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SUMMARY

To investigate the fidelity of transgene transmission and expression, we produced transgenic
mice carrying bovine B-casein /bovine growth hormone(bGH) fusion gene and examined trans-
mission efficiency and expression level of the transgene in the founders and their progeny. The
transgene was composed of 1.8 kb bovine B-casein promoter and 2.1 kb bGH gene. Ten
transgenic mice were produced. Milk and mammary gland were collected from eight transgenic
lines at 10-day lactation and applied to Western and Northern blot analyses. The bGH expression
was detected in four of them. The concentrations of bGH in milk were highly variable from 4 ug
/ml to 600 pg /ml depending on the lines. The bGH mRNA level in mammary gland was closely
correlated with the bGH concentration in milk in each transgenic line. These results indicated
that bGH transgene expression was appropriately regulated in the mammary gland and secreted
into milk in transgenic mice. By using two transgenic lines(#2, #7) secreting a considerable
amount of bGH into their milk, the inheritance and maintenance of transgenic phenotype were
assessed in successive four generations. The mean transmission frequencies of transgene in lines
#2 and #7 were 34% and 40%, respectively. The bGH concentrations in milk were 80, 240, 120,
60 pug /ml in each GO(generation 0), G2, G3, G4 generation of line #2 and 600, 1600, 860, 900 ug
/ml in each G1, G2, G3, G4 generation of line #7. These results demonstrated that bovine A
-casein /bGH gene was stably transmitted from generation to generation in a Mendelian fashion
in transgenic mice and consistently expressed in their milk throughout the generations, although
there was a little variation in the transmission frequency and expression level of the transgene
between generations,
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I.M &

EREes] f4AS oFy gEdg AEHez A
A F A /8 A Aol weby Az
olxog e fAxE ddNd + e gANE
FTES EFHOE she f4uWAS HAY FES
8 o AU e #83% =70 € 5 Uk
o] Z& 7he4E A3 98 fedd /AR
HHzd FAE o83t Az AARE Myt
o] ARt 715& HAAY FEANA &8 F, o
& Fd AL AeAlEe 7t Axso st
Gordon ¥(1987)2 3 v (whey acidic pro-
tein, WAP) f3zte] 2dzd 9o 94% A&
A|¢] tissue plasminogen activator (tPA) cDNAE
AR AZF 327 EUE 348 YHE A
A3, ol AAY AFEIM tPAT AAEE B
IgoRM, oz A7 A WY 440 UF
HAk ol F ket B8 o8 Faud {AR
o WE A K9 & ag- D f-casein, WAP, g-lac-
toglobulin 59| 8=} WHz2H B9 & o8&t o
2] /S @A (A AR E2E, tPA, protein C,
urokinase, factor IX, aj-antitrypsin, lactoferrin
)& ARG TE A5 Qi) A% A
7t 8 5o] 4ri(Simons %, 1987; Pittius %,
1988: Biihler &, 1990; Wright %, 1991: Ebert
%, 1991; Platenburg %, 1994).

BAAF FEAM 2 FAxte] ddE Fazbe
ZRRERY BN ohE wHE fHAte] driMd
I 3 & 2 9o oM E gg weth(Shani
%, 1992: Lee F, 1996). mebx HAHH FEoIM
Az FRzY] B 28 2Yde A2 44
o} Aol mel tEA Jebdth(Magast Murray,
1995). & FYT 7 Azd fiae siezs
Fr8A47t AH (integration) = G434 e 9213
atolo] M E {2 FHe] P B o=
g2ix  Ari(Jaenisch &, 1983; al-Shawi &,
1990). Al lojA, A-casein® A fruiao] of
30%% AAFL Jlew, f-casein AR AAM LS
EYH HAHE AHAME ¢ & sFoE Oy
HAHRijnkels &, 1995), 221} o] FHx1e 24

