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SUMMARY

I.Title

Retrovirus vector system-mediated production of transgenic mice and cattle

secreting human lactadherin in the milk
I1.Goalsandsignificanceofthisresearchproject

In spite of rapid progress of medicine, there are still numercus diseases that
can not be prevented by modernmedical technologies. Among such diseases,
rotavirus—mediated diarrhea is one of the most devastating ones that should be
overcome in near future. Throughout the world, more than one hundred and thirty
million children under five vears old are infected annually, twenty million of them
are suffering from diarrhea, and six hundred thousand children are died of the
disease eventually. There are no significant difference between developed countries
and developing countries in terms of incidence of thisdisecase, and generally it has
been known that the status hygiene is not an important factor affecting the
incidence and that most preschool children are infected at least once with this
virus. Remarkably, the children of breast feeding, however, are rarely infected
with this virus, resulting in low incidence of diarrhea, respiratory disease and
middle ear infection, etc. This is due to lactadherin, a milk component, inhibits
reproductive cycle of the rotavirus. Therefore, it is reasonable to believe that
enough feeding of the lactadherin can prevent rotavirus—mediated diarrhea. In the
aspect of animal husbandry industry, mass production of lactadherin from the
bioreactor employing genetic engineering technigues contributes not only
tremendous increase in industrial revenue but also human welfare eventually.

The ultimate objective of this research is production of transgenic bovine
secreting human lactadherin through the milk. To accomplish this geal, we first
build up essential knowledge and techniques from the transgenic mouse
prodiuction, then the research will be progressed to the level at which the

advanced bio-engineering techniques can be directly applied to the industry.



III.Contentsandscopeoftheproject

The final goal of this study was production of transgenic mice and
cattlesecreting human lactadherin through milk. To accomplish the goal, the
project was subdivided into three parts. The first, second and third subdivisions
were 'Production of transgenic mice and cattle by injecting concentrated VSV-G
based retrovirus vector stock into the perivitelline space’, 'Development of
retrovirus vector system transferring and expressing the human lactadherin gene’,
and 'Cloning of human lactadherin gene’, respectively. The detailed are described

as follows.

Partl : Production of transgenic mice and cattle by injecting concentrated VSV-G
based retrovirus vector stock into the perivitelline space

O Establishment of optimum condition for retroviral infection to the oocytes
- How to infect the mouse oocytes with highest efficiency?
- Production of transgenic mice carrying the marker genes
~ Application of accumulated knowledge to the infection of bovine oocytes

with retroviral vectors

O Production of transgenic mice and bovine embryos with human lactadherin
genes
- In vitro fertilization of bovine ococytes carrying human lactadherin genes
- Production of transgenic mice with human lactadherin genes:
to accumulate of basic knowledge and techniques for the detection of
human lactadherin gene expression
- Transfer of bovine embryos with human lactadherin genes to

the surrogate mothers

O Production of transgenic calves expressing human lactadherin genes

Part2 :Construction of retrovius vector system forthe transfer and the expression

of the human-milk lactadherin genes

O Construction of retrovirus vector designed to transfer and to express marker



gene in the mammary gland-derived cells
- Selection of the best promoter expressing constitutively.

- Cloning of mammary gland-specific promoter

C Construction of VSV-G-based virus-producing cells whose progeny viruses
are designed to transfer and express human lactadherin
- Construction of retrovirus vector carrying lactadherin gene cloned by the
3rd part of the project
- Production of virus vector from the virus—-producing cells
O Construction of another retrovirus vector system designed to transfer and to
express foreign genes in a controllable manner
- Construction of retrovirus vector expressing marker gene under the
control of tetracyclin promoter
- Construction of retrovirus vector expressing human lactadherin gene

under the control of tetracyclin promoter

O Evaluation of retrovirus vector system in terms of bio-safety
- Determination of helper virus production

- Revese transcriptase assay

Part3:Cloning of Human Lactadherin Gene

O Cloning of human lactadherin gene
- Primer and probe construction
- Extraction of mRNA
- RT-PCR and cDNA library screening from human mammalian gland

O Establishment of analytical methods for the transfer and the expression of
human lactadherin gene (1).
- Production of antibody using lactadherin
- Establishment of Southern blot method

- Establishment of bicassay method for lactadherin

O Establishment of analytical methods for the transfer and the expression of

human lactadherin gene (II).



- Analysis for the transfer and the expression of lactadherin gene
- Analysis for components of milk

- SNP analysis for lactadherin gene

IV.ResultsandSuggestionsfor Applications

Part 1 : Production of transgenic mice and cattle by injecting concentrated VSV-G

based retrovirus vector stock into the perivitelline space

O Establishment of optimum condition for retroviral infection to the mouse

oocytes

- Oocytes injected with concentrated retrovirus stock into perivitelline
space developed to blastocysts, indicating the optimistic prospect of this
system In transgenic animal production

- In terms of embryo development, there was no significant difference
between injected oocytes and un-injected control oocytes

- Successful transfer and expression of the foreign gene were detected

from the embryos

O Production of transgenic mice and bovine embryos with human lactadherin

genes

- Transgenic mice were produced

- Detections of existence and expression of the foreign genes were

confirmed from the various organs of the transgenic mice

~ In terms of bovine embryo development, there was no significant
difference between injected ococytes and un-injected control oocytes

- Successful transfer and expression of the foreign gene were detected
from the bovine embryos

- High wviability of the bovine blastocysts carrying foreign genes were

observed from EM-grid freezing
O Production of transgenic calves expressing human lactadherin genes

- Among 18 surrogate cows transferred with 36 bovine transgenic

embryos, 5 were determined to be pregnantat 50 days of gestation. At

._10_



90th day of pregnancy, however, rectal palpation showed miscarriage of

all five pregnant cows

Part2:Construction of retrovius vector system for the transfer and the expression

of the human-milk lactadherin genes

O Construction of retrovirus vector designed to transfer and to express marker

gene in the mammary gland-denived cells

- Construction of pLNBZ and pLNCZ designed to express E.coli LacZ gene
constitutively under the control of B-actin promoter and CMV promoter,
respectively

- Construction of pLNBeGFP and pLNCeGFP designed to express GFP gene
underthe control of B-actin promoter and CMV promoter, respectively

- Construction of VSV-G based virus-producing cells using PA317 and
293mGPHy packaging cells

- Between two promoters, B-actin promoter was better in expression

— Cloning of mammary gland-specific WAP (whey acidic protein) promoter

- Using WAP promoter, retrovirus vector plasmids, pLNWZ and pLNweGFP
was constructed

- In HCI1 mouse mammay gland cells, inducible expression of LacZ gene
under the WAP promoter in response to the lactogenic hormone

~ The highest activity of the WAP promoter was observed when the cells

were treated with the combination of insulin, prolactin and hydrocortisone

O Construction of VSV-G-based virus-producing cells whose progeny viruses

are designed to transfer and express human lactadherin

- Construction of retrovirus vector carrying lactadherin gene under the
control of WAP promoter.

- From the VSV-G-based retrovirus vector system, successful production of
retroviruses tarnsferring human lactadherin gene

- Using reverse transcriptase assay, lactogenic hormone-inducible
expression of the lactadherin gene under the control of the WAP promoter

was confirmed

_11..



O Construction of another retrovirus vector system designed to transfer and to
express foreign genes in a controllable manner
- Construction of retrovirus vector expressing marker gene or human
lactadherin gene under the control of tetracycline promoter

- Confirmed tetracyclin—controllable expression of both genes

O Evaluation of retrovirus vector system in terms of bio—safety
- No helper virus was detected from the 2ndly infection test of target cells
and blood cells of transgenic mice.
- No revese transcriptase activity was detected from the target cells

infected with retrovirus vectors

Part3: Cloning of Human Lactadherin Gene

O Cloning of Human Lactadherin Gene
- Selection of primers for the cloning of human lactadherin gene.
~ Separation of human RNAs, their amplification of two partial fragments
by PCR followed by their recombination, and completion of the
full-length cloning of human lactadherin ¢cDNA gene.
- Finding on the mutation of the bhases at 67, 454, 286, 329, and 1330 from
the DNA sequencing analysis of the cloned lactadherin gene, and

confirmation of its polymorphism by the presence of the SNPs.

O Establishment of analytical methods for the transfer and the expression of

human lactadherin gene (I).

~ Establishment of an efficient expression syetem in E. coli for the
purification of lactadherin,thus, construction of an E. coli expression
syetem in a vector and purification of the protein, and use of the antigen
for the production of the antibody.

- Production of polyclonal antibodies from the rabbits injected with the
proteins expressed in E. coli.

- Establishment of Southern blot for the identification of transgenic animals.

O Establishment of analytical methods for the transfer and the expression of
human lactadherin gene (ID.

_12_



Establishment of analytical methods for gene trnasfer and expression by
Northern and RT-PCRR.
Finding by SDS-PAGE and Western that lactadherin is

a musin-associated molecule.

{

- Confirmation of MW and pl of human lactadherin by 2D electrophoresis.
- Presence of additional serines in the lactadherin gene by SNP analysis

from Korean women compared with white women.

2.PropositionforResearch,Developmentand ApplicationoftheResults

The results and the technologies derived from our study might be applied in the
various following areas, and can be opened in public including scientific meetings
and also should be followed in similar studies in the future,

1. All the studies where the introduction of foreign DNA into eggs are attempted.
2. Researches and industries for the production of transgenic animals.
3. Researches and industries for the development of bioreactor system where the

production of bilosubtances In animals are expected.

inN

. All researches and industries for genetic recombinations.

Researches and industries where the increases in efficency of the utilization of

W

animal embryos are necessary.

D

. Human gene therapies.

~J

. Basic science and technology for the production of transgenic livestock.
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A2 dAsty] 9eteld), 2 xRk ezl H3 )} 280 picoliter (2.8X107 cm®) el
A Oﬂ °F 10 plcohter o] vector virus & FAgC . HA %}Eﬂl Ao]% 1 ml
10° colony forming unit 92 %% virus stockS Alg3lelol FEZH o7 WAt
17hel virus7b F95E Alojrh, 2oy @A AME=EI e E‘Hﬁ—::-i retrovirus
vector systemolAl& o] THFe] uFE Lol virus stocke FE F Gtk I ol f+
retrovirusE X3} envelope protein®] instability w2 o] A4 Bl 22 &3
ARl WHoE virusel FEE Fole diE A7t Ayl dEolHSavatier er al,
1990).

Retrovirus stock® AFmxeo]l IFAAA FAE Fd Hd Hid VSV

(vesicular stomatitis virus) G glycoproteinS 71£2] #H2 leukemia virus

o

off off Hﬂ

B o >
1
>

envelope gene® @ WA} A2 & retrovirus vector system (Burns et al.,
1993)e] FFox A3 4 Artk. o] viruse EAE A, o] virust pantropic
o 2H o]FE (Lin ef al, 1994) ¥£3sley Ao & TEAEZE 7HIAEH & U

E4, viruse] #9E (infectivity)ol &2 Fo] glo] virus stock= 1,0008]f o7t
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A EFEEAL S Jqued Ao wEkA o] virusE o] &% A U 49
E 9 ME el E&AHCFE gene transfer/t 7Fgsttt & 4 9
b, 1994 ¥ AFA I} vl 3ol A california T2l Burns ¥HAF group® 3 F £
F71& W VSV pseudotype retrovirus vector system2 A& 2 A3}, o] system
oA AAE H=H7] A virust 429 celld I AEE7F d¥EF retrovirus
systemoll A AAFE virusB T oF 10~350W o] =S wHSIAT mERd VSV
= o

=2
G pseudotyped retrovirus systemol A &3St virusE ¥ 11,0008 Ax FFdH 4

o] e ZAAA S8A4E Holatmad & wf, AF7A 9 retrovirusE o] &3 2
A3 T8 Ao QoA Ao dHolAW mosaicismS HAFHFE 7 oSt
Bztdk. E=F o virus system& FHA Amd &E&FE Ay, AETAY

retrovirus Systemoﬂfﬂ AAE virusZE FEol AFT MAEEY gE 2o §&F
o2 FHAE AojAlA F vtz AzbEch oy o] AtellAl B owbel Zo] VSV
pseudotype retrovirus vector system? o]&A4 2 tFE o= virus systemET} -
o] AW} B als|E o] virus systeme 73 California o ¢ X3 Viagene©®|
e A B85 EE 2ty RE {fEAVA 2 gk ol E A7IE 4
AHXE o] virus vector systeme 7/NAS A xsta H 2o HAAHQ QS
s, wEtaA 2 AT 3ol Mg Al & & retrovirus vector systemS ©]
B oAddAe Faow Y XA slee A 5FEE 5o ALds
AastEd 2A SE£HIH AR HO

to rr & [

to oo
Ol
o

o

FrolE o rotaviruse oz g AFH e Al I A
WA g vedME o Ry Adeteet Jadn A

=7
ul o] Aol folEo] o] rotavirus®E &t FHolrybx 9lar 7+
o]

2ol Jo o
& H“; i
2
£ L

[o
Hﬂ

o
o
o

AFEM olE dsied ¥ B2 7 ="Hst

actadherin®] Wj2F AA-& 7 AAFe g3r v AT ofy) T 4=
o EEFL AiEFES] SE= Wl &b sldis ] ool lactadherin®]
B0 =2 rotavirusE2HFH FolEy ol FE7- ER3¥ 5 v A=
4+ Aok =3 T Ay aste] @ Eﬁ-—s‘ﬂ o FFer 28 4
312 HojEd 4 Ue FHew JgEr}t. E3F lactadherine UE oFF
F ALF o] TMASL o] f Ao} ?‘f‘ of Zo] 4delA ASHA

:

o K

FoER 3 ox U o N
o o = °

d M f Ho o 8 ooff

I rum

> 7
nfﬁmg
DR

- 22 -



o A=z

.
=

g

&

B
ol

57

B

(o]

& o

]

Z

ol

<

N

A

o} e}

AR A

2989 ol oz

NEo] A

lactadherin%

s

17] glstel 2 Aol e PR Algael Fu

. f})_:}__é_

)= ]
T

A 8hod

5

Az A AAHom A

I Dolly®l ©4 o=

[e] X}
0}:1__

Al A A ]
A Tt

s

]

.
9

-53__

2 ool A
& ey ohyg

ke

Aoz QAsold g,

-
s ol

ot

-
il

[

w

—

o)
w

A} 3

A

R
-

ol
1

umo

BN

Tod

%

St retrovirus vector system

24 Aol whel HE s ol

1.

Az =Y

d

A

lactadherin®] -

L
1

==
p

s

+
W

oo

alo

%
ﬂ.,MO

o

o
W

il

o

.....23-.



A 3 A AT H

.

