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Abstract

The endometrium of the pig produces two types of folate binding proteins (FBP) which, based or
their sequences, are likely to be membrane (m) and secreted (s) forms. A clone containing both a ge
coding for the sFBP cDNA and a gene coding for the mFBP was isolated from a yeast artificia
chromosome (YAC) library. Each gene was subcloned and sequenced. The gene for sSFBP spanned
kbp and included 5 exons. The mFBP gene spanned 7.0 kbp and also contained 5 exons. Structu
of the genes were very similar for the last three exons, and this similarity was shared with other know
FBP/folate receptor (FR) gene sequences. Unexpectedly, portions of introns 3 and 4 of both gen
were highly homologous, suggesting the possibility that sequences within these introns served sor
as yet unknown function. In contrast, the structures of thexbns differed between the two genes and
other known FBP/FR genes. Comparison of putative promoter regions for the two genes witl
promoter regions for human FBP/FR genes revealed significant sequence homology between sFl
and humanyFBP and between mFBP and humaRR. These regions of homology may play a role
in control of transcription of each gene. © 2001 Elsevier Science Inc. All rights reserved.

1. Introduction

Folates are vitamins that participate in methyl transfer reactions and are essential f
methionine and DNA synthesis [1]. Consequently, rapidly growing tissues, such as the
erythron and the developing conceptus, have a high requirement for folate, and deficienci
lead to abnormal erythropoiesis [2] and birth defects [3]. In swine, folate transport to the
developing conceptus is not well understood, but recent evidence suggests that two differe
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Table 1
Primers used for screening and PCR cloning of portions of the FBP genes

YAC screening

Forward A GAGTGCTCGCCCAACCTG
Reverse B AGTAGAAGTCGAAGCGGTGGC
SFBP cosmid screening

5 sec FBP-F1 AAAGCTCAGACTGCACTGTCC
5 sec FBP-R1 CAGATTTCCTGTTTCCCTTCC

mFBP primers
5’ cosmid screening

5mem FBP-F1 GGATTCCTGCTGCTTTTGAC
5mem FBP-R-1 TCATGCAGGCCATCTTCC

3’ cosmid screening

COSMFBP-F3 GCCTGGCCTCTCCAGTTC
COSMFBP-R2 TAGAGGCACTGACGAGCTG
PCR Cloning

MEMGEN-5 GCGCTGATCTGGCAACTC
FBPRCE-R2 TTCCCACCAGTTCTGACAGTC

forms of folate binding protein (FBP), a secreted (s) and a membrane (m) form, likely play
central roles in this process during early pregnancy [4,5].

The sFBP is a 30,000 Mr protein that appears as a diffuse band after SDS-PAGE arn
Coomassie blue staining [4]. It binds folic acid with high affinity, and increases from Day 11
to Day 13 of the cycle or pregnancy to reaeb/ml concentrations within the intrauterine
lumen [4,6]. This increase in sFBP within the intrauterine lumen occurs in the absence ¢
obvious changes in the amount of MRNA present in endometrium [5]. Cloning and sequenc
ing of the cDNA for this protein indicated that it was related to other FBP/folate receptor
(FR) cDNAs previously characterized, but differs from the porcine FR described previously
[7]. Heterogeneity of the Suntranslated region (UTR) was also demonstrated, likely due to
differential mMRNA splicing [6].

A putative mFBP cDNA was also isolated from endometrium along with the cDNA for
sFBP [6]. The membrane linkage of this protein was predicted due to the presence of &
intact glycophosphatidylinositol linkage site [5,8]. The mFBP cDNA shares sequence ho
mology with the sFBP cDNA as well as with other known FBP/FR cDNAs. The mRNA for
mFBP is present in a variety of tissues and expression increases dramatically from Day
to Day 24 in endometrium from pregnant pigs. It is also relatively highly expressed in Day
30 placental tissue. The' 3JTR of this cDNA is also heterogeneous, probably due to
differential splicing [5]. The mFBP protein itself has not yet been characterized.

To obtain clues to the control of production of these proteins in the intrauterine environ-
ment of swine during pregnancy and to determine the basis of the heterogeneity of the !
UTRs for each cDNA, we cloned and sequenced the genes corresponding to each cDNA

2. Materials and methods

A yeast artificial chromosome (YAC) genomic library was screened by PCR using primers
capable of amplifying either gene (Table 1). Screening yielded one positive YAC clone tha
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sFBP cDNA GACACTGCTTCCGGGTGGGCCTCCAGG. ........... AGGGCCGAGGC 38
(AR RN RN [ARRERRREEN
sFBP gene GACACTGCTTCCGGGTGGGCCTCCAGGTGGGCCTCCAGGAGGGCCGAGGC 50

39 AGAG|GAGCCTCTGCCTGTGGGTGAAGCACTGGCTGGCGAACTCCGGAAGG 88

FEEE TP et r e e e e e e e e e
51 AGAG|GAGCCTCTGCCTGTGGGTGAAGCACTGGCTGGCGAACTCCGGAAGG 912

89 GGAGGTCCGGAGAGGTGGTGCCTCCCCCCGCAGCAAAGCTCAGACTGCAC 138
PEETEEEEr e e e e e e e e e e e el
913 GGAGGTCCGGAGAGGTGGTGCCTCCCCCCGCAGCAAAGCTCAGACTGCAC 962

139 TGTCCTCAGGTGGCAGTGGTGTCCTACCACTTGGCACAGACCTCCACGGG 188

PECEEEEEE et e e e e e e e e e e
963 TGTCCTCAGGTGGCAGTGGTGTCCTACCACTTGGCACAGACCTCCACGGG 1012

189 CCCTTCATCGCTTGGCTCCACTGTGCTGTGGGGTAAGCGGCGCGGGGAGG 238
FEEETEEE e e et e e e e e e e e e e r
1013 CCCTTCATCGCTTGGCTCCACTGTGCTGTGEGGTAAGCGGCGCGGGGAGG 1062

239 GACGACGATCTGGGCTTGGAAGGGAAACAGGAAATCTGGCCAAGAAGCTT 288
FEEEEEEEEE et e e e e e b e et et
1063 GACGACGATCTGGGCTTGGAAGGGAAACAGGAAATCTGGCCAAGAAGCTT 1112

289 ACGGCAGCTfTCTGGCAGAAGTGGATCAALQEQGCCTGG&GGCTGACGCf 338
1115 ACGACACCT TGO CACAACTEGATCAACATGOCCTGEGOETIGACECT 1162
339 T CTG GGTTTGGTGGCTGCTGTGGGGGGCGCCCGGGCCAAGT 388
res MM T
389 CGGACATGC%CAATGTCTGCATGGATGCCAAFCACCACAAGCCAAAGCCA 438
1213 CUBACATOUTCARTOTCTGCATEGATGCCARGCACCACARGCCARRGCCA. 1262
439 AGCCCGGAGéACAAGCTGCACGACCAGITG&AGCCCCTGGAGGAAGAACT& 488
1263 AGCCCOOAGEACRAGCTGCACCACCAS | 167AGCOCCTGRACCARGRACTE. 3256

