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ABSTRACT A high-motecular-weight DNA from Balb/c
mouse early embryo or from MOPC 321 plasmacytoma (a «-
chain Froducer) was digested 1o completion with Bacillus
amyloliquefaciens strain H restriction enzyme {(BamH I). The
resulting DNA fragments were fractionated according to size
in preparative agarose gei electrophoresis. DNA fragments
carrying gene sequences coding for the variable or constant
region of « chains were detected iy hybridization with purified,
15].Jabeled, whole MOPC 321 «x mRNA and with its 3"-end half.
The pattern of kybridization was completely different in the
genomes of embryo cells and of the plasmaceytoma. The pattern
of embryo DNA showed two components, one of which (mo-
lecular weight = 6.0 million) hybritﬁzed with C-gene sequences
and the other {molecular weight = 3.9 million) with V-gene se-
quences. The pattern of the tumor DNA showed a single com-
ponent that hybridized with both V-gene and C-gene sequences
and that is smaller (molecular weight = 2.4 million) than either
of the components in embryo DNA. The results were interpreted
to mean that the V, and C, genes, which are some distance away
from each other in the embryo cells, ate joined to form a con-
tiguous polynucleotide stretch during differentiation of lym-
phocytes. Such joining occurs in both of the homologous chro-
mosomes. Relevance of these [indings with respect to models
for V-C gene joining, activation of a specific V gene, and allelic
exclusion in immunoglobulin gene loci is discussed.

Both light and heavy chains of immunoglobulin molecules
consist of two regions: the variable region (V region) and the
constant region (C region) (1, 2). Uniqueness (i.e., one copy per
haploid genome} of the genetie material coding for C region
{“C gene ") has been conjectured from normal Mendelian seg-
regation of allotypic markers (3). Nucleic acid hybridization
studies have confirmed this notion (4~10). Hybridization studies
have also demonstrated that a group of closely related V regions
are somatically generated from a few, conceivably even a single,
germline gene(s) (V gene) {4-6). They did not, however, give
us any reliable estimate of the total number of germ line V
genes, However, given the enormous diversity of V regions, the
existence of multiple germ line V genes seems likely. If this is
s0, a problem arises: how is the information in the V and C genes
integrated to generate a contiguous polypeptide chain? Since
V- and C-gene sequences exist in a single mRNA molecule as
a contiguous stretch {11), such integration must take place at
either the DNA or the RNA level. Integration at the RNA level
could result from a *'copy-choice” event during transcription
or from joining of two RNA molecules after transcription.

We report here experimental evidence for possible joining
of V and C sequences at the DNA level.

MATERIALS AND METHODS

Myeloma Tumors, Balb/¢ mouse plasmacytoma MOPC 321
was kindly provided by Dr. M. O. Potter. Tumors were main-
tained in mice as deseribed (4).

Abbreviations: V and C genes, genes coding for variable and constant
regions, respectively; M, molecular weight.
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BamH I Restriction Endonuclease, Bacillus amylolique-
faciens strain H, originally from Dr. F. Young, was obtained
from Dr. T. Bickles at the Biozentrum, Basel, Cells were grown
in L-broth. The BamH ! endonuclease was prepared according
to the method of Wilson and Young (12), except that 10%
glycerol was present in all buffers during the phosphocellulose
step. Five milligrams of high-molecular-weight embryo or
MOPC 321 tumor DNA in a buffer consisting of 6 mM Tris-
HCl, pH 7.4, 6 mM MgClg, and 6 mM 2-mercaptoethanel was
incubated with 10 units (1 unit is defined as the amount of the
enzyme sufficient for digesting 1 ug of phage A DNA in 60 min
at 377 under the above conditions) of the purified enzyme at
37° for 4 hr. In order to investigate completeness of digestion
we followed the following scheme. An aliquot of the reaction
mixture containing mouse DNA was removed before incuba-

" tion and mixed with a small amount (ratio of A DNA to mouse

DNA, 1:10) of phage A DNA. This pilot mixture was incubated
in parallel with the main reaction mixture under the conditions
described above. After incubation the pilot mixture was elec-
trophoresed in 0.9% agarose. DNA was visualized under ul-
traviolet light after staining with } ug/ml of ethidium bromide
(13). Digestion of mouse DNA in the main reaction tnixture was
considered to be complete when the electrophoresis pattern of
the A DNA in the pilot mixture exhibited no indication of in-
complete digestion.

Preparative Agarose Gel Electrophoresis. An apparatus
conventionally used for separation of serum proteins was
adapted for nucleic acids. Agarose (Sigma, electrophoresis
grade) was melted in TA buffer (20 mM Tris-CH;COy, pH 8.0,
18 mM NaCl, 2 mM Na;EDTA, 20 mM NaCH;CO»} at a final
concentration of 0.9% and cast in a Plexiglas tray (40 X 50 X
I em) with a central longitudinal partition. Agarose was allowed
to solidify at room temperature, With the aid of a scalpel, 5-mm
wide slots were made in the agarose at 10 em from one end. The
DNA digested with BamH I was concentrated with 2-butancl
by the procedures of Stafford and Bieber (14) and dialyzed
against TA buffer. The DNA solution was supplemented with
10 X concentrated TA buffer and bromphenol blue. The mix-
ture was warmed to 47°. Melted agarose was mixed with the
warmed DNA solution such that the final mixture contained
the original TA buffer, 0.01% dye, and 0.45% agarose. The
mixture was transferred to the slot in the agarose sheet and was
allowed to solidify at room temperature. In order to avoid
overloading, the amount of the DNA was kept at less than 2.1
sg/mm? of the cross section of the gel. The gel was covered with
plastic wrap and electrophoresis was carried out at 4° for 3days.
For the first 20 hr the electric current was kept at 0.75 mA /em?2
of gel eross section; it was raised to 3 mA for the remainder of
the run.

Extraction of DNA from Agarose Gel. After electrophoresis
the gel was cut with a scalpel into 5-mm thick slices. Each slice
was transferred to a test tube containing one volume of 5 M
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NaClOy (15). The gel slices were melted by heating at 60° for
60 min with occasional shaking by hand. In order to remove
dissolved agarose as well as NaClQy, DNA was absorbed to a
small column of hydroxyapatite (Bio-Gel, DNA grade) and then
eluted with 0.4 M polassium phosphate, pH 6.9.

Hybridization. DNA eluted from hydroxyapatite was son-
icated in a MSE sonicator to yield fragments 400-500 base pairs
long. Purified, sonicated Escherichia coli DNA (Sigma type
VIII) was added at a final concentration of 100 ug/ml. The
mixture was dialyzed against water overnight, and DNA was
precipitated with 2 volumes of ethanol. The precipitate was
collected by centrifugation, dried under reduced pressure, and
dissolved in 25 ul of a mixture consisting of 0.3 M NaCl, 0.03
M sodium citrate, 0.01 M Tris HCl, pH 7.5, 0.001 M Na,EDTA,
and 700-1500 cpm of Z1-labeled mRNA or its 3"-end frag-
ment. The hybridization mixture was covered with a thin layer
of mineral oil and heated at 98-100° for 5 min. Annealing was
carried out at 70° for 40--48 hr. The processing of the hybrid-
ization mixture has been described (4).

Preparation of High-Molecular-Weight DNA. DNA was
purificd from either 12- to 13-day-old Balb/c mouse embryos
(Bomholtgard, Denmark} or MOPC 321 tumors according lo
procedures described by Gross-Bellard et al. {16).

Other Procedures. Methods for purification of x-chain
mRNA of MOPC 821, for isolation of 3-end half fragment of
the mRNA, and for RNA icdination have all been described (4,
6). The x mRNA preparation used in the present work is the one
described in Fig. 1 of ref. 6.

RESULTS

Detection of V- and C-gene sequences in DNA
fragments

A straightforward procedure for quantitation of a specific se-
quence in a particular DNA preparation is to carry out hy-
bridization either in liquid or preferentially on filter paper
under conditions where labeled RNA is well in excess over DNA
(RNA excess, RNA-driven hybridization) (17). For this proce-
dure it is necessary that the RNA. preparation is completely
pure. The xk mRNA preparation used in the present experi-
ments, although as pure as the present technology permits, does
not meet this condition. From the “fingerprint” analysis of T1
RNase digest and from gel electrophoresis in 99% formamide,
the purity of the x mRNA preparation was estimated to be about
90% (4, 6). For this reason and also because of the difficulty of
obtaining a large amount of purified x mRNA, the RNA satu-
ration procedure is not suitable for quantitation of immuno-
globulin genes.

When the purpose is to detect a particular DNA sequence
in relative rather than absolute terms, as in the present case, an
alternative method is available which circumvents the above
problems. In Fig, 1 a varying amount of MOPC 321 DNA was
hybridized with *¥I-labeled x mRNA of MOPC 321 or the haif
containing its 3"-end. The volume of hybridization mixtures,
concentration of RNA, and time of incubation were constant.
Under these conditions the level of 1%5L-labeled RNA in the
hybrid is a function of the concentration of the complementary
DNA sequences. As shown in Fig, 1, the increment in the level
of hybridization decreases as the concentration of comple-
mentary DNA sequences increases. Thus, when DNA is
subjected to a Fractionation procedure such as gel electropho-
resis, and each fraction is assayed for a speciflic DNA sequence
by this method, the shape of the resulting hybrid peak is Hatter
than expected from the actual distribution of complementary
DNA sequences. (In principle, it is possible to correct each
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FiG. 1. Dependency of hybridization level on DNA concentration.
125 Laheled, whole x mRNA of MOPC 321 (1300 cpm) or its 3'-end
half fragment (600 cpm) was annealed with varying indicated amounts
of denatured MOPPC321 DNA in 0.3 M NaCl, 0.03 M sodium citrate
(pH 7) aL70° for 42 hr.'The volume of annealing mixture was (.05 ml.
Specific activity of the RNA was 6.5 X 107 epm/ug. Each point rep-
resents an average of duplicate measurement. Intrinsic RNase-re-
sislant counls, 22 cpm for whole RNA and 16 epm for 3'-end half, are
subtracted.

fraction for the nonlinearity of the assay by using Fig. 1 or a
“standard curve”. We have nol done this, however, in Fig. 2.)
This disadvantage is more than counterbalanced by the critical
advantage; namely, that hybridization of minor RNA impurity
does not overshadow that of the major RNA component. The
method is particularly suitable where the impurity is distributed
among many different RNA species, for in this case, DNA se-
quences complementary to the contaminating RNAs would be
distributed among many different fractions, and hybridization
of any particular RNA impurity would not stand out of the
general background level. As previously shown, x mRNA
preparations have impurities of exactly this type {4, 6).
Since a RNA probe for V gene sequences is not available (the
’-end half fragment is a RNA probe for C-gene sequences),
V-gene sequences wete determined indirectly from the dif-
ference in the two hybridization levels obtained by the whole
molecule and the half-molecule containing the 3"-end (3’-half).
For this purpose two RNA probes with identical specific activity
were prepared; hybridization of whole molecules was carried
out using twice as much input radioactivity as with 3-end
half-molecules. The final hybridization levels obtained with
the whole molecules are just about twice those with the 3'-half
in a wide range of DNA concentration (Fig. 1); this justified
such an indirect measurement of V-gene sequences.

