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ABSTRACT

We determined the complete nucleotide sequence (6125 bp) of
a full-length member of human Kpnl family, designated TB8G41,
which is located about 3 kb downstream from the pB-globin gene.
Comparison of the sequence with the Kpnl family sequence
compiled by Singer revealed that a new 131 bp sequence is
present in the TBG41l. Hybridization analyses showed that
a few thousand of human Kpnl family members are carrying this
additional sequence. Computer search of DNA databases for
TAG4l-homologous sequence showed that some TBG4l-homologous
sequences were closely associated with pseudogenes. The TBG41
sequence also showed significant sequence homology with ChBlym-
1, a transferrin-like transforming gene of chicken.
Furthermore, an amino acid sequence deduced from the TBG41
nucleotide sequence revealed a relatively-high homology to those
of human transferrin and lactotransferrin.

INTRODUCTION

The Kpnl family is a long interspersed repetitive sequence
family of primate genomes. The sequence is about 6 kb in full-
length and repeated about 10% times per haploid genome (see ref.
1 and 2 for reviews). Repetitive sequences evolutionally
related to the Kpnl family have been identified in other
mammalians (see ref. 2). These sequences including the Kpnl
family were designated LINEs or L1 families (1, 3). Many
members of Kpnl family have been isolated and their structural
characteristics were analyzed (4-20). In most cases, the 3’
portions of each members were conserved and a long consecutive
A-rich sequence was found at their 3' ends, but truncations were
found at different positions of their 5' portions, which caused
a length-variation of the family members. In some cases,
internal rearrangements were found including deletions,
insertions and inversions (8, 10, 13). Some open reading
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frames (ORFs) were identified in L1 family sequences (6, 14, 21)
and the possibility was pointed out that the L1 family was
derived from a sequence(s) encoding a protein(s) (21). Some
LINEs appeared to move recently in evolutionary time (see ref.
2) and at least in one case a transposition of the LINE affected
the cellular regulation (22). Thus, the data have been
accumulated, but it is still obscure how the sequences dispersed
on the genome during evolution and whether the LINEs have some
function. It is important to know the overall structure of the
LINEs at sequence level to get more information on the "history"
of the LINEs and, if any, the function of them. In Kpnl
family, the sequence data are available only from truncated
members or parts of "full-length" members. These data have been
compiled by Maxine Singer (personal communication), but it
should be finally confirmed by the sequence of a member having
the "full-length". Although there is no definite criterion for
the "full-length" of Kpnl family member, a member (TBG41)
isolated by Rdams et al. (4, 5) appears to be a "full-length”
one : 1) the TBG41l has a A-rich sequence at the 3' end just as
the 3' ends of many other members, and also has the 5' terminal
sequence which is common to the 5' ends of some large-sized
members (12, 13), 2) it showed a restriction map similar to a
consensus map of Kpnl family which was derived from Southern
blotting analysis of total human DNA (19, 20), and 3) it has a
length of ~ 6 kb which is a reasonable size as a "full-length"
member (5, 13).

In this paper we present the complete nucleotide sequence
and structural characteristics of the TBG41l. Implication of the

results will be discussed in terms of evolution of LINEs.

MATERIALS AND METHODS

Materials. The phage clone T8G41 has been described by Adams et
al. (4, 5). The plasmid pUC series have been described by
Messing and his colleagues (23, 24). Sequencing primer I (5'-
CAGGAAACAGCTATGAC-3'), deoxyribonucleoside triphosphates (dNTPs)
and dideoxyribonucleoside triphosphates (ddNTPs) were purchased
from Takara Shuzo (Kyoto, Japan), Pharmacia P-L Biochemicals and

Amersham. Sequencing primer II (5'-CCAGTCACGACGTTGTA-3') was
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prepared by ourselves using Applied Biological System DNA
synthesizer Model 380A. Restriction enzymes and other enzymes
were obtained from Takara Shuzo and Nippon gene (Toyama,
Japan). [a-32P]dCTP (specific radioactivity: 400Ci/mmol,
10mCi/ml) was purchased from Amersham.