489 CTGCTGCTCAGTCAACACCAGCCTAGAAGCCCATAAAGACATCTCCTACC 538

PEEEEEEE e Prr e e et e e e e
3297 CTGCTGCTCGGTCAACACCAGCCTAGAAGCCCATAAAGACATCTCCTACC 3346

539 TGTACAGAT%CAACTGGGA&CACTGCGGCAAGATGGAGCéGGCCTGCAAé 588
RN AR R RN R A RN RN R RN
3347 TGTACAGATTCAACTGGGACCACTGCGGCAARGATGGAGCCGGCCTGCAAG 3396
589 CGCCACTTCATTCAAGACAéCTGTCTCTA%GAGTGCTCGéCCAACCTGGé 638
RN RN RN RN R RN R A AN NN RN
3397 CGCCACTTCATTCAAGACACCTGTCTCTATCNGTGCTCGCCCAACCTGGG 3446
639 GCCCTGGAT&CAGGAGIGTGAACCAGAAGTéGCGCAGAGAéCGGATCCTGA 688
Fig. 1. The sFBP and mFBP cDNA sequences aligned with their respective gene sequences are illustrate
Mismatched nucleotides are indicated in bold. The start and stop codons are underlined. For sFBP, the cDN
sequence at 913 bp codes for a serine while the gene codes for an arginine residue. All other mismatches do
affect the predicted amino acid sequence.

was found to contain both genes upon PCR analysis using primers specific toehd &f

each cDNA (Table 1; 5). The YAC incorporating the FBP genes was isolated by pulse fielc
electrophoresis and then partially digested with Saullla to generate fragments of a suitab
size for cosmid cloning. Fragments were gel isolated, ligated with the superCOS vector, an
the resulting DNA was packaged and bacteria were infected according to the direction
contained in the Gigapack Ill packaging kit (Stratagene, La Jolla, CA). Resultant colonie:
were screened with primers specific to theehids of each gene. A positive clone for the
sFBP gene containing the entire gene and a positive clone containing onlydhd 6f the
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\\I[\\II\\\ll?\l FEEETEEr e e et
3447 GC ATCCAGGAG | GTGAACCAGAAGTGGCGCAGAGAGCGGATCCTGA 3692

689 ACGTGCCCCTCTGCAAAGAGGACTGTCAGATCTGGTGGGAAGACTGCCGT 738

FEEEEEEEr et e e e e et e et e e el
3693 ACGTGCCCCTCTGCAAAGAGGACTGTCAGATCTGGTGGGAAGACTGCCGC 3742

739 AC CTCCTACACCTGCAAGAGCAACTGGCACAAGGGCTGGAACTGGACCTC 788
3743 ACCTCCTACACCTGCARGAGCARCTGACACARGOSCIGERACTGEACETC 3792
AGIGGTATAACCAGTGCCCAGTGiZéGCCéCCTGCCACCGCTTCGACTTCT 838

i
3753 AGIGGTATAACCAGTGOCCAGTOAGAGCOLCCTGLCACCCTICGACTICT 3974

839 ACTTCCCCACGCCCGCTGCCCTG;égAACCAGATCTGGAGCCACTCCTTT 888

3975 ACTICOCCACGUCCECTOCCCTEIGCRACGACATCTEGACCCACTECTTE 4024

©

78

889 GAAGTCAGCAGCTACAGCCGGGGCAGCGGCCGCTGCATCCAGATGTGGTT 938
RN R R R R AR RN RN
4025 GAAGTCAGCAGCTACAGCCGGGGCAGCGGCCGCTGCATCCAGATGTGGTT 4074

939 CGACCCGGCCCAGGGCAACCCCAACGAGGCGGTGGCGAGATACTATGCAG 988
AR RN RN R RN R RN
4075 CGACCCGGCCCAGGGCAACCCCAACGAGGCGGTGGCGAGATACTATGCAG 4124

98

w0

AGAATGGGGATGCTGGGGCCGTGGCCCAGGGGATCGGGCCTCTCCTGACC 1038
1125 ACAATOGGGATOCTGAG0CCRTORCCCAGRECATCECCCTCICCTGALE 4174
1039 AACTTGACGéAGATGGTGAAACACTGGGTéACCGGCIéééCTGTTCCCCé 1088
1175 AACTTGACCGACATGGTORRACACTGOET LCBCTAACCTGTICCLCE 4224
1089 GCCGACCCCfGCTTTCCGC&CACACCCCC%GGGTTACTC%CCGGGTGGC& 1138
1225 COCEACCECTIGCTTICCBCCCACACCEECTCOETACTCTCEGRTGRLC 4274
1139 TCAGCACCCéGGTCATTGGéTCCTGATCTAAGATCCGATéGGGAGCCTCf 1188
4275 TCAGCACCCCEGTCATTGRCTCCTCATCIARGATCCBRTGAEGAGCETCT 4324
1189 GATGGCCTC%TCCAATACAATATCCACGT& 1218

FEEEEEEEEr et e ety
4325 GATGGCCTCTTCCAATACAATATCCACGTG 4354

Fig. 1. (Continued)

mFBP gene were thus obtained and resultant cosmid DNAs were purified and sequenc
using automated sequencing (ABI 377, Perkin Elmer, Foster City, CA). Tlea@® of the

gene for mFBP was obtained by rescreening the YAC subclones using primers specific to tt
3’ end of the mFBP cDNA. The resulting positive cosmid clone contained only 'teacd

of the gene. To obtain the intervening mFBP sequence, primers based on the previous
obtained gene sequence and the mFBP cDNA (Table 1) were used to amplify a portion ¢
the missing region using the YAC clone as template. PCR generated DNA was cloned int
the PCRII vector according to the directions included with the kit and resultant colonies were
screened using the same primers used for amplification. Positive colonies were complete
sequenced in both directions. At least three positive colonies for each fragment wer
sequenced to reduce PCR generated errors. To obtain the remdimiagi@n of the mFBP

gene, a BAC library was screened by hybridization using a probe specific t6 ¢mel ®f the

mFBP gene [5]. A positive mFBP BAC clone was digested with PST1 and EcoR1 and &
fragment containing the missing region of the mFBP gene was cloned into PBSIISK. The
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mEBP cDNA 1 GATGAGGGAGTCCAGGAGTTCCAGCAAGCTCGACCTGCTTAACACTCCCA 50

PEEEEEET e e et e e e et et
mEBP gene 1 GATGAGGGAGTCCAGGAGTTCCAGCAAGCTCGACCTGCTTAACCCTCCCA 50

51 GACGGTCACAGGATTCAG 68

Frrrrrrrrrrrrrred
51 GCCGGTCACAGGATTCAG 68

1 GGATTCCTGCTGCTTTTGACCACAGTTCTTTC 32
PEEEEETEEE e e el
3525 ATTCCTGCTGCTTTTGACCACAGCTCTTTC 3554

33 TGCAG|GACAAGCATGGCCCTTGGGAGAGCACGGCTGCTGCTGCTCTTGGT 82
FEEEE PEEE e r e bbb i b e e e
3555 TGCAG|GACAAGCATGGCCCTTGGGAGAGCACGGCTGCTGCTGCTCTTGGT 3604

83 GTGTGTGGCTGTCACATGGGCGGCCCGGCCTGATCTCCTCAACATCTGCA 132
PELEEEEEE e e e e e e e e e e
3605 GTGTGTGGCTGTCACATGGGCGGCCCGGCCTGATCTCCTCAACATCTGCA 3654

