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ABSTRACT
Li (LINE-1) is a long interspersed repetitive sequence
derived from a retrotransposon. Transfection studies
using the CAT gene as a reporter demonstrated that
the first 155bp in the human Li sequence contains an
element(s) responsible for the promoter activity in HeLa
cells. The transcription was shown to initiate at the first
nucleotide of the Li sequence in the transgene. Three
prominent nuclear protein binding sites were found in
the 5' region of the Li sequence by DNasel footprint
analysis. One of the binding sites, designated as site
A located at + 3 to + 26, was shown to be essential for
the LI transcription because the mutation at the site
A caused almost complete loss of the promoter activity.
A sequence AAGATGGCC at +11 to +19 in the site
A was defined as a target core element for the protein
binding. The site A - binding protein (designated
TFLI -A) was found in various types of cells including
an embryonic teratocarcinoma cell line. These results
indicate that an internal short element located at the
very 5' terminal of Li sequence and the nuclear factor
binding to the element play a crucial role in the
transcription of human Li.

INTRODUCTION

LI (or LINE-1) is a highly repeated DNA sequence family
interspersed in all mammalian genomes (see refs 1 and 2 as

reviews). Sequences related to mammalian Lls are also found
in other organisms including insects (3-7), protozoa (8, 9) and
plant (10). The full-length unit of LI is about 6kb, contains
evolutionarily conserved regions which encode two open reading
frames (ORFI and ORF2) (1, 11, 12). The ORF2 product was

shown to have a significant sequence homology with various
reverse transcriptases (I1, 12). These structural features strongly
suggested that LI is a family of retrotransposon-derived sequence
and that LI has dispersed on the genome through the RNA
intermediate which is converted to cDNA by its own reverse

EMBL accession no. X52235

transcriptase. The full-length or nearly full-length, polyadenylated
LI transcripts were actually identified in several cell lines
including a human embryonic teratocarcinoma NTera2Dl (13,
14). Recently, the product of ORFI was evidently detected in
NTera2DlI and other cells (15), a human active LI element was
isolated (16) and the reverse transcriptase activity was verified
(17). These findings strongly suggested that some genomic LI
sequences are actually transcribed to generate functionally active
LI mRNAs. However, the molecular mechanism of the LI
transcription, the first step of the LI transposition, has been still
obscure. Unlike retroviruses and known retrotransposons, Lls
have no terminal repeats such as long terminal repeats (LTRs)
which serve as a promoter. An obvious question is arisen how
Lls are transcribed. Formally, two types of promoters for the
LI transcription can be considered; the promoter within the LI
unit or the one outside the LI unit. Several investigators
demonstrated the promoter activity in the 5' terminal regions of
LIs or LI-like elements including human LI (18-21), strongly
suggesting that LI is transcribed using its own internal promoter.
The presence of the promoter inside of the LI sequence implies
that the LI promoter should have a unique machinery for starting
the transcription at an upstream site, i.e, the first nucleotide of
LI to generate the full-length LI RNAs. For characterizing this
unique promoter, we attempted to find the cis-elements and trans-
acting factors involved in LI transcription.
We herein describe the identification of an internal short

element essential for the LI transcription and a nuclear protein
binding to the element. We also show that the factor (designated
TFLI-A) is widely distributed in various types of cells.

MATERIALS AND METHODS
Materials
Restriction enzymes and other enzymes were obtained from
Takara Shuzo (Kyoto, Japan), Toyobo (Tokyo, Japan) and
Nippon Gene (Toyama, Japan). Chemicals were obtained from

Wako (Tokyo, Japan), Katayama (Osaka, Japan) and Sigma
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(USA). Radioactive compounds were purchased from Amersham
(UK) and New England Nuclear (USA). Oligonucleotides were
synthesized with trityl-off mode by an Applied Biosystems
automated DNA synthesizer (model 380A) and purified through
NAP 10 column (Pharmacia). Plasmids pCAT-Basic and pCAT-
Control were obtained from Promega.