7t

A= retrovirus vector gene transfer system2 ©]-838te] human lactadherin

148 25 Aaste F9

LA

& milkE ¥ Bulsts FAAE A WS T Wad A4 7Ed FHY
g4

FH&EA 0 23+ human lactadhering o ZFAIAFsH=

=2
& 7l&g AgHon 28 5 FEAN ML wEAT| A dAsgl e,

=%% VSV-G based retrovirus &8-S nlsAse] 9@}l FARS e @2

A FHAep 4o AL

1D A9 U]—?Xéa‘f(MH phase)®] ¢ &@7Fo] 5% virus §H-& AAFY o
= HHe] g2y

2) Dol o) 38 A2 2 Jles vgon A FHe At

3) 29 #l$AHMIO phase)®] &7 &4 virus 845 HAFY &=
Wy el ghg

4) 1), 2), el
PN S L

Human milk lactadherin & A& o] % ZL&AIFIE retrovirus vector

system® 7§

1) Retrovirus vector system2] T3
7F CMV (Cytomegalo Virus) promoter, B-actin promoter, %= WAP

(whey acidic protein) promoter EA3dlel E coli LacZ =& GFP

(Green Fluorescence Protein) marker gene& E3% retrovirus

ofr

vector®] T ?1-,1

W) MCF (H 9] $3A4%) celldk MAC-T (&2 53HA%E) celle o] &3+
ALEH ] 71& A8 retrovirus vector’d 2l internal promoter?] A
2]

b oAl AASE retrovirus vector®l internal promoter 3Fe] human
lactadherin geneS %3} retrovirus vector®] T
2h) B AFzlo] ol s4¥ £E % VSV-G based packaging cell# wh)ell

A3 retrovirus vectorZ ©]-83k retrovirus-producing cell®] 7R
2) Retrovirus vector system® A&z ol 4] (bio-safety) 7 A
7}) Reverse transcriptase assays-S E&to] vector virusell <3 &%

A7 Aolw Axe FAAZNE BE yirnse AR ZA}

=2
3) B d7AEe AygE A7 ®BiojA vERYE WAP promoter®l



waAbe] o] BAHES sidsty] 9% A2=E vector system®] 7HE

7} Inducible promoter?! tetracycline-controllable promoter & A3t
o] human lactadherin gene2 X

=9} 3} retrovirus vector® &

) 9 7ol vectorg AAsIE retrovirus—producing cell®l 7HE

th) in vitro Al A tetracycline?l induction <#F° W& human
lactadherin gene®] & <}

t}. Human lactadherin %2212} cloning % & #4
1) Lactadherin &2 %} cloning

7}) Primer(20 base pairs each) % probe A=}
1}) mRNA #3%

Q9
]

o) RT PCR® At&he] FLIR#LMES] ¢cDNA library screenings ©l
%k cloning

2) Lactadherin A AW &3 2 FA A4
7H) B2 lactadherin A Al
) E7] A AL
3) DNA &4
7}) Southern blot
4) Lactadherin && 24 (F4d 2 F7F3)
7}) Northern blot
}) Western blot
H Immunocytochemistry
5) Lactadherin®] bioassay
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M 2 & = sy &

Al A =9 #ETey @38 2 AR

FARAG E] Aol E4 o] &Ha ' 71ES DNAL A vM 5, g%
< ©]&3} cloning, 1% I retrovirus vector systemd o]l =LA 37FA7F vk ol &
37FA] W FollA @ xg-8 o] &3 cloning Yle< JHY A9 7lE#E Wilmut
(1997)°% 28} embryonic celle] obd R &7 By §3x32 M Eo g nFH o
A} 2 Fste] Dollyehs 42 ghdA o ey A7 A HA2, 1 F
Cibelli 5(1998)2 otz A M) 3lg ol23fe] AFgHoz FolxE Aitsted A4
FatHdoh Htel M= U AENE L teamoll A= B Ao o]o] -2 cloningel
dEstdvh, 2y o] WHel o r g g ol A= Aar Yrk(Solter
and Gearhart, 1999).

1. Cloningel} €13 Wyen 7% 233 S|4 o
W ol gk Ad o] ol 7R dFEA £ vk 1 o] fE olF-E9 clone©]
EATANA FHAY AE5rt 28T Aty g H2ol dEeA 8 #t
2 9] cloningd Folx] F A  4ulglr} £ Al Baggde (Y. Kato
et al., 1998).

2. 39} reprogramming®} silent3t #-Adxte] HEZE BH DNA qate] 7HA], 1
g FGAaA e Fxo) ojud FE&FS mA =X digte] &l ol Aol flth

3. &Aool AAE Hapoll Ad4E AEe #(adult nucleus)el FUHUS o]l gt

245l g Fgats Ao Belel: obx 2 Aol girh

N
(0]

N
a
lo

v

i
o
o
o
o
_9‘_\5
il
i
)
2
lo,
2
Hi

g, DNA9] A& u A% WS Palmiter 5(1982)0] Hzxg 453 713 oez
7E2H A e dirie FPAP BB o wye] osideld, et @
A Al Bl 84 THF HE F AAde 9z

2 opA7bA HE Aol &g Aotk (Ebert et al, 1991; Wright et al, 1991;
Carver et al, 1993). =-We 35 AP T3 A74e o] FF =i} team¥t #5552
AF teame) A EALEIZ} Aol @ol HEHP oL S ulAFYT 945 DNA
b AAA el EAste 9AAE AHS ALPte seAe] wie opAsA
mMulg Agelt, AW wAFLe AG FAAS THF IE o glolA o

e

2
sh e Y oldte] AR e 2 AL aokEd T



1. 38 &4 2725A IR FH2 AolA A (exogenous gene trans
—fer system)2] F A

2. dEeEe 4% FAHGE Fd A8 FHoh, FAR Hol F ;G o
A2 913 g5 Oy RREER, qar A3 5

4, 5—23 9433 ARl =429 & (constitutive expression) .2 21k
o]l !

.
F oAb, w52 BFHA PA RBE(Vie

[0

o] A2FL Jaenisch 5ol 238 of
| Al retrovirus vectorol] 2j3+ Al

2

SR A8 =5
ol 19750 H a9l xlut otz k=] # olele] ZE
AL FEARE HuHA q R olf+ A TE2 embryonic
celldll Zrg Aol <38 retrovirus vector system?2] FAo] oy e B A=A E
71¥2] mouse amphotropic leukemia virus7} ©Fd Gibbon ape leukemia virus®

envelope o 2 A E retrovirus vector® o] &8t HEZ 4ol A F H

22 Aolalya LA o1 (Kim et al, 1993), ¥ o} vector virusE ‘ﬂ’:}ﬁ}b
celle A& AT et Fdsle] AT ASE E of FHAe] wdegs
H A3 Az (Kim and Park, 1995). 7F2 & Zo] 719¥ retrovirus vector

system©. 2% VSV (vesicular stomatitis virus) G glycoproteing 71&8 # ¢
leukemia virus envelope gene®. @ th A gt retrovirus vector system®] T+ (Burns
et al, 1993). ©] virus® =& tpeS-1 Zod A A, o] virusit pantropic = of 7

Z (Lin ef al., 1994) Z3tstd Ao RE BEMEE ZgAZd 4 Aisr &4, virus
o] 4= (infectivity)oll 93-S Fo] glol virus stockg 1,0008] o] 474 5= A
24 4 Ao Aok m@ErA o] virusE ol & BE oAFxE o] (Lin et al,

1994) 9-817F A@stazk ste A EE Fof $E AXd ds) d4d meHoeR
gene transfer’} 7} e Zeolth He 71 nHFHQ X3z Chan 5(1998)°]
VSV-G based retrovirus vector system22Z5FE A48 5% virusE metaphase
I Al 29 ujeAel a7 FAFsle] 100%9 transgenic & °}#] A AFSES
o} B AFHe F 2o o] 3 retrovirus vector system= A A

ol Lol HFEAEE dFoZ A8 U

\J‘,ﬁl

oz sk
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AAY Z4F A5 Gl Ao siAstelol @ bF AFE BAE AF
golvh, & AN BAAH Lo AVeIA A=sIA s A2 A,

kS
e
Z MII phase? "7+ @ ¢ ZEAoE o VSV-G based retrovirus vector system
o] tg
%

T

2

e

;
o

2 goemel FAAR HHS A=

Mol B 2 912 ARolr} B wixe EZo] yied B ArAe RS
based retrovirus vector system< % o] Ajabol Eumb ojugzh
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1. A 1 ARG @ =¥ VSV-G based retrovirus £ 98 v 9o
7o) F1ste] AAZ FHo 2o AL

B Ad3e) A8 2L 2uA A7 C57BL6 4ARF CBA/N £35S 112 ®
A2l &AM AMSE 4-553 9] hybrid F1 43S 33A4FZ ol&30) 485 E
AbSA el AL (o ASAZ 14X, &5 25T, §5 50% 2 235k, 19 EE
AT YAL ojgsly, FAAI HAASHA Fe& HYFEBAZHALAD, F)9}
B2 FAS g4t 2AL 15 @HH ngste, AMS cage(dF217], Fa)E
Germex(gr=ulold 3=)2 22T F fAxAA ALstd HEEE ASE A F

HzAe FA5Y

2) v fgaddd Y virus TH

65FHo FASEN pm 7001 PMSG 51U §4F 48A12F <l pm 7:00 ol hCG
E %o 39 hCGE FA93F 14-16A70A ) mouse oocytestMI)E 273 whyio
2 collectiondted CZB medium*ol A hyaluronidase® 718 oocyte® cumulus
cell& denude %1 ©& 1A% incubation A1Zlch o] Yzbell  RT-virus 9wl +
dilution medium 1g¢ (Iml PBS + polyblem 104)E @ 7%o] &1 A 3o EA
X AL 2 Fol tyix] £} AR ELE 08 oMlE Wl 1A 7H oocyte

£ incubation A Z t}.

3) A4, 2 v o}4 (embryo transfer)
CBA/N male 8-9 F3¢] FAAA uHE AAH PPz HAFH3H sperme 1
A ZE 308 7} incubation Al AT BSS Al7iE, FEfUsts sperme] & 100
gh-2009ro 2 Sk T & 24A7 § £HoRr s EESF A Ze w7
742 sjeFsivh Abdu] 2 aiwrEviel JdAE oY FHA HEARE

(GFP gene), X-gal staining (Laz gene) ¥ PCR(Neo

m
[}
5
e
e
s
=
ol
o
ki
1
Niid
fr
R
°



8 AQAA ) el 27t 51004 oz ol4stel Yag FEstel 4
42k sk

ey >

NEEEE BRI

e HE Hold Aol £ AU R TE oRE 4F 6-8F% A m
2] samples PCR : Southern, Northern, Western blots : X-gal staining, fluorescent
microscopy = o2 3o

1 A=

FHAow FAHNFT Lo A BgE, Lo nlgeATe Ful 9 MII phase ¥
FA T e] E=H viruse FAF 2o A& % MII phase Pl H T =AM
A darzrE AHGF dAE 18 AlzF F¢F maturation mediumel] Hf g F

cumulus cell& AAS L @7 FH% vector virusE injectiondth, MII
phase PlsFA el @ 7dol 249 virusd] FAME 99 FHo Ao #F2 HHoe=R
Gy

2y A sq/\z%

A& 7ol microinjecton©] B3 WA= 8 Al7F & maturation mediumdhel] Al g A
T kA 24A17F Fob wi gtk Aol Ed zygotem CRI + 10% FCS (Rosenkrans
et al., 1991, 1993) Hj k<l AH (10 embryos/50 pl)ollA 6-74 F<F vt 1 F

Aro] #ATE 9% fAAY WHLTE BAst=d AT AR FYTL o
fmo] 2ARE olAstr] ALE Y

3) FAT o4

Virus-producing cell®] injection® FA &2 CRl + 10% FCS dropolAl 6-74 1t
T, 84277 #H & Synchromzatlon a2 o] 2ol H A WHoR
Q0.
=

_30_



2. Al 1 3 %A : Human-milk lactadherin 43 E Aol @ WFAA7 =
retrovirus vector system®] 7%

7}. Packaging cell

ATl 430 AA FH 2o Aeke 9 E FH(unpublished) 293-GP+SVT cellS
packaging cell2 AM&&9 T Y@ packaging cell retrovirus® gag-pol F72=9}
AAEE virusE 2SS eneviope  protein SRS wEEc), @y
293-GP+SVT cell retrovirus® gag-pol 28131 SV40 T antigen A& 4335}
Il retrovirus®} envelope H¥ L = VSV-G protein S8 A= @332 gtong
A3t olulo M pre-packaging celle]&m 23 4 Ar}. 203-GP+SVT  celldl
VSV-G #AAZ FAAFIA &AF & olft VSV-G #Fxxe @3 o] cytotoxic
b7l Wi &oltt (Burns et al, 1993, Yee et al., 1994).

1}. Retrovirus—producing cell

Retrovirus® A34HstE A E{retrovirus—-producing cel)¥= packaging cell®
retrovirus vectorg® E T EZHA wEAY. Retrovirus vector®] packaging cellol] 2
= W2 infectiong ol &3k WY transfectiond ©]&dE ol e
infections o] &3t+= Wryle]l AN titer7} L A7 HuHw vt (Hwang and
Gilboa, 1984). 293-GP+SVT cell2 2 H retrovirus—producing cell® ©r=3= WS A
et o5y 2o
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Retrovirus vector DNA

l Transfection

PG13 packaging cell
(Miller et al., 1991)

i

The virus is enveloped by retrovirus

envelope protein. Concentration is not

efficient.
Infection — VSV-G -
!
v CMV VSV-G gene
promoter expression vector DNA

(Yee et al., 1994)

203-GP + SVT cell

A

The virus is enveloped by VSV-G

protein. Concentration is very efficient.
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}. Retrovirus vector? construction

2) A pLNCZ vector®lA4] CMV promoterE whey acidic protein promoter® 3|2
3t vector (pLNWZ)E construction®t ©-3, pLNCZ2} pLNBZe} &7 zHzb virusE %+
ol MCF (Fl9o f9AxZ) MAC-T (&9 F¥AMZYE ZgAzith ZF vectorol
& MCFeF MZC-T cellol A ¢] LacZ marker gene®] WdAEZ o= promoter?}t
A EZ A HEe] JH F27HE ZASAH.

