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ABSTRACT
Human T-cell leukemia virus (HTLV) type I-related endogenous sequences (HRES) have been cloned
from a human genomic library. HRES-1/1 is present in DNA of all normal donors examined. By
nucleotide sequence analysis, HRES-1/1 contains two potential open reading frames capable of
encoding a p25 and a p15. A 684 bp flanking region 5' from the first ATG codon of p25 contains
a TATA-box, a poly-adenylation signal, a putative tRNA primer binding site, and inverted repeats
at locations which are typical of a retroviral long terminal repeat. Phylogenetic analysis suggests
that HRES-1/1 entered the genome in primates, presumably as an exogenous retrovirus. From the
deduced amino acid sequence of HRES-l/l p25, residues 6-36 show a sequence homology of 32%
and 39% to gag region segments of HTLV-I and HTLV-ll, while residues 104-139 display a sequence
homology of 33% and 28% to the gag regions of human immunodeficiency virus type 2 (HIV-2)
and feline sarcoma virus (FSV), respectively. This suggests that the original exogenous virus infecting
primate may be chimeric in structure. The HRES-1/1 genomic locus is transcriptionally active in
lymphoid cells, melanoma cells, and embryonic tissues.

INTRODUCTION
Human cells contain a complex variety of endogenous retroviral sequences (ERSs). These
human ERSs were isolated by low stringency hybridization to known mammalian ERSs
(1-4), by hybridization to the 3' terminus oftRNAs (5, 6), or during analyses of flanking
regions of other genes (7, 8). While some ERSs are represented in a single copy per haploid
genome (2, 9), others are highly repetitive and present at a frequency of 50 to 100 copies
per haploid genome (1, 3-8). To date, the function of these ERSs is unknown and they
have not been implicated in human disease.

In some species, such as the baboon (10) or the mouse (11, 12), ERSs are complete
proviruses which can be expressed as infectious retroviral particles. In human cells,
infectious endogenous retroviruses have not been detected.
To determine whether endogenous retroviral sequences with similarity to known human

retroviruses exist in man, we undertook low stringency cloning with an HTLV-I specific
DNA probe and demonstrate HTLV-I-related endogenous sequences (HRES) so far
unknown in the human genome. The HRES-1/1 genomic locus is transcriptionally active
and contains two large potential ORFs. Phylogenetic analysis suggests that the HRES-1/1
may have entered the genome at the developmental stage of primates, presumably as an
exogenous retrovirus.
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MATERIALS AND METHODS
Preparation and screening of genomic library
A genomic library was constructed in lambda DASH bacteriophage (Stratagene, San Diego,
CA). DNA was extracted from cultured T lymphocytes of a patient, MA, with type II
cryoglobulinemia, 0.4 t'g partially digested with Sau3A and ligated with T4 DNA ligase
to 1 /Ag of phage arms which had been prepared with BaniHI digestion as described by
Maniatis et al. (13). Ligated DNA was packaged with Gigapack Gold extracts (Stratagene)
and recombinant phages were plated on E. coli P2392. Positive clones were identified
by hybridization with a 32P-labeled HTLV-I LTR and gag region-containing probe, pMAI.
Hybridization was carried out in 6 x SSC (1 x SSC is 0.15 M NaCl plus 0.015 M sodium
citrate), 1 xDenhardt's solution (13), 1 mM Na2-EDTA, and 0.5% SDS. After overnight
hybridizations, the filters were washed under low stringency conditions in 2x SSC and
0.1 % SDS at 550C for 2 h. Such screening would identify sequences containing at least
12 identical nucleotides in contiguity, assuming a 50% GC content (14).
Southern blot hybridizations
High molecular weight genomic DNA was isolated from peripheral blood lymphocytes
and granulocytes of 33 normal donors and various cell lines, digested to completion with
restriction endonucleases (BRL, Gaithersburg, MD), separated by electrophoresis in 0.7%
agarose gels, denatured, and transferred to nylon membranes by Southern blotting as
described earlier (15). The blots were hybridized as indicated above except for the addition
of 100 pg/ml boiled salmon sperm DNA. Genomic blots were washed under high stringency
conditions (16) in 0.1xSSC, 0.1% SDS for 90 min at 65°C.
Northern blot analysis
Poly A+ RNA was isolated by direct binding to oligo-dT cellulose in cell lysates (17),
fractionated in 1% glyoxal gels, (13) and transferred to nylon membranes. Hybridization
and washing were done under high stringency conditions.
Hybridization probes
The HTLV-I specific pMAI probe used in these experiments is a 1.5 kb EcoRI-ClaI fragment
which contains the 5' LTR and the entire gag gene of HTLV-I (SstI-SmaI fragment in
Fig. 2) (18). As an HRES-1/1 specific probe, either the entire 5.5 kb HindH fragment
of HRES-1/1 (pIl/1) or an EcoRI-SmaI fragment of p1/1 (1/1-ES) was used (Fig. 2). All
DNA probes were purified from vector in preparative agarose gels and labeled with
32P-dCTP by random oligomer priming (19). The 5.5 kb HindIl fragment of HRES-1/1
was cloned into the Bluescript SK vector which allowed the generation of strand specific
32P-UTP labeled RNA probes using T3 or T7 RNA polymerase (Stratagene).
A human beta-actin cDNA probe, pFH5 (1.5 kb XhoI fragment) was used as a control

