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Study on the gene expression in stem cells of retroviral vector using
electroporation method

Dong Kee Jeong.
College of Applied Life Sciences, Cheju National University

Abstract

This study was conducted to transfer

foreign gene into spermatogonial stem
cells. In general, liposome mediated gene
transfection method was used for most
viral vector mediated gene transfection.
However, this study performed retroviral
vector system combined with electroporation.
In results, this experiment could obtained
70% using

electroporation method in 293T cell which

gene expression ratio
is packaging cell line for viral vector.
Also. these cells were selected for 25 days
by G418 and then
showed 89% high gene expression. This

data indicated virus titration could be

selection marker

used direct X-gal staining method instead
of NIH3T3 indirect tritration. Virus soup
which was selected 89% gene expression
in 293T 10 mice
samples and were expressed all samples.

cells infected into

Although control mice also
showed gene expression in eight sample,
only 5% in total
stem cell
infected
busulphan treated

identified gene expression in all testes

However,

cells were expressed
Finally,
transplanted

suspansion. virus

stem cells into

recipient mice and

and production of sperm with foreign
gene.

Key words stem cells, spermatogonial
geve ecectroparation, retro viral vector.
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HUZVNAZE 135 E39 AAE YAde 2
YA o}, A}l A48 5% A=rt AR A
o =AML KRz e AFE RasEzn do
(Hull 5, 1985). 25 HYZ7IAZ9] 7% o4
3 Aol Alzge]) AMEste] A3 FA AT
A$oltHRussells, 1990). za#x BL 4AFE
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A Q] HAZ7NAEE o] 83 -2} Ho)
el E53tx Qlch HYUEV|AEE & 7B
& Aditelr] RE B3E ol B $ e
3t 7le]ls £ ES cell & EG cell 52
2 Wi J|zAExE AgdEe Az gl
Ohta %, 2000). Brinsters°] Mg o] F7|H%
o] EXE oMUY E T3l FHF ol ©] 2]
AEE o183 vk (O Brien, 1993), #3x} Ho]
(Naganos, 1998). 3443 & A4 (Nagano
. 2001), EbEEZY] olAle]l 3k Azl A4l
(Honaramooz3s-, 2003), vle]2{~ HE| S o] 83
A7 Ho] 5 (Nagano%. 1998)0] o]Fo] x|z
AUtk HZeles AYEZ|NE =8 A des
By3 4dFx  glch(Kanatsu-Shinohara¥,
2004). o] dtolA = ES-liked cell® 33 %
germ layers <13tz ey, ol 2=lz &
e el MEz B3 e E9sig. o
22 oA mel A3g o]g3le JEHE Tl
germ celldlX  ZE7]HAEE  wrEe]  Jgig
(Brawley®} Matunis, 2004). 223 &4 F4)
7t Hx e A7 vlo} E71AEe] Y=ty =3
< Y = = ole HYEVAEE o] 48 A
A4 ATz WesA AWEzm H(Toyookas,
2003). zelx fAxF "ol g7+ A Ay
AP B AEXAA 2 EE s} A Yuby
22 ol43lxm le wWoltk(Luo®t Redies,
2005: Lee%. 2005). 234 ZE7)|AFdAe &
3] germline stem celldlAle Al E44 18
¥ E8E ¥olx gA Eddd. £ diAe o]
A Aol 279 YAYAHNES 0|43 7|3
Aol 80%l 717k A HolgL nay
v} 2lck(Hong ¥, 1998). 223y} 2EEL o4
T el e 17%4 59 X2 v g §3z A
o] &g Byl YukHes EA §AArL QA
2 AA7IE e 9l ¥AAH" 58
(Barbosa%, 2005: Dieleman 5. 2004)c].}
= 53 i) By ofg #Az A5 Ad
d7( Piek ¥, 1999: Huang¥%. 1999) =+ 3
< B 9971 AY=E 2 9+ RNA 74 dF(Yu
%, 2004)9M = <A FAz WS dgekw
¥ 4 U a8z =@ z2dHewx o7

