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ABSTRACT

Improvement and possible commercialization of a home-made electroporation apparatus(home-made)

were further tried to establish a simple and effective introduction of foreign gene into sperm followed

by in vitro fertilization. Expressions of introduced plJ9 and pNT plasmids were shown in all fertilized

eggs with electroporated spermatozoa. In particular, with this gene transfer system all the fry showed

a consistently transient expression in the syncytium of the yolk sac. This fact is important since some

required, minute quantity of human proteins can be produced from the established transient expression

on the yolk sac of all fry derived from in vitro fertilization with electroporated spermatozoa.

To explore tissue-specific expression in fish, which we will use a similar system later, we targeted

the nerve tissue to see whether tissue-specific promoter is working in fish properly. pNT plasmid

containing a nerve cell-specific tubulin promoter gene demonstrated consistently exact targeted expres-

sions among the developing nerve cells in later stages of embryos and hatched fry. Finally, liver-specific

genes are now being cloned by using already seclected primers for useful human protein gene fusion.
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resistant gene-2- ©]-43F A|=7F McEvoy § (1988)
3 Yoon S (1988)e] & AT, I ol
zebrafishe} medakaZ o]-&3 B“@Tr?q A B
BAS Start S (1988), Ozato = (1986)0] DNA
IR 4‘0‘“ e E&AH AR BRIHY
otk It vlA) 23 & AES uio] v, e
SRR BHEL FHT 25% AT ol LR
FY7HA AFE AlEle F3] =E ol HE
THEE U 2 sl EZE lA A E JY
o3 FAAol 2L A Wy BgAd AX
1 o2 ol gk izt o2 Fo FFH A
S A7t A ojol & Aotk 53] A A X
Al Agtgel 352 9le 987X DNA trans-
fection W Eo] HISHH R} 2 Z7wM 2
W 1 g dolA oS F5EF Aolth
AAE WAAZR & FAAEE o FE Khoo
% (1992)c] zebrafish A=}et 2}PDNAES )
Fated 37.5% LEEE AL RIS HeAE
1&1 FAth o7 Ay 5o dAVL 23, A 7
7t gonz 71 dgd R4 fAFES v
2Ete g bt gAY FYE F e A
S 0] L3 SRR TPHIR-S Yo transient
expression &, AAZ2 olghd A Ao
7o gyog Wy 7 gl ojekFel x3
" 35289 AEEH 7)5AA) FFEHAT
transient A& AAE o] &3}7] A FAz ME
3} A2} electroporation A& FE3 NS AL
2l F&E7kx] AIAZ Bost e EF 23
Eojd nAFAAY LHo] ARAAM s EATT
WA AA=olol & Aotk o] s MEe] 7
% pNT 27 50|44 AESLA AT
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2. MMM ZO 3, AU H XI(WHEY

1) LHXte| 2

AAFN MFARNE A, PiFRA S
200ppm == 9] 2-methylquinoline (Quinaldine, Sig-
ma Co., St. Louis, MO, USA) &£ 0o] S8+
Hol 2~3%7F WA s wHAN F AT 189
15 TUS) human chorionic gonadotropin(hCG, IVF
-C, 5,000IU, LG3}3}, A&)S BT ‘41}
o A&& 718tk hCGFAF 13~ 14417 3-
HE utste dAE 3sio

2) el 82

A&g FR oA E SANY F, BERE
F&E TANAR AfstE FAE AEENTH
HAZE PAE [mlY fish Ringer's Solution(fRS;
128mM NaCl, 27mM KCl, 18mM CaCl, - 2H,0)°]
S|l Eppendorf tubes] B2 ¥, ulAZ/IAE
ol &g} AAE FAZHYH BV HEHEE
e FaE By 100x 9] ‘*@rﬁ’]“]ﬁ% o]
43t o] g g HAAE F
AFFA ALt

w

) B Y W

ol Z A& kanamycin-supplemented loach cul-
ture medium(kLCM; 0.17mM kanamycin in fRS)U]
of 348 daleh AR NS Hrbet] AA s}
Fo, 58 Fo Y& kKLCMOZ 3~43] A F
gto] o] AAE AAsHh FHFE KLCME
o] &-3te] 28°Coll A wf 3Tt