for RNA expression (20). The integrity of mammalian genomic DNA samples was assured
by hybridization to exon 3 (1.8 kb Clal-EcoRI fragment) of the human c-myc locus (21).
DNA sequencing
The sequence of 2151 nucleotides of HRES-1/1 was determined by the chain termination
method using the Kilobase Sequencing System (BRL). Suitable fragments of HRES-1/1
were subcloned into M13 mpl8 and m19 vectors (BRL) to allow sequencing of the insert
from both directions. The obtained sequence was analyzed with the University of Wisconsin
Genetics Computer Group (UWGCG) software through the University of Rochester VAX
computer system.
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RESULTS
Restriction mapping of HTLV-related genomic sequences
8 x 105 recombinants of a genomic DNA library prepared from MA-T cells were screened
under low stringency conditions (2 x SSC, 55°C) with pMAI, a long terminal repeat (LTR)
and gag region-containing HTLV-I probe. Such screening would detect sequences containing
at least 12 identical nucleotides in contiguity (14), assuming a 50% GC content. From
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Fig. 1. Panel A top gel: the blot was hybridized with an HTLV-I X-tat and LTR-region containing probe (1.2
kb Clal-Hindl (linker) fragment of pMAI). Samples shown are: lane 1, entire 20 kb genomic HRES insert
cleaved from phage clone 1/1 with XbaI restriction endonuclease; lane 2, phage clone 1/1 digested with XbaI
and HindH; lane 3, phage clone 1/1 digested with HindM; lane 4, 1.2 kb Clal-HindIII (linker) fragment of
HTLV-I containing X-tat and 3' LTR (positive control); Panel A bottom gel: the blot was hybridized to a 32p
labeled HTLV-I LTR and gag region-containing pMAI probe (1.5 kb EcoRI-Clal fragment). Samples shown
in lanes 1-3 are identical with those in the top gel. Lane 4 contained the 1.5 kb EcoRI-Clal fragment of HTLV-I
(positive control). Washing was done under low stringency conditions (2 xSSC, 55°0C). Panel B, Hybridization
of 430 bp EcoRI-SmaI fragment of HRES pIl/l (1/1-ES) to the 1.5 kb EcoRI-Clal fragment of HTLV-I probe,
pMAI (lane 1) and to 1/1-ES (lane 2, self-hybridization). Washing was done under high stringency conditions
(0.lxSSC at 65°(C).
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Fig. 3. Southern blot hyblidization of the 5.5 kb HindIII fragment of HRES-1/1 (pl/1) to HindI-digested genomic
DNA isolated from 33 different normal human peripheral blood lymphocyte samples. The upper panel contained
16 samples while the lower contained 17 samples. Hybridization and washing was done under high stringency
conditions (0.1 xSSC, 65°C).

