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We have isolated, in guinea-pig endometrial cells, an
strogen-induced 1.8 kb RNA called gec1. Screening of
guinea-pig genomic library led to identification of

ec1 gene consisting of 4 exons and 3 introns. Exon 1
ontains the 5*UTR and the ATG initiation codon. A
uinea-pig gec1 cDNA was obtained by 5*-RACE. The
51 bp coding sequence shares 76.8% identity with that
f the human GABARAP 924 bp cDNA while UTRs of
he two cDNAs differ. A gec1 probe from the 3*UTR
evealed a 1.9 kb mRNA in human tissues and a human
EC1 cDNA was isolated from placenta. Its coding

equence shares 93 and 79% identity with that of
uinea-pig gec1 and human GABARAP, respectively.
he human and guinea-pig GEC1 proteins have 100%

dentity. GEC1 and GABARAP proteins have 87% iden-
ity and N terminus featuring a tubulin binding motif.
hus, estrogen-regulated gec1 is a new gene which
ould encode a microtubule-associated protein. © 2001

cademic Press

Key Words: estrogen; primary response gene; gec1;
ABARAP (GABAA-receptor-associated protein), micro-

ubule-associated protein; molecular cloning; genomic
rganization; LD-PCR; RACE.

Estrogens, potent mitogens for breast and uterine
pithelia, are responsible for tumor-promoting action
n breast and endometrial cancers (1, 2). Estrogen
ction on cell proliferation is mediated by receptors
Ra and ERb (3, 4) which act as transcription factors
nd regulate the expression of target genes (5). There-
ore, identification of estrogen-regulated genes in tar-

Sequence data from this article have been deposited with the
MBL/GenBank Data Libraries under Accession Nos. AF 012920

guinea-pig gec1 cDNA), AF 312680 (guinea-pig gec1 genomic DNA),
nd AF287012 (human GEC1 cDNA).
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-mail: michele.jouvenot@univ-fcomte.fr.
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olecular mechanisms of estrogen action on normal
ell growth and consequently on tumor cell growth.
Based upon the kinetics of the response and the

inding of receptors to the target genes, a classification
f steroid-regulated genes into three groups has been
roposed: primary response genes, secondary response
enes and delayed primary response genes (6, 7). The
rimary response genes are directly activated by
teroid–receptor complexes, without the requirement
or de novo protein synthesis and their expression
rises at the beginning of the cascade of transcriptional
vents. Among the genes directly activated by estrogen
n the uterus, there are proto-oncogenes encoding tran-
cription factors, such as c-myc, c-fos and c-jun (8–10)
nd some genes with an incompletely defined function
11, 12).

Our laboratory has developed an in vitro model of
uinea-pig endometrial glandular epithelial cells
GEC). It has been demonstrated that the cultured
ells are estrogen responsive (13) and that 17b-
stradiol (E2) induces c-fos gene expression within 2 h
hen it acts in association with either epidermal
rowth factor plus insulin or a protein synthesis inhib-
tor such as cycloheximide (14, 15). In an effort to
dentify genes that may be regulated by E2 in the same
onditions as c-fos, a cDNA library has been con-
tructed from poly(A)1 RNAs extracted from GEC
timulated with E2 (1028 M) plus cycloheximide (Chx,
0 mg/ml) for 2 h using the lgt10 cloning system. By
ifferential screening, one estrogen-regulated se-
uence, called gec1, has been identified. The initial
ec1 cDNA (833 bp) has been partially sequenced and
orresponded to the 39 end of the 1.8 kb mRNA. Fur-
hermore, as previously reported (16) and shown in
ig. 1, the level of gec1 mRNA in GEC treated with E2

lus Chx for 2 h was significantly higher than that
bserved in control Chx treated cells. The fold induc-
ion by E2 was 2.3. The early E2 action on gec1 gene in
EC is similar to the E2 action on c-fos gene (15) and
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the gec1 probe 1 were labeled with [32P]-dCTP by nick translation.
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he gec1 gene appears to be an early estrogen-
egulated gene.

The aim of this study was to identify the guinea-pig
ec1 genomic organization, its full length cDNA and its
uman counterpart.