4 t& TR 4d fAAE 4849 E de
EHo2 sl d9dy Id $£5& 2E {4219
FFol wet u)-- gt F, lysozymes} lactof-
erring RW& £Foz WAoo} (Maga ¥,
1994; Kim &, 1994), A} AFZ28 L & 55
o2 Wy E 9 (Ninomiya %, 1994; Cerdan %,
1998). ¥HH, & I 2R L E7)e] WAP §-A=<]
YHzE B8 o] 43t HTF Aitel nuHY o
(Thépot 5, 1995), T4 % Fd FHE o] &3] &
A AR AREEERT B dAS f42E 5
]3] w3 BTt Devinoy 5, 1994). T 8],
2452 (bGH) & A AR R22o] 33 4t
H FHHE FEM B BYE =R g
otz B =t (Bartke ¥, 1992; Kopchick %,
1998). wWel, B A& & F-casein F-AA}2] wE
24 B9 & AFZEE FAAE AEAAR AR
FAAE HEo] & AATEE] U Y4 7FeA S
2l3taal AABlR R, T3 4 B-casein /bGH A
Z% FAA7 Tl HBH o2 FHEH FAA 2
HHEEYE FAHEE 2ARIEEXR, A 5
€9 FFolAe dud Qikel A £84E HES
7] 184 st ).

I.xH2 o uhy

1. 2 B-casein/bGH =g F&IXI2] M=t

4 B-casein A w@EzA RYE pblcas
(—1792 /+42)CAT AMZF F42(Lee 5, 1998)
g F£3og PCR WOz 4 Bcasein FHA
—1792 94219 Hindlll H-E-o)x5E exon I (+38)
AR BamHl g71MES F7PA 43
PCR= 44" 1.8 kb & p-casein(BamHI /Hind
) @93} 2.1 kbe] bGH #42(BamHI /EcoRI)
& pSP70 WEl(Promega, USA)d| AA1HL2A
pbSCN1.8bGH w&HE & ¢43t3ict(Fig, 1), A
28 HAAE vAFUe A3 sk, pbg
CN1.8bGH IdHElE ATEL Hindll2 Hag
¥ agarose A7|9ELZ EE32 Elutip-D col-
umn(Schleicher & Schuell, Germany)-& E3}A]
A AT A Axd} FHAA= 10 mM
Tris /0.1 mM EDTA&HNA ¢F 4 pg/ml B=&2
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Fig. 1. Schematic representation of the bovine £-casein/bGH fusion gene. The 5flanking of the
bovine S-casein gene is represented as a bold line. The first exon(-+38) of bovine §-casein
gene is shaded, the five exons of bGH gene filled in, and introns and 3’ flanking region on
bGH gene are blanked. Plasmid(pSP70) is represented as a thin line. BCN1 and BCN2 are
PCR primers to identify transgenic mice. bGH probe indicates a 1.2 kb Pvull fragment of
bGH gene for Northern blot analysis. B, BamHI; E, EcoRL; H, HindIl; P, Pvull; X, Xbal.

The diagram is not shown to scale
238t v A Q] o] AHE-3HEAT

2. FHRTE (o] it gl &l

PAAE AHE Q7] Y5t HAE A H
AZE 23F 43 (C57BL/6XCBA)ERY 3
9 lcell £ MHFUA7, o] +HL 7Hl
AN ICRE iz o2 stgtt. gojd AAF
PFAAE YFH e PCREM LR At ol ¢
8 Atzle] H Ao 2RE DNAE 28 5 & 8
-casein FAA 23 F9(—790)2 Xbal £ 9
2%+ 43} primer 5-CTTGGQTCCAAAGTAG-
AGGACAAGAA-3'9} A B-casein FAz el AHA
exon®] BamHI 9]¢ 91218 9438 primer 5-CC-
ACTATCTAGAGAATAAGATTGAC3'E AHg
st PCR& A AI3M4iT