Plasmid constructions. Appropriate restriction fragments of the
T8G41 DNA (Fig. 1) were subcloned into pUC 13 or pUC18. When
the inserted DNA was too long to be sequenced at a time, the
inserted DNA was shortened from both ends by BAL 31 exonuclease
and then ligated with SmalI-digested pUCl13. The ligated DNAs
were introduced into Escherichia coli JM83 (23). Transformants

were selected on agar plate containing ampicillin and X-gal.
DNA sequencing. We developed a rapid and simple dideoxy

sequencing method in which denatured plasmid DNA is used as a
template. Since this method appears very useful for people in
this field, the details are described below.

Plasmid DNA was extracted from 1.5ml of overnight culture
of E. coli JM83 harboring a recombinant plasmid by alkaline
lysis method (25). After treatment with ribonuclease A (final
concentration; 10mg/ml) at 37°C for 30 min, the DNA solution
(50xl) was mixed well with 30 4l of 20% polyethylene glycol
6000 - 2.5M NaCl solution, and kept on ice for 1 hr. The
precipitates were collected by centrifugation at 12,006 rpm for
5 min and rinsed once with 70% ethanol. The pellet was dried
and dissolved in 50 ul of TE buffer (10mM Tris-HCl, pH 8.0 and
1mM EDTA). The purity of plasmid DNA is critical for the
subsequent steps. Contamination of RNA and open circular
plasmid should be minimized.

The above DNA solution (18 ul) was mixed with 2 ul of 2N
NaOH and kept at room temperature for 5 min. Then, 8 ul of
filter-sterilized 5M ammonium acetate (pH 7.4) was added and
denatured DNA was precipitated by addition of 100 ul of ethanol
at -70°C for 5 min. The precipitates were harvested by
centrifugation at 12,000 rpm for 5 min, rinsed once with 70%
ethanol and dried under vacuum. This denatured DNA pellet can
be kept in this form for a few weeks and dissolved in water
(10 ul) just before use in the subsequent step.

The sequencing reaction was performed essentially by the

7815



Nucleic Acids Research

procedure commonly used for M13 phage vectors (26). The mixture
of denatured plasmid (usually 0.75~1.0pmol or more, at least
0.5pmol in 5 ul), primer I or II (0.5pmol in 1 wul), 1.5 ul of 10
X Klenow buffer (70mM Tris-HC1, pH 7.5, 200mM NaCl, 70mM MgCl,
and 1mM EDTA) and water (4.5 ul) was heated at 609C for 15 min
in a 1.5-ml microfuge tube. The sample (12 ul) was then kept at
room temperature for 15 min. [a-32P]dCTP (2 ul, 20 wCi) and
Klenow fragment of polymerase I (1 ul, 2 units) were added and
mixed well. The sample was immediately divided into four parts
and each part was mixed with 2 ul of G-, A-, T- and C- specific
dideoxy-deoxynucleotide mixture. The reactions were carried out
at 379 or more for 15~20 min. Reaction at 379C or higher
temperature is important to avoid the formation of extra bands.
Then, chase solution ( 1 ul of 0.5~1mM dANTPs solution) was
mixed and the samples were further kept at the same temperature
for 15~20 min. Six microliter of formamide-dye solution (95%
formamide, 0.1% bromophenol blue, 0.1% xylene cyanol) was added
and the samples were kept on ice. Aliquots of four reaction
mixtures (2 ul) were loaded on the sequencing gel immediately
following heating at 95 °C for 3 min.

We employed 6% acrylamide-7M urea wedge gel (27) and 5%
acrylamide-7M urea stretch gel for electrophoresis. The
electrophofeses were done at 2000V in contact with an aluminium
plate. After electrophoresis, the gel on one glass plate was
immersed in 10% methanol-10% acetic acid solution for 15 min.,
transferred to a paper (Whatmann 3MM) and dried on the paper at
809 under vacuum. The autoradiography was done for 12~20 hr
at room temperature without intensifying screen. We can
usually obtain sequence data more than 500 nucleotide at a time.
Computer analysis of DNA segquence Nucleotide sequence was
analyzed by the GENAS system at Kyushu University Computer
Center (28) which enables us to retrieve any sequence data from
DNA and protein databases and readily to analyze them by
various application programs. Search for Kpnl family-homologous
sequences was carried out by the program of Wilbur and Lipman