3. & WY SHAL ¥ QUZICHEE |XXIL
ZH}

oF WA A} So] FHAAE cloning?t?]
& A4A4 7] RaHo e 718 ARE WELE
st} B} ALS) Fastas} Gene Bank searchE 3%
t}h oJF &7} homology W&ol rainbow trouts}
tilapia®} cDNA full sequenceoiA} primerd& 24
3te] E Yo ol gtk A =Y ¥ 2¥
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AL 2SS FAR =98 ANE gfp &
= Vgol F1lH primer$ 22 PCR labellingdls
probe 2 0|23t FHA TYE AT dHE=
reporter #771¢1 gfpe] Y AlE WA
o8 LS FAsAt

4, HXI2| electroporation

dAFAAY =7ey dests 2 A8
o)A 7t electroporatorS Al&-3te], Axpe} 9
) FAR ] & electroporationd] 2% +A A
Jg) FA% T A AAY A FARE
§ HEY GESAA Oy dRE HEA 7
o #4724 24E I F e 7R 74 U
AR Aol AAE 3 A electroporationd}
At

electroporation buffer= Ringer's £2jd] 0.3M
sucrose S H 7tk o] £3tth 0.05mA S AFo
A 53] 9] pulse 27 2Z 300 pg/ml E % 9] plasmid
DNAE bufferd{ell H7}8le electroporationg 2
A3t

o
T

o o]&d U FEFHAAEA human
tissue plasminogen activator (tPA)E Z1]3}7] 43|
olo] T & primer %2 designatgth. o2 prim-
er#2 5-GTT CTG AGC ACA GGG CTG GA-3'
2 5-GGT TGT GGC AAC GGA AAG TA-3'S.2
AAsgon I AHEe AV)E 2,480 bpolth

2) O|F RERMXE 22l % cloning (ZHHZE

2E{2| ¢DNA library 7%)

oJF9 KERARY] AFE Y3l ZhoilM A
EE o F dEEA F vitellogenin FAAE &
B3at7) gt vetx] ZhoAl A RNAE &2
Faon, o] 7|22 mRNAY Eia 2 cDNA
library 9} 2o o] 48 FRHXZA vitellogening)
EAHES] phosvitin®] ¢DNA #A#}2] primer 4%
4 promoter2] 1.67kbol ™ & primerd-S& Mukated

t} A& primer¥L §-CTT GAA GCT TTIC
CCT GTT TC-3' € 5-GAA TTC AGA CAC GAT
CCT AA-3'ojgith o|& primergo] oJ% 2HE9
27]% 1,221 bpolth

3) OiF RERHXIY 22| Y cloning (geno-
mic DNAZEE]| promoter2| cloning)

o} & 9] vitellogenindl] th 3t promoterE 4|5} 7]
2}3) internetA+9] Query GenBank Database & ©]-&
8} tilapia (Oreochromis aureus)2] 5' X 92 ME
< Fohd F olo] th3 primerd-E AFIA%TE
MAHE primer¥L 5-TTC AGC ATT GCT GAG
CAT CG-3' ¥ 5-AGG CAG AGG CGT CCT TTT
TA-3'0lRoH, AHE9 A7l= 1,617 bpolth

4) pNT plasmid 75

4R 245019 4R 2% pro-
moter and enhencer)7t AFAME 1 715E T3
=72 AEd] g8 Rate] AAZHSo) 43
A2 Tal q-tubuling 52 2 EEYE GFP ex-
pression vector$l pEGFP-C1¢] 4t¢}3slgith pNT-
GFPE= Tal e-tubuling] 52¢ 2AX S PCR
2 ZZ3 tt& pEGFP-clol A CMV promoterS
Ase T/Age T 2.2 A A% ZDHADNA fragment)Zt
ligation AJAA TETE

