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cytokine or chemokine signature indicative of an immune response in a subject in vivo: and (vi)
formation of anti-XMRV antibodics according to an in vivo humoral immune response in a subject.

5. An isolated Xenotropic Murine Leukemia Virus-Related Virus (XMRV) Gag-Pol polypeptide
comprising: (i) an amino acid sequence according to SEQ 1D NO: 161 and one or more amino acid
sequence changes sclected from the group consisting of K31G, K31R, V361, a 7 amino acid deletion from
aa126-146, a 7 amino acid deletion from aal32-152, G59S. V60L, P105L, S27P, K31R, S62P; K65N,
K65N and a downstream reading frame change according to SEQ ID NO: 105, and H76R, or a detectable
fragment thereof: (ii) an amino acid sequence having at least about 95% sequence identity to a sequence
of (i) and having an XMRV associated function or activity; or (iii) a functional fragment of a scquence of
(i) or (ii) and having an XMRV associated function or activity.

6. The isolated XMRV Gag-Pol polypeptide of claim 5, wherein the XMRV associated function or
activity is selected from the group consisting of: (i) a peptidase A2 domain at amino acid position 559-
629. a reverse transcriptase domain at amino acid position 739-930, an RNase H domain at amino acid
position 1172-1318, an integrase catalytic domain at amino acid position 1442-1600, a CCHC-type
domain at amino acid position 500-517, a coiled coil at amino acid position 436-476, a PTAP/PSAP
motif at amino acid position 109-112, a LYPX(n)L motif at amino acid position 128-132, a PPXY motif
at amino acid position 161-164, a Pro-rich region at amino acid position 71-191, or Pro-rich region at
amino acid position 71-168, a protease active sitc at amino acid position 564, a magnesium metal binding
catalytic site for reverse transcriptase activity at amino acid positions 807, 881, or 882, a magnesium
metal binding site for RNase H activity at amino acid positions 1181, 1219, 1240, or 1310, a magnesium
metal binding catalytic site for integrase activity at amino acid positions 1453 or 1512, and a cleavage
site by viral protease p14 at amino acid positions 129-130, 213-214, 476-477, 532-533, 657-658, or 1328-
1329 (ii) an ability for the Gag-Pol polypeptide to be cleaved to a matrix protein p15, a RNA-binding
phosphoprotein p12, a capsid protein p30, a nucleocapsid protein pl0, a protease p 14, a reverse
transcriptase/ribonuclease H, and an integrase p46; (iii) matrix protein pl5 activity, RNA-binding
phosphoprotein p12 activity, capsid protein p30 activity, nucleocapsid protein p10 activity, protease pl4
activity, reverse transcriptase/ribonuclease H activity, or integrase p46 activity; (iv) stimulation of a
cytokine or chemokine signature indicative of an immunc response in a subject in vivo; and (v) formation
of anti-XMRV antibodies according to an in vivo humoral immune response in a subject.

7. A method of detecting a strain of Xenotropic Murine Leukemia Virus-Related Virus (XMRV) in a
sample comprising detecting presence, absence, or quantity of the XMRYV polynucleotide or polypeptide
of any one of claims 1-6, or an immune response of a subject thercto, in the sample.

8. The method of claim 7. wherein: the sample is selected from the group consisting of a blood sample, a
serum sample, a plasma sample, a cerebrospinal fluid sample, and a solid tissue sample; or the sample
comprises cells selected from the group consisting of fibroblasts, endothelial cells, peripheral blood
mononuclear cells, and hacmatopoietic cells, or a combination thereof.

9. The method of any one of claims 7-8, wherein detecting presence, absence, or quantity of an XMRV
strain in a sample comprises: contacting the sample and at least one probe that binds to at lcast one
XMRYV strain polypeptide, or detectable fragment thereof, under conditions sufficient for formation of a
complex comprising the at least one probe and the least one polypeptide or fragment if present in the
sample; and detecting presence, absence or quantity of the complex comprising the at least onc probe and

the at least one polypeptide or fragment.

10. The method of claim 9, whercin onc or more of the following is satisfied: (i) the at least one probe is
a polyclonal antibody, a monoclonal antibody, an Fab fragment an antibody, an antigen-binding fragment
of an antibody, an aptamer, or an avimer, optionally sclected from the group consisting of an anti gp 55
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14. The method of claim 14, wherein one or more of the following is satisfied: (i) the at least onc
nucleobase polymer compriscs a sequence that hybridizes to a nucleic acid sequence comprising at least
about 10 contiguous nuclcotides of an XMRV polynucleotide comprising at least one of the nucleic acid
sequence changes, or complement thereof?, (ii) the conditions sufficient for hybridization to occur consists
of high stringency hybridization conditions; (iii) the nucleobase polymer comprises DNA, RNA, or a
nucleic acid analogue; (iv) the nucleobase polymer further comprises a label selected from the group
consisting of a radioisotope, a chromogen, a chromophore, a fluorophore, a fluorogen, an enzyme, a
quantum dot and a resonance light scattering particle, and detecting presence, absence or quantity of the
hybridization complex comprises detecting presence, absence or quantity of the label; or (v) detecting
presence, absence or quantity of the hybridization complex comprises a hybridization assay sclected from
the group consisting of a Southern hybridization assay, a Northern hybridization assay, a dot-blot
hybridization assay, a slot-blot hybridization assay. a Polymerase Chain Reaction (PCR) assay and a flow
cytometry assay, optionally, the PCR assay comprising a quantitative real time polymerase chain reaction
assay.

15. The method of any onc of claims 7-14, further comprising: correlating the presence, absence, or
quantity of the XMRV strain with an XMRV-related discase or condition; wherein the sample is a2 sample

of a subject.

16. The method of claim 15, wherein the subject has, is suspected of having, or is at risk for developing
an XMRV-related disease or condition; or the subject exhibits signs or symptoms of an XMRV-related
discase or condition.

17. The method of any one of claims 15-16, wherein the XMRV-related disease or condition is selected
from the group consisting of prostate cancer, Chronic Fatigue Syndrome, autism, autism spectrum
disorders, Gulf War Syndrome, Multiple Sclerosis, Amyotrophic Lateral Sclerosis (ALS). Parkinson's
disease, Niemann-Pick Type C Disease, fibromyalgia, chronic Lyme discasc, non-epileptic seizures,
thymoma, myelodysplasia, Immune Thrombocytopenic Purpura, Mantle Cell Lymphoma, and Chronic
Lymphocytic Leukemia lymphoma.

18. The method of any one of claims 15-17, further comprising (i) selecting or modifying a treatment on
the basis of detection of the presence, absence, or quantity of an XMRV strain in a sample of the subject;
or (i) administering to the subject a therapeutically effective amount of an anti-viral compound if an

XMRYV strain is detected.

Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of, and priority to, U.S. Provisional Application Ser. No.
61/321.147. filed Apr. 6, 2010; and U.S. Provisional Application Ser. No. 61/358,734, filed Jun. 2

2010; cach of which is incorporated herein in its entirety.
MATERIAL INCORPORATED-BY-REFERENCE

[0003] The Sequence Listing, which is a part of the present disclosure, includes a computer rcadable form
comprising nuclcotide or amino acid sequences of the present invention. The subject matter of the
Scquence Listing is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
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[0010] The XMRV genome encodes, in 5'-to-3' order, the 3' long terminal repeat (LTR); a short,
apparently non-coding sequence comprising a splice site acceptor ("SA"); the Gag gene; the Pro-Pol
gene, comprising a splice donor site ("SD"), the extreme 3'-end of which overlaps with the 5'-end of the
Env genc; the Env gene; another short non-coding sequence; the 3'-end LTR; and a poly-A tail (see e.g.,

FIG. 1).

[0011] XMRV sequences published to date show little sequence diversity. The full-length sequences of
XMRYV genomes isolated from infected individuals available in GenBank have 99.4% nucleotide identity
(see Knouf et al. 2009 J Virol 84(14), 7353-7356; Lombardi et al. 2009 Science 326(5952), 585-589;
Urisman et al. 2006 PLoS Pathog 2(3), ¢25).

SUMMARY OF THE INVENTION

[0012] Among the various aspects of the present invention is the provision of a novel XMRV polypeptide
and polynucleotide scquences as well as method for detecting such.

[0013] One aspect provides an isolated XMRV polynucleotide. In some embodiments, the XMRV
polynucleotide has a nucleic acid sequence according to SEQ 1D NO: 1 and onc or more nucleotide
sequence changes selected from the group consisting of C80T, G90A, A%6G, A97G, GI11A, A137-157
deletion, T173C, GI80A, GI83A, C197T, C247T, C257T, C308T, C308G, C319T, C320T, T326C,
A329G, C715T, T791G, AR04G, T816Del, ABS6G, A665Del, T691G, GT90A, T791G. T796C,
G807Del, A840G, A873G. A875G, C903T, T963G, C5810Del, AGI01T, G6154T, G7421A, A7459C,
and an insertion at nucleotide position 7322 having a sequence of SEQ ID NO: 179. In some
embodiments, the XMRV polynucleotide is a detectable fragment thereof (e.g.. at least about 10 or more
contiguous nucleic acids containing at least one of the above nucleotide sequence changes). In some
embodiments, the XMRV polynucleotide has a nucleic acid sequence having at least about 95% sequence
identity to a sequence described above. In some embodiments, the XMRV polynuclcotide has a nucleic
acid sequence having at least about 95% sequence identity to a sequence described above and having an
XMRYV associated function or activity. In some embodiments, the XMRV polynucleotide is a functional
fragment of a scquence described above having an XMRV associated function or activity.

[0014] In some embodiments, the XMRV associated function or activity is encoding of an RNA active
gammaretrovirus core encapsidation signal. In some embodiments, the XMRV associated function or
activity is formation of XMRV virion particles. In some embodiments, the XMRV associated function or
activity is stimulation of a cytokine or chemokine signature indicative of an immune response in a subject
in vivo. In some embodiments, the XMRV associated function or activity is formation of anti-XMRV
antibodics according to an in vivo humoral immune response in a subject. In some embodiments, the
XMRYV associated function or activity is similar, same, or greater ex vivo fitness compared to an XMRV
control or strain according to a growth competition assay. In some embodiments, the XMRV associated
function or activity is ability to infect a cell in a modified Derse assay. In some embodiments, the XMRV
associated function or activity is reverse transcriptase activity. In some embodiments, the XMRV
associated function or activity is an ability to immortalize or modify a phenotype of a primary cell or cell
culture. In some embodiments, the XMRV associated function or activity is an ability to induce cell
syncytia or cell death on cxposure or infection of cultured primary cells or co-cultured indicator cells. In
some embodiments, the XMRV associated function or activity is an ability to form plaques in ccll culture
on exposure or infection. In some embodiments, the XMRV associated function or activity is similar,
same, or lower tissue culture infective dose (TCID.sub.50) compared to an XMRV control or strain. In
various embodiments, the XMRV associated function or activity can be a combination of any of the

above.
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least about 95% sequence identity to a sequence described above having an XMRV associated function or
activity. In some cmbodiments, the isolated XMRV Gag-Pol polypeptide is a functional fragment of a
sequence described above having an XMRV associated function or activity.

[0019] In some embodiments, the XMRV associated function or activity is a peptidasc A2 domain at
amino acid position 559-629. In some embodiments, the XMRV associated function or activity is a
reverse transcriptase domain at amino acid position 739-930. In some embodiments, the XMRV
associated function or activity is an RNase H domain at amino acid position 1172-1318. In some
embodiments, the XMRV associated function or activity is an integrase catalytic domain at amino acid
position 1442-1600. In some embodiments, the XMRV associated function or activity is a CCHC-type
domain at amino acid position 500-517. In some embodiments, the XMRV associated function or activity
is a coiled coil at amino acid position 436-476. In some embodiments, the XMRV associated function or
activity is a PTAP/PSAP motif at amino acid position 109-112. In some embodiments, the XMRV
associated function or activity is a LYPX(n)L. motif at amino acid position 128-132. In some
embodiments, the XMRV associated function or activity is a PPXY meotif at amino acid position 161-164.
In some embodiments, the XMRV associated function or activity is a Pro-rich region at amino acid
position 71-191. In some embodiments, the XMR¥ associated function or activity is or Pro-rich region at
amino acid position 71-168. In some embodiments, the XMRV associated function or activity is a
proteasc active site at amino acid position 564. In some cmbodiments, the XMRV associated function or
activity is 2 magnesium metal binding catalytic site for reverse transcriptase activity at amino acid
positions 807, 881, or 882. In some embodiments, the XMRV associated function or activity is a
magnesium metal binding sitc for RNase H activity at amino acid positions 1181, 1219, 1240, or 1310. In
some embodiments, the XMRV associated function or activity is 2 magnesium metal binding catalytic site
for integrase activity at amino acid positions 1453 or 1512. In some embodiments, the XMRYV associated
function or activity is a cleavage site by viral protease p14 at amino acid positions 129-130, 21 3-214,
476-477, 532-533, 657-658, or 1328-1329. In some embodiments, thc XMRV associated function or
activity is an ability for the Gag-Pol polypeptide to be cleaved to a matrix protein pl5, a RNA-binding
phosphoprotein p12, a capsid protein p30, a nucleocapsid protcin p10, a protease pl4, a reverse
transcriptase/ribonuclease H, and an integrase p46. In some embodiments, the XMRYV associated function
or activity is matrix protein p135 activity. In some embodiments, the XMRV associated function or activity
is RNA-binding phosphoprotein p12 activity. In some embodiments, the XMRV associated function or
activity is capsid protein p30 activity. In some embodiments, the XMRYV associated function or activity Is
nucleocapsid protein p10 activity. In some embodiments, the XMRV associated function or activity is
protease pl4 activity. In some embodiments, the XMRV associated function or activity IS reverse
transcriptase/ribonuclease H activity. In some embodiments, the XMRV associated function or activity 1s
integrase p46 activity. In some embodiments, the XMRV associated function or activity is stimulation of
a cytokine or chemokine signature indicative of an immune response in a subject in vivo. In some
embodiments, the XMRV associated function or activity is formation of anti-XMRV antibodies according
to an in vivo humoral immune response in a subject. In various embodiments, the XMRYV associated
function or activity can bc a combination of any of the above.

[0020] Another aspect provides a method of detecting a strain of XMRV in a samplc, In some
embodiments. the method includes detecting presence, absence, or quantity of an XMRV polynucleotide
or polypeptide described above, or an immune response of a subject (e.g., production of an anti-XMRV
antibody) thereto, in the sample.

[0021] In some embodiments, the sample is selected from a blood sample, a serum sample, a plasma
sample, a cerebrospinal fluid sample, or a solid tissue sample. In some embodiments, the sample includes
fibroblasts, endothelial cells, peripheral blood mononuclear cells, or haematopoictic cells, or a

combination thereof.

http-/fannflusnto.covinetacei/nph-Parser?Sect | “PTO2&Sect2=HITOFF&p=1&u~%2Fneta... 2/2/2012



United States Patent Application: 0110311484 Page 11 of 68

above.

[0026] In some embodiments, detecting presence, absence, or quantity of an XMRV strain in a sample
includes a nucleic acid-based assay. In some embodiments, nucleic acid-based detection includes
contacting the sample and at lcast onc nucleobase polymer under conditions sufficient for hybridization
to occur between the at least one nucleobase polymer and a polynucleotide of a XMRV strain, or
complement thercof, if present in the sample; and detecting presence, absence or quantity of a
hybridization complex comprising the nuclcobase polymer and the XMRV polynucleotide, or
complement thereof wherein the at least one nucleobase polymer comprises a sequence that hybridizes to
a nucleic acid sequence comprising at least about 10 contiguous nucleotides of a polynucleotide of an
XMRYV strain, or complement thereof.

[0027] In some embodiments of nucleic acid-based detection, the at least one nucleobase polymer
comprises a scquence that hybridizes to a nucleic acid sequence comprising at least about 10 contiguous
nucleotides of an XMRV polynucleotide comprising at lcast one of the nucleic acid sequence changes, or
complement thereof. In some embodiments of nucleic acid-bascd detection, the conditions sufficient for
hybridization to occur consists of high stringency hybridization conditions. In some embodiments of
nucleic acid-based detection, the nucleobase polymer comprises DNA, RNA, or a nucleic acid analogue.
In some embodiments of nuclcic acid-based detection, the nucleobase polymer further comprises a label
selected from the group consisting of a radioisotope, a chromogen, a chromophore, a fluorophore, a
fluorogen, an enzyme, a quantum dot and a resonance light scattering particle, and detecting presence,
absence or quantity of the hybridization complex comprises detecting presence, absence or quantity of the
label. In some embodiments, nucleic acid-based detection includes a hybridization assay selected from
the group consisting of a Southern hybridization assay. a Northern hybridization assay, a dot-blot
hybridization assay, a slot-blot hybridization assay, a Polymerase Chain Reaction (PCR) assay and a flow
cytometry assay. In some embodiments, nucleic acid-based detection includes a quantitative real time
polymerase chain reaction assay.

[0028] In some embodiments, methods include correlating the presence, absence, or quantity of the
XMRYV strain with an XMR V-related disease or condition; wherein the sample is a sample of a subject. In
some embodiments, the subject has, is suspected of having, or is at risk for developing an XMRV-related
discase or condition. In some embodiments, the subject exhibits signs or symptoms of an XMRV-rclated
disease or condition. In some embodiments, the XMRV-rclated disease or condition is selected from the
group consisting of prostate cancer, Chronic Fatigue Syndrome, autism, autism spectrum disorders, Gulf
War Syndrome, Multiple Sclerosis, Amyotrophic Lateral Sclerosis (ALS), Parkinson's discase, Niemann-
Pick Type C Diseasc. fibromyalgia, chronic Lyme disease, non-epileptic seizures, thymoma,
myclodysplasia, Immune Thrombocytopenic Purpura, Mantle Cell Lymphoma, and Chronic
Lymphocytic Leukemia lymphoma.

[0029] In some embodiments, methods include selecting or modifying a treatment on the basis of
detection of the presence, absence, or quantity of an XMRV strain in a sample of the subject. In some
embodiments, methods include administering to the subject a therapeutically effective amount of an anti-
viral compound if an XMRV strain is detected.

[0030] Other objects and features will be in part apparent and in part pointed out hercinafter.
BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Thosc of skill in the art will understand that the drawings, described below, are for illustrative
purposes only. The drawings are not intended to limit the scope of the present tcachings in any way.
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ENV, as counted with reference to VP62 (SEQ ID NO:1).

[0047] FIG. 15 is a sequence alignment of eight polynucleotide sequences isolated from XMR V-infected
subjects, and the VP62 reference scquence. The sequenced region corresponds to bases 7183-7504 in
ENV., as counted with reference to VP62 (SEQ ID NO:1).

[0048] FIG. 16 is a sequence alignment of forty polynucleotide sequences isolated from XMRV-infected
subjects, and the VP62 reference sequence. The sequenced region corresponds to bases 665-1018 in
GAG, as counted with reference to VP62 (SEQ ID NO:1).

[0049] FIG. 17 is a sequence alignment of five polypeptide sequences isolated from XMRV-infected
subjects, and the VP62 reference sequence along with sequences for VP42 (SEQ ID NO: 164) and VP35
(SEQ ID NO: 163). The scquenced region corresponds to bases 5792-6281 in ENV, as counted with
reference to VP62 (SEQ ID NO:1).

[0050] FIG. 18 is a sequence alignment of eight polypeptide scquences isolated from XMRV-infected
subjects, and the VP62 reference sequence. The sequenced region corresponds to bascs 7183-7504 in
ENV, as counted with reference to VP62 (SEQ ID NO:1).

[0051] FIG. 19 is a sequence alignment of forty polypeptide sequences isolated from XMRV-infected
subjects, and the VP62 reference sequence. The sequenced region corresponds to bases 665-1018 in
GAG, as counted with reference to VP62 (SEQ 1D NO:I).

[0052] FIG. 20 phylogenetic tree showing the relationships between XMRYV sequences and murine
XENnotropic retroviruses.

[0053] FIG. 21 is a cartoon diagram of sequences showing that SU sequences of viruses transmitted from
the plasma of UK ME/CFS patients to LNCaP cells share homology with XMRV and not with polytropic

MLV.

[0054] FIG. 22 is a cartoon diagram of sequences showing that clones from one subject have sequences
that are more similar to polytropic MLV sequences than to VP62 sequences.

DETAILED DESCRIPTION OF THE INVENTION

[0055] The present disclosure is bascd, at least in part, on the observation that Xenotropic Murine
Leukemia Virus-Related Virus (XMRV) exhibits significant sequence heterogeneity between clinical
isolates; and that subjects infected with XMRV exhibit varying clinical symptoms.

[0056] XMRV Strains

[0057) Onc aspect of the present disclosure provides isolated XMRV nucleic acid or polypeptide
sequences. The present inventors have discovered multiple strains of XMRV isolates existing in nature, in
the same or different subjects. The present inventors have also discovered that various XMRV strains can
be categorized into distinctive subgroups. The present disclosure describes at least two distinct groups,
identificd herein as X-XMRV and P-XMRV. The P-XMRV group can include a modificd P-XMRV,
referred to herein as mP-XMRYV. Various groups can be distinguished or defined by characteristic
differences in their polynucleotide or polypeptide sequences (see e.g., TABLES 1-4 and FIGS. 5-11, 14-
19). It has also been discovered that infection by multiple XMRV groups can occur in a single subject.
For example, it is reported herein that a single individual can be infected with both P- and X-XMRV at

the same time (see e.g., FIGS. 10-11).
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GAAAAGTCTCTGACCTCGTTGTCTGAGGTGGTCCTACAGAACCGGAGGGGAT TAGTCTA
(SEQ ID NO: 179): or a functional fragment thereof.

