ABSTRACT

In a search for genes involved in regulation of uterine
contractility, we cloned a novel calcium-activated chloride
channel gene, named ratClca4, from pregnant rat uterus. The
gene shares approximately 83% and 70% nucleotide homology
with mouse Clca6 and human CLCA4, respectively, and was
expressed primarily in rat uterus. The transcripts were upregu-
lated at Gestational Day 22 (prior to parturition), implying a
functional involvement in parturition. Western blot analysis
showed that rat CLCA4 protein was present in uterus, lung, and
heart, but not in any other tissues examined. Confocal
microscopy revealed that rat CLCA4 is localized in cell
membrane and could not be removed by alkaline or PBS
washing. Transient transfection of rat CLCA4-enhanced green
fluorescent protein in Chinese hamster ovary cells resulted in
production of characteristic Cl currents that could be activated
by Ca2P and ionomycin but inhibited by niflumic acid, a CLCA-
channel blocker. The identification and characterization of rat
Clcad help decipher the contribution of Ca?P-activated ClI
conductance in myometrial contractility.

calcium, calcium-activated chloride channel, gene regulation,
myometrium, parturition, pregnancy, uterus

INTRODUCTION

Regulation of myometrial contractility is critical for

positive than the resting membrane potential. The most likely
role for I, ¢, in smooth muscle is thought to be production of
membrane Jepolarization, the influx of€aand subsequent
contraction in response to excitatory stimuli [5]. Of signifi-
cance, Jeong et al. [8] described the steroid-mediated regulation
of calcium-activated chloride channel 3 (CLCA3) in the mouse
uterus, and they found that CLCA3 was upregulated in
response to estrogen but suppressed by progesterone. Murine
Clcadalso was found to be expressed in several smooth muscle
types, including uterus [9].

However, our overall knowledge of the regulation and
function of Clca isoforms in uterine contractility is limited.
Although both bestrophin and calcium-activated chloride
channel families were proposed to be the candidate genes for
smooth muscle contraction [10, 11], their exact function and
regulation remain to be confirmed. The majorityCéta family
members function as @asensitive Cl channels when
expressed in mammalian cells. In addition, s@toaisoforms
act to mediate adhesion molecules or tumor suppressers [11—
14], and others may have roles in asthma [15, 16] or cystic
fibrosis [17, 18]. Identification o€lca isoforms in uterus and
examination of their regulation will help us decode their roles
in uterine contractility, determine their connection to native
lciicay @Nd elucidate the physiological importance gfl, in
parturition.

Here, we report the cloning and functional analysis of a

maintenance of pregnancy and for parturition [1]. ThentovelClcamember based on the microarray screening of genes

myometrium is maintained in a relatively quiescent stat@xpressed in the pregnant rat uterus. The gene was named rat

during most of pregnancy but changes to a contractile state @tca4 based on the comparative sequence analysis. Further

parturition under the influence of a number of physiologicabnalysis indicated that rat CLCA4 is a membrane protein

signals [2]. Asynchrony between the onset of myometriatapable of producing €&-activated Cl current in Chinese

contraction and fetal maturation leads to preterm delivery, hamster ovary (CHO) cells. Abundant expression of rat

clinical syndrome accounting for 11% of all births but 85% ofCLCAA4 in rat uterus, as well as its upregulation at the end of

overall prenatal morbidity and mortality [3]. gestation, suggests it may be a potential regulator for
Depolarizing and hyperpolarizing membrane mechanisms

play vital roles in the process of myometrial contractility [4, 5].

Calcium-activated Clconductance currents have been report-

ed in smooth muscle cells of the dog [6] and rat [7]. The

equilibrium potential in smooth muscle for chloride ion is more
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Rat CLCA4 .MMGESRG.IVFLLLLYLLQGSDTSL...... VKLNENGYEDIIIAIDPAVSEDVTIIDQIKDMVTKASAYLFEATEKRE 72 FIG. 2. Alignment of the expected amino
Mouse CLCAS . --a pvtl W= ie -p--t——-eh--g-——-—- tm————————e 73 s ith
Human CLCA4 | . -=1f-~, f====v=-c--hg-n--f...... i===p-=f-==vey---g-p--gk--e--g-===t-=to--cccooo= 71 acid sequence encoded by rat CLCA4 witl

Mouse CLCAS mthrd-t-pvig-k-vt--ftlspe-1flgagl--k----dgllv--n-r-p--1kl-tn--e-i-e--f---n-—kr-v 80 those sequences of the selected members of
Human CLCA2 mtqrsia—p—cn—kEvt——valsse—pflgag—q—qd———ng11———n—q—p—nqnl—sn--e—i—e-—£—-—n——kr-v 80 the CLCA fam“y: mouse CLCA6, human

Rat CLCA4 !‘E‘msILIPEm‘[‘NSDQYRRPKQESYKHADIK\I}\PEALQGRDEE'YTRQE‘TKCGKIG\EYIHE‘TPDE’VLGRKQKE YGDSG 151 CLCA4’ mouse CLCAS’ and human CLCA2.

