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Co-expression and Sequence Determination of Estrogen Receptor Variant
Messenger RNAs in Swine Uterus

C. Ying*, M.-A. Chan, W. T. K. Cheng' and W.-F, Hong
Department of Microbiology. Soochow University, Taipei. Taiwan. ROC

ABSTRACT : Steroid hormones and their receptors plav an important role in reproductive process. Estrogen is intimately involved
with pregnancy and its function is mediated through the estrogen receptor which has been chosen as a candidate gene to study litter size
in pigs. In this study, we report that two estrogen receptor variants, designated pER-1 and pER-2 were co-expressed in the weri of
normal cveling Lan-Yu pig (Sus vitatus: a small-ear mimature m Taiwan) with the pER-1 expression level appeared to be several times
higher than that of pER-2. These receptor variants were isolated using reverse transcription-PCR from the pig uteri and their sequences
were determined. The pER-1 and pER-2 sequences, which are homologous to those found in other mammalian estrogen receptors,
encode putative proteins consistmg of 374 and 486 amino acids, respectively. A deletion in exon [ was identified in both sequences, with
deletion lengths of 63 bp m pER-1 and 327 bp in pER-2. The deletion in pER-1 is intemal to that in pER-2 and both deletions resulted in
a tnuncation of the B domain, which confers the transactivating activity of estrogen receptor protein. This result describes the existence
of estrogen receptor varants with a deletion in exon I and implies the possibility that physiological functioning of an estrogen receptor

may not require the presence of an intact B domam. {dsian-Aust. J. Anim. Sci. 2003. 1ol 16, No. 12 : 1716-1721)
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INTRODUCTION

Estrogen receptors (ER) belong to the superfamily of
retinoic acid. vitamin D and steroid and thyroid hormone
receptors (Green et al., 1986). The members of this family
are ligand-induced transcription factors composed of

functional modules that mediate DNA and hormone binding.

dimerization and transcriptional activation (Kumar et al.,
1987. Evans, 1988. Gronemeyer. 1991). ER and its
hormone ligand. the female sex steroid 17-estradiol. play
critical roles in the development of secondary female sexual
characteristics. the establishment of female reproductive
cvcle, fertilitv. and pregnancy maintenance (King. 1991).
Estradiol is also thought to be essential to embryvonic and
fetal development (Rothschild et al.. 1996).

Estrogen regulates female reproductive functions and
embrvonic development primarily through the nuclear
estrogen receptor-alpha (ER-alpha). Upon binding to the
estrogen ligand. ER-alpha protein is activated and becomes
a transcription factor that modulates the expression of target
genes (Das et al.. 1997, Rissman et al.. 1997). In an ER-
alpha knockout mouse model. severe reproductive and
behavior deficits have been observed. Both male and female
mice became completely infertile and the induction of
female sexual behaviors by estradiol and progesterone was
diminished (Moffatt et al.. 1998). Mice lacking the ER-

* Corresponding Author: Chingwen Ying. Tel: +886-2-2881-9471
(ext) 6838, Fax: +886-2-2883-1193, E-mail: cving/@maill.scu.
edutw

! Department of Animal Sciences, National Taiwan University,
Tapei, Taiwan, ROC.

Received Januarv 14, 2003; Accepted May 20, 2003

alpha also exlubited unsuccessful ovulation and the
estrogen-induced  epithelial mitogenesis in  female
reproductive organs was impaired (Cooke et al. 1998;
Schomberg et al.. 1999). The recently cloned estrogen
receptor-beta (ER-beta). like ER-alpha, is a member of the
steroid receptor superfamily (Kuiper et al.. 1996). and low
but detectable levels of ER-beta mRNA and protein have
been detected in the rodent uterus and vagina (Couse et al..
1997: Kuiper et al.. 1997; Saunders et al.. 1997). However.
the molecular mechanisms that regulate the transcriptional
activity of ER-beta may be distinct from those of ER-alpha
(Tremblay et al.. 1997). Observation with mice lacking ER-
beta indicated that ER-beta is essential for normal ovulation
efficiency but is not required for female or male sexual
differentiation. fertility or lactation (Krege et al.. 1998).