[0064] As a further example, a polynucleotide of an XMRV strain can have an XMRV associated function
or activity and at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least
about 99% scquence identity to a scquence according to SEQ ID NO: 1 and having one or more (¢.g., at
least two. at lcast three, at least four, at least five, at least six, at least seven, at least cight, at least nine, or
at least ten, or more) nucleotide changes sclected from C80T, G90A, A96G. A97G, GI11A, A137-157
deletion, T173C. G180A, GI83A, C197T, C247T, C257T, C308T, C308G, C319T, C320T, T326C,
A329G. C715T. T791G, A804G, T816Del, A856G, A665Del, T691G, G790A (potential
hypermethylation site), T791G, T796C, G807Del, AB40G, A873G, A875G, C903T, T963G, C5810Del,
A6101T. G6154T, G7421A, A7459C, and an insertion at nucleotide position 7322 having a sequence of
GAAAAGTCTCTGACCTCGTTGTCTGAGGTGGTCCTACAGAACCGGAGGGGAT TAGTCTA
(SEQ ID NO: 179); or a functional fragment thercof.

[0065] A polynucleotide of an XMRV strain can be a functional fragment of a polynucleotide sequence
disclosed herein. A functional fragment of an XMRV polynucleotide sequence can be an upstream or
downstream truncated XMRV sequence, where the polynucleotide retains an XMRYV associated function
or activity, as described further herein, or the polynucleotide encodes a polypeptide having an XMRV
associated function or activity, as described further herein. Polynucleotide or polypeptide function or
activity of an XMRV strain can be as discussed further herein.

[0066] A detectable polynucleotide fragment of an XMRV strain disclosed herein can comprisc at least
about 10 contiguous nucleotides of a polynucleotide sequence described herein. For example, detectable
polynucleotide fragment of an XMRV strain disclosed herein can comprise at least about 15, at least
about 20, at least about 25, at least about 50, at least about 100, at least about 150, at least about 20X, at
least about 250, at least about 300, at least about 350, at least about 400, at least about 450, at lcast about
500, at least about 550, at least about 600, at least about 650, at least about 700, at least about 750, at
least about 800, at least about 850, at least about 900, at least about 950, or at least about 1000, or more,
contiguous nucleotides of a polynucleotide sequence described herein. A detectable polynucleotide
fragment can have at least one (c.g., at least two, at least three, at least four, at lecast five, at least six, at
least seven, at least eight, at Ieast nine, or at Icast ten, or morc) nucleic acid change described herein.

[0067] Polypeptide Scquences of an XMRV Strain.
[0068] Envelope.

[0069] An XMRV strain can have a polypeptide sequence according to reference VP62 Envelope
polypeptide (SEQ ID NO: 160) and one or more of the following amino acid sequence changes: H116L,
Gi134Stop, an insertion between amino acid positions 517-518 having a sequence of
GLDLEKSLTSLSHVVLQNRR (SEQ ID NO: 180), E535K, D549A, and R568G, or a functional
fragment thercof. For example, an Envelope polypeptide of an XMRV strain can have at least two, at
least three, at least four, at least five, or at least six, or more, of amino acid changes described herein.

[0070] A polypeptide of an XMRV strain can have an XMRYV associated function or activity and at least
about 80% sequence identity to a polypeptide sequence according to reference VP62 Envclope
polypeptide SEQ ID NO: 160 and one or more (e.g., at least two, at least three, at least four, at least five,
or at least six, or more) of the following amino acid sequence changes: H116L, G134Stop, an insertion
between amino acid positions 517-518 having a sequence of GLDLEKSI JTSLSHVVLONRR (SEQ ID
NO: 180), E535K. D549A, and R568G. or a functional fragment thereof.
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[0078] A detectable polypeptide fragment of an XMRV strain disclosed herein can comprise at least
about 4 contiguous amino acids of a polypeptide sequence described herein. For example, detectable
polypeptide fragment of an XMRV strain disclosed hercin can comprise at least about 6, at least about 8,
at least about 10, at least about 15, at least about 20, at least about 30, at least about 40, at least about 50,
at least about 60, at least about 70, at least about 80, at least about 90, at least about 100, at least about
150, at least about 200, at least about 250, at least about 300, at least about 350, at least about 400, at
least about 450, at least about 500, at least about 600, at least about 700, at lcast about 800, at least about
900, or at least about 100, or more, contiguous amino acids of a polypeptide sequence described herein. A
detectable polypeptide fragment can have at least one (c.g., at least two, at least three, at least four, at
least five, at least six, at least seven, at least cight, at lcast nine, or at least ten, or more) amineo acid
change described herein.

[0079) The present inventors have discovered that there is variation in the XMRV viral RNA that is
expressed in peripheral blood mononuclear cells (PBMCs). Findings described herein show more
sequence diversity between XMRV viral polynucleic acids than has been previously reported. Described
herein are at least two subgroups of XMRV: subgroup X and subgroup P. The X subgroup of XMRV (X-
XMRV) is shown herein to be closely related to known XMRV sequences and X-MLVs, but does have
some nucleotide substitutions relative to known reference sequences, such as VP62 (SEQ ID NO: 1). The
P subgroup of XMRV (P-XMRV) is shown herein to be closely related to P-MLVs and Pm-MLVs and
has been discovered to have several specific differences. For example, in MA sequences, P-XMRV
differs from known XMRV sequences at a number of nucleotides, although it is highly conserved with
other XMRV scquences at the amino acid level. As another example, in SU scquences, P-XMRV cannot
be detected by PCR primers based on X-XMRV-type sequences, further suggesting that P-XMRV SU
scquences are different from X-XMRV scquences.

[0080] XMRV has a 24-nt deletion in the glycoGag region of its genome, relative to any other known
exogenous MuL V. This 24-nt deletion encompasses a stop codon that is 53 amino acids downstream
from the alternative translational start site. While no other MuL'V is known to share the same 24-nt
deletion as XMRYV, a shorter deletion of nine nucleotides internal to the 24-nt deletion is present in the
genomes of several non-ecotropic MuLV proviruses. In cultured cclls, the glycoGag region is not
essential for viral replication, and lesions in this same region have been associated with variations in
pathogenic properties in vivo. For example, an alteration in ten nucleotides affecting five residues in the
N-terminal peptide of glycoGag was found to be responsible for a 100-fold difference in the frequency of
neuroinvasion observed between CasFrKP and CasFrKP41 Mul.V strains.

[0081] Table | identifies variation in XMRV sequences, and shows which amino acid residue/positions
characterize both X- and P-XMRV groups (sce e.g., Examples 4-8).

TABLE-US-00001 TABLE | Nucleotide changes identificd in clinical isolates of XMRV, with reference
to sequence numbering of VP62, Accession number DQ399707.1 (SEQ ID NO: 1) and Accession
number EF185282.1 (SEQ ID NO: 162). Location in Location in SEQ ID NO: 1 SEQ ID NO: 162
Groups AA change C80T C75T mP G90A G85A mP A96G A91G mP K31G A97G A92G X, mP, P
K31R GI11A G106A P V361 A137-157 deletion A132-152 deletion mP 7 amino acid deletion* T173C
T168C P GI80A G175A P G59S #G183A #G178A X, mP, P V60I C197T C192T P C247T C242T P
C257T C252T P C308T C303T P C308G C303G mP C319T C314T mP P105L C320T C315T mP, P
T326C T321C mP, P A329G A324G X, mP. P Amino acid changes determined with respect to alignment
SEQ ID NO: 162. *Due to direct repeat in this region (ATGGCC), deletion could be from 126-146 or
from 132-152. #place where VP42, EK1 and EK2 have same substitutions relative to the other published.

[0082] Lys31Arg is present in VP35 (SEQ ID NO: 163) while VP42 (SEQ ID NO: 164) has Lysine at
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GAG666-1009 111 1001140 GAG668-1012 112 1001017 GAG665-1012 113 1001033 GAG667-1012
114 1001253 GAG667-1009 177 R11560 GAG642-1015 115 VP62 reference (peptide) GAG629-1000
175 VP42 reference (peptide) GAG629-1000 176 VP35 reference (peptide) GAG629-1000 116 1001074
(peptide) GAG667-1000 117 1001082 (peptide) GAG672-1003 118 1001085 (peptide) GAG667-1003
119 1001090 (peptide) GAG666-1004 120 1001148 (peptide) GAG667-997 121 1001 171 (peptide)
GAG667-991 122 1001184 (peptide) GAG667-1002 123 1001221 (peptide) GAG665-1010 124 1001235
(peptide) GAG666-999 125 1001748 (peptide) GAG666-1005 126 1001764 (peptide) GAG668-1011 127
1001770 (peptide) GAG661-1007 128 1001849 (peptide) GAG666-1012 129 1001788 (peptide)
GAG666-1005 130 1001550 (peptide) GAG666-1012 131 1001557 (peptide) GAG669-1011 132
1001559 (peptide) GAG677-1001 133 1001574 (peptide) GAG669-1012 134 1001 578 (peptide)
GAG667-994 135 1001581 (peptide) GAG666-1005 136 1001583 (peptide) GAG666-1015 137 1001584
(peptide) GAG665-1007 138 1001596 (peptide) GAG670-1015 139 1001601 (peptide) GAGE67-995 140
1001602 (peptide) GAG666-1014 141 1001603 (peptide) GAG667-995 142 1001604 (peptide) GAGE63-
1015 143 1001613 (peptide) GAG666-1015 144 1001616 (peptide) GAG667-1013 145 1001216
(peptide) GAG665-996 146 1001201 (peptide) GAG666-994 147 1001145 (peptide) GAG695-1010 148
1001210 (peptide) GAG679-1012 149 1001037 (peptide) GAG668-1007 150 1001146 (peptide)
GAG668-1010 151 1001036 (peptide) GAG666-1009 152 1001140 (peptide) GAG668-1012 153
1001017 (peptide) GAG665-1012 154 1001033 (peptide) GAG667-1012 155 1001253 (peptide)
GAG666-999 178 R11560 GAG642-1015 Numbering for all sequences refers to corresponding positions
on the reference VP62 sequence (SEQ ID NO: 1). Peptide sequences were determined by in silico
translation of the nucleotide scquence isolated from the same subject: nucleotide SEQ ID NOs: 44-49
correspond to peptide SEQ ID NOs: 50-55 respectively; nucleotide SEQ ID NOs: 56-64 correspond to
peptide SEQ ID NOs: 65-73, respectively; and nucleotide SEQ ID NOs: 74-114 correspond to peptide
SEQ ID NOs: 115-155, respectively.

TABLE-US-00004 TABLE 4 Additional XMRV Sequences Position of sequence from Source of
sequence subject relative to VP62 SEQ ID NO: (subject number) reference sequence 23 VP62 reference
GAG 24 11 GAG 25 10 ENV5798-6105 26 VP62 refercnce 27 17 5724-5940 28 VP62 reference ENV 29
18 ENV5814-5897 30 GAG 31 GAG667-1015 32 4 5798-6168 33 VP62 reference ENV 34 8 ENV7185-
7324 35 GAG 36 GAG628-964 37 1 ENV5806-6197 38 WPI-1106 39 1-23 40 WPI1138 41 2-1

TABLE-US-00005 TABLE 5 Variation in XMRV scquences. Chronic Fatigue Syndrome Cases WPI-
1104 Prostate Cancer Cells (36- VP 62 VP 42 VP 35 WPI-1106 WPI-1178C 1152; 5923- nt (number) (4-
8174 nt) (1-8186 nt) (1-8186 nt) (36-8144 nt) (36-8144 nt) 8147 nt) 375 A 450 C 790 A 1013 T 1477 G
1565 G 1824 G G 2413 A/G 2416 2559 A 2602 A 2622 G4159G 4229 C deletion 4236 G inscrtion 4883
T 4985 A 5083 T 5087 A 5313 G 5823 C 5830 G 6373 G 6651 A 7064 G 7357TAT7437G7451GGG
7456 G G 7692 T insertion 7782 G insertion G insertion G insertion

[0085] TABLE 5 identifics amino acid positions in the XMRV MA (gag) protein that are conscrved in
closely related gammaretroviruses.

TABLE-US-00006 TABLE 5 Amino acid substitutions of XMR¥ MA found in other gammaretroviruses.
aa change aa identical to substitution Lys (3 1)-Arg/Gly FeLV, Fr-MLV, KoRV (Arg); none (Gly) Val
(36)-1lc FeL.V Gly (59)-Ser GaLV, KoRV, Val (60)-lle AKV-MLV, Ampho-MLV, Cas-BrE, Fr-MLV,
Mo-MLV, X-MLV Pro (105)-Leu AKV-MLV, X-MLV Accession numbers: AKV MLV (MLOCG),
Amphotropic MLV (AF411814), Cas-BrE (X57540). FeLV (AF052723) Friend MLV (Fr-MLV) (NC
001362), GaL.V (NC 001885), KoRV (QTITTC2), Moloney-MLV (NC 001501), and xenotropic MLV
(X-MLV)(EU035300).

[0086] XMRV Function
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[0093] The maturc envelope protein (Env) consists of a trimer of SU-TM heterodimers attached by a
labile interchain disulfide bond. The activated Env consists of SU monomers and TM trimers. The SU
protein is not anchored to the XMRV viral envelope, but associates with the XMRV virion surface
through its binding to TM. Both SU and TM proteins may be concentrated at the site of budding and
incorporated into an XMRV virion by contacts between the cytoplasmic tail of Env and the N-terminus of
Gag. The surface protein (SU) attaches the XMRV virus to the host cell by binding to its receptor. This
interaction activates a thiol in a CXXC motif of the C-terminal domain, where the other Cys residue
participatcs in the formation of the intersubunit disulfide.

[0094] The CXXC motif is highly conserved across a broad range of retroviral envelope proteins,
including XMRV envelope protein. The CXXC motif may participate in the formation of a labile
disulfide bond (e.g.. with the CX6CC motif present in the transmembrane protein). Isomerization of the
intersubunit disulfide bond to an SU intrachain disulfide bond may occur upon receptor recognition in
order to allow membrane fusion. The activated thiol can attack the disulfide and cause its isomerization
into a disulfide isomer within the motif This can lead to SU displacement and TM refolding, and may
activate its fusogenic potential by unmasking its fusion peptide. Fusion can occur at the host cell plasma
membrane. The transmembrane protein (TM) can act as a class | viral fusion protein. The TM protein can
have at least 3 conformational states: pre-fusion native state, pre-hairpin intermediate state, and post-
fusion hairpin statc. During XMRV viral and target cell membranc fusion, the coiled coil regions (heptad
repeats) assume a trimer-of-hairpins structure, positioning the fusion peptide in close proximity to the C-
terminal region of the cctodomain. The formation of this structure may drive apposition and subsequent
fusion of viral and target cell membranes. Membranes fusion leads to delivery of the nucleocapsid into
the cytoplasm.

[0095] The CC amino acid sequence comprised by AALKEECCFYADHT (SEQ ID NO: 6), amino acids
420-433 of the XMRV ENV polypeptide, is thought to interact with host kinascs.

[0096] Gag-Pol Polypeptide Activity Assay

[0097] Gag-Pol polypeptide is a transcribed polypeptide corresponding to the Gag-Pol region of the
XMRYV genome (see FIG. 1). Gag-Pol polypeptide of VP62 has a UniProt Accession number of AlZ651
(SEQ ID NO: 161) and can be 1733 amino acids in length Amino acid positions discusscd below are
according to UniProt Accession number of AIZ651; onc of ordinary skill can determine corresponding
amino acid positions in an XMRV variant described herein.

[0098] A functional XMRY Gag-Pol polypeptide, a functional fragment thercof, or a functional
component thereof (e.g., matrix protein p15; RNA-binding phosphoprotein p12: capsid protein p30:
nucleocapsid protein pl0; protease pl4; reverse transcriptase/ribonuclease H: integrase p46) can have one
or more of the following structural features or functions: a peptidase A2 domain at amino acid position
559-629: a reverse transcriptase domain at amino acid position 739-930; and RNase H domain at amino
acid position 1172-1318; an integrase catalytic domain at amino acid position 1442-1600; a CCHC-type
domain at amino acid position 500-517; a coiled coil at amino acid position 436-476; a PTAP/PSAP
motif at amino acid position 109-112; a LYPX(n)L motif at amino acid position 128-132; a PPXY motif
at amino acid position 161-164; a Pro-rich region at amino acid position 71-191; and Pro-rich region at
amino acid position 71-168. A functional XMRV Gag-Pol polypeptide, a functional fragment thereof, or a
functional component thercof (¢.g., matrix protein pI5; RNA-binding phosphoprotein p12; capsid protein
p30; nucleocapsid protein p10); proteasc pl4; reverse transcriptase/ribonuclease H: integrase p46) can
have onc or more of the following structural features or functions: a proteasc active site at amino acid
position 564; a magncsium metal binding catalytic site for reverse transcriptase activity at amino acid
positions 807, 881, or 882: a magnesium metal binding site for RNase H activity at amino acid positions
1181, 1219, 1240, or 1310; a magnesium metal binding catalytic site for integrase activity at amino acid
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[0104] A functional p14 protease, or a functional fragment or component thereof, can have onc or more
of the structural features or functions discussed herein. Aspartyl protease (EC=3.4.23.-) can mediate
proteolytic cleavages of Gag and Gag-Pol polyproteins during or shortly after the release of the virion
from the plasma membrane. Cleavages can take place as an ordered, step-wise cascade to yicld mature
proteins, a process called maturation. Aspartyl protease can display maximal activity during the budding
process just prior to particle release from the cell. The protease is a homodimer, whose active site consists
of two apposed aspartic acid residues. A p14 protease can be located at amino acid position 533-657 of
the Gag-Pol polypeptide. Such position can be relative where functionality is preserved, depending on the
XMRYV variant.

[0105] A functional p80 Reverse transcriptase/ribonuclease H, or a functional fragment or component
thereof, can have one or more of the structural features or functions discussed herein. Reverse
transcriptase/ribonuclease H (EC=2.7.7.49; EC=2.7.7.7; EC-3.1.26.4) (RT) is a multifunctional enzyme
that can convert the viral dimeric XMRYV RNA genome into dsDNA in the cytoplasm, shortly after virus
entry into the cell. The reverse transcriptase is a monomer. Reverse transcriptase/ribonuclease H can
display 2 DNA polymerase activity that can copy either DNA or RNA templatcs, and a ribonucleasc H
(RNase H) activity that can cleave thc RNA strand of RNA-DNA heteroduplexcs in a partially processive
3' to 5' endonucleasic mode. Conversion of viral genomic RNA into dsDNA can requires multiple steps,
as follows. A tRNA can bind to the primer-binding site (PBS) situated at the 5' end of the viral RNA. RT
can use the 3' end of the tRNA primer to perform a short round of RNA-dependent minus-strand DNA
synthesis. The reading can proceed through the U5 region and can end after the repeated (R) region which
is present at both ends of viral RNA. The portion of the RNA-DNA heteroduplex can be digested by the
RNase H, resulting in a2 ssDNA product attached to the tRNA primer. This ssDNA/RNA can hybridize
with the identical R region situated at the 3' end of viral RNA. This template exchange, known as minus-
strand DNA strong stop transfer, can be either intra- or intermolecular. RT can use the 3' end of this
newly synthesized short ssDNA to perfom the RNA-dependent minus-strand DNA synthesis of the whole
template. RNasc H can digest the RNA template except for a polypurine tract (PPT) situated at the §' end
of the XMRV genome. RNasc H can proceed both in a polymerase-dependent (RNA cut into small
fragments by the same RT performing DNA synthesis) and a polymerasc-independent mode (cleavage of
remaining RNA fragments by free RTs). Secondly, RT can perform DNA-directed plus-strand DNA
synthesis using the PPT that has not been removed by RNase H as primers. PPT and tRNA primers can
then removed by RNase H. The 3" and 5' ssDNA PBS regions can hybridize to form a circular dsDNA
intermediate. Strand displacement synthesis by RT to the PBS and PPT ends can produce a blunt ended,
linear dsDNA copy of the XMRV viral genome that includes long terminal repeats ( LTRs) at both ends.
The reverse transcriptase is an error-prone enzyme that lacks a proof-reading function. High mutations
rate can be a direct consequence of this characteristic. RT can also display frequent template switching
leading to high recombination rate. Recombination mostly occurs between homologous regions of the
two copackaged RNA genomes. If these two RNA molecules derive from different viral strains (e.g.,
different XMRV strains), reverse transcription can give rise to highly recombinated proviral DNAs. A
p80 Reverse transcriptase/ribonuclease H can be located at amino acid position 658-1328 of the Gag-Pol
polypeptide. Such position can be relative where functionality is preserved, depending on the XMRV
varnant.