Mouse CLEAS === mmmmm = s-kd-p—- tve 88— e 152 Sites are marked for Clca for monobasic
Human CLCA4 - oo kenp--k---h-nh----vi----t-p k---e--e-g 11--k--ne. --pp- 150 proteolytic cleavage (downward arrow),
Mouse CLCAS —-p=-gq--v-at--dh.n-s-vr----dk-nvi--eqseehg-d---1-hrg--qegr------s-1-ndelaag--ar- 159

signal sequence (solid top line), and multi-
ple cysteine motifs (C). Additionally, con-
Rat CLCA4 RLLVHMHLRWVFDEYNEDQPE‘!SASSKKIEATRISTGIKC-MNKAQVIQGGSIITRNIRRNSTTQLYEKE'QFE‘PDKV 231 sensus sites for N-linked glysosylation are

Human CLCA2 --p=ik----at-kan.nnski----- ek-nvi-tdwygahg-d---1-yrg---egk------n-l-ndnltag--sr- 159

MoumCLOAS v ---t-t-rvysf----flam-r-t----k-----f------- 232 indicated (N with * above). The alignment
Human CLCA4  k-f r-k a--s-r a.vy - 15— —:.d———k——g ————————— 230

Mpuse CLCAS  -vf--——--—————m———e n-k---vngrne-qv--B-sd-t-...vf- -1 iis...kifregBt-lynst 233 was generated by Clustal method.

Human CLCA2 -vf--————————————— n-k---ingqnq-kv--F-sd-t-...if- k— iis...k-fkegft-iynst 233

Rat CLCA4 QTEKSSIMFHQSIDSVTEE’CKKENHNREAPTLHNQKCDYRSTPEVISNSBDE‘!@STPMEHP - PSPPFFSLLRISERIVC 309

Mouse CLCA6 -s--a k--n t----ns TSs. 310
Human CLCA4 —----a -nekt--q---s-q-i--nf n-ti--vt-.. —p-—v--——k-rq———- 308
Mouse CLCAS -natg-—--- p-lp--v---nest--q---n-q--v-sl----d--ta-s-1lnh-1-vhgvgl-a--t----qagd-v-- 313
Human CLCA2 -nata------- ls--v---nast--q---n-q--m-sl--a-d--td-a--hh-f--ngtel-p--t---vqagdkv-- 313

Rat CLCA4 LVLDVSGSMGSYDRLNRMNQAAKFFLQQILESRSWAGMVHFHSSATVKSELIQINSDVERNQLLETLPTSASG..GTSIC 387

Mbuse CLCAS t y--s--i-n---v s-q-—ivh- i q n-. 388
Human CLCA4  ————k——=-= ghk===———————— h--1-tv-ng--v-----d-t--ivnk----k-sd---t-mag---ypl-.. - 386
Mouse CLCAS - -rk-aeg---1-1g---ely-m-vv-aht fv-i-t-d-kgeiras-q--y--dd-kl-vsy---av-tdae-n-- 393
Human CLCA2 - sk-aea---1lqlq---e-y-m--v-ihtfv-ias-d-kgeiraq-h----ndd-kl-vsy---tv-aktdi--- 393

Rat CLCA4 BGIRTRFQVPKNKBYQTGGNDILLI'..SDBEDSTN(DCLDBVKDSEAWHE‘IMGKAE‘DQSISNMRN\ITGGKQLE‘RTDEJ\QN 467
Mouse CLCA6 —--ka ge---d-te i si 168
Human CLCA4  —--ky----igelhs-1d-sev---t----n--ss-i----q---i-------r-a-eavie-ski---shfyvs 466
Mouse CLCAS  a-vkkg-e-veerngrad-svli-vts-a-ehian--ltsmn--sti-sm---ssaarkvgelsrl---1kf-ip-kfts 473
Human CLCA2 --1kkg-e-veklngkay-svmi-vts-d-kllgn--pt-ls--sti-s----ssaapnleelsrl---1kf-vp-isns 473

. . .

Rat CLCA4 NGLIDRFGALASENADVTBKSLQLESKG}WLWSWDWVIDSWGKD’I‘YFLVWSQ QAPAIHLRDPKG. .TQITNF 544
Mouse CLCAS i-q i-n--1 1-r--f . ¥ aa==t=—= 545
Haman CLCA4 t-g-t-1sq 1t-nsna-m: i f——:.——ns lp-s-s-w--s-..-ime-- 543
Mouse CLCAS  —-mte--vris-gtg-ifqq---v--vecetvgpghq-a--mtv--a--n--1l-----qtggp-e-a-1--s-rkyntgd- 553
Human CLCA? - gm--—-sris-gtg-ifqqhi----t-envkphhg-kn--tv-n---n--m-----gasgp-e-i-f--d-rkyytn-— 553

