorporate mutations, either naturally occuning, 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. 

EXAMPLES 

Example 1: Oligonucleotlde primers for Herpes VitUS DNA polymerase 

30 Amino acid sequences of known herpes virus DNA polymerases were obtained from the PIR protein 
database, or derived from DNA sequences obtained from the GenBank database. The sequences were 
aligned by computer-aided alignment programs and by hand. Several conserved regions were apparent. 
Three of the most highly conserved regions were chosen for: design of ampDfication primers. The regions 
selected are Indicated in Agure 2 as REGION 1, REGION 2, and REGION 3. 

35 Having Identified suitable conserved regions from the amino acid sequences, the DNA sequences for 
these regions were used to design the ollgonucleotide primers. The primers were designed to have a 
degenerate segment of 12-14 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 the most highly conserved region of herpes virus DNA 
40 polymerase sequences, encompassing the least number of altemative codons. The primers could 

therefore be synthesized with alternative nucleotide residues at the degenerate positions and yield a 
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minimum number of combinations. There were no more than 256 alternative forms for each of the primers 
derived. 

The consensus segment was derived from the corresponding flanking region of the DNA polymerase 
sequences. Generally, the consensus segment was derived by choosing the most frequently occurring 

5 nucleotide at each position of all the DNA polymerase 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 3-5, and summarized in Table 4. Figure 3 shows DNA sequences of 
known herpes virus DNA polymerase genes near REGION 2. These sequences were used to design the 
oligonucleotides DFASA and DFQSA, as shown. In a PCR, these ollgonucleotides would act as primers 

10 by hybridizing with the strand antisense to the coding strand. and initiating polymerization in the same 
direction as the DNA polymerase encocfmg sequence. Figure 4 shows DNA sequences near REGION 3, 

from which the ollgonucleotides VYGA, VYGCA and VYGSQA were designed for Initiating polymerization 
in the 5' direction. Figure 5 shows DNA sequences near REGION 3, from which the oligonucleotides 
GDTD1B and GDTDSQB were designed. These oligonucleotides would hybridize with the coding strand 

15 and Initiate polymerization in the direction opposite to that of the DNA polymerase encoding sequence. 

20 

Synthetic oligonucleotldes according to the designed sequences were ordered and obtained from 
OHgos Etc, Inc. 

Example 2: DNA extraction 

Biopsy specimens were obtained from Kaposrs sarcoma lesions from human subjects diagnosed 
with AIDS. Specimens were also obtained from retroperltoneal fibromatosis lesions in a colony of Macaca 
nemestrina. Macaca fasclculatis, and Macaca fusca'ta at the University of Wsshlngton Regional Primate 
Research Center. 

25 The specimens were fixed in paraformaldehyde and embedded in paraffin, which were processed for 
nonnal histological examination. 

Fragments of the paraffin samples were extracted with 500 µL Qf 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 EPPENDORF™ bench-top cen1rifuge at 14,000 rpm for 5 min. After removing the 

30 xylene with a Pasteur pipette, 500 µL of 95% ethanol was added, the 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 µL of proteinase-K buffer (0.5% TWEEN,,. 20, a detergent; 50 mM Tris buffer pH 
7.5, 50 mM NaCl) and 5 µL of proteinase K (20 mg/ml) were added, and the sample was incubated for 3 h 
at 55"C. The protelnase K was inactivated by incubating at 95"C for 1 o min. 

35 

Example 3: Obtaining amplified segmen'tS of RFHVand KSHV DNA polymerase 

The oligonucleotides obtained in . Example 1 were used to ampflfy DNA extracted In Example 2, 
according 1o the following protocol. 

40 A first PCR reaction was conducted using 1 µL of DNA template, 1 µL of oligonucleotlde DFASA (50 
pmol/µL), 1 µL of oligonucleotide GDTD1B (50 pmol/pL), 10plof10 x WB4 buffer (0.67 M Tris buffer pH 
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8.8. 40 mM MgCliw 0.18 M CNH.t)zS04• 0.1 M J3-mercaptoethanol, 1 mg/ml bovine serum albumin), 1 µL 
containing 2.5 mM of each of the deoxyribonucleotide triphosphates (dNTPs), 86 µL distilled water, and 50 
pL mineral oil. The mixture was heated to 7~ In a Perkin-Elmer (model 480) PCR machine. 0.5 µL Taq 
polymerase (BRL, 5 U/µL) and 19.5 µL water was then added. 35 cycles of amplification were conducted 

5 in the following sequence: 1 min at 94"C, 1 min at eoac, and 1 min at 72"C. 

10 

A second PCR reaction was conducted as follows: to 1 µL of the reaction mixture from the previous 
step was added 10 µL 9-10 xWB4 buffer, 1µLdNTPs,0.5 µL Taq polymerase, 86.5 µL water, and 50 µL 
mineral oil. The mixture was heated to 75"C, and 1 µL each of oligonucleotide VYGA (50 pmol/µL) and 
oligonucleotide GDTD1 B (50 pmoVµL) was added. 35 cycles of amplification were conducted as before. 

Example 4: Sequence of the 238 base fragment 

An aDquot of the final amplification mixture of each of the samples was purified by electrophoresis on 
a 2% agarose gel. Of 9 M. nemestrina and 1 M. fask:u/aris samples used. 4 M. nemestrina samples 

15 yielded ampl'lfication product. Amplification product was also obtained from human samples. The agarose 
gel was stained with ethidium bromide and the DNA was visualized using U.V. Ughl Bands of the correct 
size were eluted onto DEAE paper. Each extracted polynucleotide was ligated to a PGEM-'fTM vector and 
transformed into competent bacteria (E.coli JM-109). Bacterial clones containing the amplified DNA were 
picked and cultured. The bacteria were lysed and the DNA was exbactecl using phenol-chloroform 

20 followed by precipitation with ethanol. Sequencing was performed by the Sanger & Nicholson 
dideoxynucleotide method, using M13 forward and reverse primers. 

The length of the fragment In between the primer hybridizing regions was 172 base pairs in length. 
For the four M. nernestrlna samples used, all yielded identical sequence data. About 70% of the residues 
are identical in the fragment between RFHV and KSHV. Compared with the most closely related known 

25 sequences of the herpes virus famUy, differences in between sequences are distributed along the entire 
length of this fragment. The longest stretch of consecutive nucleotides that is identical between any two 

sequences in this fragment is 11. 

The polypeptide encoded In this fragment is 81% identical between RFHV and KSHV, of which the 
first 24 residues are 100% identical, and the first 31are97% Identical. The longest stretch of consecutive 

30 amino acids that Is Identical between RFHV or KSHV and any of the other known herpes virus DNA 
polymerases in this fragment Is 10. 

Ex11111ple S: RFHVand KSHV specific amplification assays 

35 Four oligonucleotides were prepared based on the sequence of the pofynucleotide fragment of the 
RFHV and KSHV ONA polymerase for use in nested virus-specific amplification reactl~ns. · Primers 
VASGA, ILPCA, PIEAB and PEARB were based on the RFHV sequence; primers SGILA, CLNIA, IEASB, 
and EARFB were based on the KSHV sequence (Table 7). The RFHV primers were used to amplify ONA 
samples obtained from the PBL of macaque monkeys as follows: 

40 Uncoagulated whole blood samples were collected from 20 M. nemestrina born in the colony at the 
University of Washington. 30 blood samples were obtained from wild-caught M. nemestlfna. None of the 
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animals had overt symptoms of fibromatosls. Plasma and blood cells were separated by centrifugation. 
Peripheral blood mononuclear cells (PBMC) were prepared by centrifuging the cells through a density 
gradient, according to standard blood separation techniques. DNA was extracted from the cells according 
to the method of Example 2. The DNA was then amplified; first using primers VASGA and PEARB, then 

5 using primers ILPCA and PIEAB. The conditions of the amplification were similar to that of.Example 3. 
The reaction product was run on an agarose gel, stained with ethidium bromide, and examined under U.V. 
light. 

When the assay was perfonned in duplicate and under conditions to avoid aoss-contamlnation of 
PCR reaction prcclucls, none of the RF symptom-free monkeys were found to have detectable levels of 

1 O RFHV polynucleotide encoding DNA polymerase in their peripheral blood by this assay. 
PBMC may also be examined by lmmunohlstology techniques to confirm correlation between positive 

PCR products and RFHV antigenemia. PBMC are coated onto microscope slides, and fixed with a mixture 
of 50% methanol, 20% acetone and 30% water. They are overlaid with a primary serum, washed, overlaid. 
with FITC-(rabbit anti-monkey lgG) (Nordic Labs), washed again, and then examined by fluorescence 

15 microscopy. 

Antibody-containing serum may be obtained from a monkey giving a positive RFHV amplification 
assay result, or an animal Immunized with RFHV, or an RFHV extract Serum from a monkey with a 
negative result may be used as control. PBMC from animals giving a positive result In the amplification 
test will also give a positive lmmunohistology result due to antigenemla of an RFHV antigen component. 

20 To conduct an amplification assay for KSHV, DNA Is extracted from tissue suspected of harboring the 

25 

virus; particularly biopsy samples from human subjects with Kaposrs sarcoma lesions and bodY cavity 
B-cell lymphoma. The DNA is amplified in two stages, using primeis SGILA and EARFB In the first stage, 
and CLNIA and IEASB in the second stage. As before, a positive result is indicated by the presence of 
abundant pclynucleotlde in the reaction product, as detected by ethldlum bromide staining. 

Example 6: Upstream sequence of the RFHV and KSHV DNA polymerase 

DNA from Kaposi's Sarcoma tissue similar to that used In Example 3 was used in additional 
ampDfication reactions to obtain a longer fragment of the gene encoding KSHV DNA polymerase. The 

30 oftgonucleotldes DFASA and GDTD1 B were used to prime a first-stage amplification reaction, as in 
Example 3, and the reaction product was separated on an agarose gel. The size of the fragment from 
DFASA to GDTD1B (now known to be 536 bases long) was estimated from the known sHV1 and EBV 
sequences, and a corresponcllng band was recovered from the gel. The extracted polynucleotide was 
subjected to a second round of amplification using the same primers. The product was cloned Into E. coll 

35 as in Example 4. 

Clones containing suitable inserts were Identified from three different amplifications of the DNA 
extracted from the Ussue. The clone inserts were sequenced from both ends using vector-specific 
ollgonucleolldes (M13 forward and reverse primers). About 160 nucleotides from the 5' end (including the 
DFASA hybridizing region) and about 233 nucleotides from the 3• end (including the GDTD1 B hybridizing 

40 . region) were sequenced for all three amplifications. The centermost portion of the fragment was 
sequenced in one of the three amplifications. 
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A consensus sequence for the fragment was obtained by combining results of the three 

determinations with the results of Example 4, as appropriate. The data are shown in Figure 1, in 

comparison with the sequence detennined for the RFHV DNA polymerase fragment in Example 4. 

Numbering of both sequences begins at the first position of primer DFASA. 

5 Regions of each sequence corresponding to hybridization sites for DFASA and GDTD1B may not be 

accurate refteclions of the target sequence. The fragment between the primers Is believed to represent the 

DNA from which the polynucleotide used for sequencing was amplified. However, occasional errors may 

have been introduced during the amplification. Assuming the consensus sequence of KSHV to be an 

accurate reflection of the sequence of the DNA extracted from the tissue, there was about a O. 75% error 

1 O rate In the sequence of each amplified product In the nucleotides towards the 5' end, and about a 0.44% 

error rate in the sequence towards the 3' end, not including the region hybridizing with the primers. 

To obtain the corresponding RFHV polynucleotide sequence, DNA from fi'ozen RF tissue of a 

macaque monkey was first amplified using the broad specificity DNA polymerase primer DFASA in 

conjunction with the RFHV specific primer PEARS, and then by DFASA in conjunction with the RFHV 

15 specific primer PIEAB. 

The procedure was as follows: 5 µL of DNA template was mixed with 1 pl of each of the primers (50 

pmol/µL), 10plof10 x WB4 buffer, 1 µL 2.5 mM c:INTP, 59-65 µL water, and 60 µL mineral oil. The 

temperature was raised to so•c, and Taq polymerase (0.5 µL diluted to 20 µL in water) was added. The 

DNA was amplified for 35 cycles of 94"C for 1 min, 55"C for 1 min, and 72"C for 1 min. 2 µL of the 

20 amplified product was added to 10 pl 10 x WB4 buffer, 1 pl 2.5 mM dNTP, 66.5 µL water, 0.5 µL Taq 

polymerase, and 60 µL mineral oil. The temperature was raised to eo"C, and then a mixture of 1 µL PIEAB 

(50 pmol/pl), 2 pl OFASA (50 pmol/µL), and 18 µL of water was added. Amprlfication cycles were 

conducted as before. Finally, a third round of amplification was performed to introduce a radiolabel. 

Ollgonucleotide PIEAB was encl-labeled with gamma 32P-ATP, and 1 µL was added to 20 µL of the 

25 reaction mixture from the previous ampllflcatlon step, along with 1 pl 2.5 rnM dNTP and 1 µL Taq 

polymerase. Amplification was conduded through five cycles of 94"C, 55"C and 72"C, as before. 

An aliquot of the radlolabeled reaction product was electrophoresed on a 6% polyacrylamide 

sequencing gel. A band of the correct size (predicted by analogy with the KSHV sequence) was identified 

by autoradiography, and cut out of the dried gel. DNA was eluted by incubation In 50 µL water. A further 

30 amplification reaction was performed using 2 J1L of eluted DNA, 10 µL 10 x WB4 butter, 1 pl 2.5 mM 

dNTP, 1 pl PIEAB (50 pmoVµL}, 1 µL DFASA (50 pmol/µL), 0.5 µL Taq polymerase, and 84.5 µL water. 

Amplification was conducted through 35 cycles of 95"C for 30 sec, 60"C for 30 sec, and 12°c for 65 sec. 

The amplified product was isolated using a QUIAEX™ gel extraction kit, and the DNA was cloned into 
. . 

pGEM™-t vector. JM-109 cells were transfonned with the DNA, and colonies containing inserts were 

35 isolated. Colonies containing inserts of the correct size were used to obtain DNA for sequencing. 

Data from these experiments were combined with that from Example 4 to provide the sequence of 

536 base pairs corresponding to the RFHV and KSHV DNA polymerase gene. Omitting the outermost 

primer-hybridizing regions, 475 base pairs of each sequence have been determined for both RFHV and 

KSHV. These sequences are listed in Figure 6, in comparison with the corresponding region of the DNA 

40 polymerase gene from other sequenced gamma herpes viruses. The IO!'lgest region that Is Identical 
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between the RFHV sequence and any of the other viruses Is a first 20 base pair subfragment (SEQ. ID 
N0:110) and a second 20 base pair fragment (SEQ. ID N0:111) shared with eHV2. 

Figure 7 shows the corresponding encoded polypeptide sequences. There is a linear sequence of 
about 31 residues near the middle of SEQ. ID N0:2 shared between the DNA polymerase of RFHV and 

5 eHV2. This shared sequence is listed separately in SEQ. ID N0:112. A sequence of26 amino acids is 
shared in the same area between RFHV and sHV1, and two sequences of 12 amino acids shared between 
RFHV and EBV. These areas of homology map near conserved REGION 3 of 1he other herpes virus DNA 
polymerase sequences (Figure 2). A second shared sequence occurs near the beginning of SEQ. ID 
N0:4 between KSHV and o1her gamma herpes viruses. This sequence maps near conserved REGION 2 

10 of other herpes virus DNA polymerase sequences. This sequence fi'agment shared between KSHV and 

other gamma herpes viruses is fisted separately in SEQ. ID N0:113. 

Figure 8 provides a comparison of the protein sequence across the spectrum of different herpes 

viruses corresponding to the sequence encoded by the 475 base pair sequence obtained herein for RFHV 
andKSHV. 

15 The degree of Identity between ·sequences can be used to construct a relationship map between 
DNA polymerases, as shown in Figure 9. The relationship between the species may reflect the relative 
ancestral relationshlp between the polypeptides, and between the organisms that encode them. Based on 
this analysis, RFHV and KSHV are provlslonally assigned 1o the gamma subfamily of herpes viruses, 
which also includes eHV2, sHV1 and EBV. Other viruses of the RFHV/KSHV subfamily would be 

20 assignable to the herpes virus gamma subfamily on this basis. 

Example 7: Oligonucleotide prim81'S and probes for'lhe RFHVIKSHV subfamily 

Based on the sequence of the 475 base pair polynucleolide fragment obtained for RFHV and KSHV, 
25 five oligonucleotldes were designed that could be used either as PCR primers or as hybridization probes 

with members of the RFHV/KSHV subfamily. These oligonucleotides were designated LSGGA, CTDPA, 
PCLNA, KMLEA, and GISPA. 

These ollgonucleotldes are shown In Figure 10, alongside the sequences they were derived from. 

Like the oligonucleotides of Example 1, they have a consensus segment towards the 5' end, and a 
30 degenerate segment towards the 3' end. However, these oligonucleotides are based only on the RFHV 

and KSHV sequences, and will therefore preferentially form stable duplexes with DNA polymerase of the 
RFHV/KSHV subfamily. Under hybridization conditions that permit them to form stable duplexes with the 
RFHV or KSHV encoding polynucleotide fragment, they are expected to form stable duplexes with more 
members of the RFHV/KSHV subfamily than would equal-length polynucleotides of the RFHV or KSHV 

35 sequence, either alone or in combination. 

Both oligonucleotides are oriented in the same direction. In a PCR amplification reaction, one or the 
other of these oligonucleotides may be used as primers in combination with a primer with the opposite 
orientation, such as GDTD1B. 
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Example 8: Antigenic and lmmunogenlc regions of RFHV and KSHV DNA polymerase 

Based on the 475 base pair polynucleotlde sequence of the RFHV and KSHV DNA polymerase 
encoding region, it is possible to predict what sites on the protein unique for each virus, and therefore 

5 constitute potential sites for the binding of virus-specific antibodies. 

Figure 7 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 RFHVJKSHV 
subfamily (Class II) compared with the corresponding gamma herpes virus peptides. These peptides were 
listed earlier in Table 8. The numbering of the amino acid residues in both Figure 7 and Table 8 begins 

1 O with the first amino acid coded after the hybridization site of the VYGA primer (nucleotide position 331 of 
Figure 1). 

To confinn that regions contained within this 57-amlno acid region of the DNA polymerase may be 
recognized by antibody, computer analysis was perfonned to generate Hopp and Woods antigenicity plots. 
The Hopp and Woads determination is based in part on the relative hydrophllicity and hydrophobicity of 

·15 consecutive amino acid residues (Hopp et al). 

Results are shown in Figure 11 and Figure 12. The numbering of RFHV begins with the first amino 

acid coded after the VYGA primer (as in Figure 7). The numbering. of the KSHV polypeptide residues In 
Figure 12 begins with the first amino acid coded after the hybridlZation site of the DFASA primer 
(nucleotide position 28 of Figure 1). 

20 Both RFHV and KSHV contain several regions predicted to be Ukely antibody target sites. For 

25 

example, the RFHV shows several hydrophobic and antigenic patches along the amino acid sequence. 
KSHV shows hydrophobic patches beginning at residues 26, 44, 52, 121 and 151; and antigenic patches 

beginning at residues 8, 37, 45, and 94. The peptides of Figure 7 that correspond to some of these 
regions may be especially antigenic. 

Example 9: Sequencing 'the complete RFHV and KSHV DNA polymerase coding region 

Additional sequence data for the KSHV DNA polymerase encoding region has been obtained to the 
5' and 3' direction of the segment described in E>cample 6. 

30 Two Kaposi's sarcoma ~mples, designated K-12 and K-15, were used to prepare DNA according to 

35 

'1e method of Example 2. 

