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Sexing and Cell Cycle Induction of Hanwoo Fetal Fibroblast Cells
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ABSTRACT

For somatic cell nuclear transfer in Hanwoo, fetal fibroblast cell lines were established from 35, 50,
70 and 90-day fetuses of Korean native cattle. The sex of these fetal fibroblast cells were analyzed by
PCR using Y-specific primers and confirmed that two cell lines were female and the other two cell lines
were male. Karyotyping of these cell lines indicates that the chromosome numbers of fetal fibroblast
cells were not affected by passage number and more than 80% of fetal fibroblast cells have normal
chromosome number.

To evaluate G stage in cell cycle of fetal fibroblast cells, Western blotting was performed to detect
the expression level of PCNA which is known to be expressed in all cell cycle stages except Go stage.
Following serum starvation or confluent culture for 7 days, fetal fibroblast cells were effectively reached
to Gy stage. The cell cycle was resumed after culture of these Gy stage-fetal fibroblast cells with normal
medium.

These results indicates that fetal fibroblast cells originated from Hanwoo were successfully isolated
and culture system and induction of cell cycle of these cells were established for somatic cell nuclear
transfer in Hanwoo.
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3t AAZJA {4243 H E(mammary epithei-
lium cell) 9} W74 F(cummulus cell) L A F-o1A)
¥(fetus fibroblast cell)Z o] &3l A& A A ¢
ko] Hoj2e F FHA)Y G T FE=HA
o JFstEch olg EAZE 7t AME F 5
8] Aot E7t H&E ALR odsed I o
FET ARoMEL dHolZ2REH EEsted 2
o go] YL Wl B HFo] &Lolgh E3]
E M EEo) vjs] dfolAd 2= DNA transfection
£ o83 DNA o]2&o] Zo} BAFAASEE
o
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Aske dl frEldty] ol thSchnieke 7,
1997; Cibelli 5, 1998). AolA] EaAo] o]-&5 A
Fot 2= oAl 50~60UH Ejo}EZFE trypsini-
zationol] 9J3] Hal=o] 10% fetal calf serumd]
DMEMo) A wf =] o Al & Foll = kar-
yotypeo] FAHE AL Z QI AAHE &5
AzoA 23 GAZE AAEY A EF7(cell
cycle)E Go 2 G AEZ Fdle g o]4 S 43
8 Zlo]ti(Campbell®} Wilmut, 1998 ; Stice 5,
1998: Cho %, 2002). Lo]2)¢] A EF7|ol =
o) Fo)4F F DNA B/}t A2 dojuix|
ool HIAAZAR HAAE fdate] FHAHA Al
EEEo] dojutA 4& 7heAlol wH EiH
I AtKCampbell®} Wilmut, 1996; Katska 5,
2002; Wells 5, 2003). 2d-F-ok4] £+ serum starva-
tion = W%kl = serum?] S 0.5%E 3l 4~5
A7k wkstAL confluentdt FElZ FAT {FA
A7E A A3 AEF7E Goz =T 4 3
=8 Go N EF 7| M= AE7 FHQ FHE
Asol AEEPol WET AT A BE
o] A4stEE ASE serum] ¥ v B
Bl 5~10%2 35AA FAL Al 25
ALELe] T YL, A Go FAS
g)\“ A3y 2AL ofF YHA g

el A ARGl dolubdl Sl A
rohferating—cell nuclear antigen(PCNA)
Edol AIZREFU Gy, S, G, MolA A
o A4S Jepdv GodlAMlE @4ol gl A
o]&-3}a] antiPCNA antibody= immunocyto-
chemical stainingol]l 93] Go el & AAME 4 3
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3 serum starvation & AMIZEHo] HE sl
serum H7h ¥ ATEGo] ANHE ROB FHA
ATHKINL 5, 1991). o] GoZ F=F A
FOHIEE o83ty Hol4sUe W o 20~
%714 014 7bsE A WA 2
= L]—E}Ud_;_ Al FHANEY AEFY S22 2
3 AYe & 4 K Campell &, 1996; Wilmut
, 1997; Schieke =, 1997; Walls 5, 2003). &3
AFES] Aol Ry QA BAFE A7
AN HHFAA Aoy ii 174]54 o Aol
ol%Fol e A7l 7} EH°1Ur HEF 3 AMRE E
A BXEI AT, o4 F 9l 75*°ﬂ E& ARG
o] B3yHY UtHGarry 5, 1998; Han %,
2003). ojygt BHI7F FoMOE ARG QU=
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ARANAE o)A 9s) &3 HHoAE
(fetal fibroblast cell) lineS o] &3l =1 ol4S
218k thekst cell lineS 12317 3iA gH$-ol A
4l 35, 50, 70, 90U H ] - efjofoll A fetal
fibroblast cell& Z&lstgdct. 24 dad3 ) AF
L 3438l 70% ethanolZ A =3}3 penicillina}
streptomycino] E¢] QlE PBSE Ao £ th& H
o3t opetg F5UE FRYHE 2ol BotE &
ZozRY 3 thE HolE PBSE 2~3U A

