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SUMMARY

( )
I. Subject

Development and utilization of useful genes for increase of milk
production and fresh milk in dairy cow

11. Objectives and importance of the project

Manmary gland growth during pregnancy involves enormous increases both
in branching of ducts and in the number of epithelial cells. The mammary
epithelial cell population influences milk yield considerably. Numbers of
mammary epithelial cells are a major determinant of milk yield. Thus,
understanding of the mechanism that increases epithelial cell numbers will
lead to develop new methods to enhance milk yield in the dairy cow.
Efforts have been made to understand the roles of hormones, growth
factors, and unknowmn factors in the proliferation of mammary epithelial
cells. But many questions on the mechanisms that how these Tfactos
regulates mammary epithelial cell proliferation remain unanssvered. This
study was conducted to identify candidate genes involved iIn the
proliferation of mamary epithelial cells, characterize the identified
cDNA clones, to examine expression pattems of the these genes, and
finally to characterize the roles of these identified genes on the
proliferation of mammary epithelial cells.

Cessation of milk removal leads to rapid changes in the mammary tissue
and initiation of the process of mammary involution. Changes in the
compositoin of mammary secretions during the early phases of involution
indicate rapid changes in the normal mechanisms involved in milk synthesis
and secretion. These compositional changes in the mammary gland secretion
include a rapid decline in lactose concentration in the mammary gland
secretions, indicating that lactose synthesis, and the associated water
transport mechanism, decline soon after cessation of milk removal.
However, total protein concentrations increase in early involuiton,



partially because of water resorption from the secretion and partly due to
increased concentrations of lactoferrin, serum albumin and
inmunoglobulins. Lactoferrin is a major protein found in mammary gland
secretions during involution. Its synthesis is increased during involution
in contrast to milk-specific proteins such as casein whose synthesis is
decreased. Lactoferrin has a number of potential functions in the mammary
epithelial gland, particularly as a nonspecific disease resistance factor.

Involution-associated ultrastructural changes in bovine mammary cells
begin within 48 hours after cessation of milk removal. The most apparent
change is the formation of large stasis vacuoles in the epithelial cell,
formed largely as a result of intracellular accunulation of milk fat
droplets and secretory vesicles. These vacuoles persist to at least 14
days of involution and are usually gone by day 28. Alveolar lumenal area
declines during this period, while interalveolar stromal area increases. A
substantial reduction in fluid volume in the gland occurs between day 3
and 7 of inwolution, probably accounting for the reduction in lumenal
volume. The collapsed alveolar structures by day 28 are considerably
smaller than those during lactation, with a very small lumen. General
alveolar structure in the mammary gland is maintained thoughout involution
period.

Mastitis continues to have a major econonic iImpact on the dairy
industry. Incidence of mastitis in the dairy cow is increased by invading
various pathogenic bacteria due to poor hygienic milking management. More
importantly, host defense system can influence the severity of disease in
the bovine mastitis. Host #mmune response are individually different,
therefore, the host immunogenetic properties may provide the selection and
establishment of disease-resistant group against certain pathogens.

This study was carried out to determine immunogenetic chracteristics of
mastitis-resistant dairy conms and to, apply to select individuals,
genetically resistant dairy cow to certain specific pathogens.

I111. Contents and ranges of the project

1. Dewvelopment and utilization of useful genes iIn involution stage of



mammary gland in dairy cow

The contents are below.

1) Selection of involution-specific cDNA clone by subtractive hybri-

dization

2) Confirmation of the selected cDNAs by Northem blot and analysis and

identification of full-coding region of selected cDNA

3) Transfection of the selected cDNAs into mouse mammary epithelial cell

line, HC11l, and characterization of the roles of these cDNA in in
vitro cell culture system

4) Production of recombinant protein in E. coli system

The purpose of this research was to obtain the selectively genes at the
involution stage of bovine mammary gland, and to know their function
whether these genes induce cell death or not. The bovine
involution-induced cDNAs were isolated by subtractive hybridization
method. We selected involution specific clones compared with
lactation-specific clones using dot blot analysis. Fron this method we
cloned H. sapiens polyadenylate binding protein, serum amyloid A3 protein,
lactoferrin, bovine glycoprotein Ill(clusterin sequence similarity), WNDM1
protein, human homology of mRNA for omithine decarboxylase antizyme,
38kDa heparin binding glycoprotein and unknom gene. Three clones among
these selectively genes were further confirmed to be specifically
expressed iIn involution stage by Northern blot analysis. And we cloned
Tull sequence these three cDNAs.

Expression vector for bovine glycoprotein Il11(clusterin), serum amyloid
A3 and WDNM1 cDNA containing full-coding region were constructed into
PIRES, expression vector, in which glycoprotin 111, serum amyloid A3 and
WDNM1 cDNAs expression is driven by cytomnegalovirus(CW) promoter(they
were called pIRGPINI, pIRSAA3 and pIRWDNM1, respectively). pIRES- EGFP
vector containing GFP reporter gene was used as a control. The glycoprotin
111, serun amyloid A3, and WDNML expression vector was transfected into
mouse mammary epithelial cell line, HCIl cells. The transfectants were
further confirmed by RT-PCR.

To further characterize regulated expression of these genes in iIn vitro
system, we treated death inducing agents in HC1l. In the course of HCll



differentiation by lactogenic hormones, the steady-state mRNA levels of
clusterin, serum amyloid A3 and WDNM1 were induced with maximal induction
at day 5 of differentiation. The effects of individual hormones on
GPINI(clusterin is same word), serum amyloid A3 and WDNML gene expression
were further characterized and found that prolactin(PRL), dexamethasone
(OEX), PRLHEGF and PRLHDEX treatment induced clusterin mRNA expression.
Similarly, the steady-state serum amyloid A3 mRNA level was increased by
PRL, DEXt+PRL and EGFPRL treatment, but was not changed by DEX and EGF
treatment alone. In other hand, the steady-state WDNM1 mRNA level was not
changed by any above treatments. The steady-state levels of clusterin and
WDNM1 mRNA were down-regulated by serum. Also, the regulated expression of
clusterin, serum amyloid A3, and WDNM1 mRNA were further characterized by
cytokines(TGH3 and TNFa ). Finally, GPIII, serum amyloid A3 and WDNML
recombinant proteins were produced in E. coli using pET-expression vectors

system.

2. Dewvelopment and utilization of useful genes in mamary gland for
increase of milk production in dairy cow

Pregnant-specific cDNA library of bovine mammary tissues was constructed
in the TriplEx vector using pooled poly A RNA extracted from mammary gland
at pregnant 5, 6, 7, and 8 months to identify genes involved iIn mammary
gland growth. Differential screening method was used to isolate
pregnant-induced clones. Partial sequencing and northern analysis was
performed to characterize the clones and to examine expression patterm of
the genes. The cDNA clone that was not reported in bovine species was
subjected to sequencing of the full-coding region. To examine function of
bovine stat5a in mammary epithelial cell proliferation, expression vector
for bovine statba cDNA containing full-coding region was constructed by
using pBK-CMV expression vector, in which statSa cDNA expression iIs driven
by cytoregalovirus (@CW) immediate early promoter. pBK-CW vector
containing neo gene was used as a control. The statba expression vector
was transfected iIn mamary epithelial HC11 cells. Effect of statba
transfection on mammary epithelial cell proliferation was examined under
various hormonal treatments. StatbSa protein was produced in E. coli cells.

- 10 -



3. Dewvelopment of Immunogenetical Analysis for the Selection of Mastitis
Resistant Cows

This study was carried out to determine immunogenetic characteristics of
mastitis-resistant dairy cattle. Host immune cell activity was determined
by analyzing the proportion of lymphocyte  subpopulation of
mastitis-resistant cows. Functional activity of host immune cell was
determined by cytokine production and phgocytic activity. Staphylococcus
aureus vaccine using enterotoxin C was prepared to examine the possibility
of enhancement of host defensive Imune system through this study.
Immunogenetic characteristics of bovine mastitis resistant cows could be
defined by BoLA class 11 DRB3 genotyping and Nramp expression in the
involvement of host adaptive immunity.

. Research results and suggestions for application
of results

1. Research results

1) Development and utilization of useful genes in inwolution stage of
manmary gland In dairy cow

To identify genes involved in mamary gland involution, we isolated
total RNA from bovine mammary gland during lactation and involution stage.
Differential hybridization, differential display RT-PCR and subtractive
hybridization method were used to isolate involution-induced clones.
Partial sequencing and Northem analysis rewvealed that expression of
unknomm and known genes(H. sapiens polyadenylate binding protein, serum
amyloid A protein, lactoferrin, bovine glycoprotein 3-clusterin sequence
similarity, WNDM1 protein, human mRNA for omnithine decarboxylase
antizyme, 38kDa heparin binding glycoprotein) in bovine mamary gland
involution stage. Three clones among these selected genes revealed that
the clones were hanologue of mouse WDNM1 protein, rabbit serum amyloid A3
and bovine glycoprotein I1l1(clusterin). Serun amyloid A3 and WDNM1 were
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contained full-coding region, and the glycoprotein 111 contained
partial-coding region and further cloned full-coding region by RT-PCR
method. Functional role of glycoprotein 111, serum amyloid A3 and WDNM1
have not been well studied in bovine mammary gland involution. To examine
function of bovine glycoprotein 111, serum amyloid A3 and WDNV1 in mammary
epithelial cell death, expression vector for bovine glycoprotein 111,
serun amyloid A3, and WDNM1 cDNA containing full-coding region were
constructed into PpIRES expression vector. PplIRES vector containing
PEGFP-IRESneo was used as a control. The glycoprotein 111, serum amyloid
A3, and WDNM1 expression vectors were transfected into mammary epithelial
HC11 cells and the transfectants were further confirmed by RT-PCR.

From this project, we found that bovine glycoprotein 111, serun anyloid
A3, and WDNML were responsible for mamary gland death in in vivo and iIn
vitro.

Numbers of mammary epithelial cells are a major determinant of milk
yield. Further studies regarding the polymorphisms of glycoprotein 111,
serum amyloid A3, and WDNM1 genes will lead to find DNA marker for
efficient breeding of dairy cow. Further understanding for role of
glycoprotein 111, serum amyloid A3 and WDNM1 in death of mamary
epithelial cells may lead to develop new methods to enhance milk yield in
the dairy cow and to inhibit new methods to reduce mastitis.

2) Dewvelopment and utilization of useful genes in mamary gland for
increase of milk production of dairy cow

To identify genes involved in mammary gland growth, pregnant-specific
cDNA library of bovine mammary tissues was successfully constructed in the
TriplEx vector. Differential screening method was used to isolate
pregnant-induced clones. Partial sequencing and northem analysis revealed
that expression of knowm genes (3 -casein, K -casein, o Sl-casein,d
-lactalbumin, statb5a)in bovine species was induced In mammary tissues of
holstein cow during pregnancy. One clone revealed that the clone was a
homologue of human polyadenylate binding protein 1. The clone containing
full-coding region of bovine polyadenylate binding protein 1 was cloned by
RT-PCR method. The cDNA clone of bovine polyadenylate binding protein 1

- 12 -



had a total length of 1,911 nucleotides coding for 636 amino acids. The
nucleotide sequence of the bovine PABP was 95% and 94% identical to those
of human and mouse species, respectively. Comparison of the deduced amino
acid sequences of bovine PABP with those of human and mouse species showed
100% and 99% identity, respectively. In this study, we have found that
expression of statba gene is highly induced at late pregnant stage at
which proliferation of mammary epithelial cells is extensively occurred.
Functional role of statSa has not been well studied in bovine mammary
gland development. To examine function of bovine statba In mammary
epithelial cell proliferation, expression vector for bovine statba cDNA
containing full-coding region was constructed by using pBK-CMV expression
vector. pBK-CW vector containing neo gene was used as a control. The
statba expression vector was transfected in mammary epithelial HC11 cells.
Statba transfection increased mammary epithelial cell proliferation.
Overall mean values of cell proliferation at 24h, 48h and 72h after
seeding were 26%, 95%, and 85% higher in statba-transfected cells than in
control vector-transfected cells. The results demonstrate that bovine
statba is responsible for mamary gland development.

From this project, we found that bovine statba is responsible for
mammary gland development. We also found that bovine polyadenylate binding
protein 1 gene was highly iInduced in bovine mamary tissues during
pregnancy, suggesting that induction of the PABP gene expression during
late pregnancy may contribute to an enhancement of translation efficiency
and an increase in MRNA stability for the genes involved iIn proliferation
of mammary cells. The mammary epithelial cell population influences milk
yield considerably. Numbers of mammary epithelial cells are a major
determinant of milk yield. Further studies regarding polymorphism of
statba and polyadenylate binding protein 1 and genes will lead to find
DNA marker for efficient breeding of dairy cov . Further understanding for
role of statba in proliferation of mammary epithelial cells may lead to
develop new methods to enhance milk yield in the cow.

3) Dewvelopment of Immunogenetical Analysis for the Selection of Mastitis
Resistant Cows
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The study has indicated the iImmunogenetic characterization determined by
innate and adaptive host iImmune responses iIn bovine mastitis-resistant
cows may be useful for early selection and further, can be applied to
define the individuals genetically resistant to certain specific pathogens
causing bovine mastitis.

2. Suggestions for application of results

From the results of this project, total 15 papers (9 Korean journals and
6 SCI journals) were published. Also, total 13 abstracts were presented in
academic society(e.g- Korean Society for Molecular Biology) and 3 patents
were achieved.

From this achievment, further investment is necessary for the industrial

application of these results.
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3. Total RNA

total RNA acid guanidinium thiocyanate-

phenal-chloraform (Chomozenski and Sacchi, 1987).