Additional Type 1 oligonucleotide primers were designed to hybridize with herpes virus DNA 
polymerase nucleic acid sequences flanking the KSHV sequence already obtained. Examples are shown 
In Table 10: 
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CCMGTATCATHCARGCNCAYA 
A 

GGAGTAGCACMRTIRTGNGC 24 32 Herpes DNA 3'-+5' 106 
YTG polymerase 

AACACAGAGTCNGTRTCNCCR 23 64 Herpes DNA 3'-+5' 124 
TA polymerase 

AGCATCATCATGGCCCAYAAYC 28 32 Herpes DNA 5'-+3' 125 
TNTGYT polymerase 

:~r GAYTTYGCNAGYYTNTAYCC 20 512 Herpes DNA 5'-+3' 126 :,r ·. polymerase 
:=i;:<-"···:·:::Ee~~~fa 

CACCCATRCAYTCDATRTCRAA 22 48 Herpes DNA 3'~5' 127 ··· =.-:FDI ··11h:~= 
.:?.t~.:~;=~~-':":t~#:~: polymerase 
,· ... ._:;.:(;· .:~<-7.~:·: 

TACMCGTCCTCTCCTTYGAYA 29 24 Herpes DNA 5'-+3' 128 -""='OEQA::=-· 
~~>~[~~~~gj~~i~: THGARTG polymerase 

GTCTGCGTGAAYGTNTIYGGN 23 .64 Herpes DNA 5-+3' 129 
CA polymerase 

GACGACCGCAGCGTGTGCGTG 35 64 Herpes DNA 5·~3· 130 
AAYGTNTIYGGNcA polymerase 

ACGACCGCAGCGTGTGCGTG 20 1 Herpes DNA 5'~3' 131 
polymerase 

• 
TAAAAGTACAGCTCCTGCCCG 35 64 Herpes DNA 3'--.6' 132 
AANACRTINACRCA polymerase 

TAAAAGTACAGCTCCTGCCCG 23 1 "Herpes DNA 3·~5· 133 
\: :._·:=, "!,~) <-~i AA polymerase 
•• • ··",th· •• • ... ; ... :.· 

-LSL:.YP~A:7'::~ TTTGACTITGCCAGCCTGTAYC 32 256 Herpes DNA 5~3· 134 

• 
CNAGYATNAT polymerase 

TTTGACTITGCCAGCCTGTAYC 32 128 Herpes DNA 5'-+3' 135 
CNTCNATNAT polymerase -

"\':St ~'-'. TTTGACTTTGCCAGCCTGTA 20 1 Herpes DNA 5'-+3' 136 ~,. ,.:·· 
-~,r..:;._ . •.,: ~~- polymerase 

~If] CGGCATGCGACAAACACGGAG 38 48 Herpes DNA 3·~ 137 
TCCGTRTCNCCRTADAT polymerase 

TTAGCTACTCCGTGGAGCAGY 32 16 Herpes DNA 3'-+5' 138 

t:.;~l~ 
TTRTCRAARTA polymerase 

(especially 
gamma) 

PCR amplification was conducted as follows: 100 ng of DNA ft'om each sample was first amplified in 
50 µl. total reaction buffer under the following conditions: 1 x PCR buffer (67 mM Tris buffer pH 8.8, 16 
mM (NH4)2S04, 1 o mM jl-mercaptaethanol, 0.1 mg/ml bovine serum albumin), 2 mM MgCl2, 50 pmol of 

5 each ollgonucleotlde CVN1A and FDIEC18, 100 pM (each) clATP, dCTP, dGTP, dTTP, 1.25 units Taq 
DNA polymerase (AMPLITAQ1M, Perkin-Elmer Cetus). Ampfification was conducted through 45 cycles of 
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95°C for 30 sec; 50°C for 30 sec. and 12•c for 30 sec. PCR products were electrophoresed on a 2% 

agarose gel and visualized by ethidium bromide staining. 

PCR products were purified using QIAQUICK SPIN1M PCR purification kit (Qiagen, Chatsworth CA). 

Products were cloned into PT7BLUE® Vectors (Novagen, Madison WI). Plasmids were purified using 

5 QUIAGEN SPJN1M plasmid miniprep kit Purified plasmids were sequenced using ABI automated 

sequencing methodology, using M13 forward and reverse primers. Five clones were sequenced from 

each of K-12 and K-15. 

Two body cavity lymphoma cell lines, designated BC-1 and BC-2, were used as DNA sources for 

determination of downstream sequence. 5 x 106 cells from each One were washed in PBS and pelleted 

10 separately. Proteinase-K buffer was added to each pellet and incubated at 65°C for 1 h. DNA was 

extracted twice with 1 :1 (vcl:vol) phenol:chloroform, precipitated and washed in ethanol, and resuspended 

in 10 mM Tris buffer pH 8.0. 

Approximately 0.5 pg total genomic DNA from BC-1 and Bc-2 cell lines was used with 25 pmol of 

oligonucleotide primers CVNVA and EARFB, ~.5 units Taq DNA polymerase (Boehringer-Mannheim), 250 

15 pM dNTP, and 4 mM MgCl2 in a total volume of 100 pl of 1 x PCR buffer. PCR amplification was 

conducted using a "hot starr at 70°C for 1 min prior to adding the Taq polymerase, and conducted through 

35 cycles of 94°C for 45 sec; 60 °C for 45 sec, and 72 °C for 90 sec. PCR products were electrophoresed 

on a 2% agarose gel and visualized by ethidium bromide staining. 

PCR products were purified and cloned Into P17BLUE® vectors as before. Purified plasmids were 

20 sequenced using ABI automated sequencing methodology using KSHV sequence specific primers 

RDSWA. FDCSA, YSTLB, and DYETB. DNA sequences were analyzed using the GenePro algorithm for 

single alignments open reading frames. The ClustalW algorithm was used for determining consensus 

sequences for multiple alignments. 

The nucleotide sequence obtained is shown in Figure 13 (SEQ. ID N0:116) along with the encoded 

25 amino acid sequence (SEQ. ID N0:117). In total, 2511 nucleotides are shown, of which the first 35 

correspond to the CVNVA primer, and the last 12 correspond to the YFDKB primer. Bases 36 to 2499 of 

SEQ. ID N0:116, corresponding to amino acids 13 to 833 of SEQ. ID N0:117, represent the KSHV DNA 

polymerase sequence. 

Alignment of part of the KSHV DNA polymerase amino acid sequence with other herpes viruses is 

30 shown In Figure 14. Residues marked with an asterisk {") are Identical amongst all the sequences shown. 

Residues marked with a bullet(•) represent conservative amino acid.substitutions. Residues marked with 

an arrow (t) are of interest, because they are conserved between other herpes viruses but are different In 

KSHV. One of these is a histidine in KSHV in the position of an aspartic acid In other viruses, which is a 

non-conservative difference. Residues marked with an arrow may be suitable targets for antibodies or 

35 drugs that are specific for KSHV or for the RFHVIKSHV subfamUy. 

Amongst four KSHV DNA polymerase nucleotide sequences obtained, variations were noted in four 

positions. These are beHeved to represent naturally occurring allelic variants. At about nucleotide 319, the 

sequence TTCTCG was altematlvely found as TTTTCG, which Is a silent variation (not affecting the 

encoded protein sequence). At. about nucleotide 348, the sequence AACCCG was altematfvely found as 

40 AATCCG, which is also a silent mutation. At about nucleotide .1795, the sequence CCAGTA was 
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altematfvely found to be CCAATA, which represents a change of the encoded peptide from -Pro-Val- to -
Pro-lie. At about nucleotide 1822, the sequence TTCAAG was alternatively found to be TTCAGG, which 
represents a change of the encoded peptide from .Phe-Lys- to -Phe-Arg-. Alignment of the KSHV amino 
acid sequence variants with DNA polymerase sequences of other herpes viruses Is shown in Figure 15. 

5 Comparison of the KSHV DNA polymerase nucleotide sequence with that of other herpes viruses led 
to design of additional Type 3 {virus-specific) ollgonucleotldes, listed in Table 11: 

1TGTGCGCTJ"GGATGATACT 139 
G 

21 1 3'-+5' 140 

21 1 3'-+5' 141 

ACCTCCCGCACCTGACCGTG 21 1 5'-+3' 142 
T 

AAGCTAGACAGGAGGAGCTT 21 1 5'~3' 143 c 
ACTTGAATTATCTTGACGAAC 21 1 3'-+5' 144 
ACGACAAGGTICTGATGAAG 21 1 S-+3' 145 
G 

...... · .. ·.-'$~·-=--·.:~· ~ 

····RoSWA·'"·· AGAGACTCTTGGACGGAACT 21 1 KSHVDNA 5'-+3' 146 .~::::~=;,i!iforj;\~}~~ G polymerase 
. ,.:°ii:lL,·.f:l!.;.';,.. 

II 
AGTITGACTGCAGCTGGGAG 21 1 5'-+3' 147 
G 

CGGGTATCAGTGTGGA~AG 21 1 3·~5· 148 c 
GAGGACAAAGGTTTCGTAGT 21 1 ~-+S 149 c 

Based upon other gamma herpes viruses, the KSHV DNA polymerase sequence is predicted to 
1 O comprise a total of about 3000 base pairs, with additional nucleotides in both the 5' and 3' direction of the 

sequence shown. The remaining sequence may be determined by conducting the approach described on 
samples of affected tissue, using Type 1 oUgonucleotides to sequence in from genes flanking the DNA 
polymerase in both the upstream and downstream direction. . 

Alternatively, complete DNA polymerase sequences may be obtained by generating DNA libraries 
15 from affected tissue. For the RFHV sequence, libraries are prepared from macaque monkey PBMC known 

from the amplification assay of Example 5 to contain RFHV DNA. For the KSHV sequence, libraries are 
prepared from Kaposi's sarcoma lesions or B cell body cavity lymphoma. 

The DNA tysate is digested with proteinase K, and DNA is extracted using phenot-chlorofonn. After 
extensive dialysis, the preparation is partially digested with the Sau3A I restriction endonuclease. The 
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digest Is centrifuged on a suaose gradient, and fragments of about 10-23 kilobases are recovered. The 

lambda DASH-2™ vector phage (Stratagene) is prepared by cutting with BamHI. The size-selected 

fragments are then mixed with the vector and ligated using DNA ligase. 

The ligated vector Is prepared with the packaging extract from Stratagene according to 

5 manufacturer's directions. It is used to infect XL1-BLUE™ 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 nitroceDulose, and the nitrocellulose Is cut into fragments. Phage are eluted from 

the fragments and their DNA are subjected to an amplification reaction using appropriate virus-specific 
primers. The reaction products are run on an agarose gel, and stained with ethidium bromide. Phage are 

10 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 cultures. The process is repeated until single dones 

are obtained at limiting dilution. 

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 DNA polymerase 

15 sequence are sequenced at both ends using vector-specific primers. Sequences are compared with the 
known polynucleotide sequence of the entire EBV genome to detennlne whether the fragment spans the 
intact DNA polymerase sequence. DNA is obtained from suitable clones, sheared, and sequenced by 

shot-gun cloning according to standard techniques. 

20 Example 10: Identifying lmmunogenlc sites 

To identify what antibodies may be generated during the natural course of infection with RFHV, serial 
serum samples are obtained from 10-20 macaque monkeys giving a positive result in an RFHV DNA 

polymerase amplification test with PBMC, as in Example 5. To test for antibodies against KSHV, serum 
25 samples are obtained from 10-20 AIDS subjects with Kaposi's Sarcoma lesions, from 10-20 HIV-positive 

symptom-negative subjects, and 10-20 HIV-negative controls. In Initial studies, sere fn each population 
are pooled for antibody analysis. 

Peptides 12 residues long are synthesized according to the RFHV or KSHV sequence, as 
appropriate. Sequential peptides are prepared covering the entire sequence, and overlapping by 8 

30 residues. The peptides are prepared on a nylon membrane support by standard F-Moc chemistry, using a 
SPOTSTM kit from Genosys according to manufacturer's directiOns. Prepared membranes are overlaid 

with the serum, washed, and overlaid with beta-galactose conjugated anti-monkey lgG or anti-human lgG, 

as appropriate. The test is developed by adding the substrate X-gal. Positive staining Indicates lgG 

antibody reactivity in the serum against the corresponding peptide. 

35 

Example 11: Obtaining other DNA polymerase sequen~ of the RFHVIKSHV subfamily 

A DNA polymerase encoding sequence from a third member of the RFHV/KSHV herpes virus 

subfamily was obtained as foll~. 

40 DNA was extracted from two frozen tissue samples from a Macaca mulatta monkey with 

retroperitoneal flbromatosis. Extraction was conducted according to Example 1. The extracted DNA was 
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precipitated with ethanol in the presence of 40 µg glycogen as canier, washed in 70% ethanol, and 

resuspended in 10 mM Tris buffer, pH a.o. 
A 151 base pair fragment of a DNA polymerase encoding sequence was amplllled using a triple­

nested PCR: 100 ng of DNA from each sample was first amplified in 100 µL total reaction buffer under the 

5 following conditions: 1 x PCR buffer (67 mM Tris buffer pH a.a. 16 mM (NH4)~04, 10 mM P­
mercaptoethanol, 0.1 mg/ml bovine serum albumin), 4mM MgCl2, 25 pmol of each oligonucleotlde VVGA 

and VYGCA. and 50 pmol ofollgonucleotide GDTD1B, 25 J1M (each) dATP, dCTP, dGTP, dTTP, 2.5 units 

Taq DNA polymerase (Boehringer-Mannheim). Arnpllficatlon was conducted using a •hot start" at 70"C for 

1 min prior to adding the Taq polymerase, and conducted through 42 cycles of 94°C for 30 sec; 60 °C for 

10 30 sec, and 72 °C for 30 sec. A second amplification used 2 µL of the primary PCR product as template in 

50 Jd- reaction volume as before, except that 25 pmol of each oligonudeotide PCLNA and GOTDSQB and 

1.25 units Taq polymerase were used. Amprlfication was conducted using a •hot start• and 35 cycles of 

the same conditions as before. A third amplification used 2 pl of the secondary PCR product as template 

in 50 pl reaction volume as before, except that 25 pmol of each oligonucleotide KMLEA and GDTDSQB 

15 and 1.25 units Taq polymerase were used. Amplification was conducted using a •hot start" and 35 cycles 

of 94°C for 30 sec; 65 °C for 30 sec, and 72 °C for 30 sec. 

The final PCR product was electrophoresecl on a 3% agarose gel, and visualized by ethidium 

bromide staining. PCR producls were purified using QIAQUICK SPIN111 PCR purification kit {Qiagen, 

Chatsworth CA). Products were cloned into PC7BLUE® vectors (Novagen, Madison WI). Plasmids were 

20 purified using QUIAGEN SPJN1M plasmid miniprep kit. Purified plasmids were sequenced using M13 

forward and reverse primers with the use Sequenase 7-deaza-dGTP kit 

Based on the sequence of the 151 base pair fragment, two sequence-specific (Type 3) 

oligonuc:leoticles were designed, designated KVIYB and ASPDB. These were used in a nested PCR 

amplification with the Type 1 oligonucleotlde QAHNA to obtain a 468 base pair fragment The first 

25 amplification was conducted by using -1 µg of each DNA sample In 100 µL PCR mixture as before, except 

that 50 pmol of each of QAHNA and KVIYB were used as primers. Amplification was conducted using a 

•11ot start" and 35 cycles of 94°C for 30 sec; 55 °C for 60 sec, and 72 °C for 60 sec. The second 

amplification was conducted using 3 pl primary PCR product as template in 100 µL reaction volume and 

50 pmol of QAHNA and ASPDB as primers. Amplification was conducted using a "hot starr and 40 cycles. 

30 of 94°C for 30 sec; 60 °C for 60 sec, and 72 ~c for 60 sec. PCR products were then electrophoresed on a 

2.5% agarose gel. and visualized by ethidium bromide staining. PCR prodUcts were doned into 

PC7BLUE® vectors and sequenced as before. 

The nucleotide sequence obtained is shown In Rgure 16, shown with the designation 11RFMm" (SEQ. 

ID N0:118). This corresponds to a DNA polymerase encoding sequence referred to elsewhere in this 

35 application as •RFHVMm• or •RFHV2·. The encoded protein sequence is shown in Figure 17 (SEQ. ID 

N0:119). 

Identity analysis with DNA polymerase sequences of RFHVMm with other herpes viruses is shown in 

Table 12: 
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83% (90%) 71% (84%) 

83% (90%) 69% (81%) 

69% (81%) 71% (84%) 

63% (66%) 68% (68%) 68% (73%) 

60% (64%) 59% (64%) 62% (68%) 

57% (62%) 54% (63%) 62% (68%) 

52% (43%) 53% (46%) 53% (46%) 

53% (44%) 53% (46%) 53% (46%) 

42% (41%) 45% (43%) 48% (45%) 

45% (38%) 53% (41%) 49% (40%) 

44% (38%) 46% (41%) 48% (41%) 

Pen:ent identity shown at the polynucleotide level and the (amino acid level) 

Phylogenetic studies were performed using distance mabices, neighbor joining and bootstrap 

analysis, as implemented in the PHYUP analysis package. Figure 18 shows the results of the bootstrap 

analysis, with the m.mbers indicated being the score out of 100 supporting the branch points shown. This 

5 analysis strongly supparts a branch point that separates the RFHV/KSHV subfamily from other gamma 

herpes vlNses. RFHVMm and RFHVMn are more closely related to each other than either are to KSHV. 

Sequences were also analyzed for G+C content. Results are shown in Table 13. The percentage of 

G+C across the region corresponding to the 454 bp of RFHVMm Is shown, as calculated using GenePro 

software (Riverside Scientific). Values In parenthesis are G+C content calculated for the entire DNA 

1 O polymerase sequence, where known. Also shown are CpG ratios, Which is the ratio of observed:expected 

frequencies of CpG, taking into consideration the monomucleotide composition. 
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51.1% 

54.4% 

64.8% (63.6%) 

39.9% (34.9%) 

64.4% (61.8%) 

67.6% (65.8%) 

41.5% (42.2%) 

60.2% (59.9%) 

46.0% (40.9%) 

PCT/US96/11688 

:~t-W''~A...--~;.ti:>:~=o;;i~ 
&!::Y~::t~P.§~/t?S'§§ 

0.96 

1.13 

0.91 

0.71 (0.75) 

0.28 (0.33) 

0.73 (0.70) 

0.99 (1.06) 

1.37 (1.15) 

1.27 (1.23) 

1.00 (1.12) 

The G+c frequences of the KS and RF sequences are quite similar to each other, falling midway 

between the high G-C content of EBVand eHV2 and the low G+C content of sHV1. The CpG dinucleotide 

frequences of KS and RF are quite similar, close to the expected value (1.00) based on their 

5 mononucleotlde compositions. These values are closer to those for alpha and beta herpes viruses, than 

for gamma herpes viruses outside the RFHV/KSHV subfamily. The CpG data suggest that RFHVMn, 

RFHVMm and KSHV genomes remain latent in non-dividing cells, In contrast to sHV1 and EBV which are 

latent in proliferating lymphoblastoid cells. 

The phylogenetic analysis, the CpG analysis, and the similarity between symptoms caused by the 

1 O three viruses support the use of the monkey viruses as models for KSHV, and other members of the 

RFHVJKSHV subfamily that may infect humans. 

Examples of RFHVMm-speclflc Type 3 ollgonudeotldes Is shown In Table 14: 

21 

21 

21 

1 

1 

1 

RFHVMmDNA 
Polymerase 

5'-+3' 

3'-+5' 

3'-+5' 

150 

151 

152 

15 Figure 19 is a map showing the approximate relative positions for hybridization of certain 

oligonucleotldes of this invention along the DNA polymerase encoding sequence. Numbering of 

nucleotide residues is approximate, and based on a starting position In the Glycoproteln B encoding 

region, which flanks the ONA polymerase encoding region in the upstream direction. Following each 

ollgonucleotide designation is an abbreviation in lower case which indicates the type of oligonudeotide: h 
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= all herpes viruses {Type 1); sq = additional sequencing tail available; g = gamma herpes vlNses (Type 
1); f = RFHV/KSHV subfamily herpes viruses (Type 2); m = RFHVMm specific {Type 3); n = RF':"fMn 
specific {Type 3); ks = KSHV specific (Type 3). 