The ER present in swine uteri is widely used for
studving hormone binding. receptor dimerization. DNA
binding, and phosphorylation (Lahooti et al., 1994; Le Goff
et al.. 1994). However. in contrast to numerous data
collected and published on human. rat and mouse ER-alpha
and ER-beta sequences and their vanants (Green et al.
1986: Koike et al.. 1987 Bokenkamp et al.. 1994: Kuiper et
al.. 1996). porcine ER-alpha sequences have only recently
been determined in a single strain (Bokenkamp et al., 1994)
Sus scrofa or Large white. and information on the presence
of ER-beta has not been reported. In this study. we report
cloning and sequence determination of two co-expressed
ER messenger RNA variants of ER-alpha from the uteri of
Sus vittatus. or Lan-Yu pig. a species found in Taiwan. The
Lan-Yu pigs are nuniature wild pigs with small ear and
black body. A comparison of the cDNA sequences of these
two ER variant with those published for other species
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MERa:GGAGATTCTGATGATTGGTCT (Graham et al.. 1990)
MERb:CATCTCCAGGAGCAGGCTAT (Graham et al., 1990)
PERa:TGCAGAGAATTCATGACCATGACC
PERB:AGTCCGAATTCTCAGATTGTGGTG
hERa:GTGTCTGTGATCTTGTCC

hERb: TCTGCCAAGGAGACTCGC
pERG32Z:TCTCTTGAAGAAGGCCTTACAG
PERBI1:CAGATCTCATGTCTCCAG

Figure 1. Positions of various prumers used to amphfy ER-alpha
mRNA from the uteni of Lan-Yu pig. The schematic representation
of ER-alpha mRNA (top) and protein modified from Gotteland et
al. (1995) shows the map position of the eight exons and six
domains, respectively, The heavy lmes represent the pig ER ¢DNA
fragments amplified by individual primer sets.

revealed unexpected and novel exon [ deletion.

MATERIALS AND METHODS

Materials

TRIzol reagent and superscript II reverse transcriptase
were obtained from GibcoBRL Life Tech (Gaithersburg.
MD. USA). The pCR-Script SK (+) and TA cloning kit used
in this study were purchased from Stratagene (La Jolla. CA.
USA) and Invitrogen (Leek. Netherlands). respectively.

Porcine uterine RNA isolation and reverse
transcription-polymerase chain reaction (RT-PCR)
assays

Lan-Yu pig (Sus vitratus. a small-ear miniatre gilt
(Mason. 1996)) uteri from four-month-old animals were
obtained from the Department of Animal Sciences at the
National Taiwan University. the location of conservation of

Lan-Yu pigs. and stored at -80°C until use. The Lan-Yu pigs.

also known as Yan-Yu small-ear miniature pigs or Taiwan
small-ear miniature pigs become fertile earlier than Large
White at 97+42 days of age. The length of pregnancy is 114
days in average for Lan-Yu pigs. The visible characteristics
of Lan-Yu pigs included small and erect ear: straight tail;
long and slightly concave face:. very short legs with thick
strong pasterns: stiff bristles; hanging belly and curving
back and boars showing aftack behavior under stress.
Uterus RNA was prepared according to procedures
described by Chomczynski and Sacchi (1987). For cDNA
synthesis. 3 g of porcine uterus RNA was mixed with 4 | of
5X first strand buffer. 2 1 of 0.1 M DTT. | 1 of 10 mM
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Figure 2. RT-PCR amplification of the 5' end of the ER-alpha
c¢DNA from the uteri of Lan-Yu pig. Total RNA was prepared from
pig wen and amphfied with primers pERa and pER632. 1 kb
DNA marker (BRL GIBCO) was used as molecular weight
markers in lane |.

dNTPs and 1 1 (200 units) of reverse transcriptase in a total
reaction volume of 20 1. Reaction mixtures were first
incubated at 45°C for | h and then at 70°C for 15 min.
Various pig ER ¢cDNA fragments were amplified from a 100
1 reaction mixture containing | X PCR buffer. 0.1 mM
dNTPs. 0.5 g primers. 2.5 U Tag DNA polyvierase. 1.51 of
RT product and a pre-determined concentration of MgCl- (4
mM for the primer sets of mERa/mERb and mERa/pERb; 3
mM for the primer set of hERa/hERb: 1 mM for the primer
sets of hERa/pER831 and pERa/pER632). Primers used in
this study and the DNA fragments amplified are listed
(Figure 1). Amplified DNA fragments were analvzed by
agarose gel electrophoresis and their identification was
confirmed by Southern blot analysis using a digoxigenin
(DIG) labeled human ER ¢cDNA probe.

