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During molecular cloning of proviral DNA of human spumaretrovirus, various recombinant clones were
established and analyzed. Blot hybridization revealed that one of the recombinant plasmids had the
characteristic features of a member of the long interspersed repetitive sequences family. The DNA element was
analyzed by restriction mapping and nucleotide sequencing. It showed a high degree of amino acid sequence
homology of 54.3% when compared with the 5'-terminal part of the pol gene product of the murine
retrotransposon LIMd. The 3’ region of the cloned DNA element encodes proteins with an even higher degree
of homology of 67.4% in comparison to the corresponding parts of a member of the primate Kpnl sequence

family.

Members of the Kpnl family of long interspersed (LI)
repetitive DNA sequences are repeated approximately 10*
times per haploid genome (19). These DNA elements and
related DN A sequence families have been identified in other
mammals (4, 19). In some cases, rearranged and truncated
forms of LI repetitive sequences have been isolated and
characterized (14). In several cases, transpositions have
been reported that affect cellular gene expression (3, 6, 12).
Until recently there was no definite clué about the function,
if any, of the LI repetitive sequence family members. The
situation changed when the nucleotide sequences of full-
length members of the repetitive DNA family revealed that
they have the potential to encode proteins' evolutionarily
related to the retroviral gene product reverse transcriptase
(15, 22). Thus, another link was established between trans-
posable elements and retroviruses, thereby extending the
concept of retrotransposons from lower eucaryotes to mam-
mals (1, 2, 23).

Since retrotransposons reveal a broad spectrum of fasci-
nating structural features, i.e., in one case long terminal
repeats were reported to be inverted (5), nucleotide se-
quence analysis is the first step to gain insight into their
function. Here, we report the nucleotide sequence analysis
of a DNA elemernt that was selected, isolated, and estab-
lished during molecular cloning of proviral DNA of human
spumaretrovirus (HSRV) that had been prepared from hu-
man embryonic lung fibroblast cells infected with HSRV.

MATERIALS AND METHODS

Cells and virus. Cells of human embryonic lung fibroblasts
(HEL cells) were prepared and propagated as described
previously (7). Virus (HSRV) was propagated on HEL cells
as described previously (16).

Construction of recombinant plasmids. Native DNA from
HSRV-infected HEL cells was extracted, deproteinized, and
run on a 0.8% low-melting-point agarose gel. After staining
with ethidium bromide, broad DN A bands were divided into
five fractions ( A to E) and isolated from agarose. Samples of
the resulting DNA fractions were rerun and stained with
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ethidium bromide. Above a broad background, discrete and
intense DNA bands became visible, particularly in fraction
B, which moved at the approximate position of supercoiled
human mitochondrial DNA or were of higher mobility. The
HindIIl DNA fragments of fraction B that corresponded to 4
to 6 kilobase pairs were isolated from the low-melting-point
agarose gel, purified, and inserted into the HindIIl sites of
the pAT153 vector (13, 25). A total of 314 recombinant
clones were analyzed. Subcloning of one recombinant clone,
pHSRV-H-107, was performed with pUC18 and pUC19. In
addition, the recombinant pHSRV-H-107 was amplified in
Escherichia coli GM33-C119, a dam host.

DNA sequence analysis. Labeled DNA fragments were
sequenced by the method of Maxam and Gilbert (17) as
described previously (9). More than 90% of the sequence
was determined from both strands or at least three times
when the same strand was used.

Nucleic acid hybridization. DNAs were cleaved with dif-
ferent restriction endonucleases and were separated by
agarose slab gel electrophoresis. The DNA fragments were
transferred to nitrocellulose sheets and hybridized as: de-
scribed by Southern (21). Portions (0.5 pg) of individual
DNA were labeled in vitro as described by Rigby et al. (18).

"Each sample (25 pl) contained 40 pCi of [a->2P]dCTP (spe-

cific activity, 6,000 Ci/mmol; and [a-32P]JdATP (specific
activity, 3,000 to 6,000 Ci/mmol).

Quantitation of homology. The pol and protease regions of
the murine retrotransposon (15) and the primate LI sequence
(19) were aligned with those of H-107 with the programs of
Dayhoff (8).