[0106] A functional p46 integrase, or a functional fragment or component thereof, can have one or more
of the structural features or functions discussed herein. Integrase can catalyze viral DNA intcgration into
a host chromosome, by performing a series of DNA cutting and joining reactions. Integrase activity can
take place after XMRV¥ virion entry into a cell and reverse transcription of the XMRV RNA genome in
dsDNA. The first step in the integration process can be 3' processing. This step can require a complex
comprising the XMRV viral genome, matrix protein and integrase (i.e., a pre-integration complex (PIC)).
The integrase protein can remove 2 nucleotides from each 3' end of the XMR V viral DNA, leaving
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[0117] Function of XMRYV, or a functional fragment or component thereof, can be according to an assay
that determines the ability of an XMRV to infect a cell (e.g., in vitro tissue culture) or a subject (¢.g., an
animal model for viral infectivity). For example. a functional XMRYV, or a functional fragment or
component thereof, can be an XMRV that can infect a cell in culture according to a modified Derse assay,
which measures infectious viral particles (see e.g., KyeongEun | 18th Conference of Retrovirus and
Opportunistic Infections, Session 43, Paper #215, Development of a GFP-indicator Cell Line for the
Detection of XMRV).

[0118] Reverse Transcriptase Activity

[0119] Function of XMRV, or a functional fragment or component thereof, can be according to a reverse
transcriptase activity assay. For example, reverse transcriptase activity can be detected in a viral
suspension prepared from a cell culture exposed to an XMRV. Assaying reverse transcriptase activity can
be according to methods know in the art (e.g., Colorimetric Reverse Transcriptase Immunoassay, Roche
Applied Science; Chemiluminescence Reverse Transcriptase Assay, Promega).

[0120] Transformation Ability Assay

[0121] Function of XMRYV, or a functional fragment or component thereof, can be according to an assay
that determines the ability of XMRV infection to immortalize or modify a phenotype of primary cell or
cell culture. For example, a change in cluster of differentiation (CD) or cell receptors on a cell surface can
be monitored or determined so as to characterize transformation ability of an XMRV.

[0122] Cell Death

[0123] Function of XMRYV, or a functional fragment or component thereof, can be according to an assay
that determines susceptibility of cells (e.g., cells of a subject, sample, or a cell line) to cell syncytia or cell
death. Analysis of the response of cells to exposure or infection to XMRV, including cell syncytia or cell
death, as a means of assessing XMRV function can be according to clectron micrographic analysis.
Analysis of cell syncytia can be from direct isolation from a subject, from cultured primary cells, or from
co-cultured indicator cells (e.g.. LNCaP cclls).

[0124] Plaque Assays

[0125] Function of XMRYV, or a functional fragment or component thereof, can be according to an assay
that determines plaque assays formed in cell culture (e.g., agar suspended cell culture; adherent cell
culture) as a result of XMRV infection.

[0126] TCID.sub.50

[0127] Function of XMRV, or a functional fragment or component thereof, can be according to an assay
that determines tissue culture infective dose (TCID.sub.50). Tissuc culture infective dose is the quantity
of cytopathic agent (e.g., XMRV titer) that will produce cell death in fifty percent of cell cultures

moculated.
[0128] Molecular Engineering

[0129] Design, generation, and testing of the variant nucleotides, and their encoded polypeptides, having
the above required percent identities and retaining a required function or activity is within the skill of the
art. For example, directed evolution and rapid isolation of mutants can be according to methods described
in references including, but not limited to, Link ct al. (2007) Nature Reviews 5(9), 680-688: Sanger et al.
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ISBN-10: 0954523253).

[0134] Methods of down-regulation or silencing genes are known in the art. For example, expressed
protein activity can be down-regulated or eliminated using antiscnsc oligonucleotides, protein aptamers,
nucclotide aptamers, and RNA interference (RNAI) (e.g., small interfering RNAs (siRNA), short hairpin
RNA (shRNA), and micro RNAs (miRNA) (see e.g., Fanning and Symonds (2006) Handb Exp
Pharmacol. 173, 289-303G, describing hammerhead ribozymes and small hairpin RNA; Helene, C., et al.
(1992) Ann. N.Y. Acad. Sci. 660, 27-36; Maher (1992) Bioassays 14(12): 807-15, describing targeting
deoxyribonucleotide sequences; Lee et al. (2006) Curr Opin Chem Biol. 10, 1-8, describing aptamers:
Reynolds et al. (2004) Nature Biotechnology 22(3). 326-330, describing RNAi; Pushparaj and Melendez
(2006) Clinical and Experimental Pharmacology and Physiology 33(5-6), 504-510, describing RNAI;
Dillon et al. (2005) Annual Review of Physiology 67, 147-173, describing RNAi; Dykxhoorn and
Licberman (2005) Annual Review of Medicine 56, 401-423, describing RNAi). RNAi molecules are
commercially available from a variety of sources (¢.g., Ambion, Tex.; Sigma Aldrich, Mo.; Invitrogen).
Several siRNA molecule design programs using a variety of algorithms are known to the art (sce ¢.g.,
Cenix algorithm, Ambion; BLOCK-iT.TM. RNAi Designer, Invitrogen; siRNA Whitchead Institute
Design Tools, Bioinofrmatics & Research Computing). Traits influential in defining optimal siRNA
sequences include G/C content at the termini of the siRNAs, Tm of specific internal domains of the
siRNA, siRNA length, position of the target sequence within the CDS (coding region), and nucleotide
content of the 3' overhangs.

[0135] Mcthods of Detecting XMRV Strains

[0136] One aspect of the present disclosure provides methods of identifying polynucleotides or
polypeptides characteristic of an XMRV strain or group thereof. For example, analysis of nucleotide or
amino acid positions/residues that vary between XMRV strains can allow detection of identification of
such strains. As another example, methods described herein can be used to detect and distinguish between
various groupings of XMRYV strains, such as P- and X-XMRV isolates. For example, FIG. 4 shows a
comparison of the N-terminal regions of the Env protein of XMRV and SFFV according to the methods
described herein. This type of amino acid comparison can be used to assign a sequence from a clinically
isolated XMRV as a particular XMRV strain, or group thereof, such as P- or X-XMRV.

[0137] Methods described herein can provide for identification of nucleotide or amino acid variation in
an XMRV strain. In some cases, variation in XMRV scquence can be clinically relevant, and lead to
variation in XMRV pathogenicity, immune responsc, or discase response. Such variation can be in one or
more XMRV polynucleotide sequence, variation in one or more XMRV polypeptide sequence, or
variation in one or more of both XMRV polynucleotide and XMRV polypeptide sequences.

[0138] Retrovirus detection methods are generally known in the art and, provided with sequence
information herein, can be adapted for detection of XMRV strains.

[0139] XMRV can be detected by detecting antibodies to XMRV in a subject. To detect anti-XMRV
antibodies, a cell line expressing SFFV Env proteins can be incubated with plasma of a subject. The cell
line can then be subjected to methods of determining whether an antibody from the subject bound to the
SFFV Env protein, such as by flow cytometry. Detecting anti-XMRV antibodies can be done by
subjecting subject plasma to ELISA and identifying antibodics. Methods for the detection of XMRV by
detecting antibodies are described in PCT/US2010/039208, U.S. patent application Ser. No. 12/818.880
and U.S. patent application Ser. No. 12/818,893, each of which is incorporated herein by reference in its

entirety.

[0140] XMRV can be detected by detecting XMRV proteins. XMRV proteins can be detected by running
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[0148] Based on disclosure of sequences described herein, one of ordinary skill can design primers
specific for an XMRYV strain, or a group thereof, such as X-XMRV, P-XMRV, or X-XMRV and P-XMRYV,
where, for example, such primers can be used to detect one of X-XMRV or P-XMRYV, or distinguish
between X-XMRV and P-XMRV. Primers can be designed for any region of XMRV that contains a
difference in nucleic acid sequence between twe or more XMRV strains, or groups such as X-XMRV or
P-XMRYV. For cxample, primers can be designed for onc of more of an envelope or gag region of XMRV.

[0149] For example, primer(s) specific for an XMRV strain, or a group thercof, such as X-XMRV or P-
XMRYV, can be used, where detection can be based on presence or absence of an amplification product
(e.g., presence or absence of a band on gel electrophoresis).

[0150] As another example, primer(s) specific for an XMRV strain, or a group thereof, such as X-XMRV
or P-XMRYV, can be used, where detection can be based on an amplification product size (¢.g., band size

on gel clectrophoresis).

[0151] In some embodiments. the primers used to amplify the viral polynucleotides can be primers
designed to amplify Env-encoding polynucleotides. Such primers can comprise PS588F (5'-
GTGTGGGTACGCCGGCACCAGAC-3', SEQ ID NO:2) and P6304R (5'-
TGCATCGACCCCCCGGTGTGGC-3', SEQ ID NO:3). In some embodiments, the polynucleotide
amplification can comprise two rounds of PCR, wherein the primers for the second round amplify Env-
encoding polynucleotides, and comprise P5641F ($-CTACACCGTCCTGCTGACAACC-3", SEQ ID
NO:4) and P6171R (5-TGCCTGTCCAGTGGTCTCACATC-3", SEQ ID NO:5).

[0152] Variation between polypeptide sequences can be identified through the use of antibodics that are
specific for a particular amino acid motif which is present in a first, but not in a sccond, polypeptide
sequence. Based on disclosure of sequences described herein, one of ordinary skill can gencrate
antibodies useful for detection of XMRV strains, or a group thereof, such as X-XMRV or P-XMRYV, or
distinguishing there between. Antibodies can be generated to be specific for any region of XMRV that
contains a difference in amino acid sequence between XMRYV strains, or groups thereof, such as X-
XMRYV or P-XMRYV. For example, antibodies can be designed for one of more of an envelope or gag
region of XMRYV, or the XMRV virion.

[0153] Capture cpitopes can be designed that specifically recognize one of an anti-XMRV strain
antibody, or a group thereof, such as an anti-X-XMRV antibody or an anti-P-XMR} antibody, in a
subject or a sample from the subject. For example, antibodies in a subject can be detected according to a
standard protocol, such as ELISA

[0154] Antibodies specific for an XMRV strain, or a group thereof, such as X-XMRV or P-XMRYV, (sce

Table 1, e.g., 20 amino acid insert of P-XMRV) can be directly detected in a sample (¢.g., a sample from
a subject), where presence of such antibodies indicates a humoral immune response to the XMRV strain

or group thereof, such as X-XMRV or P-XMRYV.

[0155] Antibodies can be developed with specific affinity for an XMRV strain associated proteins, or a
proteins associated with group thercof, such as X-XMRV or P-XMRV. Such antibodies specific for
associated proteins can be used in an antibody-based assay for direct detection of XMRV virions or
proteins in a sample (c.g., a sample from a subject).

[0156] One aspect provides distinguishing an XMRV strain described herein, for example on the basis of
a polynucleotide or polypeptide described herein, from another XMRVY virus, such as VP62 (SEQ 1D NO:
1, SEQ ID NO: 162), VP35 (SEQ ID NO: 163), or VP42 (SEQ ID NO: 164). For example, detection of

http://appft. uspto.cov/netacei/nph-Parser?Sect 1 =PTO2 & Sect2=HITOFF&p=1&u=%2Fncta... 2/2/2012



United States Patent Application: 0110311484 Page 31 of 68

[0164] As another example, the subject can be an animal, such as a laboratory animal that can serve as a
model system for investigating a neuroimmune diseasc or lymphoma (see e.g.. Chen, R. et al.,
Neurochemical Research 33: 1759-1767, 2008; Kumar, A., et al., Fundam. Clin. Pharmacol. Epub ahcad
of print, Jan. 10, 2009; Gupta, A., ct al., Immunobiology 214: 33-39, 2009; Singh, A_, et al., Indian J.
Exp. Biol. 40: 1240-1244, 2002; Ford, R. J., et al. Blood 109: 4899-4906, 2007; Smith, M. R., et al.,
Leukemia 20: 891-893, 2006; Bryant, 1., et al., Lab. Invest, 80: 557-573, 2000; M'kacher, R., ct al.,
Cancer Genet Cytogenet. 143: 32-38, 2003).

[0165] A sample can be a blood sample, a serum sample, a plasma sample, a cerebrospinal fluid sample,
or a solid tissue sample. For example, the sample can be a blood sample, such as a peripheral blood
sample. As another example, a sample can be a solid tissue sample, such as a prostate tissue sample.

[0166] A sample can include cells of a subject. For example, a sample can include cells such as
fibroblasts, endothelial cells, peripheral blood mononuclear cells, haematopoietic cells, or a combination

thereof
[0167] Correlation of Presence of an XMRV Strain to Disease

[0168] Provided herein are methods for detecting, diagnosing, monitoring, or managing an XMRV-
related discase or condition, for example, a. neuroimmunc discasc, an XMRV-related lymphoma, or both.

[0169] Detected presence or identification of an XMRV strain described herein in a subject, or a sample
therefrom., can be correlated to a disease or condition associated with XMRV. For example, XMRV has
been found at high prevalence in subjects diagnosed with CFS (Lombardi et al., 2009) and in certain
types of prostate cancer. However, the present inventors postulate that XMRV can be a causal factor in
many neurological and neuroimmune diseases, including but not limited to autism and autism spectrum
disorders, gulf war syndrome (GWS), Amyotrophic Lateral Sclerosis (ALS), Niemann-Pick Type C
Disease, fibromyalgia, autism, chronic Lyme disease, Gulf War Syndrome, and non-epileptic seizures;
and that difTerent disease diagnoses or symptoms are caused by various XMRV strains described herein.

[0170] Examples of an XMRV-rclated lymphoma include, but are not limited to an XMRV-related Mantle
Cell Lymphoma (MCL) and a Chronic Lymphocytic L.eukemia lymphoma (CLL). Examples of an
XMRV-related necuroimmune disease include, but are not limited to Chronic Fatigue Syndrome (CFS),
fibromyalgia, Multiple Sclerosis (MS), Parkinson's Disease, Amyotrophic Latcral Sclerosis (ALS),
autism spectrum disorder (ASD), and chronic lyme disease. For example, CFS can be treated in a subject
by administering a therapeutically cffective amount of an anti-retroviral compound. As another example.
MS, such as Atypical Multiple Sclcrosis, can be treated in a subject by administering a therapeutically
effective amount of an anti-retroviral compound or pharmaccutical composition including an anti-
retroviral compound

[0171] In some cascs, subjects infected with XMRV exhibit no persistent symptoms; i.¢., they are
apparently healthy. In other cascs, subjects infected with XMRV arc diagnosed with CFS. In other cascs,
subjects infected with XMRV arc diagnosed with one or more cancer. In other cases, subjects infected
with XMRV exhibit altered immune responses. In some cases, subjects infected with XMRV exhibit
digestive-tract symptoms. Some subjects infected with XMRV develop multiple clinical symptoms, for
example both CFS and cancer.

[0172] Therapeutic Methods

[0173] Also provided is a process of treating infection by an XMRV strain disclosed herein in a subject.
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replication, or to suppress symptoms related to XMRV infection.

[0179] The amount of 2 composition described herein that can be combined with a pharmaceutically
acceptable carrier to produce a single dosage form will vary depending upon the host treated and the
particular mode of administration. It will be appreciated by those skilled in the art that the unit content of
agent contained in an individual dose of each dosage form nced not in itself constitute a therapeutically
cffective amount, as the necessary therapeutically effective amount could be reached by administration of
a number of individual doses.

[0180] Toxicity and therapeutic cfficacy of compositions described herein can be determined by standard
pharmaccutical procedures in cell cultures or experimental animals for determining the LD30 (the dose
lethal to 50% of the population) and the EDS0, (the dose therapeutically effective in 50% of the
population). The dose ratio between toxic and therapeutic effects is the therapeutic index that can be
expressed as the ratio LDSO/EDS0, where large therapeutic indices are preferred.

[0181] The specific therapeutically effective dose level for any particular subject will depend upon a
variety of factors including the disorder being treated and the severity of the disorder; activity of the
specific compound employed; the specific composition employed; the age, body weight, general health,
sex and diet of the patient; the time of administration; the route of administration; the rate of excretion of
the composition employed; the duration of the treatment: drugs used in combination or coincidental with
the specific compound employed: and like factors well known in the medical arts (see ¢.g., Koda-Kimble
ct al. (2004) Applied Therapeutics: The Clinical Use of Drugs, Lippincott Williams & Wilkins, ISBN
0781748453; Winter (2003) Basic Clinical Pharmacokinetics, 4th ed., Lippincott Williams & Wilkins,
ISBN 0781741475; Shargel (2004) Applied Biopharmaceutics & Pharmacokinetics, McGraw-
Hill/Appleton & Lange, ISBN 0071375503). For example, it is well within the skill of the art to start
doses of the composition at levels lower than those required to achieve the desired therapeutic effect and
to gradually increase the dosage until the desired effect is achieved. If desired, the effective daily dose
may be divided into multiple doses for purposes of administration. Consequently, single dosc
compositions may contain such amounts or submultiples thercof to make up the daily dose. It will be
understood, however, that the total daily usage of the compounds and compositions of the present
invention will be decided by an attending physician within the scope of sound medical judgment.

[0182] Administration of an anti-retroviral agent, or a cocktail of anti-retroviral agents, can occur as a
single event or over a time course of treatment. For example, an anti-retroviral agent, or a cocktail of anti-
retroviral agents, can be administered daily, weekly, bi-weekly, or monthly. For treatment of acute
conditions, the time course of treatment will usually be at least several days. Certain conditions could
extend treatment from scveral days to several weeks. For example, treatment could extend over one week,
two weeks, or three weeks. For more chronic conditions, treatment could extend from several weceks to

several months or even a yecar or more,

[0183] Treatment in accord with the methods described herein can be performed prior to, concurrent
with, or after conventional treatment modalities for any XMR V-associated diseasc or condition described
herein, such as an XMRV-related neuroimmune disease or an XMRV-rclated lymphoma.

[0184] An anti-retroviral agent, or a cocktail of anti-retroviral agents, can be administered simultancously
or sequentially with another agent, such as an antibiotic, an antiinflammatory, or another agent. For
example, an anti-retroviral agent, or a cocktail of anti-retroviral agents, can be administered
simultaneously with another agent. such as an antibiotic or an antiinflammatory. Simultaneous
administration can occur through administration of separate compositions, each containing one or more
of an anti-retroviral agent, or a cocktail of anti-retroviral agents, an antibiotic, an antiinflammatory, or
another agent. Simultaneous administration can occur through administration of one composition
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[0192] Also provided are kits. Such kits can include the compositions of the present invention and, in
certain embodiments, instructions for use. Such Kits can facilitate performance of the methods described
herein. When supplied as a kit, the different components of the composition can be packaged in separate
containers and admixed immediately before use. Components include, but are not limited to probes,
antigens, primers, reaction mixture components, anti-retroviral agents, etc., useful for detecting or
identifying an XMRV strain described herein. Such packaging of the components scparately can, if
desired, be presented in a pack or dispenser device which may contain one or more unit dosage forms
containing the composition. The pack may, for example, comprise metal or plastic foil such as a blister
pack. Such packaging of the components separately can also. in certain instances, permit long-term
storage without losing activity of the components.

[0193] Kits may also include reagents in separate containers such as, for example, sterile water or saline
to be added to a lyophilized active component packaged separately. For example, sealed glass ampules
may contain a lyophilized component and in a separate ampule, sterile water, sterile saline or sterile cach
of which has been packaged under a ncutral non-reacting gas, such as nitrogen. Ampules may consist of
any suitable material, such as glass, organic polymers, such as polycarbonate, polystyrene, ceramic. metal
or any other material typically employed to hold reagents. Other examples of suitable containers include
bottles that may be fabricated from similar substances as ampules, and envelopes that may consist of foil-
lined interiors, such as aluminum or an alloy. Other containers include test tubes, vials, flasks, bottles,
syringes, and the like. Containcrs may have a sterile access port, such as a bottle having a stopper that can
be picrced by a hypodermic injection needle. Other containers may have two compartments that are
scparated by a readily removable membrane that upon removal permits the components to mix.
Removable membranes may be glass, plastic, rubber, and the like.

[0194] In certain embodiments, Kits can be supplied with instructional materials. Instructions may be
printed on paper or other substrate, or may be supplied as an clectronic-readable medium, such as a
floppy disc, mini-CD-ROM, CD-ROM, DVD-ROM, Zip disc, videotape, audio tape, and the like.
Detailed instructions may not be physically associated with the kit; instead, a uscr may be directed to an
Internet web site specified by the manufacturer or distributor of the kit.

[0195] Definitions and methods described herein are provided to better define the present invention and
to guide those of ordinary skill in the art in the practice of the present invention. Unless otherwise noted,
terms are to be understood according to conventional usage by those of ordinary skill in the relevant art.

[0196] In some embodiments, the numbers expressing quantities of ingredients, properties such as
molecular weight, reaction conditions, and so forth, used to describe and claim certain embodiments of
the invention are to be understood as being modified in some instances by the term "about.” Accordingly,
in some embodiments, the numerical parameters set forth in the written description and attached claims
arc approximations that can vary depending upon the desired properties sought to be obtained by a
particular embodiment. In some embodiments, the numerical parameters should be construed in light of
the number of reported significant digits and by applying ordinary rounding techniques. Notwithstanding
that the numerical ranges and parameters setting forth the broad scope of some embodiments of the
invention arc approximations, the numerical values set forth in the specific examples are reported as
precisely as practicable. The numerical valucs presented in some embodiments of the invention may
contain certain errors necessarily resulting from the standard deviation found in their respective testing

measurements.