V- and C-gene sequences in embryo and myeloma
DNA fragments generated with BamH I endonuclease

High-molecular-weight embryo and MOPC 321 tumor DNAs
were digested with BamH 1 endonuclease, and the resulting
DNA fragments were [ractionated according to size by pre-
parative agarose gel electrophoresis. DNA eluted from ge) slices
was assayed for V- and C-gene sequences by hybridization with
125].labeled whole or 3’-half x mRNA of MOPC 321 under the
condition described in the Jast section. The pattern of hybrid-
ization is shown in Fig. 2. Wilh embryo DNA, two DNA com-
ponents of molecular weight (M,) 6.0 and 3.9 million hybri-
dized with the whole RNA molecules, whereas only the 6.0
million M, cormponent hybridized with the 3”-half. The fact that
only the 6.0 million M, component exhibits any hybridization
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Fic. 2. Gel electrophotesis patterns of mouse DNA fragments, generated by BamH I, carrying V- or C-gene sequences. 125]-Laheled, whole
«mRNA of MOPC 321 (1220 cpm) or its 3’-end half fragment (600 cpm) was annealed with DNA extracted from gel slices. Intrinsic RNase-resistant
counts are subtracted. Conditions of electrophoresis and hybridization are as described in Materials and Methods. Hybridization patteens
with DNA of two different sources, embryo and MOPC 321 tumor, are superimposed. The molecular weight scale was obtained from phage A
DNA, digested by EcoRI {E. coli} endonuclease, which was electrophoresed in parallel with mouse DNAs.

above the background leve] with the 3’-end half indicates that
not only the C-region sequences, but also the sequences corre-
sponding to the untranslated region at the 3’-end of mRNA
molecule, are in this component. Furthermore, since the 6.0
million M, component hybridizes almost equally with the two
RNA probes, it should not contain appreciable V gene se-
quences. Thus, the 3.9 million M, component should contain
V-gene sequences as well as sequences corresponding to the
untranslated region at the 5-end of mRNA molecule.

Since V and C genes are in separate DNA fragments whose
size is much larger than the size of either gene, they are prob-
ably some distance away from each other in the embryo ge-
nome. However, the possibility that the enzyme cleaved con-
tiguously arranged V and C genes near the boundary is not
entirely eliminated. Cleavage sites are possible in the nucleo-
tides coding for the amino acids at positions 93-85 and 99-100
{18). However, the probability that either of these amino acid
sequences provides the exact nucleotide sequence required is
low. )

The pattern of hybridization is completely different in the
DNA from the homologous tumor {Fig. 2). Both RNA probes
hybridized with a new DNA component of M, 2.4 million.
There are no indications that either of these RNA probes hy-
bridizes with other DNA components above the general
background level. These results indicate that both V and C
genes, or the entire sequences represented in the mRNA mol-
ecule [except for the unlabeled poly(A)sequence), are contained
in the 2.4 million M, component in the tumor genome. The
whole RNA hybridizes with this component nearly twice as well
as does the 3’-end half, thereby supporting this notion. Hence,
the V, and C, genes, which are most likely some distance away
from each other in the embryo genome, are brought together
in the plasma cells expressing this particular V, gene, presum-
ably to form a contiguous nucleotide stretch. The fact that

neither the 6.0 nor the 3.9 million M, component exists in the
plasma cell genome indicates that such rearrangement of im-
munoglobulin genes takes place in all of the homologous
chromosomes.

DISCUSSION

We have shown that the pattern of BamIH I DNA fragments
that carry immunoglobulin V- or C-gene sequences is com-
pletely different in the genomes of mouse embryo cells and of
a murine plasmacytoma. The pattern of embryo DNA shows
two components, one of which (M, = 6.0 million) hybridizes
with C-gene sequences and the other (M, = 3.9 million) with
V-gene sequences, The pattern of lumor DNA shows a single
component that hybridizes with both V-gene and C-gene se-
quences and that is smaller (M, = 2.4 million) than either of the
components in embryo DNA. The straightforward interpre-
tation of these results is that V, and C, genes, which are some
distance away from each other in the embryo cells, are joined
to form a contiguous polynucleotide stretch during differen-
tiation of lymphoeytes. Such joining occurs in both of the ho-
malogous chromosomes.

An alternative explanation of the results, namely, that ac-
cumulation of mutations or base modifications leading to either
loss or gain of Bam¥{ I sites generated the observed pattern
difference, is not impossible. On this view, there would have
to be a BamH site close to the V-C junction in embrye DNA.
This BamH I site would have to be lost by mutation or by base
maodification in the MOPC 321 tumor. By itself, such an alter-
ation would cause the appearance of a single 9.9 million M,
component in the tumor. To achieve the M, of the single
component actually observed in the tumor (2.4 million), there
would have to be new BamlI¥ I sites created by mutation be-
tween the V, gene and the nearest site on cither side. Since there
is no reason why there should be any selective pressures in-
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F1G. 3. Mouse DNA fragments carrying V, and C, genes. DNA
fragments were generated by BamH I restriction endonucleases.
Arrows indicate BamH I sites. 5'F and 3'E designate base sequences
corresponding to untranslated regions of a «x-chain mRNA molecule
at the - and 3’-end, respectively. V and € designate base sequences
corresponding to variable and constant regions, respectively. The
relative position of these sequences within each fragment is deduced
from the present results within the framework of either of the latter
three models depicted in Fig. 4.

volving BamH I sites, the occurrence of three base alterations
would seem to be quite unlikely. Furthermore, such pattern
changes are not unique to this patticular combination of en-
zyme and DNA. With Eco Rl enzyme and embryo and HOPC
2020 DNA {a h-chain producer) we have obtained results that
lead us to a similar conclusion (Hozumi and Tonegawa, un-
published).

There is also an alternative explanation for the absence of the
embryonic DNA components in the tumor, namely, that the
V-C gene joining took place in only one of the homologous
chromosomes and that the other chromosome(s) has been lost
during propagation of the tumor. In view of the known chro-
mosome abnormalities of murine plasmacytomas, we cannot
eliminate this trivial possibility. |

Fig. 3 summarizes our interpretation of the experimental
results. What is the mechanism by which the integration of V-
and C-gene sequences is brought about? In the past, several
models have been proposed, and some of ‘these models are
schematically illustrated in Fig. 4. In the “copy-insertion”
model a specific V gene is duplicated and the copy is inserted
at a site adjacent toa C gene (19). In this model, the embryonic
sequence context of a V gene should be retained in the lym-
phocyte expressing that particular V gene. Since the embryonic

_ DNA fragment carrying the MOPC 321 V gene does not seem
to exist in the genome of this tumor, our results are clearly in-
compatible with this model. In the “excision-insertion™ model,
a specific V gene is excised into an episome-like structure, and
this in turn is integrated adjacent to a C gene (20). In the “de-
letion™ model, DNA in the interval between a particular V gene
and the corresponding C gene loops out, is excised, and diluted
out upon subsequent cell multiplication (21). In the “inversion™
model, V genes and a C gene are arranged in a chromosome in
opposite directions and a segment of chromosome between a
particular V gene (inclusive) and a C gene (exclusive) is in-
verted. The latter three models are both consistent with the
experimental results presented here.

It is easy to think of variants of these models. In one variant
of the copy-insertion model, the C gene is copied and the copy
is inserted next to the V gene. In another variant, both V and
C genes are copied, and the copies inserted at a third location.
These variants are just as incompatible with our results as is the
copy-insertion model illustrated in Fig. 4. There are analogous
variants of the “excision-insertion” model and they are just as
compatible with the experimental results as the excision-in-
sertion model illustrated in Fig. 4.

A “committed” bone marrow-derived (B) lymphocyte and
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Fic. 4. Models for V_C gene joining at DNA level. See text for
explanation.

a plasma cell produce antibody of only one specificity (22-24).
In particular, it expresses only one light chain V gene. If there
are multiple V, genes, there must exist a mechanism for the
activation of one particular V, gene. In the light of the present
findings, one intriguing possibility is that activation of a V gene
is intimately coupled with its joining to a C gene. For instance,
in the “excision-insertion” model, a promotor site may be
created by the insertion of the excised V-DNA fragment. This
would activate that particular V gene for transcription. In fact,
on this view the current terminology of 'V genes™ and *C
genes™ is inappropriate. Rather, there are two segments of
DNA, one specifying the V region and the other specifying the
C region. The gene is created by joining.