RESULTS

Homology of HindIIl DNA fragment H-107 to cellular
repetitive DNA elements. To determine whether the recom-
binant clone pHSRV-H-107 is a member of a repetitive DNA
sequence family, Southern blot hybridizations of H-107
DNA to DNA from uninfected and infected HEL cells were
performed. HSRV-infected cells were used, since one of the
recombinant clones had hybridized to cDNA. The results in
Fig. 1 indicate positive and comparable hybridization signals
of H-107 DNA to DNA bands of both uninfected and
infected human HEL cells. The relative intensity of the
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" FIG. 1. Southern blot hybridization of recombinant pHSRV-H-
107 to human DNAs from uninfected and HSRV-infected HEL
cells. DNAs from uninfected cells (lanes 4, 6, 8, 10, 12, and 14) and
HSRV-infected cells (lanes 5, 7,9, 11, 13, and 16) were cleaved with
restriction enzymes Hindlll (lanes 4 and ), Clal (lanes 6 and 7),
BamHI-Clal double digestion (lanes 8 and 9), BamHI (lanes 10 and
11), BamHI-Sall double digestion (lanes 12 and 13), and Sall (lanes
14 and 15) and separated electrophoretically on a 0.8% agarose gel.
Undigested DNAs (lanes 2 and 3) and 0.06 pM of recombinant
HSRV-H-107 DNA digested with HindIIl (lane 1) were analyzed
under the same conditions. Lambda DNA cleaved with the Miul
enzyme (0.25 ug of unlabeled DNA and 0.01 pg of *2P-labeled DNA)
served as markers (lane 16) and as a control for electrophoretic
transfer to nitrocellulose paper. A, Ethidium bromide staining; B,
autoradiograph of the same gel after hybridization to **P-labeled
recombinant pHSRV-H-107. Arrows mark positions of defined
DNA bands hybridizing to H-107 DNA.

hybridization signals of individual HindIIl DNA fragments
indicate that the hybridizing DNA elements were present in
multiple copies as expected for a member of a repetitive
sequence family.

Nucleotide sequence analysis. Restriction maps of H-107
DNA are shown in Fig. 2. The strategy for determining the
major part of the nucleotide sequence of recombinant clone
H-107 by the procedure of Maxam and Gilbert (17) is also
shown in Fig. 3. The 4,695-base-pair sequence was obtained
by sequencing both strands and by sequencing individual
fragments several times under different conditions. To min-
imize sequence errors, multiple-cut restriction enzymes
were used to confirm the sequence of subfragments of
H-107; in addition, the plasmid H-107 was grown inadam E.
coli host, and certain sequences were redetermined by
making use of those cleavage sites (e.g., of the Ndel, Clal,
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and Bcll enzymes) that were methylated in the original
plasmid H-107 that had been amplified in E. coli C600.

The resulting nucleotide sequence (Fig. 3) contains 64.4%
A . T base pairs. There are two open reading frames that
have retroviral analogs and that were used to orient the map
of H-107. Open reading frames longer than 91 amino acid
residues were not found in the opposite strand. The major
open reading frame located closest to the 3’ terminus starts
at nucleotide position 4150 and runs downstream for 142
codons to the HindIlIlI site at the boundary between the insert
of pHSRV-H-107 and pAT153. Further upstream at nucleo-
tide position 3689, another open reading frame precedes the
presumed pol gene overlapping it for 16 codons (Fig. 3).
Unexpectedly, a homology of 54.3% was found when the
sequence of the reverse transcriptase of the retrotransposon
LIMd (15) was compared with the sequence of recombinant
plasmid pHSRV-H-107 (Fig. 4). There are long runs of
identical amino acid residues in the NH,-terminal part of the
pol gene, although they are derived from different hosts
(mouse versus human). The degree of homology increased to
67.4% when this region of H-107 was aligned to a selected
domain of the corresponding primate LI sequence. Figure 5
shows a comparison of amino acid sequences between two
members of the LI family, namely, the LIMd and the
primate LI, to the H-107 DNA element.

It is noteworthy that the region of high homology extends
into the presumed retrovirus-like protease gene and abruptly
stops eight amino acid residues upstream of the well-
conserved domain DTFKAVC that compares to DTMKAFL
in the LIMd and to DTFIAVC in the primate LI sequence
(Fig. 4 and 5). This domain has been found to be conserved
in other protease sequences and is assumed to be part of the
catalytic center of the enzyme, because of its obvious
similarity to the catalytic domains of cellular serine
proteases (24).