The phylogenetic analysis, the CpG analysis, and the similarity between symptoms caused by the 
5 three viNses support the use of the monkey vlNses as models for KSHV, and other members of the 

RFHV/KSHV subfamily that may infect humans. 

Oligonucleotide primers were used in a screening assay to detect the presence of DNA polymerase 
encoding sequences in various biological samples. The results are shown in Figure 20. Results of ~ 
samples of M. nemestrina monkeys #2, #3, #4, tlT, #1 and #5 are shown in lanes A-D, I, and J 

10 respectively. Results from RF samples from a M.·mulatta monkey is shown in lanes G & H. Results from 
peripheral blood lymphocytes of unaffected SRV2-nagative M. nemestrina monkeys are shown in lanes E 
& F. Samples were assayed using nested PCR as follows: for the M. nemestrina samples, outer primers 
were VASGA and PEARB; Inner primers were PEARB and PIEAB. For the M. mulatta samples, outer 
primers were FVEGA and KVIYB; inner primers were SPKDA and ASPDB. In this and other experiment, 

15 we found that the presence of amplification product correlates with the source of the samples in two ways: 
First, amprdication was virus-specific (the RFHVMn specific oligonucleotfcles failed to amplify sequence 

from the M. mulatta RF lesion, but the RFHVMm specific oligonucleotides did. Second, M. nemestrlna 
samples absent of RF-related symptoms did not yield reaction product, even when other viNses were 
present A variety of tissues, Including thymus, bone marrow, spleen, salivary gland, liver, mesenteric 

20 lymph node, ileocecal junction, duodenum, kidney and gonads naturally infected with SRV-2 were negative 
for the presence of RFHVMn sequences. 

25 

Example 12: Other human-Infecting gamma herpes DNA polymerase sequences of the 
RFHVIKSHV subfam/ly 

Human tissue samples suspected of containing a previously undescribed gamma herpes virus, 
particularly flbroprollferative conditions, lymphocyte malignancies. and conditions associated with 
immunodeficiency and lmmunosuppresslon, such as acute respiratory disease syndrome (ARDS), are 
preserved by freezing, and the DNA is extracted as In Example 2. TWo rounds of PCR ampflfication are 

30 conducted using the three herpes vlNs oligonucleotide primers. DFASA, VYGA and GDTD1B, according 
to Example 3. Alternatively, subfamily-specific (Type 2) primers may be used as descnbed earlier in this 
example in the discovery of RFHV2. 

The amplified polynucleotide is eleelrOphoresed In agarose and blotted onto a nylon membrane. The 
blot is hybridized with a probe comprising the polynucleotide fragment obtained from the RFHV 

35 polynucleotide encoding DNA polymerase (residues 330-501 of Figure 1), labeled with 32P. The 
hybridization reaction is done under conditions that will permit a stable complex forming between the probe 
and DNA polymerase from a herpes viNs, but not between the probe and endogenous eukaryotic DNA 
polymerase. The conditions will require approximately 60% Identity between hybridizing segments of the 
probe and the target for a stable complex to form. These conditions are calculated using the formula given 

40 earlier. depending on the length and sequence of the probe and the 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 
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NaCl, 15 mM sodium citrate buffer) at room temperature in the absence of fonnamlde; and b) washing 
newly formed duplexes for a brief period (5-10 min) in 2 x SSC at room temperature. 

Amplified polynucleotides that hybridize to the labeled probe under these conditions are selected for 
fUrther characterization. The expected size is 236 base pairs for the amplified inner fragment Including the 

5 primer-binding regions, for a virus that has no insertions or deletions relative to RFHV or KSHV, and has 
been ampflfied using VYGA and GDTD1B as Inner primers. The sequence of the fragment is detennlned 
as In Example 4. Samples containing fragments different from RFHV or KSHV are selected for 
determination of the entire DNA polymerase gene sequence by a method similar to that In Example 9. 
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SEQUENCE LISTINGS: 

RFHV DNA polymerase PCR segment DNA This invention 

RFHV DNA polymerase PCR segment Protein This invention 

KSHV DNA polymerase PCR segment DNA This Invention 

KSHV DNA polymerase PCR segment Protein This Invention 

Herpes virus oligonucleoticles DNA This invention 

.. RFHV specific oUgonucleotfde DNA This invention Ma ,. 
vf .. ~ KSHV specific oligonucfeotide DNA This invention 

RFHVA<SHV subfamily DNA This invention 
ollgonucleotide 

eHV2 DNA polymerase DNA Genbank locus EHVU20824 
.. 

:- sHV1 DNA polymerase DNA Genbank locus HSVSPOLGBP 

ii 
EBV DNA polymerase DNA Genbank locus EBV 

. hCMV DNA polymerase DNA Genbank locus HSSPOL 

hHV6 DNA polymerase DNA Genbank locus HH6DNAPOL 

hVZV DNA polymerase DNA Genbank locus HEVZVXX 

~¥ff hHSV1 DNA polymerase DNA Genbank locus HEHSV1DP ··;:.°":i' 
... {".-v:·(( 

~~rGP~!Jj eHV2 DNA polymerase Protein Genbank locus EHVU20824 
,,,:,;;'Jt:if 
'¥~.j}; sHV1 DNA polymerase Protein Genbank locus HSVSPOLGBP 
···-·::.: ;.?; .... ::~· ~··m=-<·· 
=--.~~ = . r-=~~~ EBV DNA polymerase Protein Genbank locus EBV 

ftf.~~~~-~ hCMV DNA polymerase Protein Genbank locus HS5POL 

:;~sr¢ hHV6 DNA polymerase Protein Genbank locus HH6DNAPOL 

!:~~~rr hVzv DNA polymerase Protein Genbank locus HEVZVXX 

:J#.~~~p:: hHSV1 DNA polymerase Protein Genbank locus HEHSV1DP 

{#91.~%.\ hHSV2 DNA polymerase Protein PIR locus DJBE21 
·:·::.[.38>;}' . 
...... ·~· .. . :.-.:~ eHV1 DNA polymerase Protein PIR locus DJBEC3 

.: .. :~:~:·:·· mCMV DNA polymerase Protein PIR locus DJBEMC 

>~t}· gpCMV DNA polymerase Protein PIR locus L25706-B 

,.~}:41-if\:: IHV1 DNA polymerase Protein PIR locus DJBEl1 
·!.:: .. 42.·.:.=··; hHV6 DNA polymerase segment DNA Figure 3 

':.--'·.~--
'• 

hCMV DNA polymerase segment DNA Figure3 
;~_~:-:fj)>< gpCMV DNA polymerase segment DNA Flgure3 

<~~.~~--:·- mCMV DNA polymerase segment DNA Figure 3 

:==~:·'~·:'.-/ hHSV1 DNA polymerase segment DNA Figure3 
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hHSV2 DNA polymerase segment DNA Flgure3 