eight positive recombinants isolated from the genomic library, clone 1/1 was further
analyzed in detail. The HTLV-I LTR- and gag-related region within bacteriophage clone
1/1 was localized to a 5.5 kb HindH fragment (Fig. 1, Panel A). The 5.5 kb HindH
fragment (pl/l) was subcloned into pUC18. The HTLV-I LTR and gag-related region
within pIl/l was further localized to an EcoRI-SmaI fragment (Fig. 1, Panel B). The precise
length (430 bp) of the EcoRI-SmaI fragment of clone 1/1 (1/1-ES) was determined by
dideoxy sequencing (see below). As shown in Fig. IB, intensive cross-hybridization was
also noted between the 1/1-ES and HTLV-I fragments under high stringency conditions
(washing at 65°C with 0.1 x SSC). This suggests a homology of up to 80 bp depending
on the GC content of the hybridizing duplex. The location of p1/i (5.5 kb HindIL fragment)
and 1/1-ES (430 bp EcoRI-Smal fragment) and the restriction map of the genomic locus
is shown in Fig. 2.
Southern analysis of human genomic DNA samples
The entire 5.5 kb HindIH fragment of pl/l showed strong (high stringency) hybridization
to a large panel of genomic DNA samples isolated from peripheral blood lymphocytes
(Fig. 3). This demonstrated that the 1/1 sequence is present in normal human genomic

Fig. 2. Restriction map of the HRES-i/1 locus. Recognition sites for EcoRI (E), HindHI (H), SmaI (S), BamHI
(B), Pvull (P), KpnI (K) and Hincd (Hc) restriction enzymes are indicated. The hatched area shows the 5.5
kb HindH fragment (pl/l) subcloned for further analysis. The solid black areas mark the most related sections
of HRES-I/I and HTLV-I (18) as determined by cross-hybridizations and sequence analyses. 5' to 3' orientation
is based on sequence analysis of a 2151 bp fragment of HRES-1/i symbolized as an open bar above the restriction
map.
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DNA and represents an HTLV-related endogenous sequence (HRES). While uniform
hybridization patterns were noted in EcoRI, BamHI, PvuIl, KpnI, and BglII digested
genomic DNA samples, HindU-digested DNA revealed a polymorphism of the HRES
locus as shown in Fig. 3. The HRES-1/1 probe (5.5 kb) annealed to three polymorphic
fragments (5.5 kb, 3.7 kb, and 1.8 kb), and three genotypes were differentiated: I, 5.5
kb fragment only; II, 3.7 kb and 1.8 kb fragments only; and Im, all three polymorphic
fragments. This hybridization pattern suggests that the presence or absence of a polymorphic
HindIl site within the 5.5 kb fragment defines the two different allelic forms of the
HRES-1/1 genomic locus. Thus, patterns I and II represent homozygous constellations
while pattern II shows the heterozygous genotype. In normal donors, the frequency of
genotypes is 17/33 (52%) for pattern I, 5/33 (15%) for pattern II, and 11/33 (33%) for
pattern I. While not shown, hybridization of the 430 bp EcoRI-SmaI fragment of p1/I
(1/1-ES) to DNA samples from normal peripheral blood lymphocytes revealed only the
5.5 kb and/or the 1.8 kb Hindli fragments. Thus, the polymorphic HindIII site is located
1.8 kb upstream from the 3' HindI site of p1/I (Fig 2). HindI-digested genomic DNA
from MA-T cells showed a heterozygous hybridization pattern with the pl/i probe (not
presented). Clone 1/1, which does not contain the polymorphic HindI site, represents
the genomic allele from MA-T cells carrying the 5.5-kb HindI fragment.