(29, 30) in the GENAS.
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Fig. 1. Restriction map and sequence strategy of the TAG41
located downstream from the human B -globin gene. TRAG41l is
indicated by an open bar. Thepg -globin gene is indicated by a
heavy bar. The sequencing strategy is indicated by the arrows
below the restriction map. The sequencing was done by the
modified dideoxy method described in Materials and Methods.
Restriction sites are : EcoRI (E), HindIII (H), BamHI (B), KpnI
(K}, PstI (P), Hpal (Hp), HincII (Hc), BglII (Bg), Xbal (X),
BalI (Ba), Smal (S).

RESULTS
Nucleotide sequence of the TBG41

A Kpnl family member (designated TBG41l) has been found
about 3 kb downstream from human B-globin gene (4, 5).

Hybridization and partial sequence analysis suggested that it is
a "full-length" member of the family (5, 12, 13). Clones
carrying the restriction fragments of the TB8G4l DNA were
isolated and subjected to sequencing. To determine the long DNA
sequence rapidly, we developed a modified dideoxy sequencing
method using a denatured plasmid DNA as a template. The details
of the method are described in Materials and Methods. This
method allowed us to determine about 1 kb sequence from a single
plasmid template. Using the method, the sequence of the TG4l
was determined according to the strategy shown in Fig. 1, and
the results are summarized in Fig. 2.

The sequence was compared with the Kpnl family sequence
compiled by Singer from published and unpublished data. The
compiled sequence is 5994 bp long, whereas the TBG4l1 is 6125 bp
long (A-rich sequence at the 3' end was not included). The
difference of the length is mainly due to a newly identified 131
_ bp sequence (nucleotides 767 to 897) in the TBG41 (Fig. 2).

.
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Fig. 2. Nucleotide sequence of T8G41l. The starting and ending
positions of the sequence have been described previously (12,
13). The ending position is indicated by a vertical arrow. The
131 bp additional sequence is underlined. Six possible ORFs are
shown by arrows above the sequence. Direct (A-M) and inverted
repeats (a and b) are indicated by short arrows under the
sequence. Restriction sites are indicated above the sequence.

This sequence has not been found in the KpnI family members
sequenced to date. However, a human Kpnl family clone, Hspcé,
which has been isolated from extrachromosomal circular DNA in
the HeLa cell (31) had a similar sequence at the same position
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(Yoshioka et al., unpublished). We tested whether the 131 bp
sequence is a part of the KpnI family by dot and plaque
hybridizations. About 105 plaques of human genomic DNA library
were screened with two specific probes: a specific fragment
containing the 131 bp sequence and the EcoRI-BglII fragment
(nucleotides 220 to 661) of the TBG41l which is located 106 bp
upstream from the 131 bp sequence. Most of positive plaques by
the 131 bp sequence-specific probe hybridized with the EcoRI-
BglIIl fragment. Approximately 30% of plaques hybridized to the
EcoRI-Bglll fragment did not hybridize with the 131 bp sequence-
specific probe. Dot hybridization test indicated that the 131
bp sequence is repeated approximately 2000 times in the human
haploid genome. On the other hand, the sequence of the EcoRI-
BglII fragment was estimated to be repeated approximately 4000
times. The latter value is in good agreement with that obtained
previously in the monkey DNA (13). These data indicated that
the 131 bp sequence is a part of the KpnlI family and present in
50~70 % of the KpnlI family members containing 5' portions. 1In
addition, the 131 bp sequence was found to hybridized with the
monkey DNAs with similar frequency, suggesting that the 131 bp
sequence is also present in monkey Kpnl family. Another
sequence difference between TB8G41 and the compiled data was
found at the nucleotides 1637 to 1653, where the 17 bp sequence
had opposite directions each other in these two sequences. In
another human clone (Hspc 6), the 17 bp sequence had the same
orientation with that of the TBGA4l.

Characteristics of the TBG41 sequence

Total GC content in the TBG41l sequence is about 42%. GC
contents of each 500 nucleotides from the 5' to the 3' ends were
calculated to be 56, 59, 40, 43, 38, 40, 36, 38, 41, 39, 38 and
42% respectively. Thus, the first 1000 bp region showed
significantly higher GC contents than other regions. This may
mean that the 5' portion of the Kpnl family sequence is
originally different from other parts of the sequence.