RNA (denaturing sclution) homogenization 2M Na
citrate, acidified phenol chlorofarm -
Aqueous phase phencl extraction 2-propancl  RNA

4. cDNA library
total RNA  Clonetech CCNA library
- CcONA library diffrential hybridization
. Table 1 cDNA library -
Table 1. cDNA library construction
Unamplifed cDNA library titer 4.0 x 10¢pfus/ml
Arplified cDNA library titer 6.7 x 10¢pfu/ml
Clear plagues/blue plaques 80%
Number of independent clone 1.0 x 106
Average insert size 1.0 kb
Insert range 0.4 2.5kb
5. CcCNA clane

1) Differential hybridization
1 cONA library  amplification 10epfu/zp 1
20,000 plaques/plate 12 master plate
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nitrocellulcse filter transfer ZP-dATP

CcDNA prabe  labeling - cloned
probe cDNA  hybridization
screening signal -

2) Cifferential Cisplay RT-PCR

3 total RNA oligo dT primer,
transcriptase CDNA - cCNA 2p , oligo dT
primer, random primer, Taq polymerase ZP-dATP  labeling

annealing temperature 39 RT-PCR - PCR
6% paolyacrylamide gel CDNA .
band
cloning -

3) Subtractive hybridization

Fig. 4 -
cDNA
Tester( ), Driver( ) ds cDNA
1
Rsa 1 digestion
Tester( ), Driver( ) ds cDNA , blunt-ending
molecule digestion
1
Adaptor_ligation
Tester adpator(adaptor 1, adaptor 2R)
driver adaptor

|

First_hybridization

Rsa 1 digested driver ligated adaptor 1 or 2R tester hybridization

|

Second_hybridization

Fresh driver ligated adaptor 1  adpatar 2R hybridizatiaon

|
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First PCR amplification

adaptor(A1, A2R) ds cDNA

1

Second PCR _amplification

Background first
1
TA_cloning
Subtracted , pCGEM Teasy vector  ligation

1

Probe Dot_blotting

, probe white colony direct PCR PCR
product dot blotting

|

Colony selection
Dot blotting product clone
sequencing

Fig 4. Subtraction

6. cDNA clone
D
clone BigDye Terminator
ABI PRISMINBigDyel\Terminatar Cycle Sequencing Ready Reaction Kit
- BigDye terminataor sequencing kit
plasmid kit
200 500ng plasmid (25cycle PCR ),
terminator ddATP, ddTTP, ddCTP, ddGTP
, A-, C-, G-, T-dye terminator mixture
PCR denaturation 96 30 , annealing 50
15 , extension 62 4 25cycle -
PCR ethancl precipitation sequencing
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7. Northern blotting

cDNA  clane Narthern
hybridization - clane insert
hybridization ZP-labeled probe random priming kit (Takara )
- Membrane prabe  hybridization
1) Total RNA
denaturing hamogenization total RNA
(Chamozenski Sacchi, 1987). 50 6 RNA (denaturing
solution ), 600 I 2 M Na acetate (pH 4), 6 phencl (acidify
saturated phencl : Bioner ), 3  chloroform , vartexing
(RNA phencl )] 10 -15
. 4 , 15,000 rpm, 20 50

- ( 6 ) 6 acidify saturated phencl, 3 chlaroform :
iscamylalcohol (49:1), 600 yl 2 M Na acetate

vartexing -4 , 15,000 rpm, 10
50 - RNA 2-3 .
RNA ( 6) volure  2-propancl -20 1
- 4 , 10,000 rpr, 30 RNA RNA
pellet 70% ethanol - RNA pellet DEPC
treated ddH0 RNA (CD
1=40 ug/rl RNA) - -70  deep freezer RNA

2) Northern

Total RNA membrane RNA
(Sambrock , 1989). Forraldehyde-1.0% agarose gel
- RNA lcading buffer RNA sample 10 tatal volure
20ul 65 , 15 heating gel well loading - (100
vV, 1-2 ) W 28S  18S band
mRNA band -
gel total RNA capillary

- 16 -



membrane - 20 x SSC solution agarose gel total RNA
membrane - membrane UV crosshink 5
baking membrane  RNA -

3) Hybridization

cDNA insert hybridization ZP-labeled probe  random
priming kit (Takara ) - Membrane probe
hybridizatiaon claone - 0.5% SbS, 6X
SSC, 5x Denhard®s reagent, 50% deionized formaride, 100 ug/ml sperm DONA
hybridization . 42 2 prehybridi-
zatoin  ZP-labeled prabe hybridization 16
(Thamas, 1980). Hybridization membrane  2X SSC/0.1 % SDS (
15 2 ), 1X SSC/0.1 % SDS ( 15 ), 1X SSC/0.1 % SDS (42
15 ), 0.5X SSC/0.1 % SDS (42 15 ) washing .
Washing membrane  rap X-ray film 24
8. CenBank clone
clane , Internet
GenBank database clane
9. cCNA clane
bovine
clarne
screening RT- PCR cloning
Screening bovine mamrary gland cDNA 2 5x 104
plating clone  prabe hybridization -
RT-PCR full-length cDNA
cloning -
RT-PCR tenrplate total RNA acid guanidinium
thiocyanate-phencl-chloroform (Charozenski



Sacchi, 1987). Total RNA  1.0% formaldehyde agarose gel
- total RNA  terplate aliga(dT)
primer MMLV (Pramega) reverse transcriptase  first-strand cDNA
- PCR 1.2% low meting gel
PCR band DNA purification kit -
PCR product pCEM-T easy vector (Pramega) ligation E. coli Top
10F* cell  transformation -

10. cDNA vector

expression vector PIRES vector vectar
eukaryatic cell cytaregalovirus (CVWW) immediate
early pramcter, translation site biccistronic nRNA
- neo (neamycin resistance gene) system
G418 selection eukaryatic cell line
transfection - Fig.- 5 -
Glycoprotein 111, serum amyloid A3, WDNM1 gene expression vector
PIRES Not 1 CIAEX 11
Gel Extraction Kkit(CIAGEN) - glycoprotein
111(1.3kb), serum amyloid A3(0.7kb), WONV1(C.5kb)  pIRES vector(5.3kb)
T4 ligase  ligation - ligation products E. coli ToplOF®
cell  transfarmation LB/ampicillin/tetracyclin agar plate plating
- Colony vectar primer  insert primer
calony PCR insert vector insertion
- calony LB/ampicillin/tetracyclin
broth plasmid Aetna spin Vidiprep kit(Aetma genetech)
- . PIRES-CPINI, pIRES-SAA3,
PIRES-WDNML plasmid  pIRGPINI, pIRSAA3, pIRWDNVL )
vectaor Not | vector (5.3kb)
insert -
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Nrul
)

: __Notl
PCMV ie “—EcoR|

A mcsw 5\3

pIRESneo
5300 bp

Fig 5. Restriction Map and Multiple Claning Site(MSC) of pIRESneo vector

11. (HC11) CCNA

1) Transfection HC11 cell culture
mouse normal mammary epithelial cell line HC11l cell
bovine glycoprotein 111, serum amyloid A3, WDNV1

- Cell ampule  liquid nitrogen tank
37 water bath - Ampule 70% ethanol
ampule cell suspension label  flask -9nl

- RPVI 1640 nedia, 10% heat-inactivated fetal
bovine serum, 5 ug/ml insulin, 10 ng/ml epidermal growth factor(ECF)
B% CCz, 37 . 2
- 1,2 cell growth, cell attachment

- monclayer  confluency subculture
2ml 0.25% trypsin monalayer
trypsin  monolayer Tlask 1 trypsin
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incubator cell round up/dissociation
(2-3 ). Cell dissaciation aml manclayer
pipetting cell dispersion cell suspension
15ml  tube pipetting horogenous  single cell
suspensiaon - cell nurber  counting
- subculture 36 60%
confluency , 48 confluency
2) HC11 cell
HC11 cell liposome Effectene
Transfection Reagent kit(QIGEN ) -
1 X 105 HC11 cell  60rm dish  2ml media seeding 24
5% CCz, 37 subcloning 40 80% confluent
. TE buffer dissalve DNA 1 total
volume 150 buffer EC Enhancer 8 vartexing
1 - 2 5 incubaticn - CNA-
Enhancer mixture  Effectene Transfection Reagent 10 -
vortexing 5 10 - Mixture
incubation cell plate medium , PBS solution
cell washing 4l fresh  growth mediur -
fresh cell growth medium 1ml  transfection camplexes mixing
cell plate - plate 5% CCz, 37
24 48 incubation cell attachment
DNA RNA -
12.
vector cantrol vector
PECFP-IRESneo Caontrcl Vectaor(6kb) transfection
. HC11 cell contral vector  pECFP-IRESneo Contral Vector
liposore Effectene Transfectin Reagent kit
(QIGEN ) )

PEGFP-1RESneo Cantrol Vector

GFP pratein

vector
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vector gene insert

Transfection Effectene transfection Reagent kit , Enhancer
@4, 8, 16 ), Effectene(5, 10, 12.5, 20, 25, 50, 100 ) DNA(0.5, 1, 2 )
transfection transfection
- HC11 cell
transfection 24 5% C0z, 37 incubation
9 sample
PIRGPIIN, pIRSAA3, pIRADNML HC11 cell
transfection -
13. RT-PCR
total RNA RT-FCR
- confluent
FBS washing monclayer cell denaturing sclution overlay -
lysis scraper
Trisol (GibcoBRL ) - Trisal (bCPITT, DBSAAZ,
bWDNM1 )] total RNA
PIRES vectar 5° primer
3’ prirer RT-PCR

14.

HC11 harmane (e.g- cytokine)
(bGP, bSAA3, BLWDNV1)

1) Differentiation induction medium

HC11 - bGP, bSAA3, BWDNV1

differentiation inducticon medium

2) Apoptasis induction medium
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Apoptasis HC11

- , apaptosis harmone

insulin, dexarethasone, pralactin

Table 2
Table 2. HC11 Medium

Medium
GM DIM AIM

Camponents
RPMI 1640 o o o
50ug/nml
Gentamycin ° ° °
10% FBS o o
75ug/wlilnsulin o o o
| 10ng/ml ECF o
757uigilimil
Prolactin °
1 u M
Dexamethasone °

3) Serum restimulation experiment

Serum factor factor

. serum serum

starvation serum

4) TGFB , TNFa experiment

Cytakine - TGFB , TNFa

cytokine .
5) Antimycin, oligomycin experiment
Antimycin  oligomycin  mitochodria synthesis inhibitor ,
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antimycin A Fas mRNA , antimycin A 5
caspase activity - , aligamycin aoligamycin
2 cell 2/3 -
, antimycin  aligomycin
, signal transduction pathway  mitochondria

6) harmone  dose

Lactogenic haormones insulin, EGF, prolactin, dexamethasone  dose
haramraone
harmane 3 , Serum
serum apoptosis
dose band Gel Docurentation system(Bio Rad )
band -
15.

(bovire GFIIN1, SAA3, WDNV1) E. coli

bCPINI, bLSAA3, DWDNV1 protein E. cali
- Expression vectar cloning

stability IFTG inducikle N

hisidine-tag - IPTG induction vectar gene expressicon

3 reading frame integration system ,
fusion protein affinity-purification colaorimetric
immunclogic detection . T7 pramoter 1-5wM IPTG
induction , 10 40 kDa His-tag fusion pratein

- ATG, ribosome binding site, T7 promcter -

PET-22b(+) vector his-bind resin
(Fig- 6A).
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Q)

/_ IPTG Induction IPTG Induc :im

E. coll RMNA
polymarasa

= Y

PET-22b(+) vector system

®

PET vector
Fig 6. pET-22b(+) vectar vector system
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GPIIl, SAA3  WDNM1 protein E.

coli PET expression vectar system
Fig. 6(B) pET-22b(+) vector . bGPINI, bSAA3, bWDNML
insert vector reading frame Nde 1 Xho 1
site insert 5 3° primer  design - PIRES
eukaryotic experssian vector cloning bGPINI, hSAA3 bWDNML
cDNA 57 3 linker primer Taq polymerase (Takara
)] PCR bCPINN, bSAA3  BWDNM1 band -
bGPIIN, BSAA3  DWENM1 PCR praduct 1  low melting agarcse gel
band gel elution kit(BioclCl )
insert - Vectar Nde 1 Xho 1
nuclectide removal kit(Qiagen ) - PET vectaor gel
elution insert Nde I Xho I(Promega )
cohesive end T4 ligase (Takara ) 16 12h
ligation . Ligation product Top 10F* cell
transfarmation ampicillin, tetracyclin resistant caclony
plasmid Nde I Xho I , 5.5 kb pET-22b vector
GFINl, SAA3 WDNV1 gene insert ligation
- constructian E. coli PETGPIN1, pETSAAS,
PETWDNV1 )
16. E. coli

Construction  pETGPINN, pETSAA3  pETWDNM1 expression vector
host BL21 E.coli cell transfarmation -
colonies  cclony PCR

plasmid - Nde I Xho 1 bGPI1, bSAA3
BWDNVL cDNA -

17. E.coli

PETCGPINI, pETSAA3, pETWDNM1 expression vector BL21 cell
LB/amp. plate single colony selection -
G-1rM IPTG inductino Ch, 1h, 2h  inductiocn Ch  CD
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protein lcading buffer SDS-PACE
fusion praotein -
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’ (1/21
1,11/2,2,21/2,9 ) .

2. Total RNA
acid guanidinium thiocyanate-phencl-chlorafarm
total RNA - Fig. 7 RNA -

1 2 3 4 5 6 7
Fig 7. tatal RNA
1: , 2: 172, 3: 1, 4: 11/2, 5: 2, 6: 21/2, 7: 9
3. cDNA clone
- CDNA library differential
hybridization, oligo dT primer differential display RT-FCR
adaptar subtractive hybridization,

subtractive hybridization

CCNA clare -
Fig. 7 total RNA  cDNA tester( CCNA)
driver( cDNA) adaptor  ligation hybridization
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- primary, secondary PCR CDNA Fig. 8

Fig. 8 FCR cDNA clone

4. cDNA clone

clone BigDye
Terminator ABI PRISMINBigDyeTerminator Cycle Sequencing Ready
Reaction Kit -
Fig. 9 clone clone

- clone B1, B2, B3, B4, B5, B6, B7, B8, B9, B1G, Bll, B12

26 claone clane
GenBank data-base , 11 clone
- clone B2-2,
6-2, 13-2, 1-3 bovine lactcoferrin, clone B4-2, B9-2, B10-2, B2-3, B3-3,
B6-3, B8-3 bovine glycopratein homalogy -
12 clane harology -

Clone bl-1 horo sapines genomic DNA chromosome 21g2, b6-1  human P311
HUM(3-1) mRNA, clone 11-1  Haomo sapiens polyadenylate binding protein,
clone 12-1 hamo sapiens splicing factor  hamalogy . Clore 1-2,
3-2, 11-2, 1-3 rabbit serum amylcid A3 protein, clone 12-3 human
melanoma-associated antigen ME 491 nmRNA, clane 12-2  mouse WCNM 1 praotein

bovine  horalogy 3 . Clore b7-1, bo-1,
b5-2 bos taurus prostaglandin G/H synthase-2 gene, bovine capillary
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E-selectin mRNA, Baos taurus chitinase-like protein 1

1 clone 7-2 GenBank database unknown
clone -
Table 2 claone
4, 5 claone CenBank data
- table 3, 4, 5 clane
subtractive hybridization 1, 2, 3 .