ATERIALS AND METHODS

Isolation and characterization of genomic clones. The 833 bp gec1
DNA was totally sequenced. Then, a 755 bp fragment was amplified
y PCR using P1 and P2 primers, subcloned into pGEM-T vector
Promega) and used as gec1 probe 1. The guinea-pig genomic library
n the lFIX bacteriophage vector (Stratagene) was screened (1.5 3
06 phage plaques) with this probe 1. Hybridization was performed
vernight at 42°C in DIG Easy Hybridization Buffer (Roche Diag-
ostics). Filters were washed twice in 23 SSC, 0.1% SDS at room
emperature for 5 min and twice in 0.13 SSC, 0.1% SDS at 68°C for
5 min. Positive clones were plaque purified, and phage DNA was
solated (Reddy et al., 1988). Two clones were isolated and one clone
alled gec1a, containing a 19 kb insert, was chosen for further anal-
sis. The genomic clone was digested or partially digested with
elected restriction enzymes (SacI and BglII). Then, the restriction
ragments were subcloned into pBluescript II KS1 (pBS, Stratagene)
r PQE60 (Qiagen).

Southern blot analysis. Fifty nanograms of purified phage DNA
igested or not with SacI and BglII were electrophoresed on 0.8%
garose gel and blotted onto nylon filter (Dig User Manual, Roche
iagnostics). The filter was hybridized and washed as described
bove.

Long distance-PCR. Long range PCRs using 300 ng of purified
hage DNA as templates were performed according to the manufac-
urer’s specifications (Expand 20 kb PCR system, Roche Diagnos-
ics). Primers were chosen on restriction fragments generated by
acI digestion of the 19 kb insert, subcloned into pBS and partially
equenced.

Screening of human cDNA library. A human placenta cDNA
ibrary (Clontech) was screened (400,000 phage plaques) using probe

as described in isolation and characterization of genomic clones.
hirty-two clones were isolated and excised as a p-triplex vector and
ne was chosen for further analysis (1.2 kb in size) and sequenced.

Probes and primers. The glyceraldehyde-3-phosphate dehydroge-
ase (GAPD) cDNA probe and the b actin cDNA probe were from
lontech. For hybridization of Northern blot, these probes as well as

FIG. 1. Induction of gec1 mRNA by E2. 15 mg of total RNAs from
hx-treated cells (lane A) or E2 plus Chx-treated cells (lane B) for 2 h
ere electrophoresed on agarose gel and transferred onto nylon
lters. The filters were then hybridized with the gec1 DNA probe.
hey were rehybridized with the GAPD probe. The gec1 mRNA levels
ere normalized to the level of GAPD mRNAs.
119
or all other hybridization experiments, the probes were labeled by
ncorporation of digoxigenin 11-dUTP during PCR (PCR DIG probe
ynthesis kit, Roche diagnostics) with purified DNA fragments as
emplate.

Probe 1: a 755 bp gec1 specific probe was amplified using primers
1 (59 AACTGTAGTAGCGGACCATACCTGG 39) and P2 (59 GAAC-
TGAAGCTGACAGGACACAC 39) chosen on the 833 bp fragment

rom the lgt10 gec1 clone. Probe 2: a 1042 bp gec1 specific probe was
mplified using primers P3 (59 GAGGTATTAAACAAGTGTCTATT-
TGCAC 39) and P4 (59 CAGTGAGGTCAGAGGGCA 39) chosen on

he SacI 2314 bp fragment from the gec1 genomic clone. Probe 3: a
92 bp gec1 specific probe was amplified using primers P5 (59 TGT-
CTGTAGCAGAAATTGTAGG 39) and P6 (59 GGTGTGGACAGAG-
TGAGTCTAA 39) chosen on the BglII 4129 bp fragment from the
enomic clone gec1.

