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Abstract: A protein which binds specifically to MspI8 (a 454 bp long repeated
sequence highly homologous to the 5’ untranslated region (5'UTR) of the LINE
1 sequence) was found and identified in nuclear extracts of rat liver cells. This
protein was detected using the electrophoretic mobility shift assay (EMSA) and
was purified by Q-Sepharose and DNA affinity chromatography. Its molecular
mass was estimated by SDS electrophoresis as 29 kDa. The possibility that this
protein (p29) is the rat analogue of human L1PBP-A, specific for the human
LINE sequence LPE1, is discussed.
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INTRODUCTION

Eukaryotic genomes contain differently organized repetitive sequences
classified as tandem repeats (satellites) or dispersed repeats. Dispersed
repetitive sequences are further divided into short and long interspersed
elements (SINEs and LINEs respectively). LINEs are typically between 5 and 7
kbp long and are present in 104 to 105 copies per genome in all mammals [1,2].
Mammalian LINEs belong to the L1 family which makes up about 10% of the
genome; all its members have a similar structure with at least two open reading
frames (ORFs) and 5’ and 3’ untranslated regions (5'UTR and 3'UTR) [3-5].
The ORFs in human and mouse L1 sequences code for proteins which take part
in the transposition process [3,4,6-8], allowing them to move within the genome
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by a reverse transcription mechanism with an RNA intermediate; ORF1 encodes
a highly basic protein able to form multimers and to interact specifically with
single stranded RNA transcribed from ORF2, which encodes reverse
transcriptase [6-8]. Full-length or fragmented LINEs (generally deleted at their
5’ends) are present in all human chromosomes and within many genes [9,10];
fragments are found in both the exons and introns of genes such as
retinoblastoma, interleukin-2 , PAX6 or factor VIII [10-12]. L1 sequences are
transcribed in a few normal human tissues and in a variety of tumors including
breast cancer [10, 13-15] but the mechanisms which regulate their expression
are poorly understood. Therefore, the identification of proteins which take part
in this process is important, and this papaer is on proteins identified in rat liver
nuclear extract. They specifically recognize a rat genomic sequence (MspI8)
which is highly (68.9%) homologous to the 5’ untranslated regions of some rat
LINE 1 family members

MATERIALS AND METHODS

DNA
MspI8, part of a rat LINE repetitive sequence, was isolated and cloned into
pUC19 as previously described [16]. It was excised from the plasmid with
HindIII and EcoRI, separated from vector sequences by electrophoresis in a
0.5% agarose gel, and end-labeled with [á32P]-dCTP using Klenow fragment
polymerase [18].

Preparation of nuclei and nuclear extracts
Nuclei from three rat livers or pairs of testis were isolated as described earlier
[19]; all the solutions were supplemented with 1 mM phenylmethylsulfonyl
fluoride (PMSF; Sigma). Nuclei were extracted with a buffer containing 10 mM
Tris-HCl, pH 8.0, 0.1mM MgCl2, 0.2 mM PMSF, 0.5 mM dithiothreitol (DTT),
5% glycerol and 0.5 M NaCl for 1 h at 4oC, the suspension was centrifuged for
10 min. at 5000 x g, and the supernatant extract was saved. The protein
concentration in the nuclear extracts was 2 mg/ml (liver) and 0.5 mg/ml (testis).

Electrophoretic mobility shift assay (EMSA)
The specific binding of proteins to DNA was detected by the EMSA method
[20]. E.coli genomic DNA sonicated to 0.5-2 kb in length and the cloned MspI8
insert fragment were used as nonspecific and specific competitors, respectively.
The binding reactions (20-70 µl) usually contained a 3 ng fragment of labeled
MspI8, 2-50 µl (0.1-10 µg protein) of nuclear extract or chromatographic
fractions, and 0.1-2 µg of competitor DNA in a retardation buffer (A)
containing 10 mM Tris-HCl, pH 8.0, 1 mM EDTA, 1 mM DTT and 5%
glycerol. Column eluates were diluted so that the final salt concentration did not
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exceed 250 mM. The binding mixture was incubated for 30 min. at room
temperature and then electrophoresis was performed in a 4% polyacrylamide gel
in 0.5 x TAE buffer (1 x TAE is 40 mM Tris-acetate, pH 8.0, 2 mM EDTA
[18]). The gels were dried and exposed to X-ray film.