3) 71 232 EU® pLNCZ, pLNBZ —1gli pLNWZ ZFdlAl 7} 438 vectord]
LacZ gene$ human lactadherin gene®. E X &3t vector® THE9] ©] vectorg 33

Ag #Heb 2ol Aako] ol &ttt

7}. Retrovirus vector &M 9] ¥ =

Virus®E A4kstes A EZzRe £33 vddS Beckman SW4l rotorg o] 83}
4°Coll A 50,000 g (25000 rpm)E 90F FoF AR FFHH virus pellets A

£ volumed ¢t 1% A =9 TNEW 0.1X Hank's balanced solution & A #j
okl o2 4°Cell A overnight resuspension3tth. F3% virus £ 9 0.22um-pore
size filter® o]-838la] E## cell debris® A7 sod. FFo] #d vector A

=70°Cell H3t s

ul. Retrovirus vector system® A 538}2 <otg A (biosafety)?l 3=A}

RetrovirusE A4tste AXE FolM olF @& HITR 3749 retrovirusE %=
= DNA (gag-pol, retrovirus vector DNA, VSV-G glycoproteing codingsts DNA)
7} Homologous recombination3ted replication competent® retrovirus& A48 +%
2t} Replication competent3dt retrovirus® Ak 75 FAstr] fsiA B A%
7F oln] ZF#g whH(Kim et al, 1993)¢] w#k RT assay®t second infection testE
st
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3. Al 2 %534 : Human lactadherin 3829} cloning 2 d¢d &4

7}. Lactadherin® # A

EFE 94 Egste AR5 st A7le AW Ryl 2ufel s
3= Tris bufferst 1% Triton-X 1002 H7bste] A 23] wdkste F3ch thA]
AAEEE HAS] ARE AAT T Gel filtrations AAs] oF 50K H=
9] fractiong H#3gGrtt 2 }& ion exchange chromatography& 4138+ &
A7 fractions AEste] HPLCE AAstch 319 fractiond] diste] thr
ammonium sulphate precipitation, gel filtration, DEAE chromatography %<}
Hoz ZAE dAAleta 7k dAr ot SDS-PAGEZ 1 &£%& &tk
v, shA] AL

AAE dd gelyl Freund's complete adjuvant® #2 de=z & I3
5 ouie]e] E7le] 02 mgel DHEe] FYUHES T&F FASHL, 25 Fole 2
< o w oo FALGE el oF 20%E FAFgHY dA2 FAL A =2 5 T
A0 2 5ml& AddA AFSFAT A7IA e FAE Western blot 5 A

2 o] §8h: lactadherin®] ZE 9@ BMY Ao BAo] AH§ER

}. Primer (20 base) ¥ Probe A Z

Primer= lactadherin®] o}¥7] =4} sequence® 714 2T H& XA 3 oS Mixed-
oligomer’} H =% AP o7 FHF3o] A &3ttt o] primer set9t # 2] RNAE
E3sted RT-PCRE A A18te] DNAE F3% 4171531 o]721 & thA] cloningsted probeE
LA F71A DojH = prober Southern®} Northern blotoll ©] 83491tk

2}, mRNA ¢ 2 cDNA cloning

1zrel {21 Cell line2 257 ¥ mRNA ¥ kitS °]-83le] mRNAE #3337
Aoz A7 §4 mRNAZE F+9Y3 thg Mixed primerE 483 RT-PCR
1838l ¢cDNAE 53 }8 SDS-PAGEE 2 Alsta ofalx= A7|e W=
Zebx pGEM-T (Promega Co.)°l cloning 3 %, E. Colid]l #o] AlZI¥ uj%k
3 PlasmidE £ AHA &) =83 <ol Lactadherin %% cDNA Insert&
g1 st Tl o) Insert™ Retroviral vectorol A4 =jol @& vector® YHEUTH

o

do S g o £

v}, Library Screening
Phage® WrEolzx 27rel §4 cDNA LibraryE AQA o2 F1%e HoA
3-

YFE ol probes ©}E€35}9] screeningg A AL o)} A4S HAE -4 4 HE
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o] sl f3te E 719l cloneg LAtk o] WHIH RT-PCRel &%k cloning€
full size cDNA cloneg 7] 93l Basto] HAAstn GEandste] 2x4E 3
Aok

1}, Northern Blot

FAZ=E HA2EEH "ozl Hstel 2mgel  sodium  pentobarbital &
intraperitoneal(IP) FAFSFY 4Hx F4e &% oA oF 100mge FHx249=
At (Yom, 1991). ©+2 23272 X Al# 9] sodium pentobarbital-s FAFgH3-
st s BElE 232 AAA L FHA] ESIL -80Te| HIAES
t}7} Teflon ZAEH 712 o) L35t B3t E9 . 2 total RNAT Chomcezynski
5(1987)9] single step F8lHo® E 31, Amersham Co.2 Hybridization %5
o wzt 1% Agarose gelS denaturedt FAdFelA A Ei Hybond-N
membrane-2 AF£3to] transferd g, 42ColA Hybridization® 2 A&t
71e} AF&-= = probet™ nick translationd—oﬁ ALl T (Yom, 1991).

AbFH el F

#Ho ZFHFT D(Yom, 1991)0] H st whyie] ofste] A Alstaivt. H
o |7E 4AzF A A 712 1.5mg®l sedium pentobarbital & IP FAFSFL 104
Tof 05 Ug oxytocing G} IP FAYsA T, 1% ZE PZo A7
7172 Eppendorf tubeol] 442 #5E2 WHzdol 7l 2F [/
MA D 0.5-1.0 ml 7FEo] ok

o}. Western Blot
Aol A Jactadhering X FHeh
fractiono] Yom 5(1992)94 %‘*%‘Ei EJJ]/} z} A e} kel 2z ShA|E
NBT-BCIP %2 ARE3l3]ch

£
S
02
o}
o
H
o,
=
S
=8
o
g
=
o
1721
o]
o
o
B
o
w1
[
il
L
0‘9
o
_“ f‘

#}. Southern Blot

Z2 0 ZRE genomic DNAZ protenase K& A ¥ 2 B8 AASIa, Agras
Z Ad® GS(EcoR I, Hind II), 1% gelZ #2]3 ¥ Hybond-N (Amersham
Co)g ©ol&siel Hdelalzl g8 Ax3AHAmersham)®] el o2k nick-
translate® DNA probe® 62Col 4 12417F E<F hybridizationd 3 Fof &2

L
stringency & wash3d} il autoradiography 2 2 Al sHF o}
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Z}. Immunocytochemistry

UHE FAHAFF L Acetaldehydeol 213led fixation®] H 3, epoxy &2l plastic
s

otoll LA E I, microtomeo 3] 7t AW oz AHR & {3 EFol= ¢
of oz WAEAHG o)Ll Polak 5(1983)0] HAISF vl oz AXo FTF
£ gAdv|deos EAstsin.

N
v

. Lactadherin®] bioassay
o mikE Estol E8lg AlH 9] lactadherin®] rotavirus? FAlo] w X &= Gk
-3 o] H7Et vk MA104 Al E (rotavirus host cell)Z& microplated] F2HA]
%, rotavirus®} recombinant mouse milkE ¥ o AXE g FH. 1 F
g #AES A MAL04 M Zol dis) YA 8 staining S HAF o
ul G stoll A ARR-E ol 1 AaE B sdrt (Perez et al, 1999).

A o
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2 sl
B AFE 9ste] FAATLAMUAAE FHAA FF I retrovirus vector system 7
Ad Azt Al o o2 Fo # A A A #ey
FZ AFsHen, FEALAAIES)E FHAA FHep xx, LR FEAE,
retrovirus vector system®] i 2 AHErE system] AEEA HAHAY AN & /A
Az #E Aol AT #Aee] FZ AFsglor FEIAFAAE )=
human lactaherin gene®] cloning® ©] gene®] Al % w3 FAo] g LA <
ATE AFHsAh FriAel A A A FEAFAT g %—@x}% Xﬂﬁé}oﬂ
FHAFAAA AFEFon, FRAFARE AFLe FEAE 4

WE At Agstglon, o A ggat g

5% ¥ VSV-G based retrovirus £ 4% mA T 3o F9lsto] 32
A FoF Ao A (A1ASN-3FA)

oft
&

7}. Retrovirus £ 98 v Aol &7 ¢ 7IHS HAAd3 Ao ALk
T8 "HERZ uvodaNEHE AsdAy AW
© 2 human lactahering 5o+l EH|ste A
T 72 AT EA FH drte] @A HEZ vfojy M

2 gEe
A F ASlFAL AAsE FPoR FHDWAA e FRAA] w
77k %
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Table 1. Expression of EGFP in blastocysts after microinjection of retroviral

vector into perivitelline space of mouse matured oocytes

No. of No. (%) of No. (%) of No. (26) of
oocytes embryos cleaved blastocysts GFP expressed
IVF 295 238 (80.6)° 129 (54.2) 0
GFP injection 188 94 (50.0)° 47 (50.0) 3 (6.3)

* IVF ! in vitro fertilization, GFP injection : microinjection of EGFP retroviral
vector into privitelline space of mouse oocytes after removal of cumulus cells.
avs b =P <005

o

—

EGFP retroviral vectors #ajgto] fxd Wzt f@ddd £ ¥ AYg+H4
S FEIE AL JESy Wiy 928 }3F A3} retroviral vector® T &
A &3 A FAHS HAS gz A 806%<e WAyl BEER on olE WA
< b4.2%7F WiRtE= o H

oHoz A B

‘T“

PN
™~
]

E
c 29 a4 A

3
a3 PR A oA FES A} ol wiNtETY] ulF 6.3%9 g Tl A
A : HEE o M2l EGFP 2382 Fig. 1014 Eevkst
ol w4 el W@Poz FAHYT ol AAEL HE=Zvo|s AHE W
g3t 71l o8] dAE wigizE el whdo] Jhgst
o] 8¢ HAFFH AF FAHTL Aol e vEd
2 WEE olfste] dxe] g@FFoE FUT
FaEe] e qu]’*]% + A Bremel(1998)2] A+t FAFSE A3

o
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Fig. 1. Representative microscopic image of blastocyst stage embryo that was
subjected to the perivitelline space microinjection of EGFP retroviral
vector. A: Light stereomicroscopic image. B: Fluorescent image under the
EGFP excitation light.

4

sty 1@ E A Ao A F=3% human lactaherin F#AE #Ho]Al7]= retrovirus=
AF AT AU FAFH F I dEs o5 BTl A HivtEE
12z} 51.8, 54.1%°] 9 3L, retrovirus® FYskA &L o A A ¢F
23 o] EETo|A ujutr e wage ztzt 810, 56.3% 2 TAHEANA = A0lE
BEA g JojAE Aeolrt le e vERT (Table 2).

i
o
r
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Table 2. In vitro development of embryos after microinjection of retroviral vector

into perivitelline space of mouse matured oocytes

No. of No. (%) of No. (%) of
Treatment*
oocytes embryos cleaved blastocysts
IVE 158 128 (81.0)" 72 (56.3)
human lactaherin ‘
417 216 (51.8)° 117 (54.1)

gene injection

* IVF : in vitro fertilization, human lactaherin gene injection @ microinjection of
human lactaherin retroviral vector into privitelline space of mouse oocytes after
removal of cumulus cells.

avs b =P <0.05.

A A3 2 human lactaherin retroviral vector® H‘%‘f@ o
1A)5he] A A RS Ao SRt Mg + £
Awate] 40472 dlgl 5o wWael oldsigiom) AAbE AA
o] &3t Y FAA =gl 2AEIAY. BT 49mkee] Akabzl B
olwto ™ (Table 3), o1& A& & g wiglol A g FdAe] = :
t}, ©] & human lactaherin %24 Flg 201%1 B Evkel o] P
2] ]
s F

@

i

H AR
o= O]PO%Z/J\”E’E 3@“?1%} ‘F?}ﬁ‘;}. PCRZ #2135 Zy siviglo]A  human
lactaherin Fd2te] EA7F Fl= At ol g A= o KA =€ AER
vpole 2~ & habe] fl@bell wAlF gt Wyl ofs) HAS £ Aokl A¥

g+ Anthony S(1998)2] 2 3o g% o}
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Table 3. Transfer of mouse embryos injected to transfection of human lactaherin

gene
o No. of No.(%6) of
No. of embryos No. of recipients ) ] .
offspring integration
Control 120 10 32 0(0)
human
. 341 40 49 1(2)
lactaherin

Fig 2. PCR analysis of mouse offspring. P: PA317-LNBEGFP N ! negative
control. Lanes 1-9 mouse offsprings 9 heads genomic DNA (EGFP 386 bp
arrowhead), and M: 100 bp molecular weight marker



<4386 bp

Fig 3. PCR analysis of mouse offspring. P : PA317-LNBEGFP N : negative
control. Lanes 1-5 different organs from offspring (EGFP 386 bp
arrowhead, 1 : oviduct, 2 : kidney, 3 : spleen, 4 : tail, 5 : small intestine),

and M: 100 bp molecular weight marker

;. Retrovirus £ 22 m|FAHee] a7 4 71H& &

&

JRAY 29 A4

Retrovirus& ©] &3 FA A3 S22 Aiastesd oA HHo =xe Fys]
$18+e lactadherin F-HAE o] &3 Y@ retroviral vector?] FYol EAM I
7} retrovirusE o83 FA WG FE Ad] oA
7b Z=qe Qa3 Fhlel 2RI ety FIle] ¥R, retroviral vector®
transduction efficiencyE ol Wyl dish dal Ad+E& A3

o 29 uALdAE 25 mM NaHCO3, 109% FBS, 0.2 mM pyruvate, 5 pg/mé
FSH, 1 pg/ml estradiol-17p 28] 25 pug/ml gentamycine ©] #7tg TCM-199
(Gibco, Grand Island, NY)olA 1604 24A17FEeH vt 5 ZF AIOPER
retrovirus® microinjectiong 2 A8t At} 1% 5AIE O] A5 H S AASte]
2gg Blustgr}t. olAe YAy FYH retrovirus7t FAALE L] ofd DNAR

=
AR EH =39 genomed integration 2 F UAEZE A7FHQ

N
2
2
N
N

o)A} A 2 retrovirus® Y

o] oFE& F7] Hgolth
2 AT zZbzbel AFgelA BEILE FoA7E o, wWExre HEed 16,
18, 20A17Fel AL F retrovirusE FLIT ATolA =L ETEes BAG
(Table 4). °]A& AH}ZFE FF3te] EATFNAME 18AEN AAHE AT
= retroviruse @ ol F£9sta HA1ZHY] integration AU S FiE AoE AREZ
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Table 4. Effect of maturation time on in vitro developmental rate following

perivitelline injection using retroviral vector

. . No. of MII oocytes No. (%) of cleaved No. (%) of
Maturation time (hr) .

injected oocytes blastocysts

16 122 69 (56.5) 15 (21.7)%

18 131 80 (61.0) 17 (21.2)°

20 218 127 (58.2) 24 (18.8)°

22 201 125 (62.1) 14 (11.2)°

24 224 128 (57.1) 16 (12.5)°

2% Different superscripts within same column were significantly different (P<0.05).