Hybridizations with probes specific for single copy genes, e.g. the joining region of
the immunoglobulin heavy chain gene (JH, 22) and the constant region of the
immunoglobulin kappa light chain gene (Ck, 23) showed bands of similar intensity as
compared to those obtained with probes of HRES clone 1/1 under standard conditions.
This suggests a single or very limited copy number of HRES-1/1 in the haploid genome.
Sequence analysis of HRES-J/J
Sequencing of the EcoRI-SmaI fragment of clone 1/1-1 was expected to determine the
percent homology between the gag region of HTLV-I and clone 1/1, respectively. The
EcoRI-SmaI fragment of clone HRES-1/1 as well as 5' and 3' flanking regions were
subcloned into M13 mpl8 and mpl9 vectors which allowed sequencing of the inserts from
both directions. Thus, the nucleotide sequence of 2151 bases upstream from the 3' HindIH
site of p1/l was determined in both DNA strands (Fig. 4). The HindIH, SmaI, and EcoRI
sites are indicated to orient the sequence in Fig. 4 with the restriction map of clone 1/1.
(In Fig. 2 the open bar above the map of HRES-1/1 indicates the sequenced region of
the genomic locus). As shown in Fig. 4, beginning at position 1144 the sequence contains
a potential 669 base long open reading frame (ORF) which may encode a 25 kD protein
(p25). An alternative reading frame from nucleotide position 1383 may encode a 15 kD
protein. A putative tRNA primer binding site (PBS) was noted by sequence comparison
of the 5' flanking region of p25 with 3' terminal 18-base long segments of all known tRNA
sequences. The potential PBS, shown in Fig. 4, is 67% complementary to 18 nucleotides
at the 3' end of the chimpanzee histidine tRNA (24). Since the sequence of most tRNAs
is still undefined, the indicated PBS may be more homologous to or identical with

Fig. 4. DNA sequence of 2151 nucleotides from HRES-1/1. Location of the sequenced region is shown as an
open bar above the restriction map of HRES-1/1 in Fig. 2. The EcoRI, SmaI, and HindH sites are indicated
to orient the sequence with the restriction map. The TGTG...CACA inverted repeats (IR) indicate the boundaries
of a putative LTR. The IRs, TATA sequence (boxed), polyadenylation signal (overlined), and the potential PBS
at typical locations (26) are features of an LTR. DR1O and DR11 mark the location of two different 10 and
11 nucleotide long direct repeats. The position of the HIV-1 TAR signal is underlined by broken lines. The two
alternative open reading frames are indicated by p25 and p15.

6847



Nucleic Acids Research

A HRES 421 GGACTAATTTGGCCTGAGGTATGTAATTTTGAACTTGAGCC .......TC 463 101 bp - 61%
III 11 1111 11 11 1111II tIlIl 11

HTLV-I 1 GGAAAAACTTGCGAGTGTAGT.TGTGACAATGACCATGAGCCCAAATATC 49

HRES 464 TCTCTGGGACTGTAAAACTCCAAATCAAACTAATCTGAGAATACATACA 513
1I111 11 i111 1 111 Ill

HTLV-I 50 CCCCGGGCGCTTAGAGCOCTCCCAGTGAAAAACATTTCCGAGAAACAGAAG 99

HRES 514 TmAAA 520
I'll','