Table 2. Nuclectide partial sequences of clones fraom bl to bl2

Clone  _ Reading
Primer Sequences
No.
17 200 | AAGCGACCCAAGENCAATNTCATTTTCAACACTTCTCTTGGAGCCATTTTTGGGCTCAAGAAGTATGCAG
BL ATGCCCTACAGAAGATTATNCAGGAGAGGGCCCTCACCGNTAACTACAAGCAAAATCTCATTGAAGTCCG
SP6 AGCTGATAAGCAAGAGGCTGTTTTTGAGAATNTGGACAAACCTGGAGAGACCCAAGTGATTTNATATGAA
ATGCTTNACETT
T7 166 | CACTCTATGAACAGTCACTNGNCATCAAGNCTGCCATCCCTCATCCATTGATCATGGGAGTTATCAGAGA
B2 ATGTGGTGGNAAAATGCACTTGAGAGAAGGNGAAT TTGAMAAGGCACACACTGATTTTTTTGAAGCCTTT
SP6 AAGAATTATGATGAATCAGGAAGTCC
17 165 | TGGACACTTAGTGCAACTTTTTATAAAGAAAATAATGCT AAAATAAGACCNAAACTGATGNCATCACNGA
B3 AATTAACAGTTTTCAATATGTTCATATTTTAATTCACAATGGAAAAATCTGTTCCAAAACTGGAAATTCA
SP6 TAATGCTTGNGTAAAGCGNGGAAGA
17 167 | CAGAGGNGGAAAAACAGCATGNAGGGGNTTNTCANNTACTTAANCAAAACTCAGATGTGAGTGNCTCTAT
B4 CTTNTTACCTTTCATACACTAGCCNTGGCCTCTTTCCTCANNCNTAAGAACCANCTGCCAAAAAANTACN
SP6 GAACCNCGCATGATGECAGNCATAGNG
T7 168 | CAAAANCGGNGNCCAANANGCCACGGCNGANGCCCCACANAANAAGACNCNNNCANAGGGGCCCCANCNG
B5 NAAANACNAGNNNCAACCCNAACGNACACCNNNCCGANAAAACAAGACGNNGCNNACGANAAANNGGACC
SP6 AANCCNNAGAGACCAAANGANCCGGNAN
17 167 | ACAGNGGANATACCTACTCTAACAMAGEAGETGGGGEGAAANGCACAGGAAACTCAGGCCAATGGGRAGC
B6 CAGAAGAGAACGAAGAAGTGCAGCECATGCGTCAGNCGATGNGTAACAGTCAGAAGCGGAACAGTTCANA
SP6 ACAAAGCCTGNCCTGNCAAAGGAAGAG
17 168 | AATATCTACCTACGTATNTANTTCTGGNCACACCACACGCCTTGNAGGATCTTAGTTCCCTGACCAGGGA
B7 CTGAACCCCGGRGCCCTGACAGTGAAAGNCCCAAGNCAT AACCACTGAACCACCNGGEAANTTCCTCTAG
SP6 ACTTTTANAATGGAANTATAAAGCANNT
17 166 | AGTATNATAGCAAGAAGCATTTTTTAACAAAGATGAAAAAATAGTTCTTATAATATACATCCAGATTCTA
BS CTAACTTNTCATTACCTNACCACTTAACAGATACTTTCTCTCTGACCCACTATGAATAATTTCCAACAAA
SP6 GCACCTTTACTGGTTGGAATGGAAAC
T7 167 | CTGAACAACAACCCAANCCTCNCCGGARACCNGGAAACCCTNNNGENANCNANNTAAAAAAAARAAAAAA
BO AACGNANCCTCGANAAAACACCGGEGANGGEGGAACCANAAGCCCAAACNANAAANGGCCCAAMACCGEN
SP6 CATNNGGAACCCGGGEGAAAGEGECCE
17 168 | ACCTACTCTAACAAAGGAGGTGGGGEGAAATGCACAGGAAACTCAGGCCAATGGGGAGCGAGAAGAGAAC
B10 CAAGAAGTGCAGCGCATGCGTCAGNCGATGNGTAACAGTCAGAAGCGGAACAGTTCAGAACAAAGCCTGC
SP6 CCTGNCAAAGGAAGAGCTAAMGACAGT
17 166 | GGAGTTGCTGAATGCCCTCTTCTCTAANCCTATGGATGACAACTTAANCTGNGCAGTAAAATTACTGAAG
B11 TTGACAGGGNCAGTTTTAGAAGATCCCTGGAAGEAAAAAGGANAGACTGACATGGAAGAAATTATTCAGA
SP6 GAATTGAAAATGTTGTCCTANATGCA
T7 167 | GCAATTGATGGGCACTTCACATACACATTGCCCTGAGCTGAATTTTTGNCAACATAAATATGAATAACTC
B12 CTCCATGNTTATTACATTCTTCAATCACATCATCTTTAATCTCTGTATCCCATCCAACTTCTTCTTCTGT
SP6 TTGAGGATTAAACATGNTAGAGAGNTG

table 3,




Table 3. Claone

GenBank data C 1 )]

Horology with CenBank data

Clore Primer Reading Homo-
No. Clone or gene logy
0

b1-1| T7 165 | Horo sapines genomic DNA chromosame 2102 89
b6-1| T7 167 | Huran P311 HUM(3.1) mRNA 87
b7-1| T7 168 | Bos taurus prostaglandin G/H synthase - 2 gene| 96
b9-1| T7 335 | Bovine capillary E-selectin mRNA 92
b11-1| T7 166 | H. sapiens polyadenylate binding protein 88
b12-1| T7 167 | Horo sapiens splicing factar 96
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Table 4. Clone

GenBank data C 2

Homalogy with GenBank data

Clore| Reading
No Prirer Homo-
i Clone or gene logy
()
bi1-2| T7 | 165 | Serum amyloid A3 protein 82
b2-2| T7 167 | Lactoferrin g7
b3-2| T7 168 | Serum amyloid A3 praotein a1
b4-2| T7 335 | Bovine glycopratein 97
bs-2| T7 166 | Bos taurus chitinase-like protein 1(CLP-1) g5
b6-2| T7 167 | Lactoferrin g5
b7-2| T7 170 | Unknown
bg8-2| T7 185 | Human mRNA far cornithine decarboxylase antizynme g5
bs-2| T7 167 | Bovine glycopratein a2
'b10- _ _
5 T7 188 | Bovine glycopratein a3
b11- _ _
5 T7 164 | Serum amyloid A3 praotein 80
 bl2- ]
5 T7 175 | WBNM 1 protein 82
b13- _
5 T7 188 | Lactoferrin a2
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Table 5. Clone GenBank data C 3 )]
Homology with GenBank data
Clone Primer Reading Homa-1
No- Clone or gene ogy
0

b1-3| T7 165 | Lactoferrin 89
b2-3| T7 167 | Bovine glycopratein 99
b3-3| T7 168 | Bavine glycopraotein 99
b6-3| T7 335 | Bovine glycopratein 99
b8-3| T7 166 | Bavine glycopraotein 99
b10-3| T7 167 | Rabbit serum amyloid A3 pratein 83
b12-3 T7 167 | Human melanoma-associated antigen ME 491 mRNA 79

5. Narthern blotting

Clane GenBank data
- Northern
blot - claone
serum anyloid A3, ornithine decarboxylase antizyme, glycopratein 111,
WDNML - clore Northern
. « . )

- total RNA acid guanidinium thiocyanate-phencl-

chlorcform . Total RNA 10 ug 1.0% formaldehyde

agarose gel

size-fractionaticn - agarase gel
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RNA  capillary membrane -

claone insert hybridization ZP-labeled prabe
random priming kit (Takara) - Merbrane prabe
hybridization clane -

1) Serum amyloid A3

Fig. 9 tissue remadeling serum aryloid A3 protein
- 1
11/2 2 2 1/2
9 .
2) Crnithine decarboxylase antizyre
Clore 8-2 arnithine decarboxylase antizyme  ribosomal frameshift
CRF 2 ornithine decarboxylase cell grawth  division
arnithine decarboxylase antizyme  remodeling
- Fig. 10 -
, 2 -
3) Clycaoprotein 111
Clore 4-2  glycopratein 111
, homology  clusterin . Clusterin
clusterin  sequence
glycoprotein 111 clusterin
glycopraotein 111 D)
Narthern blot -
Glycaprotein 111 1 1 1/2
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, 2: 172, 3: 1, 4: 11/2, 5: 2, 6: 21/2, 7:
Fig 9. Serum amylaid A3  Northern tlot

S e

1 2 3 4 5 6 7

, 2: 172, 3: 1, 4: 11/2, 5: 2, 6: 21/2, 7:
Fig 10. Grnithine decarboxylase antizyme Northern blot

1 2 3 4 5 6

, 2: 172, 3: 1, 4: 11/2, 5: 2, 6: 2172
Fig 11. Glycprotein 111 Northern blot
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6. cDNA clone

Clone CenBank data serum amyloid A3(Fig.
12)  WDNV1(Fig- 13) coding
, glycopratein 111 coding
cloning , GenBank data
- total RNA  template oligo(dT) primer
first-strand cDNA . First-strand cDNA  template
PCR 1.3kb band - PCR product
pPGEM-T easy vector (Frarega )] ligation transformation
sequencing plasmid - plarid sequencing
coding .
CGCAGTGCGTAACAACGCAGAGTACCCGEGGAGCACAGGCAGCTCAGCTTCACCAGGAGCC 60
TCAGCAGGAGGGCACGGCCACAGGATGAACCTTTCCACGGGCATCATTTTCTGCTTCCTG 120
MNLSTGIIIFCFL 12
ATCCTGEGCGTCAGCAGCCAGAGATGGGGGACATTCCTCAAGGAAGCTCGTCAAGGGECT 180
1 LGVSSQRWGTFLZKEAGA® QG GA 32
AAAGACATGTGGAGAGCTTACCAAGACATGAAAGAAGCCAACTACAGGEGTGCAGACAAA 240
KDMWRAYQDMEKEANYRGADK 52
TACTTCCACGCCCGTGGAAACTATCACGCTCCCCGAAGGGGACCTGGGEGTECCTGGECT 300
YFHARGNYDAARRGPGGAWA 72
CGCTAAAGTGATCAGTAACGCCAGAGAGACTATTCAGGGAATCACAGACCCTCTGTTTAAG 360
AKVISNARETIQGITDPLEFEK 92
CGGTATGACCAGGGACCAGCTACGGEAGGATTCGAAGECCGACCAGTTTGCCAACGAATGG 420
GMTRDQVREDS SKADG QFANEW 112
CGGCCGGAGCGGCAAAGACCCCAACCACTTCAGACCTGCTGGCCTGCCTGACAAAGTACTG 480
GRSGKDPNHFRPAGLPDEKVL 132
AGCCTGCTCTCTCTCTGCTCAGGAGATGGGCTGTGAGTCCCTAAGGGCAGGGACACTGAC 540
SLLSLCSGDGTL* 143
CTAGAGAGTTCTCTGTCCTCAGAAGGCAGCAGATCTAATAAATCCTCAAGAGATGGAATA 600
cTT 603

Figure 12. Nuclectide and deduced arino acid sequences of baovine serum
amyloid A3 cDNA. A putative start codon and pclyadenylation signal
sequence are underlined, and the stop codon is indicated by an asterisk
(*) - GenBank AF160867



1 acgcggggag agccaacatg aagacagcca cagtcttigt tctggtaget ttgattttca
61 tgacaatgac tactgcctgg gctctgtcta accccasaga aaaacctgge gettgtccta
121 agccgeccee acgcagtttt ggaacttgtyg atgaacgatg cacaggagat ggatcgtgct
181 ctggcaacat gaagtgctgc agcaatggct gtggtcatge ctgcaaacct cctgtctttt
241 aaccatgtgg aagatggatc tttataagca ggactgatgg ctagccccag aagatttttt
301 tgaacctaca gaccccatge ttggctccte cttagaccta gaattgcatc cttggaagag
361 gaagttctat actgtggtga cagcttccta acgtgtttgt gtctaaaata aactatcctt

421 agcatccgaa aaaaaaasaa aasaadaasa saaaaasaa

<Nucleatide sequences of bovine WDNV1 cDNA>
A putative start, stop codon and polyadenylation signal sequence are
under lined.

1 nktatvfvlv alifrtmtta walsnpkekp gacpkppprs fgtcderctg dgscsgnmke
61 csngcghack ppvf

<Deduced amino acid sequences of bovine WCNM1 cONA>

Figure 13. Nuclectide and deduced arino acid sequences of baovine WDNV1
CDNA- CenBank AF159701

7. CDNA vectar
Northern blot
- bavine serum amyloid

A3(bSAA3), bovine WONVI(BWONV1)  baovine glycoprotein HI(LGPITT) -

eukaryatic expression vector pIRES vector
expressian vector -

bSAA3, DWDNV1, bGPIIl gene  expression vector  pIRES Not 1
QIAEX 11 Cel Extraction
kit(QIAGEN ) (Fig. 149). bSAA3(0.7kb), BWDNM1

(0.5kb), bGPINI(1-3kb) PpIRES vector(5.3kb) T4 ligase ligation
expression vector pIRCGPINI, plIRSAA3,
p IRWDNML (Fig. 15).



<«—pIRES
(5.3kb)

1 2 3
1: bGPINI(1.3Kb), 2: bSAA3(0.7kb), 3: BADNML(O.5kb)

Fig 14. pIRES vectaor

®»

pIRES(5.3kb)

bSAA3(0.7kb)
BWDNM1(0-5kb)

1kb marker bSAA3  bWDNVL

®
T
<— pIRES(5.3kb)

<— BGPII(1.3kh)

1kb bGPl

Fig 15. pIRGPIII, pIRSAA, pIRSWDNVL
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8. (HC11) CcDNA

HC11 cell liposome Effectene
Transfection Reagent kit(QIGEN ) -
1 X 105 HC11 cell  60mm dish  2ml media seeding 24
5% CCz, 37 subcloning 40 80% confluent
. TE buffer dissalve DNA 1 total
volume 150 buffer EC Enhancer 8 vartexing
1 - 2 5 incubatiaon - CNA-
Enhancer mixture  Effectene Transfection Reagent 10 -
vartexing 5 10 - Mixture
incubation cell plate medium , PBS
solution cell washing 4ml fresh  growth medium
- fresh cell growth medium 1rl  transfection corplexes
mixing cell plate - plate 5% CC,
37 24 48 incubation cell attachment
, DNA RNA -
9.
vector cantrol vector
PECFP-IRESneo Contrcl Vectot(6kb) transfection
PEGFP-IRESneo Control Vectot  GFP pratein vectaor
vector gene insert -
Transfection Effectene transfection Reagent kit ,
Enhancer (4, 8, 16 ), Effectene(5, 10, 12.5, 20, 25, 50, 100 ) DNA
@5, 1,2 ) transfection
transfection -
HC11 cell transfection
24 5% CCz, 37 incubation 9 sample
(Fig. 16).
Fig. 16C PIRGPINI, pIRSAA3, pIRWDNML
HC11 cell transfection -

- 38 -



Q)

©
7Fig 16. Control vectar transfection C )
(A) DNA 0.5 , Enhancer 4 , Effectene 5
(B) DNA 0.5 , Enhancer 4 , Effectene 12.5
(©) DNA1 , Enhancer 8 , Effectene 10
(®) DNA 2 , Enhancer 16 , Effectene 20
10. RT-PCR
total RNA RT-PCR
pPIRES vectar 5° primer
3’ prinrer RT-PCR

(Fig. 17).
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<+ 1.3kb

pIRGPIII

Fig 17. HC11

11.

HC11
bGPPI
mouse WDNM1

seguence

1) Differentiation induction medium

Lactogenic harmones
WDNVL mRNAQ

clusterin, SAA3

(Fig. 18).

<— 500bp
25Chbp
pIRSAA3 p IRWDNML
RT-PCR
. sequence
mouse clusterin , bSAA3 mouse SAA3 , bWwDNv1
mouse  primer RT-PCR
HC11 cell differentiation ,

, differentiation
, differentiation 5

2) Apoptasis induction medium

harmanes

, clusterin
PRL+DEX
EGF+PRL

synergic

TRNA
TRNA

WDNML mRNA
dexamethasone(DEX), PRL+EGF
, SAA3 PRL, DEX+PRL

, DEX  EGF

SAA3 PRL
harrone

clusterin, SAA3
prolactin(FRL),

, clusterin
- WDNML mRNA
(Fig- 19).
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3) Serum restimulation experiment

Serur  restimulation clusterin  WDNM1 mRNA
down-regulation - serum factor
clusterin  WDNV1 (Fig. 20).

4) TGFB , TNFa experiment

TCHB clusterin , cell type
, HC11 , TCFB clusterin mRNA
WDNML  mRNA
(Fig. 21).
TNFa clusterin  WDNM1 mRNA -
, SAA3 TNFa
(Fig. 22).

5) Antimycin, oligomycin experiment

Antimycin  mritochondrial synthase inhibitor , marpholagy
36 48 cell
67 cell 2/3
- clusterin, WDNV1  mRNA
(Fig. 23).
Antimycin mitachondirial synthase inhibitor , aoligarycin
morphology 12 18
cell 26 cell
2/3 (Fig. 24).

