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Expression of Human KCNE1 Gene in Zebrafish
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This study was aimed to produce a transgenic zebrafish expressing the human KCNE1 gene. Initially,
the entire CDS of the human KCNE1 gene was amplified from a human genomic DNA sample by
polymerase chain reaction using a primer set engineered with restriction enzyme sites (EcoR I, BamH
I) at the 5" end of each primer. The resultant 402 bp KCNE1 amplicon flanked by EcoR1 and BamH]1
was obtained and subsequently cloned into a plasmid vector pPB-CMVp-EF1-GreenPuro. The integrity
of the cloned CDS sequence was confirmed by DNA sequencing analysis. Next, the recombinant vec-
tor containing the human KCNE1 (pPB-CMVp-hKCNE1-EF1-GreenPuro) was introduced into fertilized
eggs of zebrafish by microinjection. Successful expression of the recombinant vector in the eggs was
confirmed by the expression of the fluorescence protein encoded in the vector. Finally, in order to as-
sure that the stable expression of the human KCNE1 gene occurred in the transgenic animal, RNAs
were extracted from the animal and the presence of KCNEI1 transcripts was confirmed by RT-PCT as
well as DNA sequencing analysis. The study provides a methodology to construct a useful transgenic
animal model applicable to the development of diagnostic technologies for gene therapy of LQTS
(Long QT Syndrome) as well as tools for cloning of useful genes in fish.

Key words : Fluorescence protein, KCNE1, LQTS, microinjection, zebrafish

M

ru

Zebrafish (Danio rerio)= &3¢ ¥ | & (Cypriniformes),
Aol (Cyprinidae)ell &3tH AZ o} 347 28 5 dopAjo}9
A5 A g FEFT2, 3] AF At ¢S H4A 4L
T =Y FH4 2399 2 AH FAA A
HadA s 52 44&s Uedo 49 5 714

A& TH12, 19]. Zebrafisht 3%
0% o1& A7 A F

me, rzi

ol
ol
i

4
32,

=
=
Ao}

1}

b
~

Moo
S ook
!

2
ok
>
ol
e
rlo
—m
o,
9‘1"
= Q
it
ox,
o
ol
mlo
FE
it
9‘1"
N

=2
o
)
>

N

b
o
oft
o

} EA DNA £= mRNA #d <

, 13]. 283 FA A F-371A]

&15” B} ‘M =7t HH}E
;fj O
o

o B

o
=
=)

oo

ofr
-
Ay
=
(=)

rlo o

rieorlr
>,
A
Q1
O

ox
[l
fu
o
rju

=1
¥ o
N

=
B B
ST
N
&
pr
fit
K
. rlm
N
OIﬂ
i
b
K
saf

-y
rr
o
offt
(e
1o
-
o
™
=
S
1-

R

:1

>

_>‘i

o B
2

jines
olr
o
re
-
ol
rr
__(‘.1_“
oy
rlo
>,
o(
m{n
fitl
N
e,
5
2
Ir
N
Y
o

tH1, 4, 8].
KCNE12 QT d&FFFLQT)e ¥l fdA% shol

*Corresponding author

Tel : +82-53-580-5537, Fax : +82-53-580-5164

E-mail : ymin@kmu.ac.kr

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

17, 20]. ©] A= Wol, A%, I8 T3 o
A EEE I glow, o] FHA o3 AiEE @
S AZE o g ukete F 2 (channel)d] FA 83 98
< @tk 7159 Aozt A7 AA 259 AL S (repolari-
zation)o] AAH L TR W, AL AF, A F)

= oA oBA AA AEE o] Azt LQTSE ol#e 4
Ao Na AL Ao wjo] WWste Ao AuEs 14
317 Y3 QB Fo] A o7 dojuhA Eaf 9L YAY
S} = Fstoti, 11, 14, 21]. Rxo] 95 LQTS $H4
% YFE 7HEE S YETL ¢ aq;q ATt o= 01 Ao
TR Qo] ZatA A-&sta &S AAskE Aol th16].
AR e $HAR] A-LAGE FHA 97 1% | =4
o7k @ A7t W) W fHA AdelA Y Jd d
Ag A7 A 2T HE Aot