HTLV-I 100 TCTGAAA 106

HRES 645 AAGTTTCGCTTATTCAAAACAGTATTTGTCAAG 677 33 bp - 64%
11 11 11 11 I111I 1111

HTLV-II 252 AAAATTTGCCTAGTCAAAATAAAAGATGCCGAG 284

HRES 442 TGTAATTTTGAACTTGACCCTCTCTCTGG 470 29 bp - 55%

HIV-1 437 TGCT TGTACTGGGTCTCTCTGG 465

HRES 535 TAAACATCTATTAATA 550 16 bp - 81%
111111I 111HIM

HIV-2 139 UIJAAAAACCUC1UAAUA 154

HRES 1223 =CAAOCGACiGAOA . 1271 71 bp - 75%
1111111 11 1 II1IIIIIII 1 111 1 11 11

B H TLV-' 1092 COICrcaoATCc AT.....AT 1136
HRES 1272 CCGCCCTCCAAC0ACC0C 1292

11111111 1 ll
AmV-I 1137 CCCCCAC0ACC0C00 1157

HRES 1290 CWCGCCCAO.....0COCGGCCCA S_ CCC_COCC 1334 65 bp - 76%
11 1111111 111I 111111111111111 I

HTLV-1 1092WA0Cr_ _..CC 1139

HRES 1335 WC0 C 1349
1111 II 1II1

HTLV-I 1140 ACCCAACACCCOC 1154

HRES 158O 1613 34 bp - 65%
1111111 1111 I11 1 1 111

HRLV-E 1950 CO CCTAT0TCAACCAAC 1983

HRES 1223 CCCAAOCAOCACACCTCCOAGA AC 1272 88 bp - 65%
111 II 111111 IIII IIl IIl 1 111111

HTlv-ii 1102 CECACrTCEGACA0CT..A OCECTACTACTACTECTcCAOCAC 1146

HRES 1273 COCACCTCAG A CCOC 1310
II III fiI ll 11111 1111

HTLV-I1 1147 CTcccCrCTr..CCCCGGAGGCCCATGTrTClcc 1182

HRES 1314 NCIC1C00-CCC 1340 27 bp - 70%
1ll11 1111111 II III

HTLV-II 1866 =- 1892

HRES 1498 AG --------A CACSCAIS27 30 bp -671
111111 1111 II Hll1

HRO-I 1890 AC0OTAGGCOGAC0CCW TAAGOCAA 1869

HRES 152? 1560 34 bp - 62%
III 11111 lii 11111111l

RIV-2 1667 ACCSOICCCAR C CCA 1700

Fig. 5. Nucleotide sequence homologies detected with the Bestfit program of UWGCG. A, homology between
the LTR-like region of HRES-l/l (base positions 310-993) and the LTRs of HTLV-I (18), HTLV-II (28), HIV-1
(29), and HIV-2 (30). B, homology between the HRES-l/1 p25 ORF and gag regions of HTLV-I (18), HTLV-II
(28), HIV-1 (29), and HIV-2 (30).
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HRES 6 APAPRTRYPTRAPSGPRPPSRSQAQTPPRSV 36

HTLV-I 92 AQ I ESRPAEPP PPSaPTHDEPDIDPQ IEPYV 122 n
HTLV-H 99 AEVETPI CETTEPPrPEESPEAHVPEEYVE 129 3j
H1V-2 107 HLVAEIGTAEKME5TSRETAPJSEKGGNYPV 137 23%

HTLV-I 92 AQIPSRPAPPPPSSPTHDPPDSDPQIPPPYV 122

HTLV-H 99 APVETP ICETTTP PEPPPPSPEAHVPEYVE12129 2a
HIV-2 107 HLVAETGTAEKMPSTSRPTAPSSEKGGNYPV 137 10%

HRES 104 PARLGGEGPGAGDRRREGPDRSPRQPPVLPAAAAQP 139

HTLV-I 226 ELRVQANNEQQQGLB^YQQLWLAAFAALEGSAKDE 261 22%
HTLV-II 232 ELRMQANNPAQQGLRKEXYQNLWLAAFSTLEGNTRDE 267 251
HIV-2 350 T&CQfiVGfiAfQKARLMAEALKEVIGEAPIEFA&AQQ 385 33%
FSV 190 ELSPQPSAEPTSSLYPVLEKTNEPL E VLEPDPSSE 225 2&

HTLV-I 226 PLRVQANNPQQQGLRREYQQLWLAAFAALPGSAKDP 261

HTLV-I1 232 ELRMQfAfiEAQQfiLRREiQNLLLAAES TLEgNTRDE 267 M
HIV-2 350 TACQGVGGEGQKARLMAEALKEVIGP&PIEFAAAQQ 385 14%

Fig. 6. Amino acid sequence identities detected with the Bestfit program of UWGCG between the HRES-1/1
p25 and gag proteins of HTLV-I (18), HTLV-ll (28), HIV-2 (30), and FSV (31). The positions of homology
are in bold face and underlined and the percent homology to HRES is indicated. Amino acid positions 6-36
(upper panel) correspond with base positions 1159-1252 while amino acid positions 104-139 (lower panel)
correspond with base positions 1453- 1560 in the p25 ORF of HRES-l/1. The regions of nucleotide sequence
homology between the HRES-1/1 p25 ORF and gag of HTLV-I and HTLV-II (Fig. SB) partially overlaps with
the amino acid sequence alignments involving positions 6-36 of p25. The optimal DNA sequence alignment
between HRES-1/1 p25 and HIV-2 gag (Fig. SB) corresponds with the amino acid sequence homology between
residues 129-138 of p25 and residues 375-384 of HIV-2 gag (30).