Ion exchange chromatography on Q-Sepharose and DEAE-Sepharose
Nuclear extracts were diluted 10-fold with buffer B (15 mM Tris-HCl, pH 8.0,
0.1 mM EDTA, 0.5 mM DTT, 0.1 mM PMSF, 5% glycerol, 50 mM NaCl) and
loaded onto a column of Q-Sepharose (1 cm x 20 cm) equilibrated in the same
buffer. Proteins were eluted by a linear gradient of 0.05-1.5 M NaCl (40 ml) in

buffer B and 1 ml fractions were collected and stored at -20o C. The same
conditions were used for DEAE-Sepharose columns (1 cm x 3 cm) except that
proteins were eluted with a step gradient of buffer B containing 0.1, 0.2, 0.3,
0.4, 0.5, 0.7, 0.9, or 1 M NaCl (1 ml of each). All these procedures were carried
out at room temperature.

Affinity purification
Proteins binding nonspecifically to DNA were first selected on an affinity
matrix of salmon sperm DNA coupled to cellulose (Sigma) using 1-(3-
dimethyl-aminopropyl)-3-ethylcarbodiimide hydrochloride (Sigma); 1 mg of
sonicated salmon DNA (0.5-2 kbp) was attached to 1 ml of resin [21]. Q-
Sepharose eluate fractions (200 µl) containing MspI8-binding activity were
incubated with this matrix in 1 ml at room temperature for 30 min. After four 5-
min washes of the matrix in 10 volumes of gel retardation buffer, bound
proteins were eluted stepwise with 1 ml of the same buffer containing 0.2, 0.3,
0.4, 0.5, 0.7, 0.9 and 1 M NaCl and analysed by EMSA. In the second step, the
fractions with maximal MspI8-binding activity were pooled and used for
specific affinity selection on a matrix of linearized pMspI8 DNA (200 µg)
covalently attached to 200 µl of cellulose. Pooled fractions diluted with buffer
A (100 µl) were incubated with MspI8-cellulose and a varying amount of an
excess of non-specific competitor DNA (E.coli) in 400 µl for 30 min. After four
5 min. washes with buffer A, elution was performed in one step using 200 µl of
buffer A with 0.8 M NaCl.

SDS-polyacrylamide gel electrophoresis of proteins
Eluted proteins were analysed by SDS-PAGE in 12% polyacrylamide [22] and
silver staining was performed by the standard method [23]. To determine
molecular weights Prestained SDS Molecular Weight Markers were used
(Sigma SDS-7B).
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RESULTS

MspI8-binding proteins in nuclear extracts from rat liver and rat testis
cells
Following the previous finding that the nuclear matrix proteins of rat testis
show a high affinity for MspI8 [16, 17], the question was whether nuclear
extracts contain proteins which specifically recognize and bind MspI8. The
electrophoretic mobility shift assay (EMSA) was used to detect the complex
formation of proteins with labeled MspI8 DNA incubated with nuclear extracts
of liver or testis in the presence of increasing amounts of E.coli DNA as a
nonspecific competitor. Specific bands formed by complexes of proteins with
MspI8 were revealed in the presence of increasing amounts of competitor E.coli
DNA (Fig. 1) using extracts from rat testis and liver nuclei; the latter was
partially purified by DEAE-Sepharose column chromatography, eluting with a
stepwise salt gradient, and the fraction containing maximal MspI8-binding
activity (eluted with 0.3 M NaCl) was used. Proteins in crude nuclear extracts
from rat testis also formed retarded bands with similar mobilities, and in this
case two protein/DNA complexes were formed (Fig. 1B, arrows)