DISCUSSION

The analysis of the primary structure of DNA element
H-107 indicates that it has one region of strong homology to
the predicted protease and to the NH,-terminal part of
reverse transcriptases. Since the degree of homology in
amino acid sequences is higher (54.3%) to the corresponding
sequence of the murine retrotransposon LIMd and even
higher (67.4%) to a corresponding domain of the primate LI
sequence (19, 20) than to any of the retroviral sequences, we
conclude that H-107 DNA has to be part of human
retrotransposon LIHs. It is intriguing that even cleavage
sites for certain restriction enzymes are conserved in the
primate LI and H-107 sequence, e.g., the Kpnl and HindIII
sites at positions 4485 and 4689 (Fig. 3). The result of the
positive blot hybridization of H-107 DNA to genomic DNA
of human origin is consistent with the assumption that this
DNA element is an essential part of a human retro-
transposon. ’

Recently the 6.2 kilobase-pair DNA sequence of a full-
length member, TBG41, of the Kpnl family of human DNA
was reported by Hattori et al. (10). An alignment of the
amino acid sequences of TBG41 to those of H-107 required
us to assume not only multiple frameshifts but also the
suppression of numerous termination codons within the
TRG41 sequence. Nevertheless, a high degree of homology
was again found to H-107 DNA, similar to that found for the
primate LI sequence.