complementary sequences of the 3' end of other tRNA(s). The PBS of HTLV-I/H is
complementary to the 3' end of the murine proline tRNA which does not match that of
any known human tRNA (25). The LTRs of all integrated retroviruses start with TG and
end with CA, which are part of a 3-16 bp inverted repeat (IR) at the ends of the LTR
(26). In accordance with the TG...CA rule, the 684 bp LTR-like region ofHRES is bounded
by TGTG...CACA. The 3' terminal dinucleotide CA is suitably located 3 base positions
5' to the PBS. A TATA-box and a polyadenylation signal, which are additional
characteristics of an LTR, were detected at appropriate locations 5' to the PBS (26). Two
different direct repeats (DR), 10 bp and 11 bp, were also noted. The LTR-like region
of HRES contains a copy of the TAR regulatory sequence, CTCTCTGG, of the HIV-1
LTR (27).
The sequence of HRES-1/1 was compared to all sequences contained in the Genbank,

NBRF and EMBL databases. These analyses showed that HRES-1/1 is different from any
known human or viral sequence. However, nucleotide sequence comparisons between the
LTR-like region of HRES-1/1 and the LTR regions of HTLV-I (18) and HTLV-ll (28),
as well as between the ORFs of HRES-1/1 and the gag regions of HTLV-I and HTLV-U,
respectively, revealed significant levels of homology (Fig. 5A and B). As shown in Fig.
5A, a limited level of homology was found between the HRES LTR-like sequence and
the LTRs of HTLV-I, HTLV-ll, H1V-1 (29), and HIV-2 (30). The most homologous regions
between HRES and HIV-1 LTR involve a complete copy of the TAR sequence.
The regions of highest homology between HRES and HTLV-I involve the p25 ORF

6849



Nucleic Acids Research

A

Fig. 7A. EcoRI (top panel) and BamHI (bottom panel) digested genomic DNA samples were hybridized to the
430 bp EcoRI-Smal fragment of HRES-l/1 (1/1-ES) and washed under high stringency conditions. Lanes shown
are: 1, E. coli DH1 DNA; 2, salmon sperm DNA; 3, EL-4 murine thymoma cell line DNA; 4, calf thymus
DNA; 5, owl monkey lymphocyte DNA; 6, Rhesus macaque lymphocyte DNA; 7, MA-T; 8, SLB-I, HTLV-I
infected human T-cell line; 9, human placenta DNA. Relatively faint owl monkey DNA fragments (6.6-kb and
8.6-kb EcoRI, as well as 3. 1-kb and 3.7-kb BamHI) are not indicated in the figure. Fig. 7B: BamHI-digested
DNA samples were hybridized to the 1/1-ES probe. Lane 1, human placental DNA; lane 2, Rhesus macaque
lymphocyte DNA; lane 3, lamb lymphocyte DNA; lane 4, bat lymphocyte DNA; lane 5, canine lymphocyte
DNA; lane 6, feline lymphocyte DNA; lane 7, equine lymphocyte DNA; and lane 8, bovine lymphoma DNA.

in HRES and the gag region in HTLV-I. The section of p25 most homologous to HTLV-I
gag corresponds to the EcoRI-SmaI fragment of HRES clone 1/1 in accordance with the
DNA cross-hybridization studies (Fig. 1). As shown in Fig. 5B, the homologous regions
between HRES and HTLV-I involve at least 12 contiguous nucleotides explaining the cross-
hybridization under low stringency conditions (2 xSSC, 55°C). The facts that there are
several areas of relatively high homology between HRES and HTLV-I and the 80-90%
GC content in these areas also explain the hybridization under high stringency conditions
(O.1 x SSC, 65°C) between the HRES 1/1-ES probe and the HTLV-I gag probe.
To determine a possible functional relationship between HRES and the human exogenous