hVZ)I DNA polymerase segment DNA Flgure3 

eHV2 DNA polymerase segment DNA Figure3 

hEBV DNA polymerase segment DNA Flgure3 

sHV1 DNA polymerase segment DNA Figure3 

iHV1 DNA polymerase segment DNA Figure3 
.•· 

.. , .. hHV6 DNA polymerase segment DNA Figure4 

.... hCMV DNA polymerase segment DNA Figure4 

~j;j:: gpCMV DNA polymerase segment DNA Figure4 

~~~~:?-1 mCMV DNA polymerase segment DNA Flgure4 

:·.~·~1~~:·· hHSV1 DNA polymerase segment DNA Figure4 

~:~~:::_::~~ hVZV DNA polymerase segment DNA Figure4 

·~+~· . ,v~w 
lo" ...... eHV2 DNA polymerase segment DNA Figure4 

::r-{W,i..~~ M,_,_.:-::$ . hEBV DNA polymerase segment DNA Flgure4 
. ,,·~·!!TI+ ;;;-..·'.\.,;: sHV1 DNA polymerase segment DNA Figure4 
v:-.:~::.~·~·Y».: 

~::::";;!}'.~§.'.:: iHV1 DNA polymerase segment DNA Figure4 
::-:=·=-. -~ ::.~· -~ .-.. ~·-;._, .... ::"-:-Xe:. hHV6 DNA polymerase segment DNA Figure5 

:#~~ft~: hCMV DNA polymerase segment DNA Figure5 

~-~:~jiSf ~~~: .. gpCMV ONA polymerase segment DNA Figure5 

:ii.~~!~<. mCMV DNA polymerase segment DNA Figures 
• ·=-:: .. ~c .. :.,.~"":;:..-": 
··,.!f.~'ik=•; hHSV1 DNA polymerase segment DNA Figures 
··~~.<~··> 
·.:~·"t· .... ~.~i· hVZ!tl DNA polymerase segment DNA Figures 

~)f~tt eHV2 DNA polymerase segment DNA Figures 

'.''.fi.i.8-~0:;. sHV1 DNA polymerase segment DNA Figures 
-:,: -·· . -»··:·· 
~:.~~rb~·· hEBV DNA polymerase segment DNA Figures 

:'.;f~'i#}\ iHV1 DNA polymerase segment DNA Figures 

·~<-:13.~J: _:_. IAETVTL gamma-herpes antigen Protein This invention 

·;: ... :7~7il ~:· RFHVIKSHV subfamily antigens Protein This invention 

'?ao.-io~·:· RFHV or KSHV specific antigens Protein This invention 

: ~; :;~ Qif' '.·.:·. SllQB KSHV specific ollgonucleotide DNA This invention 

..... $j~·.-.·: QAHNA Gamma herpesoligonucleotide DNA This invention 
... ; .... ,. ...... -~-: 

·.:~~ .... QAHNB Gamma herpesoligonucleotide DNA This invention 

-~;=;~o:;::.-: .. : RFHVIKSHV subfamily specific DNA This invention 
oligonucleotldes 

· ... ,1.1(f. RFHV Shared polynucleoticle sequence DNA This invention 
··."·~· ~·'.· .· 

fragment .. .. 
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RFHV Shared polynucleotlde sequence DNA 

fragment 

RFHV Shared polypeptide sequence Protein 

fragment 

KSHV Shared polypeptide sequence Protein 
fragment 

KSHV KSHVfragment DNA 
fi'agment 

KSHV KSHV fragment Protein 
fragment 

KSHV DNA polymerase segment DNA 

KSHV DNA polymerase segment Protein 

RFHV2 DNA polymerase PCR segment DNA 

RFHV2 DNA polymerase PCR segment Protein 

KSHV DNA polymerase variant Protein 

KSHV DNA_ polymerase variant Protein 

KSHV DNA polymerase variant Protein 

KSHV DNA polymerase variant Protein 

Herpes virus (Type 1) DNA 
oHgonucleotldes 

KSHV specific oligonucleotides DNA 

RFHV2 specific origonudeotides DNA 

SEQUENCE DESCRIPTION: SEQ ID NO:l: 
GTGTTCGACT TIGCTAGTCT Tr.ACCCCAGC AlCA'l'GC& Cll:JON.'.f:r CTGTTAntT 60 
ACCCTGATIA CAGGAAGCGC CCTACACGGG Clr.m:JWC TGACCCCCGA CGACTACGAA 120 

5 ACCTTCCACC TGAGCGGtm IW'mfto.r. TITGTAAAAA AGCACGTCCG CGAGTCACTA 180 
CTGTCCAAAC TGCTCAf.AAC ATGGC16GCC ~ AGATCCGCM AAAMAGCC 240 
TCGTIDCAG K.av.rxAT GCGCACCATA CTOOATAAAc AACAGCTGGC CATCAAGGTC 300 
ACAltiTAACG CGGTGTACGG GTrCACCGGC GTCGCTTCCG OCATCCTACC STGCC'JiAAC 360 
ATCGCAGAGA CGGTGACCCT CCACm:Pa; AAAATGC'lm MACGTCTCA GGCGTTCGTA 420 

10 GAOOGAATCT CGCCAACGGC ~ CTACTGCAGC GACCGATCGA GGCGTCTCC6 480 
GAAGCCAGGT TIAAAGTGAT AT~ ACCGACTCCG TGI I IGTtGC ATGCCG 536 

SEQUENCE DESCRIPTION: SEQ ID t«>:2: 
Val Phe Asp Phe Ala Ser Leu Tyr Pro Ser Ile Met Gln Ala His Asn 

15 Leu Cys Tyr Ser Thr Leu Ile Thr Gly ser Ala Leu His Gly His Pro 
Glu Leu Thr Pro Asp Asp Tyr Glu Thr Phe His Leu Se!'.' Gly Gly Thr 
Val H1s Phe Val Lys Lys His Val Arg Glu Ser Leu Leu Ser Lys Leu 
Leu Thr Thr Trp Leu Ala Lys Arg Lys Glu Ile Arg L.Ys Asn Leu Ala 
Ser Cys Thr Asp Pro Thr Met Arg Thr I1 e Leu Asp Lys 61 n Gl n Leu 

20 Ala Ile Lys Val Thr Cys Asn Ala Val Tyr Gly Phe Thr Gly Val Ala 
Ser Gly Ile Leu Pro Cys Leu Asn Ile Ala 61u Thr Val Thr Leu Gln 
Gly Arg Lys Met Leu Glu Thr Ser Gln Ala Phe Val Glu Gly Ile Ser 
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Pro Thr Ala Leu Ala Asp Leu Leu Gln Arg Pro Ile Glu·Ala Ser Pro 
Glu Ala Arg Phe Lys Val Ile Tyr Gly Asp Thr Asp Ser Val Phe Val 
Ala Cys 

5 
SEQUENCE DESCRIPTION: SEQ ID N0:3: 
GTG1TCGACT TIGCTAGCCT CTACCCCAGT ATCATCCAAG CGCACAACTr GTGCTACTCC 60 
ACACTGATAC CCGGCGATTC GCltCACCTG CACCCACN:.C TCTCCCCGGA CGACTACGAA 120 
ACCTTm'CC TCAGCGGA6G TCC66TCCAC TITGTAAMA ~ GGAGTCCCTT 180 

10 ClTACCAAGC TTCTGACGGT ATGGCTCGCG ~ AAATANWJ. GACCCTGGCA 240 
TCATGCACGG ACCCCGCACT &AAAACTATT r:rAG>U>N. ~ CATCMGGTT 300 
ACCrGCAACG cmTTTACGG CTI'CACGGGC GTTGCCTCTG GCATACTGCC TTGCCTAAAC 360 
ATlll/:.OON3A CCGTGACACT ACAMJ!J.r.GA AAGATGC'TGG AGAGATCTCA GGCCTTTGTA 420 
GAOOCCATCT CGCCGGAACG CCTAGCGGGT CTCCTGCGGA G!Jt.CAATW\ CGTCTCACCC 480 

15 GACGCCCGAT TCAAGGTCAT ATACGl!l:.GAC .ACCGACTCCG TIITTTG1tGC AlGCCG 536 

SEQUENCE DESCRIPTION: SEQ ID N0:4: 
Val Phe Asp Phe Ala Ser Leu Tyr Pro Ser Ile Ile Gln Ala His Asn 
Leu Cys Tyr Ser Thr Leu Ile Pro Gly Asp Ser Leu His Leu His Pro 

20 His Leu Ser Pro Asp Asp Tyr Glu Thr Phe Val Leu Ser Gly Gly Pro 
Val His Phe Val Lys Lys His Lys Arg Glu Ser Leu Leu Thr Lys Leu 
Leu Thr Val Trp Leu Ala Lys Arg Lys Glu Ile Arg Lys Thr Leu Ala 
Ser Cys Thr Asp Pro Ala Leu Lys Thr Ile Leu Asp Lys Gln Gln Leu 
Ala Ile Lys Val Thr Cys Asn Ala Val Tyr Gly Phe Thr Gly Val Ala 

25 Ser Gly Ile Leu Pro Cys Leu Asn Ile Ala Glu Thr Val Thr Leu Gln 
Gly Arg Lys Met Leu Glu Arg Ser Gln Ala Phe Val Glu Ala Ile Ser 
Pro Glu Arg Leu Ala Gly Leu Leu Arg Arg Pro Ile Asp Val Ser Pro 
Asp Ala Arg Phe Lys Val Ile Tyr Gly Asp Thr Asp Ser Val Phe Val 
Ala Cys 

30 

SEQUENCE DESCRIPTION: SEQ ID N0:5: 
GTGTTCGACT T\'GCNAGYYT NTAYCC 26 

35 SEQUENCE DESCRIPTION: SEQ ID N0:6: 
GTGTTCGACT TYCARA6YYT NTAYCC 26 

SEQUENCE DESCRIPTION: SEQ ID N0:7: 
ACGTGCAACG CGGTGTAYGG NKTNACNGG 29 

40 
SEQUENCE DESCRIPTION: SEQ ID N0:8: 
ACGTGCAACG CGG'IGTACGG SGTSACSGG 29 

SEQUENCE DESCRIPTION: SEQ ID N0:9: 
45 ACGTGCAACG CG&TGTA 17 

SEQUENCE DESCRIPTION: SEQ ID NO:lO: 
TAYGGNGAYA CN&ACTCCGT GTITGTCGCA TGCCG 35 

50 SEQUENCE D£SCRimON: SEQ ID NO:ll: 
CGGCATGCGA CAAAtACGGA GTCNSTRTCN CCRTA 35 

SEQUENCE DESCRIPTION: SEQ ID N0:12: 
CGGCATGCGA CAAAtACGGA 20 

55 
SEQUENCE DESCRIPTION: SEQ ID NO:l3: 
CGTCGClTCC GGtATCCTAC C 21 

SEQU£NCE DESCRIPTION: SEQ ID H0:14: 
60 GGCATCr:rAC CGTGCCTGAA C 21 

SEQUENCE DESCRIPTION: SEQ ID NO:lS: 
CCGGAGACGC CTCGATCGGT C 21 
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SEQUENCE DESCRimON: SEQ ID N0:16: 
AACCTGGCTT CCG6AGACGC C 21 

SEQUENCE DESCRIPTION: SEQ ID N0:17: 
5 GCGTI'GCCTC TGGCATACTG 20 

SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
CTGCCTTGCC TAAACATJS; G 21 

10 SEQUENCE DESCRIPTION: SEQ ID N0:19: 
GGTGAGACGT CTAlTGGCCT 20 

SEQUENCE DESCRimOH: SEQ ID N0:20: 
AATCGGGCGT CGGGTGAGAC G 21 

15 
SEQUENCE DESCRIPTION: SEQ ID N0:21: 
GTCGCCTCTG GCATCC'mCC NTGYCTNAA 29 

SEQUENCE DESCRIPTION: SEQ ID N0:22: 
20 CJ.GGGCCGGA AGA1GCTGGA RACRTCNCAR GC 32 

SEQUENCE DESCRIPTION: SEQ ID N0:23: 
ATGAGTTTCT N:A/UCCTA CTl'GGTCAAG AGGACCTTTC TTAAAAAOOC CGCCCCCTtG 60 
CECGACCA /mMTATAC CAGGATAATT CCAAAATGCT TCAAGACCCC ~ 120 

25 GOOGTGGT6C CCCACACCAG CACCCTGGAC CCGGTGTGCT ~ CNS.3/JlW'.C 180 
CCCATCCTGT ACGGGGACGG GAGCAGGAGC CTGTGG1.GCG CGGGTCmCG m:m:cG 240 
GGGACGGGCG CGGGCCAGGG CCACACGCCT GlGGCCCTGA Ccrrcr.ACGT CTATGACATA 300 
ATAGAGACGG TGTACGGCCA GGACAGGTGC GACCACGTGC CCTTTCAGTT TCA6AC6GAC 360 
ATCATCCCCA GCGGGACGGT CCTCAAGCTG ClGGGTCGCA ~ cm:AGCGTG 420 

30 TGCGTGAACG 1GTTCAGGCA GGP.GCTGTAC TTIT.ACGTGC GCGTGCCCGA emcTCAA6 480 
CTGGACTTTC TCATCCAGCA GmCTCGCGG GAGAACTITA ACTITliGCCA SB:CGGTAC 540 
CGATAlGAGA AAJtAN?OA GCGCGTGTTG CGCG"6TACT GCGTCGA!E ~ 600 
TACCGGGmT TCGCGTCGAG CCAGGSmt G1GGACCTCC TGGCamGG s:TCACGGCC 660 
GCGGGGTGCG AGGTCTTCGA GACAAACGlG GACGCGGCCA GGCGGntAT CATll3/t0At 720 

35 GGGlTCTCCA CCTltGGGTG GTACTCG'JGC GCGGCG&CCG TCCCGCKCA IDiDiCGCG 780 
GCCAGGGACT CCTGGACGGA GTTGGNiTAC GAClGCGCCG CmDW:CT mAGTTTCAC 840 
GCGGGGCGGG CGGACTGGCC GGGCTACAAC GTCCTCTCCT TCGATATAGA 6TGCCTGGGG 900 
6'.GAACGGGT" TCCCCAACGC GAGCAGGGAC GAGGACATGA TCCllDGAT CTCCTGCGTG 960 
ATCTGGAAGG CGGGGTCGGG GGAGGCGCCC AGGAGCGTGC TCCTGMCCT GG6CACGTGC 1020 

40 GAGGAGATAG AGGG&GTGGA GGTGTACCAG TGCCCCTCGG AGCTIBCCT GCTCTACCTC 1080 
1lTTTCM:cA lGA~ CGCGGACGTG GAGl1TGTGA amcTACAA CATCTCCAAC 1140 
TITGACTTCC CCTACGTGAT ISIOGtSX ACGCAGSTGT /CANrrGAA CCTGAAAGAG 1200 
lTCACCCSiG 1GCGCTCCTC GTCCAltTlt GACmGCACA IG:JXNGM CAGCTCAGCG 1260 
OOCTTCATGC GCGCGGTGTC CAAGGTCAAG GTGGCCOOGG TGGTGCCCAT AGACATGTAC 1320 

45 CGTGmCA ~ GAGCCTGTCC AN:TN:AN?A. 1tBCACGGT G&CC™ 1380 
1tmTGGGCG rvNWl3l3A GGACGTCTCC T~ TCCCCCACCT GTl'CAGGCAG 1440 
mACCGGGGG GCAC&CCAG GCTGGGGCTG TACTGCGTCA AGGA1TCCGC CCTrm6C'J'G 1500 
GACCTGCTGA CliTACTTTAT GACGCACGTG GNU\TCTCTG AGATPS:.CAA GATAGCCAAG 1560 
ATCCCCACGC GGCEGTGCT CACGGACGGG CAGCAGATCA G6GTCTltTC CTGCCTGCTG 1620 

50 GACGTGGCCG GGCGGGAGGG CTACATCCTG CCAGTOOACA GGCACli:GGA C&CGGAGGGC 1680 
TACCAGGGGG C<XGGTCAT AGACCCCTCG <:c<&TTCT N:»Oa.CC GGT6CTGGTG 1740 
GTGGAC1TTG CCl«CTGTA CCCCACCATC ATce&:cc ACAACCTClG CTACTCCACC 1800 
ATGATCCCCG 6AGACAGGCT GTGCCTGCAC CCGCACCTCG rECCaCGA CTACGAGACC 1860 
TTTGAGCTCG CMiCGGGCC GGTGCACTTT GTCAAGAAGC N:IW?l!DJir CTCGCTGCTG 1920 

55 GCCACGC1GC 1GAACGTGTG GCTGGCCAAG PSWllJlaA. 'J'CAGGCOCGA GCTGGCCACG 1980 
GTCTCGGACG AGGCCGTCAG GACCATCCTG ~ AGC'T!KCAT CAAGGTCACC 2040 
TGCAACGCGG TGTACGGGTT CMmmTG s:cTCGGOCA TCCTlD:CTG TCTCAAGATA 2100 
GCCGAGACGG TCACCTTCCA GGGCAGGCGC ATOCTGGAGA ACTCC'..Y1GCG CTACATAGAG 2160 
SDiT'GP.CCC CCGAGGGGCT ra;AGN;ATA TTIDnGGC GGGTIBGTG CGCCCCCGAT 2220 

60 GCCAGTTTTA AGGTCATCTA Clm3ACACG GACTCCCm TTATCO.CTG CCGGGGCTAC 2280 
C9:CCAGAGC &TCACCm GTTCTGCGAC CW3CTGGCCG CTCACATGAC CCGAACCCTG 2340 
TTCGTIBCC a-.ATCMGCT ~ AAGACCTTCA ~T CITACTGACC 2400 
AAANSNm N:ATNB:AT GATGACCACC GACAGtETGC TCATIWGGG GGTGGACCTG 2460 
GTGC~ OKGTGCAG GTTtGTOCAG GAGACCACCA AGGCCATCCT G6ACCTGG16 2520 
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ATGGGG6ACG AGGCGGTGC6 GGCGGCGGCC GAGCGCCTGT GCGCCATGAG GGTGGAGGAG 2580 
GTGTGCGCGC GGGGGCCCCC CGTCG6GTTC CTCAAGG1GG TGGACATCCT CAACGAtNlit. 2640 
TN.N!S.AAC TAAGGCTCAA CCGGG'IGCCC GlGGGCCAGC TGTCCTI'CTC CACCGAGCTG 2700 
N?aBJJ:.cCA TCTCCTATTA CAAGACCCTG ACCCTGCCCC ACClliGT&GT GTAr.CN:ANa 2760 

5 ATCAlGCAGA GGAACGAGGA GCTCCCCCAG ATCCACGATA GGATAGCCTA CGTGI I llim 2820 
CAGTCCCCCA ~ GAGGTCCGAG ATGGCCGAfiG ACCCCGCCTA CGCGGCCCAG 2880 
CACAACATCC CCCCGGCCGr GGACCTGTAC TITGACAAGG TCATACACGG GGCGGCCAAC 2940 
AltCTGCAGT GCCTGTTTGA GAJt.GACNA. GATAAGGCCG CGAGGGTGCT GTACAACTTT 3000 
GCGGACC'TGC CCCCCGACGA CCTGTGA 3027 

10 
SEQUENCE DESCRIPTION: SEQ ID N0:24: 
AlGGATTm ACAM'JXATA TCTAAGTAAA ~ ATACAAIBAC ACCTAAGCTT 60 
CATM'.AN:fA GACAATCTAT ATGTAGGTTA GTCCCTAAAT GTITTAGAAA TCCTACTGAA 120 
NNB:.CiTAG TGTCTG16TC TICI 11 IGCT CTltCAAClT AC11TTTCAA AGGTAATGAG 180 

15 AATANlirAT ATClTGMAA lGGTAAGTCT ATGTGGCACT TNIJANW.C GTGTAAGAAC 240 
GCGTI'GCTAG NtNt.AATC TAlTACGTTC CATAmATG ACATAGTN3A NCTACITAT 300 
TCNWGACA GAlGTAACGA TATTCCTTTT AAGmCAAA CN3ACATAAT ACCTAATGGA 360 
ACAGTGTTGA AACTACTTGG IW?»t.ACTA GAOOGTGCGA GCGTATGTGT TAACGTGTTT 420 
OOlCAAf(;AA ATTATTITTA TGTTAAAGTT CCOOAAGGTG OCAAf'.ATNf. CTATC'ITATA 480 

20 M1t.AN!J:IT TGAATGAMA AmAGCCCA TCTTGTGCAT Pt.CANcrGA AGCNiTNN& 540 
NSA/JGAT/lt. TATCTAGATA lGATCCAGAA GMCATGATG TGTTT.AAGGT GACAGTGTCT 600 
TCTTcccm CTGTTTATAA GATATCAGAT TCTITAGTGT CTAATGGTTG TGAAGTTTTT 660 
GAAACAAATG TAGA.TGCTAT AAGAAGAm CiTAATIGATA ATGACTTTTC TACATTTCm 720 
TGGTACACAT GTAAGTC'J6C A16TCCTCGA ATC!aW.TA GAGACTCTCA TACraACATT 780 

25 GAlmTGACT GC:GlmACTA lGACTTAGAA IDCATGCTG ATN3AN:.AGA Alt£CACCT 840 
TACAN;ATAA IGICI I I IGA TATAGAATGT ATN?J3113AAA AAOOAmcc TTGTIEAAAA 900 
AATGAAl?J3/llJ AmAATAAT TCAGATITCA TGTGIGI 111 ~ !£GCTTGAT 960 
ACAN:rAGAA ATA16CTATT ATCITTAB ACGTGCTCAG CTG1TGAAAA TACTGAAGTT 1020 
TATGAG1TCC CTAGTGAAAT AGACATGCTG CAlQiGI I 11 TITCATTAAT TAGA6ACTTT 1080 

30 AATGrmAAA. TAATr~ TrATAATATT TCTAACTTTG ACITACCTTA TCTAATIMT 1140 
AGAGCTACTC AAAnTATAA TATAAAGCTA TCTGATTATT CAAGAGTTAA AACA&TCT 1200 
ATITTTCAAG 1TCATACACC AAAN?A.TACA GGAAATimT TTATGAGATC TGTCltTAAA 1260 
ATAAAAAm CAGGAATTAT AGCAATTGAC ATGTACATIG TGTGCAAAGA CAAACTCAGT 1320 
CTGTCTAATT ACAAGCTTGA TACAGTTGCT AATCACTGTA TTGGTGCAAA AAN?/WtSAT 1380 

35 GlGICTTACA AAGATATTAT GCCTCI 1111 ATGTCCGGAC ~ AGCTAllGATA 1440 
GGACTATACT GTGTAATAGA I TCTGl ICTT GTGATGAAAC TJTTGAAATT TITTATGATT 1500 
CATGT16AAA ffiCTGAGAT ~ GCTAAAATCC CCN:»SAAG AGTTC1TACA 1560 
GATGGGCAAC AAATA>SNI'f I I 11 ICTTGT CTGCTTGCAG CAGCTCGTGC N.W.AN:rAT 1620 
ATACTGCCTG TGTCAAATGA mcAATGCG GA16GGTTrC ANBS:rAr. CGITATAAAT 1680 

40 CCAATTCCTG GATTTTATAA CMTGCTGTA TTAGTAGTAG ACTITGCTA6 CCTGTATCCT 1740 
AGTATTATAC A>S.CTCATAA TCTATGCTAC TCCACTCTTA TACCCCACCA TGCTlTACAC 1800 
AACTACCCTC ACTTAAAATC TA&TGACTAT GAGACTTTCA TGCTCAGTTC TGGACCTATA 1860 
CACTTTGTGA A»Ji.N:.ACAT TCAGGCATCT CTTCTATCTA a;CTCTTAAC T6TGlf:i6CTT 1920 
TCTAAGAGAA AAGCTATTAG 6CAAAAGCTT GCTGAATGTG AAGACCTN3A CM:rMAACr 1980 

45 ATTCTAGATA MCAOCAACT CGCTATrAAA GTAACTTGTA ATGCTGTGTA TGGGTTTACA 2040 
GGAGTTGCGT CAGGCTTGCT 6CCAT6CATA AGCATTGCA6 A6ACTGTTAr. TCTCCMGGC 2100 
CGGACGATGC TAGAAAAATC AAAAATATTC AT/llWiSCAA TGACACCTGA TACACITCAA 2160 
GMATTGTTC CTCATATAGT GAAGCATGAA CCTGATGCGA AGTTCAGAGT CATATATGGA 2220 
~T CTCTATTTGT liGAATGTGTT G66TATTCTG TPGACAr.NlT TGITAAATTT 2280 

50 GGAGATTTCT TAGCTGCTTT TACITCTGAA AAGCTCTTTA ATGCTCCTAT ANGTTISAS 2340 
TC>BJ.•JJJA CATITCAGTG Tn'GCTATTG CTTGCTAAAA AA>SATACAT TGGAATACTG 2400 
TCAAATGACA AATTGCTTAT 6MAGGTGTT GACTTAGTGA GAAAAACTGC lTGTAMITT 2460 
GTTCAAAATA CT.AGCTCAAA AATTCTTAAT CTTATACTTA AAGACCCTGA GGTMMGCA 2520 
GCTGCTCAGC TITmCAAC AAAN!JATCCA GACTATGClT TTAGAGAAGG GCTTCClGAT 2580 

55 GGGTTTTTGA AAGTGATN3A CATTTTAAAT GAAJSCCACA AAAN.CTCAG MCTrm'.AA 2640 
GTGCCGGTAG SAATfAAC ATTTTCTACA GAATI'GAGTA GACCTATITC TTCTTACAAA 2700 
ACTGAAAACT TGCCTCAITT .AACTGTITAT AAAAAAATfA TfACA>SV. TGAAGAACCT 2760 
CCACAAGlTc ATGACAGAAT CCCATACGTT TTTGTAGGCA NW:TAr.ATC ATGCATATCA 2820 
AACATGGCTG AAGACCCAAC ATAr.Ar.GGlT CAAAATAATA TTCCAATfGC AGTGGATCTA 2880 

60 TATTTTGATA AACTTATTCA CGGGGTAGCT AACATAATAC AGTGTCTClT TAANW:Nlit. 2940 