133 TGGACGCCAAGCACCACAAGACCAAGCCCGGCCCGGAAGATGGCCTGCAT 182
FPEEEEEEEE et e e et e e e e
3655 TGGACGCCAAGCACCACAAGACCAAGCCAGGCCCGGAAGATGGCCTGCAT 3704

183 GAGCAG| TGCAGCCCCTGGGAGATGAACGCCTGCTGCTCCGTCAACACCAG 232
FPEEEEE TR e et e e e e e et e et
3705 GAGCAG| TGCAGCCCCTGGGAGATGAACGCCTGCTGCTCGGTCARCACCAG 5127

233 CCAAGAAGC&CATAACGACATCTCCTACC%GTACAAATT&AACTGGGAG& 282
s S IIIRI ,
283 ACTGCGGCAAGATGAAGCCGGCCTGCAAGCGCCACTTCATTCAAGACACC 332
ST I I

333 TGTCTCTATGAGTGCTCGCCCAACCTGGGGCCCTGGATCCAGGAG|GTGAA 382
II|||fl|||l1||||||||||||||F||'\||fJ||\||I\||\ [N
5228 GTGCTCGCCCAACCTGGGGCCCTGGATCCAGGAG | GTGAA 6279

383 CCAGAAGTGGCGCAGAGAGCGGATC AACGTGCCCCTCTGCAAAGAGG 432
IIIIIIIIIIIIIIIIIIIlI!II||I|}Ill\llllllflll11||[\

6280 CCAGAAG CCTGAACGTGCCCCTCTGCAAAGAGG 6329
433 ACTGTCAGAACTGGTG! GAAGACTGCCGCALCTCCTACACCTGCAAGAGC 482
HIII\I|||Fl||||1|||\||\i|!1||I‘IIJ|!\1|l\\4\\\JI[

6330 AGAAC GAAGA CTGCAAGAGC 6379
483 AACTGGCACGAGGGCTGGAACTGGAGCTCAG|GGTATAACCGGTGCCCCGC 532
PECEEEETEEE e e e e et e ey
6380 AACTGGCACGAGGGCTGGAACTGGAGCTCAG| GGTATAACCGGTGCCCCGC 6573

533 GAACGCCGCCTGCCACCCCTTCGACTTCTACTTCCCCACGCCTGCTGCCC 582

Fig. 1. (Continued)

region containing the missing’ ortion of the mFBP gene was then sequenced using
automated sequencing.

3. Results

Both the sFBP and mFBP genes were isolated from the same YAC clone, and sequencil
of the cosmid containing the ®nd of the mFBP gene resulted in sequence matching’the 3
end of the sFBP gene. These results indicate that the two genes must be very close (witl
~50 kb of each other), with the sFBP genetd the mFBP gene, a result which is similar
to the human FBP/FR locus [9]. The sFBP and mFBP gene sequences obtained are sho
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Frrrrrrrrrerrrrrr et e e e e e e e e e
6574 GAACGCCGCCTGCCACCCCTTCGACTTCTACTTCCCCACGCCTGCTGCCC 6623

583 CCAGATCTGGAGCAACTCCTACAAACAAAGCAACTACAGCCGG 632
|||\1||||}||||\l||$|||\|||||[|'|l|||\|||l||[l||H|
6624 TG AGCCAGATCTGGAGCAACTCCTACAAACAAAGCAACTACAGCCGG 6673

633 GGCAGCGGCCGCTGCATCCAGATGTGGTTCGACCCGGAACAGGGCAACCC 682
Frrrrerrreerrerrrerrrrrr e e e e e e
6674 GGCAGCGGCCGCTGCATCCAGATGTGGTTCGACCCGGAACAGGGCAACCC 6723

683 CAACGAGGTGGTGGCGAGATACTACGCCCAGATCATGAGTGGCGCTGGGC 732
|\l|||\|||}l|||I|||Fl|Il||1||\||||||{|||||||$||||

6724 CAACGA AGATACTA AGATCATGAGTGGCGCTGGGC 6773
733 CGGCCT;GCCCTGACGCTGCTCTGG 782
Ililll\|||7\1|||J||¥||Il|Illlllll\lliill\!lll{lli
6774 TC TGG! GG 6823

783 CTGCTGAGCTGAGCTTCTGTCTTCGGAGAGCTGGACAGCCCTCCCCTGTT 832
6824 CTGCTGAGCTGAGCTTCTGTCTTCGGAGAGCTGGACAGCCCTCCCCTGTT 6873

833 CGGCCCCACAGCACCCAGCTCGTCAGTGCC CAGTGGTGGTGGTAGTGGT 882
Frrrrrrrrrrrr e rrrrrrrrrrerre e rrrrrrr e v
6874 CGGCCCCACAGCACCTAGCTCGTCAGTGCCTCGGTGGTGGTGGTGGTGGT 6923

883 GGTGGT...... GGTGGCGGCGGGGGGACTCTGAATAAACCAGTCACCCC 926
[NRRRN FECEEEEE e b e el
6924 GGTGGTGGCGGCGGTGGCGGCGGGGGGACTCTGAATAAACCAGTCACCCC 6973

927 AC 928

I
6974 AC 6975

Fig. 1. (Continued)

aligned with their corresponding cDNAs in Fig. 1. The genes were 99.2 and 99.1% identica
with the previously determined cDNA sequences, respectively. Each gene consisted of
exons and 4 introns. The few mismatches that were present are likely to be the result «
polymorphisms occurring between animals. Of the differences between the cDNA and ger
sequences, most do not result in changes in the coding sequence. One exsepidioiA
change (base 913 of the cDNA) which in the sFBP gene codes for an arginine instead of
serine. The sequences obtained for the sFBP and mFBP genes spanned 6.2 and 9.1 k
respectively, including 4.4 and 7.0 kbp, respectively, corresponding to each cDNA, ant
approximately 1.4 and 1.8 kbp, respectively, of thgpBoximal regions for each gene.

Fig. 2 compares the structure of the genes for porcine secreted and membrane folg
binding proteins with each other and with the structures of other known FBP/FR genes fror
other species. The structures of all the FBP/FR genes were very similar for the last thre
exons of each gene; the sizes and the positions of splice junctions for the last three exons «
similar in all genes. Both porcine genes contained multiple copies of a swine SINE [10]
repeat element (Fig. 3). Furthermore, comparison of introns 3 and 4 of both genes indicate
that both the last two introns contained regions of significant sequence homology betwee
sFBP and mFBP (85-92%), while homology was much less between the porcine and hum:
genes in this region (Fig. 3 and 4). In contrast to ther®d of the gene, the sizes of the exons
in the 5 end of the gene were more variable and sequence homology within the intron:
between these exons occurred between species but was FBP/FR form specific (see belo
Table 2 indicates the sequences found at the splice junctions for sFBP and mFBP. The
sequences match the consensus splice donor (NNG gt(a/g)agn) and acceptor (cag NN
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Porcine Endometrial Secreted Folate Binding Protein

ixon 12 3 4 5 6
Nt 26 16 423 189 136 428

Porcine Membrane Folate Binding Protein

xon 1 2 3 4 5
Nt 68 194 189 136 421

Human Placental Folate Receptor

Exon 7
Nt 213 188 135 402

Mouse Reduczd Folate Receptor

ixon (

H- a1

Nt 162+ 189 136 4
Mouse Folate Receptor 2
Exon ? 2 3 4 5
Nt ? 172 186 136 472

Fig. 2. Schematic diagrams of the porcine sFBP and mFBP genes are illustrated along with the structures
humana-folate receptor [13] and mouse folate receptor 1 [21] and 2 [22]. All gene structures are similar for the
last three exons.

sequences that have been obtained for mammals [11]. Finally, the sequence beginning ex
1 of the sFBP gene and exon 2 of the mFBP gene share some homology with the consens
sequence (YAYTCYYY, Y= pyrimidine, sSFBP has three mismatches, exon 2 of the mFBP
gene has one mismatch) for initiator regions for transcription [12]. The beginning of exon 1
of the mFBP gene has no homology to this sequence.