6) harmone  dose
Lactogenic haormones insulin, ECF, prolactin, dexamethasone dose
haramraone

) Prolactin

Serum free medium(SFV), apoptcsis induction medium(AIM) mclusterin,
mMADNM1, mSAA3 -
prolactin c.5 /ml 5 /ml
(Fig. 25).

) Dexarethascne

- 41 -



SFM, AIM

» 5u M
) .1y M
2, 5uM
) EGF
EGF  dexamethasone
5ng
(Fig. 27).
) Insulin
Insulin , Insulin
(Fig. 28).

C.7u M
(Fig. 26).

. ECGF
10, 15, 20ng
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Fig 18. Effects of differentiation induction on clusterin, SAA3
and WIDNM1T m RN A exnression

HCI11 cell was grown until confluent in GM. After the cells were
reached to contluent{C}), DIM and
continued until day 6(lanes: D1 to D6). On day 7. culiures were
refed to GM again(G}). The relative abundance of c¢lusterin, SAA3
and WDNMI1 at the indicated times was determined by RT-PCE.
mGAPDH and [-casein expression served as a control and a
positive control, respectively. C : confluence, D : differentiation

cultures were exposed to
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Fig 19. Effects of hormone treatm ents on clusterin, SAA3 and
WDNMI mRNA expression

Cells were grown until confluent, and exchanged to SFM, AIM

and AIM + individual hormone. After 3 days, RNA was

prepared from cultures of each treatment. mGAPDH expression

served as a control, respectively.

C : Confluence, & : Growth medium, SFM : Serum free

medium, AIM : Apoptosis induetion medium, P : Prolactin, I»

Dexamethasone, E : EGF
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Fig 20. Time course for down regulation of clusterin and WDNMI1
mRNA in serum stimulation cultures.

Cells were grown until confluent, exchanged to STM for 2days. and then
shifted to 10% serum. mGAPDH and c-fos mRNA expression served as
a control and a positive control, respectively.

1: confluence, 2: SFM 1day, 3: SFM 2day. 4: 10% serum Oh, 5: 0.5h, 6:
lh, 7: 2h, 8: 4h, 9: 6h. 10: 12h, 11: 18h, 12: 24h, 13: 30h, 14: 36h
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Fig 21. Experiment of TGF[3 treatment
1: 70% confluence, 2: GM 1h, 3: GM 12h, 4: GM 24h, 5: GM+TGFR 1h, 6:
GMA+TGER 12h, 7: GMAFTGF 24h, 8: Serum 10% lh, 9: Serum 10% 12h,

10: Serum 10% 24h , 11: Serum 10%+ TGFpB lh , 12: Serum 10%+ TGEFR
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Fig 22. Experiment of TNF alpha treatment

1: 70% confluence, 2: GM 6h. 3; GM+TNF 6h, 4; Serum 10% o6h, 5:
Serum+TNF 6h, 6: GM 12h, 7: GM+TNF 12h 8 Serum 10% 12h, 9: Serum
10% +TNF 12h, 10: GM 18h, 11; GM+TNF 18h, 12: Serum 10% 18h, 13:
Serum 10%+ TNF 18h . 14: GM24h. 15 GM-+TNF 24h. 16: Serum 10% 24h.
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1 2 3 4 F & 7 & 9 10 11 12

Fig 23. Experiment of antimycin treatment
l: Confluence, 2: lh, 3; 6h, 4; 12h, 5: 16h, 6; 18h, 7: 20h, 8: 24h,
9: 36h. 10: 48h . 11: 67h attached cell. 12: 67h foating cell

ey —p—p——

Fig 24. Experiment of olicomycin treatment
1: Confluence, 2: 3h, 3; 6h, 4: 12h, 5; 18h, 6: 24h, 7: 26h
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1) Prolactin

SFM+PRL
0.5 1
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mClusterin
mWDNM 1

mSAA3
mGAPDH
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AIM+PRL
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Fig 25. Prolactin dose dependent

GM: growth medium, SFM: serum free medium

AIM: apoptosis induction medium
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2) Dexamethasone

SFM+DEX

SFMEDEX-mClustenn SFMHDEX-mWDNEN
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Fig 26. Dexamethasone dose dependent

GM: growth medium, SFM: serum free medium
AIM: apoptosis induction medium
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3) EGF

SFM+EGF
GM 0 01 1 5 10 15 20 ng/ml
1 2 3 4 5 6 F 8
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:
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Fig 27. EGF dose dependent
GM: growth medium, SFM: serum free medium
AIM: apoptosis induction medium
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4) Insulin

SFM+Ins

GM 0 0.5 1 3 5 10 20 fgiml
I 2 3 4 5 6 7 8

mClusterin

mWDNMI
mSAA3
mGAPDH

SEM+Ins=mChustenn SFMEIns=m DN k1

15
| 3|
B = 25t l
= gl i | B i M| [l | | | l
£ - |
g | | - | 15 | | |
4 | 5 .. - 4 3 i} - - |
N N i N N N *’D .
L g k] 4 q 7 i | 2 7

Fig 28. Insulin dose dependent

GM: growth medium, SFM: serum free medium
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12.

(bovine
GPINl, SAA3, WDNV1) E. coli

bCPINI, bLSAA3, DWDNM1 protein E. cali
PET expression vectar system
bGPIN1I, bSAA3, DWENV1 protein E. coli

bGP, bSAA3, DWDNM1 insert  vector reading frame
Nde 1 Xho 1 site insert 5° 3° primer
design PCR - bGPIN1I, bSAA3  BWDNV1 PCR product
1 low melting agarcse gel band gel
elution kit(Biol01 ) insert (Fig. 29). Vector
Nde I Xho I nucleotide removal kit(Qiagen )
(Fig. 30). PET vector gel elution insert
Nde 1 Xho I1(Promega ) cohesive end T4
ligase (Takara ) 16 12h ligation
- Ligation product Top 10F* cell transformation
ampicillin, tetracyclin resistant colony plasmid Nde 1
Xho 1 , 5.5 kb pET-22b vector clusterin, SAA3  WDNV1
gene insert ligation -
construction E. cali PETCPIN1, pETSAA3, pETWDNV1

PET(5.5kb) —»
GPI11(1.3kb)

SAA3(C.5kb)

WDNM1.(250bp)

Fig 29. PCR-product Fig 30. pET vector

- 56 -



13. E. coli

Construction  pETGPINI, pETSAA3 expression vector
host BL21 E.coli cell transformation -

colonies  cclony PCR plasmid
- Nde I  Xho 1 PETGPINI, pETSAA3 cDNA
14. E.coli
PETCPINI, pPETSAA3 expression vector BL21 cell LB/amp.
plate single calany  selection - Q.1mM
IPTG inductino GCh, 1h, 2h induction CGh GO 1
protein loading buffer SDS-PAGE

fusion protein -
Fig 31. 32 SDS-PAGE -
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PETCFIN1_protein
IPTG induction rmarker Oh 1h 2h

45kDa—» < 47kDa

Figure 31. pETGPIIN protein  SDS-PAGE

PETSAA3 pratein
IPTG induction nmarker GCh 1h 2h

14 _5kDa— <—15kDa

Figure 32. pETSAA3 protein  SDS-PACE

- 58 -



total RNA
subtractive hybridization
- glycaprctein 111, serum aryloid
A3, WDNv1
Northern analysis -
Glycopratein 111, serum amyloid A3, WDNM1
in vivo ,
, glycapratein 111 clusterin
, serum amyloid A3
metal loprotenase inflanmation
- WDNM1

glycoprotein 111, serum amyloid A3 WDNW1 ,

Glycoprotein 111, serum amyloid A3 WDNM1

» DNA
- glycoprotein
111, serum amyloid A3 WDNV1 ,
1. : 1 , SCI 2
1. » » » » » » » »
(1998) (Apoptesis, Programmed Cell Death) - Kaorean J. Dairy
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(Knight  Wilde,
1987; Tucker, 1987). 0.85

(Tucker, 1966).

- 48-98%
(Knight FPeaker, 1982; Borellini Cka, 1987;
Imagawa , 1990; Jaoshi , 1986).

cDNA library
, CCNA library

cDNA clone northern

. statba
. statba
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1. cDNA library
- (Knight
1992).
- xylazine
( ) .
ephedrine/procaine hydrochloride(100mg procaine, 400mcg ephedrine)
, 4cr - 29 - 5g

. 4 penicillin (3,630 units/kg / )

RNA , -
cDNA library C
4,5, 6,7, 8 )] biopsy
. Total RNA paly A RNA
total RNA  acid guanidinium thiocyanate- phencl-
chloraform (Chomozenski and Sacchi, 1987).
denaturing (guanidinium thiocyanate, Na citrate, 10% sarcosyl,
2-mecaptoethanal) homogenizaticn RNA denaturing
2M Na citrate, acidified phencl chlaroforn
- Agquecus phase phenal extraction 2-prgpancl  RNA
CCNA library paly A RNA  total RNA

Stratagene poly A RNA purification calumn

- CDNA library
cDNA library Clontech A TriplEx vector
. First strand cCNA  Poly A RNA  Xba 1- d(T)
primer 42 40
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. Second strand cDNA RNA/ZCNA ribonuclease H

CNA polymerase | 12 22 60

, 70 10 - T4 DNA
polyrerase 37 10 CCNA double strand blunt-end

- 500 bp cCNA  column - CDNA
phosphorylated EcoRl adaptor T4 DNA ligase 15
18 ligation 70 10
- linker spin column -

CDNA EcoRI-Xbal digested A TriplEx vectar T4 DNA ligase
ligation packaging mix in vitro packiging cDNA library

E. coli XL1-Blue cell transfection .

- CDNA library
cDNA  library recarbinant X-gal IFTG blue/white
plaque - CDNA library titer unamplified cDNA
library  serial dilution plague forming unit ,
independent clone - CDNA [library
insert insert PCR agarase gel
- CDNA library , titer -70
2.
- cDNA clone
cDNA clones system
. Differential hybridization T-cell CDNA
clones cDNA clones
(Cochran , 1984). C grawth factor
MRNA  species)
clones (Hedrick , 1984)

MRNA species -
MRNA species
MRNA species -
single stranded cDNA , probes
cDNA  library membrane duplication
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differential hybridization screening ,

clones -
MRNA species  differential hybridization
C 1 )-
stage-specific paly A RNA , labeled first strand cDNA

prabe  ZP-CTP, oligo (dT) primer reverse transcriptase
- cDNA library recombinant bacteriophage

plaqgues nylon membrane  duplicate - nylon membrane
stage-specific labeled-first
strand cDNA probe  hybridization probe hybridization
claone signal clone - Primary screening

low density (2,500 pfu/150 mm plate) plating
single plaque -

CcDNA library
)
Master Plate
N Membrane Y
duplicate
Membrane 1 Membrane 2
) )
CcDNA probe CDNA prabe
hybridization hybridization
] ]
] ]
O
] ]
] ]
CcDNA clane

Figure 1. ldentification method of pregnant-induced clones by differential
screening
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- PCR/Scuthern
primary screening
primary screening

CcDNA clane
single plague
false plagque

- claone northern
sequencing - PCR/Southern  differential
screening pcsitive clone (Luo ,
1994). 2 - Primary screening
positive plagues freezing/thawning 2-3 larbda DNA
phage . Template larbda DNA  5°/3° primer 30
cycle PCR . PCR praduct duplicate 1.0% agarcse gel
- Southern blaotting gel DNA membrane
membrane CDNA probe  hybridization
message clane
- 20 clone
- Lambda DNA  plasrid insert
cDNA clone  YTriplEx vector in vivo excisiaon
insert  pTriplEx plasmid -

LB/kan/cam agar plate

BM25.8 stack cell

streaking 37

overnight calaony - Working stock plate

single colony LB/MgSO«/kan/cam agar plate streaking

single calony LB/MgSC4 broth 10ml 31 , 15Crpm

aovernight , BV25.8 cell pellet MgClI2 (10m\V) CD
Che0 = 1.0 - Screening plate single

plague  1x larbda dilution buffer 20Cul vortexing phage solution

. In vivo excision

BM25.8 cell culture 100ul

eluted positive plaque 10ul  20ml tube shaking 31
30 - LB brath 200ul 31 , 225rpm 1

- Infected cell suspension 2ul  LB/carbenicillin plate plating
overnight , single calony LB/carbenicillin brath
overnight - Tube glyceral stock

plasmid -
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7Priwaryfgiscreeninggi
plaque
lambda CNA
)
475'/3'7primer .
PCR
N Duplicate 4
agarcse gel ,
Southern blotting
Membrane 1 Membrane 2
T cDNA proke T CDNA prabe
hybridization hybridization
12 3 4 12 3 4
cDNA clone

Figure 2. Ildentification method of pregnant-induced cCNA clones by
PCR/Scuthern differential screening. Lane 1  clone

praoke message false clane
. Lane 3 clone message , lanes 2 4
clone message
claone -
In vivo excision cclaony miniprep. plasmid
- plasmid DNA  Qiagen plasmid purification column
- CcDNA insert EcoRl  Xbal
plasmid EccRI Xbal cDNA  insert -
Insert plasmid low melting agarcse ,
insert gel -20 , nhorthern
ZP-labeled cDNA prabe template -

- 70 -



- cDNA clone database
clone
. ES-dATP double-stranded dideoxy
chain termination PCR sequencing kit [Stratagene  Exa(-)
Pfu cyclist] - PCR
plasmid 10 fmal 500 fral  template DNA
PCR sequencing primer
strand primer , 5° primer
pTriplEx 5%(pTEXS) , 37 priner  pTriplEx 3" (pTEX3) T7
primer sequencing - 50Cfrol  template DNA  1pmol
primer, 10x sequencing buffer, 10y Ci ¥S-dATP, 2.5U Exo(-) Ffu DNA
polyrerase, 4 DMSC 30 mixture
ddNTP(ddATP, ddTTP, ddGTP, ddCTP) tube 7 mixture
PCR sequencing - PCR denaturing %4 , 30 ,
annealing 47 30 , extension 72 30 30
- PCR 5 stop dye mix 8% polyacryamide gel
clone CenBank database

clone .