[0197] In some embodiments, the terms "a” and "an" and "the” and similar references used in the context
of describing a particular embodiment of the invention (especially in the context of certain of the
following claims) can be construed to cover both the singular and the plural. The recitation of ranges of
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it once in PBS. The PBMCs (approximately 2.times.10.sup.7 cells) can be centrifuged at 500 g for 7 min
and either stored as frozen unactivated cells in 90% FBS and 10% DMSO at -80.degree. C. for further
culture and analysis or resuspended in TRIzol (Invitrogen) and stored at -80.degree. C. for DNA and
RNA extraction and analysis. DNA can be isolated from TRIzol according the to manufacturer's protocol
and also can be isolated from frozen PBMC pellets using the QIAamp DNA Mini purification kit
(QIAGEN) according to the manufacturer's protocol and the final DNA can be resuspended in
RNase/DNase free water and quantified using the Quant-1T.TM. Pico Green dsDNA Kit (Invitrogen).
RNA can be isolated from TRIzol according to the manufacturer's protocol and quantified using the
Quant-iT Ribo Green RNA kit (Invitrogen). cDNA can be made from RNA using the iScript Select
c¢DNA synthesis kit (Bio-Rad) according to the manufacturer's protocol.

Examplec 2

[0205] This example describes methods of amplifying, and determining the nucleic acid sequence of,
XMRYV polynucleotides.

[0206] PCR. Nested PCR can be performed with separate reagents in a scparate laboratory room
designated to be free of high copy amplicon or plasmid DNA. Negative controls in the absence of added
DNA can be included in every experiment. Identification of XMRV gag and env genes can be performed
by PCR in separate reactions. Reactions can be performed as follows: 100 to 250 ng DNA. 2 .mu.L of 25
mM MgCI2, 25 .mu.L of HotStart-IT FideliTag Master Mix (USB Corporation), 0.75 .mu.L of ¢ach of
20 .mu.M forward and reverse oligonucleotide primers in reaction volumes of 50 .mu.L. For
identification of gag, 419F (5-ATCAGTTAACCTACCCGAGTCGGAC-3") (SEQ ID NO: 7) and 1154R
(5-GCCGCCTCTTCTTCATTGTTCTC-3") (SEQ ID NO: 8) can be used as forward and reverse primers.
For env, 5922F (5-GCTAATGCTACCTCCCTCCTGG-3") (SEQ ID NO: 9) and 6273R (5'-
GGAGCCCACTGAGGAATCAAAACAGG-3") (SEQ ID NO: 10) can be used. For both gag and env
PCR, 94.degree. C. for 4 min initial denaturation can be performed for cvery reaction followed by
94.degree. C. for 30 seconds, 57.degree. C. for 30 seconds and 72.degree. C. for I minute The cycle can
be repeated 45 times followed by final extension at 72.degree. C. for 2 minutes. Six microliters of each
reaction product can be loaded onto 2% agarose gels in TBE buffer with 1 kb+ DNA ladder (Invitrogen)
as markers. PCR products can be purificd using Wizard SV Gel and PCR Clean-Up kit (Promega) and
sequenced. PCR amplification for sequencing full-length XMRV genomes can be performed on DNA
amplified by nested or semi-nested PCR from overlapping regions from PBMC DNA. For 5" end
amplification of R-US region, 4F (5'-CCAGTCATCCGATAGACTGAGTCGC-3") (SEQ ID NO: 11) and
1154R can be used for first round and 4F and 770R (5-TACCATCCTGAGGCCATCCTACATTG-3")
(SEQ ID NO: 12) can be used for sccond round. For regions including gag-pro and partial pol, 350F(5'-
GAGTTCGTATTCCCGGCCGCAGC-3") (SEQ ID NO: 13) and SI35R (5'-
CCTGCGGCATTCCAAATCTCG-3") (SEQ ID NO: 14) can be used for first round followed by second
round with 419F and 4789R (5-GGGTGAGTCTGTGTAGGGAGTCTAA-3") (SEQ ID NO: 15). For
regions including partial pol and env region, 4166F (5'- CAAGAAGGACAACGGAGAGCTGGAG-3)
(SEQ ID NO: 16) and 7622R (5'- GGCCTGCACTACCGAAAT TCTGTC-3") (SEQ ID NO: 17) can be
used for first round followed by 4672F (5-GAGCCACCTACAATCAGACAAAAGGAT-3') (SEQ ID
NO: 18) and 7590R (5-CTGGACCAAGCGGTTGAGAATACAG-3') (SEQ ID NO: 19) for second
round. For the 3' end including the U3-R region, 7472F (5'-TCAGGACAAGGGTGGTTTGAG-3') (SEQ
ID NO: 20) and 8182R (5'-CAAACAGCAAAAGGCTTTATTGG-3") (SEQ ID NO: 21) can be used for
first round followed by 7472F and 8147R (5'-CCGGGCGACTCAGTCTATC-3') (SEQ ID NO: 22) for
second round. The reaction mixturcs and conditions can be as described above except for the following:
For larger fragments, extension can be done at 68.degree. C. for 10 min instead of 72.degree. C. All
second round PCR products can be column purified as mentioned above and overlapping sequences can
be determined with internal primers. Nested RT-PCR for gag sequences can be done as described with
modifications. GAG-O-R primer can be used for Ist strand synthesis; cycle conditions can be 52.degree.

htneHannft nenta cav/netacei/nnh-Parser?Sect1=PTO2&Sect2=HITOFF &p=1&u=%2Fncta... 2/2/2012



United States Patent Application: 0110311484 Page 39 of 68

[0214] Analysis of the MA sequences revealed the variants could be classified into three subgroups (sce
¢.g., FIG, 5C). These subgroup delineations are supported by unrooted neighbor-joining analysis of the
MA nucleotide sequence fragment. Seven of the scquences, which fell into subgroup A, are closely
related to the previously published sequences of XMRV in this region (sce ¢.g., FIG. 5C, lines 2-8,
compare with line 1). At most, this group differed by 3 nuclcotides from the reference strain VP62; onc
resulted in a synonymous change (i.e., the same residuc was encoded). and two were non-synonymous
(see ¢.g., TABLE 1). The non-synonymous substitution, nt 178: G.fwdarw.A, is present in all of the
sequences in subgroup A (G178A), and has also been previously reported to be present in other XMRV
sequences (sce ¢.g., TABLE I).

[0215] Eight of the seventeen (8/17) sequences analyzed fell into a second group (subgroup B), all of
which had a 21 by deletion, resulting in an in-frame deletion of seven amino acid residues. All sequences
in subgroup B also had scven specific nucleotide substitutions relative to the sequence of the XMRV
reference strain (nt 75: C.fwdarw. T, nt 85: G.fwdarw.A, nt 91: A fwdarw.G, nt 92- A _fwdarw.G. nt 304:
C.fwdarw.G. nt 315: C.fivdarw. T, and nt 316: C.fwdarw.T) (sce e.g., FIG. 1B lines 9-17), of which were
four were synonymous and three were non-synonymous changes (scc ¢.g., TABLE 1).

[0216] Subgroup C contained two sequences and was characterized by three unique nuclecotide
substitutions (nt 106: G.fivdarw.A. nt 175: G.fivdarw.A_ and nt 192: C.fivdarw.T) (sec ¢.g., FIG. 4, lines
17 and 18: and TABLE 1), of which two were synonymous and one was a non-synonymous change. This
group also had three nucleotide substitutions relative to VP62 that were in common with members of
groups A and B (nt 92: A.fwdarw.G, nt 178; G.fwdarw.A, nt 325: A.fwdarw.G).

[0217] To gain insight into whether the variation observed in the XMRV sequences could be tolerated by
the MA protein and persist in nature, MA protein sequences of gammaretroviruses from other mus
muculus and other species examined Alignment of MA proteins of other members gammaretrovirus
genus revealed that 5 of the 6 amino acid changes in the XMRV variants are present in other infectious
gammaretroviruses (sce ¢.g.. TABLE 4 and FIG. 2).

Example 5

[0218] This example describes analysis of XMRV MA sequences in lymphocytes following ex vivo
XMRYV culture. Unless otherwise described, methods are as in Examples, 1-4.

[0219] XMRV RNA could not always be detected in the PBMCs of subjects from which infectious virus
had been isolated from plasma. This suggests that the virus is expressed at very low frequency in PBMCs
isolated directly from infected individuals. We have observed that culturing these PBMCs under
conditions that induce activation of T cells increases the frequency of XMRV detected by RT-PCR in the
cells maintained in culture. This increase appears to be dependent on the spread of the virus, since the
addition of a reverse transcriptase inhibitor to the cultures prior to activation prevents the increase XMRV
expression, as measured by cell surface expression of Env (see e.g., FIG. 3). To biologically increase the
level of XMRV and increase the probability that XMRY sequences could be detected by PCR. PBMCs
were cultured under conditions that activated T cells for 7-10 days, the RNA isolated, and nested RT-
PCR analysis performed as described above.

[0220] All MA sequences amplified following ex vivo culture could be classified into two out of the three
subgroups obscrved in the analysis of RNA from unactivated PBMCs. Sequences for 4/11 individuals
were similar to the previously published sequences (subgroup A) (see e.g., FIG. 6A, lines 2-5). Sequences
amplified from another 6 individuals fell into subgroup C(see e.g., FIG. 6A, lines 6-12). Unrooted
neighbor-joining analysis of nucleotide sequences direct from subject PBMCs and after ex vivo culturc
reflected the variability noted in the sequence analysis and confirmed that post-culture, only vanants A
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gag and pol (Rmcf provirus) (see Jorgensen ct al. 1992 1 Virol 66(7) 4479-4487). Others in this group
differed in nucleotide sequence from sequenced variants. But these substitutions were generally
synonymous ands resulted in conservation of the MA sequences at the amino acid level. Thus, in this
study, MA sequences of XMRV subgroup B and C arc more homologous to known endogenous
sequences that the XMRV subgroup A viruscs.

[0230] XMRYV scquences were also analyzed to determine their relatedness to MLVs generally. The
consensus sequence for the N-terminus of the Env protein of XMRV is similar to the Env protein of
Spleen Focus Forming Virus (SFFV; sce c.g., FIG. 4), consistent with the inventors' previous use of
antibodics originally raiscd against SFFV to recognize XMRV. FIG. 8 shows the nucleotide variation
between sequences encoding MA protein in several XMRV isolates, and in two other MLVs. FIGS. 9 isa
phylogenctic tree showing the relatedness of a number of separate XMRV isolates to cach other and to
other gammaretroviruses. FIGS. 11A-B show the sequence variation in clinical isolates of XMRV, the
XMRYV reference strain VP62, and other ML'Vs.

Example 8

[0231] This example shows that APOBEC may be responsible for variation in clinically isolated XMRV
sequences.

[0232] APOBECS3 restriction factors arc ccllular proteins capable of blocking replication of many
retroviruses. Others (Groom et al., PNAS 2010, 107(11): 5166-5171; Stieler and Fischer, PLoS One
2010, el1738; Paprotka et al., J Virology 2010, 84(11):5719-5729) have shown that expression of human
APOBEC3G ("hA3G") in cells infected with XMRV dramatically reduced viral titer and caused G-to-A
hypermutation of the viral DNA. However, it is not clear that APOBEC restriction factors would regulate
XMRYV infection: APOBECs are generally expressed at only low levels even in those cells which do
express them; XMRV normally infects a subsct of lymphocytes that are known not to express APOBEC
proteins; and XMRV has specific countermeasures to evade hA3G. To determine if hA3G is a natural
regulator of XMRV infection, then, the present inventors looked for hallmarks of APOBEC activity on
XMRYV sequences isolated from peripheral blood mononuclear cells ("PBMCs") from XMRV-infected

individuals.

[0233] Experiments examined the XMRV derived from PBMCs from infected individuals for evidence of
APOBEC-associated hypermutation using methods as described in Examples 1-8, unless otherwise
specified. PBMCs were isolated from XMRV-infected individuals, and B "cell lines" were generated
from the PBMCs. XMRV was then isolated from the cell lines and the DNA was cloned and sequenced.

[0234] Data not shown and FIGS. 12-13 show that the XMRV sequences from infected individuals have
G-to-A changes consistent with hA3G activity in both Gag and Env coding regions. The data shows a
clear preference for substitutions at GG dinucleotides, consistent with the A3G form of APOBEC, as
opposed to the A3F form, which targets GA dinucleotides. These highly mutated XMRV isolates were
nevertheless able to infect LNCaP cells at similar rates as wild-type XMRV (data not shown). and were
able to produce translatable XMRV proteins (cg. FIG. 13). The data suggest, therefore, that APOBEC
may be responsible for the high amount of sequence diversity between clinically isolated XMRV

scquences.
Example 9

[0235] This example shows the variation in clinically isolated XMRV scquences. Methods are as in
Examples 1-8 unless otherwise specified.
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propagated in mice after castration-induced regression and relapsc of the parental, androgen-dependent
CWR22 xenograft. Recently, it has been shown that 22Rv | prostate carcinoma cells produce high-titer of
XMRYV.

[0247] In this blinded study, XMRV was detected by: PCR was performed directly on patient plasma;
serological assay; and isolation of virus. TABLE 6 shows the results from different types of assays for the
presence of XMRV, and the results of experiments to determine the sequences of the isolated viruses.

TABLE-US-00007 TABLE 6 Results of assays for XMRV in the study of German CFS patients. Sample
Antibody Plasma PCR 100% Scquence Homology 3101 HDGE - + 22Rv1 3102 HDVE - + 22Rvl 3103
HDSE - + 22Rv1 1748 HDYE - + VP62 1716 HDISE - + VP62 1723 HD19E + + VP62

Example 14

[0248] This example shows that clones of Env sequences amplified from PBMCs from subject WPI-1104
are similar to sequences from polytropic MLVs. Methods are as in Examples 1-14 unless otherwise
specified.

[0249] In this example, virus was cultured from PBMCs from subject WPI-1 104. The cultured viruscs
were then used to infect LNCaP cells, and virus was reisolated from those cells and the polynucleic acids
were sequenced. Greater than 50 cultures of LNCaP cells have been infected using WPI-1104-derived
virus. A representative sclection of resulting sequence data is shown in an alignment in FIG. 22. The
sequences isolated from this subject are more closcly related to polytropic MLVs than to VP62.

[0250] This finding suggests that some XMRV-type viruses may replicate more efficiently in LNCaP
cells.

Sequence CWU 1

18018 185DNA Xenotropic murine leukemia virus 1gcgecagtea tecgatagac tgaglegeee gggtaceegl
gtteccaata aageettttg 60ctgtttgeat ccgaagegty geetegetat tecttggpag agtetectea gaglgatiga 120ctacccaget
cggeagtctt teatttggge getcgtecgg gatteggaga ceecegeeca 180gggaccaccg acccacegic gegaggtaag
ccggeeggeg ategttttgt ctttgtetet 240gtetttgtge gtetalgtgt gtgecggeat claatecteg cgcctgeglc tgaatetgta
300ctagttaget aactagatet gtatctggeg gttecgegga agaactgacg agttegtatt 360cceggecgea gecctgggag
acgleccage ggectegpag geeegtittg tggeceatic 420tgtatcagtt aacctacecg agteggactt titggagteg Clignggs

~ ggacgagaga 480cagagacact teccgeecee gietgaattt trgetitegg (Iacgeeg aaaccgepce S540gcgcgtetga tgttttgt
tgtictictg ttcttegtta gtittettct gretttaagt 600gttctcgaga tcatgggaca gaccgtlaact acccetetga gtetaacctt
geagcactgg 660ggagatgtee agegeattge atecaaccag tetgtggalg tcaagaagag gegetgaatt 720accttetgtt
cegeegaatg gecaacttte aatgtaggat ggecteagga tggtactitt T80aatttaggtg ttatctelca ggtcaagtet agagtatttt
gtectggtee ceacggacac 840ccggateagg teccatatat cgteacclgg gaggeacttg cetatgacee ccctecgtge
900gtcaaaccgt tgletctee taaaccecet cetttaccga cagelecegt ceteecgeece 960ggtcctictg cgeaacciee gteccgalct
geeetttace ctgeecttac ccectetata 1020aagtccaaac ctectaagee ccaggticte cotgatageg geggacctct cattgacctt
1080ctcacagagg atcceccgee gtacggagea caacctieet cetetgecag ggagaacaat 1 140gaagaagagg cggccaccac
ctcegaggtt teececectt cteccatggt gtetegactg 1200cggggaagga gagaccelee cgeagegac tecaccacct cecaggeatt
cccactecge 1260atggggpgag atggecaget teagtactgg cegitttect cetctgattt atataatigg 1320aaaaataata
accettectt tietgaagat ceaggtaaat tgacggectt gatigagtee 1380gtecteatea cocaccagee cacctgggac gactgteagc
agttgttggg gaccetgetg 1440accggagaag aanageageg ggtgetecta gaggctagaa aggcagtecg gggcaatgat
1500ggacgeecea cteagttgee taatgaagtc aatgetgett ticcecttga gegeeeegat 1560tgggattaca ccactacaga
aggtagpgaac cacctaglce tetaccgeca gtigetctta 1620gcgggtetee aaaacgcggg Caggageeee accaattigy
ccaaggtaaa agggataacc 1680cagggaccta atgagiclee cleagectit ftagagagac Caaggagec clatcgeagg
1740tacaclectt atgaccetga ggacccaggg caagaaacca atgtgtecat gteatteate 1800tggcagtetg ccceggatat

hetmefannft nenta sovinetaceinph-Parser?Sect1=PTO2&Sect2- HITOFF&p=1&u=%2Fneta...  2/2/2012



United States Patent Application: 0110311484 Page 45 of 68

6000acaactgggea tgacceggaa ceegatattg gagatggltg cegetetece gggggaagaa 6060aaaggacaag actatatgat
ttctatgttt geeccggtea tactgtatta acagggtgte 6120gagggccgag agagggctac tgtggeaaat gaggatgtga gaccactgga
caggeatact 6180ggaagecatc atcatcatgg gacctaattt cecttaageg aggaaacact cetaagggie 6240agggeccetg
tttgattce tcagtggect ceggtageat ccaggetgee acaccgggee 6300gtegatgcaa cecectagtc ctagaattea clgacgegeg
taaaagggec agetgggatg 6360cccecaaaac atggggacta agacigtale gatccactgg ggeegaceeg gtgaceclgt
6420tctetetgac cegecaggte ctcaatgtag ggeceegegt ceccattggg cetaatcecg 6480tgatcactga acagetacee
cectoccaac cogtgeagat catgetecee aggacteete 6540gtectecice ticaggegeg geetetatgg tgectgggac teececgect
tctcaacaac 6600ctgggacgeg agacaggetg ctaaacctgg tagaaggage ctacctagee cteaacctea 6660ccagteccga
caaaacccaa gagtgetgec tetgatetagt atcgggacce cectactacg 6720aaggggtgge cgtectaggt acttactcea accatacete
tececegget aactgeteeg 6780tgacctecca acacaagetg accctgtecg aagtgaccgg geaggeactc tgeataggag
6840cagttcccaa aacccatcag geectgtgta ataccaceea gaagacgage gacgggteet 6900actattigec ctetecegece
gggaccattt gggettgeag caccgggcele actecctgte 6960tatctactac tgtgcttaac ttaaccactg attactgligl cctggitgaa
ctetggecaa 7020aggtaaccta ccactecect aattatgit atggecagtt tgaaaagaaa aclaaatata 7080aaagagagcc
getgtcatta actctggecc tgetgttgpe aggacttact atgggeggea 7140tagetgeagg agtiggaaca gegactacag cectagigec
caccaaacaa ttegageage 7200tccaggcage catacataca gaccitgggg celtagaaaa atcagtcagt geeclagaaa
7260agtctetgac ctegttgtet gaggtggtee tacagaaccg gaggggatta gatetactgt 7320tectaaaaga aggaggatta
tgtgctgcee taaaagaaga atgetgtttt tacgeggace 7380acactggegt agtaagagat ageatggceaa agclaagaga aaggtiaaac
cagagacaaa 7440aattgttcga atcaggacaa gggtggtitg agggactgit taacaggtee ccatggtica 7500cgaccctgat
atccaccatt atgggcecte tgatagtact tttattaate ctactetteg 7560gaccctgtat tetcaaccge ttggtecagt tigtaaaaga
cagaatttcg gtagtgeagg 7620ccctggtict gacccaacag tatcaccaac teaaatcaat agatccagaa gaagiggaat
7680cacgtgaata aaagatttta ttcagttice agaaagaggg gggaatgaaa gaccecacea 7740taaggcttag cacgetaget
acagtaacgc cattttgcaa ggeatggaaa agtaccagag 7800ctgagticte aaaagttaca aggaagiita attaaagaat aaggctgaat
aacactggga 7860caggggccaa acaggatate tgtagtcagg cacctgggee coggelcagg gecaagaaca 7920gatggtccte
agataaagcg aaactaacaa cagiitclgg aaagtcecac clcagtttca 7980agttceccaa aagaceggga aataceccaa gecttattta
aactaaccaa teageteget 8040tctegetict glaccegege ttttgetee ceagiectag coctataaaa aaggeglaag

