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1.2 RT-PCR MO pPEGFP-F EGFP
N -, pEGFP/MO-1a.  pEGFP/MO-1p;
RNA, T18 MO
cDNA, cDNA , : EGFP , MO
cavlaUF1l/cavlaUR1 cavlpUF1/caviR, cav-1
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1.3 cav-la cav-1p
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cav-1p cav-lo ATG

, pSBRNAX/cav-1a ,
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Cav-la Y14 (TAC) ,
[7,9,10]
Y14 Cav-la ,
pSBRNAX/cav-la , Cavla-Y14F/
C-sb-R PCR ,
PCR , Ca-sb-F/C-sb-R
PCR, PCR Kpnl  EcoRI ,
pSBRNAX ,
pSBRNAX/cav-1la (Y14F)
BamH ,  Ambion
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1.4 cav-la cav-1p MO
cav-la cav-1p ,
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tools.com, Morpholino(MO)
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Tab. 1 Names and sequences of primers used

. (5'-3') Sequences of primers
Names of primers

CavlaUF1 act ctg tgc cgt gag agt ctt caa g

CavlaUR1 ctt cag gtg tcc cgt cct tgt atc

CavlpUF1 agg gct gtg ctg agt tgc

CavlpUR1 gcg gtt cca aag aaa aca g

CavlR tta cac aca ctt agt agc agt gac c

Ca-sh-F g;c ccg gta ccg cca cca tga cta gcg gat aca
C-sh-R cgc gaa ttc tta cac cac ctt agt agc agt gac
CB-sb-F ?Ct;: E(i:((::g gta ccg cca cca tgg ata acg aca gca
Cavia-Y14F atg act agc gga tac aag gac ggg aca cct gaa

gag gaa ttc gct cac tc

Cavla-A100T-F caa acc aaa caa taa aga att gga taa cga c

Cavla-A100T-R tct tta ttg ttt ggt ttg taa atg ttc ccc

15
MRNA
100 ng/pL, 2nL MO
5 ng/uL, 2nL
28 ,
1.6
, Thisse, et
altt12] . BCIPINBT ,
2
2.1 cav-la  cav-1f
Cav-1 ,
, Cav-1 [8,13,14]
Cav-1 , Cav-1
Cav-la Cav-1p , N
C Cav-la N
33 , Cav-18
( 1 Cav-la Cav-1p
178 147 ; Cav-1
180 ; Cav-la Cav-1p
181 148 ; fili Cav-1 181
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NA i X 48
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Cavl a (Homo sapiens lrIU}\haFTTFT\TI'-"x'h"‘\IILL- LFGIPMALIWGIYFAILSFLHIWAVVPCI YT VHTC F 167

N L O I C I¥RAS F T TE TVTRYW Y RLLS L F CIPMALIWGIYFATLSFLHIVAVVP I VHT{CDP 136

Cavl a (Mus musculus CIWKASFTTFTVTKYW YRLLSHIFGIPMALIWGIYFAILSFLHIWAVVPCI 167

[ Bl G T VA S F T T F TV THY W YRLL ST FCIPHALIWGIYFATLSF LHIWAVVPCIKS 136

(oE B A 2T Rt 1T G TWEAS FT T F TV TRYW Y RLL ST FCI PMALINGIVFATLEF LHIVAVVPCT 167

(A Wt P g V) I C TV AS FTTF TV TRYW Y RLLSYIFCIPMALINGIVFATLEF LHIVAVVRCT 136

Cavl (Fellis catus CIVKASFTTFTVTIKYW YRLLS \LFGIPMALIWGIYFATLSFLHIVAVVPCT Dy 167
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Cavl( axermms [CIVRASFTTFTVIRKYW YRLLS \LFGIPMALIVGIYFAILSFLHIVAVVPCT 167