Cell culture
ITO-2 teratocarcinoma cells (22) were provided from Prof. J.Hata
(Keio University) and JEG-3 choriocarcinoma were from Dr.
Y.Misumi (Fukuoka University). HeLa epidermoid carcinoma
cells were from our laboratory collection. All cells were
maintained at 37°C in a humidified 5% CO2 atmosphere. HeLa
cells were grown in Dulbecco's Modified Eagle Medium
(DMEM) and JEG-3 and ITO-2 cells were in RPMI-1640
medium. Both media were supplemented with 10% fetal bovine
serum (GIBCO) and appropriate antibiotics.

Construction of plasmids
CGLl-l and CGL1-3 (23) were employed for the construction
of plasmids used in this study. Plasmid pCGLl-ISS was
constructed by the insertion of SspI-SspI fragment from - 102
to +287 of CGL1-1 into SmaI site of pUC 12 and was used to
prepare probes for DNaseI footprint analysis. Plasmid
pCGLl-1/-24/+287 was constructed by insertion of the
fragment from the Dral site at -27 to the SspI site at +285 of
CGLl-1 into the blunt-ended AccI site of pCAT-Basic (Promega).
The pCGLl-l/ -24/ + 155 was constructed by the digestion of
pCGLl-1/-24/+287 with BssHH (at + 155 in the LI sequence)
and XbaI (in the polylinker located at the downstream of the LI
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sequence) followed by self-ligation of the blunt-ended sites. The
pCGL1-1/-24/+40 was constructed in the same manner using
AccI (at +37 in the LI sequence) and XbaI. The
pCGLl- 1/-24/+14 was constructed from a synthetic double-
stranded oligonucleotide containing the sequence from -24 to
+ 14 of CGLl-l and pCAT-Basic. The pCGLl-l/+ 152/+287
was constructed by the digestion of pCGLl- 1/-24/+287 with
HindIII (in the polylinker located at the upstream of the LI
sequence) and BssHU followed by self-ligation of the blunt-ended
sites. The pCGLl-1/+39/+287 was from pCGLl-1/-24/+287
using HindIll and AccI digestion in the same manner. A sequence
from -8 to -3 in pCGL1-l/-24/+287 was replaced by EcoRV
site by in vitro mutagenesis to construct the mutant plasmid
pCGLl-1/-24/+287/EcoRV. The pCGLl-1/-24/-5 was
constructed from the pCGLl-1/-24/+287/EcoRV by the
digestion with EcoRV and XbaI followed by self-ligation of the
blunt-ended sites. The pCGLl-1/-5/+287 was obtained from
the pCGLl- 1/-24/ +287/EcoRV by the digestion with PstI (in
the polylinker located at the upstream of the LI sequence) and
EcoRV followed by the blunt-end self-ligation and the
pCGLl-l/ -5/ + 155 was constructed by subsequent digestion of
the pCGLl- 1/-5/+287 with BssHII and XbaI followed by the
blunt-end ligation. The pCGLl-1/-5/+ 155A and
pCGLl-l/-5/+155B were constructed using pCGL1-l/-5/
+155 and mutated oligonucleotides by in vitro mutagenesis,
respectively. The pCGLl- 1/+ 18/+ 155 was constructed from the
digestion of pCGLl-1/-5/+155A with Hind III and EcoR V
followed by the blunt-end self-ligation. The orientation of the
fragment in the constructs was determined by digestion with
appropriate enzymes and the mutagenized sequences were
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Fig. 1. CAT activity of various LI-CAT constructs in HeLa cells. Construction
of LI-CAT fusion plasmids and the experimental conditions were described in
Materials and Methods section. Open boxes show the LI sequence and CAT-
coding sequence shown by shadowed boxes. Flanking genomic sequences are

depicted by bold lines. Numbers with plus indicate the nucleotides from the 5'
end of CGLI-1 (23) and + 1 denotes the first nucleotide of the LI sequence.

The CAT activity was normalized by the protein amounts and the luciferase activity
of an internal control pRSVLUC (26). The activity of each construct is shown
at the right as the value relative to that of pCGLi-i/-24/+287. The pCAT-
Basic is a promoter-less CAT vector and pCAT-Control is the CAT construct

in which the SV40 early promoter with the enhancers is fused to the CAT gene.
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confirmed by a denatured plasmid DNA sequencing (24). The
plasmids used for the transfection experiment were purified by
the CsCl-equilibrium ultracentrifugation.

