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Abstract

In contrast to selenoprotein Ps (SelPs) from other animal species, bovine selenoprotein P-like-
protein (SelPLP) was found to contain a tandem repeat of (CAYYCC),,. During an investigation into
whether SelPLP was a bovine substitute for SelP or uniquely bovine, its mRNA was found to consist of
multiple variants with different length tandem repeat, namely p(0) with (CAYYCC),,, p(-4) lacking
(CAYYCCQ),, p(-8) lacking (CAYYCC),, and p(-9) lacking (CAYYCC),. Although they were encoded on
a single gene locus, neither classical GT-AG nor minor class AT-AC donator-acceptor sequences for
alternative splicing were identified. A subsequent S1 protection assay using oligonucleotides, whose
sequence may occur as variants, performed against bovine poly(A)'RNA identified a total of nine
variants. Judging from the sequence of these variants and the branch point mapping, the consensus
sequence for recognition of the donator was CACCCCCAC and of the acceptor and the branch point A
nucleotide, ACCCCCAT or ACCCCCATCCCCAT. Furthermore, when the p(0) insert mRNA was ex-
pressed in COS-7 cells derived from an African green monkey kidney, cDNAs corresponding to p(-8)
and p(-9) could be isolated. Therefore, the bovine SelPLP mRNAs consisted of multiple variants
probably due to a novel splicing mechanism which was not bovine-specific but common to other

mammals.
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Introduction

Selenoprotein P is unique in that its 10 TGA codons incor-
porate selenocysteines instead of functioning as termination
codons (1-3). We isolated two cDNA clones with a sequence
similar to that of rat and human selenoprotein P (1, 3) from
bovine brain (3). One clone, designated as p(0), had an insert
characterized by having not only 12 instead of 10 TGAs but
also a tandem repeat of (CAYYCC),,. This tandem repeat and
its adjacent region produced a cytosine-rich portion consisting
of 57 cytosines out of a total of 84 nucleotides (68%). The
amino acid sequence extracted from this portion contained
16 Hiss and 10 Pros out of 28 amino acids (Fig. 1A), making
it a His-Pro rich domain. Another clone, p(-8), also had 12
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TGAs but lacked (CAYYCC), (3). Except for this absence of
(CAYYCC),, the sequence of the insert of p(-8) was identical to
that of the p(0) insert. Thus, p(-8) also included a cytosine-rich
portion consisting of 20 cytosines out of 36 nucleotides (55.6%)
corresponding to 8 Hiss and 3 Pros out of 12 amino acids (Fig.
1A). Although in human and rat selenoprotein P neither the
tandem repeat nor the His-Pro rich domain was conserved (1,
3), p(-8) was much like these selenoprotein Ps (Fig. 1A). To
confirm whether p(-8) corresponds to a bovine substitute for
selenoprotein P, and whether p(0) differs sufficiently from
bovine selenoprotein P to qualify as having a unique function,
genomic cloning was performed to isolate the genomic loci of
these proteins (4). While a genome corresponding to p(0) was
cloned and found to consist of five exons with its cytosine-rich
portion located at exon 5 (Fig. 1B), neither a gene correspond-
ing to p(-8) nor one corresponding to bovine selenoprotein P
without a cytosine-rich portion could be isolated. Therefore, it
is possible that these mRNAs were the result of alternative
splicing. However, the cytocine-rich portion was found to con-
tain neither classical GT-AG (5) nor minor class AT-AC (6) dona-
tor-acceptor sequences for alternative splicing. Moreover,
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48 bps was very short for a spliced-out intron.

The study presented here showed that bovine seleno-
protein P-like protein mRNAs were originated from a single
gene locus but consisted of multiple variants with different
length tandem repeat of (CAYYCC)n in addition to p(0) and
p(-8). The consensus sequence required for recognition not
only of the donator-acceptor but also of the branch point could
be identified, suggesting that these variants were the result of
alternative splicing. Furthermore, using in vivo splicing reaction
in COS7 cells derived from an African green monkey kidney,
this mechanism was confirmed to be not bovine specific but
common to other mammals.