X E 2

(Baldi, 2005) ¥ ohzl 43 N2idAd 23
AAHE A7 wlol L BlolE] 7 (Luis, 2003)el
M AAA of FAA G4A W A Ve
< g Fetm & 5 ok 2dA B el 3
A7 A f432 Akl Bgeleln BasEy
Ac HEZR nlolzix WEE Hr)3AWL E3ld
E7IM Zol| Aoldte] A&l FAA WHL Mol
= E71AEE Mdstual £ A7 48 s}

Nz A Uy

AYFES B6/129 "2 AE Yog g 7
g3t A AFARI) ZFeal vhes AFSAA
oAl TZEZ ule} welste] ARgsiedct o]AA
HA AH" k2= 170946 busulfan
50mg/kgE AAsle 44 vl A F
ZIAEE AAAAL. vhe20] A4E 4 AYEA
o] @2} enzyme HE F3l AFHAEE el
At (McLean § 2002). 7Z+bs] Awsd, F4rs
ohi-zolld Eejsle] FHAwe AASZ 0.5me/ml
2] collagenase type IV, 0.25mg/ml®] trypsin.
0.05mg/ml DNase7} 35 sjjckole] Y3 15%
7k 33CellA Algtaofslsict. 2ajg AZHNEE A
&S S5t LEHPT F vioke Y FnE
st WA fAdzxl Aol A& 2 ulelzla A
&S FA3r] Hsld HE=RZ ulelz|xe
packaging cell lineql 293T cell& o]-g3}od
715345 2 ZE & ol 43q}. s A
3, WA DNA %ol @2 £8¢ 233z 2
XEF WHE dzTE 3 UYL sYsiad
(Hong 5. 1998). #4A} Holwig ¥l =2
T Aol atet njolei s Aag slgich. AQArE u}
olgize ¥/ fHat Ho] Wozwy YA A
22 olF "|Y] gl e E7IAEA FAAA
5&E ZHsldct. In vitro WokE £33l 73
© Aol gt fAAh Aol ZV|MEE 1Y
Ael busulphan H2ls) & $&4 vl$29 Ha
HE o]l AAE SAste] FriA] Wl 9
¥ AdAE 247 wlasligoh
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$Hz dolo d3x gl Wide 7 i
Q) whol= 2] £% W Ca-Phosphate ¥,
AAFeE . A7|EAY Sl AHEER glen oF
Jduly oz sfutsle] gl =X ubfe] E7IAE
oro] AME-sl3 gleh(Thierry%.1995). & 4+
E3jo] o|n] Ar|FAY o2 g WANAAE
o A7 o 80% 7R AHE olvl B
g v} 9lci(Hong 5. 1998). 2} Ajd+
Ed2 in ovot in vivo 978 AYPWE 7
S HAAHG Qo] A u} 9o}, ol AA
2] A Molr} @A AXAYRe] Wie] HS
Avk 76l jsled z)&Ade] Hol A Aoz 47
"ch a4 B dpeae vhe2d E71MEE

me R oo e =

B3l 254 gde AR 944 A JlES
sl FI3Hog FAAR FE ALY slxA}
82 Atna B A8 At 29z 84 2
ANAE] A Al ge] E& le® odejal HE
Zulole|~ HE S o]gsle] AgidFole] 71
A upde Esle] A A AeldE A
Wt 242 A2 odrh 2HAM A, DNAS <
¢ AAY BHoz HEZ dlolzis WE
packaging cell line22 2] AH-s+ 293T
cell® °]83te fAx Hol& AANFHc}. Fig. 1
oA By uje} o] WA AYAT AAE o] &3}
of AYel ALY k& A AdfelA BH,
71 F& A= 250Vl 20pge] DNAE AH-&
ZANH ¢ 70%9 A 4 &S Bolx et
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Fig. 1. Gene expression of pMSCVB-gal retroviral vector in 293T cells for high titeration

using electroporation.
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selection "7} sleh. z#ElM £ A¥eA=
G418% oj&3le ¥ A8 WISE ZHFsxn
A o AYE APsHAK(Fig. 2). 23 294
¥y HE §A4A Hel ¥ G418 A 0 dayd]