Significant sequence homology was present in th@rbximal regions and/or the first
introns of the secreted and membrane FBP genes when they were compared with simil
regions present in the human secretgilgnd placentalq) forms of FBP/FR, respectively
(Fig. 3, 5, 6). For sFBP, sequence homology was found bo#mé 3 of exon 1 of the sSFBP
gene, while the sequence of exon 1 itself did not display significant homology (Fig. 5).
Curiously, intron 1 of the sFBP gene is homologous to thprbximal region of the HFBP
gene (i.e., the region upstream of the first exon ¢fFBP). A swine SINE repeat element
appears to have been inserted into the sFBP gene at or near the region homologous to
transcription start site of ¥#BP, possibly disrupting transcription from this site.
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-1408 1796
72 -repeat -1017 to -796

2 -repeat -525 to -332

-repeat -1614 to -1683

homology fo Z -repeat -850 to -565
| hyFBP -224 t0 -55 1
Exon 1 +1 to +54 homology to hy ‘ Exon 1 +1t
- FBP +197 to +323, X +110+68 t +170 t 348
+484 10 +549 T
~ t +645 to +844 omology to ha
Exon 2 +867 to repeatxob o P1 +409 fo
+1239 4 -repeat +2689 to +2883
% -repeat +3065 to +3244
k homology t
2 -repeat +2784 to +2857 Exon 2 +3560 to &g KVSE‘R Pczm+33% t(c))
+3710, alternate 3504
Exon 3 +3324 to ‘ start site, +3525 *
+3512 _homology to mFBH V2 -repeat +4246 to 4467
Exon 4 +3708 to intron, to +3568 Exon 3 +5184 to g | homology to SFBP
+3794 homology to +5273 intron to +5377
i 4 -repeat +5844 to 6075
Exon 5 +3927 to B intron Exon 4 +6275 to °
+3794 to +3927 == | homology to
+4404 +6407 o ogy
Exon 5 +6555 to |l | STBP intron
+6976 +6407 to +6555
+4812 sFBP +7311 mFBP

Fig. 3. Schematic diagrams of the sFBP and mFBP genes indicating the positions of exons (black boxes) repe
regions (hatched boxes), regions of homology with human genes (open boxes), and intronic regions of homolog
between the two porcine genes (dotted boxes).

For the mFBP gene, significant homology withFR was present in the first intron of
mFBP only, and the region in thexRR sequence that is homologous to mFBP includes both
the P1 and P4 promoters previously identified for that gene [13]. There was no homology t
the humamFR sequence found for the regiohtd exon 1 of the mFBP gene. These results
suggest that at least two promoter regions are likely present in the mFBP gene, on
corresponding to the P4 promoter region in the human gene, and one different from any th,
has been previously described. A comparison of sSFBP and mFBP genes in the regions ne
the start of transcription showed that no homology between the two genes was present in tf
region, suggesting that thé proximal regions of each gene are specific to each different
form of FBP.

4. Discussion

The complete nucleotide sequences for the porcine sFBP and mFBP genes provides
explanation for the different mRNAs for mFBP that have been obtained previously [5] and
allows a comparison of these two genes with each other, and with the corresponding gen
of humans. These comparisons suggest several hypotheses regarding FBP/FR genes ge
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Table 2
The splice donor and acceptor sites for the secreted and membrane folate binding
protein genes are listed for each splice junction

Secreted FBP Donor sequence Pyrimidine stretch Acceptor sequence
Exon 1 to Exon 2 GA@taagg 8 bp cdGAGCCT
Differential splice* GGdgtaagc 6 bp Cd8AGTGG
Exon 2 to Exon 3 CAytgagg 9 bp cddGCAGC
Exon 3 to Exon 4 GA@tatag 10 bp cdGTGAAC
Exon 4 to Exon 5 CAG@tgagg 8 bp cadGGTATA
Membrane FBP

Exon 1 to Exon 2 CAG@tatgg 8 bp caGACAAG
Exon 2 to Exon 3 CAQ@tgggc 12 bp cdgGCAGC
Exon 3 to Exon 4 GA@tacag 10 bp caGTGAAC
Exon 4 to Exon 5 CAytgagg 8 bp cadGGTATA

* Splicing variant reported in Vallet et al. (5).

ally, and about the control of each specific gene type. First, the heterogeriemisabslated
regions found previously for the mFBP cDNA are the result of initiation of transcription of
the gene from two different initiation sites. Second, the remarkably high conservation o
regions within the last two introns of the sFBP and mFBP genes suggests that these intro
contain sequences that may influence some aspect of the function of both FBP genes. Thil
the regions of homology with similar regions in theFR and W/FBP genes near theé &nd

of each porcine FBP gene suggests that these regions contain type specific sequences
control the function of each gene type.

It was previously reported that thé Gntranslated regions (UTR) of both the sFBP and
mFBP mRNAs were heterogeneous [5]. For sFBP, the heterogeneity appeared to be due
the differential splicing of a region within the sSFBP mRNA. The current results indicate that
this region is contained within Exon 2 of the sFBP gene, lending support to the concept o
differential splicing within Exon 2 versus an alternative exon 2. For mFBP, the heterogeneity
in the 5 UTR of the mRNAs appears to be due to initiation of transcription from two
different sites within the mFBP gene, which are separated by a large (3456 bp) intron
Sequence homology to both the P1 and P4 promoter regions«feR lare contained within
this intron and these homologous regions appear to be separated from one another by t
insertion of two swine SINE repeat elements. One of the two differebfTRs obtained for
mFBP mRNA appears to correspond well to initiation of transcription from the human P4
promoter (corresponding to FB4 cDNA; 13), despite the fact that this region of the gene wa
only weakly homologous to the P4 region of the hFR gene. Saikawa et al., [14] reported the
the activity of the P4 promoter region was strongly influenced by a cluster of two Spl
binding sites and a CAC/Spl binding site near the transcription initiation site for the KB4
MRNA. Sequence alignment of this region with the mFBP gene indicated that none of thes
sites are well conserved in the mFBP gene. However, signal scan analysis [15] of this regic
indicates the presence of a possible Spl binding site [16] and a possible CAC binding sit
[17,18] within the region, both are close to the position of their counterparts indfr& h
gene [14]. Whether these regions or other regions influence the rate of transcription from thi
site requires further study.