Materials and Methods

Genomic Southern analysis

The bovine genome was purified according to the standard
procedure (7) from bovine cerebellum obtained from a local
slaughterhouse. Ten pg of bovine genome was digested by
restriction enzymes, electrophoresed on an agarose gel, and
Southern-blotted onto a nitrocellulose filter (7). The cDNA
insert of p(0) was radiolabeled using a DNA labeling system
(Amersham Pharmacia Biotech) in the presence of 500 uM
each of dATP, dGTP, and dTTP, 200 uM of dCTP, and 10 pCi
[0-32P]-dCTP (3,000 Ci/mmol, Amersham Pharmacia Biotech).
Hybridization of the *P-radiolabeled cDNA probe was carried
out in HB-N (7) at 42°C overnight. The filter was then washed
once in 2xSSC/0.1%SDS at room temperature and twice in
0.5xSSC/0.1%SDS at 65°C, dried, and mounted on an imaging
plate (BAS-III; Fuji), which was analyzed with an image
analyzer BAS-2000 (Fuji).

Genomic PCR

The bovine genome encoding the cytosine-rich portion
was PCR amplified by using a set consisting of an upstream
primer (U2; TGAAGACGTCTGTAAAAATGT located at 5'
terminal of exon 5) and a downstream primer D1 (ATCT-
GAGACCCTGTCTTTG located at 3' and flanking the cytosine-
rich portion) (Fig. 1B).

Cloning of splicing variants

Total RNA was prepared with the guanidium-isothiocya-
nate/cesium chloride method (7). Poly (A)'RNA was selected
from the total RNA and subjected to RT-PCR amplification
targeting the cytosine-rich portion. The downstream primer,
D1, was utilized but the upstream primer was changed to Ul
(ACAAAGATGACTTCCTCATAA) (Fig. 1B), which was
hybridized to exon 4. The products were then electrophoreti-
cally separated on 2% agarose-ethidium bromide gel and the
separated bands were excised out. After electroelution, the
products were cloned into a TA-cloning vector, pGemT
(Promega). According to the sequence analysis of the inserts of
isolated clones, the clones were designated as p(0), p(-4), p(-8)
and p(-9).

mRNA protection assay
Radiolabeled antisense cRNAs were synthesized from
clones p(0), p(-4), p(-8) and p(-9) using the mCAP mRNA
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Capping Kit (Stratagene) in the presence of of 500 uM each of
rATP, rCTP, and rGTP, 200 uM of rUTP, and 10 pCi [a->2P]-
rUTP (3,000 Ci/mmol, Amersham Pharmacia Biotech). Although
the insert sizes were 438 bs for p(0), 414 bs for p(-4), 390 bs
for p(-8), and 384 bs for p(-9), the corresponding sizes of the
transcribed cRNA were 61 bs more, i.e. 499, 475, 451, and
445 bs, because they included the sequence between the
multiple cloning site and the T7 RNA polymerase recognition
site. Ten pg of poly(A)'RNA was hybridized at 42°C overnight
with these 32P-cRNAs as probes in 50 pl of the hybridization
buffer consisting of 20 mM Tris/HCI, pH 7.4, 0.5 M NaCl,
2mM EDTA and 80% formamide. After phenol/chloroform
extraction and EtOH precipitation, the reaction was digested at
30°C for 30 min with 60 ng/pl RNase A (Sigma) and 3 ng/ul
RNase T1 (Ambion) in 50 pl of the digestion buffer consisting
of 20 mM Tris/HCl, pH 7.4, 300 mM NaCl and 1 mM EDTA.
After further extraction with phenol/chloroform and EtOH
precipitation, the obtained precipitant was separated on dena-
turing (8.0 M urea, 89 mM Tris/borate, 2.5 mM EDTA) 6%
acrylamide gel. The intensities of the undigested *P-cRNA
were ascertained as described above.

