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1% 1 2 1
‘ ? 100094
Cre- loxP
Q789 C 1000-3061 2002 02-0144-05
99%
1987 4
tPA !
) 1
1
1
2 1
AT-TI 1.1
F-IX F-VI AT-1ll  AAT F-
3 W F-IX C
1

Table 1 Examples of biopharmaceutical protein in the mile of transgenic animals

g/L
I AT-1I 6 i 3
AAT 35 I 4
10 1l 5
C Il 6
tPA 6 II 7
3.5 II 8
F-ViI 3 9
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FVI ’ ’
-
tPA IFN 2.7 mg/L ° <4~6pglL M
EPO
: GH TGF WAP /
15
C 1 gL 0.96~1.2 g/L
IgG IgM IgA 2~3
4-~5 15
30% ~ 40% F1
1.3
1.2 1.3.1 1980 Gordon 6
20% ~ 30% 5% ~15% 2%
aS1 8 1% ~5% 0.5%
8 BLG 65% DNA
WAP 50% "
IFN GH EPO IBDV CD59 GFP 10% ~
15% MT/GH 3% IBDV 3%
DNA /
WAP /
oS1 5' B 3’
1.3.2
Steroid responsive elements TATA ¢ DNA DNA 1989
poly A Lavitrano DNA
18 DNA
5
DNA IF-1
3’ IF-1I DNA DNA
18
MAR GFP ?
i 1.3.3 ICSI 1999 Perry
MAR "
2 M1 81% /
75%
26% "
DNA
4 ICSI GFP 10%
1CSI
1.3.4
210kb YAC
8.9 ¢/L 1998 2001 Br-
“ » B emel ®  Schatten 4 1
ANDi ANDi 13 mRNA
DNA

WAP/

© FEMFRBEDARMEATIRS®HIESS http://journals. im. ac. cn



146 18
20% 2 2
1.3.5 1997 Table 2 Transgenic efficiency of microinjection and
2 Roslin PPL nuclear transfer methods
neo F-IX = 100
2% 25 GFP
26 50 0.1~0.2 2
2001 2
” 25 1.0 2
nee 25 1.1 2
50 10 24 25
25 6~8 23 27
25 3~4 26
2000 30
AAT procollagen
AAT
650 18
* 2001
a-1 3-GT » 90%
2.1.3
9 14 ~ 18
2
32~36 »
100kg
56
65 41
15 200g
25
PPL
2.1.4
2.1
2.1.1 »
31
2.2
20 ~ 30 “ — "
2.1.2 2.2.1
30%
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2.2.2

DNA

ES

38

tion

loxP

loxP

1999

32 33

107 1077

3000 *

¥ RNA/

32 35
33 36

37 22

Cre/ LoxP

E. coli Pl Cre- lox P

Cre- loxP Cre Cyclization recombina-
loxP locus of X-over of P 34 bp
5-ATAACTTCGTATAGCATACATTATACGAAGTTAT-3
13 bp 8 bp
Cre
Cre-

Cre-lox P

Cre

Utomo et al
WAP itTA
» Cre- loxP
Cre-loxP

lox511 loxP

loxP

FLP-fit 0

2.2.3

45

33

45

41

s FFB
FFB

80 ~ 100

50%

2 .
L-carnosine

REFERENCES

1

10

11

12

13

14

15

© [ prcsRe) S 2000 5307 4PR IS 4 tE AT

Gordon K Lee E Vitale J et al. Production of human tissue plas-
minogen activator in transgenic mouse milk. Biotechnology 1987 5
1183 ~ 1187
CHEN Y F
Press.2002.
Rudolph N S. Biopharmaceutical production in transgenic livestock .
Tibtech 1999 17 367 ~ 374

Wright G Carver A Cottom D et al. High level expression of active
human alpha-1-antitrypsin in the milk of transgenic sheep. Biotechn-
1991 9 830~ 834

Niemann H Kues W A. Transgenic livestock premises and promis-
es. Anim Reprod Sci 2000 60 ~ 61 277 ~ 279

Valander W H  Johnson J L. Page R L et al. High-level expression
of a heterologous protein in the milk of transgenic swine using of a cD-
NA encoding human protein C. Proc Nail Acad Sci USA 1992 89
12003 ~ 12007

Ebert KM DiTullio P Barry C A et al. Induction of human tissue
plasminogen activator in the mammary gland of transgenic goats. Bio-
technology 1994 12 699 ~ 702.