A<rrAAAAr:rG TGTCTGTTTT 61"ATAATTIT GTATCAACTC CTGTTTTATI TTCTIIGAG 3000 
CTltTAACTG ATCAlTClGT AANGl:.ATAA 3030 
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SEQUENCE DESCRIPTION: SEQ ID N0:2S: 
A'T6TCTG(B; 6ACTtTTtTA TMCCCTlTC CTAAGACCTA ATAAJS.CT TCTGAAAAAG 60 
CCTGACAA6G AGTACCTGCG TCTCATTCCC AAGTIITTTCC /tGAf.16.CN.m CGCCGCAGGG 120 

5 GTGGTG6AT6 TGCG6GGGCC TCAGCCCCCC CTGTGCTTCT NXNGN:rC CCTGACGGTG 180 
G'TGGGG661G ACGAGGATGG AAAGGGCATG TGGTGGCGCC AGCGTGCCCA ~ 240 
GCAAGGCCGG NB;NjACAC CCACGGAAGC CCTCTGGACT TCCATGTCTA CGACATACTC 300 
6A6ACGGTGT NKJDtS. GAAATGCGCC GTCATI'CCAT COOATANCA GGGGTATGTG 360 
6TGCCATGTG GCATCGTCAT CAAGCTACTG GGCCGGCGCA AGGCCGA"lm GQCCAGCGTG 420 

10 TGTGT6AACG TGTTTGGGCA GCAGGCCTAC TTCTACGCCA GCGCGCCTCA GGGTCTGGAC 480 
GTGGAGTT1li CAGTCCTCA6 CGCCCTCAAG GCCAGCACCT TCGACCGCAG GACCCCCTGC 540 
CGGGTCTCGG TGGAG.6.AGGT CACGCGCCGT TCCATTATGG GCTACGGCAA CCATGCCGGC 600 
GACTACCACA AGATCACCCT CTCCCATCCC AACAGT6TGT GTCACGTGGC CACGTGGCTG 660 
CAAGACAN5A. ACGGGTliTCG GATCTTTGAG GCCAACGTGG ATGCCACGCG CCGCTITGTC 720 

15 CTGGACAATG ACTTTGTCAC CTTTGGCTGG TACAGCTGCC GCCGCGCCAT CCCCCGCCTC 780 
CAGCACCGG6 ACTCGTACGC CGAGCTCW.G TACGACTGTG AGG1G6GCGA CCTCTCGGTC 840 
CGGCGTGAAG ACAGCTCCTG GCCCTCCTAC CAGGCCCTGG CCTICGATAT CGAGTGTCTG 900 
GGGGAGGAGG GCTTCCCCAC GGCCN.CAAC GAGGCTGACC TGATCCTGCA GATATCC'TGC 960 
GTCCTCTGGT CGACAGGGGA GGAGGCCGGG CGCTATAGGC GCATCCTGCT GACGCTGID: 1020 

20 ACCTGCGAAG Ar.ATNW!/!J.1 GGTTGAGGTC TACGAGTTCC CATCGGAGCT OOACATGCTC 1080 
TACGCClTCT TCCAGCTCAT CAGAGACCTC AGCG1liGA6A TIGTGACCGG CTACMCCiTG 1140 
GCCAACTTTG ACTGGCCCTA CATTClGGAC NliJllJ:.cNJSC ACATCT/Oa CATCAACCCA 1200 
GCCTCTCTGG GCAAAATT#.G GGCTGGCBiC GTCTGCtW2G TCA<KGACC CCATGATGCG 1260 
GGCAAGGGCT TCrniCGGGC CAN;AC~ GTCCGCATCA CCGGCCTCAT CCCCATCGM: 1320 

25 ATGTACGCCG 1GTGCCGGGA CAAGCTCAGC CTCTCAGACT ACAAGC100A CACAGTAGCC 1380 
NS:.ACCTN. TGGOOGCCAA GMGGAGGAT GTGCAlTACA AGGAGATICC TCGCCTCTTT 1440 
GCAGCGGGCC CCGAGGGGCG CAGGCGGCTC GGCATGTACT GCGTGCla3A CTCGGCCCTG 1500 
GTCATGGATC TGCTAAACCA TTTCGTGATC CACGlGGAGG ~T TGCCAAGATC 1560 
GCTCACATCC CC1GCAG6CG GGTGCTGGAC GATGGGCAGC AGATCCGCGT GTTCTCCTGC 1620 

30 CTCCTGGCGG CCGCCCAAAA GGAAAACTTT ATCCTGCCCA mcccnm: CTCT6ACCGG 1680 
GACGGCTACC NDB?£CN.'. CGTCATCCAG CCCCTGltCG GATTCTACAA CTCCCCGGTT 1740 
CTGGTGGTGG ACT11GCCAG CCTCTACCCG NiCATCATTC AGGCTCATM TtTCTGTTAT 1800 
TCTACCATGA TAACGCCGGG KWGN?J:X. AGGCTl.GCCG rncc f!/.BSIJSAC 1860 
TATGAGltCT TCAGGCTCAC GGGGGGCGTC TACCACTTT6 T~ CG1GCACGAG 1920 

35 TCCTTCTTGG CTAGlCT6TT GACCTCCTGG CTGGCCAAGC GONJ?D:.AT CAAGMGCTG 1980 
CTGGCGGCCT GCGMBTCC GCGCCAAAGG N.CATCCTCG N:NS;N?J:,A GCTGGCCATC 2040 
AAGTGCACGT GCMC6CCGT CTACGGCTTC ACCGGGGTGG a;MCECT CTITCCCTGC 2100 
CTCTCCATCG CCG1M:GGT GACGClGCAG GGCCGCACGA TGTTGGAGCG QiCCAAQGCC 2160 
TTCGTGGAGG CCCT6llGCCC CGCCMCCTG CAGGCCCTm CCCCCTCCCC GGACGCCTGG 2220 

40 GCOCCCCTCA N:tJ:J:J.WSj CCAGC1TCGA GTCATCTACG tD3ACACGGA CTCGCTGTTT 2280 
ATCGPGTGCC GG<mTl1TC IGISN?J:.GNa ACCCTGCGCT mrcGATGC CCTtiGCCGCC 2340 
CKX.rXJr. GGAGCCTGlT TGTIB:CCCC ATCTCCC'lm NS:.CGIGM 6ACCTTCTCC 2400 
lGCCTGATGC TGAlTACAAA GAAGAGATAT anmmGC ~GGACGG CAA6ACCCT6 2460 
ATGAACDm TOOA<i:TCGT C<mMGACG GCCTGCAAGT TTGTGCAGAC ACGCTGCCGG 2520 

45 CGCGTGCTCG ACCnmGCT 93CGGATOCC C&TAA& AaGCGGCCAG CCTCCTCTCC 2580 
CACCfECCT TCCAAGAGlt AmACACAA m:TM:CTG TGGGCmTT GCCCGTCATT 2640 
GACATCCTM K.CPl!S'J:rA CH:A6ACCTC CGTGAm:A GGSTCCCCAT 6G6G6A6CTC 2700 
lGCI 11 ICAA <mG:TCAG CCGCAAlrrC TCAOCCTACA NWlCACCCA GATGCCTCAC 2760 
CT6GCCGTCT ACCAGMGTT CGTCGNiCGC ~ TOCCCCAGAT CCACGIA.CGC 2820 

50 ATCCASTACG ICI I i&TGGA GCCCAAIDiG G6AG11iAAGG &CGAGA.JA 6ACGGAGAT6 2880 
~ CGGCCTACGC CGAGC:GOCAC GGCGTTCCC6 n;GCCGTGGA TCATTAmt 2940 
GACAAGCT6C lCCMGGAGC GGCCAACATC CTCCASTGCC TCTTTGATAA CAACTCCGGG 3000 
GCCGCCCTCT CCGTCCTCCA GAATITTACA GCCCGGCCIA. CATTCTM 3048 

55 SEQUENCE OESCRIPl'ION: SEQ ID N0:26: 
ATGl ii I ICA ACCCGTATtT GAGCGGCGGC GTGACCGGCG GTGCGGTCGC GGGTGGCCGG 60 
CGTCAGCGTT CGCAGCCCGG CTCCGCGCAG GGCTCGGOCA AGCGGCCGCC ll:JliAAN.AG 120 
TTTTTGCAGA ~ AG61IDtATG TTCGACGGTC A6ACGGGGTT ~TCMGCAT 180 
~ GGCTGCCTCT CATGTTCTAT CGAGAGA1TA AACAmGTT 6'GTCATGAC 240 

60 ATGGTTTGGC CGTiifCCTTG ~C CTG6TiiGGTC GCGTGGT6GG ACCTATTCGT 300 
mCACACCT M:.GATCNJN. GGACGCCGTG CTCT I CfTCG ACTCGCCCGA AAACGTGTCG 360 
CCGCGCTATC GTCAIEATCT GGTGCCTTCG GGGAACGT6T TGCGTTTCTT CGGGGCCACA 420 
GAACACGGCT ACAGTATCTG CGTCMCGTT 1TCGGGCAGC GCAGCTACTT TTACTGTGAG 480 
TACAGCGACA CCGATAGGCT GCGTGAGGTC ATTGCCAGCG TGGGCGAACT ~ 540 
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CCGCGGACGC CATACGCCGT GTCT6TCACG CCGGCCACCA AGACCTCCAT CTATGGGTAC 606 
GGGAC6CGAC CCGTGCCCGA 1TTGCACiraT GTGTCTATCA GCAACTGGAC CAT66CCAGA 660 
AAAATCGGCG AGTATCTGCT GGA6CAGGGT mccC6TGT ACGAGGTCCG TGTGGATCCG 720 
CTGACGCGTT TGGTCATCGA TCGGCGGATC ACCACGITCG GCTGGTGCTC CGlliAATCGT 780 

5 TACGACTGGC GGCAGCAGGG TCGCGCGTCG ACTTGTGATA TCGAGGTAGA CTGCGAl6TC 840 
TCTGACCTGG TGGCTGTGCC CGAC6ACAGC TC6TGGCCGC GCTATCGATG CCTGTCCTI'C 900 
GATATCGAGT GCATGAGCGG CGAGGGTGGT mcccTGCG CCGAGAAGTC CGATGACATT 960 
GTCATTCAGA TCTCGTGCGT GTGCTACGAG ACGGGGGGAA ACACCGCCGT GGATCAGGGG 1020 
ATCCCAAACG GGAACGATG& TC6G6GCTGC AC1TCG6AGG GTGTGATCTT TGGGCACTCG 1080 

10 GGTCTTCATC TC'ITTACGAT CGGCACCTGC &GGCA6GT66 GCCCAGACGT GGACGTCTAC 1140 
GAGTICCCTT CCGAATACGA GCTGCTGCTG GGCTTTATGC 111 ICI rJCA ACGGTACGCG 1200 
CCGGCCTTTG TGACCGGTTA CAACATCMC TCTTTTGACT TGAAGTACAT CCTCACGCGr 1260 
CTCGAGTACC TGTAT.AAGGT GGACTCGCAG CGClTCTGCA AGTTGCCTAC GGCGCAGGGC 1320 
GGCCGlTTCT TTITACACN; CCCCGCCGTG GGTTTTAAGC GGCAGTACGC CGCCGCmT 1380 

15 CCCTCGGCTT CTCACAACAA TCCGGCCAGC ACGGCCGCCA CCAAGGTGTA TA1TGCGGGT 1440 
TCGG1661TA TCGACATGTA CCCTGTATGC ATiiGCCAAGA CTAACTCGCC CAACTATAAG 1500 
CTCAACACTA TGGCCGAGCT TTACCTGCGG C»t.GCNl?Jl ATGACCTGTC TTACAAGGAC 1560 
ATCCCGCGTT GTITCGTGGC TAATGCCGAG GGCCGCGCCC AGGTAGGCCG TTACTGTCTG 1620 
CAGGACGCCG TAlTGGTGCG CGATCTGTTC ANXCATTA ATTTTCACTA CGAGGCCGGG 1680 

20 GCCATCGCGC GGCTGGCTAA AATTCCGTTG CGGCGTGTCA TCTTTGACGG ACl«.AGATC 1740 
CGTATCTACA CCTCGCTGCT GGACGAGTGC GCCTGCCGCG ATTTTATCCT GCttNtt.CAC 1800 
TACAJVJr.Ni GTACGACGGT GCCCGAAACG AATAGCGTIG CTGTGTCACC TAACGCTGCT 1860 
ATCATCTCTA CCGCCGCTGT GCCCGGCGAC GCGGGTTCTG TGGCGGCTAT GTTICAGATG 1920 
TCGCCGCCCT TGCAATCTiiC GCCGTCCAGT CAGGACGGCG TTTCACCCGG CTCCGGCl.GT 1980 

25 AAC1GfAGTA GCAGCGTCGG CGTTTTCAGC GTCGGCTCCG GCAGTAGTGG CGGCGTCGGC 2040 
GTITCCAACG ACAATCACGG CGCCGGCGGT ACTGCGGCGG TTI'CGTACCA GG6CGCtACG 2100 
GTGTTTGAGC CCGAGGTGGG TTACTACAAC GACCCCGTGG CCGTGTTCGA CTJTGCCAGC 2160 
CTCTACCClT CCATCATCAT GGCCCACAAC CTCTGCTACT CCACCCTGCT GGTGCCGGGT 2220 
GGCGAGTACC CTGTGGACCC CGCCGACGTA TACAGCGTCA CGCTAGAGAA <mtGTGACC 2280 

30 CACCGCTTTG TGCGTGCTTC GGTGCGCGTC TCGGTGCTCT CGGAACTGCT CAACAAGTGG 2340 
GT1TCGCAGC GGCGTGCCGT GCGCGAATGC ATGCGCGAGT GTCAAGACCC TGRiCGCCGT 2400 
ATGCTGCTCG ACANllWO. GATGGCGCTC AANrrAArm GCAACGCT1T CTACGGTITT 2460 
ACCGGCGTGG TCAACGGTAT GATGCCGTGT CTGCCCATCG CCGCCAGCAT CACGCGCATC 2520 
OOTCGCGACA TGCTAGAGCG CACGGCGCGG TTCATCAAAG ACAACTTTit AGAGCCGTGT 2580 

35 TTTTl'GCACA /ti 11 I 11 IAA TCAGGAAGAC TATGTAGTGG GAACGCGGGA G<mGATTCG 2640 
GAGGAGAGCA GCGCGTTACC GGAGGGGCTC GAAACATCGT CAGGGGGCTC GAACGAACGG 2700 
CGGGTGGAGG CGCGGGTCAT CTACGGGGAC ACOOACNJt.G TGI I IGTCCG cmcGTGGC 2760 
CTGACGCCGC AGGCTCTGGT GGCGCG1GGG CCCAGCCTGG CGCACTACGT GACGGCCTGT 2820 
Cl 111 IGIGG AGCCCGTCAA GCTGGAG1lT GMAAGGTCT TCGTCTCTCT TATGATGATC 2880 

40 TGCNSAAAC GTTACATCGG CAAAG1GGAG GGCGCCTCGG GTCTGAGCAT GAltGGGCGTG 2940 
GATCTGGTGC GCAAGAC&GC ClGCGAGTTC GTCAAGGGCG TCACGCGTGA CGTCCTCTCG 3000 
CTGCTCTTTG AGGATCGCGA GGTCTCGGAA GCAGCCGTGC GCCTGTCGCG CCTCTCACTC 3060 
GATGAAGTCA NWmACf/.i CGTGCCACGC GGTTTCTGGC GTATCTTACG CCGCTTGGTG 3120 
CAGGCCCGCG ACGATCTGTA CCTGCACCGT GTGCGlGTCG AGGACClGGT GC1TTCGTCG 3180 

45 GTGCTCTCTA AGGACATCTC GClGTACCGT CAATCTAACC TGCCGCACAT TGCCGTCATT 3240 
AAGCGATTGG CGGCCCGTTC TGAGGAGCTA CCCTCGGTCG GGGATCGGGT ClTITACGTT 3300 
CTGACGGCGC CCGGTGTCCG GACGGCGCCG CAGGGTTCCT CCGACAACGG TGATTCTGTA 3360 
ACCGCCGGCG TGGTITCCCG GTCGGACGCG ATTGATGGCA CGGACGACGA CGCTGACGGC 3420 
GGCGGGGTAG ~ ~ GGAGAGCCGG ~ GGCGCGGAAA 3480 

50 CCACCGTCGG CCGTGTGCAA CTACGAGGTA GCCGAAGATC CGAGCTACGT Gcm1AGCAC 3540 
GGCGTGCCCA TTCACGCCGA CAAGTACTTT GAGCAGGTTC TCAAGGCTGT AACTAACGTG 3600 
CTGTCGCCCG TCmCCCGG CGGCGAAACC GCGCGCAAGG ACAAGTTTTT GCACAlGGTG 3660 
CTGCCGCGGC GCTTGCACTT GGAGCCGGCT TlltlGCCGT ACAGTGTCAA GGCGCACGM 3720 
TGCTGTTGA 3729 

55 
SEQUENCE DESCRIPTION: SEQ ID N0:27: 
ATGGATTCGG TGTCGTTTIT TAATCCATAT TIGGAAGCGA ATCGCTTMA GAMAAAN!£ 60 
AGATCGAGTT ACATTCGTAT ACTICCTCGC GGTATAAlGC ATGATGGTGC GGCEGATTA 120 
ATAAAGGATG 1lTGTGACTC TGAACCGCGT ATGTTITATC GAGACCGACA GTAmACTG 180 

60 N?i.CPNG>M TGACCTGGCC GAGT1TGGAC ATAGCTCGGT CCAAGGATTA TGATCATATG 240 
AGGATGAAGT TICACATATA TGA'IGClGTA GAAACGTTAA TGTITACGGA ~TCGAG 360 
AATCTTCCTT TTCAGTATAG ACATTTTGTG ATTCCTI'CGG GGACAGTGAT TAGAATGTTT 360 
GGGAGAACTG AGGACGGTGA GAAGATCTGC GTGAACGlGT TTGGACAGGA GCAATAmc 420 
TAClGCGAAT GCGTC6ACGG AAGAAGCCTG IW?lrfAr:rA TAAACAAm GAlGTTAACC 480 
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GGCGAGGTTA AAATGTCGTG TTCI 11 IGIC ATIGAGCCGG CTGATAAGTT GTCGTI6TAT 540 
GGGTACAATG CCAACAClGT CGTTAATC'IG mAAAGTGA GTTTTGGMA TTITTATGTA 600 
lCTCAACGTA TTGGAAAGAT TC'IGCl.GAAT GAGGGATTCG TAGTTTATGA AATCGACGTA 660 
GATGI 11 IGA CTCGTITClT CGTCGATAAT GGI 1111 IGA GTTTCGGATG GTATAATGTA 720 

5 AAA.AAA.TATA TTCCTCAAGA TATGGGAAAA GGGAGTAAlt TTGM2G1GGA AATTAATTGT 780 
CATGltTCTG AffiAGTITC 1tlGGAA6'.C GTIAATTGGC CTTTATAlm A'TBC'lmltT 840 
TTCGACATAG AGTGTTTGGG TCAAAA'IOOG AATTTCCCGG ATGCCGAMA mP.GGTGAT 900 
ATAGTTATIC AGATTTCTGT AA1TAGTTTC GATACGGAAG ~ lGAGCGACAT 960 
CTGTTTACTC TGGGAACATG TGAAAAAATT ~ ATATATATGA AlTTGCGTCA 1020 

10 GAGTITGAAT TACTTTTGGG TT111TCATA lTTTTAAGGA TTGAGTCTCC GGAGTTTATT 1080 
ACCGGTTATA ATATTAATAA TTTmAmA AAATATTTGT GTATAA!SiAT GGATAAGATT 1140 
TACCATTATG ATAlTGGTTG TT1TI'CGAAA CTGMGAATG GAAAG.\TTGG AATCTCTGTC 1200 
CCTCACGAAC NrTN:Jtr.GM GGG6TTCCTT ~ CCAAGG1GTT TACTTCCGGA 1Z60 
GTGI IGl:Alt TGGATATGTA TCCCGTCTAT lCTAGTMGA TAAC<EGCA GAATTACAAA 1320 

15 CTGGATACTA TTGCTAAGAT CTGTCTCCAG CNGNNm AGCAGTTATC GTACAAGGAA 1380 
ATNXAA/IGA. AAllTATTAG lGGACCCAGT GGCAGCETG TTGltGGTAA GTATJGTCTA 1440 
ClmACTClG TCTTAGTTGT GCGTCTCn I ANOGATTA AlTATCAm TGASITTGCC 1500 
GAGGTCGCC\ GATTGGCACA CGTCACGGCT MATGTG'T9; TGTTCGAGGG TCAGCA6AA6 1560 
AAGATAmc CCTGCATTCT T~ MltJD:JrrA ATATGATTCT TCCGAGTATG 1620 

20 GIGICTTCGC #CMTN3N:.A N.B;ATN.m TN:J.tft.ESllj CTACCGTTTT cnAGCCTAAG 1680 
AC&TTATT ATGCTGTGCC TACCGTlm6 ~llTTC AAAGTTTGTA TCCGAGCATT 1740 
ATGATlD:S: ATAATCTGTG TTATAGTACT 1TAGITTTGG AltW\CGACA GATAGCTGGA 1800 
TTGTCAGAGA GTGACATCTT AACCGTGAAG T'TlmiGATG AGACTCATCG GT11GTGAA6 1860 
CCTTliTATCC GTGAGTCTGT GCTTSiGAGT CTACTAAAGG ACTGGCTGGC CAAGAGACGA 1920 

25 GAAGmMOO COOAGATGCA GAACnm'CG GATCCGATGA TGAAAClTCT TCTGGATAAA 1980 
AA6CAGCTCG CTClGAAAAC AACATGTAAC TCGG'IGTACG GTGTCACGGG Eoot.Gt.N:. 2040 
GFSITAtra; CGT6TGTTGc GATmCTGCT TClGTAACGT GTCTTGGAAG A6AGATGCTT 2100 
TGTTCCACGG TGGATTATGT TAATTCCAA6 ATGCAGltCG AGCAATITIT TlGCGAGGAA 2160 
I I JQ;l I IM CGTCATCAGA TITTAClGGT GA~ TGGAGGTAAT TTA~T 2220 

30 ACGSATN£A TCTTTATGTC T6TCAGAAAT ATGGTTAATC AGTCTCT&CG AAG&ATTGCG 2280 
CCGAT6'TCG CCAAN;ATAT CACAGATCGT CTGlTCAAGT CGCCTATCAA GCTCGAGTIT 2340 
GAAAAGATIT TATGTCCGCT AATITTGATT TGTAAAAAAA GATACATTGG TAGACAGGAT 2400 
GATTCGCTFT TAATTTTTAA GG66GTA6AT crasrGAGAA l&\ClTCTTG CGATTTimG 2-460 
AAGGGTGTG6 TWAGATAT CGTGGACTlG rrmtTTIG ATGAA6AGGT TCAGACTGCT 2520 

35 GCTGTmAGT llTCTCACAT GAlXASACA CAGTT6CGT6 ~ GCCTGTimT 2580 
ATTCATAAAA TTTlGCGTCG TCTGTGCGM GCGCG&GAGG AGCTTTTTCA GMTccmcA 2640 
GACGTGAGAC AllTAATGTT GTCCTCTGTG CllTCCAAAG AAATGGCTGC ATATN«AA 2700 
CCGAATCTG& CTCACCTTAG C6TCATTA6A. AQGI IGGCGC AGN.WJl?Jl,A AGAAATTtCG 2760 
AATI2TAGGTG ACCGAATTAT GTACGTGTTA ATNDt.CAT CTATTGGCAA TANUSACG 2820 

40 CATAACTATG AATTAGCAGA AGATCCCAAC TAlGTGATAG A>£ACNll3AT TCCTATACAT 2880 
GCGGAG'-.~ ATTTCGATCA GATTATCAAG GCTGTGACTA ATGCGATCTC ACCCATTTIT 2940 
CCGAAAACCG ATATMAAAA AGA6AAGTTA CTATTGTATT TACTI'CCTAT GAAAGTGTAT 3000 
TTGGATGAAA CATTTTCTGC TATTGCAGAG GTAATG'JiA 3039 

45 SEQUENCE DESCRIPTION: SEQ ID N0:28: 
ATGGCGATCA GAACGGGGTT TTGTAATCCC TTTTTAACCC ANV.TCAl?JJ GATTAAATAT 60 
AACCCAMAA CCGGGCGCGG TAGTAACAGA GAATITrnC ATNITT#t.AA AACTACCATG 120 
TCATCGTITC AATTTITGGC CCCTAAATGT ITAGATGAAG ATGTGCCCAT GGAAGAACGA 180 
AAGGGGGTTC ACGTCG6TAC ACTTAGTCGA CCGCCTAAAG mACTGTAA lGGAAAAGAA 240 

·50 GTTCCGATIC TGGATTTTCG TlliTTCCAGC CCCTGGCCTA GACGCGTGAA TATTTGGGGG 300 
GAAATCGACT TTCGTGGGGA TAAGTTTGAC CCCCGCmA ACACATTCCA lGTATATGAT 360 
ATTGTCGAAA cAACPSAAcr. CGCGTCTAAT GGAGATGTAT CCCGGTTTGC AACTGCAAr.A 420 
CGACCGCTTG GTACCGTTAT TACTITACTT GGCATGTCCC GATGTGGMA AAGGGTGGCA 480 
GlTCATGTAT ACGQCATCTG TCAATATm TATATMACA ~ OOATACCGCT 540 

55 TGTGGCATAC GTTCCGGTAG CGAGTTATCT GTATTACTlG CCGAGlGTTT ACGCAGTTCT 600 
ATGATAACAC MAATGATGC MCfmAAAT ~ .ACGCTTTTCA TGGTACCTCG 660 
mAAAAGCG CATCTCCAGA AAGCnTCGC GlTGAGGlTA T16AGCGCAC AGATGTITAT 720 
TACTACGATA CACAGCCATG TGCGTTTTAC l.GGGTGTATT CTCCCTCATC TAAAmACA 780 
AATTATCTTT GTGATAACTT TCACCCGGAG TTGAAAAAGT ATGAAGGTCG GGTAGACGCT 840 

60 ACCACTCGlT TTCTAATGGA TAATCCCGGC TTTGTTAGTT lTGGlTGGTA TCAKTN>AA 900 
CCTGGAGTTG ATGGGGAACG TGTTCGAGTT CGACCGGCAA GTCGCCAATT AAmrTANJr. 960 
GACGlTGAAA TTGAC113CAT GTCGGATAAT CTiiCAGGCTA TACrMACGA TGACTCATGG 1020 
CCTGACTACA AGTTGTTATG TI'TCGATATT GAATGTAAAT CAGGAGGATC TAATGAGCTG 1080 
GCGTTTCCCG ATGt.AACAt;A TCTGGAGGAT CTTGTAATCC AAATTTCTTG TCTATTATAT 1140 
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TCAATCCCTC GACAGTCl1T N.W.CACATT TrACTGTTTT CCCTTGGClt TIGTGACTTA 1200 
CCACANSif Al&TACAAGA MTGANal:. GCGGGGTTAC CGGAGCCGAC TGTGCTGGAG 1260 
mGATAGTG MTTCGAGCT ATTMTTGCA mATGACCC TCGTAAAACA GTACGCTCCC 1320 
GAGTTTGCCA CAGGTTATM CATTGTTMT TrTGATTGGG CGTITATTAT GGAGAAACTT 1380 

5 AATTCTATAT ACAGTCTCM GClTGATGGT TA'TGGCAGTA T.AMCCGlUG GGGTCTGI 11 1440 
MGATATGGG ATGTTIKAA ATCCGGAm CAGCGACGAA GCAAGGTAAA GATCAACGGT 1500 
CTCATAltTC TGGATAl&TA TGCMTTGCA N:rGMAAAT TAAAACTCTC GAGTTATAAA 1560 
TTAGATrCGG TTGCACGTGA AGCTCTAAAT GAGTCCAAGA GAGATTTGCC r:fflt»llj/I(. 1620 
ATTCCGGGAT ATTACGCTAG TGGACCGAAT N:ACGl6JM TTATTGGTGA ATATl'GTATA 1680 

10 CMGACTCGG CTCTTGTGGG GAAACTGTTT mAAATATT TACCACACCT 'TGAGTTATCC 1740 
GCGGTraCAA GGCTAGCTAG MTTACTTTA ACCNJB::rA mACGACGG .ACAGCAGGTT 1800 
