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ABSTRACT

Sperm from mud loach (Misgurnus mizolepis) were electroporated in the presence of
plasmid DNA, pRSV/luc or pMT/hGH over a range of field strength of 0~1,625 V/em with
capacitance from 0 to 1,000 uF, and the effects of electroporation on fertilization, hatching,
early survival, and efficiency of gene transfer were investigated. Average fertilization rate,
hatching rate and early survival rate up to yolk sac absorption of all experimental groups
were not significuntly different (P) 0.05). The proportion of fish carrying pRSV/luc based
on the polymerase chain reaction (PCR) analysis was ranged from 0 to 20%, however,
the values of gene transfer efficiency from the different eledctroporation conditions were
not significantly different. PCR analysis of pMT/hGH transferred groups revealed that scree-
ning of pMT/hGH transferred fish by PCR was difficult because of significant nonspecific
amplifications resulted from the homologous sequences in the genome of mud loach.
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QT3 € B2 oF £V AP Ay BEEII7 oy, FEF vaH g A Pz
Q13 microinjection®] =1-$- B¥Watz, & e 7} B7153F transgenic fish®] FEof| A go] vk
©do) Q1ti(Pandian and Marian 1994). o] 32E°} microinjectiong A& 4 A= B} (Hsta

)

2 Agrt 75d 22 437 o) HHESo] A rh(Hackett 1993).

Electroporation® &S 2713 270l &) AE9] channeld& F2)A 33 ojwf DNA2 Z-& macro-
molecule®] ME W2 F¢ HEE st wgoss Fziel do] BF AMRE £ i digFdrt
7bshdE Fe] Utk olol Hallerman 5(1989) 3 Inoue 5(1990)0] o1& /A o4& g
WHE 0 B electroporatione AH&3F o2}, Xie $(1993)2 loach ¢ red crucian carp®] F3d,
282 Sin $(1993)3 Symonds F(1994) S chinook salmong WA= electroporation® BA-E
o]&-3t transgenic fish®l A4+S E 1k wiglth Z2ju} o} electroporation® H#be] 4 &% F4€
o] B3l Ralzloje] 7] AE&S 1S {HAF oA Ao #H Ayde RiE wigich

olof B A3 LElud F8 w4 oFd uRA(Misgurnus mizolepis) E HFo2 A A%
IEE FAAS YA FE FARE oj23E7] A electroporation 7I'HE )&, HA FHA
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1. Plasmid

2 Ao A3 plasmids ¥FSE] luciferase FHAE EFS L U= pRSV/iuc (deWet et al.
1987) # mouse metallothionein promoter$t ¢17te] A& 22 KA/ §3= dE pMT/hGH
A (Palmiter et al. 1982). 34} o] 2ol o] &3}17] ¢]8] 7]E9] alkaline miniprep %88 53 plasmid
DNAZ %3 % GeneClean kit (BIO 101 Co. USA)E o] &8l £4523 & Ao Ala3tgch

FAAL o] A& 3 FAIFANEE o F SF 3 AR AN AREFo1d vl R (Misgurnus mizole-
pis) & o= ojgdigon FF7|9 £ 2HE 59 HHS FEIUL Kim 5(1994) 9] H#hgo]

3 AAE gy Aol A&3AE A ol MyFE ¢ A= Kim 5(1995) #E o)
we} olF FRFAZ o 25T F Rilzolr R3AjzA

3. Electroporation

InvitrogenAte] Electroporater IIE #2} ©]21& s A&3lgt A4S HA=3% PBSE Ao
0 AAEE AAANIR F5AS dAdRa st PAE 2LF 450 ul9 ice-cold PBSZE 8433 ch,
50 ul®] plasmid DNAS #7}ste] #Z DNA FZ7} 100 pg/mle] HE23 ¥ electroporation
T83tA k. Electroporation cell 04 cm typeS AH838+1.29 electorporations 33+ 3 PBSE
Z 3] A" T AHF 500 ple] PBSOl 3Ast] W3 qQF £AA AL