8 100aactecacac teggegegee agleateega tagactgagt cgeecgggta ceegtgtice 8160caataaagec ttgelgtt tgcaa
8185223DNA Artificial SequencePCR primer PSSSSF 2gtgtgeptac geeggeacca gac 23322DNAArtificial
SequencePCR primer P6304R 3tgeatcgace ceccggtatg ge 22422DNAArtificial SequencePCR primer
P5641F dctacacegte clgctgacaa cc 22523DNAArtificial SequencePCR primer P6171R Stgectgteea
gtgeteteac ate 23614PRTArtificial Sequenceaa 420-433 of XMRV env protein 6Ala Ala Leu Lys Glu Glu
Cys Cys Phe Tyr Ala Asp His Thrl 5 10725DNAArtificial SequencePCR primer 419F Tatcagttaac
ctacccgagt cggac 25823DNA Artificial SequencePCR primer 1154R 8gecgectcelt citcattgtt cte

23922DNA Artificial SequencePCR primer 5922F 9gctaatgeta cetecctect gg 221 026 DNAArtificial
SequencePCR primer 6273R 10ggageccact gaggaatcaa aacagg 261 125DNAArtificial SequencePCR
primer 4F 1lccagtcatce gatagactga gtege 251226DNAArtificial SequencePCR primer 770R 12taccatcctg
aggccatect acattg 261323DNAArtificial SequencePCR primer 350F 13gagttcgtat tceecggecge age

231421 DNAArtificial SequencePCR primer 5135R I4cctgeggeat tecaaatete g 21 1525DNAArtificial
SequencePCR primer 4789R 15gggtgagtct gtgtagggag tetaa 25 1625DNAArtificial SequencePCR primer
4166F 16caagaaggac aacggagage tggag 251724DNAArtificial SequencePCR primer 7622R [7ggectgcact
accgaaattc tgtc 241827DNAArtificial ScquencePCR primer 4672F I8gagccaccta caatcagaca aaaggal
271925DNA Artificial SequencePCR primer 7590R 19ctggaccaag cggttgagaa tacag 252021 DNAArtificial
SequencePCR primer 7472F 20tcaggacaag getggtitga g 212123 DNAArtificial SequencePCR primer
8182R 2lcaaacagcaa aaggetttat tgg 232219DNA Artificial SequencePCR primer 8147R 22ccgggegact
cagtctate 192386DNAXenotropic murine leukemia virus 23cectgataal tatgggeatc ttggtgaggg caggagectc
agtacaacgt gacageccte 60accaggtett taatgtcact tggaaa 862486 DNA Xenotropic murine leukemia virus
24ccctgataat tatggggale ttggigaggg caggageelc agtacaacgt gacageectc 60accaggtctt taatgtcact tggaaa
8625308DNA Xenotropic murine leukemia virus 25ggggcccect gataattatg gggatcttgg tgagggcagy
agectcagta caacgtgaca 60geccteacca ggtetttaat gtcactigea aaattaccaa cclaatgaca ggacaaacag 120ctaatgetac
cteectecty gggacgatga cagacacttt cectaaacta tattttgact 180tgtgtgattt agitggagac aactgggatg acccggaace
ceatattgga gatggttgee 240gctcteccgg gggaagaaaa aggacaagac tatatgatit ctatgtitge ceeggicata 300ctgtatta
30826127DNA Xenotropic murine leukemia virus 26tatggggate ttggtgagag caggagecic aglacaacgt
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tgttatctet 120caggtcaagt ctagagtgtt tgtectggt ceccacggac acceggatea geteccatat 180ategteacct gggaggeact
tgcctatgac cececteegt gggteaaace gittgtetet 240cctaaaccee ctectttace gacageteec gtecteecge cegglectic
tgcgcaacct 300ccgteccgat ctgeccttta cectgeectt aceet 33542208PRTSpleen focus-forming virus 42Val Gln
Leu Asp Ser Pro His Gln Val Ser Asn Val Thr Trp Arg Vall 5 10 15Thr Asn Leu Met Thr Gly GIn Thr
Ala Asn Ala Thr Ser Leu Leu Gly 20 25 30Thr Met Thr Glu Ala Phe Pro Lys Leu Tyr Phe Asp Leu Cys
Asp Leu 35 40 45Met Gly Asp Asp Trp Asp Glu Thr Gly Leu Gly Cys Arg Thr Pro Gly 50 55 60Gly Arg
Lys Arg Ala Arg Thr Phe Asp Phe Tyr Val Cys Pro Gly His65 70 75 80Thr Val Pro Thr Gly Cys Gly Gly
Pro Arg Glu Gly Tyr Cys Gly Lys 85 90 95Trp Gly Cys Glu Thr Thr Gly GIn Ala Tyr Trp Lys Pro Ser
Ser Ser 100 105 110Trp Asp Leu Il Ser Leu Lys Arg Gly Asn Thr Pro Lys Asp Gin Gly 115 120 125Pro
Cys Tyr Asp Ser Ser Val Ser Ser Gly Val Leu Gly Ala Thr Pro 130 135 140Gly Gly Arg Cys Asn Pro
Leu Val Leu Glu Phe Thr Asp Ala Gly Argl45 150 155 160Lys Ala Ser Trp Asp Ala Pro Lys Val Trp
Gly Arg Leu Tyr Arg Ser 165 170 175Thr Gly Thr Asp Pro Val Thr Arg Phe Ser Leu Thr Arg GIn Val
Leu 180 185 190Asp Ile Gly Pro Arg Val Pro Ile Gly Ser Asn Pro Val Thr Thr Asp 195 200
20543214PRT Xenotropic murine leukemia virus 43Val Gln Arg Asp Ser Pro His Gin Val Phe Asn Val
Thr Trp Lys llc1 5 10 15Thr Asn Leu Met Thr Gly Gin Thr Ala Asn Ala Thr Ser Leu Leu Gly 20 25
30Thr Mect Thr Asp Thr Phe Pro Lys Leu Tyr Phe Asp Leu Cys Asp Leu 35 40 45Val Gly Asp His Trp
Asp Asp Pro Glu Pro Asp Ile Gly Asp Gly Cys 50 55 60Arg Ser Pro Gly Gly Arg Lys Arg Thr Arg Leu
Tyr Asp Phe Tyr Val65 70 75 80Cys Pro Gly His Thr Val Leu Thr Gly Cys Gly Gly Pro Arg Glu Gly 85
90 95Tyr Cys Gly Lys Trp Gly Cys Glu Thr Thr Gly Gln Ala Tyr Trp Lys 100 105 110Pro Ser Ser Ser
Trp Asp Leu Ile Ser Leu Lys Arg Gly Asn Thr Pro 115 120 125Lys Gly Gln Gly Pro Cys Phe Asp Ser
Ser Val Gly Ser Gly Ser Ile 130 135 140GIn Gly Ala Thr Pro Gly Gly Arg Cys Asn Pro Leu Val Leu Glu
Phel45 150 155 160Thr Asp Ala Gly Lys Arg Ala Ser Trp Asp Ala Pro Lys Thr Trp Gly 165 170 175Leu
Arg Leu Tyr Arg Ser Thr Gly Ala Asp Pro Val Thr Leu Phe Ser 180 185 190Leu Thr Arg Gln Val Leu
Asn Val Gly Pro Arg Val Pro lic Gly Pro 195 200 205Asn Pro Val lle Thr Glu 21044490DNA Xenotropic
murine leukemia virus 44accegtgggg cecectgata attalgggga tettggtgag gecaggagee teaglacaac
60gtgacageec tcaccaggte ttaatgtea cliggaaaat taccaaccta atgacaggac 120aaacagetaa tgetacclee ctectggaga
cgatgacaga cactttcect aaactatatt 1 80ttgactigtg tgatttagtt ggagacaact gggatgacce ggaacccgat attggagatg
240gttgecgcte teceggggga agaaaaagga caagactata tgatitetat giitgeeceg 300gtcatactgt attaacaggg
tgtggaggec cgagagaggg clactgtgge aaatggggat 360gtgagaccac tggacaggca tactggaage catcatcatc
atggeaccta atttcectta 420agegaggaaa cactectaag ggteaggecc cetgtttiga ticctcagtg ggctecggta
480gcatccagge 49045391 DNAXenotropic murine leukemia virus 45ctgataatta tggggatett gglgagggca
ggagectcag acaacgtga cageectcac 6lcaggtettta atgteacttg gaaaattace aacctaatga caggacaaac agctaatgcet
120acctecctee tggggacgat gacagacact ticectaaac tatattitga cttgtgtgat 180ttagttggayg acaactggga tgacccggaa
cccgatattg gagatggttg ccgetetece 240ggeggaagaa aaaggacaag actatatgat tictatgitt geeccggtea tactgtatta
300acagggtetg gaggacegag agagggetac tgtggeaaat gatgatgtga gaccaclgga 360caggcatact ggaagecalc
atcatcatgg g 39146489DNAXenotropic murine leukemia virus 46accegtgggg cecctgataa ttatggggat
cttggtgage geaggagect cagtacaacg 60tgacageect caccagglcet taatgteac ttggaaaatt accaacctaa tgacaggaca

| 20aacagetaat getaccteee tectggggac gatgacagac actticecla aactatattt 180tgacttgtgt gatttagttg gagacaactg
ggatgacceg gaacccgata tiggagatgg 240ttgcegetet cocgggggaa gaaaaageac aagactatal gatticlatg tigeccegg
300tcatactgta ttaacagggt gtggagggce gagagagegce tactglggca aatggggatg 360tgagaccact ggacaggceat
actggaagec atcatcatca tgggacctaa titcecttaa 420gcgaggaaac aclectaagg gteagggece ctgttitgal lecleagtgg
getecpgtag 480catccaggg 48947291 DNAXcnotropic murine leukemia virus 47taattatggg gatctiggte
agggcaggag cclcagtaca acgtgacage cetcaccagg 60tctttaatgt cactiggaaa attaccaace taatgacagg acaaacaget
aatgetacct 120cectectggg gacgatgaca gacactiice ctaaactata titgactig tgtgattiag 180ttggagacaa ctgggatgac
ccggaacceg atattggaga tggttgecgce telecegegg 240gaagaaaaag gacaagacta tatgattict atgtitgcee cggtcatact g
29148370DNA Xcnotropic murine leukemia virus 48ggggecectg ataattatgg ggatettggt gaggecagea
gecteagtac aacgtgacag 60cectcaccag gtetttaatg teactiggaa aattaccaac ctaatgacag gacaaacage 120taatgetacc
tecetectgg ggacgatgac agacaclilc cctaaactat atuttgactt 180gtgtgattta gtiggagaca actgggatga cceggaacce
gatattggag atggttgecg 240cteteccggg ggaagaaaaa ggacaagact atatgatttc tatgtttgee ceggteatac 300tgtattaaca
gegtgtggag goccgagaga gggetactgt gecaaatggg gatglgagac 360cactggacag 37049307DNAXenotropic
murine leukemia virus 49ggggecectg ataattatgg ggatettggt gagggeagga geelcaglac aacglgacag

Lt /iannft ento oov/netacei/nnh-Parser?Sect 1=PT02& Sect2=HITOFF&p=1&u=%2Fneta... 2/2/2012



United States Patent Application: 0110311484 Page 49 of 68

1 20gatctactgt tectaaaaga aggaggan; tgtgctgcee taaaagaaga atgetgtttt 180tacgeggace acactggegt agtaagagcet
agcatggcaa agctaagaga aaggttaaac 24(cagagacaaa aattgttcga atcaggacaa agggactgtt taacaggtee
300ccatggttca cgac 314593 10DNA Xenotropic murine lcukemia firus 59§§§;ggitttct:§a égfagc%:ta =
catacagacc ttgggecctt agaaaaatca gteagtgeee 60tagaaaagte tetgaccteg tigtetgage tegtectaca gaaccggage
ggattagatc 120tactgttcct aaaagaagga ggattatgtg ctgecctaaa agaagaatge tetitttacg 180cggaccacac tggegtagta
agagatagca tggcaaagcet aagagaaagg ttaaaccaga 24(gacaaaaatt gttcgaatca ggacaagggt ggtttgaggg actgtttaac
aggtececat 3(0ggttcacgac 31060370DNAXenotropic murine leukemia virus 60agcagceteca ggeagecata
catacagacc ttggggcctt agaaaaatca gteagtgece 60tagaaaagtc tetgacceteg ttgtetgagg tggtectaca gaaccggagy
ggattagate 120tagaaaagtc tetgaccteg ttgtetgagg tggtectaca gaaccggagg geattagate 180tactgttect
aaaagaagga ggattatgtg ctgccctaaa agaagaatge tgtitttacg 240cggaccacac tggegtagta agagatagea tggeaaaget
aagagaaagg ttaaaccaga 3(0gacaaaaatt gttcgaatca ggacaagggt ggtitgagag actgtttaac aggtececat
360ggttcacgac 370613 14DNA Xenotropic murine leukemia virus 61 caattcgage agelecagge agecatacat
acagaccilg ggeccttaga aaaatcagte 60agtgcectag aaaagletet gacclegitg tetgaggtgg tectacagaa ceggagepga
120ttagatctac tgticctaaa agaaggagga ttatgtgetg cectaaaaga agaatgetgt 180ttttacgegg accacactgg cgtagtaaga
gatagcalgg caaagetaag agaaaggtta 240aaccagagac aaaaattglt cgaatcagga caagggtggt tigagegact giitaacage
300tccccatggt teac 31462309DNA Xcenotropic murine leukemia virus 62attcgageag clecaggeag ccatacatac
agacctiggy gecltagaaa aatcagteag 60tgeectagaa aagtetetga cetegttgte tgaggtggte ctacagaace ggageagatt
120agatctactg ttcctaaaag aaggaggatt atgtgetgee ctaaaagaag aatgetgttt 180ttacgeggac cacactggeg
tagtaagaga tagcatggea aagcetaagag anaggttaaa 24(0ccagagacaa aaattgticg aalcaggaca agggtggtit gagggacigt
ttaacaggtc 300cecatggtt 30963322DNA Xenotropic murine leukemia virus 63ccaaacaatt cgageagete
caggcageca tacatacaga celtggggcec ttagaaaaat 6(0cagteagige cetagaaaag tetetgacct cgtigtetga gotggiccta
cagaaccgga 120ggggattaga tetactgtic ctaaaagaag gaggattatg tgetgeecta aaagaagaat 180getgttttta
cgeggaccac aclggegtag taagagatag calggcaaag ctaagagaaa 240ggttaaacca gagacaaaaa tigttcgaat
caggacaagg gleettteag geactgttta 300acaggteece atggttcacg ac 322643 19DNAXenotropic murine
lenkemia virus 64acaattcgag cagetecagg cagecataca tacagacctt ggggccttag aaaaatcagt 60cagtgeecta
gaaaagtcte tgaccteglt gletgaggt gtectacaga accggagggg [20attagateta ctgttcctaa aagaaggage attatgtgct
gecctaaaag aagaatgetg 180tttttacgeg gaccacactg gegtagtaag agatageatg geaaagctaa gagaaaggtt
240aaaccagaga caaaaaltgl tcgaatcagg acaagggtog ttgaggeac tgtttaacag 300gtececatgg ticacgace
31965107PRT Xenotropic murine leukemia virus 65GIn Phe Glu Gln Leu GIn Ala Ala Ile His Thr Asp

Leu Gly

Ala Leul 5 10 15Glu Lys Ser Val Ser Ala Leu Glu Lys Ser Leu Thr Ser Leu Ser Glu 20 25 30Val Val
Leu GIn Asn Arg Arg Gly Leu Asp Leu Leu Phe Leu Lys Glu 35 40 45Gly Gly Leu Cys Ala Ala Leu Lys
Glu Glu Cys Cys Phe Tyr Ala Asp 50 55 60His Thr Gly Val Val Arg Asp Ser Met Ala Lys Leu Arg Glu
Arg Leu65 70 75 80Asn Gln Arg Gln Lys Leu Phe Glu Ser Arg Gin Gly Trp Phe Glu Gly 85 90 95Leu
Phe Asn Arg Scr Pro Trp Phe Thr Thr Leu 100 1056647PRTXenotropic murine leukemia virus 66Phe
Glu GIn Leu Gin Ala Ala lle His Thr Asp Leu Gly Ala Leu Glul 5 10 15Lys Ser Val Ser Ala Leu Glu
Lys Ser Leu Thr Ser Leu Ser Glu Val 20 25 30Val Leu Gln Asn Arg Arg Gly Leu Asp Leu Leu Phe Leu
Lys Glu 35 40 4567104PRT Xenotropic murine leukemia virus 67Phe Glu Gin Leu Gln Ala Ala Ile His
Thr Asp Leu Gly Ala Leu Glul 5 10 15Lys Ser Val Ser Ala Leu Glu Lys Ser Leu Thr Ser Leu Ser Glu
Val 20 25 30Val Leu Gln Asn Arg Arg Gly Leu Asp Leu Leu Phe Leu Lys Glu Gly 35 40 45Gly Leu Cys
Ala Ala Leu Lys Glu Glu Cys Cys Phe Tyr Ala Asp His 50 55 60Thr Gly Val Val Arg Ala Ser Met Ala
Lys Leu Arg Glu Arg Leu Asn65 70 75 80GIn Arg Gln Lys Leu Phe Glu Ser Gly Gin Gly Trp Phe Glu
Gly Leu 85 90 95Phe Asn Arg Ser Pro Trp Phe Thr 10068102PRTXenotropic murine lcukemia virus
68GIn Leu Gin Ala Ala Tle His Thr Asp Leu Gly Ala Leu Glu Lys Serl 5 10 15Val Ser Ala Leu Glu Lys
Ser Leu Thr Ser Leu Ser Glu Val Val Leu 20 25 30GIn Asn Arg Arg Gly Leu Asp Leu Leu Phe Leu Lys
Glu Gly Gly Leu 35 40 45Cys Ala Ala Leu Lys Glu Glu Cys Cys Phe Tyr Ala Asp His Thr Gly 50 55
60Val Val Arg Asp Ser Met Ala Lys Leu Arg Glu Arg Leu Asn GIn Arg65 70 75 80Gin Lys Leu Phe Glu
Ser Gly Gin Gly Trp Phe Glu Gly Leu Phe Asn 85 90 95Arg Ser Pro Trp Phe Thr
10069122PRTXenotropic murine leukemia virus 69GIn Leu Gin Ala Ala Ile His Thr Asp Leu Gly Ala
Leu Glu Lys Serl 5 10 15Val Ser Ala Leu Glu Lys Ser Leu Thr Ser Leu Ser Glu Val Val Len 20 25
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ctcetaaace cectecttta cegacagete cegtectece geecggtect 300tetgegeaac cteegteceg atetgecett t
33180325DNA Xcnotropic murine leukemia virus 80gtccagegea ttgeatccaa ceagtetgtg gatgtcaaga
agaggcgctg gettacctte 60tgttccgecg aatggecaac tttcaatgta ggatggccte aggatggtac tittaattta 120ggtattatet
ctcaggteaa gtetagagtg ttttgtectg gteeccacgg acacceggat 180caggteecat atategteac ctgggaggcea cttgectatg
acceecctee gtgggteaaa 240ccgtttgict ctectaaace coctecttta cegacagete cegtectece geeegggect
300tctgegeaac cteegteceg atetg 32581336DNA Xenotropic murine leukemia virus 81 gtecagegea
ttgcatecaa ceagtetglg gatgteaaga agaggegetg gettaccette 60tgttecgecg aatggecaac tttcaatgta ggatggecte
aggatggtac ttttaattta 120ggtgttatct ctcaggtcaa gtetagagtg tittgtecty gtececacgg acacceggat 180caggteccat
atategteac clgggageca cttgectatg accecectee gtgggeteaaa 240ccgtttgtet ctectaaace cectecttta cegacagete
ccgtectece geceggteet 300tctgegeaac ctecgteeeg atetgeectt taceet 33682346 DNA Xenotropic murine
lcukemia virus 82atgtccageg cattgeatee aaccagtctg tggatgteaa gaagaggcge tggattacet 60tctgticege
cgaatggcca actticaatg taggatggcc tcaggatget actittaatt 120taggtgtiat cletcagglc aagtctagag tgtittgtece
tggtececac ggacacecgg 180atcaggtece atatategte acctgggagg cacttgecta tgaccecect cegtgggtca
240aaccgttigt ctetectaaa cecectectt taccgacage teeegtecte cegeecggte 300cttetgegea accteegtee cgatetgece
tttaccetge cettac 34683335DNA Xenotropic murine leukemia virus 83tgtccagege atigeateca accagtetgt
ggatgtcaag aagaggeget gggttacett 60ctgttecgee gaatggecaa ctttcaatgt aggatggect caggatggta cttttaattt
120aggtgttatc tctcaggtea agtctagagt gttttgtect ggteeccacy gacacecgga 180tcaggteeca tatategtea cetgggagec
acttgectat gacececcte cgtgggteaa 240acegtttgte tetectaaac ceectecttt accgacaget cecgtectee cgeceggtec
300ttctgegcaa ceteegtece gatetgeeet ttaca 33584340DNA X enotropic murine leukemia virus 84tgtecagege
attgcatcca accagtetgt ggatgteaag aagaggeget gggttacctt 60ctgticcgee gaatggccaa ctitcaatgt aggatggect
caggatggta ctittaattt 1 20aggtgttate tetcaggtea agtetagagt gitttgtect ggtecccacg gacaccegga 1 80tcaggtecea
tatatcgtea cotgggaggc acttgectat gacececcte cgtgggteaa 240acegtitgte tetectaaac coectecttt accgacaget
ceegtectee cgeecggtee 300ttctgegeaa coteegtece gatetgeect tacectgee 34085344DNA Xenotropic murine
lcukemia virus 85tccagegeat tgeatccaac cagtetgtgg atgtcaagaa gaggegetgg gttaccttet 60gttccgecga
atggccaact ticaatgtag gatggectca ggatggtact titaatttag 120gtgtiatcte tcaggtcaag tetagagtgt ttgteetgg
tecccacgga cacceggate 180aggteccata tategteace tgggaggceac igeetatga ceceecteeg tgggtcaaac
240cgtttgtete tectaaacee cetectttac cgacagetee cgtecteceg cceggtectt 300ctgegeaace tecgteecga tetgeeettt
accetgeeet tace 34486349DNA Xenotropic murine leukemia virus 86tgtccagege attgeateea accagtetgt
ggatgtcaag aagaggeget geettacett 60ctgticcgec gaatggecaa ctitcaatgt aggatggect caggatggta ctittaattt
120aggtattate tetcaggtea agtctagagt gttigtect ggteeccacg gacacecgga | 80tcaggtecca tatategtea cetgggaggc
acttgcctat gaccececte cgtgggteaa 240accgtttgte tetectaaac cecctectit accgacaget coeglectee cgeecgetee
300ttctgegeaa cetecgteee gatetgeeet ttacectgec ttaceete 34987348DNA Xenotropic murine leukemia virus
87atgtccageg cattgeatee aaccagtetg tggatgteaa gaagagecge tgggttacet 60tetgticege cgaatggeca actttcaatg
taggatggcce tcaggalggt actittaatt 120taggtgttat ctetcaggte aagtctagag tgttttgtee tggtececac ggacaccegg
180atcaggtcee atatategle acetgggagg cacttgecta tgaccecect cegtgggtea 240aaccgtitgt ctetectaaa cecectectt
taccgacage tecegtecte cegeecggte 300ctctgegea acctecgtee cgatetgeee 1Hacceige ccttacee