DNA transfection, CAT assay and luciferase assay
Transfection was done by a calcium phosphate method (25) using
20 ltg of test plasmid and 2 ltg of pRSVLUC, a RSV promoter-
firefly luciferase gene fusion plasmid (26). The pRSVLUC was
used as an internal standard to monitor the transfection efficiency
by measuring luciferase activity. About 106 cells were
transfected and cultured for 4 hrs with the calcium phosphate-
DNA precipitate. The cells were treated with 15% of glycerol
for 30 sec and cultured for further 48 hrs. Cell extracts were
prepared and assayed for CAT and luciferase activities according
to the procedures described by Gorman et al. (27) and de Wet
et al. (26). Transfection experiments were done at least three
times for each construct and the CAT activity was normalized
by the protein amounts and luciferase activities.

Primer extension
RNA was isolated from transfected and nontransfected HeLa cells
by the guanidine-thiocyanate method (28). The primer extension
was done using 50 ug of total RNA and 5 x 105 cpm of a 32p
labeled primer. The reaction mixture was denatured at 85°C for
10 min, annealed at 50°C for 10 min and then incubated with
AMV reverse transcriptase for further 60 min at 42°C. The
products were analyzed by electrophoresis on a 6 %
polyacrylamide-urea gel. The complementary oligonucleotide
(5'-TCCAlTT'TAGCTTCCTTAGCTCCTGAAAATC-3') in the
CAT gene was used as a primer. The size marker sequence ladder
was obtained by sequencing of the pCGLI- l/-5I + 155 with the
primer same as that used in the primer extension experiment.
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Fig. 3. DNaseI footprint analysis of 5' region of the CGLl-1. The fragment
containing the sequence from - 102 to +287 of CGL I-I was used as a probe
for coding strand (I) and noncoding strand (H). M shows the Maxam-Gilbert G+A
sequence products (35) as a size marker. Lanes I and 2 show the footprinting
patterns in the absence and presence of nuclear extracts, respectively. Three
protected regions are indicated by A, B and C at the right.

DNaseI footprint analysis
Nuclear extracts were prepared from HeLa, JEG-3 and ITO-2
cells according to the method of Shapiro et al. (29). The extracts
equivalent to 17 /g of proteins were used in the binding reaction.
Probes prepared from pCGL1- ISS contained the sequence from
-102 to +287 of CGL1-l. The binding reaction was carried
out in a 40 il of the extract, 32P-labeled probes (5 x 104 cpm),
1OmM Hepes (pH 7.9), 50mM KCl, 0.1mM EDTA, 0.1mM
EGTA, 1mM dithiothreitol, 5mM MgCl2 10% glycerol and 5
ikg of poly(dI-dC) for 15 min on ice and then for 5 min at room
temperature. Subsequent DNaseI digestion was done for 2 min
at room temperature using appropriate amounts of enzyme. The
footprinting pattern was analyzed by electrophoresis on a 6%
polyacrylamide-urea gel.

Gel shift assay
Gel shift assay (30) was performed using nuclear extracts
described above and 26bp of double-stranded oligonucleotides
containing the 5' region of CGLI-1. The sequences of the
oligonucleotides are shown in Fig. 6B. The binding reaction was
carried out for 20 min at room temperature in a 20 yd of the same
buffer as that used for the DNaseI footprint analysis except 3
ltg of poly(dI-dC), 6 ug of proteins and 5 x 104 cpm of 32p-
labeled probe and 3 pmol of competitor oligonucleotides (300-fold
excess), if necessary. The samples were analyzed by
electrophoresis on a 5% polyacrylamide gel at room temperature.

RESULTS
Promoter activity of the recently transposed Li sequence
We previously isolated several full-length human LI members
which were inserted into the genome in a relatively recent past
(23). We asked whether the 5' terminal regions of these Lls
designated CGLIs serve as a promoter. At first, we constructed
a LI-CAT fusion plasmid in which a fragment from -24 to +287
of CGLI- 1 (23) was fused with the bacterial chloramphenicol
acetyltransferase (CAT) gene (27). The construct, pCGL I-I/
-24/+287, was introduced into HeLa cells by a calcium
phosphate method (25) and the promoter activity was monitored