RT-PCR and 59-RACE. Five micrograms of total RNA extracted
rom guinea-pig’s liver or from human placenta were treated with 5
nits of DNase I (Promega) for 30 min at 37°C and then, reverse
ranscribed in a 20 ml reaction containing: 500 ng of oligo(dT) primer,
.8 mM dNTPs, 10 mM DTT, 2 ml of 53 first strand buffer and 10
nits of SuperScript II reverse transcriptase (Life Technologies). The
ample was incubated for 1 h at 42°C. The PCR (50 ml) contained: 2
l of RT-PCR products, 200 mM of each dNTP, 5 ml of 103 Mg-free
aq polymerase buffer, 2.5 mM MgCl2, 0.1 mM of sense and reverse
rimers and 2 units of Taq polymerase (Promega). The PCR protocol
as: 2 min at 94°C, then 35 cycles (1 min at 94°C, 1 min at 55°C, 1
in at 72°C) and finally 7 min at 72°C.
A new 59-RACE technique described by Ranasinghe and Hobbs

18) was used with some modifications. The first-strand cDNA was
ynthesized in a classic reverse transcription reaction as described
bove. Then, the reaction volume was made up to 100 ml with TE (10
M Tris–HCl, 1 mM EDTA pH 8) and 1 unit of RNase I (Epicentre)
as added. The sample was incubated for 30 min at 37°C to make the

DNA–mRNA hybrid blunt-ended. A phenol extraction was per-
ormed to inactivate the enzyme and the cDNA–mRNA hybrid was
thanol precipitated after adding 0.1 vol of 3 M sodium acetate pH
.2 and 2 ml of pellet-paint coprecipitant (Novagen). After centrifu-
ation, the pellet was washed, dried and dissolved in 6.5 ml of TE.
he cDNA–mRNA hybrid was ligated to the pBS digested by EcoRV.
fter ligation, the PCR amplification was carried out between a
equence specific gec1 primer (59 CAGGTGGATCCTCTTCCGGAT
9) and T3 or T7 primers of the plasmid. The PCR conditions with 3
l of ligated cDNA–mRNA hybrids were identical to those described

n the RT-PCR protocol. The PCR products were analyzed on 1%
garose gel. Fragments of interest were subcloned into the pGemT-
asy vector (Promega).

Guinea-pig tissue collection. Ovaries, uterus, kidney, lung, liver
nd brain were rapidly removed from a mature female guinea pig (of
he Hartley albinos variety) killed by decapitation on the day of the
aginal opening. The different organs were dissected free of adipose
issue (if necessary) and washed in phosphate-buffered saline (at
°C). These organs, except the uterus, were immediately frozen in
iquid nitrogen and stored at 270°C until use. Before freezing, the
terus was dissociated and the endometrium was separated from the
yometrium and stored at 270°C.

RNA extraction and Northern blotting. To study the expression of
RNAs in guinea-pig tissues, a pool of each tissue was prepared

rom four guinea pigs and RNAs were extracted using the cesium
hloride gradient method (19). Poly(A)1 mRNAs were selected by two
assages over oligo(dT) cellulose columns and quantified at 260 nm.
amples of poly(A)1 mRNAs (5 mg) were denatured (20), electropho-
esed in 1.1% agarose gels, and blotted onto nylon filters (Zeta-
robeGT, Bio-Rad) according to the vacuGene method (Pharmacia).
he filters were baked (80°C, 1 h) and kept desiccated until use. The
lters were prehybridized, hybridized with 32P-labeled gec1 cDNA
robe 1 and washed as previously described (14, 21). They were then
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xposed to X-ray films with an intensifying screen at 280°C. The
lters were dehybridized and rehybridized with the GAPD probe
sed as control. Two human multiple tissue Northern blots were
urchased from Clontech. The blots were prehybridized and hybrid-
zed in “Expresshybrid solution” (Clontech) according to the manu-
acturer’s recommendations. In a first hybridization, the 32P-labeled
ec1 cDNA probe 1 was used and the washing conditions were the
ollowing: twice in 23 SSC, 0.1% SDS at 50°C for 15 min, twice in 23
SC, 0.1% SDS at room temperature for 15 min, four times in 0.53
SC, 0.1% SDS at 50°C and four times in 0.13 SSC, 0.1% SDS at
0°C for 15 min. After autoradiography, the filters were rehybridized
ith a b actin cDNA probe used as control.

DNA sequence determination and analysis. Genomics and cDNA
lones were sequenced using the dye terminator cycle sequencing kit
Amersham) on a ABI 373 automated sequencer (Perkin–Elmer) by
alking along the sequence using synthetic oligonucleotides as prim-
rs. The nucleotide sequences homologies search through the EMBL/
enBank were performed by using the Advanced Blast software.
educed amino acid sequences were analyzed by using the BCM
earch Launcher software.