Cloning and Sequencing of cDNA fragments

Amplified ¢cDNA fragments were cloned either into the
PCRII using a TA cloning kit or into the pCR-Script SK(+)
after flushing the ¢DNA ends with cloned pfir DNA
polvmerase according to manufacture’s suggestion
(Stratagene. La Jolla. CA. USA). Both strands of the cloned
¢DNA fragments were sequenced using an ALF express
DNA Sequencer (Pharmacia Biotech, Uppsala, Sweden).

RESULTS

QOur strategy for cloning the ER from porcine uteri is
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A

ATGACCATGAQ! UTACAC AU AAA GUG T G C ATG G CTU U TG CAC COG ATC UAA GOC AAL GAd TG GAG COC CTG AA G COG CAGETC ARG ATC OO0 <TG GAG CGr e CTa GG
Met Thr Met Thr Lew His Thr Lys Ala Ser Gly Met Ala Leu Leu His Gin Jle Gln Ala Asn Glu Leu Glu Pro Leu Asn Are Pro Gln Leu Lyvs Jle Fro Lew Glu Gln Pro Leu Gly
12

GAGGTGTAC GTG GACAGCAGCAAGCCC GOC GTG TAT AACTAC CCC GAG GGC GUC GCG TAC GACTTC AAC GCOC GUG GCG GUG TTC GGC GCC AAC GOC TTG GGG GGC TTC CAG CCG CTC AAC
Glu “Val Ter “Val Asp Ser Ser Lvs Pro Ala Val Tvr Asn Ter Pre Glu Gly  Ala Ala Ter Asp Phe Asn Ala Ala Ala Ala Phe Glv Ala Asn Glv Leu Gly Gly Phe Gln Pro Leu Asn
Al

AGCGTGTCT CCGAGC COG CTG GTA CTG CTG CAC COG COG CCG CAG CTC TCG CCC TTC CTG CAC CCC CAC GGU CAA CAG GTG COC TAT TAC CTG GAG AAT GAG CCG AGC GGC TAT GCG GTS
Sa Val Se Pio Ser Pio Leu Val Lew Len His Pro Pro Bo Gl Leu Se Pro Phe LeuBis B His Gh <Gn Gln Val Bie Ty Ty Léw Glu Asn Glu Bro Ser <Gy Ty Al Val
381

CFC A GCC GG CCT COU GOCTTC TAC AGT UCA AXT TUA GAT AAT VUG CGUC CAGGGT GGU AGA GAG AGA TTG G A0 AT AGT GAC AAG GGA AGT ATG GCCATE GAATCT GCC AAG GaG
Arg Glu Ala Wdly Pro Bro Ala Phe Tvr Az Pro Am o Se Asp Asn Glno Avg Jin Gly oy Arg Jlu g Lew ala Sa The Ser Glu Ing <Gly Ser Mel Ala Met <Glo Sa Ala Lys Gle
481

ACT G TAC TUT GCA TG TG AAT GAC TAT G Toa G TAC CAT TAT GGA GTT TG TCT TurC v GG C TGT AAG GOC TTC TTC AAG AGAAGT ATT €44 GGA CAT AAT GAC TAC ATG TGT
Thr Arg Tvr Cvs Ala Val Cy¥sAsn Asp Twr Ala Ser Gly Tvr His Tor Gly V2l Trp Ser Cvs Glu Gly Cve Lys Ala Phe Phe Lys Arg Ser [le Gln Gly His Asn Asp Tor Met Cue
601