For immunoglobulin ioci, only one allele is expressed in any
given lymphocyte {22). This is not the case with most autosomal
genes. Our results suggest an interesting explanation for allelic
exclusion—that is, that the two homologous chromosomes are,
in any given plasma cell, homozygous. Homozygosis could re-
sult from the loss of one homologue followed by reduplication
of the other or from somatic recombination between the cen-
tromere 2nd the immunoglobulin locus (25, 26). The alternative
view, that joining takes place in both chromosomes, presents
a problem if there is more than one V segment. There is no in-
trinsic reason why the same V segment should be joined on both
homologues.

- The present results, when combined with those of our pre-
vious reports, demonstrate that both content and context of
immunoglobulin genes are altered during differentiation of
lymphocytes. Whether such a genetic event is common in other
eukaryotic gene systems remains to be secen.

We thank Mr. G. R. Dastoornikoo, Ms. R. Schuller, and Ms. §. Stutz
for their expert technical assistance. The “inversion model” was sug-

gested by Dr. C. Steinberg. -
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ABsTRACT, The olfactory system is indispensable to the survival of animals in finding foods and for the reproductive process. Cdorant
signals are conveyed through olfactory sensory newrons ta the olfactory bulb, which modifies the signals and relays them to the neocor-
tex. In the present study, a“full-length” cDNA library was constructed from the main and accessory olfactory bulbs of 5-week-o Id male
pigs, in order to elucidate the expressed genes. The average insert size of the library was estimated to be 1.7 kb based on 54 randomly-
selected clones, One thousand randomly selected clones were subjected to sequencing, and the resulting 883 sequences were then clus-
tered into 753 sequences based on similarity. Since 723 of the 753 sequences had sufficient sequence information for homology analysis,
the 723 sequences were subjected to BLAST analysis against GenBank/EMBL/DDRJ; 655 out of the 723 sequences showed similarities
with known genes, and the remaining 68 were indicated to be novel sequences. The full-length rate of the library was estimated to be
ca. B0%, using 70 sequences corresponding to human full-length cDNAs. The full-length cDNA sequences of a single gene appearing
mere than 6 times in the analysis were alighed to determine major transcription initiation sites for SLC25A, CKB, TUBB4, TUBB,

YWHAH, TUBB2, and CNP genes.

KEv worDs: full-length ¢DNA library, olfactory bulb, swine, transcription initiation site.

The olfactory system receives and conveys a wide variety
of odor molecule information surrounding animals to the
neocortex. This is an indispensable process for food seek-
ing, reproduction and other behaviors by which animals sur-
vive, The system consists of two different pathways for
information transfer; one is from sensory neurons in the
olfactory epithelium through the main olfactory bulb to the
olfactory cortex, and the other is from senscry neurons in
the vomeronasal organ through the accessory olfactory bulb
to the amygdala, distinct from the zone that receives infor-
mation from the main olfactory bulb [4, 6, 9, 21]. Olfactory
epithelium contains more than 2 million olfactory sensory
neurons in mice, each of which expresses one type of odor-
ant receptor out of ca. 1000 receptor genes [1, 5, 10]. It has
been shown that each neuron is connected to a single giom-
erulus in the main olfactory bulb through its axon, and that
the axons present zone-to-zone projection from the olfac-
tory epithelium to the main olfactory bulb [11, 14, 15, 17,
18]. Then, the main olfactory bulb projects the processed
information to the olfactory cortex [29).

The accessory olfactory bulb receives pheromone signals
from the vomeronasal crgan and projects the information
mainly to the amygdala. The signals provide information
about gender, dominance, or reproductive status and elicit

* PRESENT ADDRESS: WATANABE, Y., Department of Welfare Engi-
neering, Faculty of Engincering Iwate University, Morioka 020-
8551, Japan.

* CORRESPONDENCE To! Yasue, Y., Genome Research Department,
National Institute of Agrobiclogical Sciences, Tsukuba, Ibaraki
305-0901, Japan,

J. Vet Med. Sci. 66(1). 15-23, 2004

innate social and sexual behaviors {7, 9, 20]. For example,
in male rodents, removal of the vomeronasal organ in virgin
animals severely impairs sexual responses [7, 13]. The
functional difference between the main olfactory bulb and
the accessory olfactory bulb were also indicated by the dif-
ferential expression patterns of metabotropic glutamate
receptors in the respective bulbs [19].

Alternative or multi-transcriptional initiation sites have
been studied [8, 25, 26] and alternative initiation sites for
cytachrome ¢ mRNA was demonstrated to be tissue specific
[8]. These transcriptional controls were often directed by
DNA binding elements specific for cell functions, such as
Ets-1 in the functions of lymphoid cells [2]. Therefore, the
elucidation of the possible transcriptional patterns in the
olfactory bulbs would provide a clue to understand the fune-
tions of cells in the olfactory bulbs. In order to obtain such
alternative or multi-transeriptional initiation sites for genes,
a "full-length” ¢cDNA library was constructed in the present
study from the porcine main and accessory olfactory bulbs
and clones of the library were subjected to sequence analy-
sis.

MATERIALS AND METHODS

Preparation of swine olfactory bulb: For the preparation
of olfactory bulb, two 5-week-old Landrace male pigs
weighing about 10 kg were used. All animals received
humane care as described in the guide for the Care and Use
of Experimental Animals (National Institute of Agrobiolog-
ical Sciences Care Committee). The procedure for the prep-
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aration of the olfactory bulb followed the guideline of
animal ethics at the National Institute of Agrobiological Sci-
ences, Japan. The pigs were fasted overnight before prepa-
ration. On the day of preparation, the pigs were sedated by
intramuscular injection of ketamine (Sankyo Pharmaceuti-
cal, Tokyo, Japan; 10 mg/kg body weight) and midazolam
(Yamanouchi Pharmaceutical, Tokyo, Japan; 1 mg/kg body
weight). After tracheal intubation, the pigs were anesthe-
tized with 2-3% halothane and 0.5 ¥/min nitrous oxide.
Under deep general anesthesia, a cannula was inserted into a
carotid vein; and the skull was cut and removed. Then, the
pigs were euthanized by intravenous injection of 10 mi of
sodium pentobarbital. Immediately after respiration and
heartbeat were stopped, the brain was removed and rinsed in
an ice-cold saline solution. The main olfactory bulb
together with accessory olfactory bulb was dissected onice,
and the blocks were frozen in liquid nitrogen and stored at
-80°C until use.

Construction of oligo-capped cDNA library ( “full-
length” ¢cDNA library). An oligo-capped cDNA library was
constructed as described by Suzuki and Sugano [24] with
some modifications. Briefly, 20 ug of poly(A)'RNA iso-
lated from the main and accessory olfactory bulbs was
treated with 2.5 units of bacterial alkaline phosphatase
(BAP; Takara Co., Ohtsu, Shiga, Japan) in 100 ul of 100
mM Tris-HC} (pH 7.0), 10 mM 2-mercaptoethanol, and 100
units of RNase inhibitor at 37°C for 60 min. The RNA was
extracted with phenol:chloroform twice and precipitated
with ethanol. The BAP-treated RNA was further treated
with 20 units of tobacco acid pyrophosphatase (TAP)[12] in
100 gif of 50 mM sodium acetate (pH 5.5), 1 mM EDTA, 10
mM 2-mercaptoethanol, and 100 units of RNase inhibitor at
37°C for 60 min. After phenol:chloroform extraction and
ethanol precipitation, the BAP-T AP-treated RNA was then
ligated with 0.4 yg of oligoribonucieotide (5’-AGC AUC
GAG UCG GCC UUG UUG GCC UAC UGG-3") using
250 units of RNA ligase (Takara Co., Ohtsu, Shiga, Japan)
in 100 g of 50 mM Tris-HCI (pH 7.0), 5 mM MgCl;, 5 mM
2-mercaptoethanol, 0.5 mM ATP, 25% PEG8000, 100 units
RNase inhibitor at 20°C for 3 hr. After removing free oli-
goribonucleotide, cDNA was synthesized using RNaseH
free reverse-transcriptase (Superscript II; Invitrogen Co.,
Carlsbad, CA, U.5.A) with 10 pmol of oligo-dT adapter-
primer (5'-GCG GCT GAA GAC GGC CTA TGT GGC
CTTTTTTTT TTT TTT TTT-3’) in a condition as recom-
mended by the supplier. After removal of the template RNA
by alkaline degradation, the PCR reaction was performed in
a volume of 100 pf using an XL PCR kit (Applied Biosys-
tems Co., Foster City, CA, U.S.A) with 16 pmol of 5° (5'-
AGC ATC GAG TCG GCC TTG TTG-3")and 3’ (5-GCG
GCT GAA GAC GGC CTA TGT-3") PCR primers. PCR
amplification cycles were 12 cycles of 94°C for 1 min, 58°C
for 1 min, and 72°C for 10 min. PCR products were then
extracted with phenol:chloroform, ethanol-precipitated and
digested with restriction enzyme Sfi . Sfi I-digested PCR
products were separated by agarose gel electrophoresis, and
¢DNA fragments longer than 1,000 bp were isolated and

inserted into Dralll-digested pME18S-FL3 (Accession No.
ABO009864). The resulting pME18S-FL3 was introduced
into DH5¢ (Takara Co., Ohtsu, Shiga, Japan) following the
procedure described by the manufacturer, and the trans-
formed DHS50 was plated on LB-plates containing ampicil-
lin at final concentration of 50 pg/mi to develop colonies on
the plates.

Approximately 50 colonies were randomly selected from
the plates and used to measure sizes of cDNA inserts in the
plasmid with InsertCheck (Toyobo Co., Osaka, Japan), in
order to estimate the average insert size.

Sequencing and characterization of cDNAs: Colonies
were selected randomly and cultured in the LB medium con-
taining ampicilin at the same concentration for the plate,
The plasmid DNA was prepared from each culture using
MultiScreen (Millipore Co., Bedford, MA, U.8.A ) together
with Biomek 2000 (Beckman Co., Palo Alto, CA, U.S A),
and cDNA inserts were sequenced once from the 5 site of
cDNA using BigDye™ Terminator Cycle Sequencing
Ready Reaction Kit V2.0 and ABI PRISM® 3100 Genetic
Analyzer (Applied Biosystems Co., Foster City, CA ,
U.8.A). The DNA sequences thus obtained were clustered
using the soltware “G-PROF” (Genetyx, Tokyo, Japan), and
the consensus sequence of each cluster was subjected to
BLAST analysis against DNA sequences in the DNA data-
bases {GenBank/EMBL/DDBI/) (http://
www.ncbi.nlm.nih. gov/Genbank/index.htm!) and then to
ontological analysis using TIGR database (http://tigr-
blast.tigr.org/tgi/).