ESULTS

Characterization of guinea-pig gec1 genomic struc-
ure. The lgt10 cDNA clone was incomplete in rela-
ion to the estimated transcript size (1.8 kb). Moreover,
o open reading frame was found in the available se-
uence. Initial 59-RACE experiments could not identify
urther the gec1 sequence. Thus, a genomic guinea-pig
ibrary was screened to progress into the sequence and
dentify putative introns. Using the gec1 probe 1, la-
eled with 11-dUTP digoxigenin, one positive clone
as obtained first. The 19 kb insert from this clone was

ut into 6 fragments (6600, 4561, 3190, 2314, 1100, and
10 bp) by SacI digestion. One of them (3190 bp) hy-
ridized with the probe 1 and was totally sequenced.
he 833 bp gec1 cDNA determined from the lgt10
lone was located between the nucleotide 1969 and
801 of the 3190 bp fragment. Additional nucleotides
ere obtained and two predicted exons, called exon 3

119 bp) and exon 4 (1322 bp), were positioned by
oftware BCM Gene Finder on the 3190 bp sequence

FIG. 2. Organization of the guinea-pig gec1 gene. A partial restr
epresent introns, and the boxes represent exons. Above, the initial l
odon (ATG), the translation termination codon (TGA), polyadenylat
120
Fig. 2). The putative position of these two exons was
onfirmed by RT-PCR analysis with primers E3 and P2
Fig. 2) chosen on the guinea-pig 3190 bp sequence and
ith RNA extracted from guinea-pig liver as template.

ndeed, the amplification produced a fragment which
ize confirmed the junctions exon–intron (data not
hown).
At this stage, the known cDNA sequence was 1441

p in size and incomplete in 59.
To localize the SacI fragment upstream the 3190 bp,

artial digestions were performed. One 2314 bp frag-
ent was estimated near the 3190 bp (data not shown).

t was subcloned into the pBS vector and partially
equenced. Long Distance-PCRs were carried out with
rimers chosen on the 2314 bp and 3190 bp fragments:
7, a sense primer of the 2314 bp fragment (59-GAG
TA TTA AAC AAG TGT CTA TTG TGC AC-39); P8, a

ense primer of the 3190 bp fragment (59-AGT AAG
AT GAT ACC AAT GTG TAT TGT GTT-39); P9, a
everse primer of the 3190 bp fragment (59-ATC AGC
GA TGC AGG AAG G-39). Amplification was obtained
nly with the sense primer P7 on the 2314 bp fragment
nd the reverse primer P9 on the 3190 bp fragment.
ccording to this result, the 2314 bp fragment ap-
eared to be localized upstream of the 3190 bp frag-
ent. Total sequencing and software analysis of the

314 bp fragment gave a determination of an addi-
ional exon (79 nucleotides in size), called exon 2. RT-
CR, using a forward primer localized on the 59 end of
xon 2 and the reverse primer P2 localized on the end
f exon 4 confirmed the position of the 3 exons (data not
hown).
The 19 kb genomic insert was digested by BglII and

he restriction fragments were then hybridized with
robe 2 specific for the 2314 bp fragment. Only one
129 bp fragment hybridized with this probe (data not
hown). This result as well as the presence of a BglII
ite in the 3190 bp fragment suggested that the 4129

on endonuclease map of the genomic gec1 clone is shown. The lines
0 gec1 clone is represented. The position of the translation initiation
site, restriction sites, probes, and primers used are indicated.
icti
gt1
ion
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p fragment overlapped both a part of the 3190 bp
ragment as well as and the 2314 bp fragment (Fig. 2).
equencing of this BglII fragment gave a determina-
ion of further 919 bp upstream of the 2314 bp SacI
ragment. In the same manner, using probe 3 specific
or the BglII fragment, a 4561 bp SacI fragment was
ocated upstream of the 2314 bp fragment. This 4561
p fragment allowed determination of 3642 bp up-
tream the BglII 4129 bp fragment. It contained exon 1
.90 bp) with an ATG initiation codon (Fig. 2).

These overall results led us to propose an organiza-
ion of the gec1 gene (Fig. 2) with 4 exons. Intron/exon
unctions are presented in Table 1 and have the con-
erved GT and AG dinucleotides present at their donor
nd acceptor sites.