=zJ

0

Retroviral vectorE FU& ol &2 titer® vector stocke A< Algdolth o]
2 mleABe] YaFe] wls Py wWieln A Adviad G AL s
7 GAE wias2ag wxel mv], Egdie] FAe AE, AMEEe UE a8
Aol Z7lA 4RI ZolE HAth uwepA f@e] FEA Aok uFof
| &
o

P

Y

|

'

retrovirus stock& & § Abstoln o]o] E el A= sucrose
2 Aoz gaguge FEI Fe FREY]) s HA sucrose HE FE
A 3

=
Tl AT ATE AIRAT. 3 ATELL ANAA BE AZTA 2
ol

—[o b m\m i
ko
) 1'
2
Gl
v
9
)
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Table 5. Effect of sucrose treatment on in vitro development of bovine oocytes

and integration rate of GFP gene in blastocysts

No. of embryos developed to  Ngo. of blastocysts

Treatment No. of oocytes .
9-cell (%) Blastocyst (%) gene-integrated (%6)
Control 240 139 (57.9) 25 (17.9) 1 @?
0.5% Sucrose 200 122 (61) 23 (188) 6 (26)°
19 Sucrose 200 119 (59.5) 24 (20.1) 7 (29.1)°
29 Sucrose 190 108 (56.8) 21 (19.4) 5 (23.8)°
3% Sucrose 220 128 (58.1) 22 (17.1) 7 (31.8)°

b Different superscripts within same column were significantly different (P<0.05).

VSV-G ¢ #<9<L viral envelope®l glycoprotein® A|3E9te] phospholipid’d & 2]
Ago] 28l o] F R} X F7tA el Bile] up= polybrene retroviruse} &5 Al
= o] LAHsE FIAZP O ZA transductionS FEFE Aoz AdHA
¢ & polybrenedt retrovirus® FAlo] @3z FdTdozH 7+
He gyt uA sk 2 A% 05, 5 pg/mie] polybrenes H7HE
#2391 polybrenes #H7bstA e d ¥ E Xold Rolx] FSA
2k 50 pg/mfel polybrenes H#E I T+ xR I HlwA] FoFoz v uplgs
S B 2@y F731 49 integration®& & polybrene2 A3t TellA Hoh H& X
&2 HolEe Fes Ve (Table 6).
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Table 6. Effect of polybrene treatment on in vitro development of

and integration rate of GFP gene in blastocysts

bovine oocytes

No. (%) of
Polybrene No. of oocytes No. of embryvos developed to ‘ O _
. integration n
(p£8/me) examined 2-cell (%)  Blastocyst (%) blastocysts
0 180 110 (61.1)* 25 (22.7)° 3 (12)*
05 180 107 (59.4)" 21 (19.6)* 7 (33)°
5 180 112 (62.2)" 21 (18.7)° 8 (38)°
50 180 67 (37.2)° 5 (7.4)° 2 (40)°

Different superscripts within same column were significantly different (P<0.05).

Ao AS Aol AgE dAE AMgrAge A 725%9 BEES Eow,
olE BT T 229%7F wiwrEz 2ekstgoh. 3 EGFP retroviral vector® @
2ol e F A A Tl 3)\ Ao Rage 592%%aL, olE HEEd
F btz ol W82 184%%Ar)h & ol e Fgde] tha vk

2 5 o

s} fol
= AA
Ak, iR R ol W g FolA7gl AT (Table 4). =3 ©o]& HiREE
A 2t

& T3 EGFP faxel dAl EEFE FARRE 23, EGFP
T4 F AYFEE AT kel 30.4%0°04 EGFP

_,
0
o}
=
Q
2
-
&,
<
(@]
(@}
o]
@]
o
o
o
9 K
o
2

kel Esiel o] Z wlubEe] ge]A el EGFPi Fig. 4014 Hiwieh 2

°] PCR 418 &3 386 bpollAl = &A7F 1= S
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Table 7. Integration of EGFP into blastocysts developed from embryos after
microinjection of retroviral vector into perivitelline space of bovine

matured oocytes

No. of No. (%) of No. (95) of No. (%) of
Treatment .
oocytes embryos cleaved blastocysts EGFEP integreted
Control 612 444 (725)% 99 (22.2) 0 (0
EGFP injection 633 375 (59.2)° 69 (18.4) 21 (30.4)

* Control : in vitro fertilization, EGFP injection : microinjection of EGFP retroviral
vector into privitelline space of mouse ococytes after removal of cumulus cells.
avsb=P <005

4386 bp

Fig. 4. PCR analysis of in vitro produced bovine embryos after microinjection of
retroviral vector into perivitelline space. Lanes 1-10 perivitelline space
injected single blastocyst (EGFP 386 bp arrowhead). M: 100 bp molecular

size marker. P : positive control. N : negative control.
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s dETE AL A 18AZF T A=Al F, oA 1@ S HAAAAN FET
human lactahedrin -+ A7} 3% retroviral vectors 91&7 ol F4g F A9
TAA% A3 733%Y £EES HYow, ol FgE F 224%7F v EE TEEt
o}, 3 retroviral vectorE Y@ TR ¥ AgFA S AAG Tl 9ol A
o] BIE&& 578%NI, olE BT F muixza el BEE S 183%JrE EEE

' S, Wz E e wagdEs f937 9

QojdE f@R FQEe] o
_Yé___

ZA}sk 23 human lactahedrin retroviral vectorS @7

S Ao 285% 9 A human lactahedrin 532 Z<gle] 215
At ol widbE ] ¢lejA 9] human lactahedrin 7 2= Fig. 594 R Eule) o]
PCR #41& &3] 386 bpoll A =2 a7} &=t}

Table 8. Integration of human lactahedrin into blastocysts developed from embryos

after microinjection of retroviral vector into perivitelline space of bovine

matured oocytes

No. (%%) of No. (%6) of
h Q,
Treatment No. of embryos No. (%) of human lactahedrin
oocytes ’ blastocysts
cleaved gene integreted
Control 765 561 (73.3) 126 (22.4) 0 O
human
lactahedrin 990 573 (57.8) 105 (18.3) 30 (28.5)
injection

x* Control © in vitro fertilization, human lactaherin gene injection @ microinjection of
human lactaherin retroviral vector into privitelline space of mouse oocytes after

removal of cumulus cells.
avs b =P < 0.05
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4386 bp

Fig. 5. PCR analysis of in vitro produced bovine embryos after microinjection of
retroviral vector into perivitelline space. Lanes 1-9 perivitelline space
injected single blastocyst (lactahedrin 386 bp arrowhead). M : 100 bp
molecular size marker. P : positive control. N : negative control.

= d7E Az EATATE Ao A3 REdoEn BAFHS AY
2 ol gell B AA FTA AR FEIF FA EBAFAT g a7 5
8o Ao HEA A& = Qe BAFADL FA JEd J12E e mu
BEA YHoZ FAHAY Ao Mo o] 2sturt HAFHH

nds GESFE Ao AHAZ Human lactaherin & A7t A==

_‘?’_
retroviral vectorg @7l Fg & AYJFAH S AAsn Mg 453 23
iﬂﬂ TAEL 596%°IN o wjutEbx] o] weEg e 193% ATt o2 A ANE 3
< iR o8] EM-griddgos FAsIFon ol4A 2443 He #AE
"195} A S AT T PJogRre YELS gk A 75.0%° AELES YE
WA T (Table 5). o] Add= & Wiz s = 5 st S o 79%7F AE
B}, 59%7F 31 wiwtx 712 wgstgdla B adk Vajta S(1996)2 A7 B9}
FrAbsle, o]t A3 HAHME BAE Qas=d o] Bu §&Hog olew

T e AbEE
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Table 9. Survival rates of bovine blastocysts after freezing/thawing.

No. (%) Freezing/
No. of f No. (%6) No. (96) of } .
©- 0 © o 0 - 7ol o Freezing Thawing Thawing
oocytes embryos of 8-cell blastocysts
cleaved (%)
551 305 (59.6) 108 (35.4) 59 (19.3) 28 21 75

qEiRg Adsr] 9t FZ@AA FAE] FAZE EAGH AA71Y ol
= % 155 ¢} vl ALY 1352 F 283FE 1A Addsly 23 F71E
] 71 & A0 A o 2 2ge AH 58 %o AFHew
oA HE3I YR 18FE HF ABRstd Al AF7Y 10-13L] THA
1318 frlstodA] A $£38& o4 sttt Human lactadherin 7
S CRF+10% FCS dropol A 6-7¢ 3t ujkst & 3 3 wjgkz7]s)
2 FASFIGI FA4F ol 24AL A §Eiste] AMAAH wviEE
2 FFsle vlejaxe wgoz oAt AT
Aol gigRe] & AFze] FAE 1 ol A3ttt F
215t A 504 Z el 55N 4le] HA T 135
%!

I
o A44NE B GNE B % fatd

N

o
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3tk (Table

Table 10. Embryo transfer of bovine embryo produced by microinjection of

retroviral vector into perivitelline space

i No. of
No. of embryvos No. of No. (96} of ) .
. No. of offspnng fransgenic
transferred recipients pregnancy }
. offspring
36 18 5 (2771 0 0
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2. Human-milk lactadherin 3 AE #o] @ WEHAJ|= retrovirus vector
system®] % (A1g53A)

B A= AAG T2 §M2A HTAA d AR Ry addoew @
HE =2 design® retrovirus vector® FEHslmxt ALFzHom dHEHEE o] THA
promoter & Wdo] 7} 93 promoter® A ¥ VSV-G based retrovirus
vector producing cell line®] FZ3} o] retrovirus system2 ©]-83% Ltd 342
olo] ATE FyaPgon, o AAE ulE O retrovirus vectorg Atk
producing cells F&a 3 E Al o]#]dt system® bio-safety HAIE HAISI 2, 1
o}7} B AFAEe AyE Axrioa] el WAP promotere] LA o2 &
AADS A7) Y8 PR vector system® ALE7] Y FAFAA

7}. Retrovirus vector®] +=

1) Marker gene W& vector®] 5

LacZ §RAA 28 vectors A 718 28 AH4531 i promoter?l B-actin
promoter®t CMV (cytomegalovirus) promoter®] 3° 9X|dl E. coli LacZ gene&
marker gene®. 2 T 3dtelA] pLNPZet pLNCZ retroviral vectorE A& 333t .ov
(Fig. 1 EGFP %22 =& vector:s pEGFP-NI (Clontech, USA)% eGFP
(enhanced Green Fluorescent Protein) fragment® HindII 9} Notl o2 AHesr 3
o] fragmentZ pLNBZel E coli LacZ genes A 73 x4 cloningdttt (Fig. D).
A =3 H pLNPeGFPE P-actin promoter®] %% &lo] eGFP gene?] &d o] o] Foix
t}. CMV promoterd] 3° $1xl4] eGFP fragment® AZ¢stE #AE Axbel pLNBZ
Al pLNCZE o]&sle BU3 &A= olFojzt o] vectori= CMV promoter
o] 2]sla] eGFP gene? ¥3dlo] 2dHE= FZolt} (Fig. 1.
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S ——
I LTR‘H MNeo B-actin LacZ >—‘ LTR
Hindii Sait
DLNCZ
S —
l LTR H Neo CMV LacZ ——-I LTR
HindEll Sal |
pLNBeGFP
—
; LTR H Neo B-actin eGFP LTR
Hindii Sal I/Not |
pLNCeGFP
AR
l LTR H Neo ChMV eGFP —[ LTR
Hindtl Cila I/Not |

Fig. 1 Structures of retrovirus vectors. LTR, long terminal repeat ; Neo, G418
resistant gene ; B-actin, rat B-actin promoter ; CMV, cyvtomegalovirus
promoter ; LacZ, E. coli LacZ gene ; eGFP, enhanced Green Fluorescent

Protein gene. Length of each sequence is not drawn to scale.

2) Virus producing cell line®] *+Z% 3} retroviruse] A4k

A dAN A AERET 7] retroviral vector® PA3179 transient transfection
3t virusgE THE ¥ o] virus7l & E vt L PGI3e #@EAZ e 5 pg/mle
polybrened A7Fstth. G418 (800 wg/mb)e] Hrte AP EHoz 257 AAslo
Atobd2 PG13 colony @l pools wi%d £ o]E AEX2Z2HE £33 virus stocks
2 AY oA %% packaging cell lines! 293mGPHy (Kim et al., 2001)°] <Al
7 G418 (600 pg/m)o] H7td ddgdom 233 Hddstgdnt. zZhzie] M3 Neo
(G418 resistant) 293mGPHy-LNBZ, 293mGPHy-LNCZ, 293mGPHy-LNBeGFP,

290mGPHy - LNCeGIPo]  calcium  phosphat W oz 20 pgel pHCOMV-GE

transfectionsto] 37T, 5% CO: FZANA 8A1ZE wllok F A sidg oz ZolFnt.

48A ko] A et ¥ retrovirus® E¥E WldAE A

il
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3) Viruse] 53 EAAEZ T

=83 virus stock® 4ColA 16,700 rpm o= 90EXF vertical rotor (Beckman
0TS ol&3led HAAEHE sch AEds A3 AAST F AL
DMEM/FBSE #A7Fste] 4TolA 16412 #AF F AFHedh.  F5H virus
stocke 0.45 im pore-sized] cellulose acetate filterZ ©]&3ted o3gk & -70Co] 2
#3lgth.  Virus9 titer® %37 98t & Ak F ol virus stocks EBTr
(embryonic bovine trachea)el ZrgA# . LNBZ$ LNCZ virusE #HEA1Z EBTr
AEE 247 AFH F A EE gplitdle] X-gal stainings HAAISAYV 34 A=
G418°) H7tE Muulgd oz ZolFe} Neo' colony forming unit per milliliter
(CFU/m)E =439}, LNPeGFPS} LNCeGFPE slide glass gl 24413 wi<F
% gBHAu A o2 GFPY wdg BE3AYL EE Neo® colony forming unit per
milliliter (CFU/m8)& A3

a

4) &¥o] 7+ 4% promotere] Ad

A TANA A" 629 virus vector® target celle ZFEAIAA Hde] A
243 promoter® Aestazt stgdtt z2tzhe] virusol disle] titers: AT 23
Ecoli LacZ gene® eGFP gene =5 CMV promoter® Z2 3holl fJxgt 3o H]
3] B-actin promoterolA] I wEe ALy FEF HAew YEPOLEZ f-actin

promoterE A& dle] & A3 o] g3l 2 FATE (Table 1).

..52...