34888343DN A Xenotropic murine leukemia virus 88tgtccagege attgeateea accaglcigt ggatgicaag
aagaggcgct gggttacctt 60ctgticcgec gaatggeeaa ctttcaatgt aggatggacct caggatggta ctittaattt 120aggtattate
tcteaggtea agtetagagt gittigtect ggtecccacy gacacccgga 1 80tcaggteeca tatategica cetgggagge acttgectat
gacceecete cptgggteaa 240acegtttgte tetectaaac cecctecttt accgacaget ceegtectee cgeeegglee 300ttctgegeaa
ceteegteee gatetgecet ttaceetgee tat 34389350DNAXenotropic murine leukemia virus 89tgtecagege
attgcateca accagtetgt ggatgtcaag aagaggeget gggttacett 60ctgticegee gaatggecaa ctiicaatgl aggatggect
caggatggta cttttaattt 120aggtattate tetcaggtea agictagagt gtittgtect ggiecccacy gacaceegga 180tcaggtecca
tatatcglea celgggagge acttgectat gacececcte cglgggicaa 240accgtttzte tetectaaac ceecteettt accgacagcet
ceegteetee cgeccggtee 300ttctgegeaa cetecgtece gatetgeect ttacectgee cttacectca
35090343DNAXenotropic murine leukemia virus 90ccagegeatt geatccaacce agtetgigga tgicaagaag
aggcgetgee ttaccttctg 60ttccgecgaa tggecaactt teaatgtagg atggecteag gatggtactt ttaatttagg 120tgttatctct
caggtcaagt ctagagtgtt ttgteelggt ceccacggac acceggatea 180ggteecatat atcgteacct gggaggcact tgectatgac
cececteegt ggetcaaace 240gtttgtetet cetaaacece ctectttace gacageteee giecteeege eeggtectte 300tgegcaacct
cegteccgat ctgeecttta cectgeectt ace 34391325DNA Xenotropic murine leukemia virus 91ttgeatecaa
ccagtetgly gatgteaaga agaggegety gettacette tgtteegeeg 60aatggecaac tttcaatgta ggatggccic aggatggtac
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240accgtttgte tetectaaac ceectecttt accgacaget cecgtectee cgeecggtee 300tetgegcaa ceteegtece gatetgeect
ttaccetgee cttaccetet 350103347DNA Xenotropic murine leukemia virus 103gtecagegea ttgeatecaa
ccagtetgtg gatgtcaaga agaggegetg gettacette 60tgttccgecg aatggecaac titcaatgta ggatggecte aggatggtac
ttttaattta 120ggtgttatct ctcaggtcaa gtetagagtg tittgteetg gtececacgg acacceggat 180caggtececat atategteac
ctgggaggca cttgectatg acceccetee gtgggteaaa 240ccgtitgtet ctectaaace cectecttta cegacagete cegtectece
geeeggteet 300tetgegeaac ctecgteecg atetgeectt tacectgece ttaceet 347104332DNA Xenotropic murine
leukemia virus 104atgtecageg cattgeatee aaccagtetg tggatgteaa gaagaggege tggettacet 60tetgticege
cgaatggceca actttcaatg taggatggcee tcaggatget actittaatt 120taggtetiat cietcaggte aagtetagag tgtetegtee
tggtececac ggacaccegg 180atcaggteec atatategte acctgggagg cacttgecta tgacccecct cegtgggtea
240aaccgtttgt ctctcctaaa cocectectt taccgacage tecegtecte cegeecggte 300cttctgegea acctecgtee cgatetgece
tt 332105329DNA Xenotropic murine leukemia virus 105tgtecagege attgeateca accagtetgt ggatgtcaag
aagaggcgcl gagettacctt 60ctgticegee gaatggecaa ctitcaatgt aggatggect caggatggta ctittaattt 120aggtgttate
tctcaggtca atctagagtg ttttgtectg gtececcacgg acacecggat 180caggteccat atatcgteac ctgggaggca cttgectatg
acccecctee gtgggtcaaa 240cegtitglet clectaaace cectecttta cegacagete cegtectece geeeggteet 300tetgegeaac
ctecgteecg atetgeeca 329106316 DN A Xenotropic murine leukemia virus 106tggatgtcaa gaagaggege
tgggttacct tetglicege cgaatggeca actttcaatg 60taggatggee tcaggatggt acttttaatt taggtgttat cletcaggte
aagtctagag 120tgttitgtee tggtececac ggacaceegg atcaggtecc atatategte acctgggage 180cacttgecta
tgaccecect cegtgggtea aaccgtitgt ctetectaaa cecectectt 240taccgacage tecegtecte cegeecggte cttetgegea
accteegtee cgatetgeee 300tttacectge cettac 316107334DNA Xenotropic murine leukemia virus
107gcatecaace agtetgtgga tgteaagaag aggegetggg taccttetg ttecgecgaa 60tggecaactt teaatgtagy atggecicag
gatggtactt ttaatttagg tgttatctet 120caggtcaagt ctagagtgtt ttgtcctggt ceccacggac acceggatea ggteccatat
180atcgteacct gggaggeact tgectatgac ceeceteegt gggteaaace gtitgtetet 240cctaaaccee ctectttace gacageteee
stecteecge cegetectte tgegeaacet 300ccgtecegat ctgeecttta cectgeeett acee 334108340DNA Xenotropic
murine leukemia virus 108tccagegcat tgeatccaac cagtetgtgg atgtcaagaa gaggegetgg gitacetiet
60gticcgecga atggecaact ttcaatgtag gatggectca ggatggtact titaatttag 120gtgttatete teaggicaag tetagagtat
tgteetgg tececacgga cacceggate 180aggteccata tategteace tgggaggeac tigectatga cecccciecg tgggicaaac
240cgtttgtete tectaaacee ceteetttac cgacagetee cgtecteceg cocggtectt 300ctgegeaace teegtecega tetgoecttt
accctgeect 340109343DNA Xenotropic murine leukemia virus 109tccagegeat tgeatecaac cagtetgtag
atgtcaagaa gaggegctgg gttacettet 60gttecgecga atggecaact ticaatgtag gatggectea ggatggtact taattiag
120gtguatetc tcaggtcaag tetagagtgt titgtectgg tecccacgga cacecggate 180aggteccata tategteace tgggaggeac
ttecctatga cecccclecg tgggtcaaac 240cgtitgiete tectaaacee celcetitac cgacagetee cglectoccg ceeggteett
300ctgegcaace teegteecga tetgeecttt accetgeeet tac 343110344DNA Xenotropic murine leukemia virus

I I0tgtecagege attgeateca accagtetgt ggatgicaag aagaggeget gggttacett 60ctgticcgee gaatggecaa clttcaatgt
aggatggcct caggatggta ctittaattt 120aggtgttate tetcaggtca agtetagagt gttttgtect ggicoccacg gacacecgga
180tcaggtecca tatatcgtea cetgggagge acttgectat gaccceccte cgtggeateaa 240acegtitgte tetectaaac ceceteettt
accgacaget cecgtectee cgeceggtee 300ttetgegeaa cetecgteee gatetgeect ttacectgec cita

344111346DNA Xenotropic murine leukemia virus 111tccagegeat tgcatccaac cagletglgg atgtcaagaa
gaggegetgg gttacetiet 60gttcegeega atggecaact teaatgtag gatggeetea ggatggtact ttaatttag 120gtgttatcte
tcaggtcaag tetagagtat titgtectgg tecccacgga cacecggate 180aggteccata tategteace tgggaggeac tigectatga
ceececteeg tgggteaaac 240cgtitgtete tectaaacee cctectttac cgacagelee cgtecteceg cecggtectt 300ctgegeaace
tecgtecega telgecettt aceetgeect taceet 346112348DNA Xenotropic murine leukemia virus | 12atgtecageg
cattgcatce aaccagtetg tggatgtcaa gaagaggcgc tggattacet 60tetgttcege cgaatggeca actitcaatg taggatggcc
tcaggatggt acttttaatt 120taggtgtiat ctetcaggte aagtctagag tettttgtee tggtececac ggacaccegg 180atcaggtece
atatatcgte acctgggagg cacttgecta tgaceceect cegtgggtea 240aacegtigt ctetectaaa cecectectt laccgacage
tecegtecte cegeeeggte 300cttetgegea acetecgtee cgatetgeec tttaceetge cettacee 3481 13346DNA Xenotropic
murine leukemia virus 113gtecagegea ttgeatecaa ceagtctgtg gatgtcaaga agaggegetg ggttacctic
60tgttcegecg aatggecaac titcaatgta ggatggecte aggatggtac tittaattta 120ggtgttatet cteaggteaa gtetagagly
ttitgtectg gtocecacgy acacceggat 180caggteecat atategicac ctgggaggea ciigectatg accecectee gtgggicaaa
240ccgtttgtct ctectaaace ceelectita cegacagete cegtecteee geeeggteet 300tetgegeaac ctecgteecg atetgeectt
taccetgece ttacee 346114343DNAXenotropic murine leukemia virus 114gtecagegea tigeatccaa ceagtetglg
gatgtcaaga agaggegetg ggttacctic 60tgticcgecg aatggecaac ticaalgla ggalgaccte aggatggtac ttttaatita
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Pro His Gly His Pro Asp Gln Val Pro Tyr 50 55 60Ile Val Thr Trp Glu Ala Leu Ala Tyr Asp Pro Pro Pro
Trp Val Lys65 70 75 80Pro Phe Val Ser Pro Lys Pro Pro Pro Leu Pro Thr Ala Pro Val Leu 85 90 95Pro
Pro Gly Pro Ser Ala Gin Pro Pro Ser Arg Ser Ala Leu Tyr Pro 100 105 110Ala
Leul24111PRTXenotropic murine leukemia virus 124Val Gin Arg Ilc Ala Ser Asn Gln Ser Val Asp Val
Lys Lys Arg Argl 5 10 15Trp Val Thr Phe Cys Ser Ala Glu Trp Pro Thr Phe Asn Val Gly Trp 20 25
30Pro Gin Asp Gly Thr Phe Asn Leu Gly Val lle Ser Gin Val Lys Ser 35 40 45Arg Val Phe Cys Pro Gly
Pro His Gly His Pro Asp Gln Val Pro Tyr 50 55 60lle Val Thr Trp Glu Ala Leu Ala Tyr Asp Pro Pro Pro
Trp Val Lys65 70 75 80Pro Phe Val Ser Pro Lys Pro Pro Pro Leu Pro Thr Ala Pro Val Leu 85 90 95Pro
Pro Gly Pro Ser Ala Gln Pro Pro Ser Arg Ser Ala Leu Tyr 100 105 1101251 13PRTXenotropic murine
leukemia virus 125Val Gln Arg Ile Ala Ser Asn Gin Ser Val Asp Val Lys Lys Arg Argl 5 10 15Trp Val
Thr Phe Cys Ser Ala Glu Trp Pro Thr Phe Asn Val Gly Trp 20 25 30Pro GIn Asp Gly Thr Phe Asn Leu
Gly Val Ile Ser GIn Val Lys Ser 35 40 45Arg Val Phe Cys Pro Gly Pro His Gly His Pro Asp GIn Val Pro
Tyr 50 55 60lle Val Thr Trp Glu Ala Leu Ala Tyr Asp Pro Pro Pro Trp Val Lys65 70 75 80Pro Phe Val
Ser Pro Lys Pro Pro Pro Leu Pro Thr Ala Pro Val Leu 85 90 95Pro Pro Gly Pro Ser Ala Gin Pro Pro Ser
Arg Scr Ala Leu Tyr Pro 100 105 110Alal261 14PRTXenotropic murine leukemia virus 126GlIn Arg lle
Ala Ser Asn Gln Ser Val Asp Val Lys Lys Arg Arg Trpl 5 10 15Val Thr Phe Cys Ser Ala Glu Trp Pro
Thr Phe

Asn Val Gly Trp Pro 20 25 30GIn Asp Gly Thr Phe Asn Leu Gly Val lle Ser Gln Val Lys Ser Arg 35 40
45Val Phe Cys Pro Gly Pro His Gly His Pro Asp Gln Val Pro Tyr lle 50 55 60Val Thr Trp Glu Ala Leu
Ala Tyr Asp Pro Pro Pro Trp Val Lys Pro65 70 75 80Phe Val Ser Pro Lys Pro Pro Pro Leu Pro Thr Ala
Pro Val Leu Pro 85 90 95Pro Gly Pro Ser Ala Gln Pro Pro Ser Arg Ser Ala Leu Tyr Pro Ala 100 105
110Leu Thr127116PRTXcnotropic murine leukemia virus 127Val Gln Arg lle Ala Ser Asn Gin Ser Val
Asp Val Lys Lys Arg Argl 5 10 15Trp Val Thr Phe Cys Ser Ala Glu Trp Pro Thr Phe Asn Val Gly Trp
20 25 30Pro Gin Asp Gly Thr Phe Asn Leu Gly Val lle Ser Gln Val Lys Ser 35 40 45Arg Val Phe Cys
Pro Gly Pro His Gly His Pro Asp Gln Val Pro Tyr 50 55 60Tle Val Thr Trp Glu Ala Leu Ala Tyr Asp Pro
Pro Pro Trp Val Lys65 70 75 80Pro Phe Val Ser Pro Lys Pro Pro Pro Leu Pro Thr Ala Pro Val Leu 85 90
95Pro Pro Gly Pro Ser Ala Gin Pro Pro Ser Arg Ser Ala Leu Tyr Pro 100 105 110Ala Phe Thr Leu
115128115PRT Xenotropic murine leukemia virus 128Val Gln Arg lle Ala Ser Asn GlIn Ser Val Asp Val
Lys Lys Arg Argl 5 10 15Trp Val Thr Phe Cys Ser Ala Glu Trp Pro Thr Phe Asn Val Gly Trp 20 25
30Pro Gln Asp Gly Thr Phe Asn Leu Gly Val Ile Ser Gln Val Lys Ser 35 40 45Arg Val Phe Cys Pro Gly
Pro His Gly His Pro Asp GIn Val Pro Tyr 50 55 60lle Val Thr Trp Glu Ala Leu Ala Tyr Asp Pro Pro Pro
Trp Val Lys65 70 75 80Pro Phe Val Ser Pro Lys Pro Pro Pro Leu Pro Thr Ala Pro Val Leu 85 90 95Pro
Pro Gly Pro Ser Ala Gln Pro Pro Ser Arg Ser Ala Leu Tyr Pro 100 105 110Ala Leu Thr

1151291 14PRTXecnotropic murine leukemia virus 129Val Gln Arg Ile Ala Ser Asn Gln Ser Val Asp Val
Lys Lys Arg Argl 5 10 15Trp Val Thr Phe Cys Ser Ala Glu Trp Pro Thr Phe Asn Val Gly Trp 20 25
30Pro GIn Asp Gly Thr Phe Asn Leu Gly Val Ile Ser Gln Val Lys Ser 35 40 45Arg Val Phe Cys Pro Gly
Pro His Gly His Pro Asp Gln Val Pro Tyr 50 55 60lle Val Thr Trp Glu Ala Leu Ala Tyr Asp Pro Pro Pro
Trp Val Lys65 70 75 80Pro Phe Val Ser Pro Lys Pro Pro Pro Leu Pro Thr Ala Pro Val Leu 85 90 95Pro
Pro Gly Pro Ser Ala Gln Pro Pro Ser Arg Ser Ala Leu Tyr Pro 100 105 110Ala

Tyr130116PRT Xenotropic murine leukemia virus 130Val Gin Arg Ile Ala Ser Asn Gin Ser Val Asp Val
Lys Lys Arg Argl 5 10 15Trp Val Thr Phe Cys Ser Ala Glu Trp Pro Thr Phe Asn Val Gly Trp 20 25
30Pro Gin Asp Gly Thr Phe Asn Leu Gly Val Ile Ser GIn Val Lys Ser 35 40 45Arg Val Phe Cys Pro Gly
Pro His Gly His Pro Asp Gln Val Pro Tyr 50 55 60lle Val Thr Trp Glu Ala Leu Ala Tyr Asp Pro Pro Pro
Trp Val Lys65 70 75 80Pro Phe Val Ser Pro Lys Pro Pro Pro Leu Pro Thr Ala Pro Val Leu 85 90 95Pro
Pro Gly Pro Ser Ala Gln Pro Pro Ser Arg Ser Ala Leu Tyr Pro 100 105 110Ala Leu Thr Leu

1151311 14PRTXenotropic murine leukemia virus 131GIn Arg Ile Ala Ser Asn Gln Ser Val Asp Val Lys
Lys Arg Arg Trpl 5 10 15Val Thr Phe Cys Ser Ala Glu Trp Pro Thr Phe Asn Val Gly Trp Pro 20 25
30GIn Asp Gly Thr Phe Asn Leu Gly Val Ile Ser Gln Val Lys Ser Arg 35 40 45Val Phe Cys Pro Gly Pro
His Gly His Pro Asp Gln Val Pro Tyr Ile 50 55 60Val Thr Trp Glu Ala Leu Ala Tyr Asp Pro Pro Pro Trp
Val Lys Pro65 70 75 80Phe Val Ser Pro Lys Pro Pro Pro Leu Pro Thr Ala Pro Val Leu Pro 85 90 95Pro
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Pro Pro Leu Pro Thr Ala Pro Val Leu 85 90 95Pro Pro Gly Pro Ser Ala Gln Pro Pro Ser Arg Ser Ala Leu
Tyr Pro 100 105 110Ala Leu Thr Leu 115141 109PRT Xenotropic murine leukemia virus 141Val Gin Arg
llc Ala Ser Asn Gin Ser Val Asp Val Lys Lys Arg Argl 5 10 15Trp Val Thr Phe Cys Ser Ala Glu Trp Pro
Thr Phe Asn Val Gly Trp 20 25 30Pro Gln Asp Gly Thr Phe Asn Leu Gly Val lle Ser Gln Val Lys Ser 35
40 45Arg Val Phe Cys Pro Gly Pro His Gly His Pro Asp Gln Val Pro Tyr 50 55 60lle Val Thr Trp Glu
Ala Leu Ala Tyr Asp Pro Pro Pro Trp Val Lys65 70 75 80Pro Phe Val Ser Pro Lys Pro Pro Pro Leu Pro
Thr Ala Pro Val Leu 85 90 95Pro Pro Gly Pro Ser Ala Gin Pro Pro Ser Arg Ser Ala 100