Electroporation 712 0, 250, 500 2 1,000 pF9] capacitance®} 0~1,625 V/ecm A}o)e} o] field
strengthte] 23& F3te {HA o] A& AlE3lATh o9} o}&2] DNAZ A3 A&, DNAGo|
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73 ZolE tid2E genomic DNAZ F&3l9 B4 AL&dtgch RaAolE ZHFE 23 A
%3}1 genomic DNA isolation bufferell ¥-& % 200 pg/ml 9 ¥% 2 proteinase K& d7Fskd 55C
& 3o A overnight digestionS -erE 3tttk Digestiono] 38 %o} phenol® 13] phenol/chloro-
form (1:1=v:v)22 13 #%% % 2propanol® DNAZ HPAAT. 70% ethanol® washZ
A2A2 bg 1X TE (10 mM Tris-Cl, 1 mM EDTA, pH 8.0)o] 3o 2do] Ahgstan).

5—2. Polymerase chain reaction (PCR)

olHE fFHA B FFE B &) 4 APF 0B BE B 70~80 vhelH g Rtz
Aeste] PCR ¥4¢ 438tk PCRE 8ul 9] reaction cocktail buffer (20 mM Tris-Cl, pH 8.3,
15 mM MgCl,, 25 mM KCl, 200 ug/ml BSA, 200 uM dNTPs, 100 nM each primer, 0.5 unit Taq
DNA polymerase)°ll 2 ple] DNA & 7} 1605 Air Thermo-Cycler (Idaho Technology Inc.,
USA)E o]83ked 94T 30%, 60T 20% T2 74TolA 18 B9t 30 cycled 283t}
PCRo] &&¥ ¥ 12% agarose gel B7195 < E3] transgene?] 2T oJREZ ol
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PRSV/lucE o] &3t thFst 2102 electroporation® AAIS} QTR wlFfahz] S
TEE, 738 % 27 AES S Table 19 Uehigch 225 987 23482 2tz 875~923
% B 585~69.8% % UEltor thxad Z AFTE0] /a3 zlole BHEA UAHP ) 0.05).
& F5 AR x7) *gﬁe%-% ZAREE A3 785~900% 2 W E UEten A AFEE7)
FAAH FARE glE RoE YEHP ) 0.05).

2. REX O BB

5L field strength (625 V/em) 3lollA 0, 250, 500 2 1,000 uFQ] capacitance 23L& o] &34
electroporation& T&% A3, 0~106% 2 FAHAF o] &S Ve oL capacitance®] Z7}o)
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Table 1. Effects of electroporation on fertilization, hatching and early survival rate. N indicates
the number of replicate groups

Exp. group Fertilization Hatching Early survival
(%) (%) (%)

Con-1*! 90.2+35 (N=3) 68.2+ 82" (N=3) 852+54" (N=2)
Con-1I*? 895+4.1*° (N=5) 67.8+ 54" (N=5) 88.9+66" (N=2)
Con-111*3 91.0+2.2° (N=2) 659+ 7.1° (N=2) 875+3.8 (N=2)
250 pF 625 V/em  88.9+34* (N=4) 627+ 3.8 (N=4) 90.0+4.8" (N=2)
875 V/iem  92.3+44* (N=3) 603+ 6.6° (N=3) 89.9+5.0° (N=2)

1,125 V/em  90.8+4.4° (N=3) 59.2+105° (N=3) 78.5+8.7 (N=2)

1,375 V/em  87.8+56' (N=3) 69.8+ 94 (N=3) 82.0455 (N=2)

1,625 V/iem  91.5+34° (N=3) 558+ 7.2° (N=3) 88.1+5.0° (N=2)

500 uF 625 V/iecm  89.2+6.2*° (N=2) 673+ 6.8 (N=2) 855+6.0° (N=2)
1,000 yF 500 V/iem  90.0+4.3 (N=2) 585+ 55° (N=2) 86.7+4.5"° (N=2)
625 V/em  91.2+2.2* (N=4) 60.0+£10.2* (N=4) 88.2+56° (N=2)

750 V/iem  90.2+34° (N=3) 657t 95 (N=3) 89.0+8.0° (N=2)

825 V/iecm 875454 (N=3) 645+ 68 (N=3) 85.0+4.8° (N=2)

Means whithin a column superscripted different letters are significantly different (P < 0.05).
*1 : without any treatment