CCAGCCACCAACCAGTOC ACAATT GATAAGAAC AGG AGG AAGAGC TGT CAG GOC TGC CGG CTA CGC AAG TGUC TAC GAA GTG GGC ATG AT AAA GGG GGG ATA CGT AAA GAC CGT AGA GGA
Prc Ala Thr Asn Gln Cys Thr (e Asp Lys Am Arg Are Llyvs Ser Cys Gl Ala Cyvs Gin Leu Are Lys Cvs Tvr Glu Val Gy Mel Mel Lys Gly Gly lle Gln Lys Asp Gln Are Gly
2

GOGAGAATG TTGAAG CAC AAG CGC CAG AGA GAT GAT GGA GAG GGC AGGAAT GAA GCG GTG CCC OCT GGA GACATG AGATCT GUC AAC CTT TGS CCAAGC CUT CTCTTG ATT AAA CAC ACT
ily  Arg Met Len Lys His Lys Az o Arg Asp Asp Jly Jdlu Gly A Asn Gluo Ala Val Bro Pro <Gy Asp Met Arg Ser ala Asn Len Trp Fio Ser Pru Lew Lew lle Lys His Thr
81l

AAGAAGAACAGCCOGGTCTIGTCC CTGACAGCC GAC CAGATGATC AGT GOCTTG TTG GAG GCT GAG CCC CCC ATAATC TAT TCC GAG TAT GAT CCT ACC AGA CCC CTC AGT GAG GCTTCA
Lys Ly Asn Ser Pro Mal Leu Se Leuw Tho Ala Asp odln Met [le S& Ala Lew Lew Glu Ala «ilu Pru Pru [l Jle Ty S <o Tyr Asp Pru The Arg Fru Leuw $& Glu Ala Ser
S8l

ATGATG GG TT CTGACC AAC UTC GCA GAC AGT GAG CTur UTA CAC ATG AT AAC TG GUA ARG AdGGTS <0 A GUA TTT TTG GAT TTA AGC CTC <AT GAT CAA GTG CAT CTT <TG GAATGT
Met Met Gly Leu Leu Thr 4 Len Ala Asp Are Glu Lew Val His Met lle Asn Trp Ala Lvs Are \al Pro Gly Pheleu Asp lLeuSer Leu His Asp Gln Val Hiz Leu Leu Glu Cys
1081

GCCTGG UTA GAG AT CTC AT ATT GGT CTT GTC TG VO TOE ATG GAad CACUCA GOG AAG UTCUTG GCT COT AR TTG CT<C (TG GAC AGG AAC CAG GOC AAG TGT GTC GAG GGA ATG
Ala Tip Lew Glu Jle Len Met Jle Gk Leu “al Tip Arg Ser Met Glu Hiz Pre Gl Lys Leu Leu Phe Ala ProAsmi Leu Leu Leuw Asp Arg Asn Gln Gy Lve Cve Val Glu GlvMet
120

GTGGAGATC TTT GACATGTIG CTG GCT ACATCATCT CGC TTC COTATGATGAAT CTC CAG GGA GAG GAGTIT GTG TGC CTC AAATCCATC ATT TTG CTT AAT TCT GGAGTG TACACG TTT

Val Wlu (e Pheasp Met Leu Leu Ala T Ser Ser Arg Phe Aig Met Metasn Lew Gln Gly Jdlu Glu Phe Val o <ys Lew Lys  Serlle [le Lew Leudsn Sa Gly Val T Th Fhe
1321

CTGTCCAGCACC CTGAAGTCT CTG GAA GAG AAG GAC CATATC CAC CGT GTC CTG GAC AAGATC ACA GAC ACC TTG ATC CAC CTG ATG GCC AAA GCG GGC CTG ACT CTG CAGCAG CAG Cal
Leu Ser Ser Tho Lew Lys Ser Lew Glu Glu Lys Asp His Jle His Ag Val Lew Asp Lys lle Thn Asp Thr Lew [le His Leuw Met Ala Lys  ala Gly Lew Thi Leu Gln <ln Gln His
1441

UG CGT CTE GG CAG CTE CTO CTU ATC CTG TUT CAC TTCAGY CAC ATG AGT AAU AAA G ATG GAG AT <TG TAC AAC ATG AAG TGC AAG AAC TG GTG CO CTa TAT Gas TG (TG <TG
Gln 4re Leu Ala Gin Lew Leu Leu Jle Lew Ser His Phe Arg His Met Ser Asn Lyvs Gly Met Glu His Leu Tyr Asn Met Lys Cys Lve Asn Val \al Pro Leu Tvr Asp Lleu Leu Leuw
1561