Cavl(Cam.r { FITFTVTEYW YRLLS \LFGIPHMALIVWGIYFAILSFLHIVAVVP 167

Cavl iGa m'ga!hts FTTFIVIRYW, YRLLS VI FGIPMALIVGIYFAILSFLHIVAVVPCI 167

Cavl (Xenop rmp:m F‘YTFTUTF“A’U‘JxFLLTHIFUIFI.ALIUI‘I-FA!L..PLHIUA!\JQ‘! L 169

3 i prrErrTIal D e T T o B T TR A TSR M THATTIDE T 169
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Cav ug FITFIVIKTW 170
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Cavl a (Homo sapiens,
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Cavl f (Mus musculus
Eav% E’ Ramu norvegicus,
av attus norvegicus
Cavl (Fellis catus
Cavl (Oryro!agus wmcu!us-
Cavl (Ovis ari 178
Cavl (Pongo abe.!'lf ----- ———— o 178
avl (Sus scrofa) 178
Cavl (Bose taurus 178
Cavl (Cauu {am:hansf -------------------------------------------------------------------------- 178
a 1{Ga. us’ga!hrs ----- — 178
Cavl tropicalls 180
Ca 180
IO OO TR T U]~ = = = = = = = e oo 181
Cavl f§ (Danio rerio 148
181
Cavl (Brugla malayi] LLAAFIAIPFAVFFGILFAVFAVISVFLCTPLGVLLTIPLNAFSKCUDFVICRFLNPITRAVCCERKKDEKNAIVLDA 255
Cavl (Caenorhabitis elegans) — LASTNVFITVPLGKLLETPGTLLAKLUNYLIHAT FDPIASAVOL I FENPNIBKYCINQETTAPCY - mm m - mmmmm e m oo 235
1 Caveolin-1
Fig. 1 Amino acid sequence alignment of Caveolin-1s
AA , AA AA , “r , Cav-la  Cav-1p
GenBank Cav-la Cav-18 NP_001744 ABW?22626; Cav-la Cav-1p AAR16290
BAAB89462; Cav-lo  Cav-1p NP_113744  NP_598412; , NP_001019334; , NP_001104542; , NP_001009477;
,ABC87459; , AAR16300; ,NP_776429; ,NP_001003296; , AAR16266; , AAH70672; Cav-la  Cav-1p
NM_212651 NM_001024162; filfi, AAL40364; , XP_001898703; , NP_501743

Identical amino acids are shown in black color and similar amino acids are presented in gray color; gaps in the sequences are indicated by
dashes; zebrafish Cav-la and Cav-1p marked with pane. The GenBank numbers include Homo sapiens (NP_001744 for Cav-la and
ABW22626 for Cav-18), Mus musculus (AAR16290 for Cav-1a and BAA89462 for Cav-1p); Rattus norvegicus (NP_113744 for Cav-1la and
NP_598412 for Cav-1p); Fellis catus (NP_001019334); Orytolagus cuniculus (NP_001104542); Ovis aries (NP_001009477); Pongo abelil
(ABC87459); Sus scrofa, (AAR16300); Bos Taurus (NP_776429); Canis lupus familiaris (NP_001003296); Gallus gallus, (AAR16266);
Xenopus tropicalls (AAH89686); Xenopus laevis (AAH70672); Danio rerio (NM_212651 for Cav-la and NM_001024162 for Cav-1p);
Takifugu rubripes (AAL40364); Brugla malayi (XP_001898703); Caenorhabditis elegans (NP_501743)

Cav-1 77.9%—99.4%,

63%—81.2%,

68.0%—81.8%),
64.6%—65.7%,
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59.7%—69.6%, 65% , , cav-1p3 2 1 ;
, 7.7%
Cav-la 64.1% , cav-1 25

63%, Cav-1p ,

81.2%  80.1% , Cav-1

Cav-1 ( 2),

: fis :
cav-1 , Cav-1
, cav-la 3 2

Cavl a (Homo sapiens)
Cavl (Pongo abelil)
Cavl (Fellis catus)
Cavl (Canis lupus familiaris)
Cavl (Sus scrofa)
I Cavl (Ovis aries)

Cavl (Bose taurus)
Cavl a (Rattus norvegicus)
Cavl § (Rartus norvegicus)
Cavl a (Mus musculus)
Cavl (Oryrolagus cuniculus)
Cavl § (Mus muscidus)
| Cavl (Gallus gallus)
-[ Cavl a (Danio rerio)

Cavl (Takifugu rubripes)
Cavl g (Danio rerio)
Cavl (Xenopus tropicalls)
Cavl f (Homo sapiens)
Cavl (Xenopus laevis)

S —— Cavl (Brugla malayi)