Although some transposable elements like 17.6 and Tyl
are flanked by retroviruslike long terminal repeats, the genes
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FIG. 2. Restriction maps of 6.0-kilobase-pair pHSRV-H-107 and two subclones and strategy for determining the nucleotide sequence of
the Pstl-HindI1l DNA fragment. The pol gene is on the right, and numbering indicates the distance in base pairs from the HindIIl cleavage
site. Recognition sites for restriction endonucleases that occur no more than twice in H-107 are indicated above the map (Sphl has two
adjacent cleavage sites), whereas recognition sites for the enzymes EcoRl, Bglll, Nhel, Xbal, and Pstl are represented below the maps. DNA
was digested with one of these enzymes or Hpall, Taql, and Hinfl and end labeled at its 5’ termini (M) or 3’ termini (O). The arrows below
the map indicate the direction and extent of sequences determined for each fragment. The two top lines represent the location and size of two
subclones, pU19HSRV-HP-107d and pU18HSRV-HX-H-H107d with respect to pHSRV-H-107. Some of the cleavage sites (Ndel, Clal, Bcll)
were detectable only after growing H-107 in a dam strain of E. coli.
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CTGCAGTCCAGCC TAGGCCAAAGAGTGAGAATCCATC TCAAAAAAAAAAAAAAAAAAAAAGTGAT TACTACT AAAATCCAAGCAAGAGATGATGGTGGCATGGGCCAGAGAGGT TGAGGT
GGAAGGGATAAGGGGTCTGACTTGAGATATAT TTTGAAGTACATCCAACAGAATTTTCTGACATACTGTGAGATAAACAGGCAAGTGAAGGATGACACCACAGT TCTGGCC TAAGCAACA
AGGAAAGAGA TGAACACTGAGTAGAACTGGTTTTAGGGGTAAGATCAGGGT TCAGTTTAAGGAAT TTTAAATT TGAATATCRGAACGATCACTCAAATGCT TTTACAAAGCTCTGAACAA
GAAATGTTAAGAGG TCAAGAAA TGAGACCATAAGAAATGAAATCGACCGT GCTCCTATAAAGT CCAATGCACCATC TGAAAAAGGCAGT GGC TACTAAAC TCCAGCAAAC TAATACAAGA
GAATCCAGCTTGCCTAGT TATACCAAAT TTTCCAAT TTTTCAAAATCTCTCAATATT TAAMAAACTGAAAATTAATTTGTCAAACAGCTATGAAAGTGTACAGACCAAACAAAACACCTGC
AGGCTTCCTACGGT TCAAACTCTGGGCTGCATGAGGGCAGAGACCACT TCAGCCTTCAACACT TTCTCAAGTACCCACCACAGTCTTTGGCACACAGAAGGTACTCAATAATTATCTGCT
GGGAAGCCCAACAGAAAACTCAGGGAAAACTTAAGACT TCATACACTGCTAGCATGTATGCATTACTGAAAT TATCCT TTTAGAGGAAAAT TTGATAATAGCTAT CAAAATCTAAAATAC
ACATATACTTCATAATTACTAAAAAT TTAACCTACAGATATAACTGCAAGAGTATACAAAGATATAAGCATAAGAATGT TCAGTGAAACAC TGTATATAGAAATAACAGTCTAGAAAATA
TCTAGCTCCTCTTCAGTAGAGGACTGCATCAAAAATCAGGATACAACTATACAGGGAATGTTATGAAGC TATTAAAGAATATCATAGAT T TGCATGTACTGATATGGAAAAATATTCAAG
AAAYACGTGAGAAAGAGCAAGTAGAAAAYAYAYTYACTT1CAYA'CAACYGYGTGTTGTYYTAAAGAYA?ACATGYACACATTCAYAGATGG?TGYGYAGGAATATAAA&AVGYYGAAAT
AATTTACAAGGAACT TTACTGGTAGT TATCATTGGTGAG TAGGAATAAGGACTCAAGTAACCCT TACT TCTCACT TTTCTGTGATTATCAAGAGCATGTGCTACTCAATT
cccr1TCAccTrrrCCAcTTccrrAAdazizzgarcTcAAcrcrTTAGAAAGCCAVAAccArcvcrchTcArcvcrrcc1CCAcc7VCArvrcrrAVGAYAVGCCAACAACAATGCYGA
CCTATTTGCAAATTCTCAAATATGCCAGGTGCTCATATATGTTCCTTTACATAGATTGTTCCTATAGTCCTTCTCTACTTTCTTGGCCTTTCCTATTCCTAATAT TCTCCAGGAAAACCT
TCCCTGACCCTCCCTCTCAACTCTAAATCAAGTATTCCCTTATATGTACT TATATCACAGAATCCAT TTCAGCGTGCTGTGACTGTCAAT TCCCTCCATCTC TCTCCCACTACCAGACAT
TGAAAAGGGTCTAGCCTTTCAT TTCTGAATCCAAAGCACCATGCAGACCCCT TGGCATATGATAACTATTCAT TCAATGAATGAGACACGGAAGGAGAGACATCATGATT TAACTAAAAA
YAATGCMCTGTGTGG@WCCTWTYCCAGTTGTTGGTCAGAT7YTGGCAAGCACTTTACMCYCTGACCTTTACTYYCYYMYCTAYGAAATTCCA\'TTTACTYCYACAYTYM
TGATTTAGCATAT TAAATACCACATATAATGACACGCACTTTATATACATTATCTCATTTATTATTTATAGTAATCTGTAAATATTTTTCTTTTCCAGT TTAAAAA TACATAAAACGAGA
CTAAGAGAGAAAGTAATAGTGCTATTAAAT TGATAAGGTAAATATGGTAT TCAAATCAGAAATCTGT TTGCCCAAATGCTGGGC TACTAACCCCTACTTGTACTACTCTAATTTTAGATA
TTTAAAAT TCACATCTCTGAAAAGCTATGTGATTTACT TGAGGTCATGTAACT TACAAA TAGCAACACAAATACCTGAATCCAGATTTTT TTCACAATTTTTTTTAGATTATAACATCAA
ATCAATTATTCATACCTTCTCCGAARAACTATTTCATGCT TTTAAAACAACCCAAACAT TGTAT TAACT TAGAT GGAAAAG TCCGGCAACAAAACT TTT TGGAAAACCC TIRATAARAGT
AATTTCAGAT TTATAAGAAACCT TAAAAATCATCTAAT TCAACCACCCACCTGATATGTGTATCCTCTTTATAATAT TGCCACAAAGAAGATATGCATCTTATTTTTTATTCT TACAAAG
AACTCATTATCCTCTAGAGCAACTAAACTTTGAATAATTATTTAAGAAACTTATTTCT TATAATGTATCATAATCTCTTTCCTAGTTAACTTTCACATTTCGATCTTGATTTTAACTTTC
TGGCAAAAGTGAACCTGCCCCTTTCATATAACTGCAT T TGAAAGATGAT TCACT TCCAAGTACCTGGGACTACAGTCATGCACCACCACA TCCAGCTAATTTTTTATACAGATGGGGTTT
CAATATGTTACCCAGGCTGGTCTCGAACTCTTGGGC TCAAGTGATCCACCGCC TTGGCCTCTCAAAGTGC TGGAAT TACAGGCGTGAGTCACGGCACCTGACCTCAT TACCAGT TATTTY
AACCAGACACTTCCTAAACTGGCATCCCT TAAAACAT TGT TCCAGAGGTGAT TAAAAGGT CTCCAAAATGTGT TCGATGTCTAAACACACC TGAGAAATCACTATGCATCCCTCT TAAAA
GGATCACAATGATCATCTGCATAT T TAAGGCCAAGAAAAGT TTCAGT TAAAAAGAACT T TCCAGE TTTAACTCAAGTGTTTCAGCATGATACCCTAATTGTCCTTAGCCTATCTATTAAG
TTTCTACAGAACCATGGGAAAATGCTACTTAACTGTTTCTTATATGACATAGT TTATGTTCTCTCATTATCCTGTCTCTTCTTCCT TCAAAAGTGTGGT TGGCCAAAATTGAAAACTCCA
GCAATACAGATAAACAGCACAATGGTGTTCTACAAAGCTGCATGCTAT TGTCGGT TGAAAT TCAGCATGC TG TCAACAAAAACCTCAAATCTGCCCCACCCTATATCAAGTATCCGAATT
TAGAATCAACTTAATCTCATCTTATTAGATTCAACCTGCCAGTTCTTCCTACCTCCCGTCTGATCTTTTACTCACTTGTCCCATCCATGAAATGGCTAATTT TTCCCGCTTTTCCAAGAT
AAAACTTTTCATAT TAGCAAAC T TAAGAGCTATCTGTCCAAATATAAACAGAAAACATCT TAAAACTTCCCTAGTCTGACCAT TAGTAATAGAAT TCTGCATTGTC TTAAATAGTCAACA
TTGTTTCATAATTGTAATATCATAGAATATCTACCCATCAATACAATCTGGGCCCTGATAATTCATTTTAAGATGTATTTACATT TGA AAA ACA GGT ATA TGT GAT ATT
*%8% L ys Thr Gly Ile Cys Asp lle