e =
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ojFo] ok AALE AAA) oA S
petridish®] 2 {717 trypsin £4-& Yo Fo 7]
AFeg 70U Yol Z =2 7158 3 FE Z2F L
2 2A 243 rypsind -2 Erlenmyer flaskZ £
713 ¢F 40~50 mlo] ¥ %2 trypsin& A& 7§7]-‘6]-
3 37°C shaking incubatorol] A 2F 25~30%-7F vl &
3193 50 ml centrifuge tubeol] &7 22 49 4
T DMEM(10% FCS)&9-& A7t ¢ 300g2
1587 AAEE Azt =24 2 Alze
100mm petridishell 10% FCS-& 3713t DMEMS.
2 37T, 5% CO; incubatorol] A] vl Qkale] A A
A frobAl £ passage no.02. 2 7+ T

Aot 2 FARES AT FHAREANY =
AL 50% FCS, 39% DMEM, 11% DMSO2. 2 A}
Baton o] FHREHOE MEEF 4o FX
CryovialZ 271 & — 70T freezerol] 24A]17F HE
g ohE QA F Lol o] Hastth

2. PCRZ O0|8%} Sexing

MHollZE  Y-specific primersE  ©]-& 3}
PCRZE sexZ F<QI3}Yct A EE trysinizationdt
& 343l Proteinase K= 55ColA] wjFslar
phenol extractiondta] DNAE A A3} 9 3L sexing=
BEN primer2+= BOV97MMillers} Koopman,
1990)7} BRY4a(Reed =, 1989)2 o] £3}gich
PCR % 2% agarose gel2 0|83t b+ AS &
&ttt PCRE g primer set= vha3 Z2th

(BOVOTM)
5$-GAT CAC TAT ACA TAC ACC ACT-3,
5-GGC TAT GCT AAC ACA AAT TCT-3'

(BRY4a)
5-CAA GAC CAT ACA TAT GIC ATT ATA GAC AG3'
5-CAC AAA AAC AAA ATT TAT GTA CTT CAT GI-3

PCR mixture= DNA 100 ng, 10x buffer 5 ul,
1.25 mM dNTP, 100 pM primers} 2.5 unit Tag
polymerase® 3 7}3}o] final volume®] 50 ul7} =
A Bd Z=FHTE Ho)FET mineral oilE Y

denaturation<- 94°C 147}, annealing> 55T 30%

7}, extension 72T 18£S 35 cycle2 A&}

o} PCRE ¢5313h

3. Karyotyping

B AFgAE A FfolA X E vinblastin sulfate ©.
2 A g} 8t] metaphased] A A1Z] t}E hypotonic
LdoZ HAANT T THAL H7} el slide%’%
of = cell& 3 FA4A7E HA 2
£ 3k g ol &akith WA 10 mi wi okl %
o 2= A-fobM 3ol 50 ul®] vinblastin sulfate(2
ug/mhE& A H7ESEA 37CAA 247 A& Wi
g & wjofel s wehi PBSE 29 AU L 2
ml trypsin §9-& Y3 2~38 37°Col v 3ok
o 8 ml W & Hrbete] AEE Heh A
2e)a7 4292 Bl Yelx £ojeg A

E o5 15 ml2 hypotonic solution(3 g
sodium citrate, 2.24 g potasium chloride/L)2 37}
8}1 37°C water bathol] oF 2087F v ksl 1

T 587 QARD T A2AL WE T o)

A FHORE ANEE HoFL oF 10 U2 A=
Carnoy's fixative(100 ml glacial acetic acid, 200 ml
methanol)E o] L] HA] A Eoj 4\;"-‘4—7-%‘7 fix-
ativeE 4.5 mI7kA A718 & 3 FA
@A77 A48 e T Ayresa 43
42 WL 4 ml fixativeF H7ste] dAEA
e AYe 29 Atk AR A59E v
g G Fro] AE7F HA fixativeE: W
(F 3~5 ml) AolF 1L slidese 70% ethanols} &
I & Ao] FH|E L HEZE slides oA oF 50
cm £0] o)A Boj=d T slideE A-29 hot
plateoll A ¢ 308 2a]T Giemsa/Wright staing
solution(0.1 g Giemsa crystal, 0.8 g Wright crystal/
400 ml methanol)ol] <F 3#7F 92137 PBSo| &
7} slidesE AlojE & du|AstollA AAE &
Zst )