S1 protection assay

Oligonucleotides (48 mer) whose sequences could
theoretically be for splicing variants were synthesized (Fig.
5). The **P-labeled cDNA reverse transcribed from 1 pg of
poly(A)" RNA using DI as a primer was hybridized at 48°C
overnight with 50 pmol of the oligonucleotides in 20 pl con-
sisting of 20 mM Tris/HCI, pH 7.4, 0.5 M NaCl, and 2 mM
EDTA. After phenol/chloroform extraction and EtOH precipi-
tation, the reaction was digested with 2.5 U/pl S1 nuclease in
100 pl consisting of 0.3 M NaCl, 3 mM ZnCl, and 30 mM
CH,COONa, pH 4.5, again phenol/chloroform extracted and
EtOH precipitated, and finally separated onto a denaturing
polyacrylamide gel. The intensities of the undigested *P-cDNA
were ascertained as described above.

Mapping of RNA branchpoints

To obtain RNA splicing intermediates, 10 pg of total RNA
was incubated at 30°C for 10 min with 5 mg/ml proteinase K in
50 pl containing 0.2 M Tris/HCI, pH 7.6, 25 mM EDTA, 0.3 M
NaCl, and 2% SDS, after which it was phenol/chloroform
extracted and EtOH precipitated. The pellet resuspended in 2 pl
sterile H,O was mixed with or without the debranching extract
prepared from bovine cerebellum according to the Grabowski
method (8), and incubated at 30°C for 30 min. After phenol/
chloroform extraction and EtOH precipitation, the reaction was
subjected to primer extension performed in 50 pl of the reverse
transcription buffer (Toyobo) in the presence of 500 pM dATP,
dGTP, and dTTP, 200 uM of dCTP and 10 pCi [a-**P]-dCTP,
0.1 U/ul ReverTra Ace reverse transcriptase (Toyobo), 0.1 U/ul
Rnase inhibitor (Toyobo) and 10 pmol D1 as a primer at 50°C
for 30 min. The cDNA was then electrophoresed and analysed
as described above.

In vivo splicing reaction in COS7
The inserts of p(0) were bidirectionally subcloned into an
prokaryotic/mammalian expression vector, pPBK-CMV (Strata-
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gene). The clones pBK-p(0) and pBK-p(0)rev could express
fusion mRNAs consisting of respectively a galactosidase-p(0)
insert in the normal direction or a galactosidase-p(0) insert in
the reverse direction. Either pBK-p(0) or pBK-p(O)rev was
transiently transfected to subconfluently cultured COS7 (Riken
Cell Bank; depositor: K. Todokoro) (9) using TransFast trans-
fection reagent (Promega). The cells were grown in a mono-
layer culture in DMEM (Sigma) with 10% fetal bovine serum
(JRH Bioscience) at 37°C in a 5% CO,/95% humidified-air
atmosphere for 24 hr. Total RNA was isolated from either pBK-
p(0) or pBK-p(O)rev transfected cells and subjected to first-
strand cDNA synthesis by means of reverse transcription as
described in Mapping of RNA branchpoints except that [a-3*P]-
dCTP was omitted and oligodT was used as a primer. PCR
amplification was then performed using a set of primers, T3 and
M13-20 (Stratagene), in order to avoid amplification from
COS7 mRNAs, and separated on 2% ethidium bromide-agarose
gel. The products were excised from the gel, extracted, and

Multiple mRNAs in Bovine Selenoprotein P-like Protein
subjected to direct sequence analysis using U1 as a primer.

Accession numbers

Bovine selenoprotein P-like protein, D25220; rat seleno-
protein P, D25001, bovine selsenoprotein P-like protein gene,
D88032 and D88033; p(0), AB049004; p(-4), AB049005; p(-8),
AB049006; p(-9), AB049007.

Results

Number of gene loci encoding bovine selenoprotein P-like
protein

To identify the number of gene loci encoding bovine sele-
noprotein P-like protein, genomic Southern blot hybridization
was perfomed. With EcoRI and HindIII digestion, only a single
band of the expected size (Fig. 1B) was hybridized to the probe
(Fig. 2A). Even after digestion with enzymes producing frag-
ments which seemed to be sufficiently short to distinguish a
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Fig. 1