£ dFolAE 7] genomic DNAYA KCNEL 425

2591, Beld ke KCNE1 #% 42 PBTS (PiggyBac
Transposon system) %3 T# A e o] S2dstgnt. 19
e F2Yd ZgancE zebraflsh ‘r‘7b 2ol micro-
injectionate] H-3}5 oo skt =3
RT-PCR ¥ €71 E 4 %‘H %L‘%?i% zebrafish | ¢]
o 1%k KCNE1 #4247 A& AQ= A=A HE gelst
At o] ZHE 53 transgenic zebrafishE o] & F2 4
X]E% TERDY HHE npHEA T, A FAT T v
?r’ﬂ g FElsto] s YA E A ‘3':_}?4_’\]7]7] 9]



Mz o
Zebrafish X2t
Ago] o FARES A7) A3 3~5¢€H ] A zebra-
fishs A%, LU AATH F 30 em® 7}eke] Zep2E 24
ARAAE AR FFE AT 2 oA Ao, &
x40 wet SHE o] &3 & 28+1TE FAA
zW 3 golm & dAste #7715 W] 1443 ¢71 104

o 2 MASAT Hol(Tetra Werke)= 35 28 3%
ouj, HWolg & o mt} 15% ¢ HE F UA=EF T8k

T Zebrafish®] £4 @& A7) A3 oW P2 5
M)A, & kBN £ 5 UES 54T

of
o

X
)

¥ mating caged] ¥ AR FolE 11~2 ¥R ¥ 2%
o FUAAT. & FF7]) AF AF ol L3}

of s 4o &5< Hagstn de Ho| £HEHE =
ATt m 10% vke Slsko] Hj ol MR FA7A &
AE%I} 2EOEE o] §dtd & AHH e &

o, dAo] £4 & FATLE AAGNL FS AT
A& WA5t7] Y4l zebrafishe] vl ¥4z AW E(fish wa-
ter)?} methylene blueE 41 ¢] THE blue water®l A3 3st5it.

At88t vector & Al%
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Hom, PCR A2 Solgent (Korea) TollAl T3t%ith
cDNA ¢/ PrimeScriptTM RT-PCR kit (TaKaRa, Japan)E
o] &3} % th. Microinjection & capillaries= World Precision
Instrument Inc, (Germany)®] A &< AH&3t9 T 4 5%
AYE A8 Ay s HdIY U W
M E KM 2016-004), LMO @74 A4 &dA 17} &
APAAN Aol JAFH AT

KCNE1 #&X 22|

Human genomic DNA®| 4] PCR< %3] hKCNE1 A}
£ #2359t} PCR primert= hKCNE19] 5% ORF-F (GAA
TTC ATG ATC CTG TCT AAC ACC AQ)%} hKCNE1Y] 3'%:
ORF-R (GGA TCC TCA TGG GGA AGG CIT CGT CT)&
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dst= DNAY 42 FAT T oF 32~39 pgoldtt.
Sample©] el # injection HU=A FsH7] 93l
DNA 47} phenol red solutions 1:1 Bl &Z 41014 Abg-at
Atk g 7He) 4 o] microinjectionst= DNAS A 23t &
< ¥7] 98l 8 & microinjectiondt= sample®] 3] &
hemacytometer$} heavy oil& o] &3t A3t +A4
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Fig. 1. Electrophoresis of PCR product of hKCNE1 (M: 100 bp
ladder).
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dah d7]Mdol F71E)E WAl pPB-CMVp-EF1-Green
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e H7195% DNA €749 2402 JF ST
o] 24 microinjection®l At-&¥ pPB-CMVp-hKCNE1-EF1-
GreenPuro plasmid ¥ €& ¢4 3t th(Fig. 2).
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hKCNELS #dA 7] CMV promoters} 3 F el 4 & whgd
A71 EF1 promoter’t 150|th W&o FF Al GFP
(Green fluorescent protein)7} # &% 9t} 5}t 2= hKCNEL

Job

— CMVp(1357-1706bp)

——| £EcoRI (1721)

hKCNE1 clone(1721-2116bp)

— BamH1 (2117)
EF1p(1752-2297bp)

HindlI(2379)

Fig. 2. Map of pPB-CMVp-hKCNE1-
EF1-GreenPuro plasmid.
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Fig. 4. Electrophoresis of RT-PCR product of ¢cDNA in PK
(zebrafish fry microinjected with pPB-CMVp-hKCNEI-
EF1-GreenPuro plasmid). (M: 100 bp ladder).
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Fig. 3. Results of zebrafish fries. Uninjected
(A) and injected (B) with pPB-
CMVp-hKCNE1-EF1-GreenPuro
plasmid.
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Puro vectore & A4E W@ 7= CMV promoterst ¥
A