4. NIZF7| = ¥ &4

Agobd 2] cell cyle®] Go stage®] F7]&
serum starvation?] 7% serum@] %< 7(]— gy
0.5% serumol Al 4~59 Z9F wjorale] Sw5%

l‘l
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FEg OE WHOEE seum?] FEE £0]A
%3 confluent@t “Fejolj A 7Y o]} ko] ol&)
Go staged] T=93}A] 3}99th. Western blotting S
sl A Al EE trypsinization A]Z1 F lysis buffer=
proteinS 523} 2 acrylamide gelo| A A7 &
S AlX]38F & nitrocellulose membrane©l] transferA|
Zt}h. 5% nonfat milkE /3t QA& blocking
buffer2 incubationdt & 1:10002.2 343l anti
PCNA antibody(Novocastra Laboratories Ltd, UK)
2. incubations} 3 washingdt ¥ secondary IgG=
v ok&} 27 washingd thg ECL detection kitE ©]
£3a] filme] exposerlZl th& EA3IHCH

m. 2z & nE

1. §I2 MRotM=2| =t 3 &Y 7Y

A4l 35 U7, 50 A, 70 A7 F 90LH 2 B
o}2 77t 3ty Zh globe] HE A Hx
g AASI FA AFs F Trypsin 225t
DMEM(5% FBS)Z wHj%ate] fetal fibroblat cell
lineg FH3GATHTable 1). ol & vle]d st
9] culture dish(10 cm)Z vi e A S wf 24417k o)
confluentdt Ael 7} HA wj &3] vl g3t Al

2 3 4

M 1

Table 1. Status of fetus fibroblast cell line of
Korean native cattle

Age of fetus

No (day) Sex* Passage no.
KBFF101 35 F 30
KBFF201 50 F 25
KBFF301 70 M 20
KBFF401 90 M 20

* F: female, M: male.
< AF A confluentd AS1:5 2 34
&te] passingstS W oF 48417+ ol confluent3t
Ag 7t HA3 ¥ EEEEE 10 | ol
passingS 3t9-& 4ol Wkt etk 44
o] Ba)H ¢ fetus fibroblast cell line2 trypsini-
zationg A7l ¥ 1:5 & 1:10 H]& 2 passing Al
) Z& 1 passage numberZ S} passage number
Z testd}]3l passage number’} Z7}ghol| whek
doubling ¥&= A)7+3} differentiation ¥ = el & =
ATk = A F A Lol freezingd AL
passage 12 3}ed freezing T fetus fibroblast cell®]
AHe) 2 7 AsH T passage numbersb F 2071A
Z7}8td & cell E k7 doubling timeo] &) W3}

{ bovine-specific
4 Y chromosome-specific

Fig. 1. Sex analysis of fetus fibroblast cells by PCR. M: DNA size marker,
1: male control, 2: female control, 3: KBFF101, 4: KBFF201, 5: KBFF301, 6: KBFF401,

&= bovine-specific band,

4=: Y chromosome-specific band.
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2| ¥$ko L} passage number7}t 25 o] F-oj| A F7H
o AMEFEE crisis®] AEFS veEplTh olHF 3
S Aotz AEu < F 542 ojn] B

2 A2 HFotHEY EARE AXsE
222 DNA transfection ¥ drug selection %
DNA screenings 913t Z85 Altiei o] 7458
Aoz JeEPTHCampbell £, 1996; Wilmut £,
1997; Schieke 5, 1997; Cibelli &, 1998; Keto &,
1998).

w3 Bovine specific primer set$} Y-specific
primer setE ©]4-3}a] PCR-& AAI & ¥ 7z} o}
MZ sexE FAstATHFig. 1). S€E v 719
fetal fibroblast cell lineZ KBFF101 2} KBFF201-&
Y-specific band7} SEHA FFOE A cell
line?l 2oz g% KBFF3013%} KBFF4012
Y-specific band(2F 210 bp band)E Jello] A
cell line2Z AHHU v 7|2 line BFAA &
bovine-specific band(2F 140bp)S veRN o] Ao}
AE7F FEREH FHEHNSE 9 F o

o},

2, S 512 MFOIMIZL| Chromosome Ka-
ryotyping

28 AHolHEE karyotypings 4 A Fhe
A ok A, ol F& AT £8™
39 MFolA EE ¢ 70% confluentdlr AR of] A
vinblatin £-9-2 3o} metaphase IIol] A& A]AH
chromosome & 4| 8t 429 chromosome
60712 o] FoiA UL 2970%9] AFH A A 9} 142
Aol X-chromosomed} Y-chromosome .2
T3 o] UthFig. 3). T3 JANAE HEslo
Z} cell linel®] sexE FHeREd 29 AG4A
£ metacentric R4S o] R T AHMAE &
LA A Rl FAAE ol A9
acrocentric ol 7H7bE EFE Veh L ok A
AQAA el Z7)E X-chromosomeo] A I7
Y-chromosome2 25 ¥+ 2614 2] chromosome &
7] H|$=3td sex chromosome®] -l 47 &
A= AHFig. 2 A¢t B).