*2 . non-electroporated control in the presence of plasmid DNA

*3 | electroporated at 1625 V/cm—250 uF without plasmid DNA

Table 2. Effects of capacitance on the efficiency of gene transfer in the condition of electroporation
at 625 V/cm of field strength

Capacitance No. of fish No. of fish carrying Incidence of gene
(uF analyzed pRSV/luc transfer (%)
0 85 0 0
250 85 8 94
500 85 8 94
1,000 85 9 10.6

A o)A A&l WAL field strength®) FEE ZAFSH] 3] 250 pFe Z273}elA 0, 625,
825, 1,125, 1,375 % 1,625 V/cmE electroporations 33 23 0~20% & Uelskom(Table 3),
1,000 yF 3lell A 0, 500, 625, 750 2 825 V/cm2 2 electroporation® 4-3§3 A3} 0~17.1% 9] F-A A
ol2] E&& JEhHUH Table 4). 3 electroporationS 3384 93l plasmid DNATH A3 A
Hrolds §3 ol2d A FEFR ekt
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Table 3. Effect of field strength on the efficiency of gene transfer in the condition of electroporation
at 250 uF of capacitance

Field strength No. of fish No. of fish car;'y g Incidence of gene
(V/em) analyzed pRSV/luc transfer (%)
0! 80 0 0
0*? 30 0 0
625 70 7 10.0
825 70 11 15.7
1,125 70 10 14.3
1,375 70 14 20.0
1,625 70 14 20.0

*1 without any treatment
*2 ! non-electroporated control in the presence of plasmid DNA

Table 4. Effect of field strength on the efficiency of gene transfer in the condition of electroporation
at 1,000 uF of capacitance

Field strength No. of fish No. of fish carrying Incidence of gene
(V/em) analyzed pRSV/luc transfer (%)

0*! 80 0 0

0*2 80 0 0

500 70 10 14.3
625 70 8 114
750 70 8 114
825 70 12 17.1

*1 . without any treatment
*2 : non-electroporated control in the presence of plasmid DNA

3. Polymerase chain reaction (PCR)

o}2¥ 9 {A&F pRSV/luce) EA FFE EA8| A8 FaAlols ygez PCRE E43
A3 transgenes 2t A NAlNA = 2F 600 bpoll 3lE3t= PCR product”t o829 electropora-
tiong FYA e RE UFRTEdAE PCR band?t #2E A &dck(Fig 1).

4. pMT/hGH2| 0]4]

%47 pRSV/luc®l Z#E v o2 pMT/hGHE m|Heha] Axe] Fdg Wgoz fAx o4e
Mg Ax AL Rago A E Aolrt #EHA kot pRSV/luce] Aot A8y th(data
not shown). ZL&{1} pMT/hGHS] #3xto]E PCR 4 4% 177) set] primerE o] &3tgSd=
E7sta o279 AT BFoA v3talz] 2] genome 9] B-& nonspecific band 7} YERG o 2 4
n)2etz]e) JgEeE #7325 9A1F homologous FEo] 93] E45 A ¢i= 3 PCRE o]&3F
A YFz R {FARY ol ofF ol Eried oz velt(Fig 2).
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Fig. 1. Ethidium bromide stained 12% agarose gel showing the PCR detection of pRSV/luc in
the hatched larvae. M, 1 Kb ladder: +, pRSV/luc positive control 5 —, no template : 1,
non-electropoated control 5 2— 14, electroporated fish (825 V/em—1,000 uF).

A o 1 2 2.6 Kb
1 E2 €3 E4 £S5

— - - — —
-— - -— - -

HGH gene PCR primer sequence

PO HO77 : 5- CTG TCT GGT GGG TGG AGG TTA AAC ATG CGG -¥
P1 H250 :5- TCT CTY TAA GGG TCA CGT GGG TGC CCT CTG -3
P2 H753 : 5= AAC AGC TCC TGG AGC AGG GAG AGT GTT GGC -3
P3 H760 : 5~ CCT CAA GAG GGC AGT GCC TTC CCA ACC ATT -3'
P4 H761 : 5- TAG GAG GTC ATA GAC GTT GCT GTC AGA GGC -3’
PS H1019 : 5'- CCT GAT GCG CAC CCA TTC CCC AAG AGC TTA -3'
P6 H1970 : 5- ACA TTC CTG CGC ATC GTG CAG TGC CGC TCT -3’
P7 H2306 : 5- GAT TCT CCT GCC TCA GCC TCC CGA GTY GTT -3
P8 H2510 : 5'- AAG GAC AGG GAA GGG AGC AGT GGT TCA CGC -3’
P9 H2640 : 5'- ACT GAG TGG ACC CAA CGC ATG AGA GGA CAG -3’