Identification of the 59 end of guinea-pig gec1 cDNA.
o identify the 59 gec1 cDNA end, total RNAs were
xtracted from guinea-pig liver and used as template to
erform another 59-RACE experiment, as outlined un-
er Materials and Methods. A specific gec1 primer de-
ived from exon 3 and T3 or T7 primer from pBS vector
ere used for PCR amplification of the ligated cDNA-
RNA hybrids. One RACE-PCR product of 521 bp,

btained with T3 and gec1 specific primer, hybridized
ith probe 2. Sequencing of this 521 bp fragment gave

he 59 part of exon 3, the exon 2 and an upstream 401
p sequence. This sequence confirmed the 39 end of
xon 1 and contained the ATG initiation codon at po-
ition 1312. As shown in Fig. 3, the 1921 bp gec1 cDNA
ontains a 59 untranslated region of 311 bp, an open
eading frame (ORF) of 351bp, and a 39 untranslated
egion of 1259 bp. The open reading frame encodes a
rotein of 117 amino acid residues with a calculated
olecular weight of 14162 Da and an isoelectric point

pI) of 8.67. The results of a search in GenBank data-
ases are presented in Fig. 4. The gec1 cDNA (Acces-
ion No. AF012920) has high identity with the whole
equence (UTRs and ORF) of a recently reported 1835
p cDNA (Hashimoto et al., 2000, unpublished se-
uence in GenBank, Accession No. AB041648) isolated
rom mouse brain cDNA library using the oligo-
apping method. The gec1 ORF (351 bp) shows 76.8%
dentity with the coding sequence of the 924bp human
ABARAP cDNA (Accession No. NM_007278) but the
TRs of both cDNAs (guinea-pig gec1 cDNA and hu-

DNA Sequences of Exon–Int

Exon Size (bp) 59 splice donor

1 .90 TCCCGgt gagcctccctggg
2 79 CACTGgt aacgttgttttcc
3 119 ATGAGgt aatggtcctgtca
4 1322 ACTCTaactgagttcagtact

Note. Exon sequences are shown in uppercase letters and intron s
121
an GABARAP cDNA) have no identity. As shown in
ig. 5, the predicted guinea-pig GEC1 protein shares
00% identity with the unnamed mouse protein and
7% identity with human GABARAP, an ubiquitous
rotein interacting with the g2 subunit of GABAA-
eceptor and with tubulin and microtubules (22, 23).
EC1 and GABARAP proteins have respectively 60
nd 64% similarity with light chain-3 (LC3) of
icrotubule-associated protein (MAPs) 1A and 1B and

5% similarity with GATE-16, a membrane transport
odulator (24). The GEC1 N terminus, like that of
ABARAP, is highly positively charged and features a
utative tubulin binding motif (25).

gec1 mRNA expression in guinea pig and human
issues. A 32P-labeled guinea-pig gec1 probe 1 was
sed to determine by Northern blot analysis the gec1
xpression in guinea-pig tissues. The results of a
epresentative experiment with guinea-pig poly(A)1

RNAs are reported in Fig. 6A. A single 1.8 kb tran-
cript was detected in all tissues examined. However,
ndometrium, liver and lung expressed the highest
evels of gec1 mRNA. Probe 1 was also used to inves-
igate the expression of gec1 counterpart in human
issues (Fig. 6B). Only one transcript of 1.9 kb was
etected in the different tissues examined except in the

ung where the control b actin mRNA level was very low.

Isolation of a partial human GEC1 cDNA. As a 1.9
b transcript was detected in all human tissues exam-
ned (Fig. 6B), a human placenta cDNA library was
ubsequently screened with the gec1 probe 1 to obtain
he gec1 human counterpart. Thirty two clones were
solated and the longest one, containing 1081 nucleo-
ides, was sequenced. It contained a polyadenylation
ignal but no ORF. It shared 71.3% identity with the 39
ntranslated region of guinea-pig gec1 and 82% iden-
ity with that of the unnamed mouse cDNA (Accession
o. AB041648), but no homology with the human
ABARAP cDNA. At this stage, the new human cDNA
ppeared to be likely the 39 UTR of human GEC1
RNA. Moreover, this 1081 bp cDNA fitted with a

equence localized to human chromosome 12 (Acces-
ion No. AC006514) while GABARAP gene has been
ocalized to chromosome 17 (23). By analysis of the
nordered sequences located to chromosome 12, a pu-