A ACCI +50
GAGAGGAGCCAAGATGGCCGAATAGCAACAGCTCCGGTCTACAGCTCCCA
CTCTCCTCGGTTCTACCGGCTTATCGTTGTCGAGGCCAGATGTCGAGGGT

B +100
GCGTGAGCGACTCAGAAGACGGGTGATTTCTGCATTTCCATCTGAGGTAC
CGCACTCGCTGAGTCTTCTGCCCACTAAAGACGTAAAGGTAGACTCCATG

+150
TGGGTTCATCTCACTAGGGAGTGCCAGACAGTGGGCGCAGGTCAGTGGGT
ACCCAAGTAGAGTGATCCCTCACGGTCTGTCACCCGCGTCCAGTCACCCA

BssHII +200
GCGCGCACCGTGCACGAGCCGAAGCAGGGCGAGGCATTGTCTCACTTGGG
CGCGCGTGGCACGTGCTCGGCTTCGTCCCGCTCCGTAACAGAGTGAACCC

C +250
AAGCGCAAGGGGTCAGGGAGTTCCCTTTCCGAGTCAAAGAAAGGGGTGAC
TTCGCGTTCCCCAGTCCCTCAAGGGAAAGGCTCAGTTTCTTTCCCCACTG

GGACGCACCTGGAAAATCGGGTCTCTCCCACCCGAAT
CCTGCGTGGACCTTTTAGCCCAGAGAGGGTGGGCTTA

Fig. 4. Nucleotide sequences protected by nuclear factors. Numbers indicate the
nucleotides from the 5' terminal of CGL 1-1 (23). Protected regions in coding
and noncoding strands are shown by A, B and C. Boundary sites of each protected
region are arbitrary because DNaseI did not cleave all the bases equally in the
absence of proteins.
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as the CAT activity in the transient expression system. A
promoter-less vector pCAT-Basic and a positive control vector
pCAT-Control having the SV40 early promoter and enhancer
elements were used as references. Because of the substantial
fluctuation of the transfection efficiency in each transfection
experiment, we normalized the experimental data of each
construct by monitoring the luciferase activity of the co-
transfected RSV-firefly luciferase fusion plasmid, pRSVLUC
(26). As shown in Fig. 1, the pCGL1-1/-24/+287 showed the
significant CAT activity in HeLa cells. The activity was
approximately 30% of that expressed by the pCAT-Control. On
the other hand, when the same Ll fragment was fused with the
CAT gene with the opposite orientation, no CAT activity was
detected (data not shown). It is unlikely that the sequence flanking
to CGL1-1 serves as a promoter because the region of -5 to
-24 fused with the CAT gene had no promoter activity. These
results indicate that the 5' terminal region of CGLl-1 has a

promoter activity. Similar results were obtained when the 5'
terminal region of CGL1 -3 (23) was used as a promoter (data
not shown).
A series of deletion plasmids were constructed to localize the

regions responsible for the promoter activity. The results are
summarized in Fig. 1. The 3' deletion from +287 to + 155 of
CGLI- 1 (pCGLi- 1/-24/ + 155) enhanced the promoter activity
more than two-fold. The further deletion to +40
(pCGLl-l/-24/ +40) retained about 80% of the activity of that
of pCGLl-1/-24/+287, but the deletion to +14
(pCGLI-I/-24/+ 14) diminished the activity down to 5% or less,
and the further deletion to -5 caused the complete loss of the
activity. On the other hand, the 5' deletions from -24 to +39
(pCGLi-1/+39/+287) significantly reduced the promoter
activity and the deletion to + 152 almost completely eliminated
the activity. It should be noted that the deletion of the first 1 7bp
of the LI sequence (pCGL 1- 1/ + 18/ + 155) reduced the activity
to 10% of that of pCGLI- 1/ -24/ + 155. These results suggested
that the first 155bp of LI, particularly the first 40bp, contains
the elements essential for the promoter activity.
The transcription of LI should start at the first nucleotide of

LI to produce the full-length LI RNA. We asked whether the
L1 promoter studied above starts the transcription properly at
the position of +1 of CGLI -1. The transcription initiation site
of the transgene was determined by a primer extension experiment
using a 32P-labeled primer complementary to the CAT gene
sequence (Fig. 2). Four major bands were observed, which were

proven to be generated from the transcripts initiated at - 3, - 2,
+1 and +2 of the LI-CAT construct. The band at + 1 was
clearly identified as the extension product with the strongest
intensity. These results suggested that the 5' terminal region of
LI has an ability to start the transcription at or around the first
nucleotide (G) of LI. No band was seen in the experiment using
RNA from untransfected cells under the same conditions.