- Naorthern
cDNA  clone
northern . , ,
total RNA narthern -
Total RNA membrane RNA
(Sambrock , 1989). Forraldehyde-1.0% agarose gel
- RNA 15,000 rpm, 4 , 30 , RNA pellet Q0%
ethanal - RNA loading buffer 20ul  pellet , 95 .,
2 heating gel well loading - (o v, 1 -2 )}
v 28S  18S hand mRNA
band -
gel tatal RNA capillary
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membrane - 10 x SSC sclution agarcse gel total RNA

membrane - membrane  micronave oven 2.5
baking membrane  RNA -
cDNA insert hybridization ZP-labeled probe  random
priming kit (Stratagene) - Membrane probe
hybridizatiaon clone - 0.5% SbS, 6X
SSC, 10% dextran sulfate, 100 ug/ml sperm DNA hybridization
. 65 2 prehybridizatoin  ZZP-labeled prabe
hybridization 12 (Thamas, 1980). Hybridization
membrane  2X SSC/0.1 % SCS ( 10 2 ), 2X SSC/0.1 % SDS (4
2 30 ), 0.1X SSC/0.1 % SDS (42 30 ), 0.1X SSC/0.1 % <BS (B
5 30 ), 0.1X SSC/0-1 % SDS (€5 30 ) washing
- Washing membrane  rap X-ray film 2-4
cDNA clone

narthern hybridization -

- cDNA clone
bavine
clone
, subclaning
, PCR cloning - database program
sequence clore site -
Clane GenBank data , clone bP51 human
polyadenylate binding protein (FPABP) 85% haomalogy -
, clane insert  full-length cading regiaon
- RT-PCR Tull-length PABP cCNA cloning
hurman  mouse PABP cDNA cading
5 primer 3’ prinmer - RT-PCR  template 8
tatal RNA - Total RNA DNA
DNase - Tatal RNA  template oligo(dT) primer
MVLV (Clantech) reverse transcriptase  first-strand cCNA
- PCR 1.2% low melting gel
PCR band DNA purification kit - PCR
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praduct pPGEM-T easy vectar (Prarega) ligation E. cali Jvi09
cell transfarmation -

4.
bovine stat5a gene
. Statba prolactin
- bovine statSa gene
HC11 Stat5a
- , bovine statba gene
eukaryotic expression vector vector stat5a insert
control vector HC11 cell line transfection , Statba
gene transfection
- 3 -
. StatSa cDNA vectar
Bovine stat5a gene (pstatSa) neo
gene contral vectar (pNeo) -

bovine statba cDNA  eukaryotic expression vector
4 .
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Ligation

| Stat5a_| l
[emv  StatSa |
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/ j Transfection into
i e manmumary gland
Y PHR'{"‘"“,-' : Y5 Control vecetor

4 /  epithelial cell line
o

I
Py m—
e, L

Identification of StatSa expression |

|

Determinatin of mammary epithelial cell growth by StatSa  transfection

Figure 3. Strategy for the determination of mammary epithelial cell growth
by bovine stat5a transfection in HCII cells.

- 74 -



Mhel  Sacl Xhol

Stat5a W

= —
x}(/ i T

rd ] Vi
I'II p!_,Cl'ehl |: "HK'CM"J
\ & \__/
Igestion w Digestion with
Digest th
- [ Statsa Sicky codligsion /.
with T4 DNA ligass .~ (
\\\ ;’-’-‘.‘_z Il'l‘ )IIJI
“ ' L
Mhel  Sacl
Lc_‘mTLauT Statsa_|
HH‘“-H B -
/N
f Y
| pBK- CMV J
N
.

Figure 4. Strategy for the construction of bovine statba gene into
eukaryotic expression vector (pBK-CMV)
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expression vector pBK-CMV vectaor (Stratagene)

vectar  eukaryotic cell cytaregalavirus (CW)
immediate early promoter, Sv40 transcription terminator  palyadenylation
signal Sv40 3* splicing site - SV40 early pramoter  TK
transcription termination  polyadenylation signal

neo (neamycin/kanamycin resistance gene) syster
G418 selectiaon eukaryate cell line transfection

Bovine statba iInsert pUC18-stat5a Sac I(6") Sal 1(3)
, PBK-CMV vector (4.513kb) multi-cloning site  Sac

1(5") xho 1(3%) CIAEX
11 Cel Extraction kit(QIAGEN) - stat5a insert
(2.6kk)  pBK-CMV vector T4 ligase 16 12 cohesive
end ligation . Ligation product (7.1kb)  100mM CaCl
XLI-blue MRF*competent cell transformation LB/kanamycine (50
ug/ml) agar plate plating 14 37 incubation - Calony
LB/Kanamycine (5Cug/ml) brcth 12 37
plasmid  QIACEN Plasrid mini Kit : -
pBK-CMV-stat5a plasmid Sac 1 (57) ane cut plasrid
size 7.1kb . Not I (57, 3 )
statba (2.6kb) insert  pBK-CMV (4.5kb) vector ligation
Eukaryote cell HC11 Nne I Sac
| 200bp R-galactosidase  promcter  start codon
AUG . lac promoter  AUG plasmid
GIAEX 11 Cel Extraction kit (QIACEN) - pN-S
DNA Polymerase Large klenow Fragment(Fraomega) fill-in
blunt end T4 ligase (NEB) 16 12 ligation
. Ligation product (7.1kb)  E.coli XLI-blue MRF-caompetent cell
transfarmation LB/kanamycine agar plate plating 14 3
7 - Caolony LB/Kanamrycine brath , 12
37 plasmid QIAGEN Plasrid rini Kit
. Ligation junction carrect ligation
Plasmid pBK-CVW vector  statSa insert Xba 1
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6.9kb , Not | 4_3kb
pBK-CVWV vector 2.6kb  statSa insert -

- (HC11) statSa cDNA

1) Transfection HC11 cell culture
mouse naorral mammary epithelial cell line HC11 cell
bovine statba (Ball ,
1988). Cell ampule  liquid nitrogen tank
37 water bath - Ampule 70% ethancl  ampule
cell suspension label  flask -9 ml
(dropnise 2 )] - RPVI1640 nmedia, 10%
heat-inactivated fetal bovine serum, 5 ug/ml insulin, 10 ng/ml epidermal
growth factar (ECF) 5% CCz, 37
- 2-3 - 1,2 cell growth,
cell attachment - monclayer  canfluency
subculture 3ml  0.25% trypsin monalayer
trypsin  nmonolayer Tlask
1 trypsin incubator cell round up/dissociation
(5-30 ). Cell dissociation 3ml
monolayer pipetting cell dispersion
cell suspension  15ml tube pipetting
homogenous single cell suspension - cell
nurber  counting - subculture
36 60%  confluency , 48 confluency

2) HC11 cell
1 X 105 HC11 cell  35mm dish 2wl media seeding 18 24
50 80% confluent
- Lipofectarine (GIBCO BRL) 2, 4, 6 ul 100 ul serum-free media
, Quagen Endofree plasrid Maxi Kit
stat5a expression plasmid control plasrid 2 ug 100 ul serum-free
media - 30
DNA-liposaome carplex - DNA-liposare caomplex

- 77 -



cell 2ml  serur-free medium rinse - DNA-liposome
complex tube 0.8ml serum-free medium

1.0ml solution over lay - Transfection
antibacterial agent media -5 incubation 20%
FBS media 1.0 ml , 24 10% FBS
fresh medium -
Medium 24 200 ug/ml G418 G418
transfected cell selection - 3
1C0-14 selection 418 colonies
- Control vector stat5a vectaor lipofectamine
4 , 12 calonies - Colony
cell PBS 2 plate claoning
cylinder colaony plate - Cloning
cylinder trypsin 1 drop repeated pipetting cell
dissaciatian 24 well plate (1 ml media) - Cell
2-5 cell attachrent fresh
mediur . Cell  confluency @ ) 6 well plate
, subculture
, CNA RNA -
. Stat5a
genomic DNA PCR -
Confluency TBS soluticn
monclayer cell
pellet 40 ul TE buffer cell dissaciation - DNA
extraction buffer 360 ul 40 ul prateinase K 55 30
3 - 400 ul chloroform
phencl iscamyl alcohol genomic CNA
- 1 ml ethancl genamic DNA
pellet 70% ethanol TE buffer DNA -
genamic DNA  template
primer PCR -
Contral vector CW5"  primer Cmv3-
primer , Statba vector CW5" primer
stat5a3" primer - PCR 94 preheating 5 94
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denaturation 1 30 , 53 annealing 1 30 , 72  extension 1 30
40 cycle 72 10 final elongation - PCR
praduct 1.0% agarcse gel -

- Northern statSa mRNA
stat5a tatal RNA
narthern - confluent
PBS washing manclayer cell denaturing sclution
overlay - lysis scraper
homogenization - Lysed total RNA
labeled-statba insert  probke hybridization

. Stat5a cDNA
StatSa cDNA control
vectaor stat5a vector 104 cells/wnell 24
well plate seeding 24 , 48 72
- trypsin dissociation
hemocytometer counting - MTT assay
(cell proliferation rate) - MIT
(3-(4,5-dimethylthiazol-2-yl1)-2,5-diphenyltetrazolium bromide)
mitochondrial dehydrogenase soluble farmazan
, Tfarmazan dye sclution
cytatoxicity (Mosmann,
1984). NTT assay 96 well plate well 0.1x 104 cell seeding
well 100ul . 37 CC2 incubator
24, 48 72 50ul MTT (PBS Srg/ml VTT solution,
Sigma) - 37 34 incubation media
well plate PBS redia washing - \Vell 70ul
propancl-2-cl  (50ml isoprgpancl 50ml 10Cul HCl
0.1-0.2% HCI )] insoluble blue
formazan crystal - Acidified prgpancl-2-cl 30 ELISA
reader  570nm aptical density - 5
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5. stat5a
- Bovine statBba
bovine statSa  overexpression

, Statba

statba praotein E.cali

expression vectar  cloning - pPGEX expression vectaor
- PCEX  GST gene fusion vector . CST fusion vector  gene
expression  fusion protein affinity-purification
. Tac praomoter 1-5mM IPTG
induction , 26 kba glutathione S-transferase (CST) fusion
protein , thrombin fusion pratein  CST carrier pratein
Stat5a insert  vector reading frame Not 1|
site 5® linker primer (5°-AGCCGCCGCATGGCGEGCTGGATC-3%)
design - pBK-CW vectar  cloning statSa cDNA  5°
linker primer 3¢ T7 priver Taq polymerase PCR
2.6kb stat5a band - statSa PCR product 1 law
melting agarcse gel band phencl
extraction - PCR product stat5a Not 1
cchesive end , phenal extraction
- PCEX-4T-3 vector Not |1
cohesive end - Vector self ligation
CIAP 5’ dephosphaor lyatian - Not 1 stat5a
CDNA (2.6kk) vectar (4.9kb) T4 ligase (Takara) 16 12h
ligation . Ligation product DH5a  cell
transfarmation arpicillin resistant colony plasmid
Not 1 ligation -
- Stat5a E. coli
Construction  statba expression vector hast
BL21 E.coli cell transfarmation - colonies
ampicillin plasmid Not 1 ,
stat5a cDNA -
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. E.cali statba

pPGEX-4T-3-statSa expression vector BL21 cell LB/amp.
plate single calany  selection - Q.1mM
IPTG 2h, 4h, 6h Il protein loading
buffer SDS-PACE fusiaon protein -
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1. cDNA library
RNA »
- cDNA library
4, 5,6, 7, 8
. Total RNA paly A RNA
total RNA  acid guanidinium thiocyanate- phencl-
chlarcform - total RNA  formaldehyde gel
28S 18S ribosomal RNA 28S
band intensity 18S 2 , total RNA
intact C 5).
CcCNA library poly A RNA  taotal RNA
Stratagene paly A RNA purification ccllumn -
poly A RNA 28S 18S RNA
mRNA  enrich ( 6).-
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Figure 5.

Figure 6.

Electrophoresis of total RNA. The 20 ug of total RNA
extracted from bovine mammary gland at pregnant 4 (lane
1), 6 (lane 2), 7 (lane 3), and 8 months (lane 4) were
fractionated on 1.0% agarose gel containing formaldehde.

Electrophoresis of poly A RNA. The 20 ug of total RNA
(lane 1) and poly A RNA (lane 2) purified from the pooled
total RNAs of bovine mammary gland at pregnant 4, 5, 6,
7, and 8 months were fractionated on 1.0% agarose gel

containing formaldehyde.
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- CDNA library
cDNA library A TriplEx vectaor
- First strand cDNA poly A RNA  Xba I- d(T) primer
- Secand strand cDNA

RNA/DNA ribonuclease H DNA
palyrerase | - T4 DNA polyrerase CDNA
double strand blunt-end - cDNA  phosphaorylated EccoRl
adaptor T4 DNA ligase ligation -
linker spin column - CDNA EcoRI-Xbal
digested A TriplEx vectar T4 DNA ligase ligatian
packaging mix in vitro packaging cCNA library E. caoli
XL1-Blue cell  transfection -

- CDNA library
cDNA  library recarbinant X-gal IFTG blue/white
plaque , 85% recombinant plaques - CDNA
library  titer unarplified cDNA library  serial dilution plaque
forming unit , independent clone
- Unamplified library 7.0 x 106 pfu/ml titer
cDNA library  insert insert PCR agarase gel
- 15 plagues 0.3 kb - 1.8 kb
insert , insert size 0.7 kb C 7).
cDNA library , titer -70 -
library titer 1.0 x 109 pfu/ml -
cDNA library , cDNA library
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Figure 7. Construction of pregnant specific cDNA library from bovine
manrmary gland. Pregnant-specific cDNA library was constructed
using the pooled poly A RNA extracted from pregnant mammary
gland. Fifteen clear plaques (lanes 2 - 16) were randomly picked
and subjected to the PCR using insert screening primers, and
amplified products were analysed on an 1.0% agarcse gel.

cDNA clone

2.
cDNA library
(differential hybridization)
, probes
duplication differential hybridization
clones
hybridization
paly A
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. Labeled first strand cDNA prabe ZP-dCTP, aligo (dT) primer
reverse transcriptase

cDNA  library recarbinant bacteriophage plaques nylon merbrane

duplicate - nylon merbrane
labeled-first strand cDNA probe  hybridization

prabe hybridization clane signal
claone - 8 - 18 150 mm
petridish , 109 primary
positive candidate plaques - CDNA library plating 150 mm
petridish 2,000 - 2,500 plaque , (8a%,
87/109) clone single plaque - 1 screening

87 clone single plaque , 20 clone 2 plaque

2 clone 3 plaque -

Figure 8. Differential screening of cDNA library constructed from pregnant
bovine mammary gland. Approximately 2,500 pfu of phage solutiaon
were plated. Duplicate filters were prepared from the same plate
and hybridized with cDNA probes prepared from virgin mRNA (B) or
pregnant mRNA (A). The spcts indicated by an arrow represent
examples of pregnant-induced cDNA clones.
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. PCR/Sauthern cDNA clone

primary screening single plaque
primary screening false plaque
- clane northern
sequencing - FCR/Southern differential
screening positive claone - Primary screening
positive plagues freezing/thawing 2-3 larbda DNA
phage . Template lambda DNA 57— 3”- vector primer
30 cycle PCR - PCR product duplicate 1.0%
agarcse gel - Southern blotting gel DNA
membrane membrane CDNA probe
hybridizatiaon message
claone - cDNA clone  PCR/Southern
differential screening 9 -9 positive
plague template PCR 9A - PCR
agargse Southern 2 membrane MRNA
C av) mMRNA prabe ( 9P) hybridization ,4 ,6 ,7
, 9 lane clone prabe signal -
A B
y
‘"1!23455?89 123456788 1284568 7488

Figure 9. PCR/Southern differential screening of primary positive clones.
Panel A: Inserts of positive plagues (lanes 1-9) identified from prirary
differential screening were arplified by PFCR using 5"- and 3"-vector
primers and analyzed on a 1.0% agarcse gel. Marker, Y-BstE 11 digest. The
lanes of panels V and P correspond to those in panel A. Fanel V represents
an autoradiaogram hybridized with the cDNA prcbe prepared from the virgin
marmary gland. Panel P represents an autoradiogram hybridized with the
CDNA probe from the pregnant mamrary gland.
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- Lambda DNA  plasrid insert

cDNA clone  YTriplEX vector in vivo excision
insert pTriplEx plasmid - In vivo
excision positive plague YCNA  pTriplEx plasmid -
Plasmid LB/carbenicillin broth cell
miniprep. plasmid - CcDNA  insert
EcoRl  Xbal plasrid EcoRl  Xbal
CCNA insert - Plasmid
10 - clone insert size 0.5 -1.0
kb , 0.3 kb, 1.9 kb - Insert
plasmid low melting agarose , iInsert
northern iZP-labeled cDNA praobe template -
M 1 2 3 4 29 30 M 31 32

Figure 10.