In order to characterize the library, the sequences
obtained were examined to determine whether they con-
tained a putative translation start site in comparison with
human orthologs using databases (http://elmo.ims,u-
tokyo.ac.jp/dbtss/; and http://www.ncbi.nlm.nih. gov/) [27].
In the present examination, when a sequence contained the
translation start site, the sequence was deflined as “full-
length” ¢cDNA. For the calculation of the full-length rate of
the library, an appropriate number of the sequences corre-
sponding to the human genes with Expect (e) values smaller
than e'% (e-value: http://www.ncbi.nlm.nih.gov/BLAST/
tutorial/Altschul-1.htm{) were selected under the conditions
that the cDNAs of the corresponding human genes had
sequence information upstream of translation start site. The
swine ¢cDNA sequences thus selected were compared to the
respective human cDNA sequences to estimate the full-
length rate of the library.

The full-length cDNA sequences of a single gene appear-
ing multiple times in the present analysis were aligned to
determine major transcription initiation sites of the gene,
Then, the initiation sites were compared with those of
human orthologs, if available, using databases (http://
elmo.ims.u-tokyo.ac.jp/dbtss/; and http://www.ncbi.nlm,nih,
gov/) [23, 27).

RESULTS AND DISCUSSION

Sequencing and characterization of cDNAs: The com-
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plexity of the cDNA library constructed according to the
procedure described above was examined, indicating that
the library consisted of 2.16 x 10° clones. Then, 54 clones
randomly selected from the ¢cDNA library were character-
ized to reveal that the average cDNA insert size of the
library was 1.7 kb (data not shown), not smaller than for
other full-length ¢cDNA libraries [22). Concerning 3’
region, it was considered that cDNA clones of the library
contained polyA sequences judged from the procedure for
the library construction. However, to make sure, this was
examined by sequencing 200 randomly-selected clones and
the examination revealed that all the clones contained polyA
sequences (data not shown), strongly indicating that all the
clones of the library contain polyA at their 3’ termini.
Therefore, the present library was subjected to further anal-
ysis. One thousand clones selected randomly from the
library were sequenced, 883 of which were found to contain
sequences of cDNA insert. These sequences were clustered
into 753 by using the software G-PROF and were reported
to the DNA databases with the successive accession num-
bers AV295960 to AV296712. Seven hundred twenty-three
out of 753 sequences, having sufficient sequence informa-
tion for homology analysis, were then subjected to BLAST
analysis against sequences in the DNA databases (Gen-
Bank/EMBL/DDBIJ at the level of December, 10, 2001).
The sequences of a single gene appearing more than
twice in the 883 sequences were shown in Table 1. The
cluster with the largest number of sequences was revealed to

correspond to ADP/ATPF carrier; that with the second larg-
est, to creatine kinase B, and that with the third largest, to
tubulin beta 4. The BLLAST analysis has revealed that 655
clusters consisting of 812 sequences showed similarities to
known genes with e-values smaller than e"!% or similarities
exclusively to cDNAs of a specific gene of various species
though their e-values were not smaller than 1%, The
remaining 68 clusters consisting of 71 sequences showed lit-
tle similarity with the sequences of various species includ-
ing human registered in the DNA databases (data not
shown), indicating that orthologous sequences have not yet
been identified in other species including human, or that the
sequences of 68 clusters might be specific to genomes of
swine and its phylogenetically-related species. In the latter,
it is surmised that the sequences, which had existed in a
common ancestor of mammalian species including swine
and human, were deleted at least in the ancestry species of
human.

Ontological analysis was performed on the 723 indepen-
dent sequences against the TIGR database at the level as of
December, 10, 2001 (http://tigrblast.tigr.org/tgi/). As
showninFig. 1A,35% of the sequences were categorized in
terms of their function (http://www.godatabase.org/cgi-bin/
go.cgi); 45% were not categorized in the database, though
their functions were identified; and 20% were unknown or
showed no similarities with sequences in the database.
When the sequences grouped in the functionally categorized
cluster were further classified using the database, 25.6% of

Table 1.  Sequences of asingle gene appearing more than twice in the 883 sequences

Swine¢<DNA  Number of NCBI BLAST
accession No. clones Accession Gene name e-value
AU295961 31 NM_001152.1 Homo sapiens solute carrier family 25 (mitochondrial carrier; adenine 1e%0

nucleotide translocator), member 5 (SLC25A5), nuclear gene encoding

mitochondral protein, mRNA

M24103.1 Bovine ADP/ATP translocase T2 mRNA, complete cds 0.0

ATI295962 10 NM_001823.1 Homo sapiens creatine kinase, brain (CKB), mRNA 0.0
AlJ295963 9 NM_006086.1 Homo saplens tubulin, beta, 4 (TUBB4), mRNA 0.0
AU295964 8 NM_001065.1 Homo sapiens tubulin, beta polypeptide (TUBB), mRNA 0.0
AU295965 8 NM_003405.1 Homo sapiens tyrosine 3-monooxygenase/tryptophan 5-monooxyzenase

activation protein, eta polypeptide (YWHAH), mRNA 0.0
AU295966 7 NM_006088.1 Homo sapiens tubulin, beta, 2 (TUBB2), mRNA 0.0
AU295967 7 NM_033133.1 Homo sapiens 2',3"-cyclic nucleotide 3' phosphodiesterase (CNP), mRNA 0.0
AU295968 6 NM_005165.1 Homo sapiens aldolase C, fructose-bisphosphate (ALDOC), mRNA 0.0
AU295969 6 NM_002866.1 Homo sapiens RAB3A, member RAS oncogene family (RAB3A), mRNA 0.0
AU295975 6 NM_002116.2 Homo sapiens major histocompatibility complex, class I, A (HLA-A), mRNA Je Mt
AU295970 5 NM_015710.1 Homo sapiens glioma tumor suppressor candidate region gene 2(GLTSCR2), mRNA 0.0
AU295971 5 NM_030926.1 Homo sapiens integral membrane protein 3 (ITM3), mRNA 0.0
AU265973 4 NM_014225.1 Homo sapiens protein phosphatase 2 {formerly 2A), regulatory subunit A (PR 0.0

65), alpha isoform (PFP2R1A), mRNA
AU295974 4 NM_005514.2 Homo sapiens major histocompatibility complex, class I, B (HLA-B), mRNA lel®
AU295976 3 NM_001975.2 Homo sapiens enolase 2, (gamma, neuronal} (ENO2), mRNA 0.0
AU295977 3 NM_006211.1 Homo sapiens proenkephalin (PENK), mRNA 6e%5
AU295978 3 NM_057161.2 Homo sapiens testis intracellular mediator protein (PEAS), mRNA - 00
AU295975 3 M10058 Human 18S rRNA gene, complete 0.0
AU295980 3 NM_006374.1 Homo saplens serine/threonine kinase 25 (STE20 homolog, yeast)(STK25), mRNA 1e1
AU295982 3 NM_012109.1 Hotno sapiens brain-specific membrane-anchored protein (BSMAP), mRNA 3e®
AU295983 3 NM_003768.1 Homo sapiens phosphoprotein enriched in astrocytes 15 (PEALS), mRNA 0.0
AU295984 3 NM_020465.1 Homo sapiens NDRG family, member 4 (NDRG4), mRNA lete?
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them were found to be for ligand binding or carrier; 25.2%,
for intracellular proteins; 16.8%, for proteins of cell fraction
(defined as parts of cells prepared by disruptive biochemical

Fg 1.
olfactory bulbs using TIGR database. The 883 sequences obtained in the present study were clustered to 723 inde-
pendent sequences, which were then classified into 3 groups, i.e., the functionally categorized group (Catego-
rized), the functionally not-categorized group (Not categorized), in the unidentified gronp (Unknown) using TIGR
database of Dec. 10, 2001 (hup:/ftigrblast.tigroorg/tgi/) (Panel A). “Categorized” sequences were then further
grouped by function using the preceding database (Panel B).

techniques), and 13.9%, {or proteins involved in cell growth
and maintenance (Fig. 1B). These largest 4 fractions totaled
up to more than 75% of the sequences. The fractions shown
in Fig.1B was quite different from those reported in swine
liver (16] and from those in human tissues other than olfac-
tory bulb [26], indicating the expressed sequences were
closely related to the function of olfactory bulbs.

The transcript of ADP/ATP carrier gene (SLC25A5) with
the largest amount in the 883 sequences (Table 1) was
reported to decrease when the cells were induced to differ-
entiate in human [3]. In addition, tubulin genes, the prod-
ucts of which are involved in cell structure and basic cell
functions, were expressed in the 3rd, 4th, and 6th largest
amounts (Table 1). These findings, taken together with the
fact that 13.9% of expressed genes were related to proteins
of cell growth and maintenance as described above, led us to
infer that the olfactory bulbs in the S-week-old pigs used in
the present study were at the stage of their volume increase,
that is, of their development. This inference is in good
agreement with the report that the brains of 5-week-old pigs
were in the stage of volume increase [28].