retroviruses, the amino acid sequences were also analyzed. In the translated amino acid
sequence of HRES p25 two clusters that showed significant homology to the gag proteins
of human retroviruses were identified (Fig. 6). From amino acid 6 to 36 (base positions
1159-1252) HRES p25 shows a 32% identity with HTLV-I gag p19 and a 39% identity
with HTLV-II gag p19. These areas of amino acid homology partially overlap with the
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nucleotide sequence homologies shown in Fig. 5B. Within the same area there is a relatively
low homology between HRES p25 and HIV-2, as well as, between HTLV-I and HTLV-
II. From amino acid position 104 to 139 (base positions 1453-1560) HRES p25 shows
28% and 25% identity with HTLV-I gag p24 and HTLV-ll gag p24, respectively. In the
same region there is a relatively high 33% identity between HRES and HIV-2 gag which
corresponds with the best nucleotide sequence alignment shown in Fig. SB. Taking into
account functional homology as well, ten contiguous amino acids in HRES p25 from position
129 to 138 may be fully homologous to a region of HIV-2 gag (from position 375 to 384).
No appreciable homology was found between p25 and the gag region of HIV-1. A search
of existing protein sequence databases revealed a 28% identity between the gag protein
of the feline sarcoma virus (FSV, 31) and HRES p25 (Fig. 6). The same computer search
demonstrated the significance of the amino acid sequence identities between HRES p25
and retroviral gag proteins. The human sequence N-myc (32), most homologous to HRES
p25 showed a 25% amino acid homology within a range of 30 amino acids, while the
level of homology with the next most 'related' human sequences (top 30 out of 8,000)
was below 10%. The high (78%) amino acid homology between HTLV-I and HLTV-II
as well as the low (14%) amino acid homology between HTLV-I and HIV-2 in the gag
p24 regions are also shown to demonstrate the significance of amino acid homologies
between the HRES p25 and the retroviral proteins. Translated amino acid sequence of
p15 of HRES-1/1 showed no homology (over 10% identity involving at least 30 contiguous
amino acids) to any known protein sequence.
Phylogenetic study of HRES-J/J
Previously isolated human ERSs have been shown to have an extensive nucleic acid sequence
homology with various mammalian ERSs (1-4). Sequence analysis of the 2151 bp fragment
of HRES-1/1 demonstrated neither identity nor considerable homology with any human
sequence including known ERSs.

Hybridization of the HRES-1/1 to genomic DNA samples of selected phylogenetic stages
demonstrates the presence of HRES in primates only (Fig. 7). Although EcoRI digestion
produced different restriction fragments, BamHI cleaved an identical 16-kb fragment from
both human and Rhesus macaque DNA samples. Hybridization of HRES-1/1 with owl
monkey DNA, representing a more distant phylogenetic relation, showed faint hybridization
and different restriction fragment sizes both with EcoRI and BamHI. No hybridization
of HRES-1/1 was noted with other mammalian or vertebrate DNA samples (Fig. 7A and
7B), even under low stringency conditions. In control experiments the integrity of the DNA
samples from these species was assured since the expected patterns were obtained when
the blots were probed with the unrelated c-myc oncogene (data not shown).
Transcription of HRES-J/J sequences
Infectious human endogenous retrovirus particles have never been isolated. While full-
length transcripts from essential genes of human retrovirus-like sequences have not been
found, selective transcription of the LTR- and env-related regions has been noted in colon
carcinoma, breast carcinoma and placenta cells (33). Transcription of the genomic HRES-1/1
locus was studied by Northern blot analysis of poly A+ RNA samples. Single-stranded
RNA probes were generated from HRES-1/1 cloned into the Bluescript phagemid
(Stratagene, La Jolla, Ca). Due to the orientation of the insert, the T7 polymerase used
the 'sense' strand, encoding p25 and p15, as template while the T3 polymerase used the
'antisense' strand as template. As shown in Fig. 8A, the HRES-1/1 specific 6-kb message
was detected with the T7 probe but not the T3 probe in MA-T cells. The 6-kb transcript
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Panel A Panel B

rl_r3act 11 S 2 3 4
.3 act J..

6 kh -- k

2 kb

Fig. 8. Northern blot analysis of poly A+ RNA samples. Panel A: RNA from MA-T cells was hybridized to
HRES-l/1 RNA probe generated with T7 polymerase (first lane), HRES-1/1 RNA probe generated with T3
polymerase (second lane), and human beta-actin cDNA probe, pHF5 (20) (third lane). Panel B: Hybridization
of HRES-l/1 RNA probe generated with T7 polymerase to W7B melanoma cells (lane 1), W7A melanoma cells
(lane 2), HL-60 promyelocytic leukemia cells (lane 3), and Molt4 T-cell leukemia cells (lane 4).

was also noted in W7B and W7A melanoma cells, HL-60 promyelocytic leukemia cells,
and Molt4 T-cell leukemia cells (Fig. 8B). HRES-1/1 transcripts were also noted in normal
human placenta cells and EBV-transformed normal human peripheral blood B lymphocytes
but not in K562 myeloid leukemia and U937 monocyte leukemia cell lines (not shown).