Schematic diagram of cDNA and gene structure of bovine selenoprotein P-like protein and selenoprotein Ps. A: Differences in

c¢DNA structure between bovine selenoprotein P-like protein, p(0) and p(-8), and rat and human selenoprotein P. Solid lines and the open rectangles
represent the 5' and 3' non-coding regions and the protein coding region, respectively. TGAs, corresponding to selenocysteine, are indicated by
thick vertical lines. The cytosine-rich portion is indicated by the hatched rectangle. The sequence of the tandem repeat reported as D25220,
CACCCCCACCCCCACTCCCACCCCCACCCCCACCCCCATCCCCATCCCCACCCCCACCCCCATCCC (Saijoh et al., 1995), differs from p(0).
D25220 and p(0) were obtained from bovines from a local slaughter house in CT, USA and ones in Ishikawa and other prefectures in Japan, respec-
tively. Excluding the tandem repeat their sequences were identical. The present study was done using bovines in Japan. In any case, p(-8) could be
isolated from both bovines. B: Structure of genome encoding p(0). The location of primers is indicated by arrow heads. U1l and D1 were utilized to
amplify the cDNA of the cytosine rich portion and its flanking region. To avoid genomic amplification, U1 was located on exon 4. U2 and D1 were
also used to amplify the genome of the cytosine-rich portion and its flanking region. Underlining indicates the size of the restriction enzyme
digested fragments for encoding of the bovine selenoprotein P-like protein on a single gene. Pvull and Alul sites are located within exon 5, and
Nil sites on intron 4-5 and exon 5.
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Fig. 2 Genomic Southern blot analysis and genomic PCR. Bovine genome digested with EcoRI and HindIII (A) or with Pvull, Alul and Nsil
(B) was electrophoresed on respectively 1% and 2.5% agarose gel, Southern blotted, and hybridized with ¥P-radiolabeled cDNA of cytosine rich

portion. C: Genomic PCR using the primer set, U2 and D1 (Fig. 1B).
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Fig. 3 RNA protection assay for p(0), p(-4), p(-8) and p(-9). A: **P-radiolabeled antisense cRNAs synthesized from clones p(0), p(-4), p(-8)
and p(-9) were used as size markers. The transcribed cRNA were 61 bs more than their respective insert sizes, i.e. 499, 475, 451, and 445bs,
because they included the sequence between the multiple cloning site and the T7 RNA polymerase recognition site. B: After hybridizion with
poly(A)'RNA from bovine cerebellum, each cRNA was digested with RNase A and T1. The size of the protected cRNA was expected to be 61bs
less than that of the corresponding cRNAs after digestion as indicated above.

48-bp-difference, including Nsil, (Fig. 1B), only a single band
proved to be positive for the probe (Fig. 2B). Since one Niil site
was located at intron 4-5 and another at exon 5 (Fig. 1B), the
3' terminal of intron 4-5 was assured to be connected to the 5'
terminal of exon 5. Genomic PCR targeting the cytosine-rich
portion also amplified only a single band of the expected size
(Fig. 2C).

Cloning of other variants

The possible existence of a variant mRNA species was
then examined by means of RT-PCR targeting of the cytosine-
rich portion and using the primer sets, Ul and D1 (Fig. 1B). As
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expected, 2% agarose-ethidium bromide electrophoresis showed
the products to be separated over a broad band between 400—
440 bps, and all of these products were extracted and cloned.
Sequence analysis for isolated clones demonstrated that there
were at least four different kinds of clones. The clones inserted
at 438-bp- and 390-bp-cDNAs were identical to p(0) and p(-8),
while the clones with two other inserts, lacking #*%¥(CAYYCC),
and > %(CAYYCC), from p(0) (Fig. 1A), were designated as
p(-4) and p(-9), respectively. Aside from differences in the
length of the tandem repeat, the sequences of these four clones
were identical. Thus, even p(-9) had a cytosine-rich portion
consisting of 15 cytosines out of 30 nucleotides.
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RNA protection assay for cloned variants

To exclude the possibility that the absences seen in
(CAYYCC)n were the result of low fidelity in the reverse
transcriptase or Taq polymerase, an RNA protection assay was
performed using poly(A)'RNA (Fig. 3). All of the cRNAs
synthesized from p(0), p(-4), p(-8) and p(-9) were protected,
indicating that there were at least four different mRNAs encod-
ing the bovine selenoprotein P-like protein. What we had thought
to be exon 5 could be divided into exons 5-1 and 5-2. Since the
3' terminal of p(-4)-exon 5-1 led to ®*CATCCCCAT and those
of p(-8) and p(-9) to 2 CATCCCCAT, such sequences seemed
to be required for recognition of acceptor sites. On the other
hand, for identification of the donator, CACCCC seemed to be
necessary because p(-4)-, p(-8)- and p(-9)-exon 5-1s terminated
at CACCCC®3, CACCCC*’, and CACCCC®!, respectively.
However, CACCCCs observed at 651 and 657 makes it
conceivable that other variants exist.