Full-length rate of the library and determination of tran-
scription initiation sites using full-length cDNAs: In order to
estimate the full-length rate of the library, 70 sequences
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Results of ontological analysis on 723 independent sequences expressed in the swine main and accessory



¢DNA LIBRARY FROM SWINE OLFACTORY BULB 19

Table 2.  Full-length of the 70 sequences randomly selected under the criteria described in Materials and Methods

Clone name/ Accession Gene c-value Length  FullNot
acceasion namber nutnber fromCDS  full
1-1_CO7/IAU295991 NM_001494.2 GDI2 0.0 +140 Not Full
1-1_F11/AU256073 NM_001069.1 TUBB © e 3287 NotFull
10-1_FO5/AU296444  NM_021999.1  Homo sapiens transmembrane protein BRI el +92  Not Full
11-1_BOS/AU296499  NM_000627.1 Human transforming growth factor-beta 1 binding protein 0.0 +804 Not Full
13-1_AOG/AUZ96535 NM_022751.1  FLJ21610 0.0 +428 Not Full
13-1_A09/AU296538 NM_000592.3  Human complement component C4B el 42905 Not Full
13-1_BO3/AU296541  NM_006311.1 Homo sapiens nuclear receptor co-repressor N-CoR ¢! 46176 Not Full
14-1_CO6/AU296617 NM_002199.2 IRF2 ¢!™ 4400 Not Full
14-1_D12/AU295987 NM_006703.1 NUDT3 0.0 +303 Not Full
15-1_A11/AU296665  NM_006460.1 Homo sapiens mRNA for HEXIM] protein el26 +61  Not Full
15-1_FO9AU296696  NM_014841.1 SNAP9I e 4486 Not Full
7-1_F10/AU296250 Uo9609.1 Human p8OHT (pROHT/NKFB-2) e 41230 Not Full
B-1_HO8/AU296338 NM_003-42.1 ZNF143 € 43601 Not Full
9-1_DO9/AU296372 NM_021189.1 NECL1 1% +24  Not Full
1-1_GO3/AU296076 NM_004581.1 RABGGTA ¢S 110 Full
1-1_GOT/ALU296077 NM_006400.2 DCTN2Z 0.0 -95 Full
10-1_FORAU29645  NM_002861.1 PCYT2 0.0 -39 Full
11-1_E01/AU296497 NM_014392.1 D4S5234E . 0.0 -103  Full
13-1_BO2/AU295998  NM_033296.1 PGR1 0.0 -63 Full
13-1_CO6/AU296000  NM_006936.1 SMT3HI el?t -114  Full
9-1_BOH#AU295973 NM_014225.1  Human protein phosphatase 2A regulatory subunit alpha-isotype (alpha-PR65) 0.0 -18 Full
9-1_BOG/AU296378 NAM_000487.3  ARSA ¥ 138 Fall
5-1_BOS/AU256101 NM_004390.1 CTSH el62 -66 Full
1-1_CO¥AU296043 NM_0003041  PMP22 Coe® -63 Full
1-1_CO8/AU295966 NM_006088.1 TUBB2 0.0 ~90 Full
1-1_F12/AU2%6074 NM_006275.1 SFRS6 0.0 -138 Full
1-1_GO05/AU295961 NM_001152.1  Human ADP/ATP camier protein 0.0 -102 Full
1~1_GO6/AU295995 NM_002629.1 PGAMI 0.0 -53 Full
1-1_GO8/AU296078 NM_005276.1  Homo sapiens L-glycerol-3-phosphate 0.0 -51 Full
10-1_COl/AU295990 NM_005389.1 PCMTIL 0.0 -178  Full
11-1_DO5/AT296490  NM_003040.1  ARHC el 380 Full
11-1_ DO7AU296492  NM_080600.1  Human myelin-associated glycoprotein (MAG) el -265 Full
11-1_E03/AU296014  NM_005007.1  Homo sapiens 10[HW 9006 IkBL protein (NFKBIL1) 0.0 -2 Full
11-1_E06/AU295962 NM_001823.1 Homo sapiens creatine kinase B 0.0 -89 Full
13~1_AOT/AU296536 NM_003713.1 PPAPZB el 391 Full
13~-1_Al0/AU296539 NM_022003.1 FXYDé6 ™ 343 Full
13-1_A11/AU296540 NM_052950.1  Homo sapiens WDH0- and FY'VE-domain containing protein 2 (WDF2) 0.0 -352 Full
14-1_B12/AU256007 NM_001069.1 TUBB 0.0 =79 Full
14-1_C05/AU295969  NM_002866.1 Homo sapiens GTP-binding protein (RAB3A) 0.0 -118  Full
13-1_CO08/AU295978 NM_057161.2 SORTI 6.0 -139 Full
14-1_B02/AU296630  NM_022171.1 TCTA et -41 Full
15-1_AOQ%AU296664  NM_003779.2 BJIGALT3 e’ 232 Full
151_A10/AU296013  NM_001628.1 AKRIB1 el -42 Full
15-1_F06/AU295963  NM_006086.1 TUBB4 0.0 -63 Full
15-1_FOTAU296695 NM_006628.1  Homo sapiens okadaic acid-inducible and cAMP-regulated phosphoprotein 19 (ARPP-19) e14? -150 Full
15-1_F10/AU296697  NM_000046.1  Human arylsulfatase B (ASB) et -41 Full
15-1_F11/AU295962 NM_001824.1 Homo sapiens creatine kinase B 0.0 -92 Full
151_F12/AU296017 NM_003795.1 SNX3 0.0 -212 Full
15-1_GO3/AU206699  NM _006000.1 Tubad ele -61 Full
15-1_GOS/AUZ96701  NM_005047.1  Homo sapfens, Similar to proteasome (prosome, macropain) 265 subunit, noo- ATPase, § 0.0 -10 Full
5-1_BI3/AU295970 NM_015710.1 GLTSCR2 0.0 -11 Full
6-1_HO01/AU295978 NM_057161.2 PEAS . 0.0 -139  Full
6-1_HO06/AU295970 NM_015710.1  GLTSCR2 0.0 -10 Full
6-1_HONAU296205 NM_005520.1 HNRPH1 0.0 -69 Full
6-1_H11/AU295963 NM_006086.1  TUBB4 0.0 -52 Full
7-1_BYHAU296007 NM_001069.1 TUBB 0.0 -78 Full
7-1_G3/AU295980 NM_006374.1 Homo sapiens mRNA for YSK1 e!¥ 226 Full
9-1_D11/AUZ95963 NM_006086.1  TUBB4 0.0 -64 Full
9-1_B05/AU296377 NM_002394.1  SLC3A2 ™ 135 Ful}
9-1_B06/AL296378 NM_000487.3  ARSA e™™ 139 Ful
9-1_B07/AU296379 NM_016256.1 Homo sapicns N-acetyl glucosamine-1-phasphodiester alpha-N-acetylglucosaminidase el -18 Full
9.1_GO3/AU295976 NM_0019752 ENO2 0.0 -74 Fult
9-1_GOS/AU296016 NM_031992.1  Whscrl 0.0 <33 Full
9 1_GO7/AU296017 NM_003795.1  SNX3 0.0 -239  Full
5-1_A0T/AU296093 NM_016142.1 Homo sapiens steroid dehydrogenase homolog e 1125 Full
5-1_A08/AU296094 NM_002568.1 Homo sapiens testis-specific poly(A)-binding protein (PABP) 0.0 -369 Full
51_A0HAUZ9609S XM_048295.3 Homo sapiens, clone MGC:23203 IMAGE: 4872481 0.0 453  Full
5-1_A10/AU295967 NM_033133.1 CNP 0.0 -90 Full
51_B02/AU296098 NM_004305.1 BIN1 0.0 -160  Full
5-1_BO¥ALR96100 NM_003016.1  Human splicing factor SC35 e 224 Rl




G-CCGGACCA

20 S. FUJISAKI ET AL.
1
[ dd » (14
AU295961  1' AAGCCCCGTC TTTTCGGICC CGGCGGCGOC AGCGCTGACC AGAGGCGCCT ACCTTGCGAT
*hk * * ki * (2 EN ] * *
SLC25A5 4w CTA TATARATCGG CCATTTGCTT CGCTCCGCCC COCAGCGCC~ ~-GGAGTCAA
{NM_001152) > : b B P BE B [
- | 4 13
10 10
61' CTCCGCGCCT CCGCTCCG-- CTCTCCGGCC GCTGTGCTGC TCCCCCCGCC ACCATGACGS
* %k * * *x%k * * * *hkk Kk kdk ddk kRN L T ok Rk wk ko N
51" AGCCGGTTCC CGGCCCAGIC CCGTCCTGCA GCAGT-CIGE CTCCTCTITC AACATGACAG
3
> »
AU29596  1° GCTG TTCGCCTGCG ACGCGCCCGG AGCTGCCGGT
B Fhkhkdk Hokkhhkdhkhkk dohw k% * % [EEEEE & & .4
CK 1" AAGAGCCGCG GGAGCGCGGA GCGGCCGCTG TTCGCCTGCG TCGCTCCGGE AGCTGCCGAC
(NM_001823) * » PEEED b
213228 2
35! CTCTCGAGAG CTCCCACCCC TGCCTGGCCG CTCACTCGCC GCCGCCGCCE CCGCCGCCGE
dk* Kk K huhkk KAhkkk hkhk khkk * % W *¥w kK LA AL N8
61" GGACGGAGCG CCCCCGCCCC CGCCCGGCC- ——————mmmm —mm GCC--CG CC--CGCCRE
95' CGCCATGCCC TTCTCCAACA GCCACAACAC GCTGAAGCTG CGCTTCCCGG CTGAGGACGA
[EE TR EEE B EREESE L EE SRS EE S5 X I khkkkhhkdeh Hhhkkkthkxhhk * Fohkokhok koo
103" CGCCATGCCC TTCTCCAACA GCCACAACGC ACTGAAGCTG CGCTTCCCGG CCGAGGACGA
N »
AU295963 1 CTC CGCAGCCAGA CCCAGCCGGT CCGCGCGCGT CCAGCAGCTG CCCGCCACAC
* k& e de ol de ok ke * ek *hkk K LEE B X B B X X ok ARk AAKR K drdrdedr e ok %k
TUBB4 1" CCCGACCCTC AGCAGCCAG- CCCGGCCCGE CCGCGOCCGT CC-GCAGCCG CCCGCCAGAC
{NM_006036) [ rlb » I» > L
2133
54' GCTCCGAGCA TGAGGGAGAT CGTGCACATC CAGGCCGGCC AGTGCGGCAA CCAGATCGGG
ddh dhk KAk * khkhkhkhhkhkhkhkk dhhkhhhhkhkkdhk whkdkkkkdkodkdr A ST whkhk ok owRdh kg ok ok ko
59" GCGCCCAGTA TGAGGGAGAT CGTGCACATC CAGGCCGGCC AGTGCGGCAA CCAGATCGGG
AU295964 181' CAARAGATARA ACTAATACTC TTCAATGATC TTTCAGTATA GTGGTTCTCA CGTAGTTTAA
TUBB 1" GGC ACGAGGGGGG GCTCGGGCTG GGGGCGCGGC
(NM_001069) 3
6
»
241' CATAGCTTAT AAATTGAGTT TAACAATTTA TAARACTCAAG AGAATAATTT TATARACCTC
* % W
34" CTGTGCCGGE CGCCCCACCC TCCTTGCATA ABRGCCGGAG CCCGCGGGGE CGGCGCTCTC
>
301' AGCCGGTCGG TTCCCGAGCG CGTTCCTGGT GACCCCGCCG TGGGTGTGT- -AGGGAGGAC
hhkhkd FAhkkdh kA dwd ok okok W * kkadk hkdh Khkkhkhhkhkk Kk khkdkkkkdhkh *k okoh ok ok kk
94" AGCCCGTCGG TTCCCGAGCG CCTTCCCGGT GACCCCGCAG TGGGTGTGTG AGGGGAGGAC
359¢ GGACAGAGTG ACCAGACGCC GACCGGGGCC GGAAGAAGC- GAGCTAGCAC CATGCGTGAG
*hkkkk kX khkhkdhkhhkhhk * hhkhx * *hkk Fhk kK * K * ko k LA S KRR L E XX ]
154" GGACAGA--- CCCAGACGCC GGAGGACGCT GACGAGGCAC CATGCGTGAG