AGGAmACA CCTGTTTATT l.GGACTGGCT TCGTCTCGAG GAmATTTT ACCCGATGGG 1860 
GGATACCCAG CTACTTTTGA ATATAAll/JAT GTTATICCCG AlGTCGGGGA TG11GAGGAA 1920 
GAGATGGATG NSACGAGN.i CGTTTCTCCC .ACTGGTACGT CAAGTOOGCG AMlGT~ 1980 

15 TATAAAGGAG CCAGGGmT TGACCCTGAT ACGGGATTTT ATATCGATCC GGTGGTCGTA 2040 
TTGGATTTTG CMGTTTATA TCCAAGTATA ATI'CAGGCCC ATAACTTATG lTITACCACG 2100 
CTAACGTTAA ATTTTGAGAC GGTTAAACGT TTGAATCCAT CCGATTATGC CACCTTTACA 2160 
GTTGGAGGAA AACGTCTTTT l11TGTGCGC TCTAACGTTC GAGAAAGTCT GClGGGTGTT 2220 
CTmAAAAG ACTGGlTGGC TATGCGCAAG GCTATTAGAG CGCGCATACC CGGAAG1TCT 2280 

20 TCAGATGAAG CAGTGTTATT AGfON,£AA CAAGCCGCGA TAAANir/Gr TTGTAAncc 2340 
GTGTACGGTT TTAC'IGGAGT TGCGCAGGGA mcTGCCAT GTITATACGT AGrs?aKf 2400 
GTCACTACAA TIGGCCGTCA AATGTTATTA Nfr>t.CNWj AlTATAlTCA TAATAACTGG 2460 
GCCGCATITG AACGTTTTAT TACAGCGTTT CCAGACATIG AAACffASCGT TCTCTCCCAA 2520 
NJGl:JirN:.G. N!JfrMJSir TATATATGGA GATACGGAlT ClG IG 1111\T CCGATTCAAG 2580 

25 GGTGTTAGTG TTGAGGGGAT AGtTAAAATC GGCGAGAAAA TGGCACATAT AATTTCAACG 2640 
GCTCTGI I I I GTCCTCCTAT AAAGTlGGAG 1GTGAAAAAA CTilTATAAA ACTlT1GCTT 2700 
ATAA!:>NGA MMrrACAT 16GGGTAATT TACGGCGGAA AGGTTTTAAT GAAGOOAGTC 2760 
GACTIGGTTA CWNNr.AA CTGTCAA.m ATrAACGAlT ATGCCCGCAA ACTIGTAGAA 2820 
C1G1 TGl IAT AlGACGACAC CGTCTCGCGT GCTGCGGCGG AGGCGTCGm TGTTTCCATT 2880 

30 GCTGAATGGA AT~ CATGCCGTCT GGGATGGCCG GGTITG6ACG CATAATTGCA 2940 
GATGCACATC GCQ.GA1TAC ATCACCCAAA TTGGATA1TA ATAAGTTTGT TATGACGGCC 3000 
GAGCTTAGTC GTCCACCATC CGCCTACATA .AACCGTCGCT TGGCTCACTT NtJl!fATAT 3060 
TATAAA1TAG TAATGAGACA GGGTCAAATC CCAAACGTTC GAGAACGCAT CCCTTATGTT 3120 
ATTGTGGCCC CCACAGACGA AGTmAGGCT GATGCAAAAA G'IGTAGCTIT GCTACGTGGA 3180 

35 GATCCTTTAC AGMTNXGC N!SfAAAr.00 TGTGG6GAAG CAAN?J:JrrAA GTTAATAATA 3240 
ltTGACTTAG CGGAAGATCC CATTCACGTA N;ATCN.ACG GGCTGTCTIT AAJt.AlTGAC 3300 
TATrATTITT CTCATCTCAT TGGGACGGCG AGTGTAACTT 1TAAGGCGTT ATmiGAAAC 3360 
GIOCfAI«. TCACAGAACG GCTTITMAA CGTTTTATTC CISSACACG AGTRiJTAAC 3420 
GTTMAATGC TAAACCGCTT GCAGGCGGCA GGCTTIGITI GTATACACGC CCCG1'GCTGG 3480 

40 GATAATAAAA TGAACACTGA AGCTGAAATC ACCGAGGAGG AACAAAtiTCA TCAAATAATG 3540 
CGTAGAGTCT Tl16TATTCC NAAGCAA.Tr CTCCATCAAA GTTAA 3585 

SEQUENCE DESCRIPTION: SEQ ID N0:29: 
ATGTTiTCCG GTGGCGGCG6 CCCGCTGTCC CCCGGAGGM AGTCGGCGGC CAGrB:GGCG 60 

45 TCCOOGI 111 TIGCGCCCGC CGGCCCTCGC GGAGCCGGCC GGGGACCCCC GCCTTGCTTG 120 
l>llll£HJJcr mACAACCC CTACCTCGCC CCAGTCGGGA fJQCAACNlM GCCGACCGOO 180 
CCAACCCAGC GCCATACGTA CTATAGCGAA TGCGATGAAT TTCGATTCAT CGCCCCGCm 240 
GTOC193ACG AGGATGCCCC CCCGGAG.tAG CGCGCCGGGG TGCACGACGG TCACCTCAAG 300 
coca:ccccA AOOTGTACm CGGGGGGGAC GAGCGCGACG lCCTCCGCGT ~ 360 

50 GGCTTCTGGC CGCGGCGCTC GCGCCTGTGG OOCGGCGTGG ACCACOCCCC ™ITC 420 
~ TCACCGTCTT TCACGTGTAC GACATCCTGG AGAACGTGGA GCACS:Gl'AC 480 
CD:ATGCGCG CGGCCCAGTT CCAr.GCGCGG TTTATGGACG CCATCACACC GACSDW:C 540 
6TCATCACGC TCCTGGGCCT GACTCCGGAA GGCf.ACCGGG TGGCCGTTCA CGTTTMmC 600 
~ ACTITTACAT GAN:NmN?i GAGGTCGACA GGCACCTAr.A Am::cGCGCC 660 

55 CCACGAGATC TCTGCGAGCG CATGGCCGCG GCCCTGCGCG AGTCCCCGGG CGCGTCGI IC 720 
m:GGCAm CCGCm.UA CTTCGAOOCG GA<EnmGG AGCGrXJ:SA CGIGTACTAC 780 
TACGNiACGC GCCCCOCICI 6ITTTACCGC GTCTACGTCC GAAGCGOOCG CGTCl:IGIUi 840 
TACCIGIGCG ACAACTTClG camccATC AN?Nl.IrACG AGGGTGGGGT ~ 900 
ACCCQITTCA TCCTtEACAA cccamrrc GTCACCTTCG GCTGGTACCG TCTr.AAACCG 960 

60 GGCcmAACA ACmN!I:. CCAGtCGCm GCCCCGATGG CCTTCGGGAC ATCCAGCGAC 1020 
6TCGAST1TA ACTGTACE OOACAACCTG GCCATCGAGG GGGGCATGAG C<W:CTACCG 1080 
r:r:.ATACANS. ltATGTGCTT CGATATCGAA TGCAAGGCGG GGGGGGAGGA CGAS:TOOCC 1140 
TTTCCOOTOO cam:AC<:C OOAOOACCTG 6TCATCCAGA TATCCTGTCT GC'lCTACGAC 1200 
CTGTCCACCA CCGCCCTta OCACGTCCTC CTGI 11 ICGC TCGGTTCCTG CGACCTCCCC 1260 
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GAATCCCACC TGAACGAGCT GGCECA6G GGCCTGCCCA CGCCCGTGGT TCTGGAATTC 1320 
GACAGCGAAT TCGAGATGCT 6TTGGCCTTC ATGACCCTIG TGAAACA6T"A CGGCCCCGAG 1380 
TTCGTGACCG GGTACAACAT CATCMCTTC GACTGGCCCT TCTTGC16GC CAAGCTGACG 1440 
G.\CAITrACA AG6TCCCCCT GGACGGGTAC G6CCGCA™ .ACGGCCGGGG CcmmTCGC 1500 

. 5 61'G1m6ACA TAGGCCAGAG CCACTTCCAG ~ N3ATAA&r GAACGGCATG 1560 
GTGAGCATCG ACATGTACEiG GATTATAACC GACMGATCA AGCTCTCGAG CTACAAGCTC 1620 
AACGCCG1m CC6AAGCCGT CCT6AAGGAC AN3AJIWtl.2 ACCTGAGCTA TCGCGACATC 1680 
CCCGCCTACT ACGCCGCCGG GCCCGCGCAA CGCGGGGTGA TCGGCGAGTA CTGCATACAG 1740 
GATTCCCTGC TG&TGGGCCA GC rG I I I 111 AAGTTT1TGC CCCATCTGGA. GCTCTCGGCC 1800 

10 6TC6CGCGCT TG6CGGGTAT TAACATCACC CGCACCATCT ACGACGt.r.CA GCAGATCCGC 1860 
&TCTITACGT GCCTGCTGC6 CCTGGCCGAC CAGAAGGGCT TTATTCTGCC GGACACCCAG 1920 
GGGCGAITrA GGGGCGCCG6 6G6GGA&GCG CCCAAGCGTC CGGCCGCAGC CCGGG&AC 1980 
GAGGA6CGGC CAGAG6A6GA 6GGGGAG6AC GAGGACGAAC GCGAGGAGGG CGGGGGCGAG 2040 
CGGGAGCCGG ACGGCGC6CG tmGACCGCC GGCCGGCACG TGGGGTACCA GGGGGCCAGG 2100 

15 6TCCTTGACC CCAClTCCG6 GTTTCACGTG AACCCCGTGG TGGTGTTCGA CTTTGCCAGC 2160 
CTGTACCCCA GCATCATCCA a&CCCACAAC CTGTGCTTCA GCACGC1tTC CCTGAGGGCC 2220 
GACGCACiTG6 CGCACCTGSA GGC6GGCAAG GACTACCTGG N3ATCGAGGT GGGGGGGCGA 2280 
CGGCTmtT TCGTCAAGGC TCACGTGCGA GAGAGCCTCC TCAGCATCCT CCTGCGGGAC 2340 
lGGCltGCCA TGCGAAAGCA GATCCGCTCG CGGATTCCCC ISNVS'.fX CGAGGAOOCC 2400 

20 GTGCTCCTGG ~ GGCCGCCATC AAG6TCGTGT GTAACTCGGT GTACGGGTTC 2460 
ACGGGA6TGC llVt.1WC CCTGCCGTGC CTGCACGTTG CCGCGACGGT GACGACCATC 2520 
GGCCGCGAGA TGCTGCTCGC GACCCGCGAG TACGTCCACG CGCGCTGGGC GGCCTTCGAA 2580 
CAGCTCCTGG CCGAmccc GGAGGCGGCC GACATGCGCG CCCCCGGGCC CTATTCCATG 2640 
CGCATCATCT N:J!S1iACAC GGACTCCATA T1TGTGCTGT GCCGCGGCCT CACGGCCGCC 2700 

25 GGGCTGACGG CCATGGGCGA CAAGATGGCG AGCCACATCT CGCGCGCGCT GTTTtTGCCC 2760 
CCCATCAAAC ltGAGTGCGA AAAGACGTTC ACCAAGCTGC TGCTGATCGC WlWNJS 2820 
TACATCGGCG TCATCTACG6 GGGTAAGATG CTCATCAAGG GCGTGGATCT GG1GCGCAAA 2880 
AACAACTGCG CGTITATCAA CCGCACCTCC AGGGCCCTGG TCGACCTGCT GTTTTACGAC 2940 
GATACcGTCT CCGGAGCGGC CGCCGCGTTA GCCGAGCGCC CCGCAG&A GTGGCTGGCG 3000 

30 CGACCCCTGC CCGAG6GACT GCAGGCG1TC GGGGCCtm:C TCGTAGACGC CCATCGGCGC 3060 
ATCACCGACC aaGAGGGA CATCC&AC TTTGTCCTCA CCGCCGAACT GN!Ol3NX 3120 
CCGCGCGCGT NN.CAACAA GCGCC1QGCC CACCTGACGG mTATTACAA GCTCAlGGCC 3180 
CGCCGCGCGC AGGTCCCGTC CATCAAGGAC CGGATCCCGT ACGTGATCGT G6CCCAGACC 3240 
CGCGAGGTAG lllJWW:.GSr CGCGCGGCTG GCCGCCCTCC GCGAGCTAGA CGCCGCCGCC 3300 

35 CCAGGGGACG NECCGCCCC CCCCGCGGCC CTGCCCTCCC CGGCCAAQl; CCCcamAG 3360 
ACGCCGTCGC Cl6CCGACCC CCCGGGAGGC GCGTCCAAGC CCCGCAAGCT GClt:iG IGrtC 3420 
GAGCTGGCCG AOOATCCCGC ATACGCCATT GCCCACGGCG TCGCCCTGAA CACOOACTAT 3480 
TACTTCTCCC ACC1mG6G GGCGGCGTGC GTGACATTCA AGGCCCTGTT TOOGAATAAC 3540 
GCCAAGATCA CCGAGAGTCT GTTMAAAGG TTTATTCCCG AAGTGTGGCA CCCCCCOOAC 3600 

40 GACGTGACCG m:GGCTCCG GGCCGCAGGG TI'CGGGGCGG TGGGTGCCGG CGCTAOEG 3660 
~-'ACTC GTCGMTGTT GCATAGAGCC TTTGATACTC TAGCAlGA 3708 

SEQUENCE DESCRIPTION: SEQ ID N0:73: 
lle Ala Glu Thr Val Thr Leu 

45 
SEQUENCE DESCRIPTION: SEQ ID N0:74: 

Val Ala Ser Gly Ile Leu Pro 

SEQUENCE DESCRIPTION: SEQ ID N0:75: 
50 Gly Ile Leu Pro Cys Leu Asn 

SEQUENCE DESCRIPTION: SEQ ID N0:76: 
Cys Leu Asn Ile Ala Glu Thr 

55 SEQUENCE DESCRIPTION: SEQ ID NO:n: 
Gln Gly Arg Lys Met Leu G1u 

SEQUENCE DESCRIPTION: SEQ ID N0:78: 
Ser G1n Ala Phe Val Glu 

60 
SEQUENCE DESCRIPTION: SEQ ID N0:79: 

Ala Arg Phe Lys Val Ile 

SEQUENCE DESCRIPTION: SEQ ID N0:80: 
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SEQUENCE DESCRIPTION: SEQ ID NO:l02: 
Thr Asp Pro Thr Met Arg Thr 

5 SEQUENCE DESCRIPTION: SEQ ID N0:103: 
Thr Asp Pro Al a Leu .L.Ys Thr 

SEQUENCE DESCRIPTION: SEQ ID NO:l04: 
CAGTATCATC CA>Sf.OCXA A 21 

10 
SEQUENCE DESCRIPTION: ·sEQ ID NO:l05: 
CCAAGTATCA THCARGCNCA YAA 23 

SEQUENCE DESCRIPTION: SEQ ID N0:106: 
15 GGAGTAGCAC AARTTRTGNG CYTG 24 

SEQUENCE DESCRIPTION: SEQ ID NO:l07: 
TACGAAACCT TTGACCTNAG YGGNGG 26 

20 SEQUENCE DESCRIPTION: SEQ ID N0:108: 
mt.AAGAN.C TGGCCTCNTG YACNGAYCC 29 

SEQUENCE DESCRIPTION: SEQ ID NO:l09: 
TCTCAGGCGT TCGTAGARGG NATHTCNCC 29 

25 
SEQUENCE DESCRIPTION: SEQ ID NO:llO: 
CAGClGGCCA TCAAGGTCAC 20 

SEQUENCE DESCRIPTION: SEQ ID 11>:111: 
30 ~IGT ACGGGTTCAC 20 

SEQlENCE DESCRIPTION: SEQ ID NO:l12: 
Arg Thr Ile Leu Asp Lys Gln Gln Leu Ala Ile Lys Val Thr Cys Asn 
Ala Val Tyr Gly Phe Thr Gly Val Ala Ser Gly Ile Leu Pro Cys Leu 

35 
SEQUENCE DESCRIPTION: SEQ ID ND:l13: 

Ser Ile Ile Gln Ala His Asn Leu Cys Tyr Ser Thr Leu Ile Pro 

SEQUENCE DESCRIPTION: SEQ ID NO:l14: 
40 CGl IGCCTtT GGCATACTGC CTTt;ccTAAA CATAGCGGAG ACCGTGACAC TACAAGSGCG 60 

MAGATGCTG GAGAGATCTt AGGCCTTIGT AGAGGCCATC TCGCCGGAAC GCCTAGCGGG 120 
TCTCCTGCGG NS;CAATNJ ACGTCTCACC CGACGCCCGA 1TCAAGGTCA TA 172 

SEQUENCE DESCRIPTION: SEQ ID NO:ll5: 
45 Val Ala Ser Gly Ile Leu Pro Cys Leu Asn Ile Ala Glu Thr Val Thr 

Leu Gln Gly Arg Lys Met Leu Glu Arg Ser Gln Ala Phe Val Glu Ala 
Ile Ser Pro Glu Arg Leu Ala Gly.Leu Leu Arg Arg Pro Ile Asp Val 
Ser Pro Asp Ala Arg Phe Lys Val Ile 

50 SEQUENCE DESCRIPTION: SEQ ID N0:116: 
6AC GAC CGC >S:. GTG TGC GTG MY GTN m GGN CAG CGC lGC TAC TTC 48 
Asp Asp Arg Ser Val Cys Val Asn Val Phe Gly Gln Arg Cys Tyr Phe 
~~rn~~~~m~~~~~m~~ 96 
Tyr Thr Leu Ala Pro Gln Gly Val Asn Leu Thr His Val Leu Gln Gln 

55 GCC CTC CNJ GCT GGC 1TC GGT C6C GCA TCC lGC GGC TTC TCC AOC GAG 144 
Ala Leu Gln Ala Gly Phe Gly Arg Ala Ser Cys Gly Phe Ser Thr Glu 
CCG GTC PSA AAA AAA ATC TTG CGC GCG TAC GAC ACA CAA CAA TAT GCT 192 
Pro.Val Arg Lys Lys Ile Leu Arg Ala Tyr Asp Thr Gln Gln Tyr Ala 
GTG CM AAA ATA ACC CTG TCA TCC Nrr CCG AlG AlG CGA ACG C1T N:C 240 

60 Val Gln Lys Ile Thr Leu Ser Ser Ser Pro Met Met Arg Thr Leu Ser 
GAC CGC CTA ACA ~ TGT GGG 1GC GAG GTG m GAG TCC AAT GTG GAC 288 
Asp Arg Leu Thr Thr Cys Gly Cys Glu Val Phe Glu Ser Asn Val Asp 
GCC ATT Im CGC TTC GTG CTG GAC CAC GGG TTC TCG ACA TIC GGG TGG 336 
Ala Ile Arg Ar9' Phe Val Leu Asp His Gly Phe Ser Thr Phe Gly Trp 
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TAC GAG TGC N3r. AAC CCG GCC CCC CGC ACC CAG GCC /!SA GAC TCT TGG 384 
Tyr Glu Cys Ser Asn Pro Ala Pro Arg Thr Gln Ala Arg Asp Ser Trp 
ACG GAA CTG GAG m GAC TGC NJ£. TGG GAG GAC CTA AM m ATC CCG 432 
Thr Glu Leu Glu Phe Asp Cys Ser Trp G1u Asp Leu Lys Phe Ile Pro 

5 GAG N1J ACG GAG TGG CCC CCA TAC Ar.A ATC CTA TCC m GAT ATA GAA 480 
Glu Arg Thr Glu Trp Pro Pro Tyr Thr Ile Leu Ser Phe Asp Ile Glu 
TGT ATG GGC GAG NS GGT m CCC AAC GCG ACT CAA GAC GAG GAC ATG 528 
Cys Met Gly Glu Lys Gly Phe Pro Asn Ala Thr Gln Asp Glu Asp Met 
ATT ATA CAA ATC TCG TGT GTT TTA CAC ACA GTC GGC AAC GAT AAA CCG 576 

10 Ile Ile Gln Ile Ser Cys Val.Leu His Thr Val Gly Asn Asp Lys Pro 
TAC ACC CGC ATG CTA CTG GGC CTG GGG ACA TGC GAC CCC CTT CCT GGG 624 
Tyr Thr Arg Met Leu Leu Gly Leu Gly Thr Cys Asp Pro Leu Pro Gly 
GTG GAG GTC TIT GAG m CCT TCG GAG TAC GAC ATG CTG GCC GCC lTC 672 
Val Glu Val Phe Glu Phe Pro Ser Glu Tyr Asp Met Leu Ala Ala Phe 

15 CTC N?r. ATG CTC CGC GAT TAC MT GTG GAG ITT ATA ACG GGG TAC AAC 720 
Leu Ser Met Leu Arg Asp Tyr Asn Val Glu Phe Ile Thr Gly Tyr Asn 
ATA GCA AAC ITT GAC CTT CCA TAC ATC ATA GCC CGG GCA ACT CAG GTG 768 
Ile Ala Asn Phe Asp Leu Pro Tyr Ile Ile Ala Arg Ala Thr Gln Val 
TAC GAC TTC AM CTG CAG GAC TTC AtC MA ATA AAA ACT GGG TCC GTG 816 

20 Tyr Asp Phe Lys Leu Gln Asp Phe Thr lys Ile Lys Thr Gly Ser Val 
m GAG GTC CAC CAA CCC NJA GGC GGT TCC GAT GGG GGC MC TTC ATG 864 
Phe Glu Val His Gln Pro Arg Gly Gly Ser Asp Gly Gly Asn Phe Met 
AGG TCC CAG TCA Na GTC AAA ATA TCG GGG ATC GTC CCC ATA GAC ATG 912 
Arg Ser Gln Ser Lys Val Lys Ile Ser Gly Ile Val Pro Ile Asp Met 

25 TAC CAG GlT TGC N1J GAA AM CTG AGT CTG TCA GAC TAt AM CTG GAC 960 
Tyr Gln Val Cys Arg Glu Lys Leu Ser Leu Ser Asp Tyr Lys Leu Asp 
ACA GTG GCT Na CAA TGC CTC GGT CGA CAA AAA GAT GAC ATC TCA TAC 1008 
Thr Val Ala Lys Gln Cys Leu Gly Arg Gln Lys Asp Asp Ile Ser Tyr 
~ GAC ATA CCC CCG CTT TIT AAA TCT GGG CCT GAT GGT CGC GCA AM 1056 

30 Lys Asp Ile Pro Pro Leu Phe Lys Ser Gly Pro Asp Gly Arg Ala Lys 
GTG GGA AAC TAC TGT GTT AlT GAC TCG GTC CTG GTT ATG GAT CTT CTG 1104 
Val Gly Asn Tyr Cys Val Ile Asp Ser Val Leu Val Met Asp Leu Leu 
CTA CGG TIT CAG ACC CAT GTT GAG ATC TCG GAA ATA GCC AN; CTG GCC 1152 
Leu Arg Phe Gln Thr His Val Glu Ile Ser Glu Ile Ala Lys Leu Ala 

35 NS ATC CCC ACC CGT AGG GTA CTG ACG GAC GGC CAA CAG ATC AGG GTA 1200 
Lys Ile Pro Thr Arg Arg Val Leu Thr Asp Gly Gln Gln Ile Arg Val 
ITT TCC TGC CTC 1TG GAG GCT GCT GCC AtG GAA GGT TAC ATT CTC CCC 1248 
Phe Ser Cys Leu Leu Glu Ala Ala Ala Thr Glu Gly Tyr Ile Leu Pro 
GTC CCA AAA GGA GAC GCG GIT ASC GGG TAT CAG GG6 GCC ACT GTA ATA 1296 

40 Val Pro Lys Gly Asp Ala Val Ser Gly Tyr Gln Gly Ala Thr Val Ile 
1SC CCC TCT CCG GGA TTC TAT GAC GAC CCC GTA CTC GTG GTG GAT ITT 1344 
Ser Pro Ser Pro Gly Phe Tyr Asp Asp Pro Val Leu Val Val Asp Phe 
GCC AGC TTG TAt CCC AGT ATC ATC CAA GCG CAt AAC TTG TGC TAC TCC 1392 
Ala Ser Leu Tyr Pro Ser Ile Ile Gln Ala H1s Asn Leu Cys Tyr Ser 

45 It.A CTG ATA CCC GGC GAT TCG CTC CAC CTG CAt CCA CAC CTC TCC CCG 1440 
Thr Leu Ile Pro Gly Asp Ser Leu H1s Leu His Pro His Leu Ser Pro 
GAC GAC Tit. GAA ACC m GTC CTC N3r. GGA GGT CCG GTC CAC m GTA 1488 
Asp Asp T,yr Glu Thr Phe Val Leu Ser Gly Gly Pro Val His Phe Val 
MA AAA CAC MA & GAG TCC en CTT GCC AAG err CTG AC6 GTA TGG 1536 

50 Lys Lys His Lys Arg Glu Ser Leu Leu Al a Lys Leu Leu Thr Val Trp 
CTC GCG AAG ASA AAA GAA ATA ASA AN; ACC CTG GCA TCA TGC ACG GAC 1584 
Leu Ala Lys Arg Lys Glu Ile Arg Lys Thr Leu Ala Ser Cys Thr Asp 
CCC GCA CTG MA Ar:f All CTA GAC MA CAA CAA CTG GCC ATC AAG GIT 1632 
Pro Ala Leu Lys Thr Ile Leu Asp Lys Gln Gln Leu Ala Ile Lys Val 

55 1t.C TGC MC GCC GIT TAC GGC ITC lit.G GGC GIT GCC TCT GGC ATA CTG 1680 
Thr Cys Asn Ala Val T,yr Qly Phe Thr Gly Val Ala Ser Gly Ile Leu 
CCT TGC CTA AAC ATA GCG SN; ACC GTG ACA CTA CAA GGG CGA AAG ATG 1728 
Pro Cys Leu Asn Ile Ala Glu Thr Val Thr Leu Gln Gly Arg Lys Met 
CTG GAG PGA TCT CA6 GCC TIT GTA GAG GCC ATC TCG CCG GAA CGC CTA 1776 

60 Leu Glu Arg Ser Gln Ala Phe Val Glu Ala Ile Ser Pro Glu Arg Leu 
GCG GGT CTC CTG CGG AGG CCA GTA GAC GTC TCA CCC GAC GCC CGA ITC 1824 
Ala Gly Leu Leu Arg Arg Pro Val Asp Val Ser Pro Asp Ala Arg Phe 
AAG GTC ATA TAC GGC GAC AC:r GAC TCT err ITC ATA TGC TGC ATG GGT 1872 
Lys Val Ile Tyr Gly Asp Thr Asp Ser Leu Phe Ile Cys Cys Met Gly 
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m~mGAC~~~GACmGCGGAG~m~~m 
Phe Asn Met Asp ser Val Ser Asp Phe Ala Glu Glu Leu Ala 5er Ile 
~~~aCTGm~E~~~CTGGAG~~~ 
Thr Thr ·Asn Thr Leu Phe Arg Ser Pro Ile Lys Leu Glu Ala Glu Lys 