3. 7 &2| Western 24

HIfr 10 948 FEAE YFZHE Lee 5(1996)
o] ¥yl et {FEE AT AFE FEL 9
AEAE 9 skim milkE 35392, dAEHE
wHEsle] JEAThS A st Western 248 44
3tk AHE 5 S 12% polyacrylamide gelofjA]
ANgEe s ¥g8 ¥ nitrocellulose membrane
(Schleicher & Schuell, Germany)o.2 Fa8t9

t}. §&¥ membraned anti-bGH antiserums} al-
kaline phosphatase-conjugated secondary anti-
body(Sigma, USA)E ukgAl7l ¥ BCIP /NBT
(Sigma, USA)2 LaH-3-& fE3idoh FFIAM
bGH$ ¥%& membrane 4o Uebd g4dt =
2 g #F sampled] &4 7=} FAH bGH
standard®] @4 JE & wwsle st

4. M =3|ollM RNAS| &% 9 Northern £4

HF 10 A /5 AH A0 E YA=EH
4 24E& HHY F, o] £4o32E Chom-
czynski 5(1987)¢) #WH o 2 total RNAE &3}
A2, & 30 uge 1% formaldehyde-agarose geldl)
A A71GEE AN Gelod £3E RNAS
nylon membrane(Boehringer Mannheim, Ger-
many) o] F3#A7 %, 2Pz ¥ ® bGH §-Axle
exon I ¥E exon V 892} 1.2 kb Pyull ¥R L
probe® hybridizationg 4 A8 Northern ¥4&
&8s,

5 HATE MFe| £l Y

FAAE YA AY 8 A2 KA o A
2 RASEAE HAsy] S5t YAAB AHE 2
3% 43 (C57BL/6XCBA) g IujA)Zl ¥, oj2 8



B 4 ke 3 zFo2RE DNAZ 839
PCR £4& AAstale.

. 2=} ¢ &

1. HATE YFef Mt

AN=F 5-HA2 pbgCN1.8bGHE 647 M) B
A7 AR Y mAFY3A-E o, 592 7
(91.4%) °) A&l BEsIHYA(Table 1). 2 F
516 71 (87.2%) & 7] g o]23t4 80 v}
glo] |77t ejoint, 80 wte] & 75 vie]E PCR &
Ao bGH fAzMY A ARE A 10 v}
29 FA4A% AHE AU} Aoz FPAHP
FE9 AL NEE FHolA 10~30%, AR ANA 10%,
WofollM 1.3~10%, &oA 5% F=EE Jepdciz
Ba¥dch(Hammer 5, 1985). € 4394 bGH
FRAAZE AYE ¥FAE AFHY AN HEE 13
3%(10 /75) 2 9o Ao} fARR &0t

2. bGH Hx}e]

10 AlE2 F4A% AFHAM bGH fAxte] 23
FEL AR gt 4R HEAE AF 4 ATS
founder(G0) ol A, 2 FAHE AF 4 AT A
AL 2o A A 1 AN 43 YAAYH Y2
B HH7] 10 A /F& AHstdeH, 3 ¥4
A AA founder #59 #8AM= HFS MY
4= 10t} Founder #5% bGH #AAE th3 At
2 FHA71A Retded, ol AXRY {AAT
AT oy vA 9 Frld AYEo] A st mosaic-
ism @4 93 Ao g ¥HE ]}, Founder #8&

ZAAH ¢JAlo] ofFojxA] ¥t Wt o} A&
AAu R AzE AFHs AL AAEHA
S = FAHA ol BYLE WA sAT. et 8
AS(3#1, #2, #3, #4, #6, #7, #9, #10)9 3
ARG AFANM AHE FF& Western 4 ggo
2 43 bGH vdde] wdzxks FHsict
(Fig. 2). A% #3, #6, #9, #109 #FFIM=
bGH d¥ldo] A&HA @kot, A% #1240 u
g/ml, A% #2% 80 pg/ml, AE #4= 4 pg/ml
FF02 bGH @9d g 443, A% #7& 7