5) pNT-gfp-lacZ plasmid

Tal g-tubulin® 5°2¢t ZHR Qo] R E]A
< #3871 98 AL report genedl GFP= &
Z AKA vEo)A YFS B otk o]l B
23}t7] Y8l GFPE lacZ gene= 3 A1Z1 dual-re-
porter systemS AMR3H T pNT-gip-lacZ 2] plas-
mid¥ A. victoria®] GFP 2 pMC1871¢}4 &%
lacZE X 88l= plasmid DNAQ! pNT-gfp-lacZ
(8.4kb)E o}-&3}5t}. o] plasmid DNAE Rato] ¢
-tubulinof| A Feh g 5 ‘B 2H AL promoter
2 3" @ho)] SV40 polyadenylation signalsE o} &

a3 Tk

6) plJ9
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plasmide HA A. victoria®] GFP @ E. coli9]
lacZE& E g3l plasmid DNAQl pGFPLacZ(8.4
kb)E ©]43l59t}h ©] plasmid DNAE Xenopus
2§ 2] elongation factor la(efla) E 3 ‘Tghof
SV40 polyadenylation signalsE 7}x 32 lth

6. O|F2K] 2 ¢DNA library
n]erA] v e} Asdal o] ¢DNA library +
%3}7] 9l8} PCR-select cDNA subtraction ¥HH-<

ol &Rt vy uAsdAS ASIAER
B #Z¢ mRNAE o]-&3to] wjAd&dat cDNA
(driver cDNA)$} A&} cDNA (tester cDNA)E
gHdatglch. S driver cDNASL tester cDNAS
A& A Rsale® A5t blunt-ended cDNAZ
THE o tester cDNAC] 7t cDNA adaptor £ ligation
stgch I8 vl driver cDNAS} adaptor-ligated
tester cONAE o] &3}o] hybridizationg 43 &<

EX F cDNA population®]| A} hybridized sequences

Restriction of MCS
Hind III (1352bp)

~ BamHI

Nhe I

Eco47111
Ase I Age |

Pevv e EGFP MCS

pEGFP-C1
(4.7 kb)

Hind IIT Xba I BamH I

FVII  Polv A

pCMVFVII
(7.4kb)

Nhe 1

Eco47111
Ase 1 Age 1

“.5kb

EGFP

HindIlI Xba I

BamHI

pCGFVII
(7.3kb)

Fig. 1. pEGFPhFVHl was modified to accept a cloned whole FVI gene from pCMVFVI (Prof.
Norman Macclean, Univ. Southampton, UK.) to be expressed in frame with EGFP followed
by FVII (2.6kb) and EGFP fusion protein. pEGFP-C1 (Clontech, Laboratories. Palo Alto,
U.S.A.) was restricted with Hind]l and BamHI in the multiple cloning site which is located
between at the end of EGFP-coding sequence and in front of the stop codons and as insert,
FVII was same methods. pEGFP-C1 and FV I coding gene were ligated in the site of Hind [

and BamHI by T4 DNA ligase.
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+ ®AIE 2 unhybridized sequences(tester cDNA
populations] g+ So0]8 W EE FAZHE A
atglth hybridization § w]Eo|xq ZZMNEL
vl A 3}7] 218} suppression PCR 7§ & o] &
nested PCRS £ 3}tk z}z1e] PCR =%
& pT-Adv vectord]] cloningsl o},

AE fRztet A EAZERY Y §7
of 98t vectore] F& Y& AHiGAE EX G
AAHGFP &= lacZ $AN S $L4A%e) &3
vector 23 A et R FAZERY Y A
g g f8R812 2 vector /st ES A
EWZ9 DNA =9 AYANS FHF electro-
poration %Z71-& ©0}-&5t] ES M XU 2 vector £
& EAFARY] BHo B8 4L £9
gelsl=t) PCR7|ME o] &3¢ th

=
3}

e

£

7. GFPE0| 3 1acz LEHEO]
=]

Sle} $-7212) GFPe) W o 2.9] 8912 Olym-
pus 83 ¥ u)7 (BH-2 RFCA, Olympus, g &)s}
oA Z7IMRE AAX77HA] G AEE B
8tG Tk GFP7E W& ® 7} A= Hoechst filtershol] A
ASA 400 E3F& olfste] FPFHATT X-gal
saining® 53 A 4HA HH d%e Pz
Atk

m Zat % of

1. E2E primed X} 50| &S FHXIC| Clon-

ing

1) HATE cDNA lLibrary?| ZHA

vlAds gt s dAzte A library 7%
< A3 hCG A o)d & A7 o) F9) ¥ 23
o2 HE AA RNAE ¥8383, mRNAE oligo-d
(T) columng &3t £2& F 2749 cDNA
library S 728t tHFig. 2).