3 A2 (copGFP)E LA 71+ EF1 promoterg WE 714
1 Yol A FPdde] A4 Hrw WAHE

=

530l oot wetd 2 2YE WEE microinjectiond ¥ ¥
Frd el 8213 § RT-PCR, DNA sequencing©. = zebra-
fish oA <17 KCNEL #xi7ke) #F A4 ®s A
Zazt I

299 pPB-CMVp-hKCNE1-EF1-GreenPuro plasmid
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A ofoll H3t microinjection® | ojellA A ¥He FFLd
of #EHAW. 2t AE&o] Aozt UAEHE micro-
injection? 2/018] 7§ AEEo] 10% E3sH3l L, o
533 259 A AESATh ol= B% ol F3 % A7
AEES Yehd dzTol Hlg) A8 oA FANA
YA 2= DNA 449 Ftt 9, microinjection?] 7%
07 Q3 AT &4, hKCNELS] A&7 5] AA =L
AAT 3 AEV} AFHo 2 Qg FEo|g, HE HE
&2 Bo|dA Y= zebrafishol A <17t KCNE1 #4145 &
AR el ok QUSith wekA hKCNELS & & 7]1&) Al
BAE AFo 2AH patch-clamping®] 1+ knockout model
I BYsto] AAAT A= A7 o] 82 F Y& AR
AEET 58 FA70] obd 2~44 Z7] 0] dEH 02 mi-

croinjection? 22X AEEE Fol1, 2 EAjo|q Wy

TS

b e 2 3 vjes A, 48 RAASE o FlA
AN A% BERDY S 2E ATY A0 ALk

ZAte 2

We thank Dr. Ding Jeak Ling (NUS, Singapore) for
assistance. &3 A ) F FA Eeo 2AE FA A
& g, TR, ARA A FIFEY), A (A
Hd o)A ZAAEEUT B AREd sESAAETY
Adez sEFtAErIer|gR7Hd e A7 4 F7]
S/NEAR 9] AL ol A 75 A= (116166-03-1-HD020).

kind
7

References

1. Amsterdam, A., Burgess, S., Golling, G., Chen, W., Sun, Z,,
Townsend, K., Farrington, S., Haldi, M. and Hopkins, N.
1999. A large-scale insertional mutagenesis screen in zebra-

10.

11.

12.

13.

14.

15.

16.

17.

18.

fish. Genes Dev. 13, 2713-2724.

. Axelrod, H. R. and Schulz, L. P. 1955. A handbook of trop-

ical aquarium fishes. McGraw-Hill Book co. 271.

. Bhimachar, B. S. and Subra Rau, A. 1941. The Fishes of

Mysore State. 1. fishes of Kadur District. Half-yearly |. 1,
141-153.

. Busch-Nentwich, E., Sollner, C., Roehl, H. and Nicolson, T.

2004. The deafness gene dfnab is crucial for ugdh expression
and HA production in the developing ear in zebrafish.
Development 131, 943-951.

. Cho S. W,, Park, H. J., Kim, G. Y., Nam, M. K,, Kim, H.

Y. Ko, I, Kim, C. H. and Rhim, H. 2006. Establishment of
the expression system of human HtrA2 in the zebrafish. J.
Life Sci. 16, 571-578.

. Chrenek, P., Chrastinova, L., Kirchnerova, K., Makarevich,

A. V. and Foltys, V. 2007. The yield and composition of
milk from transgenic rabbits. Asian-Australasian ]. Anim. Sci.
20, 482-486.

. Ding, S., Wu, X, Li, G, Han, M., Zhuang, Y. and Xu, T.

2005. Efficient transposition of the piggyBac (PB) transposon
in mammalian cells and mice. Cell 122, 473-483.

. Driever, W., Stemple, D., Schier, A. and Solnica-Krezel, L.

1994. Zebrafish: genetic tools for studying vertebrate
development. Trends Genet. 10, 152-159.

. Geelen, J. L., Doevendans, P. A, Jongbloed, R. ]. E., Wellens,

H. J. J. and Geraedts, J. P. M. 1998. Molecular genetics of
inherited long QT syndromes. Eur. Heart ]. 19, 1427-1433.
Gibbs, P. D. and Schmale, M. C. 2000. GFP as a genetic
marker scorable throughout the life cycle of transgenic
zebrafish. Biotechnology 2, 107-125.