A AT CTG GAC G0 C CAC CGU CTG CAC GCC UCA ACC AAC UTC GG GG CCA U CCG GAG GAC ATG AG CAG AGC < AG CTG GOC AT TG GG TCA ACT <A TCG CAT Tad TTG € AA ATG
Glu MetLleu Asp Ala His Are Leu Hizs Ala Pro Thr Am Leu Gly Gly Pre Pro Pre Glu Asp Met Ser Gln Ser Gln Leu Ala Thr Ser Gly Ser Thr Pro Ser His Ser Leu Gin Met
1681 1725

TATTACATC ACG GGG GAG GCG GAG AACTTIC CCCACC ACAATCTGA

T Twr lle The Gly JGle Ala Gl Asn Phe Pio Tho The Jle End

P

ATGACCATGAQI UTACAC AU AAA GUG T G ATG G CT TG CAad ATC U AAGOC AAC AT UTG GAG CCC TG AAC CGE CCG CAG CTCAAGATC COC TG GAG CGG <O (T GG

His Thr Lvs Ala Ser Gly Met Ala Leu Leu Gln lle Gln Ala Asn Glu Leu Glu Pro Lew Am Arg Pro Gln Leu Lys [le Pro Leu Glu Are Pro Leuw Glv Mel The MetThr Leu

12

GAGGTG CCA AAT TCA GAT AAT CGG CGC CAG GOT GGC AGA GAGAGATTG GCC AGC ACCAGT GAC AAG GGA AGC ATG GCC ATG GAA TCT GUC AAG GAG ACT OGC TAC TGT GCA GTG TGC AAT
Glu VAl Bro Asn Ser Asp A A A Gln Gly Jdly A Gl Aarg Lev Ala Ser The Ser Asp Lys <Gly Sa Mel Ala Mer Glu e ala Lys <Gle The Aig T <ys Ala Val <ys aan
Al

GACTAT GOC TCA GGC TAC CAT TAT GGA GTT TGG TCT TGC GAG GGC TGTAAG GCC TIC TTCAAGAGAAGT ATT CAAGGA CAT AAT GAC TACATG TGT CCA GCC ACC AAC CAG TGC ACAATT
Awp Ty Ala Se Gk Twr His Twr Gl Val Tip Ser Cys Glu dly Cys Lys Ala Phe Phe Lys Aig Sa [le Gl Gly Hisasn Asp T Me <vs Fro Ala The asn <Gn <ys The [le

381

GAT AAT AAC AGGAGT AAGAGY TUT CAG GCC TUC CGG CTA CGC AAG TUC TAC GAA GTU GG ATG ATG AAA GG G ATA CUG AAA GAC CGF AGA GGA GOG AGAATS TTG ARG CACAAG <GC
Asp Lyvs Asn Are Arg Lvs Ser Cvs Gin Ala Cyvs Arg Leu Arg Lys Cvs Tor Glu Val Ghv Met Met Ly Glv Glv lle Arg Lye Asp Arg Arg Glvy Glv Are Metleu Lys Hie Lys Are
481

A AGA GAT AT GA GAG GUC A6 AAT GAA GUG GTG UCC QUT GGA GAC ATGAGA TCT G AAC CTT TGG CCA AGC T CTC TTG ATT AAA €AC ACT AAG AAG AACAG G GTETTGTCC
Gin Are Asp Asp G Gl Gh Are Am Glu Ala Val Pre Pre Ghv Asp Met Arg Ser Ala 4Am Leu Tep Pro Ser Pro Leu Leu [le Lys His Thr Lyvs Lys Asn Ser PFro \al Leu Ser
6G1L

CTGACAGCOC GAC CAGATGATCAGT GCC TTG TTG GAG GCT GAG CCC CCC ATAATC TAT TCC GAG TAT GAT CCTACC AGA CCC CTC AGT GAG GUT TCAATG ATG GGC TTG CTG ACC AAC CTC
Leu Tl Ala Asp Jdin Met [le S Ala Lew Leu ilu Ala Glu ProPro dle [l Th Se Gl Twr Asp Fru Thi Aig Pru Lew Ser Glu Ala 8a Mel Mer Gly Lew Lew Thi Asn Lew
2