S1 protection assay and identification of donator-acceptor
sequence

Oligonucleotides whose sequences could function as
variants were synthesized and an S1 protection assay was per-
formed against poly(A)'RNA (Fig. 4A). Aside from A0, A42,

A 621

627 633

ARAGGAG ARAACA GCTGAG GCTTCA CAGCGR CATCAC CARCCCC CACCCC CACCCC CACTCC CACTCC CACCCC CACECC
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A81 and A91, respectively corresponding to p(0), p(-4), p(-8)
and p(-9), A12, Ad1, A52, A62, and A71 were also protected
(Fig. 4B). Except for CACCCC®7, CACCCCs®!: 627. 633 and 651
could be 3' terminals of exon 5-1. A12, A42, A52, and A62 led
to S8CAT and A41, A71, A81 and A91 to "°CATs, but neither
S4CAT nor %2CAT could be utilized as an acceptor. It is thus
likely that the CACCCCCAC sequence is required for recogni-
tion of the donator and cCCCCAT or CATCCCCAT for recogni-
tion of the acceptor (Fig. 4A). It is also noted that A12 lacked
only one (CAYYCC).

RNA branch point and 5' terminal of intron

RNA branch points were mapped by means of a primer
extension using reversetranscriptase on cerebellar total RNA
(Fig. 5). The primer extension terminated mainly at **C and
653and 671 A g Not %!C but %3 ™47 As were located 5 bs upstream
from 938 a4 675Cg which supposedly constituted the 5' terminal of
exon 5-2 as mentioned earlier. Schematic diagram of lariat
formation and following splicing to produce p(-4), p(-8) and
p(-9) was illustrated in Fig. 4C.

In vivo deletion reaction of (CAYYCC)n in COS7 cells
To elucidate whether this deletion mechanism was bovine

651
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B CONsensus sequence CACCCCcCAC COCCCAT ox CATCCCCAT
1 = i
. i L * 3 * ; * ‘*

i

AOI112131421222324313233344142434451 52535461 6263 647172737481 8391 93103113

C

%
H
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652075 5380870 622
— J [ ] || [ 1 [ }
651 676 627 676 621 676
p(-4) p(-8) p(-9)

Fig. 4 S1 protection assay using synthetic oligonucleotides whose sequence was assured to be the result of (CAYYCC)n deletion. A: The
sequence is indicated as bars: The solid and dotted bars indicate respectively protected and unprotected oligonucleotides according to the auto-
radiogram (B). The open and hatched boxes under the sequence are used for schematic diagram (C). The location consensus sequence required for
recognition of donators and acceptors is indicated by upward and downward arrows, respectively. C: Schematic diagram of alternative splicing

producing p(-4), p(-8) and p(-9).
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Fig. S Mapping of RNA branchpoints at the cytosine-rich
portion. The sequence ladder obtained from p(0) using D1 as a primer
was used as a size marker. The possible branchpoints (arrows) were
obtained by reverse transcription on bovine total RNA using the same
primer in the presence and absence of the debranching extract.

specific or common to other mammals, galactosidase-p(0)
insert fusion mRNA was expressed in COS7 cells derived from
an African green monkey kidney. RNA obtained from COS7
transfected with pBK-p(0), which orthodirectionally contains a
p(0) insert, included PCR-amplified bands with sizes of 500,
450, 440, 370, 320 and 270 bps. Since primers whose sequence
was located on the vector were used for PCR in order to avoid
amplification of COS7 mRNA species, the size of the products
was approx. 70 bps longer than the size of the insert. Direct
sequence analysis confirmed that the 500-bp-product was iden-
tical to the p(0) insert and that the 450- and 440-bp-products
corresponded to p(-8) and p(-9), respectively (Fig. 6). Other
bands were derived as a result of pseudoamplification. From the
RNA of COS7 transfected with pBK-p(0)rev, which contained
the p(0) insert in the reverse direction, only a single band
corresponding to p(0)rev could be amplified in addition to
pseudoamplification.