64 J.L. Vallet et al. / Domestic Animal Endocrinology 21 (2001) 55-72

Beginning of 3rd intron

mEBP 1 GTACAGACACCGTCCCCACAAGCACGAACCTCAGCAGAGGGCACAAGCC. 49
Pre et e e e e e e

sFBP 1 GTATAGACATTGTCCCCACAAGCACGAGCCTCAGCAGAGGGCACGACCCA 50
| [ e B e e N O e N N | I

haFR 1 .gtatgcatggcttcctgcaggtacaagacrtagcggagcagctgagectt 49

50 CCAGCCACCGGCCCGCTGGGCGTGGCCCAGGAATTCTGGTCTGAGGGTGG 99
FEEEEEEE b rr e et e e e e e e e e e e

51 CCAGCCACTGGCCCGCTGGGCGTGGCCCAGGAATTCTGATCTGAGGGTGG 100
| | | (A I [

50 tccaggcatctctgcaggctgcaaccccag.cteccagttctattcgggge 98

100 CAGTGGAAA 108
[N

101 TAGAGGCATC 110
|

99 tgagttgctggg 110

4th intron

mEBP 1 GTGAGGGCCTGGG.TGGGCCGG. . . GGTGGGAGCTGGGTGGGT . .GGGTG 44
[AREREERE | L e [
sFBP 1 GTGAGGGCC........... AG. ..GGCGGCAGCTGGGTG. . ... GAGGC 31

FErrrer e reeer [ O O [
haFR 1 gtgaggg.ctggggtgggcaggaatggagggatttggaagtggaggtgtg 49

45 GGGGTGTGGATGGAGTAGATGGAGA .CAGGGSCTGTGGGGGCTGGTGGAA 93

FEEEETEE e e e e e et ber e e ey
32 GGGGTGTGGATGGAGTAGATGGAGACCAGGGGCTGTGGGGGCTGGTGGAA 81

Frrrrrrrl (A | e rrr el
50 tgggtgtggaacaggtatgtgacaatttggagttgt.agggctggcagac 98

94 CCAGAGARAGGTTCTGGATCCAGAGGCCAAALGCCGTGCATCCTCCCCACA 143
FPEETEEEETT et e e et e
82 CCAGAGAAGGTTCTGGATCCAGAGGCCAAAAGCCATGCATCCTCCCCACA 131

| e e N e e e R A
99 ctcaagatagttccgggcccagtggctaaaggtcttcecctectctctaca 148
144

132

Q—0—0

149

Fig. 4. Alignments of sequences found in th@ &nd 4" introns of the sSFBP, mFBP and humangenes are
illustrated. Underlined areas are repeated regions, bold areas are palindromic.

Curiously, despite significant sequence homology between the mFBP gene and the F
promoter region of the dFR gene, no transcripts were observed that originate from this
region. It is possible that the insertion of repeat elements into this region disrupted tran
scription from these sites. However, several of the sites of mMRNA initiation for d#dRh
gene are 100% conserved in the mFBP gene, as is the splice junction corresponding to t
end of exon 1 of the &FR gene. The high sequence homology in this region combined with
the intact splice junction makes it likely that transcription probably does originate from these
regions of the gene in some tissues. Thus, other possible explanations for the lack of
corresponding cDNA for this region may be that either the transcripts have not yet bee
detected due to the methods used previously [5] or that this promoter region may not b
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-224 ..CACCTTCCTTCTCTCACTTAACAATACACTTGGAAAGTTTTGCATTTT -177
RN NN NN N R e e e e |
-772 TGCACCTTTCTTTTTCCACTTAACAATGCACTTGAAGATTTTTCCATATT -723

-176 CCTTTATCAAGGGCCTTCTCATTCTTTTTCACCAGGTTARATCTCATGGG -127

[ R R e N R |
-722 TGTACATCAGGAGCTTTCTCTTTCTTTGTTACCACATTARATTCCACTGG -673

-126 GTGTAGGACTATATTTCTTTAACTGGCCTGAAACTGAAAGACA....AGC -81
RN Il [N ERRENAN (B RRERRREN I
-672 ..GTAGATGTACCATAATTTAACTGGGTCCTTATTGAAAGACAATTGAGC -625

-80 TGTTTCCTAGACAAAGATGCG. ..GCCTGCCCTGACAGAGG -43

BEEEREARRERANY I RNy
-624 TGTCTCCTAGACAAAGCCTTGTGCACCTTCCCGAACAGAGG -584

-42 CCGGGTCAGGATGACTTAGAAAAGGGTGTGACGAGTCAGG -3
. Pt
=583 L e e GTCTAACCAAGCAGG -569
itranscription start
-2 GAGACACTGCTT..... CCGGGTGGGCCTCCAGGTGGGCCT . . v v v v v n 34
I [N [RERRE! [NERRA
-568 CAGGATGGGGTTATAAAGTAGGTGGGGA. . ..GGTGGGAGAGACTCCACC -523

35 ...CCAGGAGGGCCGAGGCAGAGGTAAGGGCAGGACCGGGAGGAAAGGTG 81
EEREERE R b I [ A
-522 TTCCCAGGTGGGCTGAGAATGGAGGTAAGGCCCTGCAACAGGACAGAGGG -473

82 CGGATGGGAGGTAGGAGGTGAGAAGCAAGGTAGGGCTCCCCTGGTCTCCG 131

| A R e N N N
-472 AAAAGTGGGGATGAGAGGTGGGAGGCGAGATAGCGCCCACTGTTCTCGCT -423

132 GGGATCCTGCTTTCTCTGCGGACTCTGGCTCTGGTGCCCCCACCCCCACA 181
[
=422 CAGCCCC . ¢ttt it et et et et e e -416

182 GCTCGGGCTCAGTTT 196

197 CTCCTCCATGTGACCCTGACCCCCTGGCCTCCCGCTTTGTCTA 240
FEEEEEE bt bt EERRRRRR [N
-415 CTCCTCCGTTTGCCGCTGACCTGTTGGCCTCCCCCAACCTCTG -373
* 8Pl * * CAC *
241 GGCCTGGCTCTGCCCTGGGAACTTCCCAAGACCCCTCCGTGGGGGTGGGG 290

FEEEE b ettt b i
-372 AGCCTGCCTCTGCCTAGGTAATTTCCCAAGACC. . .CAGAAGGGGTGAAG -326

484 .TCTCTGGGTGCCTAAACCTAAGCTGCCTTGGGCT .GGCGGGAGGGCTGA 531
[AEEERER FEEEEErr e et okl [ARERE
-222 TTCCCTGGGCATCTAAACCTCAGCTGCCATGGGGTAGGAGGACAGGCTGA -173

532 GGAAGCAGAAGCAGAGGC. . vttt ittt v it it et e e 549

Fig. 5. The 5 regions of the sFBP and humafBP genes are aligned to indicate homologies between the two
genes. Repeat sequences are underlined, palindromic sequences are in bold letters. Transcription start sites
each gene are indicated.

active in the endometrium of the pig. The mRNA corresponding to initiation of transcription
from this promoter region may occur in other tissues. Elwood et al., [13] reported that the
activity of this promoter is specific to kidney and cerebellum. Resolution of this question will
require the cloning and sequencing of mFBP transcripts from a variety of tissues, i«
determine if the region corresponding to the P1 promoter is active in other tissues in swine
Surprisingly, Exon 1 of the mFBP gene is foundtd the regions showing homology to
the P1 and P4d&FR promoter regions, suggesting that a third promoter region may lie in the
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Frrrrrerrrnd |
-172 GGAAGCAGAAGCCTGAGGCTGTCTAGAGTC ,CACTCCTGCATCAGCAGGC -123