CTG AAG AAA CTC ATT TTG CTT TTT TTA AAA ATT TAT TCC CCC GAG GGG AAT GCA CCA TAC TTG GAG GTA CTG CAA TAT CAA GTC AGT GAG
Lev Lys Lys Leu Ile Leu Leu Phe Leu Lys Ile Tyr Ser Pro Glu Gly Asn Ala Pro Tyr Leu Glu Val Leu Gin Tyr Gin Val Ser Glu

TGG AGC AGA TGG AGC AAG CTC CTA TTC CCT CTC TTG GCT CCA AAA ATC CAT TTA AGA TCT GTT CTC AGC ACA ACA TAT CAG AAT CCC TGG
Tep Ser Arg Trp Ser Lys Leu Leu Phe Pro Leu Leu Ala Pro Lys Ile Mis Leu Arg Ser Val Leu Ser Thr Thy Tyr GIn Asn Pro Trp

GAC ACA TTT AAA GCA GTG TGT AGA GGG AAT TTT ATA GCA CTA AAT GCC CAC AAG AGA AAG CAG GAA AGA TCT AAA ATT GAC ACC CTA ACA
Asp Thr Phe Lys Als Val Cys Arg Gly Asn Phe lie Ala Leu Asn Als His Lys Arg Lys GIn Gly Arg Ser Lys Ile Asp Thr Leu Thr

TCA CAA TTA AAA GAA CTA CAG AAG CAA GAG CAA ACA CAT TCA AAA GCT AGC AGA AGG CAA GAA ATA ACT AAG ATC AGA GCA GAA CTG AAG
Ser GIn Leu Lys Glu Leu Gln Lys GIn Glu Gin Thr His Ser Lys Ala Ser Arg Arg Gin Glu Ille Thr Lys Ile Arg Alas Glu Leu Lys

GAG ATA GAG ACA CAA AAA AAC CTT CAA AAC ATC AAT GAA CCC AGG AGC TGG TTT TTT GAA AAG ATC AAC AAA ATT GAT AGA CCA CTA GCa
Glu tle Glu Thr Gin Lys Asn Leu Gin Asn Itte Asn Glu Pro Arg Ser Trp Phe Phe Glu Lys lie Asn Lys Ile Asp Arg Pro Leu Als

AGA CTA ATA AAG AAG AAA AGA GAG AAG AAT CAA ATG CA ATA AAA AAT GAT AAA GGG GAT ATC ACC ATC GAT CTC ACA GAA ATA CAA ACT
Arg Leu Ile Lys Lys Lys Arg Glu Lys Asn Gin Met @ |le Lys Asn Asp Lys Gly Asp Ile Thr tle Axp Leu Thr Glu iie Gin Thr

AGCC ATC AGA GAA TAC TAT AAA CAC CTC TAC ACA GAT AAA CTA GAA AAT CTA GAA GAA ATG GAT AAA TTC CTG GAC ACA TAC ACC CTC CCA
Thr 1te Arg Glu Tyr Tyr Lys Mis Leu Tys Thr Asp Lys Leu Glu Asn Leu Glu Glu Met Asp Lys Phe Leu Asp Thr Tyr Thr Leu Pro