Krimpenfort P Rademakers A Eyestone W et al. Generation of
transgenic dairy cattle using in vitro embryo production. Biotechnolo-
gy 1991 9 844 ~ 847

Paleyanda R K Velander W H Lee T K et al . Transgenic pigs pro-
Nat Biotechnol 1997

ed. Transgenic Animals. Beijing Science

ology

duce functional human factor VIII in milk.
15 971~ 975

Houdebine L M Attal J. Internal ribosome entry sites TRESs
ity and use. Transgenic Res 1999 8 157~ 177

Mcknight R A Spencer M Wall R J Hennighausen L et al. Severe

position effects imposed on a 1 kb mouse whey acidic protein gene pro-

real-

moter are overcome by heterologous matrix attachment regions. Mol
Reprod Dev 1996 44 179 ~ 184

Gutierrez-Adan A Pintado B. Effect of flanking matrix attachment re-
gions on the expression of microinjected transgenes during preimplanta-
tion development of mouse embryos. Transgenic Res 2000 9 81 ~ 89
Fujiwara Y Miwa M Takahashi R et al. Position-independent and
high-level expression of human alpha lactalbumin in the milk of trans-
genic rats carrying a 210kb YAC DNA. Mol Reprod Dev 1997 47
157 ~ 163

Niemann H Halter R Carnwath ] W et al. Expression of human
blood clotting factor VIII in the mammary gland of transgenic sheep.
Transgenic Res 1999 8 237 ~ 247

Van Cott K E Lubon H Gwazdauskas F C et al. Recombinant hu-
man protein C expression in the milk of transgenic pigs and the effect
on endogenous milk immunoglobulin and transferring levels. Trans-