GCAGACAGGGAGCTG GTACAC ATGATC AACTGG GCAAAGAGG GTG CCAGGATITTIG GATTTAAGC CTC CAT GAT CAA GTG CAT CTT CTG GAA TGT GCC TGS CTA GAG ATC CTC ATG ATT
Ala Asp A Glu Lew Val His Met Jle Am Tip Ala Lys A Val Po Jly Phe Leuw Asp Lev So Leu His Asp Gln Val His Lew Leu <Glu Cys ala Tip Lew Gl [le Leu Mel [le
81l

GGT UTT GTC TG UG T ATV A CAC UUA Gl AAG CTV CTG GUT CCT AAC TTG CT CT JAC AGG AAC CAG GG AAG TET GTC GAG GGA AT GTG GAG ATC TTT Gac AT<G TTG <TG
Gly Leu Val Trp Are Ser Met Glu His Pro Gk Lys Len Lev Phe Ala PreAsn Leu Lew Lew Asp Arg Aasn Gln Gly Lys Cve %al Glu Gly Met Val Glu [le Phe Asp Mel Leu Leuw
S8l

GCT ACATCA TCT VG C TTC QUT AT ATG AAT UTC CAG GirA G GAG TTT T TG CTC AAA TCC ATCATT TTG CTT AAT TET GOA GT< TAS 4G TTT CTG TCC 4G ACC TG AAG TCT <TG

Ala Thr Ser Ser Are Phe Arg MetMet Asn Leuw Gin Gk Glu Glu Phe \al Cvs Lew Lys Ser lle (e Leu Leu Asn Ser Glv Val Twvr Thr Phe Leu Ser Ser Thr Leu Lys Ser Leu
1081

GAA GAGAAG GAC CATATC CAC CGT GTC CTG GAC AAGATC ACA GACACC TTGATC CAC CTGATG GCC AAA GCTG GGC CTG ACT CTG CAG CAG CAG CAC CGG OGT CTC GCG CAG CTC CTC COTC
Gilu Wilu Lys Asp His lle His A Val Leu Asp Lys [le Tho Asp T Leu [le His LeuM#t Ala Lys ala Gly Lew The Lew <in Gln <iln His 2 Arg Lew Ala Gln Lenw Léu Leu
120

ATCCTGTCT CACTTIC AGG CACATG AGTAAC AAA GGC ATG GAG CAT CTG TAC AACATGAAG TGC AAG AAC GTG GTG CCC CTC TAT GAC CTG CTG CTG ATG CTG GAC GCC CAC OGC CTG

lle Lew Ser His Phe e His Mgt S:1 Am Lys odly Met ol His Lew Twr Asn MetLys Uve Lys Asn Val Val Pru Léuw Ty Asp Lew Lew Leu Mel Lew asp Ala His g Lew

1321

CALGCC CCAACC AACUTC GG GG CCA U CCG GAG GAC ATG AGY CAG AGC CAG CTG GOC A TUG GG TCA ACT CCA TCG CAT TCC TTG A3 AT TAT TAC AT ACG GOG GAG GCG GaG
His Ala Pro Thr Am Lew Ghv Gly Pre Pro Pro Gl Asp Met Ser Gin Ser Gin Lew Ala Thr Ser Gl Ser Thr Pro Ser Hig Ser Leu Gln MetTyc Tyc lle Thr Gy Glu ala Glu
1441 [E]

AAUTTY COC ACC ACA AT Taa

Am Fhe Pre Thr Thr (e End

Figure 3. DNA sequences and deduced amino acid sequences of the ER-alpha variants pER-1 (A) and pER-2 (B) in the uteri of Lan-Yu

pg.

presented in Figure 1. Fragments of pig ER ¢cDNA were
amplified and cloned into appropriate plasmids.
Surprisingly. two ¢cDNA fragments encoding the N-terminal
region of the ER protein were amplified using the primer set
of pERa and pER632 (Figure 2). In addition to a DNA
fragment of 600 bp (similar to the expected size of 632 bp).