Hirao, H., Shimizu, W., Kurita, T., Suyama, K., Aihara, N.,
Kamakura, S. and Shimomura, K. 1996. Frequency-depend-
ent electrophysiologic properties of ventricular repolariza-
tion in patients with congenital long QT syndrome. J. Amer.
Coll Cardiol. 28, 1269-1277.

Hisaoka, K. K. and Firlit, C. F. 1962. The embryology of
the blue gourami, Trichogaster trichopterus (Pallas). ]. Mor.
3, 239-253.

Huang, H,, Ju, B, Lee, K. Y. and Lin, S. 2004. The zebrafish:
genetics, genomics and informatics. Methods Cell Biol. 77,
403-411.

Jackman, W., Friday, K. and Anderson. 1988. The long QT
syndromes: A critical review, new clinical observations and
a unifying hypothesis. Prog Cardiovasc Dis. 31, 115-172.
Kato, M., Yamanouchi, K., Ikawa, M., Okabe, M., Naito, K.
and Tojo, H. 1999. Efficient selection of transgenic mouse
embryos using EGFP as a marker gene. Mol. Reprod. 54,
43-48.

Keating, M. T. 1996. The long QT syndrome. A review of
recent molecular genetic and physiologic discoveries.
Medicine 75, 1-5.

Koo, S. H., Woom, F. H. and Demund, J. D. L. 2006. Genetic
polymorphisms in KCNE1, HERG, KCNE1 and KCNE2
genes in the Chises, Malay and Indian populations of
Singapore. Br. J. Clin Pharmacol. 61, 301-308.

Park, J. K., Jeon, 1. S., Lee, Y. K, Lee, P. Y., Kim, S. W.,



19.

20.

Kim, S. J., Lee, H. G, Han, J. H. and Park, C. G. 2003.

Journal of Life Science 2017, Vol.27. No. 5 529

KCNE1. Genomics 51, 86-97.

Increased of the red blood cell in peripheral plasma of trans- 21. Viskin, S, Alla, S. R. and Barron, H. V. 1996. Mode of onset
genic pigs harboring hEPO gene. Reprod. Dev. Biol. 27, of torsade de pointes in congenital long QT syndrome. J.
317-24. Amer. Coll Cardiol. 28, 1262.
Patton, E. E. and Zon, L. I. 2001. The art and design of genet- 22. Yeo, S. I, Kim, S. W,, Kim, Y. N.,, You, K. H., Shin, S. W.,
ic screens: zebrafish. Nat. Rev. Genet. 2, 956-966. Kim, M. H,, Song, J. C. and Yoo, M. 2002. Complete nucleo-
Splawski, L, Jiaxiang, S., Katherine, W. T., Michael, G. V., tide sequence of KCNEI in Korean genome. J. Exp. Biomed.
Michael, H. L. and Mark, T. K. 1998. Genomic structure of Sci. 8, 185-188.
three long QT syndrome genes: KVLQT1, HERG, and
X5 : ZebrafishOflA] Q12 KCNE1 FEA} 25i0f 25t o7
ey -7 o
(lEtstn Aw o d )

£ AT A= zebrafisholl ¢17He] KCNEL F+427F A48 #F WA vectorE microinjectionstx, 1 HE
ARE gstuA st WA & Dike] AF AL (ER] BamHI) sites 9o A& primerEE genomic
DNA®| 4 KCNE1 #3445 Bttt 2 A3bE oF 402 bp 2719 DNA band$l i ©] PCR AH2< &3
vectorq! pPB-CMVp-EF1-GreenPuro 4ol 2243t pPB-CMVp-hKCNE1-EF1-GreenPuro plasmidE 7 23} %1
o} o] gEA FulE ¥F vectors  zebrafish 44 &0l microinjectiond}t $1 2, F3H¥ 2] o] o] A} RT-PCR¥F} DNA se-
quencings &3 GFP ¥ hKCNE19] Z&8& HF Flsidith & A+ e &% QT AZFTH(LQs)l & 5=

Eden ARAS AR, 744 A7, & F4A4 22ES AT 7€ Ao $82 F S AR JIdEH