5 ATC m NG TGC en CTG CTC CTG Kr NA NG /!SA TAC 6TG G6G GTA 
Ile Phe L.ys Cys Leu Leu Leu Leu Thr Lys Lys Arg Tyr Val Gly Val 
m~~~NSmCTGmNSEmGAC~m~w 
Leu Ser Asp Asp Lys Val Leu Met Lys Gly Val Asp Leu Ile Arg Lys 
OGCCm~m~~6M~~~~mCTGGACCTC 

10 Thr Ala Cys Arg Phe Val Gln Glu Lys Ser Ser Gln Val Leu Asp Leu 
ATA CTG CGG GAG CCG ~ GTC Nl3 GCC GCG GCC NS en ATT TC6 G6G 
Ile Leu Arg Glu Pro Ser Val Lys Ala Ala Ala Lys Leu Ile Ser Gly 
00 GCG N:A GAC B GTG TAC Im GM 006 ~ CCA GAG G6G TTC GTt 
Gln Ala Thr Asp Trp Val Tyr Arg Glu Gly Leu Pro Glu Gly Phe Val 

15 ~ ATA ATT CAA GTG ere M:. GCG N1£ CAC CGG ~ era l6C 6M CGC 
Lys Ile Ile Gln Val Leu Asn Ala Ser His Arg Glu Leu Cys Glu Arg 
I«. GTA CCA GTA GAC AAA CTG Am m N:r:. N:C GAG CTA flE.f. CGC CCG 
Ser Val Pro Val Asp Lys Leu Thr Phe Thr Thr Glu Leu Ser Arg Pro 
CTGDGACOC~~CAAM:.CTCCCGCACCTGN:CGTGmCAA 

20 Leu Ala Asp Tyr Lys Thr Gln Asn Leu Pro His Leu Thr Val Tyr Gln 
~rnCAA~/!SA~GAGGAGtnCCAOOfilCACGAC/!SAm 
Lys Leu Gln Ala Arg Gln Glu Glu Leu Pro Gln Ile His Asp Arg Ile 
~mGTGTTCmGACGCCCCA~~CTGCGC~GAGCTG~ 
Pro Tyr Val Phe Val Asp Ala Pro Gly Ser Leu Arg Ser Glu Leu Ala 

~ GAGCAC~GAGmmNS~CAC~CTGCGCGTG~GTGGAC 
Glu His Pro Glu Tyr Val Lys Gln His Gly Leu Arg Val Ala Val Asp 
CTG TAT TTC GAC NG 
Leu Tyr Phe Asp Lys 

30 SEQUENCE DESCRIPTION: SEQ ID N0:117: 
Asp Asp Arg Ser Val Cys Val Asn Val Phe Gly Gln Arg Cys Tyr Phe 
Tyr Thr Leu Ala Pro Gln Gly Val Asn Leu Thr His Val Leu Gln Gln 
Ala Leu Gln Ala Gly Phe Gly Arg Ala Ser Cys Gly Phe Ser Thr Glu 
Pro Val Arg Lys Lys Ile Leu Arg Ala Tyr Asp Thr Gln &ln Tyr Ala 

35 Val Gln L.ys Ile Thr Leu Ser Ser Ser Pro Met Met Arg Thr Leu Ser 
Asp Arg Leu Thr Thr Cys Gly Cys Glu Val Phe Glu Ser Asn Val Asp 
Ala Ile Arg Arg Phe Val Leu Asp His Gly Phe Ser Thr Phe Gly Trp 
Tyr Glu Cys Ser Asn Pro Ala Pro Arg Thr Gln Ala Arg Asp Ser Trp 
Thr Glu Leu Glu Phe Asp Cys Ser Trp Glu Asp Leu Lys Phe Ile Pro 

40 Gl u Arg Thr Gl u Trp Pro Pro Tyr Thr I1 e Leu Ser Phe Asp I1 e Gl u 
Cys Met Gly 61u Lys Gly Phe Pro Asn Ala Thr Gln Asp Glu Asp Met 
Ile Ile Gln Ile Ser Cys Val Leu H;s Thr Val Gly Asn Asp Lys Pro 
Tyr Thr Arg Met Leu Leu Gly Leu Gly lhr Cys Asp Pro Leu Pro Gly 
Val Glu Val Phe Glu Phe Pro Ser Glu Tyr Asp Met Leu Ala Ala Phe 

45 Leu Ser Met Leu Arg Asp Tyr Asn- Val Gl u Phe I1 e Thr Gl y Tyr Asn 
Ile Ala Asn Phe Asp Leu Pro Tyr Ile Ile Ala Arg Ala Thr Gln Val 
Tyr Asp Phe Lys Leu Gln Asp Phe Thr Lys Ile .LY5 Thr Gly Ser Val 
Phe Glu Val His Gln Pro Arg Gly Gly Ser Asp Gly Gly Asn Phe Met 
Arg Ser Gln Ser Lys Val Lys Ile Ser Gly Ile Val Pro Ile Asp Met 

50 Tyr Gln Val Cys Arg 6lu Lys Leu Ser Leu Ser Asp Tyr Lys Leu Asp 
Thr Val Ala Lys Gln Cys Leu Gly Arg Gln Lys Asp Asp Ile Ser Tyr 
Lys Asp Ile Pro Pro Leu Phe Lys Ser Gly Pro Asp Gly Arg Ala Lys 
Val Gly Asn Tyr Cys Val Ile Asp Ser Val Leu Val Met Asp Leu Leu 
Leu Arg Phe Gln Thr His Val Glu Ile Ser Glu Ile Ala Lys Leu Ala 