one minor DNA fragment of 300 bp was also amplified in
the PCR products. The amount of the major DNA fragment.
designated 5° end of the pER-1 appeared to be about four
times that of the minor DNA fragment, designated 5 end of
the pER-2 presented in the uterus RNA. All attempts to
improve the specificity of the PCR technique failed to
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eliminate the pER-2 DNA fragment from the PCR products.
Southern analysis using a human ER ¢cDNA fragment as a
probe revealed hybridization with both the major and minor
DNA fragments (data not shown). Since the pER-1 and
pER-2 ¢cDNA fragments are potentially two variants of ER
messenger RNA. the decision was made to clone and
determine the sequences of both. By combining the
sequences of amplified pig ER ¢DNA fragments. the
lengths of pER-1 and pER-2 were determined (Figure 3).
Fragment lengths were measured at 1.723 bp for pER-1 and
1.461 bp for pER-2. Both sequences were found to be
highly homologous to those reported for other species
(Figure 4).

A more detailed comparison of the pER-2 sequences
with ER ¢cDNA sequences from other mammals identified a
327 bp deletion from nucleotide 126 to 432. A putative
protein of 486 amino acids with a deletion of 109 amino
acid residue (from 43 to 131 aa) in the B domain of the ER

ftnbjolsx0O 1
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protein was deduced from the sequences of pER-2. A
deletion corresponding to the 193-255 bp region which was
internal to the deletion in pER-2 was also observed in the
pER-1 sequences. The pER-1 amino acid sequences was
therefore deduced as consisting of 574 amino acids. with
the B domain of the ER shortened by 21 amino acids (65-85
aa) compared to that reported by Bokenkamp et al. (1994)
for the Large White pig species. A comparison with ER
¢DNA taken from Large White pig (Sus scrofa) revealed
alterations in four bases which did not result in changes in
amino acid sequences: at 264 (G/A). 606 (T/C). 1.60T/C)
and 1,692 (A/G).

DISCUSSION
Two ER-alpha messenger RNA variants with deletions

in the exon I were identified in the uterus of Lan-Yu pigs.
Their sequences were determined and compared with the

50

Human MTMTLHTKASGMALLHOIOGNELEPLNRPQLKIPLERPLGEVYLDSSKPA
pPER-1 R T T A
pER-2 R S
S.scrifa:::::::::::: Attt sV
Rat PriciiciciiciiriririraiiraraiMiMicAr i eN
Mouse PriciiiicitiiriririiirirararaiMiMicAr i eN T
51 100
Human VYNYPEGAAYEFNAABARD-- - - - NAQVYGQTGLPYPPGSEARAFGSNGLG
PER-1 I I R i S I I I
PER-2 = s e e mm e e e e e e e e e e e e m e ae e ama
S.s¢erifa::::::::::Drt:iii=-=-=-=-8:P 8B tA
Rat Feoeoerererere: e :ABAGA: e :8IT: Qe
Mouse tFeicorereire et tABAB- ittt 8::8e:
101 150
Human GFPPLNSVSPSPLMLLHPPPQLSPFLOPHGQQVPYYLENEPSGYTVREAG
PER-1 Qeecererese Vet cHr oo osre s tAre e
=) A e I
S.gcrifa ::Q:::t:ize Ve He sttt iAot
Rat A::Qertzecertzerert:HV ez e s et Heor s e s e et A e : DT
Mouse A:Qezrztzezeztrtrtzsztrtrgatrtrsrtstatrtatatitts:
151 200
Human PPAFYRPNSDNRRQOGGRERLASTNDKGSMAMESAKETRYCAVCNDYASGY
PER-1 I I A I I I S I I B I I I T I T I TR I TR S TR S T S IR S I SIS
pER-2 meemem--tziztztztztotrtrsSrrrrrrrrrrtitititiriri
S.scrifa::::t:irrrrtr Sttt ittt itttz
Rat trez 8N :8:88E: :NeITe:eerersrsrrrrsre:
Mouse trez 8t N :8:8:E::NeTeerersrsrsrrrsrere:

Figure 4. Comparison of the amino acid sequence of Lan-Yu pig ER-alpha variants with those from human, large white pig, mouse and
rat. “~" indicated the absence of corresponding amine acid and ;" indicates that the same amino acid is present compared to the sequence

of human ER.
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ER c¢DNAs of other species. The major varant pER-1
contained a deletion of 63 nucleotide deletion and the minor
variant pER-2 contained a 327 nucleotide deletion. Both
variants stay in frame and code for a ER protein missing aa
63-85 and aa 43-131 in the B domain, respectively. The B
domain of ER protein confers transactivation activity and is
not as conserved as domains C (involved in DNA binding)
or E (required for ligand binding).