EE 59 600 ug /ml 252 bGH )& o]
HAE 3 9lgo] #RI=RAt(Table 2). Northern ¥4
& 23 54 2F A bGH mRNAS] Wd-& =A}E}
Ag Yoz Western ¥4 Az} ujd7IA 2 AF
#1, #2, #4, #7047 bGH mRNAS) ¢8| &
15 R en(Fig. 3), 743¥ bGH mRNAS] &g &
2 bGH 2| A &3] A Mol Fdat FARt
Aok, AR FEA e by dEe 94
Al Aol A49dd Aol e} 2 G o] HAG
3 g#la Ydth(Jaenisch %, 1983: al-Shawi &,
1990). wtebA], £ A o)A bGH F-x2 Hd <] A%
9 ol dMA] A 491E A fR9) we
position effects] 2|3t Ao = AGE), o|4fe] Az}
oA, & A-casein /bGH A2% FHAe A%
AAY frAoA wdz Bzt AFFHoE ZHEY
on, 2 A3} bGH v@¥Ze {F4 HI 600u
g/ml $£Ee2 YHE .

3. Al Aol ohE bGH RHA}L FX= W
o] #eH 4 AT FAHG AF FolA bG-

Table 1. Microinjection of bovine #-casein/bGH fusion gene

No. of No. of No. of No. of No. of
DNA injected survived transferred 0.0 transgenic
embryos embryos embryos pups /No. of analyzed
bAcL 8bGH 647 592 516 80 10/75
pbAcl. (91.5%°) (87.2%)  (15.5%°) (13.3%)

No. of pups / No. of transferred embryos X 100

/o gR

No, of transgenic mice / No. of analyzed mice X 100

No. of survived embryos / No. of injected embryos X 100
No. of transferred embryos / No. of survived embryos X 100
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Fig. 2. bGH expression in founder transgenic

milk samples. Milk samples(1 ul) of tran-

sgenic mice(#1, #2, #3, #4, #7, #9, #10)
and non-transgenic mouse(NM) together
with purified bGH(10 ng, 100 ng) were
applied to Western blot with polyclonal
bGH antibody

Hel Wt o] ¥|nd F& F AZ(#2, #7)4 d4
o2 bGH fAA7} o8] NE E3lo] AAFHoz
fAHE7HE PCR BAYo2 AL, 2 Aldie)
M #59 bGH @4l §%F-& Western ¥4 JHy
o2 =AM TH(Table 3). bGH A& frage
Al NA7A] ZAE AT AF #29 A& A1
Aol M E 25.0%(2/8) 102, Al 24t E 38.
3%(13/34), A 3ol = 44.1%(15 /34), A 44
el M 28.6%(2/7) 8, BT 34%9 FHEE B
gk AT #72 2 {fHE] A A= 40.
0%(4 /10), A 24 deIM & 36.7% (11 /30), A 34

NM #1 #2 #3 #4 #7 #9 #10

A

Fig. 3. Identification of bGH mRNA in the
mammary gland of transgenic mice. Tot-
al RNAs were isolated from mammary
gland of transgenic mice and non-tran-
sgenic mouse(NM). A: RNAs were ap-
plied to Northern blot analysis using
2p.labeled bGH-specific probe shown in
Fig. 1. B: Ethidium bromide stained tot-
al RNAs were shown to confirm their
integrity and amount

el 42.9%(18 /42), Al AMNdME 40.5%
(15/37)01Ath. e FHLL 40%2 A% #2850
€ HEd 5 €S Jehllon, o=