Electropharesis of plasmid containing bovine marmary gland cDNA
after digestion with EccRI/Xbal. The YDNA containing the cCNA
insert was converted into the phagemid by Automatic Excision
Process. The plasmid was digested with EcoRl and Xbal, and the
DNA fragrments were analysed by a 1.0% agarocse gel
electrophoresis. V; A DNA-Bst E 11 digest. Numerical number on
each lane indicates clone number.
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- clone database
claone ZES-dATP
double-stranded didecxy chain termination PCR
sequencing .
20 clane clore
GenBank database , 10 clone
« D. bP1, bP4, bP31, bP32  bovire-p
-casein CcDNA , bP42 bP86 bovine-a -lactalbumin cDNA
bP22, hP61 bP100 bovine-a Sl-casein cDNA , bP18 bovine-k -casein
CDNA - bP2  bavine elongation factor alpha
, bPS5  bovine statba (Schroder , 1998;
Seyfert , 2000).
4 clone C

1). Clone bP5C, bP51, bP67 bP88 human secretory carrier menmbrane
protein, human polyadenylate binding protein 1, human ribosomal protein
L21 hamster ribosomal protein S14 gene -

4 clore GenBank database unknown cllane

- 3 clone -
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Table 1. Comparison of nuclectide sequences of the selected clanes with

GenBank database

|1. Known genes in bovine species
Clane
Gene Name
| Nurber

bP1, bP4,

Bovine 3 -casein mRNA

bP31, bP32

bP18 Bovine Kk -casein mRNA
| bP22,bP61,

Bovine a Sl1-casein mRNA

bP100

bP42, bP86|Bovine a -lactalbumin mRNA
| bP2 \Bovine elongation factor alpha mRNA
| bPS5  |Bovine statSa mRNA
2. Known genes in other species

Clane .

Gene Name % ldentity
nurber I B - - -

P50 1) H. sapiens secretory carrier membrane protein 0
| 12) Huran thymosin B 10 mRNA - &0
| bP51 \Human polyadenylate binding protein gene 95
| bPG7 \Human ribosaral protein L21 B o 80

bP88 Chinese hamster ovary ribosomal protein S14 mRNA 90
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Table 2. Partial nuclectide sequences of the claones.

Clone  _ Reading
Primer
No.
| pTEX5| 159 |
bP33
pTEX3| 61
pTEXS| 85 |
bPAL | 17 62
| pTEx5| 218 |
bP43
pTEX3| 190
| pTEX5| 156 |
EPS2| 17 177
| pTEX5 [218
bP&e8
pTEX3|129

Sequences

/AAACCATGTGTTTAATATTTTCATTAAACTGTTGTCAATACAATTTC
ANGCAAATTGCACCAACTGGAAGTACCAGGCCCAGAAATCATAACTA
ATCTTCCAAAGGAATTGCCAAGGTNCTCTTCACTCCAGCTGCACCAT
AGNGCAGAGGTGCAGCAG
GGGCAAACCGGAGAAATTTGGCAGTCCGATGGGAAGGCCCCTCAGGA
GACCCGCGGGCCCG
GAATTAAATTTAATTAACTTNNCAACTGGNAATTAAATTCAAAATNG
CTTAAGCTTTAAGGAATTAATTAATGAATTAAAGGAAA
AAATTGGNNNGGNNNAAAGCGCAATTAATTGAGATTAAAAGGAANNN
(GGCCGGNTTAACCC |
GGCTTGCACTGTCCTGAAAATTGCTTCTGCAAGGAATGAGTCCAATTA
ACAATTGGCAATTCTTTTTTTCCTAATCAGATACCAAATTTGCAGATT
TCTGGCTCTGGTTTTATTTTACTATGTTCCATTCAGTTGACTCTTGGA
CTGCACAGGCTAAGGAAACATGCATATAATGTCAGCATACTGTGAAGC
ATGATAAGTAGTAATCATTGAGCCCG
TTCCTAATCAGATACCAAATTTGCAGATTNCTGGCTCTGGTTTTATTT
TACTATGTCCATTCAGTTGACTCTTTGTCATCTGCACAGGCTAAAGGA
AACATGCATATAATGTAGCATACTGTGAATCATGATAAGTAGTAAATN
TTGAGGCTGTCTCCTGTGETGCCCTASTCACTCATCECTAGGCGGC
CTTTACTGCTCTAATGCTGCTAGTTTTAGTCTTTAGCACACTAGGTG
GTTTATGCCTTTTATAGCTAGAAAAACCTAACAGCTATTACTATAAC
TGGGGTGGGGGTGGTCAGGACTGGGTGGGCGGCTGCTGAGCCCTTTG
TGGAGTTCTCTCGTGTTGGTGCTTCTCGTC
ACATTCAGGCTCTTATAATGTCAGGGGAGGTAGGAAGAAGTCAGTGC
TGAGGTCTCTGGGAAATTCTGCAGACCTTGTAGGCTCTCTAAGCCCC
TCTAGCAACATCTGGATATGGGCCTTGATATTCATGGAGTCCTTGGT
/AGGTTGTCGCTGAGCTCTGTGAGGAGACTGCTCGAC
GTCAGCGCTCAGAGCCCTCGCCCGCTCAGGATGAAGATTGGGCGGATTG
AGGATGTCACCCCCATCCCCTCOGACAGCACCCGCAGAAGGGGGGTCGC
CGTGGTCGCCGTCTGTGAACAGGACTTCTCAAATTATTGCTTTCTGTTA
ATAAATTRVTTTGATGTAAGCGCAAAAAAAAAAAAAAAAAATCTAGACT]
CGAGCAAGCTTATGCATGCATGC
GACGTTACATCAAAGSAATTTRTTAACAGAAAGCRRTAATTTGAGAAGT
SCTGTTCASAGRCGGCGRCCACGGCGRSCCGCCTTGCTGCGGGTESTGT

CGGAGGCGATGGCGGTGACATCCTCAAKCCCCCCAATCT
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- Narthern CcDNA claone
clane
’ ’ total RNA
narthern .
11 TRNA
- B -casein, Kk -casein, a -Sl-casein,
-lactalbumin
8
12 bovine elongation factor o bP2
northern -
13  bovine stat5a . Stat5a
5
7 8
. Stat5a . Stat5a
stat5a , Stat5a
14 huran secretory carrier nmembrane protein
clone bp50 - Clone bPs0 5
7 » »
. Clone bP5C (lung),
(spleen) 8 , (stamach)
(uterus) -

- 92 -



V P5S P7 P8 L1 L3 11 13 I5 17

{ .. . - B —casein

vV PS5 P7 P8 L1 L3 11 I3 15 17

| ;' .'l W casein

\ P5 P6 P7 P8 L1 L3 1113 15 17

- - - " - a Sl-casein
o

\ F5 F7 F8 L4 13 15

' - o -lactalbumin

Figure 11. Northern analysis of known clones (milk protein genes) in

various tissues of Holstein cow. The 20 ug of total RNA isclated at virgin
V), pregnant 5 months (P5), pregnant 6 months (P6), pregnant 7 manths
(P7), pregnant 8 months (F8), lactating 1 month (L1), lactating 3 months
(L3), involution 1 week (11), invclution 3 weeks (I13), involution 5 weeks
(15), and involution 7 weeks of bovine manmary gland were analyzed by
northern method.
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B H K Li Lu Sp stU F8 L1 13

- B -casein

B H K Li Lu

Sp St U P8 L1 13

'! - K —casein

B H lu Sp St U P8 L1

DT

Northern analysis of known clones (milk protein genes) in

various tissues of Holstein cow (continued). The tctal RNA
isclated from hile(B),

- o -lactalbumin

Figure 11.

heart(H), kidney(K), Hliver(lL),
lung(Lu), spleen(Sp), stamach(St), uterus(U) tissues of

halstein cow were analyzed by northern method.

\ P5 P7 P8 L1 L3 11 13

15 17

Figure 12. Northern analysis of clone bP2 (bovine elongation factar a ) in
bovine mammary tissues.
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3.9 kb

28S

18S

Figure 13. Northern analysis of the stat5a gene in bovine mammary gland at
several physiclogical states. Twenty micrograms of total RNA
isclated from manmary gland of Holstein cow at virgin (V),
pregnant 5 months (P5), pregnant 7 months (F7), pregnant 8
months (P8), lactating 4 months (L4), inwvclution 3 weeks (13),
and involution 5 weeks (I5) were separated on a 1%
formaldehyde/agarcse gel. Tctal RNA was analyzed by northern
method. That equal amounts of RNA were present in each lane was
checked by the intensities of 28S and 18S bands as shown.

\ P5 F7 P8 L4 I3 IS5

B H K Li Lu SpSt U P8 L4113

Figure 14. Northern analysis of the clone bP50 that showed high similarity

with human secretory carrier nembrane protein.
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15 bovine polyadenylate binding protein 1 gene (PABP)

- PABP gene
7 8 ,
. PABP
16  human ribosomal protein L21 gene claone bP67
northern ,
- narthern
17  harster ribosaral protein S14 clone bP88
. Clone bP88 7 8
3 total RNA loading

- 96 -



2.9 kb

B H KLi Lu StSpU V P5P7P8L413 15

Figure 15. Northern analysis of bovine polyadenylate binding protein 1
gere. Twenty micrograms of total RNA isclated from bile (B),
heart (H), kidney (K), liver (L), lung (Lu), stomach (St),
spleen (Sp), and uterus (U) and virgin (V), pregnant 5 months
(P5), pregnant 7 months (P7), pregnant 8 months (P8), lactating
4 wonth (L4), invalution 3 weeks (I13), and involution 5 weeks
(15) of bovine marmary gland were separated on a 1%
formaldehyde/agarose gel. Total RNA on the gel was transferred
oanto the membrane by capillary reaction. The blot was
hybridized with the 32P-labeled cDNA probe. That arounts of RNA
were present in each lane was checked by the intensities of 28S
and 18S bands as shown.
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V P5 P7P8 L1L4 1113 I517

Figure 16. Narthern analysis of the clane bP67 that shaowed high sirilarity

with human ribcsomal protein L21 gene.

Figure 17. Northern analysis of the clone bP88 that showed high similarity

with hamster ribosomal protein S14 gene.
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- cDNA clone
GenBank database bavine
2 clone
. Clone bpP51 human polyadenylate

binding protein gene , Cclone bP88  hamster ribosaoral
protein S14 gene -
, clone bP51 3
BarH 1 site , clone bP88 5” Ava 1  Hind 111 site
(¢ 18).
bP51
- BamT 1(211bp)

bP88

Aval (196bp)
5" . 3
EE EE E EEEEEEEEEEEEEEEEEEEEEEEEEEETERm

X
Hind 111 (203bp)

Figure 18. Restriction enzyme map of clones bP51 and bP88.

Clane GenBank data clone bP51 human
polyadenylate binding protein homolagy - ,
coding , bovine PABP  full
length cONA  PCR cloning -
8 total RNA template
oligo(dT) primer first-strand cDNA - First-strand
cDNA  terplate PCR 1.9kb band
C 19). PCR product pCEM-T easy vector (Promega)  ligation
transfarmatian sequencing plasmid - EcoR1
, PCR product plasmid C 20).
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1.9 kb

Figure 19. The RT-PCR of bovine polyadenylate binding protein 1 cDNA. The
CcDNA of bovine PABP gene were amplified by RT-PCR using total
RNA of 8 months pregnant mamrary tissues (F) and a 57
degenerate primer designed by huran and mouse arino acid
sequences and a 3” primer based on sequencing results in this
study. The PCR products were electrophoresed on a 1% agarose
gel. M; 1 kb ladder.

Figure 20. Cloning of PCR product into pGEM-T easy vectaor. M: 1 kb DNA
ladder, Lanes 1 and 3: undigested plasrid. lanes 2 and 4: EcoRI
digested plasmid after transformation.
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RT-PCR cloning clore ,

1,911 , 636 cading start
codon  stop codon full-coding sequences C

21). CGenBank data , human polyadenylate binding
protein 1  95% identity, mouse polyadenylate binding protein 1 Q4%
identity (Crange , 1987; Wang , 1992).

, hurman  mouse polyadenylate binding protein 1 100% 9%
identity C 22). , bovine polyadenylate
binding protein 1 (PABP) full-cading CDNA
cloning -

PABP  eukaryotic mRNA 3" poly (A) tail MRNA
translation (Bernstein  Ross,
1989; Blokel, 1973; Galli, 1998). eukaryatic mRNA  5” end
translation initiation (Gingras ,
1999).
PABP - ,
FABP
MRNA translatian
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atgaaccccagcgeccccagetaccecatggectegetctacgtgggagacctacaccecgacgtgaccgaggcgatgctctatgagaag 90

M NPSAPSYPMASLYVGDLHPDVTEAMLYEHK 30
ttcagcccggecgggeccatectcetecateegggtetgcagggacatgatcaccegeegetecttgggetacgegtatgtgaacttccay 180
FSPAGPILSIRVCRDMITRRSLGYAYVNTFDQ 60
cagccggeggacgcggagegtgctttggacaccatgaattttgatgtgataaagggcaagecagtacgcatcatgtggtctcagegegat 270
QPADAERALDTMNFDVIKGKPVRIMWSAOQRTD 90

ccatcacttcgcaaaagtggagtgggcaacatattcattaaaaatttggataaatccattgataataaagcactgtatgatacattttct 360
PSLRKSGVGNIFIKNLDIKSIDNIKALYDTTFS 120
gettttggtaacatcctttcatgtaaggtggtttgtgatgaaaatggttccaagggttatgggtttgtgcattttgagacacaagaagca 450
AFGNILSCKVVCDENGSKGYGFVHFETA QEHA 150
gctgaaagagctattgaaaaaatgaatgggatgcttctaaatgatcgcaaagtatttgttggaagatttaagtctcgtaaagaacgagaa 540
A ERAI EKMNGMLLNDRIKYVFVGRFIKSRIKTETRE 180
gcagaacttggagctagggcaaaagagt tcaccaatgtttacatcaagaattttggagaagacatggatgatgagcgecttaaggatcte 630
A ELGARAKEFTNVYI1l KNFGEDMMDUDTEZRTLIKTDL 210
tttggcaagtttggacctgccttaagtgtgaaagtaatgactgatgaaagtggaaaatccaaaggctttggatttgtaagctttgaaagy 720
FGKFGPALSVKVMTDESGKS SKGFGFVSFETR 240
catgaagatgcacaaaaagctgtggatgagatgaatggaaaagagctcaatggaaaacaaatttatgttggtcgagcccagaaaaaagty 810
HEDAQKAVDEMNGKELNGK QI YVGRAQIKIKYV 270
gaacgacagacagaacttaagcgcaaat ttgaacagatgaagcaagacaggatcaccagataccagggtgttaacctttatgtgaaaaat 900
ERQTELKRKFEQMKQDRITRYQGVNLYVKN 300
cttgacgatggtattgatgatgaacgtctccggaaggagttttctecatttggcacaatcaccagtgcaaaggttatgatggagggtggt 990
LDDGIDDERLRKEFSPFGTITSAKVMMETGSG 330
cgcagcaaaggttttggttttgtatgtttctectccccagaagaagccactaaagcagttacggaaatgaacggtagaattgtggecace 1080
RSKGFGFVCFSSPEEATKAVTEMNGRIVAT 360
aagccattgtatgtagctttagctcagegcaaagaagagegecaggctcacctcactaaccagtatatgcagaggatggcaagtgtaaga 1170
KPLYVALAQRKEERQAHLTNQQYMQRMASVR 390
getgtgeccaaccecegtaatcaaccectaccagecageacctecttcaggttacttcatggeagetatcccacagactcagaaccgtget 1260
AVPNPVINPYQPAPPSGYFMAAIPQTO QNRA 420
gcatactatcctcctagtcaaattgctcaactaagaccaagtcectegetggactgetcagggtgecagacctcatccattccaaaataty 1350
AYYPPSQI AQLRPSPRWTAQGARPHPFOQNWM 450
cccggtgctattcgcccagecgetcctagaccaccatttagtactatgagaccagettcettcacaggttccacgagtcatgtcaacacag 1440
PGAI RPAAPRPPFSTMRPASSQVPRVMSTDAQ 480
cgtgttgctaacacatcaacacaaacgatgggtccacgteccgcagetgctgeagetgeagetactectgetgttcgcaccgttccacag 1530
RVANTSTQTMGPRPAAAAAAATPAVRTVPAQ 510
tacaaatacgctgcgggagttcgcaatcctcaacagcatctgaatgcacageecgecaggtcaccatgeageageccgetgttcatgtacaa 1620
YKYAAGVRNPQQHLNAQPOQVTMQQPAVHVYVZQ 540
ggtcaggagectctgactgcttccatgttggeatctgeccctectcaagagcagaagcaaatgttgggtgaacggctcetttectctaatt 1710
GQEPLTASMLASAPPQEQKQMLGERTLTFPTLII 570
caagccatgcaccctactcttgctggtaaaatcactggcatgttgttggagattgataattcagaacttcttcatatgcttgagtctcca 1800
QAMHPTLAGKITGMLLETIDNSELLHMLETSTP 600
gagtctctccgttctaaagttgatgaagctgtagetgtactccaagcccaccaagcaaaagaggetgcccagaaageagttaacagtgee 1890
ESLRSKVDEAVAVLQAHOQAKEAAQKAVNSA 620