L

- EJElectroporation
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X-galgd A#E ¥ F3 9tk Fig. 29| De
NxzT2A 2 x2F o7 Aold. G418F A
3led 15, 2574 ARt ARE Fig. 2° B9
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Fig. 2. Appearance of B-galactosidase (pMSCVB-gal.retroviral vector) expression in 293T
cells following electroporation. (A) 0 day after electroporation at 250V, 10msec,
one time puise. (B) G418 selection for 15 days. (C) G418 selection for 25 days.
(D) control. appearance of X-gal staining after transfection into 293T cells using
the lipofectamine (0 day). (E) Efficiency of pMSCVB-gal (retroviral vector) gene
expression in 293 cells. Bar=33um. The experiments were repeated three times,
each experiment comprised triplicate cultures.
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A#AY, e 8gY FAAL LEPS A5
9T o]& EXZ wiFAeles ¥ FE Hlel¥
27} £3Eo] gle-e Aoz A 5 U
t}(Blanchard%.1997). Fig. 2¢i Ecle 333
o) wEge =¥ Jehz itk dFHo=
45%94 2590] A ¥ AAE N1 89.2%H %
o] Eo Wge B ¥ 4 stk AR
Hlo]g)~ titrationd 3teix & NIH 3T3 AE
2 ojgsl E2U 45 2o Adlste WA
Ha & dfede AHX-gal A& 3
titrationshs ¥hH& AH8-ste] 7k titration
g 2 Qg gz AHE 2EF ud Hx
8o 38.4% HAEE RAF: Ut o] AIFde
of oujel] 7l7hg WE 9 o)z s1Ee] R
MAE S-S 94 Uit & A A A
olupl & Esle] P& ulelz|re] ATE FA3
g5t 271X A7) wlekde 53l Huy vk
29 Z714 X wiekalel Hrbsted FAAAS
(Fig. 3). Fig. 2904 2e A AY Ast BellA

OIRE HEHI0IZA HEQ SIMEW STX L& A+

17

X-gal 94 AAHS o w¢ FHsA 948
7Ae ¥ & 4 ddchk(Mercers, 1991). 531,
Fig. 39l AdlA+e €71Ax27} Z2UE YAty
wjoksl 7 gl AHlE YdFe) TEPo] 2y A
A d=EE AL # ¥ 5 UdH(De Rood.
1988a.b). ¥idoll B EF WA BH3A o
A AL A F UUAE, 2 Hels
titration Bl &2 <zl A& Frie] S
Table 1¢& $3 ¥al ¥ 4 3t Table 19
A ng AgE ohex AEE A3AHCAME
10 ©le) AHgslz Bl EEolAE 8 =teld AME-3l3
sy 2F §ARL Aolslo] 9le-& A
o] ulelelx wWE7} MERD] dohs A Ee|
H4A AolEle AL 7129 A9 FUAY AL
Bo] 33 ik zeiy $AA gl 2 A
A AEE suspansion AAZ ¥ ¢ At A7)
2A%L oF 40%9 gL 34 wdd EF W
W& 5% utol] Kolx] dsiet,

Table 1. Comparison of transfection methods for high titered virus production and gene

expression.