Discussion

During an investigation into whether bovine selenoprotein
P-like protein (3) was a bovine substitute for selenoprotein P
(1-3) or uniquely bovine, multiple variant mRNAs with differ-
ent length tandem repeats of (CAYYCC)n were found to exist.
In addition to the consensus sequence being required for

108

Multiple mRNAs in Bovine Selenoprotein P-like Protein

TR >
2 o
2 2 s ¢
= 3 % %
o £ ¥ X
s 3 & &
600 0)or p(O)rev
300 Eg-g
p(-9
400 .
300 *
*

Fig. 6 Splicing variants obtained from COS7 cells transfected
with pBK-p(0) or PBK-p(0)rev. The 520-, 470- and 460-bp-products
were found to correspond to p(0), p(-8) and p(-9), respectively. Since
primers whose sequence was located on the vector were used for PCR
in order to avoid amplification of COS7 mRNA species, the size of the
products was approx. 90 bps longer than the size of the insert. The 370,
320 and 260-bp-products (asterisks) seem to be obtained by pseudo-
amplification, because their sequence could be analyzed neither by Ul
nor by DI.

recognition of the donator-acceptor, existence of branch point
A suggested that these variants were the result of a novel
alternative splicing mechanism. It is noted that this splicing
could splice out as short as 24 intron bases.

Two different mRNAs, namely p(0) and p(-8), are known
to exist in the bovine encoding selenoprotein P-like protein (3).
The insert of clone p(-8) was identical to that of p(0) except for
the absence of (CAYYCC),. Thus, these selenoprotein P-like
protein mRNAs differ from selenoprotein Ps from other animal
species (1-3) because they have a cytosine-rich portion includ-
ing a tandem repeat of (CAYYCC),, for p(0) or (CAY YCC); for
p(-8), as well as having 12, but not 10, TGAs for incorporating
selenocysteine (3). The cytosine-rich portion is thought to
encode a His-Pro-rich domain, which is reportedly homologous
to the PRD repeat found in the segmentation gene paired
product (10) and the homeobox protein Om(1D) of Drosophila
(11). The importance of this His-Pro rich domain remains
obscure but it has constructed a region with a slightly negative
free energy change (3), and changes in such a region may even
affect conformation of the protein itself. The possible existence
of a bovine selenoprotein P without the cytosine-rich portion
was explored through isolating its gene locus.