Fig. 1. Electrophoretic mobility shift assay for complexes formed by proteins in nuclear
extracts of rat liver and testis with the LINE 1 sequence MspI8.
Labeled MspI8 (3 ng) was incubated with proteins (2µg) from a rat liver nuclear extract
which had been eluted from a DEAE-Sepharose column in 0.3M NaCl (left) or with a
crude rat testis nuclear extract (1.5µg protein) (right) and increasing amounts of
nonspecific competitor DNA (E.coli).. In all the figures, lane F contained only MspI8,
the open arrows denote MspI8, and the solid arrows protein-DNA complexes.
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To test the specificity of the complexes formed,an examination of E.coli DNA
and non-labeled MspI8 DNA as competitors was performed. At low
concentrations of a non-specific competitor, high molecular weight complexes
were formed, visible as a smear during electrophoresis (Fig. 2). A stepwise
increase of the amount of the competitor revealed a specific complex, clearly
seen when 600 ng of E.coli DNA was used as a competitor and stable up to an
approximately 600-fold molar excess (1800 ng) of nonspecific competitor (Fig.
2).

Fig. 2. An electrophoretic mobility shift assay of complexes with MspI8 formed by
proteins from rat liver nuclear extract, eluted from a DEAE-Sepharose column in 0.3M
NaCl, in the presence of different amounts of nonspecific (E.coli) or specific (unlabeled
MspI8) competitor DNA. Each assay contained 3 ng of labeled MspI8 and 2 ìg of
eluted proteins.

The same result was obtained with 100 ng of E.coli DNA supplemented with 30
ng of the specific competitor (unlabeled MspI8), showing that the specific
competitor acts efficiently at much lower concentrations. The fact that the
higher molecular weight complexes were competed more efficiently by MspI8
DNA than by E.coli DNA suggests that these complexes are also formed by
proteins with affinity for MspI8. They may contain aggregates of the proteins in
the lower molecular weight complex.

Purification of MspI8-binding proteins
Proteins in rat liver nuclear extracts were fractionated by three successive steps:
ion exchange chromatography on Q-Sepharose, followed by binding and elution
from non-specific (salmon sperm) and specific (MspI8) DNA affinity matrices.
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Fig. 3. Purification of MspI8 binding proteins on a Q-Sepharose column. Eluted
fractions were assayed by EMSA using unlabeled E.coli competitor DNA. Part of the
linear elution gradient is shown. Samples contained 3 ng of labeled MspI8, 5 µl of
eluted fractions, and 1500 ng of E.coli DNA.

Fig. 4. EMSA assays of proteins eluted from an affinity chromatography resin.
A. Proteins eluted from the nonspecific DNA affinity matrix. Q-Sepharose eluted
fraction 13 (Fig. 3) was diluted 5-fold with buffer A to reduce the salt concentration to
less than 150 mM and bound to salmon sperm DNA-cellulose. Each sample contained
10µl of eluted fraction, 2 ng of labeled MspI8, and 50 ng of E.coli DNA. The salt
concentration (M) at which fractions were eluted is shown below.
B. Proteins eluted from the specific DNA affinity matrix MspI8-cellulose. Samples
contained 3 ng of labeled MspI8, and in lane 1: 2 µl of Sepharose Q fraction 13 and 2
µg of E.coli DNA; in lanes 2-4: 10µl of fractions eluted from pMspI8-cellulose in 0.8 M
NaCl; incubation was done in the presence of 25, 150 or 200 µg of E.coli DNA.
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Proteins were eluted with a linear salt concentration gradient and tested by
EMSA. Proteins showing an affinity for MspI8 were detected in fractions eluted
from Q-Sepharose at 0.3 – 0.5 M NaCl (Fig. 3, fractions 11-16). Similar results
were obtained using DEAE-Sepharose column chromatography (data not
shown). The amount of these proteins in these fractions was high enough to
bind all the labeled DNA.
In the presence of higher amounts of E.coli DNA, one complex with the same
molecular weight as that seen in lane 11 of figure 3 was formed (data not
shown).The protein fraction with the maximum MspI8-binding activity from Q-
Sepharose (fraction 13, Fig. 3) was then incubated with a non-specific DNA
affinity matrix (salmon sperm DNA-cellulose) and proteins were eluted
stepwise with increasing salt concentrations from 0.2 to 1.5 M NaCl and tested
by EMSA (Fig. 4 A). Proteins which were eluted in 0.4, 0.5 and 0.7 M NaCl
formed complexes with MspI8, which had mobilities similar to those seen in
figure 2. The electrophoretic pattern of the proteins in these fractions was
simpler than that of the nuclear extracts, but too complex to allow the proteins
responsible for binding MspI8 to be recognized (Fig. 5).