Analysis by a computer showed that the T8G41 contains 177
pairs of perfect direct repeats and 28 pairs of perfect inverted
repeats having the length of more than 9 bp. Among them, 13
pairs of direct repeats (A~M) having 11 bp or more in length and
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two pairs of inverted repeats (a and b) having 10 bp or more are
shown in Fig. 2. These inverted or direct repeats were found
at random, suggesting that the TBG41 sequence had not been
organized by duplication of large segment or repetition of small
repeating units. High frequency of direct or inverted repeats
may facilitate the intramolecular recombination which causes
rearrangement of the sequence. There was no significant
repeated structure at both terminal regions, suggesting that the
TBG41 sequence shares no common structural features with
typical transposable elements.

Six possible ORFs (I-VI) were found in both strands of the
T8G41, and these are indicated by arrows in Fig. 2. The
longest ORF-I consists of 268 amino acid residues. The ORF-I~V
are mostly overlapped with ORFs found in the compiled sequence.
This is consistent with the idea that the Kpnl family was
derived from a sequence(s) which encodes protein(s) (21).

It is of interest to ask whether Kpnl family sequence
contains some signals for biological activity. We searched for
TATA box (TATA%A), polyadenylation signal (AATAAA----- CAa),
enhancer core sequence (GTGG%%%G) (32), nuclear factor I (NF-1)
binding site (TGGCNSGCCA) (33), possible methylation sites (CG)
and possible Z-DNA sequence ((PyPu)n). Twenty two TATA
sequences were identified and among them, those at positions
2441, 4290, 5647 and 6078 showed perfect match with the
consensus sequence TATAﬁA. Sixteen AATAAA sequence were found
and, among them, those at position 1903, 2909, 3277, 3950, 4394,
4472, 5686 and 5882 had CA sequence at appropriate distance
(34). Sequences similar to that of enhancer core were
identified at 44 positions and, among them, only one segquence
CAAACCAC at position 4454-4461 showed perfect homology with the
consensus sequence, although the orientation of the sequence was
opposite. No possible NF-1 binding site sequence was found.
Number of CG sequence was 60. The low content of CG suggested
that the Kpnl family will not be highly methylated. Clusters of
(pyrimidine-purine)n sequence were found at positions 3400-3409
(10 bp), 5670-5685 (16 bp), 5769-5780 (12 bp), 6066-~-6083 (18 bp)
and 6097-6108 (12 bp). Although we have no evidence that these
signals are actually active, combination of them with other
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sequences through DNA rearrangement might form biologically-
active signals.
Computer search for TgG4l-homologous sequences in various

genomes.
We searched the GenBank DNA sequence database by computer

for sequences homologous to the TAG41l and found a variety of
TRAG41l-homologous sequences. Most of them were sequences which
have been already identified as Kpnl or L1l family. But some of
them were newly identified in this study. Those are summarized
in Table 1. Interestingly, four Kpnl (L1l) family members were
found to be closely associated with pseudogenes such as those
of snRNA (35, 44) and immunoglobulin (36). The relation
between these pseudogenes and L1 family sequences 1is
schematically shown in Fig. 3. Recently, association of L1
family sequence with some pseudogenes or processed pseudogenes
has been described in mouse interferon pseudogene (37), mouse
Y-actin processed gene (38) and rat cytochrome c processed gene
{39). These results are consistent with the idea of Scarpulla
who has pointed out that L1 family and processed gene appear to
have a tendency to associate with one another (39). L1 family
sequence found in the first intron of mouse kallikrein gene
(mGK-1) (40) had wunusually rearranged structure 1in which
truncated R element is associated with an inverted truncated
Bam5 sequence. The composite sequence are flanked by 10 bp
direct repeats. This structure resembles to the KpnI-RET in the
monkey satellite DNA (9). Interestingly, a certain homology
is found in the chicken Blym-1 (ChBlym-1), a transforming gene
which encodes a protein partly homologous to transferrins (41).
The sequence homology is shown in Fig. 4a. Considering about
65% sequence homology between primate and mouse L1 family (42),
sequence homology of 60% over 300 bp between the TBG41 and the
ChBlym-1 may have striking significance. The flanking region of
ChBlym-1 is known to be highly repetitive (41). This repetitive
sequence may belong to chicken L1l family. The protein sequence
database by National Biomedical Research Foundation was also
searched for amino acid sequences homologous to those deduced
from the T G41 nucleotide sequence. A relatively-high homology
was found between TG4l and transferrin (47, 48) and
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Table 1. Genes or cloned DNA containing sequences homologous to the TBG41l