4870 Cavl (Caenorhabditis elegans)

T T T T T T T T 1

450 400 350 300 250 200 150 100 50 0

2 Caveolin-1
Fig. 2 Clustal analysis of the amino acid sequences for Caveolin-1s

2.2 cav-la cav-1f )

RT-PCR cav-1la cav-1§ mRNA
bp MarkerO T L K HG S MZC
209 bp 587 bp, cav-la 750 -
cav-18 mMRNA 300 -
( 3) 250 - cav-la
, cav-la cav-1p '000 -
730 - cav-1ff
i 1 500 =
cav-1p , , cav-la bp
p-actin MRNA 800.-
RT-PCR 300 - B-actin
2.3 Morpholino cav-1 3 cavla  cavlp
Fig. 3 Expression pattern of cav-1a and cav-1§ in tissues
pEGFP/MO-1a pEGFP/MO-1p 0. T P L ol K P H L

S. ;M. ; C.
cav-la  cav-1§ MO . . R : .
O. ovary; T. testis; L. liver; I. intestine; K. kidney; H. heart; G. gill;
1- , 24hpf S. spleen; M. muscle; C. control
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pEGFP/MO-1ac  pEGFP/MO-1p
cav-la MO 25 Cav-1
pPEGFP/MO-1a cav-1 MO pEGFP/ Cav-1
MO-1p5 , MO krox20
cav-la cav-1p8 ( 4 , (e
2.4 Cav-1 cav-1 , krox20 ( 6
Cav-1 foxd3 23]
ntl cav-1 , , cav-1
[15.16] cav-la, ntl  12hpf , ( 6)
, cav-1p, 2.6 Cav-1
ntl , cav-la
(Y14F) , ntl (5 myodl , cav-la  cav-1p
prox1 24hpf ,
(271 , cav-la, [ZO]; cp ,
, , MO [21]
cav-la , , WISH , 36hpf,
cav-1p, myod1 cav-la , prox1
, cav-la (Y14F) , ; 48hpf, cav-la cp
myod1 ( 5 , Cav-1la , (7

cav-la/EGFP

Control

5
Fig. 5

cav-la/EGFP+MO-la cav-1/EGFP cav-1f/EGFP+MO-15
4 cav-la cav-1 MO
Fig. 4 Efficiency of cav-1 knockdown by MOs
cav-1 a cav-la cav-1p
cav-la (Y14F) MO. cav-1p

ntl

cav-la, cav-1a (Y14F)
cav-la, cav-la (Y14F) or cav-1p on expression of ntl and myod1l
12 hpf
Dorsal views of embryos at 12 hpf

cav-1p myodl
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Fig. 7 Effects of cav-1a and cav-1p expression on zebrafish liver development
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PRELIMINARY STUDY ON FUNCTIONS OF ZEBRAFISH CAVEOLIN-1

WANG Lu, MO Sai-Jun, LI Jie, LI Qing and CUI Zong-Bin
(Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072)

Abstract: Caveolin-1 (Cav-1) is the key structural protein of caveolae that regulates cellular proliferation, differentia-
tion and apoptosis through its interaction with multiple signaling molecules. Abnormal expression of cav-1 genes is
closely associated with development and progression of various human diseases, while functions of Cav-1 in zebrafish
remain largely unknown. In the study, we have cloned full-length cDNAs for two Cav-1 isoforms from zebrafish.
Alignment of amino acid sequences for Cav-1s from multiple species indicates that vertebrate Cav-1 proteins are highly
conserved during evolution. Transcriptional expression of cav-1a and cav-14 was found in most of adult tissues detected
with RT-PCR. Spatiotemporal expression patterns of some tissue-specific marker genes were investigated with
whole-mount ir situ hybridization during embryonic development. Over-expression or knockdown with MOs of cav-1a
markedly affected the development of notochord and somite, while over-expression or knockdown of cav-1p resulted in
abnormal liver development. In addition, over-expression or knockdown with MOs of cav-1a or -1f led to abnormal
neural development. Therefore, Cav-1 plays crucial roles in maintenance of physiological functions of adult tissues and
organs and in regulation of zebrafish embryonic development.

Key words: Caveolin-1; Notochord; Somite; Liver; Neural development