Fig. 5. SDS-PAGE of proteins binding to MspI8.
Lane 1: fraction 13 from Q-Sepharose (18 µg protein); lanes 2-5: 20 µl of proteins
eluted from salmon sperm DNA-cellulose with 0.4, 0.5, 0.7, and 0.9 M NaCl,
respectively; lanes 6-8: proteins eluted from MspI8-cellulose after binding in the
presence of 25, 150 and 200 µg of E.coli DNA, respectively.
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The fractions eluted from salmon DNA-cellulose with 0.4 and 0.5 M NaCl were
pooled and further purified on a specific affinity matrix of linearized pMspI8-
cellulose. Binding was performed in the presence of three different
concentrations (25, 150 and 200 µg) of E.coli DNA as a nonspecific competitor.
After washing, the bound proteins were eluted with a buffer containing 0.8 M
NaCl and assayed by EMSA (Fig. 4B).
A protein of approximately 29 kDa was the most prominent in the eluate from
MspI8-cellulose (Fig. 5). This protein, which we term p29, may be responsible
for the formation of the specific complex with MspI8 seen in figure 4.

DISCUSSION

In humans, LINE transcripts are frequently found in various tumours, but at
very low levels, if at all, in normal tissues. In mice, L1 transcripts were detected
in spermatocytes [10,14, 28]. Expression is essential for the retrotransposition
of LINE 1 sequences, but it is a relatively rare phenomenon in spite of the high
repetitiveness of L1 in the mammalian genome. Unlike retroviruses and
retrotransposons, L1s have no long terminal repeats (LTRs) which serve as
promoters [24]. Their 5'UTRs are necessary for transcription [25] but in contrast
to the conserved ORFs, there is no sequence similarity among the 5'UTRs of
different species [26]. However, they have similar features: they are GC-rich,
they undergo 5' truncation and may consist of small repetitive sequences [15,
25, 27]. The truncation and methylation of CpG dinucleotides probably takes
part in the repression of LINE transcription [25, 27], whereas the increased copy
numbers of small repetitive sequences could lead to more efficient transcription
of L1 [27].
The interaction of nuclear proteins with the 5’UTRs of LINEs is likely to be
crucial for control of LINE expression and transposition, and we have detected
proteins which bind specifically to the 5’ fragment of MspI8, a rat L1 LINE
element [16,17], in nuclear extracts from rat liver and testis cells, and have
partially purified one such protein from rat liver cells. This protein could take
part in the regulation of LINE expression. The relationship of this protein to
those which protect the A, B and C sites of the human 5’UTR LINE in HeLa
cell nuclear extract [24] remains to be studied. Msp18 shows homology to the
A-site (positions 360-367, 2 mismatches) and to the C-site (positions 58-46 of
the noncoding strand, 3 mismatches). Two proteins, L1PBP-A and L1PBP-B,
bind to the same region of the human sequence LPE1 [29]. There is no identical
region in Msp18 but one (position 209-187, noncoding strand) is similar, i.e. C-
rich (12 Cs in 22 bases of LPE1, 13 Cs in 22 bases of MspI8) and with the same
ends [16,17]. L1PBP-A may be a transcription activator and L1PBP-B a
supressor [29]. The molecular mass of protein p29 described here is similar to
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that of L1PBP-A. We plan to use synthetic oligonucleotides [29] to examine if
its binding site is the same as that of L1PBP-A and L1PBP-B.
The most important region for regulation of LINE expression, the 5’UTR, is the
most divergent in closely related species such as rat and human, and the proteins
which bind to it are of special interest. Further investigation of p29 as the
predominant protein which binds to the 5’UTR region of rat L1 may lead to a
better understanding of the significance of LINE sequences in the mammalian
genome.
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