actggtgttccaactgtttaa 1911
TGV PTV * 636

Figure 21. The nucleotide and the deduced arino acid sequences of bovine
polyadenylate binding protein 1 cCNA. The nuclectide sequence data are iIn
the EMBL, GenBank, and DDBJ nuclectide sequence databases with the
accession number AJ401269.
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BOVINE: NNPSAPSYPVASLYVCDLHPDVTEAMLYEKFSPAGP ILS IRVCRDV ITRRSLGYAYVNFQGPACAERALCTMNFDVIKCK 80
HUN AN 2 e e e e et e e ee i mme e eee e eeeeeeeeaeeaeeeeaeeaaenaanan
MOUSE = e oo e e e et e et e e eee e aeeeaeea——aan

BOVINE: FVRIMASQREPSLRKSGVCNIF IKNLDKS ICNKALYCTFSAFCN ILSCKVVCDENGSKGYCFVHFETQEAAERATEKMNG 160
HUN AN 2 e e e e et e e ee i mme e eee e eeeeeeeeaeeaeeeeaeeaaenaanan
MOUSE = e oo e e e et e et e e eee e aeeeaeea——aan

BOVINE: NLLNDRKVFVGRFKSRKEREAELGARAKEFTNVY IKNFGEDNVEDERLKDLFGKFGPALSVKVMTDESGKSKGFGFVSFER 240
HUNAN 2 - e e e e e e e e e e e e
MOUSE = oveeoonnnn. o B e el

BOVINE: HEDAQKAVDEMNCKELNGKQ'YVGRAQKKVERQTELKRKFEQVKQER I TRYCQGVNLYVKNLDDC IDEERLRKEFSPFGTI 320
HUN AN 2 e e e e et e e ee i mme e eee e eeeeeeeeaeeaeeeeaeeaaenaanan
MOUSE = e oo e e e et e et e e eee e aeeeaeea——aan

BOVINE: TSAKVMVEGCRSKGFCFVCFSSPEEATKAVTEMNGR IVATKPLYVALACRKEERGAHLTNGYMGRMASVRAVENPVINFY 400
HUN AN 2 e e e e et e e ee i mme e eee e eeeeeeeeaeeaeeeeaeeaaenaanan
MOUSE = e oo e e e et e et e e eee e aeeeaeea——aan

BOVINE: CPAPPSCYFNAAIPQTQNRAAYYPFPSQIAQLRPSPRATACGARPHPFQNMPCA IRPAAPRPPFSTMRPASSQVPRWISTQ 480
HUN AN 2 e e e e et e e ee i mme e eee e eeeeeeeeaeeaeeeeaeeaaenaanan
MOUSE = e oo e e e et e et e e eee e aeeeaeea——aan

BOVINE: RVANTSTQTNGPRPAAAAAAATPAVRTVPQYKYAAGVRNFQQHLNAQPQY TNQQPAVHVQGQEFL TASMLASAPPGEQKQ 560
HUNAN 2 - e e e e e e e e e e e e
MOUSE = - e e et e e e e e e e e e e

BOVINE: NLGERLFPL IQAVHPTLACK ITGMLLE IDNSELLHVLESPESLRSKVDEAVAVLCAHCAKEAACKAVNSATGVPTV 636

Figure 22. Comparison of deduced amino acid sequences af bovine

polyadenylate binding protein 1 to those of other species. Lot .
represents same anino acid residues in different species.
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- Stat5a cDNA vector
Sstat5a
prolactin stat5a
(Watson  Burdon, 1996), statb5a

. ) statba

bovine statba cDNA  (2.6kb)
eukaryatic expression vector  pBK-CMV vectaor
- Bovine statba insert  pUCl8-Statba Sac I(6") Sal 1(3)
, PBK-CW vector (4.5kb)  multi-cloning site

Sac 1(5") Xho 1(3%) QIAEX
Il Gel Extraction kit C 23). statba
insert (2.6kb) pPBK-CMV  vectar (4.5kb) T4 ligase cohesive end
ligation - Ligation product (7.1kb)  XLI-blue NRF"corpetent
cell transfarmation LB/kanarycine agar plate plating 14 3
7 incubation - Calony LB/Kanamycine braoth
, plasmid  QIAGEN Plasmid mini Kit : -
pBK-CMv-StatSa plasmid(pC-S) Sac 1 (&%) ane
cut plasmid size 7.1kb C 24N) . Not 1|
G-, 3 )] statSa (2.6kb) insert  pBK-CMV (4.5kb)
vectaor ligation C 24B).
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nBK bovine
-CMWV 1kb statba

4.5kb -
- 2.6kb

Figure 23. Preparation of pBK-CMV vector and bovine Stat5a insert. pBK-CMV
vector was digested by Sacl(5") and Xho 1 (3%). Bovine Stat5a was digested
by Sac I(5") and Sal I (3"). 1kb; 1 kb ladder.

» ®

pBK-C\VW pBK-CWV
1kb statba 1kb statba

7.1kb - vector 4.5kb

- bovine Stat5a 2.6kb

Figure 24. Ildentification of cloned pBK-CMV statSa.(A) Size of pBK-CW
stat5a was checked by Sac 1 digestion. (B) Insertion cf bovine stat5a into
pBK-CMV vector was checked by Not I digestion.lkb; 1 kb ladder.
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Eukaryaote cell HC11 Nne I  Sac

| 200bp R-galactosidase  promcter  start codon
AUG fill-in blunt end ligation -
Ligation product (6.9kb) transfarmation colony

plasmid : - Plasmid pBK-CMV  vector stat5a
insert Xba 1 6.9 kb C
25R), Not | 4.3 kb pBK-CMV vector 2.6kb Statba
insert C 25B). Neo control
vector (pNeo) 4 _3kb band C 26).

Q) ®
1kb pstatba pstat5a 1kb

4_3kb

2.6kb

Figure 25. Construction of pstatba expression vector. To increase
efficiency of Stat5a expression in eukarycatic cells, about
200 bp region containing bacterial lac promoter and AUG cadon
was removed from pBK-CMV vector by Nhe | and Sac 1 digestion.
Linear fragrents were blunt-ended by fill-in reaction and
self-ligated, generating final pstatSa expression vector.
After transformation, the recombinant plasmid was purified.
(A) Size of pstatba was checked by one-cut Xba 1 digestion,
gernerating 6.9kb band cantaining pBK-CMV vector and baovine
Stat5a insert. (B) Correct size of pstatba vector containing
pBK-CMV vector (4.3kb) and bovine Stat5a insert (2.6kb) was
also confirmed by Not 1 digestion.lkb; 1 kb ladder.
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contral 1kb
vectar ladder

4.3kb

Figure 26. Construction of contral vector.

- HC11 statSa cDNA
mouse narral mammary epithelial cell line HC11 cell

bovine stat5a - Cell
arpule  liquid nitrogen tank seeding 48
monclayer  confluency C 27M),
subculture -
HC11 cell 1 X 105 HC11 cell  35mm dish  2ml
media seeding 18 24 50 80% confluent
. Stat5a recarbinant DNA-liposome complex
transfection - Transfection 200 ug/ml G418 418
transfected cell  selection - 3
1C0-14 selection 418 colonies
. Contral vectar stat5a vector lipofectamine
4 , 12 colanies C 27B). Cloning
cylinder trypsin 1 drop repeated pipetting cell
disscciation 24 well plate, 6 well plate
subculture
, DNA RNA -
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Figure 27. HC11 marmary epithelial cell culture and colony farmation of
HC11 cells containing bovine stat5a cDNA after 14 days of G418
selection. (A) Nammary epithelial cell line were grown in RFMI
1640 medium with 10% fetal bovine serum, 5 / insulin, 10ng/

epithelial growth factor, and 50 / gentamycin in a 5%
C02 at 37 . Canfluent cells were formed at around 48 hours.
(B) Calonies of HC11 cells containing bovine stat5a cDNA were
formed after 14 days of G418 selection.

. Stat5a
Confluency genomic DNA 40 cycle PCR
- Control vector
CW5S" primer CW3" primer , Statba vector
CW5" primer stat5a3" primer -

PCR , cantrol vectaor 0.42kb band

C 28A), statba CCNA 0.7kb
band C 28B).
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() pNeo pstatba (B) pNeo pstatba
21 M 2 1 1kb 2 11k 4 3 2

- 0.42kb -0.70kb

Figure 28. The PCR identification of statS5a recombinant DNA integration
into genamic DNA of HC11 cells. (A) CGenomic integration of
control vector (pNeo) was confirmed by PCR using genomic DNA
isclated from pNeo-transfected HC11l cells and CMV5® primer and
CWW3" primer. M: PCR marker, 1 kb: 1 kb ladder. (B) Genamic
integration of statba recorbinant vector (pstatSa) was
confirmed by PCR using genomic ©ONA isclated from
pstatSa-transfected HC11l cells and CW5" primer and Stat5a 3°
primer. 1 kb: 1 kb ladder.

- Northern stat5a mRNA
total RNA northern
- caonfluent

PBS washing monclayer cell denaturing sclution overlay -

lysis scraper
hamogenization - Lysed tatal RNA labeled-stat5a
insert praobe hybridization - , cantral
vectaor statSa mRNA  detection , Stat5a

CcDNA mMRNA message ( 29).
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pNeo pstatSa

Figure 29. Northern analysis of stat5a gene expression in transfected
mammary epithelial HC11l cells. The twenty microgrars of tatal
RNA were isclated from pNeo- and pstatSa-transfected cells. The
mRNA levels of bovine statSa gene were analyzed by northern

method.
- Stat5a cDNA
Stat5a cDNA contral
vector (pNeo) stat5a expression vectar (pstat5a)
24 , 48 72 MTT assay
Stat5a cantrol vector
24, 48 72 26%, 95% 85
C 30). (insulin, prolactin dexanrethasone)
, pralactin  dexamethasone cantrol 3% 71%
insulin 58% -
bovine stat5a -
Sstat5a
(Hurphreys  Hennighausen, 1999), statb5a knock-out
(Liu ,
1997; Akira, 1999). Statb5a homodimer statbh
heteradimer , HC11
lactogenic stat5a homodimer
(Cella , 1998). stat5a

bovine statsa  homodimer

- 110 -



Insulin
0y

I
NF ,{_/_f
MF e
= 'y i
2 04 .f__,-'"
5 03 F,r” - 5
P! I
o1
. 2 18 2

Insulin + EGF

CDE TN

24 45 72
Hour
-+ - peg —B—pSiathe

Figure 30. Prcliferation of mammary epithelial HC11 cells expressing
bovine statSa gene under various haormonal treatments. pNec- and
pstatSa-transfected HC11 cells were cultured in RPMI1640 redia containing
10% FBS with insulin, insulin plus ECF, insulin plus prolactin, and
insulin plus dexamethasone. Cell proliferation was quantitated by MTT
assay as described iIn Materials and Methods at 24h, 48h and 72h after
seeding. The gptical densities (CC570nm) are directly proportiocnal to the
nunber of viakble cells. The values are the averages + the standard
deviations (n=5). Overall mean are the averages of all hormonal
treatnents. All data except insulin plus prolactin and insulin plus
dexamethasone treatments at 24h (no differences: p>0.05) showed
statistical differences (p<0.01) between statSa-transfected cells and
contral cells at each time.
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Figure 30. Prcliferation of mammary epithelial HC11l cells expressing
bovine stat5a gene under varicus hormonal treatrents (continued).
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- Stat5a
stat5a
expression vector  pGEX vector
- pCEX  GST fusion vector fusion protein
affinity-purification . Tac promoter
1-5mM  IPTC induction 26 kbDa glutathione
S-transferase (CST) fusion protein , thrambin
fusion protein  CST carrier protein -
Stat5a insert  vector reading frame Not 1|
site 5® linker primer (5°-AGCCGCCGCATGGCGEGCTGGATC-3")
design - pBK-CW vectar  cloning StatSa cDNA  5°
linker primer 3° T7 primer Taq polyrerase (Takara) PCR
2.6kb statba band C 31). stat5a PCR
praduct 1 low melting agarcse gel band
phenal extraction - PCR product statSa
Not 1 (Takara) cohesive end ,
phenal extraction - PGEX-4T-3 vector Not |
cohesive end - Vector self
ligation CIAP (Takara) 57
dephaosphor lyation - Ligation statSa cCNA (2.6kb)  vector
(4.9kb) size C 32). Not 1 stat5a cDNA
(2.6kb)  vector (4.9kb) ligation ligation praduct CHSa cell
transformation . Ligation ampicillin resistant caolaony
plasmid Not 1 , 4.9 kb pGEX-4T-3 vectar
2.6kb statSa gene insert ligation C
334).
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Stat5a
1kb PCR product

2_6kb

Figure 31. PCR amplification of statSa cDNA. PCR was performed using

linker primer and T7 primer.

stat5a 1kb pCEX-4T-3

Figure 32. Preparation of pCEX-4T-3 vector and bovine stat5a cDNA insert.

The pGEX-4T-3 vector and stat5a PCR product were digested hy

Not I, purified using phenol extraction method, and

electrophoresed on 1% agarcse gel. 1kb; 1 kb ladder.
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E. cali

Construction  statba expression vector hast
BL21 E.cali cell transformation - colonies
ampicillin plasmid Not 1 ,
Sstat5a cDNA C 33B).