http://journals. im. ac. cn



18

148
16  Gordon J Rudle F. Integration and stable germline transmission of galactosyl transferase GGTAl gene and the prion protein PrP
gene injected into mouse pronuclear. Science 1980 214 1244 ~ gene in sheep. Nat Biotechnol 2001 19 559 ~ 562
1246 30  Thompson S Clarke A R Pow A M et al. Germ line transmission
17 Kupriyanov S Zeh K Baribault H. Double pronuclei injection of and expression of a corrected HPRT gene produced by gene targeting
DNA into zygotes increases yields of transgenic mouse lines. Trans- in embryonic stem cells. Cell 1989 56 313 ~ 321
genic Res 1998 7 223 ~ 226 31 ANXR GOU KM ZHU S E et
18  Lavitrano M Camaioni A Fazio V et al. Sperm cells of vectors for al . Cloned calves produced by nuclear transfer from cultured cumulus
introducing foreign DNA into eggs genetic transformation of mice. cells. Chinese Science Series C C 2002 In
Cell 1989 57 717~723 press.
19  Perry A CF Wakayama T Kishikawa H et /. Mammalian transge- 32 Piedrahita J A. Targeted modification of the domestic animal genome.
nisis by introcytoplasmic sperm injection. Science 1999 284 1180 Theriogenology 2000 53 105 ~ 106
~ 1183 33 Clark AJ Burl S Denning C. Gene targeting in livestock a pre-
20  Chan AW S Homan EJ Ballou L U et al. Transgenic cattle pro- view. Transgenic Res 2000 9 263 ~ 275
duced by reverse-transcribed gene transfer in oocytes. Proc Natl Acad 34 Dickinson P Kimber W L. Kilanowski F M et al. Enhancing the ef-
Sci USA 1998 95 14082 ~ 14033 ficiency of introducing precise mutations into the mouse genome by hit
21 Chan AW S Chong K'Y Martinovich C et al. Transgenic monkey and run gene targeting. Transgenic Res 2000 9 55~ 66
produced by retroviral gene transfer into mature oocytes. Science 35  Sarig R Mezger-Lallemand V  Leibovitz S et al . Increased efficiency
2001 291 309 ~ 312 of homologous recombination in ES cells by cleavage at both ends of
22 Wilmut I Schnieke A E McWhir J et al. Viable offspring derived homology in the targeting vector. Transgenic Res 2000 9 79 ~ 80
from fetal and adult mammalian Cells. Nature 1997 385 810 ~ 813 36 Sedivy JM Sharp P A. Positive genetic selection for gene disruption
23 Schnieke A E Kind A J Ritchie W A et al. Human factor IX trans- in mammalian cells by homologous recombination. Proc Nat Acad Sci
genic sheep produced by transfer of nuclei from transfected fetal fibro- USA 1989 86 227 ~ 231
blasts. Science 1997 278 2130 ~ 2133 37  Zakhartchenko V  Durcova-Hills G Stojkovic M ez al . Effects of se-
24 Cibelli J B Stice ST Golueke P J et al. Cloned transgenic calves rum starvation and recloning on the efficiency of nuclear transfer using
produced from nonquiescent fetal fibroblasts. Science 1998 280 bovine fetal fibroblasts. J Reprod Fertil 1999 115 325 ~ 331
1256 ~ 1258 38 GuH MarthJ D Orban P C et al. Deletion of a DNA polymerase
25 Brink M F Bishop M D Pieper F R. Developing efficient strategies beta gene segment in T cell using cell type-specific gene targeting.
for the generation of transgenic cattle which produce biopharmaceuti- Science 1994 265 103 ~ 106
cals in milk. Theriogenology 2000 53 139 ~ 148 39 Utomo A R H Nikitin A Y Lee W~ H. Temporal spatial and
26  Keefer C L Baldassarre H Keyston R et al. Generation of dwarf cell type-specific control of Cre-mediated DNA recombination in trans-
goat clones following nuclear transfer with transfected and nontrans- genic mice. Nat Biotechnol 1999 17 1091 ~ 1096
fected fetal fibroblasts and in vitro-matured oocytes. Biol Reprod 40  Rodriguez C I Buchholz ' Galloway J et al . High-efficiency deleter
2001 64 849 ~ 856 mice show that FLPe is an alternative to Cre-loxP. Nat Gener 2000
27 ANXR GOU KM CHEN Y F 25 139 ~ 140
Production of transgenic blastocyst of sheep by somatic cell cloning. 41 Kubota C Yamakachi H Yang X et al. Six cloned calves produced
Chinese Science Bulletin 2001 46 19 1630 ~ 1634 from adult fibroblast cells after long-term culture. Proc Natl Acad Sct
28 McCreath K J  Howcroft J  Campbell K H S et al. Production of USA 2000 97 990 ~ 995
gene-targeted sheep by nuclear transfer from cultured somatic cells. 42 Bordnar A G Ouellette M Frolkis M et al . Extension of life span by
Nature 2000 405 1066 ~ 1069 introduction of telomerase into normal human cell. Science 1998
29  Denning C Burl S Ainslie A et al. Deletion of the alpha 1 3 279 349 ~352

Transgenic Animals Bioreactors
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Abstract The production of human recombinant proteins in milk of transgenic farm animals offers a safe very cost-effective

source of commercially important proteins that cannot be produced as efficiently in adequate quantities by other methods. This re-

view has summarized the current status of gene selection vector construct transgenic methods economics and obvious potential

in transgenic animals bioreactors. Recently a more powerful approach was adopted in the transgenic animals founded on the ap-

plication of nuclear transfer. As we will illustrate

this strategy presents a breakthrough in the overall efficiency of generating

transgenic farm animals product consistency and time of product development. The successful adaptation of Cre-/ lox P-mediated

site-specific DNA recombination systems in farm animals will offer unprecedented possibilities for generating transgenic animals.
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