2. LIAZEXOf sybtracted ¢DNA clone| Mt
Asdzle] Eolyo g Wz SAANE Z

2384 3}7) 918} PCR-selected cDNA subtracted
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Fig. 2. Total RNA of loach ovary. (A) a, imma-
ture ovary; b, mature ovary and mRNA
(a, molecular marker; b, ¢ and d, isolated
mRNA; e, finally isolated mRNA)and (B)
¢DAN of synthesised loach ovary and
analysis of Rsa] enzyme digestion (a,
molecular marker; b, ds SM cDNA; ¢, ds
SM ¢DNA digested with Rsal; d, ds
tester (hCG -primed) ¢cDNA; e, ds tester
¢DNA digested with Rsal; f, ds
driver(not primed) ¢cDNA; g, ds driver
c¢DNA digested with Rsa T).



Fig. 3. Selected clones of ¢cDNA from PCR amplification from loach hCG-primed ovary to non-primed
ovary ¢DNA (M, molecular marker; F, tst PCR; S, 2nd PCR). Identify of PCR amplification
secondary PCR with 17 clones.

library screening2 ©]4 3} tester(hCG A 2] 7)%} driver(hCG ¥4 2] 7)8) ds-cDNAE 3% %, 2

Clone name : SWS15
GCTGAATTTAAGCATATTACTAAGCGGAGGAAAAGAAACTAACAAGGATTCCCTCAGTAGCGGCGA
GCGAAGAGGGAGGAGCCCAGCGCCGAATCCCCGTCCGCGGCGGGCGCGGGAAATGTGGCGTACGGA
AGTCTGCTCC

Clone name : SWS31
GGCTTCATTTTCTGAAATTTTCTCCTTGGACATGTTGCCACCAGTGTGTTGAGGNAGCTTAGATATAT
GAGCGTTTCTCCATGCCAAACNATCGCGATTCAGCATTGGGGATGACTTCATAATTTTGACCGGGAC
AAGANTTGGGANTGTTTTCATAATTTGGAGTTCATTTITTGATCGAATGAAAGTGCTTCNCCTCTTCCA
ACCTGGTCNTGCGTTTCCGTAAGGTC

Clone name : SWS42
GTACGGGACGTGCGGTGGCTCGCCTCGCGGCGGACGCAAGCTCGCTCCCGAGATCCAACTACGAGCT
TTTTACTGCAGCAACTTTAATATACGCTATTGGAGCTGGAATTACCGCGGCTGCTGGCACAGACTTGC
CCTCCAATGGGTTCTCCCCCATGGGTTTAGATACCCTTCCATTACAGGCCCCAAANAAACTGT

Clone name : SWS51
CTTTTTTTTITTTTTITTTITTTTTTTTITTTITTTTTAAGCTTCTTTATTCTAAACACAAAAAGACAGCTGTA
TATTAAAAAAAGATACGATTTTAAAACACCTTAGGTCAACACGGTATCATGTATGCAATTAGAAAAC
ATGCTAAAAGATAAATGGGATGGACACTGGTGCAGACTGTAACATAAGCCCCGGGATATATTCTGA
AGGCATAAGAAAGTATAAAAACAAGTCTTCAGGCTGCTAAAATGGCCAACAGTGCCCCACTTGGTA
ATTATTGGTCATTGCAACTAATTTGGAAACTAGTTACTACAAAATGCATGATATCTGCATTTTATATT
TAATATAAAAATACACCGAATCTGGGTAACACGTAAGCCAAGGTTTCAAGACTTAAC

Clone name : SWS71
TCGTGGCAGAGTTGCTCTTCAGTGGGGCAGATCCTGAGTCATCATCATCAATGATCTCATCGGGCTTT
CTCCTCTTCTCATAGATGAAGATGATGGTGACTAGAATAATG

Fig. 4. Finally selected clones name of partial sequences for mature ovary specific clones.
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3] 9] hybridizationo] 2]3} subtracted tester cDNA
9] 9K E 1, 2% PCRZZo] 3] 177)9) cloned
#9519 H(Fig. 3).