Transfection methods
. No. of Sample
for viral vector

NO. of X_gal Efﬁciency of gene

. expression of total
stained sample

suspansion cells (%)

Electroporation 10

Lipofectamine 8

10 40

8 5

ol AHATFAMNE @2 UAPAME F4]
F izl SAA g & Ae} FARE AHE Ro)
U A713AY 3 e vlelaa wE AW £
AFoE £0] & FAA HolE ¥ & + 9
Ack(Jeongs, 2001: Hong 5.1998).

ipe] §AA Ho] dF Ao ME uig}
o], A AWML = & o 7}x] 20l
ostd AA Jshlte dde O 39E Rele

o] Yukdel) M ¥ dPele fHA Hol
° 27|45 17194 busulphan® AHE3tA 5
g42) Z/HMZE 25 AT $UF FU3
A7 A9 8sitHOatleys, 2004). Fig. 4l
A nE upe} o] 1HY F A4 A& A
A2lg F X-agal 94¢ ¢ A3 F w 25
A AA 27T 2d3 FA 2347} o] F
A AL ¥ ¥ 4 et 2L, Fig. 491 A
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Fig. 3. pPMSCVB-gal gene expression patterns between electroporation and lipofectamine

transfection method in the

spermatogonial  stem

cells of mouse. (A)

electroporation method (B) lipofectamine method. arrow indicated X-gal stained
stem cell colonies. arrow head indicated non infected stem cells. Bar=30um.

A £o 73 Y-S e ¥ 5 it 2
2|2 o] HAE Felw Aug W5 #F I A
HAAME A2 Ao] =Heol glgE el sigrt
(Shamblotts, 1998: Shinohara¥, 1999). 3
ARE FF AT E £25FY ASE vleas)
F2 Adddeld. ol 53 3RS A4y
E¥Yo] & FAA 75 H A7 dEE
53] AA €2 A4S dF-E SFude Qe
A& FEY AF5old 2F =+ ¥ 9 A

2534 Z3AA Hd ¥ F 2eske wie
AHS3tx Qlh. aiEl oy ¥AHY $Eo) A
AP Eo] B kol wldto e Yude ag
2 A2 SobHY gL vlelx 73l A
A ez #yE3 g 244 & dPdde
olziyt EAHEFY sl A AF A2 &
¥ FHoz AHAdeA FE3H FAA HHE
53] #ste] 713 AH S wleleix wejg A
gsto] 271 Aolaly FE F/IAEE A

B

Fig. 4. Comparison of gene expression in testes of mouse between electroporation and
lipofectamine method after virus infected stem cell transplantation. (A)

electroporation, (B) lipofectamine.
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A2 B3t A7 F 100% ¥R} 55 AL
2x4¢ 7k2xz 9o} (Naganos, 2001). &4 <
HHog Ao|gdg #isiHr e FF 7}
AFE Eslo] A2 £33 A7 d1e A4 AP
# of & Aoz Algdch WA, ol2’d sHde]l A
zzcky AYEINAEZE A slo} E71A4ZAA
A7 H32 e #HA FART o At
AGHPA EAE §4 472 & 5 e AHE =
T2 AHE F g Ao Yz

2 o

2 A7 E PUE/ AL PPz FARE
Aol A7 2AE Az $yPsiA. Yo
fAa AolHosE BEE wpde wol A8
ulolzlx WELE §4A} Holg A7l W, & A
FoAE A7)13AY ulolzi2ue Holwle A
st Ashe Ar13AHe st 293T X
442 Mol 250V Aol 20nge] DNA7F <k
70% A= & B4 3ol F¢oh a8z o)
ATE ojgsld #AR i A 25U AL
A 89%9] H& WS HodFET o} o] A
Q) ulolgj& Aliye] opd AA TAYo Wl
el E& wholaglx FHE oAt 89% AL
MEF2RE $4¢ vl $4e g 49F
Mz AR A 10748) WS =T o
He wAsigon AM MEF 40%7F EAHo2
A28 B glee Aok W Oz
FolME 89 2Sold Mg nged AA A
EFME 5% o] Tl =HUch HEA PAY
oJAlelME T uhd EF Az 3z ¥A A
g Qs Ar13AYE o] 43 vlolala A4
AgolA Eo FYAQ $42 Agle alsiect,
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