Table 1. Titer comparisons of the retroviruses produced from 293mGPHy/VSV-G

packaging cell lines

Virus Neo" CFU/me* LacZ™ TU/me" GFP' TU/m*
vector 1 x 1000 x 1 x 1000 x 1 x 1000 x
LNBZ 61 % 10° 87 x 100 23 x 10° 31 x 10
ILNCZ 64 x 10" 15x 10" 25 x 10° 85 x 10°
LNBeGFP 29 x 10° 30 x 10° N/A® N/A
LNCeGFP 1.0 x 10° 1.0 x 10® N/A N/A

Titer of the viruses produced from 293mGPHy/VSV-G packaging cell lines

*Neo" CFU/m¢ refers to G418 resistant colony forming unit per mf. "LacZ' TU/mé
refers to LacZ transforming unit per mé. ‘GFP" TU/mé refers to GFP transforming
unit per me. “N/A ; not applicable, because GFP™ TU/m¢ was not numerically

measured due to technical difficulties using by epifluorescence microscopy.

.

7 Bolxow wWiEE WAP (whey acidic protein) promoters ©]&£3%t Ltd

A= BE vectore] N

do N

1) WAP promoter F+7# 2] cloning

pPhEPO-WAP (73] 71 A3 ¥AL7E A 3ol A 24 Kbe] WAP promoter& EcoR
I 4 HindllZ A3 3 pINCXZS BamHI 3 HindlIZ AHZsld AAHE CMV
promoter®] 9]¢l cloningdte] pLNWXE =383tk WAP promotere] &4 slof
E. coli LacZ gene marker genel 2 A}83}7] 938lod, pLNBZ¢ LacZ fragmente
Hindl ¢} Sall o2 F23 F, o]E pLNWX<E Hindli¢t Clal #1A 9 cloning3dt<
pINWZZ AQzE3ta o (Fig. 2). = o2 marker gene€! eGFP genes pEGFP-N
9] eGFPE Hindll$ Notl o2 Awsle] pLNWXe| Hindll% Clal €149l
cloningst it} (Fig. 3).
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pGEM-117f phEPO—WAP
—i

———{ _lacZ }-—— WAP (2.4 Kb}
e N

FeoR | BamHl Notl Hind il EcoR | Age |
PLNCX bGEM-WAP
e
LTR NEQO CMV |l LTR WAFR (2.4 Kb}
BamHi Hindli  Clal EcoR | Asc I/Nett  Hind ili
pLNWX (8.2 kb pLNBZ
R — ——
LTR NEC WAP 14 UTR LTR = NEOC | B-actin LacZ < LIR
BamH IJEcoR | Hingll  Clal Hinghl call
LTR |4 NEO WAF LacZ L L LTR
Hindli sall/Cla |

pLNWZ (11.4 Kb)

Fig. 2. Structures of retrovirus vectors. LTR, long terminal repeat ; Neo, G418
resistant gene; WAP, mouse whey acidic protein promoter ; LacZ, E. coli
LacZ gene. The pLNWZ was constructed by inserting the multi cloning
sites of the pLWX with LacZ fragment derived from pLNBZ.
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pLNWX

PEGFP-N1
— ———e—p
ITR Neo WAP . I TR CMV - eGFP SV40
Blunt Hin Clal HindId Notf
iLTR Neo WAP e(GFP — LTR
Hindlll Blunt

pLNWeGFP (9.0 Kb)

Fig. 3. Structures of retrovirus vectors. LTR, long terminal repeat ; Neo, G418
resistant gene ; WAP, mouse whey acidic protein promoter ; GFP,
enhanced Green Fluorescent Protein gene. The pLNWeGFP was constructed
by inserting the multi cloning sites of the pLWX with GFP fragment
derived from 780 bp Hind HI- Not I fragment of pEGFP-N1 purchased
from Clontech.

2) Lactadherin &2 24 vectors] 7§

B-actin promoter ZA &tol lactadherin A xS HEIEE = pLNBLide=
pGEM-Ltd2] 15 Kb Ltd fragmentZ& HindlI ¢} Sall 22 Z&bo] pLNBzZel E. coli
LacZ gene $1F ] A4ste] cloningdtsd (Fig. 4). Y3 Ltd fragments
pPLNWX<2| WAP promoter®] downstreamol £ A5t Hindll < Clal ¢ X<l cloning
3t pLNWLtdE F=39 0 (Fig. 5). M2 #AFZFHE recombinant vectorg-2

Qiagen maxiprep kit& ©}-§3to] % B3 5 oh& Ao AHgsarh
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ptNBZ pGEM -Ltd

— — >
(TR | NEO |B-act] lecz | LR 7 Ltd (1.5 Kb) \_
Hindlll Sal Hindil Sall
—
LTR Neo B-actin Ltd — LTR
Hindil Sal

pLN BLtd (7.6 kb)

Fig. 4. Structures of retrovirus vectors. L TR, long terminal repeat; Neo, G418
resistant gene; P-actin, rat p-actin promoter; Ltd, human
Lactadherin gene. The pLNPLtd was constructed by replacing the LacZ
gene fragment of the pLNBZ with Ltd fragment derived from pGEM-Ltd
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pLNWX pGEM-Ltd (4.7 Kb)

e —_—
TR NEC WAP L LTA —7 Lid (1.5 Kb) R——
BamH {/EcoR | Hindlil  Clal Hindill Saif
>
LTR NEG WAP Lid L1 LTR
Hindi Clg 1/8al 1

pLNWLtd (9.7 Kb)

Fig. 5. Structures of retrovirus vectors. LTR, long terminal repeat ; Neo, G418
resistant gene ; WAP, mouse whey acidic protein promoter ; Ltd, human
Lactadherin gene. The pLNWLtd was constructed by inserting the multi
cloning sites of the pLWX with Ltd fragment derived from pGEM-Ltd.

T} Human Lactadhering- A 4F&}li= VSV-G based Retrovirus Vector Producing Cell
o A

1) Retrovirus vector® 44+él+ producing cell®] T+5

Transfection®]Y virusE ol &3t 5o FAAESH FHoR Hdojd 2 &
AAe]l TEAUA AL =&HHQ a3 RAe] AEA dE@e E4AE FEE
S Hd B9 ot ei(Vize 5, 1988; Ebert %, 1988), ®f wWete| = A zbst g3ks v
Ae RAom Biso] . ojefd EAlge sidsy] fete B AFddAs @

Al del AEE i = B-actin promotertt CMV promoter th4lel] tissue specific
promoter+ inducible promoiers& Ap-& 3% retrovirus vector system2 T8} X} &t
A, O dztoz FA FAA EolFHowm wwWIHIFHE WAPS 59 HH%E
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promoterg cloning3dt$ 2™, I Z 3} lactogenic hormones inducer® o]-835te] @&
o] x4do] 71538 gene transfer systemS #H35rt.  Cloning?t promotere] A4
5 E187] Y3+ marker gene®. & E. coli LacZ genesS WAP promotere] 3
Aol Abdste] pLNWZE Ax§stdth. 323k WAP promoter®] WlZ&12 WAP
promoter tAlel B-actin promoter® E3tslE pLNBZE AM£3A Y. ©] vectorg=
o] &3} inducible gene transfer system® &4-& <Pt golg AE  vig
o2 &, B 4%l target gene$! human lactadherin® F%7% A& ##3 7] ¢
g vectorZ pLNWLidE #5334 o7, =272 pLNBLidE AM&slAth. pLNBZe}
pLNBLtd9] Z}Z} E. coli LacZ gene¥ Ltd gene< PB-actin promoter®] A %% A
ez Qloto] guide] wgo] &Aoo m o] FoyXE Fxo|a, ojd ulsf pLNWZ}
pLNWLtds= WAP promotere] F 2 Eo]Z o] hormoneol] 23+ turn on/offe] =4
o] 7bs¥ system@ 2 7} el Wgo] Ao o] Fofxith

AMZ%HE retrovirus vector$! pLNBZ, pLNWZ, pLNBLtd, ==& & pLNWLtd= thg-
I e FAHoE 7o) virusE AANEIATE. 2} retroviral vectors PT679 calcium
phosphate W 2. = transfectiondto] G418 (500 pg/me)o] HA7lg A gHoz 2E7
ARetg o, 72h7he] vectore] wEiA ®4W NeoR (G418 resistant) PT67 A Z9]
pools DMEM/FBS (10%)°4 48x17F wfj <k I virus stockg FTEEIH o,
QIAamp DNA mini kit (Qiagen, Germany)Z ©]&3to] genomic DNAES ## &%}
T2 virusE B APHANA F=3S VSV-G based packaging cell line?l
293mGPHy (Kim et al, 2001)°] ZFAAlA G418 (600 pg/meye]l H7bg HAdE Ao =
297 AdEstdd. A¥d Neow (G418 resistant) 293mGPHy-LNBZ,
293mGPHy-LNWZ, 293mGPHy-LNPLtd, z&]i1 293mGPHy-LNWLtd cellel 2}Z}
calcium phosphate ®H o2 20 pge] pHCMV-GE transfectionsted 37T, 5% CO:
el 8AIZE M & A wgFfo g ZelFEdul. 48A%ke] A HI F retrovirus
2 w3E ujorele gyl
2) mouse mammary gland cell line?l HC119l 4] lactogenic hormone®l] 9% LacZ

FARFe] 22 Fold vy f=

FE% virus F LNBZ9 LNWZ virus stocke z+z} 045 um pore-size®] cellulose
acetate filter® ©]&3ste] A3 & 1 mE A 60 mm dishel 1><1060i —?—HIQ
mouse mammary epithelial cell line?l HCIIol ZEA1HG, 24A7 A3 5 AXE
splitdto] G418 (500 pg/mb)o]l H7tE A¥dgdoz 273 HAHsFFET. A¥o] ¢
A2 T HCL11-LNWZ+ lactogenic hormone®l 238t E. coli LacZ gene® FxZ% &
@S glstzmAt gt dA o] AEE 10%9 heat-inactivated FBS$} penicillin

il
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(100 U/mt) - streptomycin (100 pg/me)e] FH7+e RPMI-1640 v <Fde] insulin (5 pg/
me)3 EGEF (10 ng/ml)E #7135l 37T, 5% CO: =79 incubatoroll A 2¢ %t w3t
Hom, o TolEx g ujgAol prolactin (5 ug/mé)F} hydrocortisone (5 pg/mé)E
V2 Forelel 2¥d) 1WA mRESAA 443 wlgsiAth

vj kg A Z = Ixtrypsin/EDTAES x83le PBSel AF-HF3 §F DNASH RNAE
Z+7zt QIAamp DNA mini kit (Qiagen, Germany)®} RNA Mini Kit (Qiagen,
Germany)& AM&3dte] EEstart. E83 DNAE PCRe template® AM§35F 2.
50 pmole®] ZF primer, 50 M dNTP, 1.5 mM MgCl; 25 U Tag polymerase
(Promega), 10x Taq polymerase buffer (Promega)®} £33t F 94T A 5&3F WA
T 94TolAl  30%(denaturation), 50TolA 30Z%(annealing), 72TelA 30x3t
(extension) #H&3+ cycled 353 HEE A ASES T kg0l AFE$E  primer®
sequence¥ + strand primer sequence® 5'AAATGGCTTTCGCT ACCTGGA3 3 -
strand primer sequence® 5 GGTAGTTCAGGCAGTTCAATC3 & AH&3tdct. ®
2ol BY T 72CAA 5E3F HXT T 2% agarose geld °]&F o HArdEe
Alatsd .

Virus producing celld]l PT67-pLNBZet PT67-pLNWZ, 1¥]il target cell?l
HC11-LNpZ$} HCII-ILNWZd 4 #13 DNAE template® 38t LacZ primerx
PCRE Fale A3 ZE cell linedlA 525 bpe] band® U F dden of2lsh
A#Z E coli LacZ gened %o AFgHeoez oFox A& AT 5 AT

(Fig. 6).

M 1 2 3 4 5 68 7T

<4 525 bp

Fig. 6. PCR analyses of the E. coli LacZ gene integration in transformed cells
M: 100 bp ladder (Promega, USA), 1 : H.O, 2 : pLNBZ, 3 : PT67-pLNBZ, 4
: HC11-LNBZ, 5 : pLNWZ, 6 : PT67-LNWZ, 7 : HC11-LNWZ,
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223 RNAET 50 pmole? primer, 0.2 mM dNTP, 1 mM MgSQO,; 5 U AMV
Reverse Transcriptase (Promega), 5 U TfIDNA Polymerase (Promega), AMV/TIl
5xReaction Buffer (Promega)® ¥rE reaction mixture®} 3l RT-PCRE 438
s A% cDNAE ZAs71 fste] 48TolA 45F3F H-8-3 v, AMV
Reverse Transcriptase®] #4139} RNA/cDNA/primer® denaturation® 93] 94Tl
A1 283 9 AT 23 cDNA 43 PCR 38 $lste 94T A 30, 50T
A 30%, 72T A 3027 ¥gdlE cycled 253 whE HAAlS & HE AFS sl
72°C ol /\1 HEZF WAt Primers PCRY %9 548 & AM&3g o, 2%

agarose gels ¢l &8l H719 52 HAAT)

LacZ gene® WAP promotero] 938 wd =3 GAg FHAstr] H3ho
lactogenic hormoneS A 83t & 7z AF oA RNAS #2ldte) RT-PCRS 533
Alef] =23k A9 ato] insulins

Sth. 2 Z3} insulin, prolactin, hydrocortisoneS %
H5o g Y vt Hl e RT-PCR2 band?b Z3tA veEbwth (Fig. 7). oleist 2
T+ 2 9] lactogenic hormone®] synergistic effectel 2% <jalHF2 A2 BH S v
Bl E Ao, AHA o2 turn on HOJE B-actin promoterst= EE, WAP
promotert lactogenic hormone®] gt inducer®] 93] promoter®l turn on/off7} =3
oz o fFdxte] Bd ARE FEstE ZAo] 7t TS HAFE Ao8A, o
systemeo] e} FAbe] A EHHQ] W o FHHEE ALY AHHA BT E
oA 2+ RAAN EAES HAIT £ Y= FEozAMY 7teAS AAT
Negative control2 9814 infectiondtx] @22 celloldl RNAEZ #&sld &
primer2 RT-PCRS Fastgow A7ids oA band’t HEHUA 22 A
HolA infectiono] £]%F gene transfer’} A3 0% o]Fojzxlen, oH [
gk MZ AFA 2] homologous gene sequence® €3} background’} WERUA &€& A
gelskyd
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Fig. 7. Determination of hormonal induction of the E. coli LacZ gene in lactogenic
hormone-dependent mouse mammary epithelial cell line HCI1 using
RT-PCR. M 1 100 bp ladder, 1 : H:O, 2, 3 : HC11, 4, 5 HCI1-LNWZ, 6:
HC11-LNBZ. 2, 4 media supplmented with insulin and 3, 5 with insulin,

prolactin and hydrocortisone.