T Aol e HMA EAME ErA

A) (B)

Fig. 2. Chromosome analysis of Hanwoo fetal
fibroblast cells. (A) female karyotype,

(B) male karyotype.

serum starvation confluent culture gormal culture
| 2 3 4 B b

e DA

s S S Wiy S Y < i

Fig. 3. Western analysis of fetus fibroblast cells
with PCNA antibody. Upper band:
PCNA , Lower band: actin.

3ol A slide il A ¢F 1071 9] Q2 A % counting
BE W 607 HAFE e ves £
AU 80% ool Aoz ZkFsiger
BHE 3¢ AFolH T passage no. 10 o)Al
AT B5F ¢F 80% o]to] 60719 |4A &
e Sl cK(Table 2). <F 10~20%9] A FEAAHE= 4
A A o] Wolrt 60+47) 2 BFE QI o) A
Frotd ZolM el Al g F G T B
goja B AFH EAFEANALE dAs}e
Aoz It oz o4 HHd karyotypingg
AAlste] 23t diploid e 7F KA e A
2 ZAAbe 827} 9tKSchnicke 5, 1998).

3. ¢t MROMMIES NEST| ZHEN
BL9- A frobAl E 2] cell cycle Go staged #%

371 93 Tk S vlw s serum
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Table 2. Percentages of normal karyotype in fetal
fibroblast cells isolated from Korean
native cattle

Fetal

fibroblast ~ Passge no. Normal . Sex
cell line karyotype (%)

KBFF101 10 (8/10) 80 female
KBFF201 10 (8/10) 80 female
KBFF301 12 (9/10) 90 male
KBFF401 12 (8/10) 80 male

starvationZ} confluentdlt Areoll Al A7]17F uf okoll
93] 8-=3t5th 0.5% serum DMEMollA] 4~5¢
FF wokatH o R cello] Go staged| T3}
A, 100% confluent3t Ayefol| A 5~7< 7k vl 93}
AX Go AHlel frese A& FAT F UATh
cellE 10% serum® DMEMeol| wjekS spH o}
Al FAE AAEHA Hed ol Bl God =Y
< A F Uk FEFQA AEA EHEH=
PCNA factore] @A el S Western blottingo] 2]
Al BAs] HQF=d serum starvation® confluent
dokol o3 f% o] AEAOE B9 Hfol
AEE Go AHlel EgHE Aow APHYT.
Fig. 3914 = PCNA antibodyE ©[-§-8 Western
blotting %Y &2 PCNA 2 @& ak% 4=

o

Go AHE fFxH M Z ol A= SHRU TEy
o A= MEBT N A2 ko] PCNAYE 2=
X e AE FIE ¢ Uk 53] serum star-

vation ¥ o] confluentdt AVefoll A 2717} w ofwf

CNA g ¢fo] HA A2 R0 2 veht

&9 Go Ae] A ¥F7] ZHEHHOE 1

Ebsteh Aol Al AMAEY] AESF7)dEH o EA

g8 g vHA &= v RI(Cibelli 5,
o) .
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o Zad dgolck

. 2 o

2 dArAME &9 "ol AV|E=E 359
5089, 704% 2 90U 9 fetal fibroblast cell
line& AJAFSR I
chromosome-specific primerE ©]-g-3}o] PCRe| <]
s A-g TSt Ztzt g 2 lined] 3§ fetal
fibroblast cell lineS &g3lHth °]E cell lined
At ) %k35le] passage number7} 10 o] Atol A} ¢ 4Y
A BAE AN ERA 80%0)3e] Al
7t 6070 HA AAA T vehlo] Ak
o] karyotypeo]] @2 WA k= ASE viEbi
t}

Serum starvation3} confluent B S} W& o] &
ko] Go A= FEHUEA A3 8
PCNA antibody £ ©]£-3}a] Western blotting 4]
A A58 =d PCNA g8 o] dxjs] 7H4E=
& F9% F 9T, A A medium S 2§
ANAE ) AEZELDol A= Go FENZE &
< o1 4 vk E3 serum stravation
conflentdt ®¥uhH B T} PCNA 3 ofo)
ALE e F0 E&2Q Go e AE
o s FEHAY
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