AGA CTA AAC CAG GAA GAA GTT GAA TCC CTC AAT GGA CCA ATA ACA GGC TCT GAA ATT GAG GCA ATA ATT AAT AGC CTA CCA ACC AAA AAA
Arg Leu Asn Gln Giu Glu Vet Glu Ser Leu Aasn Gly Pro Ile Thr Gly Ser Glu lte Glu Ala tie Ile Asn Ser Leu Pro The Lys Lys

AGT CCA AGA CCA GAT GGA TTC AAA GCC AAA TTC TAC CAG AGG TAC AAA GAG GTG CAG GTA CCA TCC CTT CTG AAA CTA TTC CAA TCA ATA
Ser Pro Atg Pro Asp Gly Phe Lys Als Lys Phe Tyr Gln Arg Tyr Lys Glu Val Gln Val Pro Ser Leu Leu Lys Lev Phe Gin Ser Ile

GAA AAA GAG GGA ATC CTC CCT AAC TCA TTT TAT GAG GCC AGC ATC ATC CTG ATA CCA AAG CCT AGC AGA GAC ACA ACA AAA AAA GAG AAT
Glu Lys Glu Gly I1le Leu Pro Asn Ser Phe Tyr Glu Als Ser Ile lle Leu Ile Pro Lys Pro Ser Arg Asp Thr Thr Lys Lys Glu Asn

TTT AGA CCA ATA TCC CTG ATG AAC ACT GAT GCA AAA ATC CTC ACT AAA ATA CTG GCA AAC CGA ATC CAG CAG CAC ATC AAA AAG CTT
Phe Arg Pro Ile Ser Leu Met Asn Thr Asp Als Lys lle Leu Thr Lys lle Leu Als Asn Arg lle GIin Gin His 1le Lys Lys Leu

3. DNA sequence of the 4,695-base-pair Pst1-Hindlll DNA fragment of pHSRV-H-107. The amino acid sequences encoded by the
DNA element are shown below the DNA sequences. The regions of strong homology to the murine retrotransposon LIMd (15) and to the
primate LI sequence (19) are underlined. ***, Stop codon. Three poly(A) addition signal sequences in the 3'-untranslated region are boxed.

@, Postulated translation frameshift from the protease reading frame to the pol reading frame.
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FIG. 4. Homology matrix comparison of the amino acid sequence encoded by the H-107 DNA element (abscissa) with those encoded by
the murine retrotransposon LIMd (15). A computer program was used to generate diagonal lines indicating segments of 20 residues that show

homology. Boundaries were set as follows: 3865 to 4695 for H-107

of the murine retrotransposon LIMd are flanked at the 5' end
by multiple copies of a 208-base-pair direct tandem repeat
and at the 3' end by an adenine-rich sequence (15). A
comparison of the 5’ sequences of H-107 DNA to those of
LIMd does not reveal any obvious homology or similarity.

10 20 30 40 $0

(Fig. 3), and 3715 to 4549 for LIMd (15).

There are some short direct repeats at the 5’ end of the
sequenced part of H-107 and a tract of 20 adenine residues at
position 40. The functional significance of these structures
remains unknown.

The predicted protease gene of H-107 is in a different
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FIG. 5. Comparison of amino acid sequences between the protease and the amino-terminal part of reverse transcriptase of the murine
retrotransposon LIMd (15) and of the primate LI sequence (19) to that of pHSRV-H-107. *, Identical amino acid residues. The single-letter

code for abbreviating amino acids was used. For proper alignment

a frameshift is postulated to occur in the primate LI protease region at

position 75 and in the H-107 region at position 170, the boundaries being set to the beginning of the H-107 DN A sequence at the NH; terminus.
The sequences are 3689 to 4695 for H-107, 2616 to 3645 for primate LI, and 3542 to 4549 for LIMd.
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reading frame compared with that of the pol gene and
overlaps the pol gene reading frame for 48 nucleotides. The
position and nature of the translational block is a common
feature among transposable elements and retroviruses and
varies in different genetic elements (11, 26). It is interesting
that aligning the H-107 protease region with the primate LI
sequence requires a frameshift and thereby restores an
aspartic acid and a threonine residue precisely at the site of
the postulated catalytic center of serine proteases (24).-It is
furthermore remarkable that the analogous sequence
DTKAVC encoded by the human sequence TBG41 (10) is
identical to that of the H-107 sequence.
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