Fig. 2. PCR anaysis of pMT/hGH transferred groups. A. Design of primers and PCR strategy. B.
Analysis of the PCR products by 1.2% agarose gel. M1, 1kb ladder ; M2, 123 bp ladder.
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ololl W =}ol electroporation HMe)Al £HE L H3EL transgenic fishe] Yol W T2 8
oloz 2% 4 Uth Chinook salmon® 2% 19 Aol electroporationd FHE % field
strength®} pulse length7} Z7hdel wel Aatel 2840 gaste ¥l Zud vdth(Sin et
al. 1993). 12t} B AFolME theksh capacitance$} voltage A& ©1&, electroporationg
Holg ool B7etn £HE, R3g 2 27 AELAAM 4P Fxe #EHA gy
(Table 1). ©]&]3F 4w+E A= AFE H2E electroporation A7 BAE 3 FAHAA &

7 BEe v 2 28BS verle it 23 283 A9

o

& s B4 9
ZATEe) Hold Hoe T[YED

B AT gojd FHA} 0]2) &S 0~20% = UYERHTable 2) 71&2] ABRE3 FAE F<S
UERN 2t Pandian and Marian 1994). ©1$-7] #7 o4 21 & F37) 18 thyd capacitancest

voltage & H2l3td ZAR O U B8 voltageol A §17} o] 4] Fgo) a7t F7hshe BEE Yeh SR
7} ZAS7E Faldt zlole AEEA ¢ttt Gagne 5(1991)2 bovine BAE WAL E electropora-
tiong 4333 Aol A voltage L pulse lengthS WHAIAE T Fgol FH zol7} ST B
vl glo] B o7 ZAule}l Ax15tgr). 1auh electroporation HalAl AR o] &8 AR FFE
B2t o] 205 s 9FE LS 4 e 94 E1E vt AH(Evans et al. 1984 ; Anderson
et al. 1991).

® 7o thET % electroporationg A %I ©A| sperm mediatedE FHT HITAME
§A7 o]4e] o))z gkstrh Zevh Khoo §(1992) L zebrafish® g oz HA¢} plasmid
DNAE E¥Hg9 st 317} o]2lo] o] 20| @S B v o B Aveh= ztol& vehdrt
BHA Chourrout and Perrot (1992)& FA7140]oA sperm mediated WHULEE K387 o4
a7t 9le-S B3 v

pRSV/luc®] electroporation Z#E EdlZ & uvjRax] Habe] pMT/hGHE °]4jstAout
pRSV/lucTH= 22] PCRoll 918} transgened] #HAo] B7Fed AoR vehdt. ol nj#eix] A
genometlol 2A7te} AFTEE FARL 4FE homologyE e F7IAHe] EAEY) WELE
AR W o)} #AFE F3e) Kim and Nam (1994) 0 ¢}3) o)n) B wilch wabd] ¢oz {67t
ol2l® MAE A473A7 T Southern blot E4%& %3 pMT/hGHE ©12] R genomic integration
B B3 AP} o) fojAel F Hojth

2 ¢

w32 eb 2] (Misgurnus mizolepis) kol electroporation 2l& T8 Wit AFFAAY F £ L,
Halg 271 4ES 2 F47 o4 £82 2AIETh pRSV/lucs reporter frdAHE o] &3}
625 V/ecm 9 field strength®t 0~1,000 uF2] capacitance H$19] electroporations A=&
o] g, Bag, 27 ELNM F98 ol vERA gtk 17 ol A&
2o w 2AE A 0~20% 2 HEFE ST electroporation 2 Wit E Afole BEAF F
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2y pMT/hGHE) 7%, dZzT 2 Hed 5914 homology sequence! ©J8 nonspecific amplica-
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