Nuclear protein binding sites at the 5' region of LI
In general, promoters and other regulatory elements are the
binding sites for the nuclear proteins involved in the transcription
regulation (31). We thus attempted to identify the nuclear factors
which bind to the 5' region of CGL 1-1 by DNaseI footprint
analysis. When the fragment containing the sequence from -102
to +287 of CGLI-I was used as a probe, three regions were
prominently protected by the nuclear proteins from HeLa cells
(Fig. 3). Protection was observed in both coding and noncodingstrands. These protected regions were designated as sites A (+ 3
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Fig. 5. CAT activity of the mutant constructs in HeLa cells. The experimental
conditions are the same as those described in Fig. 1. The CAT activity for the
pCGLI-I/-5/+ 155 was taken as 100% and the relative values were shown at
the right for pCGL 1-1 / - 5/ + 155A and pCGL 1-1 /- 5/ + 155B. Wild and mutant
sequences are shown in the protein binding sites A and B of each construct.
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Fig. 6. Gel shift assay using ds-oligonucleotides containing the 5' region sequence
of CGLl-1. The experimental conditions are descfibed in Materials and Methods.
(A): Extracts of HeLa cells were incubated with the 3-P-labeled ds-
oligonucleotide probe A-WT without competitor (lane 1) or with a competitor
of A-WT (lane 2), A-MT 1 (lane 3), A-MT2 (lane 4), A-MT3 (lane 5),A-MT4
(lane 6), A-MT5 (lane 7), A-MT6 (lane 8) or A-MT7 (lane 9). Three hundred
fold excess of competitors was used in each competition assay. The position of
specific DNA-protein complex (C) and free probes (F) are marked at the left
side. (B): Coding strand sequences of ds-oligonucleotides used for probes and
competitors are shown. The A-WT contains the sequence from - 1 to +25 of
CGLI-1. Substituted nucleotides are indicated by underlines in each competitor
sequence. Double-underline in the A-WTsequence shows the sequences conserved
between human and prosimian Lls (See text).

to +26), B (+71 to +89) and C (+206 to +2 18), respectively.
Similar results were obtained in the DNaseI footprint analysis
using the sequence from CGL 1-3 (data not shown). The
nucleotide sequences of the protected regions are summarized
in Fig. 4. These sequences are well conserved among CGLls
(23) and other CpG-rich Lls (16, 32, 33) (see below for
discussion).
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Fig. 7. DNaseI footprinting experiments using the nuclear extracts from different
types of cell lines. The nuclear extracts from (a) JEG-3 (choriocarcinoma) and
(b) ITO-2 (embryonic teratocarcinoma) were used. The experimental conditions
and symbols in the Figure are the same as those for Fig. 3.

A protein binding site at the 5' region is crucial for the
expression of Li
As shown by the deletion analysis (Fig. 1), the first 155bp of
LI contains the elements essential for the LI promoter activity.
We asked whether the nuclear protein binding sites in the region
are important for the expression of LI. Two mutant plasmids
were constructed, pCGL1-l/-5/+i55A in which a sequence

from + 10 to + 17 at the center of the site A was replaced by
an unrelated sequence TGATATCA and pCGLI-I/ -5/+ 155B
in which a sequence from +77 to +84 at the center of the site
B was replaced by a sequence CAGATATC. The transfection
experiments using these mutant plasmids showed that the mutation
at the site A dramatically reduced the promoter activity, while
the mutation of the site B retained a half of the activity (Fig. 5).
From these results, we concluded that the site A is a crucial
element for the promoter activity in HeLa cells.