AU295965  1'
YWHAH "
(NM_003405)
60"
34 "
108"
94"
159°
154"
AU295966  1°
TUBB2 "
(NM_006088)
61"
30 "
121"
90"
AU295967 1
CNP 1n
(NM_033133)
16"
6 1 n
75"
121"

Fig. 2.

c¢DNA LIBRARY FRCOM SWINE OLFACTORY BULB

N

TCTCTCGGC

=GATC---GG

*k ok * %

CGAGCGGCGG

GCGCGTGCGC

hkkkhkhkdkdkkE

GCGCGTGCGC
>

AGCAAGCGAG

tdkk ddk dk

AGCGRGCCAG

4 3
> >
AGCATTCTGC

CCTCCGCCCC

LS BN 4 * &k

CCTGCTTCCC

AGTGCGGCAA

hhhk ok ok ok okokokok

AGTGCGGCAA

CTCCGCCCCCC
L 4.4 >

TGTCCCTCCGC

Wk de ok ok kk ok k% K

TGTCCCTCCGC

GCGCCreCTCC

kkkkk dkdkok

GCGCC-CLCTCC

GGCGTCCGCS

TGCTGCCTGC

dokodkeok ok ok ok ok ok

CGCTGCCTGC

GGCGGCGGCC

* ok kk ok ok ok okk ok

GGCGGCGEGECC

TGGAGCTGGG
ko ok **

CGGTGTGAGE

GCGCCCGCTC

TGCCGTCGCC

khkkk khkhkk

CGCCGCCGLC

CCAGATCGGC

hkok  kk ok okkk

CCARATCGGC

GGGCTATGTA
)P;;b

GCGGGECGGEEC

* %k % A ko k

GCATGCGGGEC

TCATCATGAA

dodk g odkook kok ok ok ok

TCATCATGAA

»
GTGCGAGCCA

* *

CCA

b »

6
TGCTTGTAGC

x4k *k kR

AGCCTGCAGC

CCGCGGCGA

kkdhkk *kkk

TCCGC&GCGA

CGCGAGGCGA

Ak kkkhhdtw

CGCGAGGCGA

TTCGGCTTTT

GCAGCAGCCA

*k ko * %

GCCGCCATCA

GCCAAGTTTT

*kh ok kok kA kd

GCCAAGTTTT

ATGCGGCCGG

GGCCCCGGAG

g ddkodkok ok ok kk

GGCCCCGGRG

TAGAGGCTTC

*hkFkdhkdkhh

CAGAGGCTTC

4
CAGCGCGCGA

kkdkkdkoadkto

CA%CGCGCGG

CTGCAGCCTC

CC-GCGCGAGCG

Kk ok ow ok k
CCGGGGAGCG

GGCCGAGCC-

khwkkhkdk=k

GGCCGAGCCG

CTTACAGGCC

* K * %

EGCACGAGGC

TGAGGGAGAT

kokkkhokd kA

TGAGGGAAAT

GGGAGGTGAT

dkkkd ok dk koK

GGGAGGTGAT

GCTCGGETTG

AGCCAGTG-C

* % *dx ok

CGCTGGTGCC

TCCCGAAAGA

kxkkdkhdh %

TCCCGRAAAA

GGCGAGCCAG

Hodk e WAk w Wk

GGCGAGCCAG

-—GCGGGCCG

tHh ok kk K

CGGCCGGCCG

GACTGACCEG

ATAGCGACAT

*kk ok kd ok

CGAGCGACAT

TTCTGCTGCC

* dkk

TGCTG-TTTG

CGTGCACCTG

kh ok kot ok

CGTGCACTTG

CAGCGACGAG

khkkhkh hhw

CAGCGATGAG
7

>
ACCGCT

LR R &

CGAGAGGTC-

%ok ok ok dkd K

CGAGAGGGCG

GCGAGCCAGT

d U d e ok g h ok ko

GCGAGCC&GT

CGCGCGGGCT

LE SR R EXEE]

CGEGAGGGCT

GGGGGACCGC

ok kkhkwhk ok

GGGGGACCGG

GCCGCCGTCE

* * L4

'"CTACTTCCT

CAGGCCGGCC

wkkkohdkdkdh w

CAGGCCGGGC

CATGGCATCG

*hk kkkk hkdk

CACGGCATCG

21

AGACT-CCG

*hkhkk Exk

TGCCACCGCT

144 22 57)
59 1;

TGCGAAGGCG

¥ ¥ * ok kok ok

GGCAGAGGCG

GCCAANCCTT

dkkdk Gk ko

GCCACACATT

GGACTCCCG
> 4

GCGACCGCG
Frkkkhk * ok

GCGACGGTG

CCTGCCCARG

LER A SRR RS E]

CCTGCCCAAG

Major transcriptional initiation sites for 7 genes, SLC254, CKB, TUBB4, TUBB, YWHAH, TUBB2, and CNP. Sequences of a single

gene appearing more than 6 times in the 883 sequences were selected (see Table 1). The 7 genes of the sequences thus selected corre-
sponded to human genes SLC25A, CKB, TUBBY, TUBB, YWHAH, TUBB2, and CNP. The sequences were aligned for each gene to deter-

mine the major transcriptional initiation sites and the results of the alignment were presented in this figure.

Since human major

transcriptional initiation sites for SLC254, CKB, TUBB4, YWHAH, and CNP genes were available (hutp: Velmo.ims.u-tokyo. ac. jp/dbtssh),
those sites were also presented on human sequences as a reference. For the remaining genes, the longest cDNA sequence of 5* upsiream
region registered in the NCBI was presented as a reference (http://www.ncbinlmnih.gov/). Closed triangles indicate transcripti onal initi-
ation sites; numerals attached to the triangles indicate the number of transcriptional initiation, and the triangles without num erals present
no information for the transcriptional initiation frequency.
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selected under the conditions described in Materials and
Methods were examined to determine whether those
sequences contained the putative translation start site; 54 out
of the 70 sequences contained the translation start site and
its flanking 5° upstream sequences (Table 2), indicating that
ca. 80% of cDNA clones in the present library were full-
length sequences. o

Examination of the sequences of the 22 genes that
appeared more than two times in the 883 sequences (Table
1) revealed that all were full-length sequences. Although
the 5-terminus of each sequence correspond to transerip-
tional initiation site of the gene, it is not possible to deter-
mine the major transcriptional initiation sites of each gene,
if the number of the sequences for a given gene is limited.
Therefore, the full-length sequences of a single gene appear-
ing more than 6 times were aligned, showing no sequence
polymorphism in the regions upstream of translation start
sites. The 5' termini of the sequences were scored for iden-
tification of major transcriptional initiation sites of the
respective genes. As a result shown in Fig. 2, the major
transcriptional initiation sites of the 7 genes, which were
orthologous to human genes, SLC25A, CKB, TUBB4,
TUBB, YWHAH, TUBB2, and CNP, respectively, have been
demonstrated. Since the transcription initiation sites of the
5 human genes, i.e., SLC254, CKB, TUBB4, YWHAH, and
CNP were shown in the website (http://elmo.ims.u-
tokyo.ac.jp/dbtss/), the sites of those genes were presented
in Fig. 2 as a reference. For the remaining 2 genes, TUBB
and TUBB2, the longest sequence registered in the NCBI for
each gene was presented in Fig. 2 as a reference (http://
www.ncbi.nlm.nth.gov/). In CKB, TUBB4, YWHAH, and
CNP genes presenting similarities in the upstream region of
the translation start site as well as in the protein coding
region between swine and human, the porcine major tran-
scriptional initiation sites were demonstrated to be similar
with those of human orthologs. This finding may suggest
that a similar mechanism is operating for transcriptional reg-
ulation of those genes in swine and human. In contrast, the
sequence of SLC25A between transcriptional initiation site
and translation start site showed little similarity with the
human counterpart, but a high similarity in protein coding
regions, In addition, one major transcription initiation site
was detected in porcine SLC25A gene, whereas two major
transcription initiation sites were observed in the human
gene (Fig. 2); the porcine initiation site was different from
the human initiation sites in the distance from the translation
start site. These facts may indicate that the expression of
porcine SLC25A gene is controlled by a mechanism differ-
ent from human.