3) Lactogenic hormoned] 2j3 WAP promoter/Ltd gene?] T2 Eo]& vy {§r<
T AR ZFH

=

2

dAle) A7 BEUE s, 2 AFANME Lid gened A FAHAAM FHE
HCl1lolA @A77 99s8ted =% Eo]&o]lil hormoneo] &% F=22 g
7F5 3% systemS- 738322 WAP promoter® =943t ¢] promotere A
d ofeg] AToA FAAS FE FAdA e KA 22 HolA HHE F
ol A8 =Hdth WAPD promoter®} 37 9179 Lid geneol 14
T A gA9 pLNWZe -9 2ds #A o= A¥e Fysigier fE2+2 pLN
BLtdE A} &3t¥t}t.  Virus producing cell®] PT67-pLNBLtd®} PT67-pLNBLtd, target
cell?]l HCI1-LNBLtd®+} HCIH-INWItdell 2l Lid gene? % AA¥-+= PCRE ol &
dtod Zlstgl o™, target cellel Ao 3 %= RT-PCR U< ol&sdtt. Z

e

)

2o g
o e & K

o

U
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vhgolA  AF23 primer®  sequencei= +  strand  primer  sequence=®
5'AGTAAGATCTTC CCTGGCAAC3' 3} - strand primer sequence =
5 GAAAACAGGACAGTGAGGACT3 & At&3t9th. e E coli LacZ geneg 9]
£ d¥n de A Hedes AEEUe® PCRE %MTAAM 30
(denaturation), 48°ColA 303 (annealing), 72TColA 30%X%F (extension) ¥Fg33}
cycleZ 353 ¥rE A Xstgel. RT-PCRE 43T oA 4587 §Hg-g o3 94T ol A
Bz AR 2xFe FZL 8l 04T A 30%, 48THlA 30%, 72T A

sk cycled 253 wHE A A & 72CoA 57 wWAlsEH T Primer
= PCR29 A 99 U3 sequenced A48 oM, 2% agarose gelg ©]-838t H7]
A5E AAsgd.

PT677 HCl1e14 9] Ltd gene®l =YL PCRS T84 #F3d A} Ltd gened
& =3t= 377 bp band’t ZF cell lineol| A el ci(Fig. 8).

=
=
e

2

Z

w

)

P

]

o rwﬂ._'

>

M1 2 3 4 5 6 7

Fig. 8 PCR analyses of the Ltd gene integration in transformed cells.
M : 100 bp ladder (Promega, USA), 1 : HyO, 2 : pLNBLtd, 3 : PT67-pLNp
Ltd, 4 : HC11-LNBLtd, 5 : pLNWLtd, 6 : PT67-LNWLtd, 7 :
HC11-LNWLtd.

RT-PCR® Z3e 435 ukgl o], WAP/Ltd geneo] +2 %7} dolxl HC114]
Al insulin, prolactin Z#] 3 hydrocortisone®] &t Z7 A Ltd geneol ¥
W8S et (Fig. 9). 2y 272 AFE3 insulin 95 Mo v a2skd
S wj WAP promoter?} “leaky’sttis AL #RT 4 UAdth oleElsk WAP
promoter® leakiness® TE B IaAAE S 4+ oo (Pittius et al, 1988), L
Yde 2 inducer® ZE3FE hormones U4 stE dH #BostE 23 847 A9

lo
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o Al£3 WAP promoter 4ol &A15F% 27 W (Hennighausen et al., 1991), position
effectdf T oletal 8t A= At Burdon et al., 1991; Paleyanda et al., 1994).
WA in vived] A& st o df el uld WwdE Aojd tid ZAo)
o] Folx17] A= WAP promoter?] leakinessE AAT = I+ HA 2dasr
o] H7Fet 54 inducerd] Wlg ATA FE7F e REAHR factorEol] tiE AT
7t Al Eojol & Aol

e

. s

Fig. 9. Determination of hormonal induction of the Lftd gene in lactogenic
hormone-dependent mouse mammary epithelial cell line HCI1 using
RT-PCR. M : 100 bp ladder, 1 : H20, 2, 3 : HCI11, 4, 5 : HC11-LNWLI{d,
6 @ HC11-LNBLtd. 2, 4 media supplmented with insulin and 3, 5 with
insulin, prolactin and hydrocortisone.

2}. Retrovirus vector system® bio-safety JHA} 2 A =& vector system2 7}
1k
=

D I Al 1 AR gae F408 4R 4Eshy ohny 43

vl j= i o]

FAAE AFAAM wild type retroviruse g AR E sty ¢t dAE
¥y KBS B3 T RT (reverse transcriptase) assay®t secondary

infectiong& 2 A]g+dtk,  RT  assay=  Boehringher Mannheim®  Reverse
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Transcriptase assay, non-radioactive kitE Abg3le] Ao, B &
NIH3T3$} Hela celld] MA@ Lt G4180.2 Adstg o oA 717 Al T AE
L P} ooy

2) Retroviruso ¢ €427} Hol® mammary gland celld] A&E8Hd g HAA

AV AE stE virusel A R #3ty) fsted e AddEaHel Ed
Neo® ZAMze wvlged S (045 um pore-size filter® o]&3te] o433 F PGI3
packaging cellol AZAAZTH 4841z e ¥ wikd g FE8te] Hela AlXEe
ZAAANAM G418 (800 pg/mi)S H/H% AEujgAoz 257 wFsdrt. AE F
AET MEZIE FFEA Ggen ofgld AR
ol Aate] glxE Heoew YEyrh = Ztd8 AEE Fo=Z  replication
competent® virus®] FAGAXEZE HAS 7 98 RT assays T33H 28 ELISA

g olgste] FAE A7 viussh EAFA B FAHck

o

[Fo] Xolal wild type retrovirus

et ro{‘
—
-

3) Tetracycline inducible retroviral vector system®| T3

WAP promoter®} leakinessel] 913 &@Ael FAHAS fAs 7 A% W st
% Inducible promoter$! tetracycline-controllable promoterZ ©]-&3%t gene transfer
systemS &HslaiA sgvr. B Ado) AM3sod E coli LacZ genes marker
gene® 2 A}83}9] tetracycline inducible expression systemS 33t thIig. 10).
AZT plasmidE THE7] 93Fe] AFE3% pRevTRE vector= minimal CMV promoter
2] upstream FH o 42 bpY tetO operator sequence® X¥3F TRE (Tet-response
element)E 7FA 3 glom e o) FAdxte] @dEe] Aot oW FAAY
W o] ojFoj¥a¥ o] TRE H9ol ZAFste] dAE EAHSAZ + Uv EuE
system?l pRev-Tet On T+t Off systemo] &7FHH, £ dFoA= Tet On system
S A&8gtt. pRev-Tet On9 reverse Tet repressore tetracycline A4 =4 o]
=& B reverse tetracycline-controlled transactivator tTA)Z Zd I o]
pRevTRE®] TRE X-ito A¥stel AAE F4FAzTG. = o systemE
tetracycline A1 EAE 97 Fdxte ¢S Aoz 2HY +F AT system
ozx MIyEHE AFoAl eI retrovirus vector systeme] AEH O ZE turn on¥ o
A A FARAA A HsE adoen AT £ AL HAew FAH
k. T3 jE] ALRE FF£o)y steroid hormone, heat shocke] €} 3F inducible

gene expression system& H|EolAH o] A el zHo| leakyd A7 ©@ydoH
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Aoz RmERY. old w2

)
ro
fle

FEA 2AA Y M E ST FAHH

FoFol B
systeme "j$ SHo]Fo FEEA=Z g A= doxycycline?] %7} ul$ HFolA
ME A EAHL 52T 7tsAlo] ul$ A Bohl et al, 1997, Mayford et al,
1996).

Virus producing cell& AZ%3 pRevTRE-LacZet pRev-Tet Ong PT67
packaging cell®] transfection¥+ %, 42 hygromycin (200 pg/m)= G418 (500 wg/
miyol Hrhd wlgNAow 257 AWsto] PT67-pRevTRE-LacZet PT67-pRev-Tet
On virus producing cell lineg 2Rttt Target cell2% NIH3T3E AFE 3 o™
PT67-pRevTRE-LacZ$ PT67-pRev-Tet Onoll A AAEEE virusE TAUZ TEANA
A Z+Z} hygromycin (500 peg/mé)¥ G418 (800 pg/mé)e = A¥E3slo] NIH3T3-RevTRE
~LacZ-Rev-Tet Ong &3tk o) AZES 5x10°/60 mm dishz #¥3t] 164
ZF wjeFst thg, tetracycline S E=#¢! doxyeycline® 1 pg/mie] X2 wjckelo] A
7bete] HE e fxelgdnr. widd Az ALE3% FBSE serum Aol $HH-Eo] gl
= vl tetracyclinel & 21& A& Hztel backgroundE  wlASHr] 9 3FA
tetracvcline free FBSES Algslgdth 48A7F ek ¥ RNAS sl WAP
promoter induction Al ALEF A} HUS sequence®l primergE A& 8
RT-PCRS At 2 A3 LacZ gened 3ol 3oz Jelvys RE &

S A~
AT 4 YAk

NSL'

ey
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pRevTRE (6.5Kb) pLNBZ (9.3 Kb)

— —
TRE | CMV | MCS 3LTR LTR NEO |B-actij LacZ (3.6kb}4+ LTR
Hind [IiClal Hind III Sall
—
TRE | CMV —] LacZ FLTR
Hind 11 Sal I/Clal

pRevIRE-LacZ (10.1 Kb)

Fig. 10. Structures of retrovirus vectors. TRE, Tet-response element ; LTR, long
terminal repeat ; LacZ, E.coli LacZ gene ; CMV, cytomegalovirus
promotor ; MCS, multi cloning sites. The pRevTRE-LacZ was constructed
by inserting the multi cloning sites of the pRevITRE with LacZ fragment
derived from pLNBZ.
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Fig. 11. Determination of doxycycline induction of the E. coli LacZ gene in CHO
cell using RT-PCR.
M : 100 bp ladder, 1 : H:0, 2 ; CHO-RevTRE-LacZ-Rec-Tet On was
grown in media prepared with tetracycline free FBS supplemented with
doxvcycline (1 zg/mé), 3 : CHO-RevTRE-LacZ-Rev-Tet On was grown in

media prepared with tetracycline free FBS.

4) Tetracycline inducible retroviral vector system2 ©]-%% human Lactadherin
gene?] 3

A GAA F33+ tetracychne inducible expression system& ©] 83 human
lactadherin -FZx} && el 3¢ oM E coli Lacs genesl A3 ANE 7|x=2 s
o} o]FojF Tt pRevIRE-Ltdy Lid gened pRevIRE vector? multi cloning site
of Ziste] AMEFsIG T (Fig. 12). (9] 23 vHAZE pRevTRE-Ltd ¢t
pRev-Tet OnE PT679 transfectiondto] packaging cellS FZF3F3 a1, o] Al3EeA
AAEE virusE CHO (chinese hamster ovary) A 3¢ #A 2171 ¥ hygromycin (200
pe/ml) T G418 (500 pg/me) e 2 MW sle] CHO-RevIRE-Ltd-Rev-Tet Ong ¥}
ATt Ltd gene®d #E3A 2@ el #@92 2yt CHO-RevIRE-Ltd-Rev-Tet On<
doxycycline (1 pg/me)o] A 7FE wiokdol A 4ASA]7F wijoFsrk 3 Mo x] RNAE &
stol RT-PCRS A Alstsdth  A143F primery™ WAP promoter induction 23] A}
23t A A How 49 A3 377 bpe Ltd genedl MBI bandE IAE

ATk (Fig. 13). X9 e o] A5+ doxyeyclineol H7FE A @2 7 9ol B
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A7e 20 €8 A Jehyth oj8ld ZnE nlg oz 3to, 2 AY
%3 tetracycline inducible expression system< 2] FZHApe] A& HH 2

d UEndE 2AA 98¢ AT & A AEE vector system@ M9 by

e dEiE Aoz BAEAY.

pRevTRE (6.5Kb) pGEM-Ltd (4.7 Kb)
—_— _———
TRE | cMmvI—  mcs ILTR Ltd (1.5 Kb
Sal T Hind III Sal T HindIII
—_—
TRE | CMV |—] Lid PLTR
Sal I Hind 111

pRevIRE-Ltd (8.0 Kb)

Fig. 12. Structures of retrovirus vectors. TRE, Tet-response element; LTR, long
terminal repeat ; Ltd, human Lactadherin gene ; CMV, cytomegalovirus
promotor ; MCS, multi cloning sites. The pRevTRE-Ltd was constructed
by inserting the multi cloning sites of the pRevTRE with Ltd fragment
derived from pGEM-Ltd.
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4377 bp

Fig. 13. Determination of doxycycline induction of the human Lactadherin gene in
CHO cell using RT-PCR.
M : 100 bp ladder, 1 : CHO-RevTRE-Ltd-Rec-Tet On was grown In
mEDIA prepared with tetracycline free FBS. 2 :
CHO-RevTRE-Ltd-Rec-Tet On was grown in media prepared with
tetracycline free FBS supplemented with doxycycline (1 pg/mé).
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3. Human Lactadherin $ 329 Cloning (A2¥ %5 3 A)

¥ ol human lactadherin 5 A*E cloning3 &4 human lactadhering

AN FRAAE 28 Yasa e YAxAS dysty] fste] AA
o] Y ATE P3P o

}é]

gFogH Y Ho R

stk L3k &) A A 5= 2 A Ak o s}
—7—7}33, © & lactadherin 3 2te] SNPoll W8k =AHE
TE AT

7}.  Primer Design
Human lactadherin 53422 cloning3dt”?] $13to] BA46 mRNA ¢} |71 g} &

A 3te] sense % anti-sense primerE YHETH Primer design Primer Designer

(Scientific & Educational Software, versinon 2.0) program= AF&3ste] Tmeo] HlS:
3 GC FFo] ¥x Y primer £2FS AEsidrt 2 F A& ol FE NCBIY
BLASTE o]&35te] Azt e F4xH9 PCRE F3te] HFHE®H Primere
Fig. 13} £t}

31bp
4
Sense: 16mer 5 -TGCCCATTCCAGCGCC-3’
(Tm=74C, GC content 63%)
1518bp

2

Anti-sense: 20mer 5 -ACACGCCCTACTTTGCCCTT-3’
(Tm=74C, GC content 55%)

Fig. 1. Primer construction
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L RNA9 2 % cDNA &4

QA FHadEZA 05g8 FHREM7IZ ZA B Fol Trizol Y S o] &3
% 70 pge] total RNAE E# 3tk o] RNA9A Life ScienceAl2] 1st strand &
4 kit ©]83te] RT-PCRE A &3dle] cDNAE 48 A=sidc 138y < 15
K= F4 5+ bande velubA] efokoh 28lA o2 yUFo] clonestr] st 2
Alolell A2 & primer set& F7}&H4

t} 5<% Primer Design

Human lactadherin +3d A8 &2 Y59 cloningslt?l €3te] BA46 mRNA 2
F7IME FASY F71E sense @ anti-sense primers WHEUTE Primer
DesignerE AF£3la] Tmeo] ¥lsst GC o] I =2 X %% primer 28-S
Agstddt. 1 F 454 o5 2 NCBI®) BLASTE o] £3t9 gAstylomn #HF4d
el Al Primer= Fig. 29} Z&o}.