Junctions in the gec1 Gene

39 splice acceptor Intron size (bp)

ctcctgtcttccc agGTCAT 4177
ctttcctacattc agTTGGC 1047

tatctatttttct agGACAA 1304

ences in lower case letters.
ron

equ
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ative ORF for the human GEC1 gene was identified.
hen, using two human primers (a sense primer up-
tream this putative ORF, a reverse primer at the 39
nd of the 1081 bp sequence), and human placenta
RNAs as template, a cDNA was amplified (Accession
o. AF287012). As shown in Fig. 4, the human cloned
638 bp cDNA has a 39 UTR of 1277 bp, a coding
equence of 351 and 10 bp upstream the ATG initiation
odon. Like the initial 1081 bp cDNA, the complete
277 bp 39 UTR has no identity with the 39 UTR
ABARAP cDNA. The 351 bp coding sequence has
ore identity with the guinea-pig gec1 cDNA (93%)

han with the human GABARAP cDNA (79%). As
hown in Fig. 5, the protein encoded by the human

FIG. 3. cDNA sequence and protein translation of guinea-pig gec
tion signal is underlined and the translation stop codon is marked
o 1921 correspond to exons 1, 2, 3, and 4, respectively. The sequenc
122
638 bp cDNA shares 100% identity with the guinea-
ig GEC1 protein and 87% identity with the human
ABARAP protein. In conclusion, it can be said that

he partial human cloned cDNA corresponds to the
uman GEC1 gene encoding a protein related to
ABARAP.

ISCUSSION

A previous screening of a guinea-pig cDNA library
onstructed from mRNAs of cultured GEC led to the
solation of the gec1 cDNA corresponding to an
strogen-regulated 1.8 kb mRNA (16). As this cDNA
acked the 59 end, several 59-RACE reactions were per-

he primer used for 59-RACE is double underlined. The polyadenyl-
h an asterisk. Nucleotides 1 to 401, 402 to 480, 481 to 599, and 600
s available under GenBank Accession No. AF012920.
1. T
wit
e i
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ormed but did not succeed, suggesting that secondary
tructures could hinder the reverse transcription step.
hus, a guinea-pig genomic DNA library was screened
ith probe 1 corresponding to 755 bp of the initial

DNA. This screening allowed isolation of one clone
ith a 19 kb insert. By sequencing of three SacI frag-
ents (10065 bp), we identified: the gec1 351 bp coding

egion included in 4 exons, 3 introns, 1538 bp upstream
he ATG initiation codon and 389 bp downstream the
ec1 gene. The initial cDNA was 833 bp in size and a
9-RACE procedure led to identification of 1921 bp
DNA with 311 bp upstream the ATG initiation codon,
uggesting a 401 bp size for exon 1. Comparison of this
DNA with the genomic sequence confirmed all the
xon-intron junctions. Furthermore, the guinea-pig
ec1 cDNA appears to be full length since its size
atches the mRNA size (1.8 kb) estimated from North-

rn blot analysis.

FIG. 4. Comparison of cDNA sequences of guinea-pig gec1, m
equences are related by an arrow. ORF, open reading frame; UTR,

FIG. 5. Alignment of guinea-pig or human GEC1, mouse MNC
ccession No. NM007278), bovine or human GATE-16 (GenBank Ac

GenBank Accession No. AF303888) proteins. Identities are indicate
123
The computer analysis of the genomic 1538 bp se-
uence upstream the ATG revealed a typical TATA box
nd a transcriptional initiation site included in an ini-
iator element (Inr), PyPyA11N(TA)PyPy. The TATA
ox and the transcriptional initiation site are located
espectively at 363 and 310 bp upstream the ATG. As
e have previously demonstrated that the gec1 mRNA

evel increases after stimulation of GEC by E2 plus
hx, gec1 gene induction may represent a primary
esponse to estrogen. According to a classical model,
he estrogen effects on primary response genes depend
n the association of the estrogen–receptor complex
ith specific DNA sequences called ERE (estrogen re-

ponse element) (26). ERE elements are frequently
ocalized in position 59 of the promoter, but can also
xist in the 39 position of the coding sequence (27) or in
he coding sequence (28). The computer analysis of the
ec1 gene and of the flanking regions revealed a puta-

e MNCB, human GABARAP, and human GEC1. Two compared
translated region.