1051421 16PRTXenotropic murine lcukemia virus 142Val Gin Arg Ile Ala Ser Asn Gln Ser Val Asp Val
Lys Lys Arg Argl 5 10 15Trp Val Thr Phe Cys Ser Ala Glu Trp Pro Thr Phe Asn Val Gly Trp 20 25
30Pro Gin Asp Gly Thr Phe Asn Leu Gly Val lle Ser Gln Val Lys Ser 35 40 45Arg Val Phe Cys Pro Gly
Pro His Gly His Pro Asp Gin Val Pro Tyr 50 55 60lle Val Thr Trp Glu Ala Leu Ala Tyr Asp Pro Pro Pro
Trp Val Lys65 70 75 80Pro Phe Val Ser Pro Lys Pro Pro Pro Leu Pro Thr Ala Pro Val Leu 85 90 95Pro
Pro Gly Pro Ser Ala Gln Pro Pro Scr Arg Ser Ala Leu Tyr Pro 100 105 110Ala Leu Thr Leu
115143116PRTXenotropic murine leukemia virus 143Val Gln Arg Ile Ala Ser Asn GIn Ser Val Asp Val
Lys Lys Arg Argl 5 10 15Trp Val Thr Phe Cys Ser Ala Glu Trp Pro Thr Phe Asn Val Gly Trp 20 25
30Pro GIn Asp Gly Thr Phe Asn Leu Gly Val Ile Ser GIn Val Lys Ser 35 40 45Arg Val Phe Cys Pro Gly
Pro His Gly His Pro Asp Gln Val Pro Tyr 50 55 60llc Val Thr Trp Glu Ala Leu Ala Tyr Asp Pro Pro Pro
Trp Val Lys65 70 75 80Pro Phe Val Ser Pro Lys Pro Pro Pro Leu Pro Thr Ala Pro Val Leu 85 90 95Pro
Pro Gly Pro Ser Ala Gin Pro Pro Ser Arg Ser Ala Leu Tyr Pro 100 105 110Ala Leu Thr Leu
115144115PRTXenotropic murine lcukemia virus 144Val Gln Arg Ile Ala Ser Asn Gln Ser Val Asp Val
Lys Lys Arg Argl 5 10 15Trp Val Thr Phe Cys Ser Ala Glu Trp Pro Thr Phe Asn Val Gly Trp 20 25
30Pro Gln Asp Gly Thr Phe Asn Leu Gly Val Ile Ser Gln Val Lys Ser 35 40 45Arg Val Phe Cys Pro Gly
Pro His Gly His Pro Asp GIn Val Pro Tyr 50 55 60llc Val Thr Trp Glu Ala Leu Ala Tyr Asp Pro Pro Pro
Trp Val Lys65 70 75 80Pro Phe Val Ser Pro Lys Pro Pro Pro Leu Pro Thr Ala Pro Val Leu 85 90 95Pro
Pro Gly Pro Ser Ala Gln Pro Pro Ser Arg Ser Ala Leu Tyr Pro 100 105 110Ala Leu Thr

1151451 10PRT Xenotropic murine leukemia virus 145Val Gln Arg Ile Ala Scr Asn Gln Ser Val Asp Val
Lys Lys Arg Argl 5 10 15Trp Val Thr Phe Cys Ser Ala Glu Trp Pro Thr Phe Asn Val Gly Trp 20 25
30Pro GIn Asp Gly Thr Phe Asn Leu Gly Val Ile Ser Gin Val Lys Ser 35 40 45Arg Val Phe Cys Pro Gly
Pro His Gly His Pro Asp Gln Val Pro Tyr 50 55 60Ile Val Thr Trp Glu Ala Leu Ala Tyr Asp Pro Pro Pro
Trp Val Lys65 70 75 80Pro Phe Val Ser Pro Lys Pro Pro Pro Leu Pro Thr Ala Pro Val Leu 85 90 95Pro
Pro Gly Pro Ser Ala Gln Pro Pro Ser Arg Ser Ala Leu 100 105 110146109PRTXenotropic murine
leukemia virus 146Val Gln Arg Ile Ala Ser Asn Gln Ser Val Asp Val Lys Lys Arg Argl 5 10 15Trp Val
Thr Phe Cys Ser Ala Glu Trp Pro Thr Phe Asn Val Gly Trp 20 25 30Pro Gln Asp Gly Thr Phe Asn Leu
Gly Val lle Ser Gln Val Asn Leu 35 40 45Glu Cys Phe Val Leu Val Pro Thr Asp Thr Arg Ile Arg Ser His
lle 50 55 60Ser Ser Pro Gly Arg His Leu Pro Met Thr Pro Leu Arg Gly Ser Asn65 70 75 80Arg Leu Ser
Leu Leu Asn Pro Leu Leu Tyr Arg GIn Leu Pro Ser Ser 85 90 95Arg Pro Val Leu Leu Arg Asn Leu Arg
Pro Asp Leu Pro 100 105147104PRT Xenotropic murine leukemia virus 147Asp Val Lys Lys Arg Arg
Trp Val Thr Phe Cys Ser Ala Glu

Trp Prol 5 10 15Thr Phe Asn Val Gly Trp Pro Gin Asp Gly Thr Phe Asn Leu Gly Val 20 25 30lle Ser
Gln Val Lys Ser Arg Val Phe Cys Pro Gly Pro His Gly His 35 40 45Pro Asp Gln Val Pro Tyr Ile Val Thr
Trp Glu Ala Leu Ala Tyr Asp 50 55 60Pro Pro Pro Trp Val Lys Pro Phe Val Ser Pro Lys Pro Pro Pro
Lecu65 70 75 80Pro Thr Ala Pro Val Leu Pro Pro Gly Pro Ser Ala Gln Pro Pro Ser 85 90 95Arg Ser Ala
Leu Tyr Pro Ala Leu 10014811 1PRTXenotropic murine leukemia virus 148Ala Ser Asn Gln Ser Val Asp
Val Lys Lys Arg Arg Trp Val Thr Phel 5 10 15Cys Ser Ala Glu Trp Pro Thr Phe Asn Val Gly Trp Pro
Gln Asp Gly 20 25 30Thr Phe Asn Leu Gly Val lle Ser Gln Val Lys Ser Arg Val Phe Cys 35 40 45Pro
Gly Pro His Gly His Pro Asp Gln Val Pro Tyr Ile Val Thr Trp 50 55 60Glu Ala Leu Ala Tyr Asp Pro Pro
Pro Trp Val Lys Pro Phe Val Ser65 70 75 80Pro Lys Pro Pro Pro Leu Pro Thr Ala Pro Val Leu Pro Pro
Gly Pro 85 90 95Scr Ala Gln Pro Pro Ser Arg Scr Ala Leu Tyr Pro Ala Leu Thr 100 105

110149112PRT Xenotropic murine leukemia virus 149Gln Arg lle Ala Ser Asn Gln Ser Val Asp Val Lys
Lys Arg Arg Trpl 5 10 15Val Thr Phe Cys Ser Ala Glu Trp Pro Thr Phe Asn Val Gly Trp Pro 20 25
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Arg Cys Asn Pro Leu Val Leu Glu Phe 180 185 190Thr Asp Ala Gly Lys Arg Ala Ser Trp Asp Ala Pro
Lys Thr Trp Gly 195 200 205Lcu Arg Leu Tyr Arg Ser Thr Gly Ala Asp Pro Val Thr Leu Phe Ser 210
215 220Leu Thr Arg Gln Val Leu Asn Val Gly Pro Arg Val Pro lle Gly Pro225 230 235 240Asn Pro Val
Ile Thr Glu Gln Leu Pro Pro Ser Gin Pro Val Gin Ile 245 250 255Met Leu Pro Arg Thr Pro Arg Pro Pro
Pro Ser Gly Ala Ala Ser Mct 260 265 270Val Pro Gly Ala Pro Pro Pro Ser Gin Gin Pro Gly Thr Gly Asp
Arg 275 280 285Le¢u Leu Asn Leu Val Glu Gly Ala Tyr Leu Ala Leu Asn Leu Thr Ser 290 295 300Pro
Asp Lys Thr Gln Glu Cys Trp Leu Cys Leu Val Ser Gly Pro Pro305 310 315 320Tyr Tyr Glu Gly Val
Ala Val Leu Gly Thr Tyr Ser Asn His Thr Ser 325 330 335Ala Pro Ala Asn Cys Ser Val Thr Ser Gln His
Lys Leu Thr Leu Ser 340 345 350Glu Val Thr Gly Gln Gly Leu Cys lle Gly Ala Val Pro Lys Thr His 355
360 365GIn Ala Leu Cys Asn Thr Thr Gin Lys Thr Ser Asp Gly Ser Tyr Tyr 370 375 380Leu Ala Ser Pro
Ala Gly Thr Ile Trp Ala Cys Ser Thr Gly Leu Thr385 390 395 400Pro Cys Leu Ser Thr Thr Val Leu Asn
Leu Thr Thr Asp Tyr Cys Val 405 410 415Leu Val Glu Leu Trp Pro Lys Val Thr Tyr His Ser Pro Asn
Tyr Val 420 425 430Tyr Gly GIn Phe Glu Lys Lys Thr Lys Tyr Lys Arg Glu Pro Val Ser 435 440
445Lcu Thr Leu Ala Leu Leu Leu Gly Gly Leu Thr Met Gly Gly lle Ala 450 455 460Ala Gly Val Gly
Thr Gly Thr Thr Ala Leu Val Ala Thr Lys GIn Phed65 470 475 480Glu Gln Leu Gln Ala Ala Ile His Thr
Asp Leu Gly Ala Leu Glu Lys 485 490 495Ser Val Ser Ala Leu Glu Lys Ser Leu Thr Ser Leu Ser Glu
Val Val 500 505 510Lcu Gln Asn Arg Arg Gly Leu Asp Leu Leu Phe Leu Lys Glu Gly Gly 515 520
525Leu Cys Ala Ala Leu Lys Glu Glu Cys Cys Phe Tyr Ala Asp His Thr 530 535 540Gly Val Val Arg
Asp Ser Met Ala Lys Leu Arg Glu Arg Leu Asn GIn345 550 555 560Arg Gln Lys Leu Phe Glu Ser Gly
Gin Gly Trp Phe Glu Gly Leu Phe 565 570 575Asn Arg Ser Pro Trp Phe Thr Thr Leu Ile Ser Thr lle Met
Gly Pro 580 585 590Leu Ile Val Leu Leu Leu lle Leu Leu Phe Gly Pro Cys lle Leu Asn 595 600 605Arg
Leu Val Gln Phe Val Lys Asp Arg Il Scr Val Val Gin Ala Leu 610 615 620Val Leu Thr Gln GIn Tyr His
Gln Leu Lys Ser Ile Asp Pro Glu Glu625 630 635 640Val Glu Ser Arg Glu 645161 1733PRTXcenotropic
murine leukemia virusmisc feature(537)..(537)Xaa can be any naturally occurring amino acid 161 Met
Gly Gln Thr Val Thr Thr Pro Leu Ser Leu Thr Leu Gln His Trpl 5 10 15Gly Asp Val Gin Arg llc Ala Ser
Asn Gln Ser Val Asp Val Lys Lys 20 25 30Arg Arg Trp Val Thr Phe Cys Ser Ala Glu Trp Pro Thr Phe
Asn Val 35 40 45Gly Trp Pro Gln Asp Gly Thr Phe Asn Leu Gly Val lle Ser Gln Val 50 55 60Lys Ser
Arg Val Phe Cys Pro Gly Pro His Gly His Pro Asp Gln Val65 70 75 80Pro Tyr lle Val Thr Trp Glu Ala
Leu Ala Tyr Asp Pro Pro Pro Trp 85 90 95Val Lys Pro Phe Val Ser Pro Lys Pro Pro Pro Leu Pro Thr Ala
Pro 100 105 110Val Leu Pro Pro Gly Pro Ser Ala Gln Pro Pro Ser Arg Ser Ala Leu 115 120 125Tyr Pro
Ala Leu Thr Pro Ser Ile Lys Ser Lys Pro Pro Lys Pro Gln 130 135 140Val Leu Pro Asp Ser Gly Gly Pro
Leu Ilc Asp Leu Leu Thr Glu Asp145 150 155 160Pro Pro Pro Tyr Gly Ala Gln Pro Ser Ser Scr Ala Arg
Glu Asn Asn 165 170 175GIu Glu Glu Ala Ala Thr Thr Ser Glu Val Ser Pro Pro Ser Pro Met 180 185
190Val Ser Arg Leu Arg Gly Arg Arg Asp Pro Pro Ala Ala Asp Ser Thr 195 200 205Thr Ser GIn Ala
Phe Pro Leu Arg Met Gly Gly Asp Gly GIn Leu Gln 210 215 220Tyr Trp Pro Phe Ser Ser Ser Asp Leu
Tyr Asn Trp Lys Asn Asn Asn225 230 235 240Pro Ser Phe Ser Glu Asp Pro Gly Lys Leu Thr Ala Leu
lle Glu Ser 245 250 255Val Leu Ile Thr His GIn Pro Thr Trp Asp Asp Cys Gin Gin Leu Leu 260 265
270Gly Thr Leu Leu Thr Gly Glu Glu Lys Gln Arg Val Leu Leu Glu Ala 275 280 285Arg Lys Ala Val
Arg Gly Asn Asp Gly Arg Pro Thr Gln Leu Pro Asn 290 295 300Glu Val Asn Ala Ala Phe Pro Leu Glu
Arg Pro Asp Trp Asp Tyr Thr305 310 315 320Thr Thr Glu Gly Arg Asn His Leu Val Leu Tyr Arg Gln
Leu Leu Leu 325 330 335Ala Gly Leu Gln Asn Ala Gly Arg Ser Pro Thr Asn Leu Ala Lys Val 340 345
350Lys Gly Ile Thr GIn Gly Pro Asn Glu Ser Pro Ser Ala Phe Leu Glu 355 360 365Arg Leu Lys Glu Ala
Tyr Arg Arg Tyr Thr Pro Tyr Asp Pro Glu Asp 370 375 380Pro Gly GIn Glu Thr Asn Val Ser Met Ser
Phe e Trp Gln Scr Ala385 390 395 400Pro Asp lle Gly Arg Lys Leu Glu Arg Leu Glu Asp Leu Lys Ser
Lys 405 410 415Thr Leu Gly Asp Leu Val Arg Glu Ala Glu Lys lle Phe Asn Lys Arg 420 425 430Gl
Thr Pro Glu Glu Arg Glu Glu Arg Tle Arg Arg Glu Ile Glu Glu 435 440 445Lys Glu Glu Arg Arg Arg
Ala Glu Asp Glu GIn Arg Glu Arg Glu Arg 450 455 460Asp Arg Arg Arg His Arg Glu Met Ser Lys Leu
Leu Ala Thr Val Vald465 470 475 4801le Gly GIn Arg Gin Asp Arg Gln Gly Gly Glu Arg Arg Arg Pro
Gln 485 490 495Leu Asp Lys Asp Gin Cys Ala Tyr Cys Lys Glu Lys Gly His Trp Ala 500 505 510Lys
Asp Cys Pro Lys Lys Pro Arg Gly Pro Arg Gly Pro Arg Pro GIn 515 520 525Thr Ser Leu Leu Thr Leu
Gly Asp Xaa Gly Gly GIn Gly GIn Glu Pro 530 535 540Pro Pro Glu Pro Arg lle Thr Lcu Lys Val Gly
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Trp 1520 1525 1530Lys Leu His Cys Ala Tyr Arg Pro Gln Ser Ser Gly Gln Val Glu 1535 1540 1545Arg
Met Asn Arg Thr Ile Lys Glu Thr Leu Thr Lys Leu Thr Leu 1550 1555 1560Ala Ser Gly Thr Arg Asp
Trp Val Leu Leu Leu Pro Leu Ala Leu 1565 1570 1575Tyr Arg Ala Arg Asn Thr Pro Gly Pro His Gly
Leu Thr Pro Tyr 1580 1585 1590Glu lle Leu Tyr Gly Ala Pro Pro Pro Leu Val Asn Phe His Asp 1595
1600 1605Pro Glu Met Ser Lys Leu Thr Asn Ser Pro Ser Leu Gin Ala His 1610 1615 1620Leu Gin Ala
Leu Gln Ala Val Gin Gln Glu Val Trp Lys Pro Leu 1625 1630 1635Ala Ala Ala Tyr Gin Asp Gln Leu
Asp Gln Pro Val lle Pro His 1640 1645 1650Pro Phe Arg Val Gly Asp Ala Val Trp Val Arg Arg His Gln
Thr 1655 1660 1665Lys Asn Leu Glu Pro Arg Trp Lys Gly Pro Tyr Thr Val Leu Leu 1670 1675 1680Thr
Thr Pro Thr Ala Leu Lys Val Asp Gly lle Ser Ala Trp lle 1685 1690 1695His Ala Ala His Val Lys Ala
Ala Thr Thr Pro Pro Ala Gly Thr 1700 1705 1710Ala Trp Lys Val Gin Arg Ser Gln Asn Pro Leu Lys lle
Arg Leu 1715 1720 1725Thr Arg Gly Ala Pro 17301628165DNA Xenotropic murine leukemia virus

1 62agtcatecga tagactgagt cgeccgggta cecglgtice caataaagec ttttgetgtt 60tgeatcegaa gegtggecte getgtteett
gggaggelcl cetecagaglg attgactace 120cagetegggg gstetttcatt tgggggcteg tecgggatte ggagaccece geccagggac
180caccgaccea ceglegggag gtaageegge cggegategt titgtetttg tetetgtett 240tgtgegtgtg tgtgtgtgee ggeatctaat
cctegegeet gegtetgaat ctgtactagt 300tagetaacta gatetgtate tggeggtice geggaagaac tgacgagtic gtaticecgg
360ccgeageect gggagacgtc ccageggect cgggageccy tttgtggce cattetgtat 420cagttaacct acccgagteg
gacttiitgg agtggclitlg tigggegace agagacagag 480acacticecg cececgtetyg aatttttget ticggtitla cgecgaaace
gegeegegeg S40tctgattigt tgtigtic tictgttett cgttagtitt cttetgtett taagtgtict 600cgagalcatg ggacagaceg
taactaccee tetgagicta accttgeage actggggaga 660tgtccagege attgeateca accagletgl ggatgicaag aagaggceget
gegttacett 720ctgticcgec gaatggecaa ctttcaatgt aggatggeet caggalggta citttaattt 780aggtgttate tetcaggtea
agtctagagt gttttgtect ggtecccacg gacaceegga 840tcaggtecca tatategtea ectgggagec acttgectat gaccececte
catggatcaa 900accgtttgte tetectaaac coecteettt accgacaget ceegtectee cgeeeggtee 960tetgegeaa ceteegtece
gatctgeect ttaccetgee citacceect ctataaagte 1020cazacctect aageeccagg tictecclga tageggegga ceteteattg
accttctcac 1080agaggatcce cogecgtacg gageacaace tteetectet gecagggaga acaatgaaga 1140agaggcggcc
accaccteeg aggttlecee ccetteteee atggtgtete gactgeggge 1200aaggagagac ceteccgeag cggacteeac
caccteecag geatteecac tecgeatgge 1260gggagatgge cageticagt actggeegtt ticetectet gatttatata attggaaaaa
1320taataaccet tocttttetg aagatccagg taaattgacg geettgattg agtecgteet 1380catcacccac cageccacct
ggeacgaclg lcageagttg ttggggacce tgetgacegg 1440agaagaaaag cageggetge tectagagge tagaaaggca
gtecgggeca atgatggacg | 500ccecactcag tigectaatg aagtcaatge tgetitteee cligagegee ccgatiggea
1560ttacaccact acagaaggta ggaaccacct agtectetac cgecagtige tettagegee 1620tcteccaaaac gegggeagea
geeccaceaa titggecaag gtaaaaggea taacccaggg 1680acctaatgag teteccicag cetttttaga gagactcaag gaggcctale
gcaggtacac 1740tccttatgac cetgaggace cagggeaaga aaccaatgty lecatgteat teatctggea 1800gtetgeeceg
gatatcggac gaaagttaga geggttagaa gatttaaaga geaagacctt 1860aggagactta glgagggaag clgaaaagat cittaataag
cgagaaacce cggaagaaag 1920agaggaacgt alcaggagag aaatagagga aaaagaagaa cgecglagag cagaggatga
1980gcagagagag agagaaaggg accgcagaag acatagagag atgagcaage tettggecac 2040tgtagtiant getcagagac
aggatagaca ggggggagag cggaggagee cecaacttga 2100taaggaccaa tgegectact geaaagaaaa gegacactgg
gctaaggact geccaaagaa 2160gecacgaggy ceecgaggac cgaggeecea gaccteccte cigaceliag gtgactageg
2220aggtcagget caggagecee cecctgaace caggataace cteaaagteg ggeeocaace 2280cgteaccttc ctggtagata
clggggccea acacteegtg ctgacecaaa atectggace 2340cctaagtgac aagtetgect gggtecaagg gectactgga
geaaageget atcgetggac 2400cacggatege aaagtacate tggetacegg taagglcace cacictiice ecatgtace
2460agactgcecc tatectelge laggaagaga cttgetgact aaactaaaag cecaaateca 2520cttegaggga teaggagete
aggttgtgee accgatggga cageeectge aagtgetgac 2580cctaaacata gaagatgagt atcggetaca tgagaccica
aaagagccag atgttectet 2640agggtecaca tggettictg attttcecca ggectggeeg gaaaccgeag geatggeact
2700ggcagttcge caagetecte tgatcatace tetgaaggea acctctacee cegtgtecat 2760aaaacaatac cecatgteac
aagaagccag actggggale aagecccaca tacagaggcet 2820gttggaccag ggaatactgg tacectgeca gleccecigg
aacacgecee tgetacecgt 2880taagaaacea gggactaatg attataggec tgtecaggat clgagagaag tcaacaageg
2940ggtggaagac atccacceca cegtgeecaa cecttacaac ctettgageg gecteccace 3000gteccaccag tggtacactg
tgcttgattt aaaggatgcc titttetgee tgagacteca 3060ccecaccagt cageetetet tegeetitga glggagagat ccagagatgg
gaatctcagg 3120acaactgace tggaccagac tcccacaggg ticaaaaac agteccaccc tgtttgatga 3180ggceactgeac
agagacctag cagatttccg gatccageac ccagacttga tectgetaca 324(0gtacgtggat gacttactge tggecgecac tictgageaa
gactgecaac gaggtacteg 3300ggecectatta caaacectag ggaacctegg gtatcgggee teggecaaga aageecaaat
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accgettggt ceagtitgta aaagacagaa tteggtagt geaggcectg 7620gttctgacce aacagtatca ccaactcaaa tcaatagate
cagaagaagt geaatcacgt 7680gaataaaaga tttattcagt ticcagaaag aggggggaat gaaagaccce accataaggc
7740ttagcacget agetacagta acgecatttt geaageatgg aaaagtacca gagetgagtt 7800ctcaaaagtt acaaggaagt
ltaattaaag aataaggcetg aataacactg ggacagggec 786(caaacaggat atctgtagte aggeacctgg gececggcete
agggccaaga acagatggte 7920ctcagataaa gecgaaactaa caacagtttc tggaaagtec cacctcagtt tcaagttece
7980caaaagaccg ggaaatacce caagecttat ttaaactaac caatcagete getteteget 8040tctgtaceeg cgetttttge
tccecagtee tageectata aaaaaggeet aagaacteca 8100cacteggege gecagteate cgatagactg agtegecegg
atacecgtgt teccaataaa 8160gectt 81651638185DNAXenotropic murine leukemia virus 163gcgccagica
tcegatagac tgagtegeee gggtaceegt gtteccaata aageettttg 60ctgtitgeat cecgaagegtg geetegetgt tecttgggag
gotetectea gagtgattga 120ctacccaget cgggggtett teatttgggg getegtecgg gatleggaga coececgecea
180gggaccaceg acccaccgte gggaggtaag ccggeeggcg ategtittgt ctttgtetet 240gtetttgtge gtatatgtat gteccggacat
ctaatccteg cgectgegte tgaatetgta 30(0ctagttaget aactagatet gtatctggeg gliccgegga agaactgacg agttegtatt
360cceggecgea geecagggag