Gene or clone Position Corresponding region Homology ref.

in the TBG41*¥

Human proenkephalin 3'flanking -6125=-6062 89% 43

Human U3 snRNA .

bseudogene (U3.2) 3'flanking 3109 3154 89% 35

Human U3 snRNA : 5337 == 5360 79%

pseudogene (U3.6) Both flanking 5351 = 5398 88% 35

Human immunoglobulin . -

brocessed gene (E3) 3'flanking 5026 5636 88% 36

Mouse kallikrein . _ -

(mGK-1) 1st intron 5565 5364 78% 40

Mouse Ul snRNA .

pseudogene (Ull) 5'flanking -3964 =-3908 77% 44

Mouse R3 repeat Both flankings 2853 = 3094 63% 45
3096 = 3964 68%

Plat prolactin 4th intron -5999 = -5155 70% 46

Chicken Blym-1 - 1637 = 2001 60% 41

*Minus numbers show the positions in the complementary strand of the
TBG41 sequence.

lactotransferrin (49) (Fig. 4b). Similar amino acid sequence
homology was also found between the ORF of mouse L1Md4 (21) and
transferrins (Fig. 4b).

DISCUSSION

A complete nucleotide sequence of a "full-length" member of
Kpnl family was determined. The data revealed that the sequence
contains a newly-identified 131 bp sequence which is a part of
the Kpnl family. Hybridization analyses showed that the primate
KpnI family consists of at least two subfamilies, which can ba
distinguished by the presence or absence of this 131 bp
sequence. Analysis of the 131 bp sequence and its flanking
region showed that the sequence ACTCC was repeated at position
768 to 772 and at position 896 to 900. A recombination between
these homologous short sequences may have generated a subfamily
lacking the 131 bp sequence. Alternatively, the additional
sequence may have integrated into a progenitor of Kpnl family to
form a new subfamily carrying the 131bp sequence. A number cf
direct and inverted repeats was found in the TBG41l sequence.
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Fig. 3. Schematic illustration of the association of L1 family
sequences with pseudogenes. Hatched bar show the pseudogenes of
human U3 snRNA (U3.2 and U3.6 in ref. 35), mouse Ul snRNA (Ul
in ref. 44) and human immunoglobulin (E3 in ref. 36). The L1
family sequences are indicated by heavy bars. The arrows
indicate directions of the L1 sequence and the pseudogene.
Short arrows indicate the direct repeats flanked by the
pseudogene.

These internal repeats might facilitate internal rearrangements
which were often found in the Kpnl family sequences. In
addition to internal rearrangements, our computer analysis

showed that Kpnl (L1) family sequence was associated with

pseudogenes of snRNAs and processed pseudogene of
immunoglobulin. L1 family sequences have been already known to
be associated with mouse Y-actin processed pseudogene
(38), rat cytochrome ¢ processed pseudogene (39) and mouse
interferon pseudogene (37). Association of L1 family sequence
with pseudogenes appeared not to be the results of random
evants. As pointed out by Scarpulla (39), L1 family and
processed pseudogene may have a tendency to associate with cne
another in general through unknown mechanism.

