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ONRIE, AEmTEE OMERF I LB 7R MUIRIEBR O JRB) ) & A T B R E#R Th 5. DlED
FENL, O A AR T 2 D AR S — 5 AN [ D o TR L C— A ISR iR & g v 39~ 2
LICE - TAERHEN TS, ZOLFHMROIGHES, RN H 5 FIFHEDIEIC L -
THIERZENDZ EBNFOBNTWD, LavL, FhFMEHEDOT AbERS, HRic, MhIFHEHHE DR
FIRED L AT E A EHA LTS TORY, RIFFEOER G THH a3 ¥ 36.7
(connexin 36.7, Cx36.7) (X, /L% O i JUGHE O BL A 23 ELAV OB 23 R4 & 7 B 28 BURE 7
Z 7 4 va ftk OJFKER & L CRE S 7z (Sultana et al., Proc. Natl. Acad. Sci. USA,
2008), Cx36.7 (T38RO LR BRARAL I RS AYICHEBL L C, MR D5 &4 L7 %
VT FIUREEHS TS Z ENTRENTND, UL, ox36.7 Bis 1O LskaTEEHI L &R
RV E LD I A I TR RET D0 FEFICOVWTIEIREHLNIZ STV RV, %
FIFZEIC LD, BT 7 4 v a ox36.7 BIa 1O Lt 7 v € — % —fEIICFET 5 GATA #E
HEF & Gatad HAB K F 3 DR RV FEBIGIENCHEE TH L LA R L2 e, K
WFFETIX L Ve 7 o — X — T 247 95 2 & T ox36.7 @inF DREIFEICE ST 5 cis
K& trans KFORIEEITS 22 HE LT,

[RER - &%)

Tol2 NI AR ERWEZRIET T v FEEHNT, ox36.7 Bin O R eE—4
—fEik & EGFP L AR— ¥ —BIR T2 HF LI bDE BT T 7 v al ) MIHA L, 15
LN b T Y=y JIROPMIRIZE T 5 EGFP O3B ZR~5 2 LT, YrE—¥—if
PEZ R U 7o BERER 72 5 RS R IS 1 B — & — % AW TN 0 5, SEBIAA S5 3t 133
bp ORI DEHRF A2 7 0 —F —(ERICE TH D Z LN gho Tz, HBRENZ &I,
ZHEf% 2 H (2 days post fertilization, dpf) LARE TIFOMBREAIMZ & (KE 5 OB #E512 $ EGFP O
FHNFED N, ZOBKRBICREIT 57 o —2 —iHMEE, #EERGSEY 316 bp L ED
EE3o7aEt—F2—fkOa A N7 7 FEHWTEGE TIIHERINR o722 L0 n, #4
FHALG R LV 133 bp 226 316 bp D FENIZE ¥ T O 7'm B — & — {5 2 30 - 5 A A 08




boHrbDE TR,

RIZ, 316 bp O L7 v — 2 —fENICFET DGR AR S TARBLSNIC AR R 2 EA
L, 7mE—4 =G DEEIZONTEMAT, ZOMRKR, BERAERIY 133bp £TO
BFRECAINICAEET D 2 DD GATAFE ARSI (GATAH#L 1 KON GATA#2) M2 O e 2
72 RBUCBE L CWD Z EMBH LM E 7257, F72, GATA#2 1L 2 dpf LI O BA& 5 2351
H7aE— 4 —IEELIC @B 2 b0 ot T OBBIFRRZIEEI, 5B AAR
7B Bt 133 bp 725 316 bp F TOFEMNIZAEAET D 2 DD GATA fEABLS (GATA#3 5 LWt
GATA#4) (2L > THIHl SN TWAH Z E AL Lz, 2 2O GATA BlFIIE &Ry ah 5
13720 b DD AlT-rich BLA S ERGIHNCEI G L T\ D Z L poTz,

fEVNT, cx36.7 IO 7 v T — & —JEEFAEIICIT D GATA BTG K 1-DEF 512DV T
BIHEFERIC L 0t Lc, £, DA RTEEIIC I B L TOIBIE R~ DRG0 #E ST
V% Gatad, Gatas, Gatab (22T, AL D DB FIBLAFE O b D IO MIFLEEIZ cx36.7
HIEBLL TS Z & % insitu hybridization (IZ X VR L72, BT+ ) T FR U AF Y A
X7 VAT REHWT gatad, gatab, gatab OFEBIHEZIT o7& 2 A, ox36.7 Bin D0
R W72 7 0T — 2 —IEMERBEEICE T2 2 L2580, b 3 FOEER - FHEENIC
BEEL CWD Z LML RoTle, —T07, BRHGRENR T 0T —2 —{EEOEMA &1
FNZOWTIE, FBELEEZIT > CTHOREEBII A ONRd -7, F7=, invitro pull down fEHTIC &
- T Gatad 7% GATA#L B L O GATAR ICHEERE AT 52 L 2L L,

PLEDO#EEA S, Gatad, Gatab, Gatab 737 2 E—& —ND GATA#L 35 L TN GATA#2 # 4/ L
THANII OO 27972 ox36.7 BAR T DR BIEFE 21T > TV D 2 L DR STz, GATA#2
AN LTEBEMICBIT 7 ne— 2 —iEHbiEIZH D DD, GATA#3, GATA# B LW
AJT-rich Bl%1 Z 4 U 72 RFE DR 1 Ol & 12 K > THE < #f] T4 T ox36.7 AR 1 DL e
MR EREL TWD I ENREZOLND,

%« FSCEEIE, T 2000 52L& FE3C 300 G4 1T ORI 54y, b L<IEZESC 800 554 1HfHRH L T<Ea vy,
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Zebrafish connexin 36.7 (cx36.7) is a member of the connexin protein family that is specifically
expressed in the cardiomyocytes during early heart development. Its dysfunction causes loss of nkx2.5
expression, thereby leading to severe abnormalities in heart development, such as disorganization of
cardiac myofibrils. Cx36.7 is therefore thought to be a critical regulator of myofibril formation. However,
it is not known how the cardiac-restricted expression of cx36.7 is regulated. To elucidate the regulatory
mechanism of cx36.7 gene expression, in this study | isolated the 5’-flanking promoter region of
zebrafish ¢x36.7 gene and characterized its promoter activity in zebrafish embryos. In situ
hybridization showed that cx36.7 mMRNA is expressed in the embryonic heart where gata4, gata5, and
gata6 are expressed. When the expression of gatad, gata5, and gataé was depleted by Morpholino
antisense oligonucleotides, the promoter activity was significantly decreased. Deletion and mutational
analyses showed that a 133-bp upstream region of the ¢x36.7 gene is essential for cardiac-restricted
expression. This region contains two GATA elements (GATA#1 and GATA#2), which serve as binding
sites for Gatad4 and are responsible for promoter activation in the embryonic heart. Moreover, the
region between —316 bp and —133 bp suppresses the promoter activity in trunk skeletal muscle, which
is driven under the control of the GATA#2 element. Two GATA (GATA#3 and GATA#4) and A/T-rich
elements in this region act as repressors of promoter activity in skeletal muscle. However, knockdown
of gatad, gatab, and gata6 had no or less effect on the suppression. These results suggest that
cardiac-restricted expression of cx36.7 is regulated by cardiac promoter activation via the two
proximal GATA elements (GATA#1 and GATA#2) and Gata4/5/6 as well as by skeletal
muscle-specific promoter repression via the two distal GATA (GATA#3 and GATA#4) and A/T-rich

elements.
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