3. Cloned gene2| H7|MY £M

otef o] H7]ME2 PCR-selected sybtraction W
Holl o)a} Akl clonesE sequenciné&} o3 ¥
#HA BEA9 A7|HEZ A BLAST = FASTA
ZZ W& o]23t Database i} o} AA2gAH
71X €9 AEd| homology ¥43 |7 Lgo] 7}
A 25 ALE 4T AF9 o & Fig 491
Bl itk DNAG7ZIAME BA A3 SWSSE clone
4] 7% homologyE Hol:x cloned gened ZH
2 §Z geneo] BHE %] 92 genomic DNAY &

Fig. 5. Southern blot anaylsis of genomic DNA
using FVI DNA probe.

70 bp= 80% o}l homologyE Hol¥ A=t
°]E homologyE .0 databaser] &) F7)|MEE
2 2% geneo] WH AR 9L genomic DNASY &
7INEE 2h wEkA, SWS 51 cloned 2%
$AR} (novel gene)d 7H5Ado] & Ao g AlgH

.

4. Chimaeric R7|Hi2| MAa} 27|

Electroporation®l] ]3] transfectA] 7] Z7)uj A &
IS £215d host blastulac] A ZulAlF¢ddl) ¢
3l chimaeric Z71W) AL #7)1A17) A3} B BE
9] chimaeric Z7|H= A EL3), = mAyFYse
A ZH 9 extrusiono] o]z ST HAo] Lo
A @skovt 53] A violA Aol A
NXu fFAFHA colonyB o] 7HeEE BT
r}. o} chimearic &7}l 9} electroporated Y ¥ %
7y e} A f7] R ARSF southern blotg 4]
g A3} FIE FHAE dFEY AMANA epi-
somal PeH2 EAFE BAFOoH o] 22 4
FAAE e EuA s o &3] A= E
RozW Boh B& 9 Ao % A6 o3} &
719 fAAke] genomed] Y Q¥ AA s
(Fig. 5). ©}9) BHYTE Fig. 6914 RAFE A
7ol ZstA wdEE o] #AE

5. 2lgf MR £¢7|&9 chedl

(a)

(©)

Fig. 6. Expression of a pEGFPhFVII gene in developing fry. Embryos were microinjection at the 1-cell
stages, respectively and allowed to develop upto the neurula, and eyed stages (a, b, c). Bright
(a) and fluorescent (b, c) fields were recorded without any further treatment.
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Fig. 7. Massive gene transfer and uniform gene expression in prehatching embryos produced by
fertilizing the oocytes with electroporated spermatozoa. Expressed lacZ was found in egg yolk
region of ali embryos(b). No expression was found in control embryos(a).

Electroporation ] 2]® AXE o}L3le njiz}
A gAsk FRANF F31 A7) embryodl| A 9]
A FARe B AR E lacZ FHR) G 2
A3tetd Ay (X-gal staining)S F3) PES
A} FA4 SYL BT F4T + 90

FUd PP §34 VL B2BY 5 QY
(Fig. 7). lacZ 3219 SR 4929 A &
£ embryodl 9] HEA NN HEY ¢ AN
B, 22Ol AE lacZe) BHE BIY & 99

£

L&} electroporation A2 AAE o]Ls) A
g AEEY dF Xoj& FHsted Southern hybri-
dizationg AAe Az}, EE NAldA YA
A FAAY EAE FAF ST Southern hybri-
dization 23}, 9] FAAE E5F episomal AF8)
2 EAste ALE #AAHHA

6. TEE0| S| LE HM

o FZ3 CMV promotero] gfpst lacZE ¢
AT pll9L virusEEE 7} ZA M HHHOZT
BHETE 2 AP A 7L o)F repoter
AAZA 12bdE Ao SHE AT Ee
Ak v E KRR AYE Bolsta, A&
o2 £3str] g AEd AA N 2xhd x o)
A o]£¥ XA Eo| promoter®] 7§43lF human
protein 7 &}o] sjgre] fAH O R afr]ojof
gtk o] & 93] AR 2HFo] P AES}
7] 8t7] $la) AZAM EE0| 2] tubulin promoterS
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Table 1. Comparison of tissue-specific and ubi-
quitous promoters for the GFP-LacZ
expression following fertilization with
electroporated spermatozoa