In conclusion, the full-length ¢cDNA library of porcine
main and accessory olfactory bulbs constructed in the
present study was demonstrated to contain virtually 80%
full-length cDNAs. The sequence analysis of clones in the
library provided not only information on the expressed
genes in the porcine olfactory bulbs, but also on transcrip-
tional initiation sites of genes. In our recent analysis,
another type of TUBB transcript has been found in a full-

length library of porcine hippocampus; this transcript was
almost identical with the TUBR transcript of olfactory bulbs
(present study) in protein coding sequence (similarity: 1,336
bp/1,338 bp or 443aa/445aa}, but exhibited little similarity
in the region between the transcriptional initiation sites and
translation start site (unpublished data). When these find-
ings were taken together, the extensive analysis of the full-
length ¢cDNA libraries would contribute to understand the
function of the brain tissues including olfactory bulbs.
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Abstract. We investigated endometrial expression of trophinin mRNA and protein, homophilic cell
adhesion molecules, during the estrous cycle of gilts. An immunopositive reaction for trophinin was
observed in the luminal and glandular epithelia of the endometrium at all stages of the estrous cycle,
but not in endometrial stromal cells or the myometrium. A partial coding sequence of porcine
trophinin was similar to sequences in humans and mice, with homologies of 75% and 70%,
respectively. Asinhumans and mice, the trophinin gene is expressed in the endometrium. Trophinin,
however, is expressed in the endometrium of the pig throughout the estrous cycle, higher expression
levels were observed at some points of the luteal phase, as in humans. These findings suggest that
regulation of trophinin gene expression in the pig is different from that in mice, but similar to that in
humans. Furthermore, the present results suggest that the pig might be a suitable model for studying

the physiological importance of trophinin in early pregnancy in humans,
Key words: Trophinin, Semi-quantitative assay, Endometrium, Gilt

(J. Reprod. Dev. 49: 127-134, 2003}

dhesion molecules have an important role in
H attachment of the embryo to the maternal
uterine epithelium. Among the adhesion
molecules, integrins are perhaps the best
characterized. They are involved in both cell to cell
and cell to ECM interactions including attachment
of the conceptus to the epithelium [2, 6, 9, 14, 25].
Some integrins are present on the endometrial
epithelium of humans [1, 12, 13, 15, 16, 23, 24],
rodents [19] and pigs [3, 4], and also certain
integrins are constitutively expressed at high levels
on the uterine luminal epithelium throughout the
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estrous cycle [3, 4]. Another adhesion molecule
whose role is not well understood is trophinin.
Trophinin was initially identified as an intrinsic
membrane protein that mediated apical cell
adhesion between trophoblastic teratocarcinoma
HT-H and endometrial adenocarcinoma SNG-M
cells [7].

In humans, trophinin is not expressed in the
endometrium during the proliferation phase,
whereas in primates [7, 22] and mice [21], high
levels of trophinin transcripts and proteins are
detected in the trophoblasts and the endometrial
epithelial cells at the implantation site of the
endometrium during early pregnancy.
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Experiments with ovariectomized mice have
shown that estrogen, but not progesterone, is
required for trophinin expression in the uterus [21).
Implanting blastocysts has no effect on trophinin
expression in the endometrial epithelial cells of the
mouse, although strong trophinin expression is
found in the endometrial epithelial cells at the
implantation site [18, 21]. Recently, trophinin
expression was detected in the luteal phase
endometrium of both normal and infertile women
with peak expression in the mid-luteal phase [27].

Together, these findings indicate that trophinin
plays an important role in implantation in the
mammalian species so far examined, although
different species may have different mechanisms or
other factors by which the trophinin gene is
regulated. For the study of porcine trophinin, we
have initiated experiments to characterize whether
or not the porcine trophinin is expressed during the
estrous cycle. In the present study, we attempted to
sequence the mRNA of porcine trophinin, and to
observe the pattern of trophinin distribution in the
endometrium throughout the estrous cycle, using
an immunohistochemical technique. Semi-
quantitative expression levels of porcine trophinin
were also determined using the polymerase chain
reaction (PCR) during the estrous cycle.

Materials and Methods

Animals

Sexually mature crossbred (Landrace x white
Yorkshire x Deurock) gilts raised at the National
Institute of Livestock and Grassland Sciences were
used after being checked for two consecutive
estrous cycles. The day when the animals exhibited
behavioral estrous activity was designated as day 0
of the estrous cycle.

Sample collection

Each group of animals was sacrificed on days 4,
8,12, 15, 18 and 20 of the cycle and day 15 of
pregnancy. The uterus was removed immediately
after electric stunning and exsanguination. A part
of endometrial tissue from one of the uterine horns
was mechanically collected and stored at 80 C
until extraction of total RNA. The other uterine
horn was cut to a length of 3-5 em and embedded
into O.C.T. compound (SAKURA Finetechnical,
Tokyo, Japan} in liquid nitrogen vapor, and stored

at —80 C until the immunochistochemical study.

Immunohistochemistry

Cryosections (6-8 um thickness) were made with
a Cryostat (HM 500; Micron Laboratories, Walldorf,
Germany) and mounted on 3-aminopropyl
triethoxysilane-coated slides (Matsunami, Osaka,
Japan). The sections were fixed in acetone at -80 C
for 5 min and dried in air. They were rinsed in 0.1
M PBS, and were incubated with 3% H:0; to
quench endogenous peroxidase activity. After
soaking in blocking solution (1% BSA in PBS) at
room temperature for 30 min, the sections were
incubated at 4 C overnight with the primary
monoclonal antibody against human trophinin
{clone 3-11, mouse IgM; [22]), kindly provided by
Dr. M. N. Fukuda, The Burnham Institute, La Jolla,
CA, USA. After washing with 0.1 M PBS, the
sections were incubated with biotinylated goat
anti-mouse IgM secondary antibody (Anti-IgM
Mouse Goat-poly-Biotin; Chemicon, Temecula, CA,
USA) at room temperature for 1 h and washed
with 0.1 M PBS. Positive reactions were visualized
using an ABC-peroxidase-staining kit {(Vector
Laboratories, Elite, CA, USA) diluted in blocking
solution at 37 C for 1 h. After 3 washes with 0.1 M
PBS for 5 min each, the sections were incubated
with 2% avidin-biotin complex (Vector) at 37 C for
30 min. The sections were then reacted with 0.5% 3,
3’-diaminobenzidine tetrahydrochloride (Sigma
Chemical, 5t Louis, MO, USA) and 0.01% H20: to
visualize trophinin. All sections were
counterstained with hematoxylin.

RNA extraction and cDNA synthesis

The tissues were mechanically crushed to a fine
powder with a mincer (Microtech Nition Co. Ltd.,
Chiba, Japan) and homogenized with a
homogenizer (Microtech Nition) in ISOGEN
(Nippongene Co. Ltd., Tokyo, Japan) to prepare
total RNA. One microgram of total RNA was used
to generate single strand ¢cDNAs in 15 pl of reaction
mixture using a First-strand ¢cDNA Synthesis Kit
(Amersham Pharmacia Biotech Inc.,
Buckinghamshire, UK), and stored at -20 C until
RT-PCR.

Identification of partial cDNA of porcine trophinin
We designed two primers, F3 (5’- GCA GTG

AAGCCAGCATTA GC-3'yand 889 (5- CTG GTG

CTG GGT CCA TCA CAA AAA C -3'), based on
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the human sequence [7] (EMBL/GenBank/DDB]J
accession number U04811). The cDNA fragments
were amplified with these primers using an
Advantage® ¢cDNA PCR Kit (CLONTECH
Laboratories. Inc., Palo Alto, CA, USA). The PCR
reaction was carried out using 1 ul of the reverse
transcription solution in a total volume of 50 ul.
The mixture was heated to 94 C for 2 min and
amplified for 35 cycles (94 C for 30 sec; 58 C for 30
sec; 72 C for 90 sec) with a final extension at 72 C for
4 min using a PTC-200 DNA Engine (M] Research
Inc., Waltham, MA, USA). The PCR product was
subjected to agarose gel electrophoresis, visualized
by ethidium bromide staining, extracted from the
gel using a Quantum Prep® Freeze ‘N Squeeze
DNA Gel Extraction Spin Column (Bio-Rad
Laboratories, Hercules, CA, USA), subcloned into
pGEM®-T Easy vector (Promega, Madison, WI,
USA), and sequenced.

Semi-quantitative porcine trophinin gene expression

Total RNA was extracted from each sample and
reverse transcribed as described above. The PCR
reaction was carried out using 1 pl each of reverse
transcription solution and 20 pmol each of the
primers F2 and R2 (Fig. 2a), newly designed froma
partial sequence of porcine trophinin in a total
volume of 20 yl. The mixture was heated to 94 C for
2 min and amplified for 32 cycles (94 C for 30 sec; 58
C for 30 sec; 68 C for 60 sec) with a final extension at
68 C for 4 min. For each PCR reaction, the number
of cycles used was optimized so that the
amplification process was carried out within the
exponential (linear) range. Porcine S-actin was
used as a relative standard for the determination of
semi-quantitative porcine trophinin gene
expression. The PCR reaction for the f-actin was
carried out using 1 ul of the reverse transcription
solution in a total volume of 20 pl. The mixture was
heated to 94 C for 2 min and amplified for 19 cycles
(94 C for 30 sec; 62 C for 30 sec; 72 C for 60 sec) with
a final extension at 72 C for 4 min. The primers
used in the PCR for porcine -actin were described
previously [26]. For each PCR reaction, the number
of cycles used was optimized so that the
amplification process was carried out within the
exponential (linear) range.