845 ...CCTCTGTGGTTCCTCTTATGCAGGAGCCTCTGCCTGTGGGTGAAGCA 891
[ Frrrrerrrrer o | [N I
-122 CACCACCTGTGGTTCCTCCT. ..TGTGCAAATTTGAAAAGAATTGCATAA -76

892 CTGGCTGGCGAACTCCGGAAGGGGAGGTCCGGAGAGGTGGTGCCTCCCCC 941
FErr e el Ferrrr e 0ttt i
-75 AACACTGGAGAAATCCAAGAGGGGAAGTCCACAAGGGCGGTGGCTCCCTA -26
*ETS* * SP1*

942 CGCAGCRA. ... vvvie . AGCTCAGACTGCACTGTCCTCAGGTGGC 977
| [ [N |
-25 CAAGGTCACAGAGCAAGCTGGTGTCAGAGCCTGGACCTACAGCGCTGTTG 25

Ttranscription start

978 AGTGGTGTCCTACCACTTGG. ..+ nennn.. CACAGACCTCCACGG 1012
e el b e
26 GTGGAGGTCCTGCCTCCAGGTAGGGGAAGSGCTCCCTCTCACCTCTACAC 75
TExon-intren boundary
lExon-intron boundary
1013 GCCCTTCATCGCTTGGCTCCACTGTGCTGTGGGGTAAGCGGCGCGGGGAG 1062
I R RN e R R A N N R R

76 GCAGCGCATTTCTTGGCTCAGCTGCCCTGTAGGGGATGCAGGGTGGGGAC 125

o

1063 GGACGACGATCTGGGCTTGGAAGGGAAACAGGAAATCTGGCCAAGAAGCT 1112
RN R R N e N [ |
126 AGCAGA.GATCTGGGCCTGGGAGGGAGAGAGTACACAATCACATGGCTGT 174

{Exon-intron boundary
1113 TACGGCAGCTTTCTGGCAGAAGTGGATCAACA. .. .t iiiiinneennnn 1144
[ 1 | I
175 TGCCCCTGTCTCAGGCCTTGTCTACCTCTGACTGTGGCTCTCTGGCAGGA 224

Exon-intron boundaryT

Fig. 5. (Continued)

region 3 of Exon 1. Several Sp1l sites [16] are located in the region between exon 1 and th
repeat region that occurs500 base pairs upstream of the start of transcription. Two regions
containing direct repeats and appearing to contain clusters of transcription factor bindin
sites are located in this region, one froni32 to —101 and another from-260 to —243.
The first contains a TGGGGGA direct repeat; using signal scan, the first TGGGGGA is par
of a potential binding site for CAC binding factor, along with flanking Sp1 sites. Thus, this
site is similar to the Sp1 and CAC sites previously shown to be involved in the control of the
P4 promoter [14]. The second region contains tandem CACCTCC sequences flanking
CAAT sequence. The CACCTCC sequence was found in two regions of the collagen 1l gen
known to contain silencer elements [19], however it has not been shown directly that thi:
sequence is responsible for the silencer activity. There is also a third direct repeat of th
sequence GAAGCT between these two sites which does not appear to correspond to a kno
transcription factor binding site. Determination of the role of these and other sequences i
this region in transcription of the mFBP gene from exon 1 requires further study.
Significant sequence homology also occurred between the sFBP @fBIPhgenes.
However, the start of transcription of the sFBP gene is not homologous to the start o
transcription of the FBP gene [20]. A region homologous to the start of transcription of the
hyFBP gene is found within the sequence of exon 2 of the sFBP gene. The region directl
5" of the hyFBP gene has been shown to contain promoter activity and two transcription
factor binding sites, an ets and an Spl site, have been shown to influence the level
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-461

870

-412

920

-362

970

-312

1020

............... TCCCATCCTGGGAGTCAATTTCTTTGCAAGCCCTT
FEErrrr | R
GCAGGACATAAGCTGGGATCTCCTGGGAATTGGTCTGCTTGCAGGCCCTA

TAGGGCTTTCCTTCGTAGCTGATTCTTGTCCAGTGATTCAACTGCCTCCT

R R e e e A R R A |
GAGAGCCTTCCTTCTTGGTTGATTTTCCTCTAGAGATCCAACTGTCTTCT

CTGGCTCCCAAGTCCCCTGCCGCTTCCTGGGCTCAGACCTATGGCCTTTT

EERREE N FPEEEEE Tt el Il BN
CAGGCTCCCCTG. . .CCTGCCTCCTCCTTGGGTCCTTTCTTGTGGCATTG

CAAGGGTATGGAGGCCCCGCAGTCCTTAAACTTCACTGTCATCCCTGGGC

[ R R R R A A e A
CCAGATTACTGGGCCCCCATTTTCCCTACACTT.ACTGCCACTCATAGTC

TGACGGCACCCA. .. ... CATCCAACGTGGGCCCTGCCCCTGACCTTTCA
FEE e FEEEEEEE tee bt
TGATGGTTCCCACATCTGCATCCAACCTGGACTCTTCCCCTGAGCTTTCC

TCTCTACAACCACCTCCCCCCACCCCAGGCTGCACCTGCGGAACTAACCA
FEEEEEEEErrrrr it [ [N I [
CCTCTACAACCACCTTCCCCGGGCCAAGGGCACACAGGCACCTCGACAAA

............. TTCCCTCCTGCCTGAATTTGCTCCTTCCTCCCCTCGC
R R AR N
ACAGTGTTCTATGTTTCTTCCTGCCCAAACCTGCCCCTCCCTCTCC.CTT

TTCCCATCAGTGGTACCAGCCTGGTCTCAGAGGGT . GAAAAAAGAAAGGC
IR NN N R N N e AR RN I R
TTCCCATCTGTGGTACCACCATGGGCTCAGAGAATAAAAAARATGAAGGC

TTCTGTTTCTGGCTGGGTAGGAGCAGTGGGAGGAGCCTAAATGAGAGAAG

[BRRRN R [ [N Il
TTCTGTCATTGACTGGGGTGGAGATG. . ... GAGGGAAGAGTTAGCCCAG

ACTCTTGGCTGCTGGAGAAAGGGGTACCTGCATGGGTGGGTGAGGGCGTG

Il et e e LT i
AATCACAGGTGCTGTAGAAA . GGATACCTGAGTTGCCGGGAGAGGGGGTC

GGTGGGT . . GGGATGGGAGGGCAGTTGGACTCCTGGAACCGCTGAGACTC
[ R e e e e e e 11 |
CATGAGTTGGGGATGGAAGGAGAGCTTGGCCCTTCARACAATTGAAGATC