DISCUSSION
This report describes the detection and cloning of a novel human ERS, termed HRES-l/1,
from a recombinant lymphocyte DNA library based on cross-hybridization with an HTLV-I
LTR and gag region-containing probe. Nucleotide sequence analysis of a 2151 base long
fragment of clone 1/1 revealed that the region most homologous to the gag gene of HTLV-I
and HTLV-ll contains two potential ORFs which may encode a p25 and/or a p5. A 684
bp flanking region 5' to p25 contains a TATA-box, a polyadenylation signal, a putative
PBS, and characteristic inverted repeat sequences at locations which are typical of a retroviral
LTR (26). This region also shows a significant homology to the LTRs of HTLV-I and
HTLV-Il. In addition, the HRES LTR-like sequence contains direct repeats and a complete
TAR sequence present in the HIV-1 LTR. The pMAI probe, which contains the 5' LTR
in addition to the gag region of HTLV-I or the pIl/l probe of HRES-1/1 hybridized only
to the pl/i fragment of the 20-kb recombinant clone 1/1. This suggests that clone 1/1
does not contain two LTRs and thus probably represents a deleted provirus.
By comparative sequence analysis two regions, one 31 and one 36 amino acid long,

were noted in HRES p25 which showed identity in a range of 23% to 39% with gag protein
sequences of HTLV-I, HTLV-ll, HIV-2, and FSV. This level of identity is significant
when compared to that between HTLV-I and HIV-2 (Fig. 6), as well as to that between
p25 and all other known protein sequences. The level of amino acid homology between
very closely related viruses such as HTLV-I/HTLV-ll and HIV-1/HIV-2 is much higher,
78% and 54%, respectively. This suggests that the relationship of HRES p25 to human
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retroviruses, particularly to HTLV-I/HTLV-ll is more distant than that between HTLV-I
and HTLV-ll but closer than that between HTLV-I and HIV-2.

Hybridization analysis with genomic DNA samples of selected phylogenetic stages
revealed that HRES-1/1 is apparently confined to the primate lineage. In this evolutionary
aspect, the HRES-1/1 shows similarity with ERVI, an earlier described ERS (2). The
cellular DNA regions flanking ERVI in humans and chimpanzees have an identical
restriction map. ERVI is also a single-copy human proviral locus which contains a 3'
LTR but lacks a 5' LTR (2). The data suggest that (i) the HRES-1/1 sequence was not
phylogenetically inherited but entered the genome of primates as an exogenous element,
and (ii) the human genomic HRES-1/1 sequence might have originated from an as yet
unidentified exogenous retrovirus. From the deduced amino acid sequence of HRES-1/1
p25, residues 6-36 show a relatively high homology to gag regions ofHTLV-I and HTLV-
II, while residues 104-139 display a significant homology to gag regions of HIV-2 and
FSV, suggesting that the original exogenous virus infecting primate may be chimeric in
structure.

Unlike murine and baboon endogenous provinrses, human ERSs are not known to produce
infectious retroviral particles or even retroviral proteins. Major (1.7 kb and 3 kb) transcripts
and minor (2.2 kb and 3.6 kb) RNA species were detected by LTR- and env-region specific
probes of a full length human ERS in human placenta, breast carcinoma, and colon
carcinoma cells (33). Since sequences of cDNA clones corresponding to the 1.7 kb and
3 kb RNA species revealed in-frame termination codons, neither clone could encode full
length env proteins. In contrast, HRES-1/1, which is transcribed in various human tissues
and cell lines, does contain potential ORFs. This suggests that the HRES-1/1-encoded p25
and/or p15 may have biological significance. The present data show that HRES-1/1 is
a transcriptionally active locus with homology to the LTR and gag regions of human
retroviruses and open up new avenues to study the role of ERS in the human genome.
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