In addition to genomic cloning (4), genomic Southern blot
analysis and PCR in our study demonstrated that only a single
gene locus for the selenoprotein P-like protein exsited in
bovines, but not selenoprotein P without the cytosine-rich
portion. It is thus likely that both of p(0) and p(-8) are bovine
substitutes of selenoprotein P regardless of whether they have
unique functions exerted through the His-Pro rich domain or
not. Since the sequence of p(-8) was identical to that of p(0)
except for the (CAYYCC), deletion, it is also possible that these
mRNAs were the result of alternative splicing. However, within
the cytocine-rich portion, neither classical GT-AG (5, 12) nor
minor class AT-AC (13) donator-acceptor sequences for alterna-
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tive splicing were found to exist. Instead, CA-CC seemed to
function as a donator-acceptor sequence although there were
also several CA-CCs in the cytosine-rich portion. If CA-CC can be
utilized for alternative splicing, other splicing variants may
also exist. As expected, p(-4) lacking (CAYYCC), and p(-9)
lacking (CAYYCC), could be cloned in addition to p(0) and
p(-8). An RNA protection assay using cRNA derived from
these 4 clones as a probe confirmed that these mRNA species
constitutively expressed in bovine and that their absence in
(CAYYCC)n were not the result of low fidelity in the reverse
transcriptase or Taq polymerase during the cloning procedure.
For recognition of both classical GT-AG and minor class
AT-AC donator-acceptor sequences, a consensus sequence is
required which flanks these dinucleotides (5, 6, 12). In addition
to the investigation of the possible existence of other variants,
an S1 protection assay was performed to explore the consensus
sequence required for recognition of CA-CC. This assay used as
probes, synthetic oligonucleotides whose sequences were able
to function as variants. The presence of the protected oligonu-
cleotides suggests that CACCCCCAC is required for recognition
of the donator, and cCCCCAT or CATCCCCAT for recognition
of the acceptor. For cleavage of 5' splice site, both GT-AG and
AT-AC splicing required a lariat formation at the A nucleotide
which is located close to the 3' splice site in the intron sequence
(5, 6, 12). That is, this A nucleotide cleaves 5' splice site and the
cut 5' end of the intron sequence covalently links with this A
nucleotide to form a lariat, so that it is known as branch point A.
The OH base at the 3' end of the 5' splice site adds to the begin-
ning of the exon sequence in the 3' splice site and releases the
intron sequence as a lariat. As a result, the two exon sequences
are joined (12). The location of branch point A can be detected
as a termination when primer extention is performed on total
RNA priming 30-60 nucleotide downstream of the branch
point. Since this branch point is an intermediate product during
a splicing reaction performed in the nucleus as mentioned
above, such a termination disappears after total RNA is treated
with a debranching nuclear extract (8). In our study, termina-
tions were observed not only at 434671 Ag but also at ©*'C. For
recognition of the branch point A nucleotide, YNYTRAY for
GT-AG splicing, and CTRAC or TCCTTRAC for AT-AC splicing
are reportedly required (6). ©3 ™ ¢"'As were characterized as
located 5 bs upstream to 658 a1 S CATCCCCATS, respectively.
$8CATCCCCAT was 5' terminal of exon 5-1 of p(-4) and
SCATCCCCAT was that of p(-8) and p(-9). Thus, these A
nucleotides seem to be branch points and ACCCCCAT and/or
ACCCCCATCCCCAT were confirmed to be important for recog-
nition of the branch point as well as of the acceptor. In addition
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to A nucleotides, G nucleotides also function as catalysts and
are included in the self-splicing intron observed in Tetrahy-
mena, bacteriophage T4, etc. (12). In contrast to these purines,
C nucleotides are less likely to have catalytic activity, so that
the significance of its presence in the termination at **C is not
clear but it is unlikely that this particular C nucleotide plays a
branch point role. It is still possible that the variants were
produced during transcription. Neither snRNAs nor the spliceo-
some responsible for recognition of these splicing sites could be
yet identified. Nonetheless, existence of branch point A as well
as of consensus sequence for recognition of donator-acceptor
suggested that these variants were the result of a novel alterna-
tive splicing which does not use classical GT-AG (5, 12) or
minor class AT-AC (6) as donator-acceptor sequences.

From mRNA of COS7 cells transfected p(0) insert ortho-
directionally, only three variants corresponding to p(0), p(-8)
and p(-9) could be isolated, while multiple variants including
the A12 lacking ®*(CAYYCC), were identified in bovines. It is
possible that the length required for intron recognition and
deletion might be different for primates and bovines. Even in
bovines, other variants with shorter depletions excluding p(-4)
lacking (CAYYCC), seemed not to be the major variants,
because they could not be cloned and could be identified by
S1 protection assay alone. Especially, the variant without
(CAYYCC), was not considered to be enriched because only
one C nucleotide, i.e., >C, was found to exist between the 5'
splice site and branch point A, indicating that no lariat could be
constructed even when the A nucleotide could attack the 5'
splice site. It is likely that this mechanism, which could delete
as short as 24 intron bases, was not bovine-specific but common
to other mammals.

In the gene database, no gene containing both CAC-
CCCcAc and ACCCCCAT or -ACCCCCATCCCCAT has been
registered yet so that it is at present impossible to determine
exactly how many genes were the targets for this deletion. It is
thus necessary to explore not only how stringent a consensus of
sequences is required for recognition of the donator-acceptor
and the branch point A nucleotide, but also whether this mecha-
nism is utilized for other proteins containing the His-Pro rich
domain to regulate the function of this domain.
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