TGGCCATCTGA........ AAATCGGATTT ATAGCTGGAGGTGGGCGAT

Ry I A N R e R R
TGATCARAAGATTCAGAACATCTGTGATTTTGTGGCTGGTGATGGGTGAC

GCCTGAGGCTGAGGGAGCAATGCCCGAGGGTGAAGGCGTGGTGGCTCTGT

FEE [N [ I
ACCTGGGCTAATGGG. . oo v v v .. GTTGGGGGAGTTGGTGGCTCTACAA

ACTTGGGGGTATGGAGCTCCATGTGCTCTATGGCTGCCTGGAAGCCTGGA
[ e N RN R R R N

Fig. 6. The 5 regions of the mFBP and humai-R genes are aligned to indicate
genes. Transcription start sites for each gene are indicated. mMRNA splicing junctions are indicated with bolc

underlined letters.
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homologies between the two

transcription [20]. These two sites are not conserved in the sFBP gene. Furthermore, a repe
region appears to have become inserted into this region in the sFBP gene, and may furth
explain the lack of transcription from this region in the sSFBP gene. Curiously, exon 1 of the
sFBP gene contains a triple nearly perfect direct repeat with the sequence CC(A/G)GG(]
A)GGGCC. Using signal scan analysis, two of the three repeats are candidates for CA!
binding protein binding sites [18]. The arrangement of this triple tandem repeat combine
with the sequence of the repeat itself creates two 11 bp nearly perfect palindromic site:
Because this region is transcribed, it could influence mRNA function or stability as well as
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=272 TTTATGGCCTTGGGAGATCCTTGCTCTCTATAGCTGACTGGGAGGTTGGA -223

1070 AACCCGCGTTGCAGCCCCGGCCCTGCAATGAGCCCTCCCTGTCCTGATTC 1119
R e
—-222 AGCCTGGGCTCTAGC. .o v vttt iiiiiiee e nnnn CCTTGCCTTGATCC -194

1120 TCTGGATCTCACGCTCTTCATCTGTGTAACAGGA.TGGGGTGTGGGAAGC 1168
[ABREREREAN FE e e e e
-193 TCCGGATCTCATTTTCCTCATCTGCCTAACAGGACAGAGGGGTTGGAAAC -144

1169 GGACCAGGTTATTTTAAAGGATCCCAGCAATGCAGGCGGCAAG.GTTTTC 1217

et et rrrrrrrrr il FPEEEE e i
-143 TGATGAGATTAGCTCAAAGGATCCTGGCAGCTCAGGCTGCAAGATTTTTT -94

1218 TCAGACCTGAATTTGGGGGAGCARATAGAGGAAGTGGGGC.CCGGGACTG 1266
AR N N N e e R R A [RERRAR
-93 TCAGACCTCAGTGTTTGGGAAAAAATTGGGTAGGTGGAGCTTAGGGACTG -44

1267 GTCTTCAGCCTCACCAGTCCCCAGTCCCTCCCACCCGCCACCTCCACGGG 1316
e [N [ A e e A
-43 GCCTTAGGCCTGCACTGT. . .TAATTCACCCCCTCCCACTACCCCATGGA 4

transcription start?

1317 GGCCTGGCCGGTGCCCATGTGCAATAATGAACTCCTGAGTGGCCTTTGTC 1366
IR e R N R A R R N R R NN N
5 GGCCTGGCTGGTGCTCACATACAATAATTAACTGCTGAGTGGCCTTCGCC 54

1367 CTACCGTAARATGCCTCTCCCGGGCCACATGCCCACTGCCTGCACTGCGTC 1416
[ Pt rerr rer rrrrrr rrnn 111

55 CAATCCCAGGCTCCACTCCTGGGCTCCATTCCCACTCCCTGC. ..CTGTC 101

w

1417 GCCTAGGTCACTAAGCCCCTTTGGTCCCCTAGAGTGAGGCAAGGGGGACT 1466

FEEEEr e el FEEEEEE v bt
102 TCCTAGGCCACTAAACCACAGCTGTCCCCTGGAATAAGGCAAGGGGGAGT 151

transcript.on start®

1467 GCAGAGCAAAGCAGAAGCCTGAGCCACACCAAGCGCCACCTTCTCTCCCA 1516

(RN R R RN R R e R N R AR RN
152 GTAGAGCAGAGCAGAAGCCTGAGCCAGACGGAGAGCCACCTCCTCTCCCA 201

transcription start®

1517 GGTAGGCCACTCTCCACCCCC........... CAGCAAGTGTTAAAGGAT 1545
[ I B N R [ [
202 GGTATGTGACACTCCCCATCCCCCTTCAGAGGCCACACACCCTATGGCAT 251

1546 TTGAACTGGGAGGTAGGGGGTGGGGGAGGGGTTCACCGCCT. . v v v.. .. 1586
| Il [ Il | I
252 TCCCACCATGTGTTAAGGATTTTCTGAACTGGAAGGGCCCTCTGTTTGCC 301

1587 ..ARAGGCTGGGAATCCGGAAGTGGAGA. . v v vvvvewn.. CAGATGAGA 1621
PE bt e L

302 TGAAGGCCAGAGAATCTTGAAGTGGAGACTGAGGCCCAGACCAGAGTGTG 351

1622 CCCTGCCCAAGGTTAAGCTCCAAGTTAATATCCAT.CCTTGAATGAGGAC 1670

RN A e R AR N R B R R A | |
352 GCCTGCTCAAGATTAAACGACAAGTTAGTGTTCATCCCCCTGAACTAGTA 401

Ttranscription start

Fig. 6. (Continued)

MRNA transcription. Interestingly, only two of the three repeats were obtained in the sFBF
cDNA described previously (Fig. 1; Fig. 4). This discrepancy between the mRNA and the
gene could be the result of artifactual elimination of the third repeat in bacteria during
cloning of the cDNA, or possibly may be the result of a polymorphism between individual
pigs in the number of repeats present in this region. We are currently exploring thes
possibilities. Further possible sites involved in the control of transcription could be within the
regions homologous to theyRBP in intron 1. There is a moderately conserved palindromic
site followed by an Sp-1 site and a potential CAC binding site within this region, the latter
two again being similar to the region known to influence the P4 promoter region ofiffe h
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1671 CCAGGACCCTTGGCTTTCAGCACTGCACTGAGCTCTCAGTGCTTGAAGTC 1720
[ e e e R N N N |
402 CCTGGGCTCTAGCCCTTCAGTCCAGAGCTGAGTTCTCAGCTCTTCTAGTC 451

1721 TGGGACCCGGGGGGAATGTGCGTGTGTGTGCTGAGCGTTGG.GGCGGGGG 1769
[RREEAR I A A N R R R A N
452 TGGGGCCCCAAGG. . TTGGGTGTGGGGGTCATGATTGTTGGTGGGGAGGG 499

1770 GTCATAGCTGGACAAGGAAGGCAGGGAATGAC. ... vviieiiie . 1801

PErr e ol [ [N
500 GTCACAGCTGGACTAAGACCTGAAGGTGAGACTAGGCAGGTGGGAAAGGA 549

1802 ........ ATGCAGGCACAGATGCAGTGGAGGGGAGGAGAAAGCTCTAGA 1843

| [N Il [ I | |
-550 GCTTGCAGAGTGATGCTGCTCAAAAGGACAGGAAGAGAGCCTGGCTTCAG 599

1844 AAGCAGCCACAGCAAGGAAAACCACTGA........... GACCCGGCTGT 1882
Frrrrrrrrrrrerrr e b [
600 AAGCAGCCACAGCAAGAGAGACTACTGACTGAACAGGTGGGCTCCACTGG 649

1883 Guveviiiie it CTCCCCCAGGGCTCTGGGCGGG 1904

| v e
650 GGGCTCCGGAAAGGATTTTCTCAGCCCCCATCCCCAGCACTGTGTGTTGG 699

Ttranscription start
1905 TCACCCCTGTGAGAGCCTCCGCACAGCCAAGGTGCAGGGGACCGAAGGTG 1954