Table 2. bGH concentration in the milk of transgenic mice

o Transmission bGH concentration in
Transgenic mice Sex frequency milk (ug /ml)?
#1 female —b 40
#2 female 2/8 80
#3 femnale - UDe
#4 male 5/13 4
#5 male 0/24 -
#6 male 12/21 UD
#7 male 6/22 600
#8 male infertile -
#9 male 5/14 UD
$#10 female - UD

a: estimated from Western blot analysis, b: not analyzed, ¢: undetectable level



Table 3. Stable Transmission and expression of bGH transgene in several generations of transgenic

mice
. ) o bGH concentration
Line Generation Transmission frequency in milk (ug /ml)f
G female (founder) 80
: G1° 2/8 —8
#2 G2¢ 13/34 240
G3¢ 15/34 120
G4° 2/7 60
GO male (founder) -
Gl 4/10 600
#7 G2 11/30 1600
G3 18 /42 860
G4 15 /37 900

a: founder transgenic mouse, b: first generation, c: second generation, d: third generation,

e: fourth generation, f: approximately estimated by Western blot analysis,

g: not analyzable because they were male,

bGH #AAE Hgsial U AopE 2dFe A
% #29 founderollX] 80ug /ml, A 2HtHell A 240u
g/ml, A 3AtellA 120ug /ml, A 44 olA 60u
g/ml oI, AT #72 2 FHFo] Al A
A 600ug /ml, Al 2MhellA 1,600pg /ml, Al 3M
oA 860ug /ml, A 4xthelM 900pg /ml FFE2
2 A 7k A4Ee WolE JeE Tt o] 72 Aozt
w29 Hols ofn] o) A AEY AR §
9 JHA Fpolo] et Z oz BT Andrew &,
1993). ol4re] Astollx B W) AT #2¢9 AT £72
t}2¢] Wole glet, bGH #AzE o Aol 4
2 durz el vd SAH o) me P H o g T
Agsin, 2 PHE ALH 0T FAFE Ao B
Gtk A2 o GG A9E AT
A& mosaicismE Hole 4F AHE Aty g
¥ ooz oy Mdel Mgy, 2 3¥Ed =
3 o3y Ao A AEH SR FAHe] IRln=
A HARE BE9 AFAM FEEEEALE AF A
e A7 £848 A 5 U

NFg 2

2 B-casein KA WHAZXHE ¥4 1.8 kbe} &
ARF27(bGH) §347 2.1 kbE 143ty g &

B-casein /bGH AZF A7t AAE FEo)A
o2 AUE dx 9FFer 497 SHHEAE
ozt 104152 FAAS WFAE A3t ¥
AAZ AH 8 AFNM 5 AF s Wertern &
A yWygeo= bGH vude] HdaxE ZASIAL 4
A% A7 §5994 bGH Tldo] 4~600ug /ml
9] oz WELAT. bGH mRNAY @82 Nor-
thern ¥4} Wi o g zAl A5 §FA bGH ©
WAL Pikske A5l A5 bGH mRNAZE 245
Rom, 2 9y FEL F5 bGH g3 Ao A
FAI7E Ak, wekA & B-casein /bGH Az
A AR AF Y FAdM AR em By,
Bujge g = Atk 2ol Y A% F
oA bGHE w@e) vHlma =& T AT(#2
#7)& oz A2 A7 8 A E Fsid
FFHo R FASHL N&HH o2 A =E MYl
7 ZAVEATH A% #2v W 34%9] fALE
BYow, A% £79 FF HALL 40%01At. F
FolX bGH a@wide] wdze A% #29 founder
oA 80ug /ml, A 24t A 240ug /ml, A 34 TH)
A 120ug /ml, A 44tHlA 60pg /ml FFIA T,
A% #7& 1 Wdego] A I elA 600ug /ml, A
2R A 1,600ug /ml, Al 3AhA 860ug /ml, A
4A ol 900ug /ml F=Ze]Tt. ol4ke] dabe

ol
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A AYF o)A bovine B-casein /bGH AZ{ step method of RNA isolation by acid guan-
ARre] Ay o] Al AR wat M 7Ho

Ao FAHT, FFLE bGH ©doe] A&
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