Types of No. of expressing the
promoters No. of following embryos
| eggs used
used GFP (%) LacZ (%)
Control 100 0 0
pCMV-GFP-lacZ 100 0 100
pNT-GFP-lacZ 100 0 100

' Electrical strength for electroporation was six pulse
at 0.05mA in the presence of 300 g DNA.

gfpst lacZell AZAA pNTgfp-laaZE 53t
A9 electroporations] 918 AR AAYS & F
FAAL 2ES At

Table 194 B nheh Zro] i+ viral pro-
moter] pCMV-GFP-lacZ (pJJ9)9t A&72l pNT
-GFP-lacZo| X B it Zo} 2504 pro-
moter?] 7A$ox 100%<] FAE0] lacz 2L
Bo Ftt weba] & E0}4d 9} promoter 73-¢-
T oA s AAe o3 FARg HEE Hol
= 202 o=} (Fig. 8). Fig. 4ofA H= n}
9} 7ho] eletroporation A &3 A FA Az
AR 718 27 A lacZe] LHE HolX
25 uHliste], CMV promoterE o4& 7
HHE Bo F900, v|E #ye
AT FARSE fIA)o) B8 27 LH g

pan

P

0¥

o &2

ol
1

£ L



(a)

Fig. 8. Gene expression in embryos producted by sperm mediated gene transfer.
a) control, b) pNT -gfp-lacZ, ¢} pJJ9

b e

Fig. 9. Representative expression patterns seen
among the transgenic embryos when
different promoters were used.

a, b) pdJ9, ¢, d, e) pNT-gfp-lacZ

7 |l ookq

p

Zth CMV e} NT promotere] 83 7]

MREZr) Aol B FJUTh F CMVY F
Aol B& W ok o] A A d3hdiule] §F
EA M E (syncytial cells)2 Bo] ZFo} vtele] NT
promoter2| A% v]E Wzto] FIEA M EAA
d4g B FAATN AFH HE2S AALZAE
Eo] EAste AFGeA Ldo]l FstA JEbge
W A7 mE} A2 ARAMER THEH

Lo
L
o]

S
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(b)

(c)

Fig. 10. Tissue specific expression of pNT. Never
cells are consistently expressed in later
stage of embryos and hatched fry.

A Th (Fig. 9). o] &2 2 & Eo]A hatch 3 fry9]

AAAE B TR U]/ﬂi"r“%?f’} RS, 3
ANAZA o] 7 ZAEo| A BHE B
of F3Act (Fig: 10).

(o]

. ® 2

71&9] mMF9 2 A& electroporationol] 2] 3k
2ot E&3Q /AR =uyE MAsY e
s TEREAS] A WEe S A% £
SRR AAE NBE B5e) WAE A71H
Azt 7teAdE B
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£ B F]t 53] 439 E}Ex{]%ﬂj‘_(syncy-
tium)ol A 2 transientd] & 7}st FE-2 A7) AF o
Sab we ol Wil HAAE BYeHa 100%
B E = AAE o831 transient 7] A AT
FEod Qe sted s e F Sle A
2 nal FUG. JdFFAA 2 BB
A5 7] 98 NAH EZHE] tubulin promoter
£ olg 23 ghpel o) MFUH A28 3
AoZ AW Axtel NAME W W] 7aA
eSS B Fch 3 reporter FR} o}
of ZLA X 2EE HA RNAS 23 AA vitelloge-
nin®] Ea)AHE¢l phosvitin ¢cDNAS] Zo|9} pro-
moter X2} 1.6 kbell th&t primer #E& AA 3
Arefol A PCRo 28] 2tz cDNAST gDNAE 2
cloning o] 219 ™ human factorVi#} epidermal
growth factor, vitellogenin®] 32 ¢} target Thill A&
AE 75 2 ZAA Y Fo Ak
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