Protein binding core element at the site A

The nuclear factor which binds to the site A was also detected
by gel shift assay (Fig. 6). A 26bp of double-stranded (ds)
oligonucleotide probe (A-WT) containing the sequence from -1
to +25 of CGLI- 1 gave a band of DNA-protein complex in the
presence of HeLa nuclear extracts (Fig. 6, lane 1). The complex
formation was reduced in the presence of unlabeled A-WT as

a competitor (Fig. 6, lane 2), but not in the presence of a ds-
oligonucleotide (A-MT1) having an unrelated sequence at the
center of the site A (Fig. 6, lane 3). To more precisely determine
the core element for the protein binding, competition experiments
were done using a series of mutant competitors. As shown in
Fig. 6, the sequences mutated in A-MT4 and 5 are essential for
the formation of the specific complex. The sequences mutated
in A-MT3 and 6 are also involved in the complex formation to
some extent. From these results, we concluded that among the

CGLlCON
L1 .2
L 1 -CON
SCOTT
LlNc

CGLlCON
L1 .2
Li-CON
SCOTT
LlNc

CGLl CON
L1.2
Li-CON
SCOTT
LlNc

CGLlCON
L1.2
Li-CON
SCOTT
LlNc

site A
GGGAGGAGCC AAGATGGMCG AATAGrAACA GCTCCGGTCT ACAGCTCCCA GCGTGAGCGA

S W Wl R R Y
AGTAAGATTA ;WC SG CCGAGTAACA GCTTCCCTGC AACTGGGAAC AGCGAGTCTG

Sitm B
CGCAGAAGAC GGGTGATC TGCATTTC TCTGAGGTAC CGGGTTCATC TCACTAGGGA

W Y M R M
GGGAGACAAG ACTCCAGGCA TCTCTGGCCG GTGGGATCTG CCTATAATCA TCCCTTTGAG

GTGCCAGACA GTGGGCGCAG GTCAGTGGGT GCGCGCACCG TGCGCGAGCC GAAGCAGGGC
C T T
C T Y

K Y R Y YRY Y W YRT Y
GATACAGGGA GCCAGCAAGG GACTTCTGGA CCCCAAGAGG AGGACAAAAA CAGTGGAAAA

site C
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Fig. 8. Alignment and conservativeness of the 5' terminal sequences of Lls.
CGLlCON represents a consensus sequence of human CGLIs which were shown
to be generated by recent transposition (23). LI.2 indicates a human LI sequence
which was proven to be active (16). LI-CON and SCOTT represent consensus
sequences of selected human genomic LIs which are rich in G+C at the 5' regions,
respectively (32, 33). Li Nc shows a consensus sequence of prosimian L Is (I1,
34). Only different nucleotides were indicated. The protein-binding sites A, B
and C were parenthesized. Abbreviations for ambiguous bases are R=A/G;
Y=T/C; S=C/G; K=G/T; W=A/T; M=A/C.

protected bases in the site A, the ones from +8 to +22 are
directly involved in the complex formation. Particularly, the
sequence sandwiched between the mutated sequences of A-MT3
and A-MT6 seems essential, so that the sequence from +11 to
+ 19 is designated the core element herein. We previously pointed
out that some sequences at the 5' end of LIs are evolutionarily
conserved (34). It is interesting to note that the core element
sequence is conserved in the 5' terminal regions of prosimian
Lls (indicated by double-underline in Fig. 6B)

Wide distribution of the nuclear protein binding to the site A
The data. presented above indicated that the site A is essential
for the LI transcription, and it seems reasonable to consider that
the nuclear protein binding to the site A plays an important role
in LI transcription. We designated the site A-binding factor as
TFL1-A. Judging from its recognition sequence, TFL1-A seems
to be a novel transcription factor. It is interesting to investigate
the distribution of TFL1-A in various types of cells. We at first
prepared the nuclear extracts from JEG-3 (a choriocarcinoma cell)
and ITO-2 (an embryonic teratocarcinoma cell). JEG-3 cell is
reported to synthesize the full-length LI RNA (14) and also to
produce the ORFI protein (15). ITO-2 cell was established from
a human embryonic teratocarcinoma (22) and is thought to be
similar to NTera2D I in which the full-length polyadenylated LI
transcripts are identified (13). The nuclear extracts from JEG-3
cells produced three prominent protection regions which were
indistinguishable from those obtained by HeLa extracts (Fig. 7).
In contrast, the nuclear extracts from ITO-2 cells protected only
the site A. The significance of the lack of the site B- and the
site C-binding proteins (designated TFL1-B and TFL1-C) remains
to be elucidated. The distribution ofTFL1-A was further analyzed
by gel shift assay. The nuclear extracts obtained from F9 (a mouse
teratocarcinoma cell), MEL (a mouse erythroleukemia cell) and
RPMI 1788 (a human hematopoietic cell), gave the band of the
site A oligonucleotide-protein complex (data not shown). Thus,
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TFLI-A is present in a variety of cells and seems to have no
cell-type specificity.

