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Gene cloning, tissue distribution, and its characterization of Ca?*-activated CI” channel
activated by ginsenosides in Xenopus laevis oocytes
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Abstract : The Ca’*-activated chloride channel (CLCA) was activated by ginseng total saponin (GTS) in Xenopus
oocytes. The reverse transcription PCR (RT-PCR) method was performed with gene specific primers on oocytes. The
gene specific primers were deduced from spleen cDNA in expressed sequence tags (EST) database showing high homol-
ogy to the mouse CLCA. Full length of cDNA sequence was completed by linkage of several 5' and 3'-half cDNA frag-
ments have been sequenced. We named the full cDNA to oCLCA transiently. The oCLCA gene encodes a protein of 911
amino acids with 48.9% identity overall to that of mouse CLCA (mCLCA4). A predicted oCLCA amino acids sequence
shows the molecular weight of 108 kDa and has four or more transmembrane domains, and also the one hydrophobic C-
terminal domain. oCLCA gene was expressed ubiquitously in various tissues included oocytes, also interfered in oocytes
by siRNA for oCLCA. Here, we suggest that oCLCA is a endogenous chloride channel gene in oocytes. We are studying
for the identification of oCLCA gene and further physiological research.
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Homologous CLCA c¢DNA search in Xenopus EST database

i

Confirm cDNA sequence and open reading frame of Xenropus spleen
l

Primer design for 5' and 3'-RACE and reverse transcription(RT) PCR
i

5'-RACE and 3'~-RACE
!
Subcloning into pGEM T-Easy vector and sequencing
!
RT-PCR with appropriate source of RNA
i
Fuli length ¢cDNA construction by PCR method

Fig. 1. The strategy for ¢cDNA cloning for Xenopus CLCA.
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Fig. 2. A alignment of mCLCA1l, mCLCA3 and open reading
frame of frog EST database. The amino acids of xSpleen
was deduced from the searched frog (Xenopus) EST
database. The frog EST has a very high homologous
region to mCLCAl, mCLCA3 in half region. The
homology of amino acids of xSpleen, mCLCA1 and
mCLCAS3 are indicated as follows: identical (*), very
similar (:) and similar (.).
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Fig. 3. 3' and 5'-Rapid amplification ¢DNA ends in Xenopus
oocytes RNA. The total RNA were extracted from
Xenopus spleen. A, Three rounds of reverse tran-
scriptional PCR (RT-PCR) were performed to construct
the full length of Xenopus CLCA ¢cDNA. To clone the
Xenopus spleen-type CLCA, a lot of designed primer
sets from Xenopus EST clone and cDNA were
synthesized (not shown). B, The two rounds of RT-PCR
products of 3' and 5'-RACE were represented in left and
right side, respectively. About 1.3 and 1.6 kilo-base pairs
of the target products were indicated with arrowheads.
The negative controls of primer mock were shown in
lane 2. 3. 5. and 6.
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RACE (rapid amplification of cDNA ends)
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ooz Fale] Yol 15308 AR AHe ¥, 23
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9ol 4& FAFE A4S A 2ok vAdSES 3M
KCI(0.2-0.7 MQ)& 235, 171883 28-S oocyte
clamp(Warner Instruments, Hamden, CT)E A}8-3fe] A&
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2o ARG AABIAT, 27l s nlA el S
3= CLCAZ 2HA Esjuprt 7frelel ge A71E FolA
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DNAZ H2% Aol IS Fof FHHOR oocyte
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oCLCA |EXte| 1=
F292 Fatel wed e wsAged Eske
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Tk Tk TR R RETR DR KDk bk sekiok ldopisiol k1 ook
v 180
FEGCOEKGKY | HFTPNFLVNDEKMUP | YGPRGRVFVHEWAHLRWGVFDEYNYNRPYYLSE
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I TokD ok )
v v # 240
NRRVEATRCPLKMOGSNL 'EVCORG ) CKLEACEYDENTALYEEDCKFYPEMDSNVEES VY
KNTVEATRCSTD I TGTSYVRECGGESCVSRRORRDAKTGMOEAKCTF I PNKSQTARGS 14

B ki © T SRR L K . S RN L - N SN I N

300
YAGMUKPYHAFCNSSSHNSEAPNQONRLCSQGSTWDY | SKSSDGSSPPLMDSN | P-APY
FMOSLDSVVEFCTEKTHNVEAPNLONKMCNLRSTHDY | KASADF GNASPMTGTEAPPLPT
Dok Lk ok dk ik R DR dolkdckol, KCRIK DK LD %k

1 360
VSLLAYKDRYVSL VLD SESMANAN--—R 1 TRLYGASEVY [ MO 1 VEQGAYVE I VVFSTGA
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CRRED IR RRRE RS kIR D RRIRDE]DRETED | REDE R L %
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EVKSPLVK A TOTFQRESLKLKLPTAANGGTN| CAGYROBLEVNKNLDGSTHETE IVLLTD
TIOTNLIR! INDSSYLAISTKLPQYPNGGTS I CNGLKKGFEA) TSSBOSTSASEIVLLTD

DIURIDE Dl dekk sl ki kDD KO L doliek k) secdlior
2 480

GEDSG! SGCFPEVIKSGAL [HT I ALGSNADAGLEKIAEL TGGLKL YASDKVDANGL 1 DSF
GEDNR{SSCFOEVKHSGAT 1HT | ALGPSAARELETLSDMTGGLRF Y A-—KEDVNGL 1 DAF
ok %ok ek ok | avioReiekekdokdelok, |k ESTE NNE = 5= SO IR JE A == 2= 0