55 L.ys Ile Pro Thr Arg Arg Val Leu Thr Asp Gly Gln Gln Ile Arg Val 
Phe Ser Cys Leu Leu Glu Ala Ala Ala lhr Glu Gly Tyr Ile Leu Pro 
Val Pro Lys Gly Asp Ala Val Ser Gly Tyr Gln Gly Ala Thr Val Ile 
~~~~~~~AspAsp~~Leu~MAsp~ 
Ala Ser Leu Tyr Pro Ser Ile Ile Gln Ala His Asn Leu Cys Tyr Ser 

60 Thr Leu Ile Pro Gly Asp Ser Leu His Leu His Pro His Leu Ser Pro 
Asp Asp Tyr Glu Thr Phe Val Leu Ser Gly Gly Pro Val His Phe Val 
Lys Lys His Lys Arg Glu Ser Leu Leu Ala Lys Leu Leu Thr Val Trp 
Leu Ala Lys Arg Lys Glu Ile Arg Lys Thr Leu Ala Ser Cys Thr Asp 
Pro Ala Leu Lys Thr Ile Leu Asp Lys Gln Gln Leu Ala Ile Lys Val 
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Thr Cys Asn Ala Val Tyr Gly Phe Thr Gly Val Ala Ser Gly Ile Leu 
Pro Cys Leu Asn Ile Ala Glu Thr Val Thr Leu Gln Gly Arg Lys Het 
Leu Glu Arg Ser Gln Ala Phe Val Glu Ala Ile Ser Pro Glu Arg Leu 
Ala Gly Leu Leu Arg Arg Pro Val Asp Val Ser Pro Asp Ala Arg Phe 

5 Lys Val Ile Tyr Gly Asp Thr Asp Ser Leu Phe Ile Cys Cys Het Gly 
Phe Asn Het Asp Ser Val Ser Asp Phe Ala Glu Glu Leu Ala Ser Ile 
Thr Thr Asn Thr Leu Phe Arg Ser Pro Ile Lys Leu Glu Ala Glu Lys 
Ile Phe Lys Cys Leu Leu Leu Leu Thr Lys Lys Arg Tyr Val Gly Val 
Leu Ser Asp Asp Lys Val Leu Met Lys Gly Val Asp Leu Ile Arg Lys 

10 Thr Ala Cys Arg Phe Val Gln Glu Lys Ser Ser Gln Val Leu Asp Leu 
Ile Leu Arg Glu Pro Ser Val Lys Ala Ala Ala Lys Leu Ile Ser Gly 
Gln Ala Thr Asp Trp Var Tyr Arg Glu Gly Leu Pro Glu Gly Phe Val 
Lys Ile Ile Gln Val Leu Asn Ala Ser His Arg Glu Leu Cys Glu Arg 
Ser Val Pro Val Asp Lys Leu Thr Phe Thr Thr Glu Leu Ser Arg Pro 

15 Leu Ala Asp Tyr Lys Thr Gln Asn Leu Pro His Leu Thr Val Tyr Gln 
Lys Leu Gln Ala Arg Gln Glu Glu Leu Pro Gln Ile His Asp Arg Ile 
Pro Tyr Val Phe Val Asp Ala Pro Gly Ser Leu Arg Ser Glu Leu Ala 
Glu His Pro Glu Tyr Val Lys Gln His Gly Leu Arg Val Ala Val Asp 
Leu Tyr Phe Asp Lys 

20 
SE00ENCE DESCRIPTION: SEQ ID NO:ll8: 
crnm~mNXCTGmCAG&~~mcrc~oc ~ 

Leu Cys Tyr Ser Thr Leu Ile Gln Gly Asn Ala Ile Leu Ser His 
~GAGmNX~~GACmwomCACrn~~~ ~ 

25 Pro Glu Leu Thr Pro Asn Asp Tyr Glu Thr Phe His Leu Ser Gly Gly 
CCG Gm CAC m GTA AAA AAA CAC GTA CGA GAG TCA TTA C1G TCA AAA 142 
Pro Val His Phe Val Lys Lys H1s Val Arg Glu Ser Leu Leu Ser Lys 
CTT C1G ACG ACT 1m CTA IO. AAA N&A AAA GAG ATC CGC AAA AAT CTC 190 
Leu Leu Thr Thr Trp Leu Thr Lys Arg Lys Glu Ile Arg Lys Asn Leu 

30 6CC TCG TGC SiA GAC CCA NX ATG CGA NX ATC CTT GAT AAS CAG CAG 238 
Ala Ser Cys Gly Asp Pro Thr Met Arg Thr Ile Leu Asp Lys Gln Gln era GCC ATC AA6 GTC IO. TGT AAT GCG G'l6 TAC Im m N:.C GGC GTC 286 
Leu Ala Ile Lys Val Thr Cys Asn Ala Val Tyr Gly Phe Thr Gly Val 
GCC rec G6T Arr CTA ~ TGC CTG AAT Arr OCA GAA N:.A GTC Ar.C ere 334 

35 Ala Ser Gly Ile Leu Pro Cys Leu Asn Ile Ala Glu Thr Val Thr Leu 
CAG GGC N&A AAA ATG CTA W ACS ltC CAG GCG m GTA GAG GGC ATA 382 
Gln Gly Arg Lys Met Leu Glu Thr Ser Gln Ala Phe Val Glu Gly Ile 
TCG CCA AAA GAC CTG TCA GAC CTG ATA CAA CGT CCG ATC GAC GCT ltC 430 
Ser Pro Lys Asp Leu Ser Asp Leu Ile Gln Arg Pro Ile Asp Ala Ser 

~ ~~~&mAAA~m ~ 
Pro Asp Ala Arg Phe Lys Val Ile 

SEQUENCE DESCRIPTION: SEQ ID N0:119: 
Leu Cys Tyr Ser Thr Leu Ile Gln Gly Asn Ala Ile Leu Ser His Pro 

45 Glu Leu Thr Pro Asn Asp Tyr Glu Thr Phe His Leu Ser Gly Gly Pro 
Val His Phe Val Lys Lys His Val Arg Glu Ser Leu Leu Ser Lys Leu 
Leu Thr Thr Trp Leu Thr Lys Arg Lys Glu Ile Arg Lys Asn Leu Ala 
Ser Cys Gly Asp Pro Thr Met Arg Thr Ile Leu Asp Lys Gln Gln Leu 
Ala Ile Lys Val Thr Cys Asn Ala Val Tyr Gly Phe Thr Gly Val Ala 

50 Ser Gly Ile Leu Pro Cys Leu Asn Ile Ala Glu Thr Val Thr Leu Gln 
Gly Arg Lys Met Leu Glu Thr Ser Gln Ala Phe Val Glu Gly Ile Ser 
Pro Lys Asp Leu Ser Asp Leu Ile Gln Arg Pro Ile Asp Ala Ser Pro 
Asp Ala Arg Phe Lys Val Ile 

55 SEQUENCE DESCRIPTION: SEQ ID N0:120: 

60 

Val Ala Ser Gly Ile Leu Pro Cys Leu Asn Ile Ala Glu Thr Val Thr 
Leu Gln Gly Arg L.ys Met Leu Glu Arg Ser Gln Ala Phe Val Glu Ala 
Ile Ser Pro Glu Arg Leu Ala Gly Leu Leu Arg Arg Pro Val Asp Val 
Ser Pro Asp Ala Arg Phe Arg Val Ile 

SEQUENCE DESCRIPTION: SEQ ID NO:l21: 
Val Ala Ser Gly Ile Leu Pro Cys Leu Asn Ile Ala Glu Thr Val Thr 
Leu Gln Gly Arg Lys Met Leu Glu Arg Ser Gln Ala Phe Val Glu Ala 
Ile Ser Pro Glu Arg Leu Ala Gly Leu Leu Arg Arg Pro Ile Asp Val 
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Ser Pro Asp Ala Arg Phe Lys Val Ile 

SEQUENCE DESCRIPTION: SEQ ID N0:122: 
Val Ala Ser Gly Ile Leu Pro Cys Leu Asn Ile Ala Glu Thr Val Thr 

5 Leu Gln Gly Arg Lys Met Leu Glu Arg Ser Gln Ala Phe Val Glu Ala 
Ile Ser Pro Glu Arg Leu Ala Gly Leu Leu Arg Arg Pro Val Asp Val 
Ser Pro Asp Ala Arg Phe Lys Val Ile 

SEQUENCE DESCRIPTION: SEQ JD NO:l23: 
10 Val Ala Ser Gly Ile Leu Pro Cys Leu Asn Ile Ala Glu Thr Val Thr 

Leu Gln Gly Arg Lys Met Leu Glu Arg Ser Gln Ala Phe Val Glu Ala 
Ile Ser Pro Glu A°rg Leu Ala Gly Leu Leu Arg Arg Pro Val Asp Val 
Ser Pro Asp Ala Arg Phe Arg Val Ile 

15 SEQUENCE DESCRIPTION: SEQ ID N0:124: 
AArXISJ6f CNGlRTCNCC RTA 

SEQUENCE DESCRIPTION: SEQ ID NO:l25: 
AGCATCATCA TGGCCCAYM YCTNTGYT 

20 
SEQlENCE DESCRIPTION: SEQ JD NO:l26: 
GAYTIYGCNA GYYTNTAYCC 

SEQUENCE DESCRIPTION: SEQ m N0:127: 
25 ~CATRr.A YTCDAlRTCR M . 

SEQUENCE DESCRIPTION: SEQ ID N0:128: 
TACAACGTCC TCTCCTTYGA YATHGARTG 

30 SEQUENCE DESCRIPTION: SEQ ID N0:129: 
~ AYGTNTTYm NCA 

SEQUENCE DESCRIPTION: SEQ ID NO:l30: 
GACGACCGCA GCGmTGCGT GMYGTNTTY DCA 

35 
SEQUENCE DESCRIPTION: SEQ ID N0:131: 
ACGACCGCAG CGm'GCGl6 

SEQUENCE DESCRIPTION: SEQ ID N0:132: 
40 TAAANir/O. GCTCCTGCCC GAANACRTTN ACRCA 

SEQUENCE DESCRIPTION: SEQ ID N0:133: 
TAAANif/O. GCTCCTGCCC GM 

45 SEQUENCE DESCRIPTION: SEQ ID N0:134: 
TTTGACTTTG CCAGCCTGTA YCCNAGYATN AT 

SEQUENCE DESCRIPTION: SEQ ID N0:135: 
TTI'GACTITG CCAGCCTGTA YCCNTCNATN AT 

50 
SEQUENCE DESCRIPTION: SEQ ID N0:136: 
TT16ACTTTG CCAGCCTGTA 

SEQUENCE DESCRIPTION: SEQ ID ND:137: 
55 CGGCATGCGA CAANX.GSA. GTCC!iIRTCN CCRTADAT 

SEQUENCE DESCRIPTION: SEQ ID N0:138: 
TTAGCTACTC CGTGGAGCAG YTTRTCRAAR TA 

60 SEQUENCE DESCRIPTION: SEQ ID ND:139: 
TTGTGCGCTT GGATGATACT G 

SEQUENCE DESCRIPTION: SEQ ID ND:140: 
GAGGGCCTGC lGGAGGACGT G 
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SEQUENCE DESCRIPTION: SEQ ID NO:l41: 
CGGT6GAGAA GCCGCAGGAT G 21 

5 SEQUENCE DESCRIPTION: SEQ ID N0:142: 
ACCTCCCGCA ~ T 21 

SEQUENCE DESCRIPTION: SEQ ID N0:143: 
AAS:rPSACA GGAGaAGC1T C 21 

10 
SEQUENCE DESCRIPTION: SEQ ID ND:144: 
ACTTGAAITA Tcrnw:GAA C 21 

SEQUENCE DESCRIPTION: SEQ ID ND:145: 
15 ACGACANm TCTGAlGAAG G 21 

SEQUENCE DESCRIPTION: SEQ ID ND:l46: 
AGAGACTCTT 6GACGGAACT 6 21 

20 SEQUENCE DESCRIPTION: SEQ ID N0:147: 
AG1lTGACTG CAGCTGGGAG G 21 

SEQUENCE DESCRIPTION: SEQ ID N0:148: 
CGGGTATCAG TGT6GAGTAG C 21 

25 
SEQUENCE DESCRIPTION: SEQ ID N0:149: 
~ GTTTCGTAST C 21 

30 
SEQUENCE DESCRIPTION: SEQ ID NO:lSO: 
CTATGTTACT CTACCCTGAT T 21 

SEQUENCE DESCRIPTION: SEQ ID NO: 151: 
GTATATCTCT ITAAACCTGG C 21 

35 SEQUENCE DESCRIPTION: SEQ ID N0:152: 
MCCTGGCGT CCGGGGAAGC G 21 
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5 1. An isolated polynucleotide wHh a region encoding a DNA polymerase of a herpes virus, the 

polynucleotide comprising a sequence of nucleotides at least 69% identical to nucleotides 27 to 

501 of a sequence selected from the group consisting of SEQ. ID N0:1 and SEQ. ID N0:3. 

2. An isolated polynucleotide comprising a fragment of at least 18 consecutive nucleotides of the 

10 DNA polymerase encoding region of the polynucleotide of claim 1, wherein the sequence of 

said fragment is not contained in SEQ. ID NOS:110 or 111. 

3. An isolated polynucleotlde comprising a fragment of at least 50 consecutive nucleotides of the 

DNA polymerase encoding region of the polynucleotide of claim 1. 

15 

4. The isolated polynucleotide of claim 2, which encodes a polypeptide with nucleic acid binding 

activity, nucleotide binding activity, or DNA polymerase activity. 

5. An isolated polynucleotlde wHh a region encoding a DNA polymerase of a herpes virus, the 

20 polynucleotide comprising a sequence of 26 nucleotides at least 80% identical to 

oligonucleotlde LSGGA (SEQ. ID N0:107), or a sequence of 29 nucleotides at least 69% 

Identical to oligonucleotlde CTDPA (SEQ. ID N0:108) or a sequence of 32 nucleotides at least 

80% Identical to oligonucleotide KMLEA (SEQ. ID N0:22), or a sequence of 29 nucleotides at 

least 69% identical to oligonucleotlde GISPA {SEQ. ID N0:109). 

25 

6. An isolated polynucleotlde comprising a fragment of at least 18 consecutive nucleotides of the 

DNA polymerase encoding region of the polynucleotide of claim 5, wherein the sequence of 

said fragment is not contained in SEQ. ID NOS:11 o or 111. 

30 7. The polynucleotlde of claim 1 or claim 2, wherein said herpes ·virus Is capable of Infecting 

primates. 

8. The polynucleotide of claim 1 or claim 2, wherein said herpes virus Is RFHV, RFHV2, or KSHV. 

35 9. An Isolated polynucleotlde comprising a linear sequence of at least 18 nucleotides Identical to 

40 

a linear sequence between nucleotides 27 to 501 inclusive of SEQ. ID N0:1, or between 

nucleotides 27 to 501 inclusive of SEQ. ID N0:3, or between nucleotides 36 to 2499 inclusive 

of SEQ. ID N0:116, or between nucleotides 1 to 454 inclusive of SEQ. ID N0:118, but not to a 

linear sequence wtthln either SEQ. ID N0:110 or SEQ. ID N0:111. 
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1 O. The isolated polynucleotlde of claim 9, comprising a linear sequence essentially identical to 

nucleotides 27 to 501 of SEQ. ID N0:1, or to nucleotides 27 to 501 of SEQ. ID N0:3, or to 

nucleotides 36 to 2499 of SEQ. ID N0:116, or to nucleotides 1 to454of SEQ. ID N0:118. 

5 11. An isolated polypeptide encoded by the polynucleotide of claim 3. 

10 

15 

12. An Isolated polypeptide, comprising a linear sequence of at least 12 amino acids essentially 

identical to a sequence between amino acids 10to167 fnclusfve of SEQ. ID N0:2 or between 

amino acids 1 O to 167 inclusive of SEQ. ID N0:4 or between amino acids 13 to 833 inclusive of 

SEQ. ID N0:117, or in any of SEQ. ID NOS:119-123, but which is not contained in SEQ. ID 

NOS:112 or in SEQ. ID N0:113. 

13. The isolated polypeptide of claim 12, which has nucleic acid binding activity, nucleotide binding 

activity, or DNA polymerase activity. 

14. A fusion polypeptide comprising the amino acid sequence of an isolated peptide of claim 12, 

joined to a second amino acid sequence. 

15. An isolated polypeptide, comprising a linear sequence of amino acids Identical to a sequence 

20 selected from the group consisting of SEQ. ID NOS:80, 82, 84, 86, 88, and 90 to 103. 

16. An Isolated or non-naturally occurring polynucleotide encoding the Polypeptide of claim 12. 

17. A polynucleotide encoding a fusion polypeptide, comprising the polynucleotide of claim 2 joined 

25 directly to a second polynucleotlde encoding a polypeptide. 

18. A recombinant clo~ing vector comprising a polynucleotide sequence encoding a polypeptide of 

at least 12 consecutive amino acids identical to that of a polypeptide according to claim 12. 

30 19. A recombinant expression vector comprising a polynucleotide sequence encoding a 

polypeptide of at least 12 consecutive amino acids Identical to that of a polypeptide according 

to claim 12. 

20. A recombinant cloning vector comprising a linear sequence encoding a DNA polymerase of a 
35 herpes virus, the sequence being at least 18 nucleotides long and identical to a linear 

sequence within SEQ. ID NOS:1, 3, 116, or 118, but not in SEQ. ID NOS:110or111. 

40 

21. A host cell genetically altered by the polynucleotide of claim 16, or by the vector of claim 18, 

claim 19, or claim 20. 

-95-



5 

I lllllll llllll lllll lllll ll llll 
* C L M S * 

W097/0410S PCT/US96/l1688 

22. A monoclonal er Isolated polyclonal antibody specific for a DNA polymerase encoded In said 

encoding region of the polynucleotlde of claim 1. 

23. A monoclonal or isolated polyclonal antibody specific for the polypeptide of claim 12. 

24. The antibody of claim 22, which Is a monoclonal antibody. 

25. The antibody of claim 22, which is an isolated polyclonal antibody. 

10 26. An oligonucleotide essentially Identical to an ollgonucleotide selected from the group consisting 

of SEQ. ID NOS:5to 16, 21, 22, 104-109, and 124-152. 

27. A method of obtaining an amplified copy of a polynucleotide encoding a DNA polymerase, 

comprising the steps of: 

15 a) contacting the polynucleotide with the oligonucleotide of claim 26; and 

b) elongating ollgonucleoticle that has fonnecl a duplex with the polynucleoticle. 

28. The method of claim 27, comprising performing a polymerase chain reaction (PCR). 

20 29. The method of claim 28, wherein said PCR comprises repeated cycles of annealing and 

25 

elongating, wherein the annealing is conducted at a temperature of at least 600C. 

30. The method of claim 28, wherein said PCR is conducted in a buffer containing 10-30 mM 

(NH4nso~ and 1-10 mM Mgc12• 

31. The method of claim 27, wherein the polynucleotide which Is amplified is first obtained from a 

biological sample taken from an individual affected with a disease featuring fibroblast 

proliferation and collagen deposition. 

30 32. A method of detecting viral DNA or RNA in a sample of primate origin, comprising the steps of: 

a) contacting the DNA or RNA in the sample with a probe comprising the polynucleotide of 

claim 2 under conditions that would pennit the probe to fonn a stable duplex with a 

potynucleotide having the sequence shown In SEQ. ID N0:1, and with a polynucleotide having 

the sequence shown in SEQ. ID N0:3, but not with a polynucleotide having' a sequence of any 

35 of SEQ. ID NOS:24 to 29; and 

40 

b) detecting the presence of said stable duplex formed in step a), if any. 

33. The method of claim 32 further comprising conducting an amplification reaction on the DNA or 

RNA of the sample prior to being contacted with the probe. 
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34. The method of claim 33. wherein the amplification reaction is c:Onducted using an 

ollgonucleotide primer comprising a sequence according to claim 26. 

35. A method of detecting viral DNA or RNA in a sample of primate origin, comprising the steps of: 
5 a) contacting the DNA or RNA In the sample with an oligonucleotide probe comprising a 

sequence shown In SEQ. ID NOS: 21, 22, 107, 108, or 109, under conditions that would permit 

the probe to form a stable duplex with a polynucleotide having the sequence shown in SEQ. ID 
N0:1, and with a polynucleotide having the sequence shown In SEQ. ID N0:3, but not with a 

polynucleotide having a sequence of any of SEQ. ID NOS:24 to 29; and 
10 

15 

b) detecting the presence of said stable duplex formed in step a), if any. 

36. A method of detecting viral DNA or RNA in a sample, comprising the steps of: 
a) contacting the DNA or RNA in the sample with an oligonucleotide probe comprising a 
sequence shown In SEQ. ID NOS:22, 107, 108or109 under conditions that would permit the 

probe to fOrm a stable duplex with a polynucleoUde having the sequence shown in SEQ. ID 
N0:1, and with a polynucleotide having the sequence shown In SEQ. ID N0:3, but not with a 
polynucleotide having a sequence of any of SEQ. ID NOS:23 to 29; and 
b) detecting the presence of said stable duplex formed in step a), If any. 

20 37. A method of detecting viral DNA or RNA in a sample, comprising the steps of: 
a) conducting an amplification reaction on a polynucleotide in the sample using the 
oligonucleotide of claim 26 as a primer In the reaction; and 

b) detecting the presence of amplified copies of the polynucleotide, if any. 

25 38. An isolated polynucleotide capable of forming a stable duplex with an oligonucleotide 

30 

35 

comprising a sequence selected from the group consisting of SEQ. ID N0:107. SEQ. ID 
N0:108, and their respective complementary sequences, under conditions wherein the 
oligonucleotide Is capable of fanning a stable duplex with a polynucleotide having the 
sequence shown in SEQ. ID N0:1, and with a polynucleoUde having the sequence shown in 
SEQ. ID N0:3, but not with a polynucleotide having a sequence of any of SEQ. ID NOS:23 to 
29. 

39. An Isolated polypeptide comprising a linear sequence of 12 amino acids encoded within the 
polynucleotide of claim 38. 

40. A method for detecting infection of an indMdual by a herpes virus, comprising detecting viral 
DNA or RNA in a biological sample obtained from the individual, wherein the detecting of viral 
DNA or RNA Is by the method of claim 32 
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41. A method for detecting infection of an individual by a herpes virus, comprising detecting viral 

DNA or RNA in a biological sample obtained from the individual, wherein the detecting of viral 

DNA or RNA ls by the method of: 

a) contacting the DNA or RNA In the sample with a probe comprising the polynucleotide of 

5 claim 2 under cond"itions that would permit the probe to form a stable duplex with a 

polynucleotide having at least one sequence selected from the group consisting of SEQ. ID 

NOS:1, 3, 116, or 118, but not with polynucleotides having a sequence of aflY. of SEQ. io 
NOS:24 to 29; and 

. 10 

b) detecting the presence of said stable duplex formed In step a), if any • 

42. A method far detecting Infection of an Individual by a herpes virus, comprising detecting viral 

DNA or RNA In a biological sample obtained from the Individual, Wherein the detecting of viral 

DNA or RNA Is by the method of: 

a) contacting the DNA or RNA in the sample with a probe comprising the polynucleotide of 

15 claim 2 under conditions that would permit the probe to fonn a stable duplex with a 

polynucleotide having a sequence shown In SEQ. ID N0:116, but not with polynucleotides 

having a sequence of any of SEQ. ID NOS:24 to 29; and 

b) detecting the presence of said stable duplex formed In step a), if any. 

20 43. A diagnostic kit for detecting a herpes virus polynucleotide in a biological sample, comprising a 

25 

reagent In suitable packaging, wherein the reagent comprises the polynucleotide of claim 2. 

44. A diagnostic kit for detecting a herpes virus polynucleotlde in a biological sample, comprising a 

reagent in suitable packaging, wherein the reagent comprises the ollgonucleotide of claim 26. 

45. A method of detecting Infection of an individual by a herpes virus, comprising the steps of: 

a) contacting antibody from a sample obtained from the Individual with the polypeptide of 

claim 11 or claim 12 under conditions that permit the formation of a stable antigen-antibody 

complex; and 

30 b) detecting said stable complexes formed in step a), If any. 

35 

46. A diagnostic kit for detecting an anti-herpesvirus antibody present in a biological sample, 

comprising a reagent In suitable packaging, wherein the reagent comprises the polypeptide of 

claim 11 or claim 12. 

47. A method of detecting infection of an individual by a herpes virus, comprising the steps of: 

a) contacting a polypeptide from a sample obtained from the individual with the antibody of 

claim 22 or claim 23 under conditions that permit the formation of a stable antigen-antibody 

complex; and 

40 b) detecting said stable complexes formed in step a), if any. 
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48. 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 22 or claim 23. 

49. A composition for use in the treatment of herpes virus infection, comprising the polynucleotide 

of claim 2 and a compatible pharmaceutical exclplent 

50. A method of determining whether a pharmaceutical candidate is useful for treating gamma 

1 o herpes infection, comprising the steps of: 

a) contacting the polypeptide of claim 11 with the pharmaceutical candidate; and 

b) determining whether a biochemical function of the polypeptide is altered by the 

pharmaceutical candidate. 

15 51. The method of claim 50, wherein the biochemical function of the polypeptide determined in 

20 

step b) Is the binding of the polypeptide to a nucleic acid. 

52. The method of claim 50, wherein the biochemical function of the polypeptide determined In 

step b) is DNA polymerase activity. 

53. A method of determining whether a pharmaceutical candidate is useful for treating gamma 

herpes Infection, comprising the steps of: 

a) genetically altering a cell with the polynucleotlde of claim 2; and 

b) determining the effect of the pharmaceutical candidate on the cell in comparison with a cell 

25 not genetically altered with the polynucleotide. 

54. A method of obtaining a compound for use in treating an individual infected with herpes virus, 

comprising the steps of: 

a) creating a compound capable of binding a region of the polypeptide of claim 11 or claim 

30 12 involved In interacting with a nucleic acid; and 

b) determining whether the compound interferes with a biochemical function cf the 

polypeptide. 
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