966bp
J
Z HEEL Anti—sense: 20mer 5 -GATGCCTGTCACCTCCTTCG-3’
(Tm=73C, GC content 60%)
90%bp
] 3
FakE Sense: 20mer 5 -CGGTAACGATCAGTGGCTGC-3'

(Tm=74C, GC content 60%)

Fig. 2. Primer construction
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2k, RT-PCRell 13§ ¢cDNA &4

Life ScienceAl®] 1st strand &4 kitZ ol&3lo] Total RNAE template® 3}5L
3+ 8 primertl 2l oligo-dTE primerZ AMg3to] 1Ist strandES FA3FA T 285t
PCRE E3lo] Mubyol Zukrl ol ¢DNAE wz w2 A3ttt = Sense primer
9} A¥FR Anti-sense primer® E3t9] 935 bp (Fig 3)2] band”’t A=A o™, F5b
X Sense primer?t Anti-sense primerE £33 609 bp (Fig 49 band?t &4 = A
T} 91714 PolAE bandEL ©A AT EL EcoR 128 EA st @cigh A A
R = 531bhp9} 404 bp 28] FHHH = 349 bpst 260 bpel XZto 2 FE o] o3k
o] §4dd EcoR I°] z+z dub® 9= lactadherin HA Al RO 2 FFHHAUTH

1.0kb = <+—(0.9kb

Fig. 3. Amplification of lactadherin A fragment by PCR product on 1%
agarose gel electrophoresis(30 cycles, 94Cdenaturation, 58T annealing,

72C extension).
M . 1kb Size marker DNA

Lane 1 : No template
Lane 2 @ Lactadherin A fragment
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0.75kb
0.5kb —*>

0.6kb

Fig. 4. Amplification of lactadherin B fragment by PCR product on 1%
agarose gel electrophoresis(30 cycles, 94 Tdenaturation, 58C annealing,
72T extension).

M : 1 kb Size marker DNA
Lane 1 : No template

Lane 2 ! Lactadherin B fragment

vl Z2ZF DNA dZo ¢3F cDNA clone &4

YR Sense primer(20mer)€t ¥ Anti-sense primer (20mer) AkolE Pst 1
sites XZ%% 57bp7t FEEHA designF o] ol o] Asa L= zZhE A3 AAsH
™ sticky end ligation®] &t} wabAq PCR products¢! 935 bp2k 609 bp7t pGEM-T
vectorell 2tz w2 AFIE At 2F Ecoli crackingol €3 WH O R insert® ¥
st vector7lt AEE T o] F vector: ZHZF Pst [ (Fig 56)0.2 2 FZ tpr 92
FHRoem AA Ecoli cracking (Fig 7) W 22 insert® X% vector’t A =% Q]
o o] vectors 1487bp2] ¢17F lactadherin ¢DNA clones A4St Alslas
FeolRle = Z# 27 lactadherin cDNAY 2 #<ldict (Fig 8).

o

i

_73_



<+ 3kb

<+ (.9kb

Fig. 5. Restriction enzyme analysis of the vector with lactadherin A
fragment by Pst Ion 1% agarose gel electrophoresis.
M : 1 kb Size marker DNA
Lane 1 : Vector DNA digested by Pst [
Lane 2 : Lactadherin A set digested by Pst I
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<+ 4kb
3kb —»§

0.75kb—> [
0.6kb

Fig. 6. Confirmation of orientation of lactadherin B fragment by Pst7on
1% agarose gel electrophoresis.
Lane 1 : Vector DNA digested by Pst ]

M : 1 kb Size marker DNA
Lane 2 ! Vector DNA with reversed insert by Pst [
M : 1 kb Size marker DNA

Lane 3 : Vector DNA with forwarded insert by Pst [
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<+ high band
low band =

Fig. 7. Rapid screening of plasmid DNA with lactadherin inserts on 1%
agarose gel electrophoresis.
Lane 1 : Vector DNA
Lane 2,3 * Vector DNA with the insert
M : 1 kb Size marker DNA
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3kb —> <+ 3kb

1kb = | < 0.94kb

0.5kb=> <+ 0.54kb

Fig. 8 Restriction enzyme analysis of lactadherin full fragment by FEeol? ]

on 1% agarose gel electrophoresis.

M : Size marker DNA

Lane 1 . Vector DNA digested by EcoFR I

Lane 2,3 ! Vector DNA with lactadherin full set digested
by EcoR I

v}, Lactadherin =gl 7] A< vlw BA 9 SNpuhd

= AFA el gha A f ZF o2 RE A2 lactadherin F-A A9 (Fig
9, 10) 71M L= Zao e 9 43 9] lactadherin A2 AviAd (C)#
Hlaz #4ste] Fig. 11 3 2 235 A& 4 Ak #Adddde] lactadherin 3
zel G771 MEz nwste Kl oJAgdoAls 67 HA baseollA C7F A= wbyHA 2
amino a(,1d7} Argol A SerZ W3 H 3, 454 A baseol s CrF T=E vlH YA v
silent mutation© % I amino acidoll= o5 € WHolr} gl o 1419 ¥ A basecl A
G7F CE wWols¥lA Sero] Thr2 ul#A Rt K2 oAAolAd = o dele] Wolrt w
ZrE vy 286 ¥A basedl A AV CE b WA I amino acid’} Metoll A Leuz
Hel =3, 329 A baseol Al A7F GE dF# A silent mutation©] ¥ 3, 1330 H
A basel A G7F AR ¥Holgw\ A Gly7l SerZ vt 2t oj¢b#Z2 amino acid 5

o] Wio] F Sero 9] HiojE Sero] FHA & Ao <l = onE zHAHATH Ser
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Z amino acid®E 23 phosphorylatione] Yoy amino acid® ©]&] st Ser
Wl Aol lactadherin B A BT} = Ao A A T Bol EA3tiE=
A4rstel Py Swld fFoAe wolrt S Aol AL AAIgT ol F A
d5oj zhzh 3 22l 4] ALEe ol 3 Al#Eel A e lactadherin F A A
°] SNP(single nucleotide polymorphism) g% etm Alztso]x|n ojRo =z Wl o
A3t 3= 349 lactadherin F A2t A FFE A & 5 AT

oo 2 o

o

TGCCCATTCCAGCGCCCGCGTCCCCGCAGCATGCCGAGCCCCCGCCTGCTGGCCGCGE 58

TGTGCGGCGCGCTGCTCTGCGCCCCCAGCCTCCTCGTCGCCCTGGATATCTGTTCCA 115
AAAACCCCTGCCACAACGGTGGTTTATGCGAGGAGATTTCCCAAGAAGTGCGAGGA 171
GATGTCTTCCCCTCGTACACCTGCACGTGCCTTAAGGGCTACGCGGGCAACCACTGT 228
GAGACGAAATGTGTCGAGCCACTGGGCATGGAGAATGGGAACATTGCCAACTCACA 284
GATCGCCGCCTCATCTGTGCGTGTGACCTTCTTGGGTTTGCAGCATTGGGTCCCGGA 341
GCTGGCCCGCCTGAACCGCGCAGGCATGGTCAATGCCTGGACACCCAGCAGCAATGA 398
CGATAACCCCTGCGATCCAGGTGAACTTGCTGCGGAGGATGTGGGTAACAGGTGTGG 454
TGACGAGGGTGCCAGCCGCTTGGCCAGTCATGAGTACCTGAAGGCCTTCAAGGTGGC 511
CTACAGCCTTAATGGACACGAATTCGATTTCATCCATGATGTTAATAAAAAACACA 567
AGGAGTTTGTGGGTAACTGGAACAAAAACGCGGTGCATGTCAACCTGTTTGAGACC 623
CCTGTGGAGGCTCAGTACGTGAGATTGTACCCCACGAGCTGCCACACGGCCTGCACT 680
CTGCGCTTTGAGCTACTGGGCTGTGAGCTGAACGGATGCGCCAATCCCCTGGGCCTG 737
AAGAATAACAGCATCCCTGACAAGCAGATCACGGCCTCCAGCAGCTACAAGACCTGG 794
GGCTTGCATCTCTTCAGCTGGAACCCCTCCTATGCACGGCTGGACAAGCAGGGCAAC 861
TTCAACGCCTGGGTTGCGGGGAGCTACGGTAACGATCAGTGGCTGCAGGTGGACCTG 908
GGCTCCTCGAAGGAGGTGACAGGCATCATCACCCAGGGGGCCCGTAACTTTGGCTCT 865
GTCCAGTTTGTGGCATCCTACAAGGTTGCCTACAGTAATGACAGTGCGAACTGGAC 1021
TGAGTACCAGGACCCCAGGACTGGCAGCAGTAAGATCTTCCCTGGCAACTGGGACAALDTS
CCACTCCCACAAGAAGAACTTGTTTGAGACGCCCATCCTGGCTCGCTATGTGCGCAT 1135
CCTGCCTGTAGCCTGGCACAACCGCATCGCCCTGCGCCTGGAGCTGCTGGGCTGTTAGIE3
TGGCCACCTGCCACCCCCAGGTCTTCCTGCTTTCCATGGGCCCGCTGCCTCTTGGCTT 1251
CTCAGCCCCTTTAAATCACCATAGGGCTGGGGACTGGGGAAGGGGAGGGTGTTCAGALS0S
GGCAGCACCACCACACAGTCACCCCTCCCTCCCTCTTTCCCACCCTCCACCTCTCACG 1366
GGCCCTGCCCCAGCCCCTAACCCCCGTCCCCTAACCCCCAGTCCTCACTGTCCTGTTT 1429
TCTTAGGCACTGAGGGATCTGAGTAGGTCTGGGATGGACAGGAAAGGGCAAAGTAG 1486

GGCGTGT 1493

Fig. 9. Confirmation of nucleotide sequence of Korean  woman i

lactadherin gene
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TGCCCATTCCAGCGCCCGCGTCCCCGCAGCATGCCGCGCCCCCGCCTGCTGGCCGCGC 58
TGTGCGGCGCGCTGCTCTGCGCCCCCAGCCTCCTCGTCGCCCTGGATATCTGTTCCA 115
AAAACCCCTGCCACAACGGTGGTTTATGCGAGGAGATTTCCCAAGAAGTGCGAGGA 171
GATGTCTTCCCCTCGTACACCTGCACGTGCCTTAAGGGCTACGCGGGCAACCACTGT 228
GAGACGAAATGTGTCGAGCCACTGGGCCTGGAGAATGGGAACATTGCCAACTCACA 284
GATCGCCGCCTCGTCTGTGCGTGTGACCTTCTTGGGTTTGCAGCATTGGGTCCCGGA 341
GCTGGCCCGCCTGAACCGCGCAGGCATGGTCAATGCCTGGACACCCAGCAGCAATGA 398
CGATAACCCCTGGATCCAGGTGAACCTGCTGCGGAGGATGTGGGTAACAGGTGTGG 454
TGACGCAGGGTGCCAGCCGCTTGGCCAGTCATGAGTACCTGAAGGCCTTCAAGGTG 510
GCCTACAGCCTTAATGGACACGAATTCGATTTCATCCATGATGTTAATAAAAAAC 565
ACAAGGAGTTTGTGGGTAACTGGAACAAAAACGCGGTGCATGTCAACCTGTTTGAG 621
ACCCCTGTGGAGGCTCAGTACGTGAGATTGTACCCCACGAGCTGCCACACGGCCTGC 878
ACTCTGCGCTTTGAGCTACTGGGCTGTGAGCTGAACGGATGCGCCAATCCCCTGGGC 735
CTGAAGAATAACAGCATCCCTGACAAGCAGATCACGGCCTCCAGCAGCTACAAGACC 792
TGGGGCTTGCATCTCTTCAGCTGGAACCCCTCCTATGCACGGCTGGACAAGCAGGGC 849
AACTTCAACGCCTGGGTTGCGGGGAGCTACGGTAACGATCAGTGGCTGCAGGTGGAC 906
CTGGGCTCCTCGAAGGAGGTGACAGGCATCATCACCCAGGGGGCCCGTAACTTTGGC 968
TCTGTCCAGTTTGTGGCATCCTACAAGGTTGCCTACAGTAATGACAGTGCGAACTG 1024
GACTGAGTACCAGGACCCCAGGACTGGCAGCAGTAAGATCTTCCCTGGCAACTGGGATOR]
CAACCACTCCCACAAGAAGAACTTGTTTGAGACGCCCATCCTGGCTCGCTATGTGCGL138
CATCCTGCCTGTAGCCTGGCACAACCGCATCGCCCTGCGCCTGGAGCTGCTGGGCTGTI196
TAGTGGCCACCTGCCACCCCCAGGTCTTCCTGCTTTCCATGGGCCCGCTGCCTCTTGG1254
CTTCTCAGCCCCTTTAAATCACCATAGGGCTGGGGACTGGGGAAGGGGAGAGTGTTCI311
AGAGGCAGCACCACCACACAGTCACCCCTCCCTCCCTCTTTCCCACCCTCCACCTCTC 1369
ACGGGCCCTGCCCCAGCCCCTAAGCCCCGTCCCCTAACCCCCAGTCCTCACTGTCCTG 1427
TTTTCTTAGGCACTGAGGGATCTGAGTAGGTCTGGGATGGACAGGAAAGGGCAAAGT4R3
TAGGGCGTGT 1493

Fig. 10.  Confirmation of nucleotide sequence of Korean  woman 2

lactadherin gene
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61 67 280 286 327

C e ATG CCG CGC--r-- CTG GGC ATG:===-* GCC TCA TCT
Arg Met Ser
K1 AGC
Ser
K2 CTG TCG
Leu Ser
454 1327 1330 1418
C oo CTG CTG-------- GAG GGT GTT--ew-vr CTA AGC
Leu Gly Ser
K1 TTG ACC
Leu Thr
K2 AGT
Ser

Fig. 11. Sequence comparison of lactadherin among  Caucasian  and
Korean
C ! Caucasian, K1 : Korean 1, K2 : Korean 2
Bold letter : mutation

A}, Probe A} %}

oA AeEE 4709 primerEE probex A ALEEA L 53] shed 9%

F71e] primer & AW¥FE Anti-sense(20 mer)2} F9HE Sense (20 mer) primer/F &

of S HFANA probex 23 T3 FEH cDNAZ o] &3t Pst I # EcoR I
Aol xFolAd AojF  fragmentE  biotine] FHFH dTTPE AF£38l9  nick

translationg 3t A 2L}
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o}. Lactadherin 2 A%
1) lactadherin A A4 &

Lactadherin-®& HPLC S 98 AEH
DA @A B AREET B &
A oleigk whwiel] ok A =2 o)
A Hg Aok A

S AT wabA
=} AL o]l & E Colidld 2dL A
gttt & olv] 249 ¥H lactadherin ¢cDNA FHAE
orlA 2L oy ¥
A pGEMT vectorel] &
9] Not 1 37 H4H&

=

E. ColiolA &dAZ] 5
ol &3t FAE Aietes WFoR HFE FAHSAT 5
23 lactadherin cDNAZ Not 1 (Fig 12)e2 2 15 kb
Aoy insertE WEATH

Fig. 12. Restriction enzyme analysis of lactadherin full length cDNA
by Not I on 1% agarose gel electrophoresis.