We found a significant sequence homology in the chicken
DNA clone ChBlym-1 which has been characterized as a
transforming gene encoding a protein partly homologous to
transferrins (41). The sequence had a homology of 60% over 300
bp (Fig. 4a). Interestingly, the region upstream from the EcoRI
site in the ChBlym-1 sequence was shown to be highly repetitive
in chicken and mouse genomes (41). This repetitive region
covers the most part of sequences homologous to the TBG41
sequence, suggesting that the repetitive sequence in the ChBlym-
1 is a chicken LINE. Recently an example was shown that a LINE

may affect the regulation of c¢c-myc oncogene in dog (22). So, it
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(a)

1640 1650 1660 1670 1680 1690 1700 1710
TBG41 CAAAGATACTCCTAGAGAAAAGCAACTCCAA--GACACATAACTGACAGATTCACCAAAGTTGAAATGAAGGAAAAAATG
ChBlym-1 CAAATACACTGGACCAGAAAAGAAATTCCTCCTGACACATAATAATCAGAA CAACAATGCACTAAATAAAGATAGAATA
20
1720 1730 1740 1750 1760 1770 1780 1790

TTAAGGGCAGCCAGAGAGAAAGGTCGGGTTACCCACAAAGGGAAGCCCATCAGACTAACAGCTGATCTATCGGCAGAAAC

TTAAAAGCAGTAAGGGAAAAAGGTCAAGTAACATATAAAGGCAGACCTATTAGAATTACACCAGACTTCACACCAGAGAC
100 110 120 130 140 150 160 170
1800 1810 1820 1830 1840 1850 1860 1870

TCTACAAGCCAGAAGAAAGTGGGGGCCAATATTCA ACATTGTTA AAGAAAAGAATTTTCG—GCCCAGAATTTCATATC

TATGAAAGCCAGAAGATCCTGGACAGATGTTAACAGACACTAAGAGAACACAAATGCCATGGTGCCCAGGCTATCATACC
180 190 200 210 220 230 240 250

1880 1890 1900 1910 1920 1930 1940 1950

CAGCCAAACTAAGCTTCATAAGCATTGGAGAAATAAAATCCTTTAT AGACAAGCAAATGCTGAGAGATTTTGTCACCAC

CAGCAAAACTCTCAATTACCATAGATGGAGAAACCAAAGTATTCATGAGAAAACCAAATTCACACA ATATCTTT CCAT
260 270 280 290 300 3lo0 320
1960 1970 1980 1990 2000
CAGGCCTGCCCTACAAGAGCTCCTGAAGGAAGCACT--AA-ACATGGAAAGGAA

GAATTCAGCCCTTCAAATGATAATAATGGGAAAACTCCAACACAAGGAAGGGAA
340 350 360 380

(b)

wrk o x o« * ok *ww PR T2 T2

LTf 348 ETKNLLFNDNTECLARLHGKTTYEKYLGPQYVAGITNLRKCSTSPL
Tf 625 ETKDLLFRDDTVCLAKLHDRNTYEKYLGEEYVKAVGNLRKCSTSSL
TRG41 TQTNL-NEKTNNP IKKWAKDMNRHFSKEDIYVIKKHMKKCSSSLA
L1Ma4 ELKKVD-LRKSNNPLKKWGSELNKEFSPEEYRMAEKHLKKCSTSLI

Fig.4(a) Segquence homology between the T8G41 and the ChBlym-1.
The numbers below the ChBlym-1 show the same positions as those
in ref. 41. Identical nucleotides are indicated by colons.
Hyphens indicated missing bases. (b) Alignment of amino acid
sequences from TAG41l and L1Md4 with those of human
lactotransferrin (LTf) and transferrin (Tf). The numbers show
the positions of the amino acid residues in the references 47
and 49. Amino acid sequences of 18G41 and L1Md4 were deduced
from nucleotides 5265-5396 in the TAG41 and nucleotidas 726-860
in the L1Md4 (21), respectively. Asterisks above the amino acid
sequences indicate identical amino acid between transferrins and
sequences from either T8G41 or L1Md4.

may be of interest to test whether this chicken LINE sequence is
also involved in the transforming activity of tiie ChBlym-1. We
also detected significant amino acid sequence homology between
human transferrins and amino acid sequences in T8G41 and mouse
L1Md4 (Fig. 4b). The ORF in L1Md4 shown in Fig. 4b is the
region that are highly conserved among Mus species (21).
Transferrins are members of a protein family including melanoma
antigen p97 (50), ChBlym=-1 and probably HuBlym~1 (51). One
might consider that the LINEs or a part of LINE sequence are
closely related to transferrin gene family.
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