GenBank Accession No. AB041648), human GABARAP (GenBank
sion Nos. AF020262 and AJ010569, respectively), and human LC3
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ive ERE (GGTCAACGTGACG) which differs only by
ne nucleotide from the consensus (GGTCANNNT-
ACC). This putative ERE is located at 275 bp up-

tream the ATG, i.e., in the 59 UTR. Experiments are in
rogress to identify the promoter region and cis-
egulatory elements involved in gec1 transcriptional
ontrol.

The coding sequences of guinea-pig gec1 cDNA and
uman GABARAP cDNA have 76.8% identity while 59
TRs (311 bp for gec1 and 104 bp for GABARAP) and
9 UTRs (1259 bp for gec1 and 469 bp for GABARAP)
iffer strongly. The results of human Northern blot
ybridization are in agreement with this sequence
nalysis. Indeed, probe 1 corresponding to the 39 UTR
f guinea-pig gec1 detected one 1.9 kb transcript while
GABARAP cDNA probe has revealed one 0.9 kb tran-

cript (22). Furthermore, probe 1 allowed isolation of a

FIG. 6. (A) Northern blot of 5 mg poly(A)1 mRNAs isolated from
uinea-pig tissues was hybridized sequentially with the 32P-labeled
ec1 probe 1 and human GAPD probe. (B) Expression of gec1 coun-
erpart in human tissues. Two human multiple tissue Northern blots
Clontech) with 2 mg of poly(A)1 mRNAs were hybridized sequen-
ially with the 32P-labeled gec1 probe 1 and human b actin probe.
124
ity with the 39 UTR of guinea-pig gec1, but no identity
ith the 39 UTR of human GABARAP cDNA and which
ppeared to be the 39 UTR of the human GEC1 gene.
sing the genomic sequences in the databases and
T-PCR experiments, we further identified the human
EC1 cDNA and its ORF. The human and guinea-pig
EC1 proteins have 100% identity and share 87%

dentity with the human GABARAP. According to this
equence analysis and the distinct chromosomal local-
zations, GEC1 and GABARAP genes appear to be dif-
erent. In view of these overall results, it can be con-
luded that GEC1 is a new gene coding a protein
elated to GABARAP.
Both proteins GEC1 and GABARAP have a putative

ubulin-binding N-terminal motif and similarity with
AP light chain-3. In response to different extracellu-

ar signals, MAPs can be phosphorylated by various
rotein kinases, including cAMP-dependent kinase,
aM kinase, PKC, tyrosine kinase (29) and casein ki-
ase II (30). GEC1 and GABARAP proteins could also
e substrates of protein kinases. Indeed, the two pro-
eins contain a potential tyrosine kinase phosphoryla-
ion site at residue 106 which is included in a 100–106
otif (HEEDYFLY for GEC1 and HEEDFFLY for
ABARAP). These motifs differ only by one residue

rom the consensus pattern [R or K –X(2)-D or E-X(3)-Y].
ABARAP, differently from GEC1, has a serine resi-
ue which could be phosphorylated by casein kinase II
16–19 SEGE motif) or by cAMP-dependent protein
inase (13–16 KRRS motif).
The sequence between amino acids 36 and 68 of
ABARAP is important for its GABAA-receptor-
inding activity. As GEC1 contains an identical se-
uence, its interaction with the GABAA receptor needs
o be investigated. However, both proteins are widely
xpressed, suggesting their involvement in biological
vents other than interaction with GABAA receptors.
The gec1 gene, expressed in all tissues investigated

nd induced by E2 in GEC, could encode a new MAP or
new component of MAP complexes, acting as linker

rotein between membrane receptors and microtu-
ules. There is little information concerning the estro-
en action on MAP expression. However, it has been
emonstrated that estrogen significantly increases
AP-2 and Tau protein levels in female rat pituitary

ells and suggested that these quantitative changes
ould be related to cell proliferation (31). Further stud-
es on the regulation and function of gec1 gene will help
o clarify the mechanism of estrogen action in normal
nd cancer cell growth.
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