B

1.00

60

g yad EERRER

oCLCATH A o] 12} 739 v 34 (alignment)s} &g
7 Hhydrophobicity) A58 ¥ 4A, Bl Zzt vlehlRit
428 A, THRARE ARl @8R CLCA Fd=
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Fig. 4. Structure of the 0oCLCA polypeptide. 4, The predicted amino acid sequence (top strand) aligned with that of mCLCA4 (Clustal
W method). Identical amino acids are indicated by marksas shown in Fig. 1. The six hydrophobic regions are underlined and
assigned as signal sequence (SS), putative transmembrane regions (1 to 4), and hydrophobic carboxy terminus (H). All cysteine
residues upstream of the first putative transmembrane domain are conserved (v). Consensus sites are marked for N-linked
glycosylation (), for phosphorylation by PKC (#), and for phosphorylation by Ca?*/calmodulin kinase II (). B, Hydrophobicity
plot of the oCLCA amino acid sequence (Kyte-Doolittle analysis). Hyrdophobic domains are given as positive values. Proposed
transmembrane segments are marked as 1 to 4. The hydrophobicity plot is similar to those of CLCA family.



Vol. 29, No. 4 (2005)

5112 BIATHA7IMG-E AABIA ). F A, g9
CLCA49} 7F8 “$5730] =0} 48.9%2 A5AS veriich
z= TFE CLCA familyshe oiws] ksl vw
ARG AAEAl AT BH] 2 subtypes (mCL-
CAs) 2 A (WCLCA)F= 44-48% AT AFAL HY
b @ 7)o AAdle Ao UEF BEH Al
7], N-linked glycosylation %%, Protein Kinase C(PKC),
8] Calt/calmodulin kinase M&EZe] o8t ¢14ts) H-¢
5ol 2 BEHo] YATHIH 4A). Al WA, B3 217 4B
A Bz vpel Zho] s wigd el Ea)sh= oCLCAS) o
FE(transmembrane: TM) el 4719 TM domainsS A
W e s AzkE ohue g A4 Yol SS(H
4 M), 23 Rl Wekel] & shke] A4 domain®)

A, R 254 G40 mEelA mgkze] AuA] B
ol g a5 Gofo] HE 19 X A GeiA oA

k. ohgel 2 sl dlaile A PR s U
2 vk ok A 7lee] ofE FelmE BT Roleps
Z20] WFE HohA Eaks Aol 42 oo o4
A BBE P9 ABENT Th Rol2 Holed], 1 AL
olelw Ade] ol& Fabde] Tejslis porelTze] TR
He Adel 723 Aols fEali, ol gt ojge] Nz
234 B2 Balel 202 A2,

7H72] &7| =E0M2] oCLCAS| WsEE
o] oCLCAZ} 7i8)9] Z} 7)o Quh} B¥Esh=rts &
71 $1ate] A, 47, B9, 78 A, O 2 9, 2 o)
T4l g RT-PCRE AAEITh 28 5A004 B )
& 2o Jy v R %W@QE !
spleen & W& 71| uje} 7E ¥
At oCLCAS] 7+ #7]9] ¥
]-_)\2} q}7~1‘>)\]x¥ H] }.;]>}\17§>¥>u]
6‘

Ao ek, bl 24

zslElo] 9 wE A/E waoke] xo|w A ER] ergk
Tk, oCLCAY) LGS hzzTe} n)msil wel 777} 2o
beta actin® th=

HAR] E3le AoR Hol thrtE 249
9 Feot ofsk fRRYe A ¢ AUSlEh SRR Bolgh
AL P RelA oCLCAE oFsiAIvvl AE T 4= JAJAITH
zFAME beta acting] WS 2 & Qg 2
ATl A€] beta actinfrdzle] Wo] mjn|sr] WY Ao
o A3 AN goat T OE g fRE A 2
o= GAPDH(glyceraldehyde 3-phosphate dehydrogenase)
RS o83t dyolM= 17 FHeE A g 4

ik,

A zAol2e] €8 Ca?'-activated CI o)L S23H4 173

A
oCLCA
[-actin
B Xenopus oocytes
kd P S
150 »

100 »

75 p

Fig. 5. oCLCA expression in various Xenopus tissue. The first
¢DNA was synthesized from total RNA as shown in Fig.
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several sets of gene specific primers as described in
Materials and Methods. A, The specific 0.45 kbps of RT-
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PCR products for beta actin gene as internal control on
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respectively. B, Confirmation of the oCLCA protein.
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S(supernatant) and P(precipitates) from oocytes as
described in Materials and Methods. The cross-reacted
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Fig. 6. Effect of oCLCA-siRNA on chloride current. Chloride current amplitude induced by interfering the expression of endogenous
oCLCA gene was recorded by using two-microelectrode voltage clamp technique in oocytes control (A, C) and the siRNA-
injected oocytes (B, D). The endogenous CLCA currents was activated with 50 ug/ml concentration of GTS. A, Current
amplitudes recorded at every 10 s, and then peak current values of chloride current components were measured at the points of
Ieyge Iops and Iy B. Time course of development Iy, ¢, I, and I, 1 in response to GTS. Recording intervals by sweep was

10 seconds. (n=9 oocytes)
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