To our knowledge. ER-alpha messenger RNA variants
with deletions in exon I have not been previously reported.
However. data has been published on observed deletions in
exons 2-7 in various tumor tissues and established cell lines
(Graham et al.. 1990; McGuire et al., 1992: Koehorst et al.,
1993 Pfeffer et al.. 1993) and whether these ER variants
are physiologically significant in terms of tumor progress
remains unknown (Wang and Miksicek. 1991: Pfeffer et al.,
1995). That the ER variants reported previously were
resulted from a precise deletion of either a single exon
{exons 2. 3. 4. 5. or 7). or two exons (exon 3 and 4)
suggests an alternative splicing mechanism was involved.
In addition to tumor tissues, Gotteland et al. also observed
the presence of at least six ER messenger RNA variants in
normal breast tissues (Gotteland et al.. 19953). In the present
study. we observed the co-expression of two ER messenger
RNA variants in pig uteri. Unlike the previously described
“exon-skipping” mutants. these variants most likely reflect
changes in genomic ER sequence. especially since the two
messenger RNAs do not correspond to the normal splicing
patterns of ER mRNA. Detained genomic sequence
characterization would facilitate the understanding of
whether such changes take place in the ER gene. The
putative proteins translated from these two pig ER RNAs
observed in this study exhibit internal in-phase deletion in B
domain and thus generated a in-frame truncation of the ER
protein. Very few cases of truncated protein synthesis have
been previously reported in the literature. A 46 and a 47
kDa with characteristics of ER protein were identified by
Diaz-Chico et al. (1988) and Jozan et al. (1991). They
suggested that these truncated proteins were generated by
deletion in exons 3 and 4. A 80 k Da ER variant containing
an in-frame duplication of exons 6 and 7 due to genomic
rearrangement was reported by Pink et al. (1996). Graham
et al. (1990) also described ER mutations that include two
frame-shift/termination mutants plus an additional mutant
with a large in-frame deletion spanning the hinge region
and some of the hormone-binding domains (Gronemever,
1991). Theyv suggest that these mutations were generated by
chromosomal rearrangement. Whether similar mechanism is
involved in generating the pER-1 and pER-2 varients
requires further investigation.

The pER-1 and pER-2 fragments were the only two
specific DNA fragments that could be detected via RT-PCR
technique in this study and attempts at identifving the
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presence of non-deleted ER mRNA species were
unsuccessful. Therefore. it appeared that either the non-
deleted ER RNA is not expressed in pig uterus or its
expression level is below detection limit used in the present
experiment. In addition. the deletion in pER-1 did not
appear to be an artifact that may occur using culture cells as
starting materials since it was isolated from the uteri of
normal cycling pig. In previous reports. Rothschild et al.
studied the role of the ER gene on litter size in pigs and
detected genetic difference at the ER among different pig
species. They also suggested that such genetic difference is
associated with litter size in pigs and ER is the best
predictor of litter size differences (Rothschild et al.. 1996).
At farrowing. the average litter size of Lan-Yu pigs have
been reported to be 4.71-5.89 and the survival rates of 8
week piglets at weaning was in the range of 84-91%.
Therefore. it is interesting to speculate but remains to be
studied the potential association for these ER variants
occuring in Lan-Yu pig (a miniature) but not in Large White
Pig or sheep (Madigou et al.. 1996). In summary. the two
ER variants from the uteri of Lan-Yu pig both contained an
unusual exon I deletion. Although an affinity for estradiol is
retaingd in the C-terminal half of the molecules (Murdoch
et al., 1990) that appears to be intact in the two ER variants,
it remains to be shown what effects these deletions.
especially in pER-2. have on normal ER functions.
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