Aliquots of the PCR reaction products (5 ul) with
1 ul 6 x loading dye (Promega) were
electrophoresed in a 1.5% agarose gel (Nacalai
Tesque, Kyoto, Japan) containing ethidium

bromide (Nacalai) in a constant 100 V field. The
ethidium bromide-stained gels were evaluated
with a UV transilluminator, and photographed by
Printgraph-CX® (ATTO Co., Tokyo, Japan). The
integrity of the individual bands was analyzed by
computerized densitometry using the Lanes and
Spot Analyzer® program (ATTO).: The level of
porcine trophinin gene expression in each sample
was expressed as a percentage of the expression of
porcine f-actin.

Statistics

Values obtained from semi-quantitative PCR
assays were shown as the mean + S.E.M. of three
animals from each group (except day 15; n=4).
One-way analysis of variance was carried out and
the significance of difference between means was
determined by Duncan’s multiple range test [20].

Results

Localization of trophinin in the uterus during the
estrous cycle

An immunopositive reaction was specifically
found in the luminal and glandular epithelial cells
of the endometrium of the early pregnant pig (Fig.
1la, b) as was found in humans [7] and mice [21].
Therefore, the antibody used in the present study
appears to recognize porcine trophinin. An
immunopositive reaction for trophinin was found
in the luminal and glandular epithelial cells of the
endometrium on days 8 (luteal phase) and 20
(follicle phase) of the estrous cycle (Fig. 1d and e;
Fig. 1f and g). No positive reaction was found in
the endometrial stromal cells (Fig. 1d and f) or the
cells of the myometrium (Fig. 1b). The distribution
of positive reactions for trophinin was not different
among the sections obtained from other days of the
estrous cycle (data not shown).

Partial coding sequence of porcine trophinin mRNA
We generated a PCR product of 819 base pairs
from porcine uterine endometrium extracts. The
sequence of this product is shown in Fig. 2a and has
been submitted to EMBL/GenBank/DDBJ under
accession number AB081725. Porcine trophinin has
75.7% homology with human trophinin (EMBL/
GenBank/DDB] accession number U04811) and
69.8% homology with mouse trophinin (accession
number AF241244) (Fig. 2b). Most of the putative



130 NAKANO et al.

e i

.- S

A v B Tani
o

et i B

iran il N

Fig. 1. Localization of porcine trophinin in the uterus during the estrous cycle and pregnancy in the
pig. Photomicrographs taken in earty pregnancy (day 15, a, b, ¢), the luteal phase (day 8 of
estrous cycle, d, e} and follicular phase (day 20 of estrous cycle, f, g) are shown. Micrographs
‘a’ and ‘b’ show the endometrium and myometrium, respectively, taken from the same
section. The tissue sections were incubated with (a, b, d, e, f, g) or without (c) a monoclonal
antibody against human trophinin. Micrographs shown in ‘a’ ‘b” and ‘c’ were taken at
magnification of x 100. Micrographs shown in ‘d” and ‘f, and ‘e’ and ‘g’ were taken at
magnifications of x 200 and x 400, respectively. The solid bar in each panel represents 100 um.
GE, glandular epithelium; LE, luminal epithelium; St, stroma.

porcine trophinin polypeptide consists of tandem  Semi-guantitative porcine trophinin gene expression

decapeptide repeats that start with phenylalanine  during estrous cycle ‘

(Fig. 2¢). Porcine trophinin gene was expressed
throughout the estrous cycle, although the level of
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TROPHININ IN PORCINE ENDOMETRIUM

TTTGGTGOCACACCTTY GTACCAGTGCCAACTTCGCAGGTCGAGTTAGCCLTAGTTTCAGT
FG6G&TPCT S ANFAGGY SPSFS

GGTCCACTEAMCACCAGTACCAGTTTCAGT COTGGAGCCAGCTCTGGTTTTGRAGGRACA
GPLHTSTSFSGG6GASS GFGGT

CTCAGLGLCACTOCTGGCTTCAATSATGCACTCATTACAACCACCAGCTTTGOCAGTACA
LS ATAGFMNDALTITTTSFGST

CTCOGCACCAGTOCAGTCTTTAGTGETGCACTTAGCACCAGCACTGCCTTTGLTGLCACA
LGT S AV FSGEALSTSTAEFEGG GT

CTCAGCACTAGTGTCTACTY TGS TG TTCTCCTAGTTCCAGTGLCAGCTTTGOTGGCACA
LS5TSYYFGGS PSS S ASFGGT

CTCAGTACCAGTATATGCTTCAGTGGTTCTCCTAGCACCAGCACTGGTTTTGATGGTGTA
LS TSI CFSGS P ST STGFDGYVY

TTCAGTACCAGCTOTCTCCTTTGRTUGC T TTCCAGCACCAGCACTCACTTTAGTOOTACG
FSTSYS5FGGLESSSTSTDFSGT

CTAAGCACCAGCGTCTGCTTTGUTGATTCACTCAGCAC TACTTCCAGCTTTGOTGGTGCA
L 5 YT S5 V¥Y CF GDS5SLSTS S 3 F G LA

CTCAGCACCAGTGTTGGCTTTGATGGTGCACTCAGTACCAGTGTTGGCTTTGOTGGTGCA
LS TSV GF GG ALSTZSVY G6GF GG A

CTCAACACCAGTGCTGGTTTTAGCAGTGCTGTCAGCATTAACACTGGCYTCAACAGTGTA
LTS AGF SS AV SINTGEFNSY

CCCAGCACCAACTCTAGCTTTAGCAGTOTOTTCAGCACCAGTGCTGACTTCAGTGGGGCA
P S THNS GF S SVF STS ADTF S G A

CTTAACACCACTACTGACTTTGGCAGTGCTTCTAGCACCAGCATT GGCTTTGGTGGAGCC
LNTYTTTDFGS ASSTSTGEF G G A

CCCAGCACCAGCTTCTGCTTTORCAGTTTGTCTAACACCAACCTATGCTTTGLCGGLCCT
PSTSFCFGSLSNTNHNLICEFGGEP

CCTAGCACCAACACCTGCTTTAGTGGTCCTACCAATGCC
P S THNTCF S GPTNA
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Structure of trophinin. Partial CDS of porcine

trophinin ¢DNA clone and deduced amino acid
sequence (a). The underlines in panel ‘a’ represent
the primers using semi-quantitative PCR assay.
Alignment of trophinin mRINA in pigs, humans and
mice (b). Conserved sequences are highlighted with
a dark gray background. Tandem decapeptide
repeats in trophinin {c). This sequence data is
available from EMBL /GenBank/DDBJ under

accession number AB081725.

its expression appeared to fluctuate. The
expression level tended to be lower around the time
of ovulation than at other times of the cycle.
Significant (p<0.05) differences were observed
between days 8, 12,18 and day 20 (Fig. 3).
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Discussion

A partial coding sequence of porcine trophinin
gene obtained in the present study showed that
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C 1 FGGTPCTSAN
FAGGVSPS
FSGPLNTSTS
FSGGASSG
FGGTLSATAG
FNDALITTTS
FCSTLGTSAV
FSGALSTSTA
FGETLSTSVY
FGGSPSSSAS
FGGTLSTSIC
FSGSPSTSTG
FDGVFSTSVS
FGGSSSTSTD
FSGTLSTSVC
FGDSLSTSSS
FGGALSTSVG
FGGALSTSYG

. FGGALNTSAG
FSSAVSINTG
FNSVPSTNSG
FSSVFSTSAD
FSGALNTTTD
FGSASSTSIG
FGGAPSTSFC
FGSLSNTNLC
FGCPPSTNTC
FSGPTNA 273

most parts of the peptide product consist of tandem
decapeptide repeats, as is the case with human [7]
and mouse [21] trophinins. These findings indicate
that the mRNA reported here is a partial sequence
of porcine trophinin, and that the mRNA is actually
expressed in the porcine endometrium.

The immunohistochemical and semi-quantitative
PCR results indicate that trophinin is expressed in
the porcine uterus throughout the estrous cycle.
However, positive immunostaining was not found
in the endometrial stromal cells or the myometrium
on any day of the cycle. This finding suggests that
trophinin is not expressed ubiquitously. It has been
well demonstrated that corpora lutea are active and
progesterone levels in the plasma increase on days
8-12 of the estrous cycle in the pig [8, 17]. The latter
two studies also showed that developing follicles
mature, and estrogen levels increase on days 19-20
of the cycle. The present semi-quantitative PCR
results show that there were significant differences
between days 8, 12, 18, but not 15, and day 20. A
previous study with mice showed that estrogen is
important for inducing mouse trophinin mRNA
expression [21]. Therefore, it appears that the
induction of trophinin mRNA expression would be
different between pigs and mice. On the other
hand, trophinin is strongly expressed in the
endometrial epithelium during the implantation
window and the early secretory phase in humans
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Fig.3 Levels of porcine trophinin mRNA expression

during the estrous cycle. Each value was calculated

from the percentage of the expression level of porcine

B-actin by triplicate or quadruplicate experiments
and represents the mean + $.EM. ("P<0.03).

[7). Recently, Wang et al. (2002) demonstrated that
trophinin immunoexpression was detected in the
mid-luteal phase in women [27]. Taken together,
regulation of trophinin gene expression in pigs
might be similar to that in primates, although
trophinin mRNA and protein in the endometrium
were detected even in the follicular phase in the
pig.

We are unable to explain why expression of the
trophinin gene continued throughout the estrous
cycle of the pig. In the human menstrual cycle,
there is a progestational proliferation phase during
which decidua are formed [5]. In the mouse uterus,
progesterone suppresses cell proliferation during
the estrous cycle while estrogen stimulates it [11].
Although morphological changes are observed in
the endometrium of the pig during the estrous
cycle [10], these changes are minor when compared
with the changes in humans and mice. The
difference between the pattern of trophinin
expression in pigs and the patterns of expression in
humans and mice could be due to differences in
morphological changes in the endometrium during
the estrous cycle among species.

In conclusion, this is the first report of a partial
coding sequence of porcine trophinin and trophinin
expression in the luminal and glandular epithelial
cells of the uterus in the pig throughout the estrous
cycle. Trophinin gene expression tended to be