DISCUSSION
We examined the regulatory elements responsible for the
transcription of the human LI sequence. We mainly used a full-
length LI member CGLl-l (23) for the experiments. CGLl-l
has a high number ofCpG dinucleotide sequences at its 5' region
and transposition of CGLl-I occurred in a relatively recent past
(23), so that CGLl-I is considered to retain the structural features
of actively transcribed LI sequences. HeLa cell was used for
most of experiments. The protein encoded by ORFI was shown
to be produced in HeLa cells (15), so that HeLa has a potentiality
for synthesizing some functional LI mRNAs. Transfection
experiments showed that the first 155bp sequence possesses the
promoter activity and particularly the first 40bp are crucial. These
results were consistent with those described by Swergold (25),
who showed that the first 100bp of LI sequence were essential
for the full expression a Ll-3-galactosidase fusion gene in
NTera2Dl cells. It should be, however, noted that the promoter
activity directed by the CGLl-l sequence is comparable to that
by SV40 promoter with the enhancer element in HeLa cells
(Fig. 1). This is apparently inconsistent with the observation of
Swergold (25) that the LI transgenes were very poorly transcribed
in this cell line. This discrepancy may be explained by the
difference of the fusion gene constructs. Swergold fused the first
952bp of LI with f3-galactosidase reporter gene. On the other
hand, we used the first 287bp of LI as a promoter and CAT
gene as a reporter. It is conceivable that the LI sequence from
+287 to +952 contains some elements for determining the cell
specificity of LI transcription. Despite of difference in quantity
of LI mRNA production between HeLa and NTera2Dl cells,
the LI transgenes were capable of being properly transcribed
from + 1 in both cell lines. This suggested that the transcription
initiation may be regulated in the same manner in both cells and
that the first 155bp sequence includes signals specifying the
transcription initiated at + 1. It has been reported that the full-
length LI transcripts are rarely detected in HeLa cells (13). This
is also apparently inconsistent with our observation that LI
showed the high promoter activity. This might be explained by
the difference of the physical/chemical status between the LI
transgenes and endogenous LI sequences. For example,
methylation of endogenous LIs (33) may repress their expression.
The DNaseI footprint analysis showed that three regions,

designated as A, B and C sites, in the first 287bp were
prominently protected by nuclear factors of HeLa cells (Figs.
3 and 4). The functional analysis of these protected regions by
the transfection experiments indicated that the site A located at
+3 to +26 is responsible for the promoter activity of LI in HeLa
cells. Furthermore, the gel shift assay indicated that an element
AAGATGGCC at +11 to +19 is essential for the efficient
formation of the DNA-protein complex in vitro. It seems
reasonable to think that the binding of the factor to the sequence
AAGATGGCC represents a crucial step for the transcription of
the human LI sequence. Since the site A-binding protein
(TFLI-A) is present in various types of cells, TFLI-A seems
to be involved in the basal transcription machinery for LI. The
binding proteins for the sites B and C (TFL1-B and TFL1-C,
respectively) were, on the other hand, found to be absent in ITO-2
cells. These proteins might be participated in a tissue-specific

expression of the human L1. The role of TFLl-B and TFLl-C
in LI transcription remains to be an open question.
The binding sites A, B and C in the CGLl sequence were found

to be well conserved in other LI sequences which seem to have
recently transposed (Fig. 8). Interestingly, the octanucleotide AA-
GATGGC in the protein binding core element of the site A was
perfectly conserved at the similar position of a prosimian L 1
sequence (34). Prosimian is a primate evolutionarily most distant
from man and about 1kb of the 5' region has almost no sequence
homology between human and prosimian LIs, except some short
sequences in the first 33bp sequence (34). Evolutional
conservativeness of the octanucleotide sequence may support its
biological significance.
A unique feature of LI promoter is its ability to start the

transcription at the upstream site (the position of + 1).
Characterization of the nuclear factor TFL1-A, which binds to
the site A, may provide a clue to understand the molecular
mechanism for the upstream transcription initiation, the first step
of LI transposition.
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