[ FErrrrrerr i Frreerrrrrrr ol
700 CCGCACCCATGAGAGCCTCAGCACTCTGAAGGTGCAGGGGGCAAAGGCCA 749

1955 AAGGAGCTCTGGCC........ GTGAGGGTCCCAAGTCGGACTTGGGCGG 1996
el | | | AR
750 AAAGAGCTCTGGCCTGAACTTGGGTGGTCCCTACTGTGTGACTTGGGGCA 799

1997 CCCCCGCCATGTGACCTGGGGCACGTCCCTCAACCCGGGCCTGGTTGGCC 2046
et 111 Il L
800 TGGCCCTCATCTGTGCTGAAATGATTCCACAAAGATTAAACTGGCTATCA 849

2047 AGCATTTGCTGGGGGGTTTCCCCTACATTTAATCCTCAGAAGCGGAAGCT 2096
Il | Il [EERARENRRREREN B
850 TTTGTTGATTTCCCCCTT. ..CTTACATTTAATCCTTGCAGGAGAAAGCT 896

2097 AAGCCTCAGGATGCTGTGAGTTCTTTTCCCCCAAGGTCAAGCAGGAGGGA 2146
|
897 AAGCCTCRAGATAGTTTGCTICTCTTTCOCC AAGECCARGGAGRAGETS 946
2147 GAGTGTGAGGGCTGAGATCGCAAACGGGCCGATCTGGTACCGCGTGCTCT 2196
947 Gh. .CICACOECTCORETCS  GEACAGTIGAACGEARCCCTOTGLTCT 993
2197 AAACTGCTAGACTTGGTTTCCCCAAAGGAGCCTCATCTTGCATCACCTGG 2246

(AR N R | [ ERR RN
994 AAACAGTTAGGGTTTGTTCCCGCAGGAACTGAACCCAAAGGATCACCTGG 1043

2247 CATTGCC.GGGAGGACAGGCTTGT. .GCTGTGCGCTTGGAGATCAGTGAG 2293
Fer e el A e e AR R
1044 TATTCCCTGAGAGTACAGATTTCTCCGGCGTGGCCCTCAAGGTTAGTGAG 1093

transcription start?

Fig. 6. (Continued)

gene [14]. Finally, there is a short region of homology between the sFBP-d@f8BFhgenes

in the region 5 of exon 1. Further upstream are two repeat regions. Using signal scar
analysis, there are very few potential binding factor sites within this upstream homologou
region. The actual role of each of these regions in the control of transcription and/ol
translation awaits further work.

The high homology between regions in tHé &nd 4" intron of the two porcine FBP/FR
genes suggests that these regions contain elements that control transcription or mRN
processing. Within the homologous region of the third exon, there are two completely
conserved partial palindromic sites. Also, this region of the sFBP gene contains fou
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2294 TGGCAGGGTCAAGGGAGAGACGATTGGGTCCTGAAATGAGTGAATTAGCA 2342
Il [ N N N A N A A R |
1094 TGAGCAGGTCCACAGGGGCATGATTGGATCCTGGAATGAATGAATCAAC. 1142

2343 AATGAATGAGCACCTGAACCCTGGA...... GAAGAACGGGAGAAAAAGA 2388

AR (RN REN [ el
1143 CATGAGAGAGTGAATGAACACTGGAATCAATAGAGTAGCAGAGTAATGGA 1192

2389 ATGTAGACCTGTATGG . « v vttt ittt e ettt et 2404
[RE R |
1193 TTGTGGAGCAGGAAAGAGAGCTGCTGGGTGGGAATTCAATTCCAGGCTTA 1242

Two repeat regions

3205 ... CTAGTCAGGTTCATTACCACTGAGCCACAATGGGAA 3240

I [ I [N
2206 TGTAACTGTTTCACCCCAGAATATACACTTGATTATTGGGTATATGAAAA 2255

3241 CTCCAAGTCAACAAACTCTTAAAAGTTTTAAGTTCTGAAGCATTTGTCTC 3290
[N I Il [
2256 AAATATTTTCTTTGAATCACCTTTGATGAAATCCTAAAAAATTTTAACCC 2305

3291 CAAGGATTTCATTCATGAGTGTGTGAACCTCAGGCAATCTCCTAGCTGTT 3340

| Il ! FEEE Tt e el
2306 TGAAACATTTGAATAAGGCATTGTGGACCTxTGGCAAACTCCTGGCTATT 2355

3341 TCTGCGTTTTGTTGAGCCTCATGGT . . v v v vviiiiee e e GGG 3368

AR EANE! | A
2356 TCTGCATTTTGCCCAAATCCATCCTTGAATTATATCACCTGAACCTCGTG 2405

3369 GAAGCCAGGAGACCCCAGTCAGAGACTAGCCTGGAAGGTG. ...GTCTTA 3414

RN [ P e e L
2406 ACCACCTGGAGAAGGCAATGAGGCTCAAGCCAGGGAGGGGTGGTGTCTAA 2455

3415 TCTCAACCTTCCCTCGGGCTGGG.AAGCTTAGGGTGTAGACACCCGCCCT 3463
A N A A I
2456 TCCTACCTTTCATTGGATCTGGGAAAACTGAGGGAGATGGGGGCAGGGCT 2505

3464 ... AGGCTCCACCCACCTAAGGCTCTTTTT 3490
REREERRRRR AR Ll
2506 CTATCTGCCCCAGGCTTCCGTCCAGGCCCCACCCTCCTGGAGCCCTGCAC 2555

transcription starti
3491 TCAATACCTCAAGGACCCACCTCCGCATTCTCCCATTCCTGCTGCTTTTG 3540
I FE e T [ Il
2556 ACAA...CTTAAGGCCCCACCTCCGCATTC....... CTTGGTGCCACTG 2595

Ttranscription start

3541 ACCACAGCTCTTTCTGCA.GGACAAGCATGGCCCTTGG. . . GAGAGCACG 3586
(AR R R R | [
2596 ACCACAGCTCTTTCTTCAGGGACAGACATGGCTCAGCGGATGACAACACA 2645

Fig. 6. (Continued)

nearly perfect repeats of the sequence CACNAGC and these are partially conserved
mFBP. For exon 4, there is a single partial palindromic sequence, two repeats of th
sequence GATGGAG and two repeats of the sequence GGGGCTG, all of which ar
completely conserved between the two genes. Curiously, these regions are more high
conserved between the genes of the pig than between the genes of the pig and the cor
sponding gene in the human (Fig. 4). This suggests that these regions control functions |
both genes that may be specific to swine. Some or all of these regions could bind transcri
tion enhancing factors that influence the rate of transcription of both genes.

In conclusion, the genes for porcine endometrial secreted and membrane forms of fola
binding protein have been characterized and the sequences were compared with each ot
and with the sequences of the corresponding human genes. The structures of the two gel
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are similar to the other known FBP/FR genes. The sequence of fhi%&mal region and
intron 1 of the gene for the secreted form of FBP is homologous to the putative promote
region of the humanyFBP gene, suggesting the possibility that this region may contain
elements that control transcription of this gene. Likewise, similar homologous regions exis
between the mFBP gene and humdR. This homology coupled with the divergence in the
5" UTR of the mFBP gene strongly suggest that at least two promoter regions are prese
within this gene. Finally, highly conserved sequence homology within the third and fourth
introns of both porcine genes suggests the possible presence of controlling elements with
these introns.
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