M : 1 kb Size marker DNA
Lane 1 © Vector DNA with lactadherin full cDNA digested
by Not I
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wHME = pET-32 (& MA9ste] 3219 reading framed 25Ul ©]& Not
= 2 5
hu— =

o
=
o A2 e 59 kb HL o7 CIAPE Aaldo self ligationg HA|A|
1% inserts}  ligation® A AsAT. L
electroporator® AF8-3ted 10,000V/em DCZ electroporations A A ST o] 7] 4]
A& vectorE cell cracking ¥ (Fig 13)2 2 insert?] #F& A th2 thA

-

—

coli®l transfomations  ¢3}<

N

insert®] WS ATgAZ FART (Fig 14).

7.4kb
<= 5 9kb

Fig. 13. Screening of plasmid DNA with lactadherin inserts on 126

agarose gel electrophoresis.
M : 1 kb Size marker DNA

Lane 1,234 : Vector DNA with the insert
Lane C ! Vector DNA
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Fig. 14. Restriction enzyme analysis of lactadherin full length ¢DNA by
Pstl on 1% agarose gel electrophoresis.
M 1 kb Size marker DNA
Lane 1,2,3,4 | Vector DNA with the insert
Lane C : Vector DNA

A7IA A& WEE E coliel 2d ®Eolty 1 & 9] vectord reading frames
DNA sequencingell 9jste] Azl 2AsHrt. 3714 d- ZFHHAE = BL2L cell
linedl 2] g3l7] 915kl thA] electroporations A A3k} host cello]l #o] Az, o
714 dE cellE OD 06 714 7193 WA B I 1/10S &y oz thAl

large cultureolAl OD 0.67}%] ujekstz 0.1mM IPTGE®E 6A17F f-=8kgc. 1 %
oF 30E7F AAEYE A48 23} celle PBS bufferel 54121 3 183F 10

3] sonicationS A A] dFi ThA] QAIEEE AASEE 10%9 SDS-PAGEZE (Fig
15) w28t oF 46ke] fusiondeld o] W& 21kl 10%2 SDS-PAGE=Z
71953t 28 ¥ gel2 nitrocellulose®} transferrl 2]l WS 1/50002.2  dilutedt
S-protein conjugate= 2 31 s-tagoll AT AlA NBT/BCIPE 7122 AL&3to] (Fig
16) YA FHFE 3103’3}% HH O 2 western blotg& AAlSHE I FEE HFE9 band
E Z2t gelg 27 £ 2 vol¥] Tris-Cl (ph6.8) buffer&% 31 4C A4 o/n shaking
b F10000gE A4l EEjdte] AF vk Agdvh FF A2 4 vol] acetonds H
7teted - 20C o/me = Fd A1zl & thA]l 10000go A H4 #8ste) HAd o
22 PBS® mo A AL A FHez AR
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50KDa=+

46KDa~» ©46KDa

Fig. 15. SDS-PAGE Fig. 16. Lactadherin Western blot (20 ng)

2) E7]°1A human lactadherine] tist 3] A4

E. Coliel Al 2@ AIZ] Lactadhering 2vtz] o] &7)¢] AA HFEA T 25
.2 3xt# F 02 mge] oz F7F HFE AAs. e dFUo] 2w
T HAA ol oF 5 mI¥ AFIAT. A9l titers dot blot(Fig 17)2]
st =4 1/1000, 1/3000, 1/5000, 1/10000 ©.& 342 dilutests] dot blot$
Alska] singleol 7Fg 783 background”t 7HE ¢k 1/10000 dilute S A 3}hof
st AL titer®] ¥7] AEE 1-571A] scoreE A #HA S ad=z  JEhy
A3t (Fig 18).

-

o2 (E N
lo X [y

L o oax fi
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1/10000 dilution by sample A Ag

1/10000 dilution by sample B Ag

Fig. 17. Dot blot

—a— Rabbit A
—=— Rabbit B

ik

(o)
o)

0 2 4

+ + +

Fig. 18. Titer of rabbit anti-lactadherin
(The arrows indicate the injection of antigens)

2k, Southern blot
BlEFARA B9 B3Rl biotindd §4E ol8% d¥biel FHYUEIAUI 300bpé

plasmid fragment® biotinc] 2%% dTTPE o] &3lo] Nick translation$t §F 7€
ghe] AL23 vt FF wash® 001 X SSCE ol gsien e Western blotol]
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ol

A Abg3l= NBT9 BCIPE 712 = o] &stgrtt 2 ¥ 1-3A13F &< developing Al

7] o] WYL 10-20 pgel target DNAE #A3t35L (Fig 19), © B8 & PCR
of o] ME vy o FEAY TES P Fdsted ol EHUS

Fig. 19. Southern blot

#}. Northern blotting/ RT-PCR

Total RNA¥ Chomczynski 5(1987)2] single step #-21didl mah 235 a,
o] 7)ol AF2 ¥ prober biotin®] label® nucleotide® nick translationdte] Ap-8 3}
9dtl, 2% Amersham Co.2] Hybridization ol wel 1%¢] Agarose gels
denatured ZZ3lel A Asl8 1 Hybond-N membranes Abg3led transferdt o
&, 42°Col A Hybridizationg A8tk 28y o] W E signale] Fs8fd]
o]Z el "ol AMNEHUY. WA FAULE ol&FE Wl E st
o] thetel7l= AR B4 WE ;s ErpE RNA F4WH< RT-PCR=
ol &3tF . 94 lactadhering WA dtE tissueE FHMA RNAE & F reverse
transcriptiondlte] first strand® 9E 3 PCRES (Fig 20) §3t4 =
RNAS A & AAsdch o] Wi Ade &9 mRNA (Ipg)9
olof] Had 2% FHHJUT.
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Fig. 20. Identification of lactadherin A, B fragment RT-PCR product
by 12 agarose gel electrophoresis.
M 1 1 kb Size marker DNA
Lane 1, 2 : Lactadherin A, B set fragment

7. Western blot

FRollA e dxEstn B2E AWM lactadhering E 38
fractionel Yom 5(1992)¢] WHo =z 2719 12k Il %o 23 FAE o
stof A AlEL4 a2, alkaline phosphataseE ©]83tE NBT-BCIP Wl g Ap&3
At 54 lactadhering Z gl @A g 10% SDS-PAGE(Fig 21)& # 7]
dEste] BEl¥ gel® nitrocelluloseo] transferAlzl & E7le] 1z &a)eb
G 223 A -E4 conjugateE AR 2 A7 NBT-BCIPE 7122 9
g glstlrt (Fig 22). o] ¥ S 10-20nge] sensitivity® 7}A1 31 9 &o]

=3

fas
gAHAAG. F3] FEF AAE 2 A sample?] S ﬂ_’?aol e weld s
=3

= o
i

I

N

2

AT 5+ g A2 A4k £ o TkDas] MEE BAHE 2L 3
st e ol milk mucine® #FAHYEH 29 e BAE3 70KDad
glycoprotein,  butyrophilin I35 46KDag glycosylated  component,
lactadherin'® X332 Y E milk mucin® associated moleculargle] B8] A
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T0kDa wep - T0KkDa —p
55kDa = .. 55kDa
Fig. 19. Human milk SDS-PAGE Fig. 20. Western blot

El. 2D-gel electrophoresis using immobilized pH gradients

L Lo A e Azt Bsim 28 ALFE rehydration solution® 43
total volumn 250 0 strip holdero) loading®t F dry strip gel® strip holderE &
Fol MEFo] FNF HAALEG F dry strip cover fulid solutioneS 7532 IPG
strip cover® Y3 FEttan IPGphor Iscelectric Focusing Systeme ©]-&3t4
first~dimension step¥} Isoelectric Focusingg Ao A A)sAdtt (Fig 23).
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Program steps
Protocol # 1
HUMAN_MILK

Rehydration
10 : 00 Hrs at 20 T

IEF
20 C 50 pA max

S1 step — n — hold or Gradiant
500 V 01 : 00 Hrs

S2 step — n — hold or Gradiant
2000V 01 : 00 Hrs

53 step — n - hold or Gradiant
8000V 02 : 00 Hrs

Fig. 23. First  dimension  protocol

worksheet

IEF7} &% strip gel¥ equilibration solel % ¢] 30minz}t shaking3dte] rehydration
solutiong& A7 &% 10% SDS-PAGE= second dimension step (Fig. 24& A3}

o human lactadherin® M. W3#F#} plEke 39134 9l ¢iu}.
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§pH10 $pH3

=70 kDa

50kDa

Fig. 24. 2-D image of human milk

g}, Sk o] A 9] lactadherin SNP

F7 e 49 e g FAFEAE do] T Couto (1996)F < s Braxl W
ledAd o] lactadherin F3d Aol A7 Ay} waste] 2 Zolyd S EASAAvh (Fig.
25, 26) &2 normal breast tissue (1, 3), cancer breast tissue (1), cancer breast
tissue®] normal tissue (2, 2)VHE S 7tz F8s5te] 2 974 LS H L3 mutant
BAEZ BEAegrt cancer tissued A coding region (stop codon F)eA%E
mutant®® A ¥l %7} normal tissue® T} Bolen] E3] stop codonZF-olli= Ao tEE
o] H7|AEo] mutant® Hoz 2 E Qo normal tissue?] A% stop codonZ el
= mutantd =7F 3] A AW silent mutant$ A 7F stop codon$-°] mutant A HI =
7} stop codond RHYE BHE Aow ud Ao o]l:  post-translational
modifications A AW A coding region¥ A7|A A& 8o A HEHEA] K}
o Ao ® AZE T Edtamino acid FF¢ WHo] T Sere o] WHolE Sere] 7t
Az Sz Qs & oQuE A HCT. Serd £ amino acidel= &
phosphorylation®] Y o{it}i= amino acid® ©] 8] g Sero] WM<l oA o] lactadherin ©F
ARt g ojdef TAA © Wol EAQ%ueE AL Q4kslel AEE gwd S
ol A e ®ol7l S Aeoldt AHES A g

(-

_90_



BASE BASE 3} A AW3E Hl ar
535 AAG->CAA Lys—->Gln M
664 GCT->CTT Ala->Leu M
Cancerl 697 GTC->GCC Val->Ala M
1126 AAC->GAC Asn->Asp M
1222 TAG->TAA STOP SM
422 ATC->ATT Tle—>1le SM
NORMAL 1
541 GCC->GCT Ala->Ala S.M
286 ATG->CTG Met->Leu M
NORMAL 2 324 TCA->TCG Ser->Ser S.M
1330 GGT->AGT Gly->Ser M
286 ATG->CTG Met->Leu M
324 TCA->TCG Ser->Ser SM
415 CCC->CGC Pro->Arg M
NORMAL 2 433 AAC->AAA Asn—>Lys M
442 ATC->ATT Ile->Ile S.M
445 CAG->CAA Gln->Gln SM
67 CGC->AGC Arg—>Ser M
NORMAL 3 454 CTC->TTG Leu->Leu S.M
1418 AGC->ACC Ser->Thr M
Fig. 25. StopA & G7IME #4247
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BASE BASE 3} A AW} H) 1
AGG->AAG Arg—>Lys M
1243
TGC->TGG Cys—>T M
1252 ysToA
CCA->TCA Pro->Ser M
1258
GCC->GGC Ala->Gly
1264
1270 TGC->TGT Cys—>Cys SM
CANCER 1
CTC->GTC Leu->Val
1273
GTC->GGG Ala->Gly
1279
CAG->CAT GIn->His M
1285
CTT->CTC Leu->Leu S.M
1291
TAA->TAT STOP->Tyr M
1294
ATC->ATA Tle->1le S M
1297
1300 ACC->ATC Thr->Ile M
-> ->A M
NORMAL 1 1306 GGG->AGG Gly->Areg
1309 CTG->ATG Leu->Met M
TAA->TAT STOP->Tyr M
1294
NORMAL 2 1297 ATC->ATA Ne->1le S M

Fig. 26. StopFel E7IME &

Aq
1

2
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HA AAAAE HAYG3tr] dsled GFP marker gene2 expression &F

olg&ste] AF] nlFAHaat Ao vFA T retrovirusd FHEEIS Q%é gia 3
AR FEo A4S 9938 marker geneo]l dol® FPHFA FES AtEtr] 9t
o FA 2 o)AS HAAEtES T FA T retrovirus vector systemg ©] &3k &84
9l HH=xt Aol WHE SHalgrl, =3 LacZ, GFP marker gene& ©]838to] oz
7} promoter®= # ¢} 29 FA EA urgol 1A 5% promoter® 8 SFaL
o] 2 %3 lactadhering ¥ &3} retrovirus vector® TESHEE FAZE A A
DHE A design® retrovirus vectorsS FE39 2™ human lactadherin - =

cloningdtit}t. 220 d == lactadherin F-ZA A7 Aoj® 4o AlFAIAE A4

7 F g ojAslm FAxe AAwE A fAs AP A T
lactadherin F A2 HAolA)71E retrovirus vector system= ©]-&¢ FAPHT =
A4kslel 2™ Human lactadherin -3 2F7F dolg AFAE Folx il 9
gk o]2S %3l Human lactadherin A A7 Aolg A9 embryoot FA W&
o] AAe AlE3 vl ES human lactadherin® A48k VSV-G based retrovirus
vector producing cell®] 7H&3 retrovirus vector®E 7BE3}2 3L retrovirus® #H & &
o] A E9 lactadherin FAAE HolAZrl BT retrovirusell o3 FHA7F
dold FAEZel AEdE oA HAAE HAAEF oW, Ecoliodlx AL
lactadherin® ©]-&3leo] FAHNE AlstHor, FAAI(FTES A
Southern blot# Iactadherin-‘i} g5 H7hshr] H?}} lactadherm @] bioassay
FH3AT AEEE F gE0y Jxsel ¥HAdF FAHATE A5 ALY

BT ojAlS AAElgTh = WAP promoter?] &Y oAHETAHE S 4
A AEE vector systemS  AEEr] 9sle inducible  promoter

tetracycline-controllable promoter % #}&lol]l human lactadherin 3 AHE
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