Rat CLCA4 TIDTASKMAYLTIPGIAEVGVWTYNLEAKVDS.EILTITVTSRASRPSVPPIIVNAKVNTDTNSEPSPMIVYREVLQGYT 623
MouseCLCA6  -m-s s T-q- en-. ans ==t T 624
Human CLCA4  -y-at------g---t-k--t-a---g--anp.-t: ans t m-k=v i=——=v 622
Mouse CLCAS  i-nl-frt-s-k---t-kh-h---t-nnthh-pqa-kv--a----slams-atle-f-er-sty--q-v-i--n-rk-lh 633
Human CLCA2 itnltfrt-s-w---t-kp-h---t-nnthh-lqa-kv--g---- nsa---at-e-f-er-slh--h-vmi--n-k--£fy 633

Rat CLCA4 PIIGARVTATIESNSGKTEELVLLDNGAGADAFKDDGVYSRYFTAYSDNGRYSVKVRADGGTNSARRSSRHPSSRAAYIP 703
Mouse CLCAS £ e 1 r 1 704
Human CLCA4  -v1--n f=-=--gn-h--v s=-n te=———= 1 h==a=t==1kl=p=ln====== 702
Mouse CLCAS  —-1n-t-v--v-pea-dpvv-gq---g¢ virn--i ssfavs-s--1t-hvrhspststlalpv-gnh-m-v- 713
Human CLCA2 --1ln-t----v-pet-dpvt-r---d----- vi-n--i-----fsfaa-----1l--hvnhspsistpahsi-g-h-m-v- 713

.
Rat CLCA4 GWVVDGEIQGNPPRPETTEDTQPVLENF SRTASGGAFVMSKVPALPLPDQYPPNQITDLOATLDGEKISLTWTAPGDDED 783

Mouse CLCAS a d n--ig v r e Y 784

Human CLCA4 - n ea id-=---tt--d v=q--s s d--vhed--i n 782

Mouse CLCAS  -yitndn--m-a-.knlghrpvkerwg---vs---s-svlg--dg-h--mf--ck----e-mkveddvv-s-===- e--= 792

Human CLCA2 -ytan-n--m-a--ksvgrneeerkwg---vs---s-svlg---g-h--vf--ck-i--e-vkve-elt-s----- e-—-- 793
. L] .

Rat CLCA4  VGRVQQYIIRTSENIIDLRDNFNKSLQVNTTHLIPKERNSKETFAFKPETISGE . NATYIFIAIESVDKSN 853
Mouse CLCAS k---e------n-pr-d--n-t e T —— s 854
Human CLCA4  ——k-——p----i-as-1-——-s-dda d-s B—====N =8 ceescvcane™" | et k=1———— 852
Mouse CLCAS  g-qtts-e--m-rslwni--d-dnail--sse-v-gh-gtr---t-s- l:lvch 1dhelaedagepyivyv-lram-r-s 872
Human CLCA2  g-qats—-e--m-kslgnig-d--nail-=--skrn-qq-gir-i-t-s-qistngpehgpngetheshr-yv--ram-rns 873

Rat CLCA4 LHSGLSNIAQVALFTPQRDPV..... PEESP...... QSGVSITTIVLSVVGAVVIVCIIVSTTVCILKRKRSSSGPATT 922
Mouse CLCA6  —-s--pr e-d..... =d-==5..... 1----va 1--1 g==i----n aai-k 924
Human CLCA4 -t-kv=-----t--i---n-ddidpt-tpt-tpdkshn---n-g-l----i-g-=j-nf-1---i............... 917
Mbuse CLCAS -r-av-——--1-smsSl-.......... -ns--vv....srddl-lkg--tt--liail-1-mvvah--fn--krp-rkene 938
Human CLCA2 -g-av-=--=-= ap~=i=.........- -nsd-vp....ardyl-lkg--tam-ligii-l-ivv-hht-s--kradkkeng 939
Rat CLCA4 F... 923
Mbouse CLCAS - 925
Human CLCA4 | | .., 217
Mouse CLCAS  tkfl 942
Human CLCA2  tkll 943

membrane even after 4 h of extensive PBS washing, whicHowever, 4-5 min after addition of ionomycin (2M), a
leads to release of cellular content from the broken cells (Figrrominent current was recorded in cells transfected with rat
4D). Overall, these results suggest that rat CLCA4 is &LCA4-EGFP (Fig. 5B). Under the same conditions, no

membrane protein, not a secreted protein. inward currents were evoked by ionomycin in mock-transfect-
ed cells. The patches were recorded using solutions in which
Electrophysiological Properties of Rat CLCA4 both Na" and K" were completely removed, so we were able

to focus on currents of €l alone. The current/voltage

Using the whole-cell patch-clamp apparatus, we succesgelationship for the resulting different currents in cells
fully recorded the specific Clcurrent from CHO cells expressing rat CLCA4 is shown in Figure 5E. The reversal
transiently expressing EGFP-tagged rat CLCA4. The currenjsotential was at 0 mV, which was consistent with the
evoked by a series of voltage steps before and after ionomycsymmetrical chloride solution. The average currentt@0
application were typical for those of CLCA members (Fig. 5)mV normalized for cell size was 5.56 pA/pF=4®) and was
At low C&+ (25 nM) in pipette and high Ga (2 mM) in bath  increased to 85.609 pA/pF in the presence of ionomycin. With
solution, no significant current could be recorded (Fig. 5A)2 mM C&* in the pipette and the bath solution, a prominent