acgteecage ggectegggg gecegttttg tgecccatte 420tgtatcagtt aacctacceg agleggacte titggagtgg cttigitggs
ggacgagaga 480cagagacact tcecgecece gtetgaattt tgettiegg ttitacgecg aaaccgegee 540gegegtetga tguttgt
tgttctictg ticttcgtta gttttcteet gtetttaagt 600gtictegaga teatgggaca gaccgtaact accecictga gietaacctt
geageactgg 660ggagatgtcee agegeattge atccaaccag tetgtggatg (caagaagag gegetgggtt 720acettetgt
ccgecgaalg gecaacttte aatgtaggat ggectcagga tggtactttt 780aatttaggtg ttatcictca ggteaagtet agagigiitt
gtectggtee ccacggacac 840ccggatcagg teccatatat cgleacctgg gaggeactty cotatgacce cecteegiag
900gtcaaaccgt ttgtetetee taaacecect cetttacega cageteecgt cetecegeee 960ggtectictg cgeaacciee gieccgatet
accctttace ctgeecttac ectetetata 1020aagtecaaac clectaagee ceaggticte cetgatageg geggacctet cattgacett
1080ctcacagagg atececcgee gtacggagta caaccticet cetetgecag ggagaacaat 1140gaagaagage cggecaccac
ctecgaggtt teocecectt cteccatggt gtetegactg 1200cggegaagga gagacectee cgeageggac iccaceacct cecaggcall
cecacteege 1260atgggeggag atggecaget teaglaclgg cegittteet cotetgattt atataatigg 1320aaaaataata
accctteett tictgaagat ccaggtaaat tgacggectt gattgagtee 1380gtecteatea cecaccagee cacctgggac gactgleage
agttgttggg gaccetgety 1440accggagaag aaaageageg ggtgetecta gageclggaa aggeagieeg gggcaatgat
1500ggacgcceca cteagtigee taatgaagte aatgelgett ttececttga gegeeeegat 1560tgggattaca ceactacaga
aggtaggaac cacctagtce tetacegeea gttgetetta 1620gegggictec aaaacgeggg caggagecce accaattigy
ceaaggtaaa agggataacce 1680cagggaccta atgagtctee cleagecttt ttagagagac lcaaggagge clalcgeagy

1 740tacactectt atgacectga ggacccagyy caagaaacca atgtgtecat gteattcate 1800tggeagtetg ceecggatat
cgggegaaag tagageggt tagaagattt aaagageaag | 860accttaggag acttagtgag ggaagetgaa aagatetita
ataagcgaga aacceeggaa 1920gaaagagagg aacgtatcag gagagaaata gaggaaaaag aagaacgeeg tagegcagag
1980gatgagcaga gagagagaga aagggeaccgc agaagacata gagagatgag caagetettg 2040gccactgtag ttattggtca
gagacaggat agacagggeg gagageggag gaggecccaa 2100cttgataagg accaalgegc clacigeaaa gaaaagggac
actggectaa ggactgeeca 2160aagaageeac gagggececg aggaccgagg ceecagacct cectectgac ctlaggigac
2220tagggaggic agggtcagga goceeceeel gaacceagga taaccctcaa agleggggeg 2280caaccegtea cotteetggt
agatactggg geccaacact cegtgetgac ceaaaatect 2340ggaceectaa gtgacaagic tgectgaglc caagggecta
ctggaggaaa geggtatege 2400tggaccacgg atcgeaaagt acatetgget accggtaagg teacceactc ticelecat
2460gtaccagact geecctatee tetgetagga agagacttge tgactaaact aaaageecaa 2520atccacttcg agggatcagg
agctcaggtt gtggpaccga tgggacagee cotgeaagtg 2580ctgacceetaa acatagaaaa taagtategg clacatgaga
cctcaaaaga gecagatgtt 2640cctctagggt ceacatgget tictgattit ceccaggect gggeggaaac cggggacatg
2700ggactggeag tegecaage tectetgalte atacctetga aggeaacclc tacececgty 2760tccataaaac aataccecat
gtcacaagaa gecagactgg ggatcaagee ceacatacag 2820aggetgttgg accagggaat actggtacee tgecaglece
cctggaacac geeectgeta 2880cccgttaaga aaccagggac taatgattat aggeetgtee aggalelgag agaagicaac
2940aagcggetag aagacatcea ceeeacegtg cocaaccett acaacctett gagegggete 3000ccacegteee accagtgzta
cactgtgctt gatttaaagg atgeettttt ctgectgaga 3060ctecacecca ceagleagee tetettegee tigagtgga gagatecaga
gatgggaate 3120tcaggacaac tgacctggac cagactecea cagggtitca aaaacagtee caccetgttt 3180gatgaggeac
tgcacagaga cctagcagat ticeggatee ageacceaga cttgatectg 3240ctacagtacg tggatgactt actgetggee geeactictg
agcaagactg ccaacgaggt 3300actcgggecce tattacaaac cetagggaac ctegggtate gggecleggc caagaaagee
3360caaatttgee agaaacaggt caagtatelg gggtatetee taaaagaggy acagagatgg 3420ctgactgagg ccagaaaaga
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7680cacgtgaata aaagatttta ttcagtttce agaaagagege geeaatgaaa gaccecacca 7740taaggettag cacgetaget
acagtaacgc cattttgcaa ggeatggaaa agtaccagag 7800ctgagtictc aaaagttaca aggaagtita attaaagaat aaggctgaat
aacactggga 7860caggggccaa acaggatate tgtagtcagg cacctgggee ceggeteagg gecaagaaca 7920gatggtecte
agataaagcg aaactaacaa cagtiictgg aaagteccac cteagitttca 7980agitececaa aagaccggga aataccccaa gecttattta
aactaaccaa teageteget 8040tctegettet gtacccgege ttitgetee ceagtectag coctataaaa aaggggtaag
8100aactecacac teggegegee agteatecga tagactgagt cgeceggeta cecgtgttce 8160caataaagee trttgetgtt tgcaa
81851648185DNA Xenotropic murine leukemia virus [64gcgecagtea teegatagac tgagtegeee gugtaceegt
gtteceaata aagectittg 60ctgtttgeat cegaagegtg geetegetgt tecliggeag getetectea gaglgatiga 120ctacccaget
cgggeplctt teatttggeg gotegteegg gattcggaga ceeeegeeca 180gggaccaceg acccaccgie gggaggtaag
ccggecggcg atcgtittgt ctitgtetet 240gtetttgtge gtgtatatgt gtgecggeal claatceteg cgectgegle tgaatctgta
300ctagttaget aactagatet gtatctggeg gticcgegga agaactgacg agitegtatt 360cceggeegea geeetgggag
acgtcccage ggecteggag geeegttttg tggeccatte 420tgtateagtt aacctaceeg agteggactt Higgagtgg ctitgtigag
ggacgagaga 480cagagacact teecgecece gtetgaattt tigetitcgg tittacgecg aaaccgegce 540gcgcegletga titgtittgt
tattcttetg ticttegtta gittettet gietttaagt 600gtictegaga teatgggaca gaccgtaact accectetga glctaacctt
geagcactgg 660ggagatgtce agegeattge atccaaceag tetgtggatg tcaagaagag gegelgegtt 720accttctgtt
ccgecgaatg gecaactitc aatgtaggat ggectcagea tggtactttt 780aatttaggta ttatctctca ggtcaagtct agagtgtutt
gtectggtee ccacggacac 840ccggaleagg teccatatat cgteacetgg gaggeactty cetatgacee cecteegleg
Y0gtecaaacegt tigtetetee taaaccecct cetttacega cageleccgt ceteeegeee 960ggtecttetg cgeaacctee gteeegatet
geeetttace ctgeecttac cecctetata 1020aagtccaaac clectaagee ceagglicte cetgatageg geggaccict cattgacctt
1080ctcacagagg atcccecgec gtacggagea caaccticet cetetgecag ggagaacaat | 140gaagaagagg cggecaccac
ctecgaggtt teceeeectt cteccatggt gietegactg 1200cggggaagea gagacectee cgeageggac tecaccaccl ceccaggeatt
cecacteege 1260atgggageag atggecaget teagtactgg cogtittect celetgatit atataattgg 1320aaaaataata
acccttectt tictgaagat ccaggtaaat tgacggectt gattgagtee 1380gtecteatea cecaccagec cacelgggac gactgteage
agttgttgge gacectgetg 1440accggagaag aaaageagey getgetecta gaggetagaa aggeaglieeg gggcaatgat
1500ggacgeceea cteagttgee taatgaagte aatgetgett ticcectiga gegeecegat 1560tggggttaca ccactacaga
aggtaggaac cacctaglee tetaccgeca gitgelctia 1620gcgggtctee aaaacgeggg caggageece accaattigg
ccaaggtaaa agggataace 1680cagggaccta atgagtetee cteagectit ttagagagac tcaaggagec ctatcgeagy

1 740tacacteett atgaceetga ggacccaggg caagaaacca atgtgiceat gteaticate 1800tggcagtctg ceceggatat
cgggcgaaag ttagageggt tagaagattt anagageaag 1860accttagpag acttagtgag ggaagelgaa aagatctita
ataagcgaga aaccecggaa 1920gaaagagagg aacglatcag gagagaaala gaggaaaaag aagaacgecg tagggcagag
1980gatgagcaga gagagagaga aagegaccec agaagacata gagagatgag caageteug 2040gccactgtag ttattggtca
gagacaggat agacaggggy gagageggag gageccccaa 2100cttgataagg accaatgege clactgcaaa gaaaaggoac
actgggctaa ggactgeeea 2160aagaagecac gagggeeceg aggaccgage coccagacet cectectgac cttaggtgac
2220tagggaggtc agggleagga gececocect gaacccagga taaccelcaa agieggggay 2280caacccgtea cettectggt
agatactggg goccaacact cegtgetgac ceaaaatect 2340ggaccectaa gigacaagic tgectgggte caaggggcta
ctggaggaaa geggtatege 24001ggaccacgg atcgeaaagt acatetgget accgglaagg tcacccacte ttectecat
2460gtaccagact geecctatee tetgetagga agagaclige tgactaaact aaaageccaa 2520atccactlcg agggatcage
agctcaggtl glgggaccga tgggacagee cetgeaagtg 2580ctgaccetaa acatagaaga tgagtategs ctacatgaga
cgtcaaaaga gecagatgtt 2640cctetagggt ceacatggct ttetgatitt ccccaggect gggeggaaac cgggggeatg
2700ggactggeag ttcgecaage tectetgate atacctetga aggeaaccle taceceegtg 2760tccataaaac aataceccat
gtcacaagaa gecagactgg ggatcaagee ceacatacag 2820aggetgttge accagggaat actggtacee tgecaglece
cetggaacac geeectgeta 2880ccegttaaga aaccagggac taatgattat aggectgtee aggatctgag agaagicaac
2940aagcggylge aagacatcca ceecaccgly cecaaccett acaacetett gageggectc 3000ccaccgtece accagtggta
cactgtgett gatttaaagg atgeettitt ctgectgaga 3060ctecacceca ceagleagee tetetiegee ttgagtgga gagatccaga
gatgggaate 3120tcaggacaac tgacctggac cagacteeca cagggitica aaaacaglee caccetgttt 3180gatgaggceac
tgcacagaga cotageagat ttecggatee ageacceaga cttgateclg 324(ctacagtacg tggatgactt actgetggee geeacticty
agcaagactg ccaacgaget 3300actcgggece tattacaaac cclagggaac cleggglalc ggeccicgge caagaaagce
3360caaatitgee agaaacaggt caagtatetg gggtatetee taaaagaggg acagagatgg 3420ctgactgagg ccagaaaaga
gactgtgalg ggecageeca cleegaagac cectegacaa 3480ctaagggagt tectagggac ggcaggette tgtegeetet
ggatecctgg gtttgeagaa 3540atggeagece cettglacee tettaccaaa acggggactc (glttaattg gggcccagac
3600cagcaaaagg cctatcaaga aatcaaacag gelclictaa ctgeceocge celgggang 3660ccagatttga ctaageectt
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acagtaacgc cattttgcaa ggeatggaaa agtaccagag 7800ctgagtictc aaaagttaca aggaagiita attaaagaat aaggetgaat
aacactggga 7860caggggccaa acaggatate tgtagtcagg cacctgggee ceggeteagg gecaagaaca 7920gatggtecte
agataaagcg aaactaacaa cagtttctgg aaagtcecac cteagtttca 7980agttccccaa aagaccggga aataceccaa gecttattta
aactaaccaa tcageteget 8040tctegettet gtaccegege ttttgetee ceagtectag coctataaaa aaggggtaag
8100aactccacac teggegegee agteatcega tagactgagt cgeccgggta cecgtgttee 8160caataaagec tttgetgtt tgcaa
8185165490DN A Xenotropic murine leukemia virus 165accegtggag cecectgata attatgggga teliggtgag
gecaggagee teagtacaac 60gtgacagece teaccagglc ttaatgica ctiggaaaat taccaaccla atgacaggac
120aaacagetaa tgctacctee ctectgggga cgatgacaga cactttcect aaactatatt 180tgacttgtg tgatitagit geagacaact
gggatgacce ggaaccegat attggagatg 240gttgecgete teccgggega agaaaaagga caagactata tgattictat giiigeeceg
300gtcatactgt attaacaggg tgtggaggee cgagagagag ctactgtgge aaatggggat 360gtgagaccac tggacageca
tactggaagc calcatcatc atgggaccta attteectta 420agegaggaaa cactectaag ggtcagggce cetgttitga ticclcagty
gectecggta 480gcatecaggg 490166490DNA Xenotropic murine leukemia virus 166accegtgggg ceccctgata
attatggegea tetiggtgag ggcaggagec (cagtacaac 60gtgacageee tcaccaggte titaatgtca ctiggaaaat taccaaccta
atgacaggac 120aaacagctaa tgetacelee ctectgggga cgatgacaga cactiteect aaactatatt 180ttgacttgtg tgatttagtt
ggagacaacl gggatgacce ggaaccegat attggagatg 240gttgecgete teecggggga agaaaaagga caagactata tgattictat
atttgecceg 300gtcatactgt attaacaggg (g1ggagegec cgagagaggg clactglagc aaatggggat 360gtgagaccac
tggacaggea tactggaage catcatcate atgggaccta atticectta 420agcgaggaaa cactcctaag ggtcagggec cetgtittga
ttccteagtg ggctecggta 480gcatecaggg 490167162PRT Xenotropic murine leukemia virus 167Pro Trp Gly
Pro Leu lle Ile Met Gly Ile Leu Val Arg Ala Gly Alal 5 10 15Ser Val Gln Arg Asp Ser Pro His Gin Val
Phe Asn Val Thr Trp Lys 20 25 30Tle Thr Asn Leu Met Thr Gly Gln Thr Ala Asn Ala Thr Ser Leu Leu
35 40 45Gly Thr Met Thr Asp Thr Phe Pro Lys Leu Tyr Phe Asp Leu Cys Asp 50 55 60Lcu Val Gly Asp
Asn Trp Asp Asp Pro Glu Pro Asp Ile Gly Asp Gly65 70 75 80Cys Arg Ser Pro Gly Gly Arg Lys Arg
Thr Arg Leu Tyr Asp Phe Tyr 85 90 95Val Cys Pro Gly His Thr Val Leu Thr Gly Cys Gly Gly Pro Arg
Glu 100 105 110Gly Tyr Cys Gly Lys Trp Gly Cys Glu Thr Thr Gly Gln Ala Tyr Lys 115 120 125Pro
Ser Ser Ser Trp Asp Leu Ile Ser Leu Lys Arg Gly Asn Thr Pro 130 135 140Lys Gly Gin Gly Pro Cys Phe
Asp Ser Ser Val Gly Ser Gly Ser Ile145 150 155 160Gin Gly168162PRTXenotropic murine leukemia
virus 168Pro Trp Gly Pro Leu lle Ile Met Gly Ile Leu Val Arg Ala Gly Alal 5 10 15Ser Val Gln Arg Asp
Ser Pro His Gln Val Phe Asn Val Thr Trp Lys 20 25 30Ile Thr Asn Leu Met Thr Gly Gln Thr Ala Asn
Ala Thr Ser Leu Leu 35 40 45Gly Thr Met Thr Asp Thr Phe Pro Lys Leu Tyr Phe Asp Leu Cys Asp 50
55 60Lcu Val Gly Asp Asn Trp Asp Asp Pro Glu Pro Asp lle Gly Asp Gly65 70 75 80Cys Arg Ser Pro
Gly Gly Arg Lys Arg Thr Arg Leu Tyr Asp Phe Tyr 85 90 95Val Cys Pro Gly His Thr Val Leu Thr Gly
Cys Gly Gly Pro Arg Glu 100 105 110Gly Tyr Cys Gly Lys Trp Gly Cys Glu Thr Thr Gly Gln Ala Tyr
Lys 115 120 125Pro Ser Ser Ser Trp Asp Leu lle Ser Leu Lys Arg Gly Asn Thr Pro 130 135 140Lys Gly
Gln Gly Pro Cys Phe Asp Ser Ser Val Gly Ser Gly Ser Ilel45 150 155 160GIn

Gly16932 1 DNAXenotropic murine leukemia virus 169caattcgage agelecagge agccatacat acagaccttg
gggecttaga aaaatcagte 6Glagtgecclag aaaagtctct gacclegitg ietgagglag tectacagaa ceggagggga 120ttagatcact
gttcctaaaa gaaggaggat tatgtgelge cetaaaagaa gaatgetgtt 180tttacgegga ceacactgge glaglaagag atagcatggc
aaagctaaga gaaaggttaa 240accagagaca aaaatiglic gaatcaggac aaggglagtt tgagggacts ttaacaggt
300ccecatgatt cacgaceetg a 321170321DNAXenotropic murine lcukemia virus 170caattcgage agetecaggac
agccatacat acagaccttg gggecttaga aaaatcaglc 6lagtgccctag aaaagtctet gacctegitg tetgaggleg tcctacagaa
ccggagggea 120tagateact gttectaaaa gaaggaggat tatgigctge cctaaaaaaa gaatgetgtt 180tttacgegga
ccacactgge gtagtaagag atageatgge aaagetaaga gaaaggttaa 240accagagaca aaaaliglic gaatcaggac aagggtggtt
tgagggactg tttaacaggt 300ccecatggtt cacgacectg a 321171108PRTXenotropic murine leukemia

virusmisc feature(108)..(108)Xaa can be any naturally occurring amino acid 171GIn Phe Glu Gin Leu
Glin Ala Ala Ile His Thr Asp Leu Gly Ala Leul 5 10 15Glu Lys Ser Val Ser Ala Leu Glu Lys Ser Leu Thr
Ser Leu Ser Glu 20 25 30Val Val Leu Gln Asn Arg Arg Gly Leu Asp Leu Leu Phe Leu Lys Glu 35 40
45Gly Gly Leu Cys Ala Ala Leu Lys Glu Glu Cys Cys Phe Tyr Ala Asp 50 55 60His Thr Gly Val Val
Arg Asp Ser Met Ala Lys Leu Arg Glu Arg Leu65 70 75 80Asn Gln Arg GIn Lys Leu Phe Glu Ser Gly
Gln Gly Trp Phe Glu Gly 85 90 95Lcu Phe Asn Arg Ser Pro Trp Phe Thr Thr Leu Xaa 100
105172 108PR T Xenotropic murine leukemia virusmisc_feature(108)..(108)Xaa can be any naturally
occurring amino acid 172GIn Phe Glu Gin Leu Gin Ala Ala Ile His Thr Asp Leu Gly Ala Leul 5 10
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