A B
pG3-S
1 2 1kb pG3-S 1kb

PGEX-4T-3 (4.9Kb)-

PGEX-4T-3 (4.9kh)-
Stat5a (2.6kb) -

Stat5a (2.6kb) -

Figure 33. Identification of bovine StatSa expression recarbinant DNA
after transformation into CHSa (A) and BL21 (B) cells.
Plasmid CNA isclated from ampicillin-resistant colonies after
transformation of ligaticn product into either DH5o or BL21
cells was digested with Not 1, and the digests were
electraphoresed on 1% agarcse gel. 1kb; 1 kb ladder.
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. E. cali statba

pGEX-4T-3-statba expression vector BL21 GST-statba fusian

protein LBZamp. plate single calony C.1nM

IPTG - Ch, 2h, 4h, 6h cell

Iml protein loading buffer 100 crude

lysis 10% SCS-PACE gel SDS-PAGE - 0.1mM

IPTG induction GST-statba fusion protein (113kD + 26kD =
139kD) ¢ 34).

pC3-statba pratein
4h  6h

IPTG induction

- 139kD

Ch 2h
-5

b

Figure 34. Expression of CST-stat5a fusion protein in BL21 cells. BL21
cells containing pC3-stat5a expression vector were collected at
0, 2, 4, and 6h after 0.1 mM IPTG induction and lysed by boiling
methad containing loading buffer. Cell lysate was subjected to
SDS-PAGE .
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CcONA  library CDNA
library -
Sstat5a
. Stat5a
stat5a , Stat5a
. Stat5a
- polyadenylate hinding protein 1 cDNA
cloning , 1,911
, €36 - Bovine polyadenylate binding
protein 1 -
Polyadenylate binding protein 1  eukaryotic mRNA ,

(translational efficiency)

Stat5a polyadenylate binding protein 1
DNA

. statba

polyadenylate binding protein 1 ,
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3) Jeon, D. H., Y. J. Choi and M. CG. Baik. (2000) Expression of statba
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1
30
Staphylococcus aureus
superantigen (Staphylacoccal
Enterctoxin : SE) - S.
aureus
- S. aureus
SE multiplex polyrerase chain reaction (mFCR)
» S. aureus  toxin
typing -
S. aureus SE
SEC , SEC
SEC
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, y -interferon mitogen

Natural Resistance Asscciated Nacrophage Pratein (Nramp)

antigen presenting cell (AFC) T
. , Nramp Nramp .
vycobacteria, Brucella, Salmonella, Listeria
phagolysosare ,
Nrampl mRNA reverse transcription-PCR
(RT-PCR) ,

Nrampl mRNA )

, major histocompatibility corplex (MHC) class 11

APC , dendritic B T
- MHC bovine lymphocyte antigen
(BaLA)
Th .
BoLA bovine chromcsome 23  short arm , BOLA

class 1, 11, 111 antigen -

, BalLA class 11 BoLA

- 123 -



class 11 ’ , »
. Bal A [CQ DR , BoLA-DR region  DRA
CRB , DRA  manamorphic gene, DRB  palymorphic gene

DRB3 HLA (human lymphocyte antigen)-DRB1
, (B 1 darain)
, Innate Inmunity adaptive immunity
. , BaLA DRB3.2 exan
- BoLA CRB3.2 exan

PCR RFLP

allele type »

BoLA DRB3.2  type BoLA
’ S. aureus

SEC
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1. Staptrylocaoccus aureus prevalence
Multiplex palymerase chain reaction (PCR)
Table 1 -

Table 1. Bacterial strains used in this study

Bacterial Strains ~ Toxin type Reference
Staphylococcus aureus FRI 913 SEA, SEC, SEE and TSST-1

Staphylocaccus aureus MNHCCH SEB

Staphylocaccus aureus MNDCN SEC

Staphylocaccus aureus RN2440 Recombinant SEC-bovine

PMIN4Q3

Staphyloccccus aureus FRI 472 SED

Staphylococcus aureus FRI 326 SEE

Staphylococcus aureus FRI VN8 TSST-1

‘Staphylococcus aureus RN4220 No toxin -
Staphylococcus epiderridis ATCC 12228
Staphyloccccus Fyicus NVRI*
Streptaocaccus uberis ATCC 27958
Streptacaccus agalactiae ATCC 13813
Streptocaccus dysagalactiae ATCC 27957
Streptocaccus Lyogens ATCC 21059
Clostridium perfrigens type A ATCC 3629
Clostridium perfrigens type C ATCC 3638
Escherichia coli 0157:H7 U.S.A?*
Escherichia coli LT producing strain Denmark”**
Escherichia coli ST producing strain Denmark”**
Salronella dublin Denrark”*
Yersinia enterocolitica Denrark”*
* S. hyicus was abtained from National Veterinary Research Institute,
Korea.
** E_. coli (0157:H7 was obtained from E. coli reference center of
Pennsylvania State University, Pennsylvania.
»* The strains were obtained from the International Escherichia and

Klebsiella Centre of the Statens Serum Institute, Copenhagen, Denrark.
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. S. aureus

8 19 (¢ 7.5x 105 cells/ml)
blood agar plate 37 18-24
, 377 S. aureus - S. aureus 50%
egg yolk tellurite (Lab M, Londan) Baird-Parker medium (BFM)
37 48 - catalase test,
coagulase test, 1% mannitol utilizatio test, termostable nuclease (TNase)
test S. aureus Vit

Gram-Fositive ldentification Card (vit  Systens, Inc., Hazelwood, NC)

- DNA
S. aureus Brain heart infusion (BHI) broth (Difcc, USA) 37 8-24
, (12,000 rpm, 3 ) S. aureus cell
- 50 unit lysostaphin (Sigma, USA) 100 ug pratenase K
(Sigma, USA) TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH 8.0) 50 ul
- 37 1.5 , phenal-chlorofarm-
iscamyl alcohol (PCI; 25:24:1, v/v) nucleic acid ,
isopropancl -70 30 -
(12,000 rpm, 10 ) 70% 2 vacuur-dry RNase
@ ug/mb) D.W. 100 ul 37 1 ]
DNA  spectrophctometer (Pharmacia Biotech, USA) 260 nm
quality -20 -

- Multiplex PCR (MPCR)
primer Cene Bank (National Institute of Health, USA)
sequence design , primer cligonucleotide
sequence Table 2 -
mPCR mixture  NgCIZ 10x PCR reaction buffer
(Promega, USA) 2.5 ul, 400 uMd deoxynuclecside triphosphate mixture
(dNTP), 3 mM MgCIZ, 7.5% dimethyl sulfoxide (DVSO), sea, seb, sec, sed, see

primer 50 pmcl, tst primer 100 prol  template DNA 100 ng D.W.
volure 25 ul - mPCR
mPCR 95 5 hot start 1 uint
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Taq polymerase (Praomega) , 95 1 , 56 (SEA, SEC, SED
primer )] 50 (SEB, SEE, TSST-1 primer )] 2,
72 1 30 , extension 72 5
. PCR product 1.5% agarcse gel
, ethidium bromide (EtBr) -

Table 2. Nuclectide sequences of primers used in multiplex PCR

Cene Primers "5, 3" sequences Location of gene Product size (bp)
SEA-1  TTCGAAACCGTTAAAACGAA 490-509

sea 121 bp
SEA-2  GAACCTTCCCATCAAAAACA 591-610
SEB-1  TCCGCATCAAACTGACAAAGG 634-653

seb 477 bp
SEB-2  GCAGGTACTCTATAAGTGCC 1091-1110
SEC-1  GACATAAAAGCTAGCAATTT 676-695

sec 257 bp
SEC-2  AAATCGGATTAACATTATCC 913-932
SED-1  TAGATAAAGTTAAAACAAGC 354-373

sed 318 bp
SED-2 TAACTTACCGTGGACCTTC 652-671
SEE-1  TAGATAAAGTTAAAACAAGC 491-510

see 169 bp
SEE-2  TAACTTACCGTGGACCCTTC 640-659
TST-1  ATCGCTATATACATTCAATT 251-270

tst 350 bp
TST-2  TTTCCAATAACCACCCGTTT 581-600

- PCR products sequencing
low melting point agarcse gel (Promadisa, USA)

elution , PCEM T Vectar System (Promega) cloning - Cloning

PCR product  Quiagen colurn (Quiagen Ca.) prification ,

ABI 377 DNA sequencer (Perkin Elmer Co.) dye termination methad
sequencing

2. SEC mutant vaccine

5-6 25-30 ¢ BALB/c
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Staprylococcus aureus — enterotoxin typing  multiplex PCR

sec+ (No. 877)
- SEC (SEC mutant)
D ,
Staphylocaccal enterotoxin C toxin
9A 106
SEC mutant prctein (SEC) - SEC
SEC 95 cysteine  serine
SEC-SER mutant protein (SEC-SER) . SEC SEC-SER
Escherichia coli w3110 30 L MO
(LAPX 202BTG, Alfa-Laval) 4L
10 mM Tris buffer (pH 7.0) - Vicrofluidizer
(Micrafluidics Crop., MA, USA) 8,000 psi 2
2)
amronium sulfate (Sigrma, USA) 1.6 M 4
(high speed centrifuge, J2-21V, BECKMAN, USA) 8,500
rpm 30 -
35M armonium sulfate 4
. 4L 10 nM Tris buffer (pH 6.5)
, 300 kDa , 300 kCa
(filtrate)
10 kDa (retentate)
. 10 M Tris buffer (pH 6.5) ,
800 umho -
3
100 mM Tris buffer (pH 6.5)
CM-sepharose 10 mM Tris buffer (pH 6.5)
10 mM Tris buffer (pH 8.0) -
0-200 mM NaCl - 10 mM Tris
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buffer (pH 8.0) (DEAE-sepharose)
. 10 kDa
phosphate buffered saline (PBS)

SEC SEC-SER (Emulsigen ISA-25 cil adjuvant)
3:1 0.375-375 ug 0.1
mi -

mPCR S. aureus enteratoxin typing sect+

(No. 877)
- , brain heart
infusion broth (BHI, Difco, USA) 8,000x g 30
- ammonium sulfate  52.5%
4 10,000% g 30
- 4
. Vicro BCA protein assay
reagent (Bio-rad Co., USA) 5 mg/ml 4

SEC SEC-SER 2 Table 1

Table 2 0.5 mg/ml 1ml

, Ficall-Hypaque (C=1.086; Lympholyte-M)
density-gradient centrifugation -
PBS 3 1x 107 /ml -

ELISA plate (Costar, USA) coating buffer (NazCC3 1.5 g, NaHCC3 2.93 g,
D.W. 1,000 ml, pH 9.6) SEC well 100 ul (5 ug/nl)
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4 - washing buffer (PBST;
NaCl 8 g, KHz2PC4 0.2 g, NaHP04 0.87 g, KCI 0.2 g, Tween 20 0.5 ml, D.W. 1

L, pH 7.2) , washing buffer bovine serum albumin (BSA, Sigma,
USA) 1% well 100 ul 37 1
blocking - well washing buffer 5-6
washing buffer 1:2,000 well 100 ul 37

1 5-6 HRP conjugated anti-mouse 1gG
(Sigra, USA) 4,000 well 100 ul 37 1

- 4-6 , 2,2-azino-di-
(B-ethylbenzothiazoline-6-sulphonate) (ABTS, KPL, USA) 100 ul
30 2.5 M H:S02 100 ul
405 nm -

-y -IFN IL-2 assay
y —-IFN IL-2 ELISA kit (Endogen, USA)

. Anti-mouse y -IFN anti-
mouse IL-2 coating plate mouse serum  1:10
well 100 ul 37 1 washing buffer
5 - y -IFN IL-2 standard
405 nm -
276 Table 3 12 groups
(SEC mutant 2 0.374-375 ug 4 ,
adjuvant )] 1
1 1 ml 1 1, 2, 3 bload
sampling , Y -IFN IL-2 assay G )

1 -
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Table 3. Experimental design for the determination of SEC or SEC-SER

mutant antigen dose in rice

NG. Post-inoculation
Grop  of Antigen " O 1 2 No. of mice
} (ug/head) wk 3 challenged
mice (1st vacc.) (2nd acc.) (3rd vacc.)
SEC 23 Q0.375 - 5* 5* 5* 8
SEC 23 3.75 - 5* 5* 5* 8
SEC 23 37.5 - 5* 5* 5* 8
SEC 23 375 - 5* 5* 5* 8
Adjuvant 23 Adjuvant’> - 5* 5* 5* 8
Control 23 PBS*>* - 5* 5* 5* 8
SEC-SER 23 Q0.375 - 5* 5* 5* 8
SEC-SER 23 3.75 - 5* 5* 5* 8
SEC-SER 23 37.5 - 5* 5* 5* 8
SEC-SER 23 375 - 5* 5* 5* 8
Adjuvant 23 Adjuvant’> - 5* 5* 5* 8
Control 23 PBS*>* - 5* 5* 5* 8

276 - - - -

*No. of mice sacrificed
** Emulsigen 1SA-25
** Phosphate bufferd saline (pH 7.2)

3.75ug  37.5 ug

, 156 Table 4 6 group

G ) 1 ;
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Table 4. Experirental design for immunogenicity of SEC or SEC-SER mutant
antigen in mice

No. Anti Post-inoculation No. of
croup  of U ko wk 1 Wk 2 rice
_ (ug/head) wk 3

mice (1st vacc.) (2nd acc.) (3rd vacc.) challenged
SEC 26 0.375 - 2% 2* 2% 20
SEC 26 3.75 - 2% 2* 2% 20
SEC-SER 26 0.375 - 2% 2* 2% 20
SEC-SER 26 3.75 - 2* 2* 2* 20
Adjuvant 26 Adjuvant’™> - 2* 2* 2* 20
Control 26 PBS** - 2* 2* 2* 20
156 - - - - - -

*No. of mice sacrificed
** Emulsigen 1SA-25
** Phosphate buffered saline (pH 7.2)

3. SEC mutant vaccine

2-3 25
(Table 5).

Table 5. Experinental design for immunogenicity of SEC mutant antigen in

dairy cows
pntiger Post-inoculation
Group Adjuvant N wk 0 wk 2 wk 6
(mg/head) wk 10 wk 14
(1st vacc.) (2nd vacc.) (3rd vacc.)
Croup 1 4 ISA-25"* 5
Croup 2 4 cvMe»* 5 - Blood/Milk samrpling
Croup 3 0.4 ISA-25 5 Swk 0, wk 2, wk 6,
Croup 4 0.4 CcMC 5 wk 10, wk 14
Croup 5 Control CcMC 5
Total - - 25 - - - - -

* Antigen : SEC-SER
** 1SA-25 : Emulsigen 1SA-25
** CMC : Carboxyl methyl cellulcse-Na (Sigra, USA)
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SEC-SER mutant artigen 100 mg
Emulsigen 1SA-25

10 ml
CVC  SEC-SER mutant antigen
1-3 um »
endotoxin QC test
mi 4 mg, 0.4 g

(Emulsigen) CMC  3:1

(Table 5)

Fossaratic 4000 (Foss Electric Ca. Cenmark)

37 24
, Coagulase , Baird-Parker
Vaoges-Proskauer , mannital

Y

150 ml
magnetic stirrer

- CMC adjuvant cantrol
, pratein ,
1l
1SA-25
1 ml
, DNase ,

acid citrate dextrose (ACD ; sodium

citrate 22.0 g, citric acid 7.3 g, dextrcse 24.5 g, D.W. 1,000 ml)
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3:1 , 1,500 rpm 30

. Buffy coat 37 0.87% Tris-buffered ammonium
chloride (Tris-NH«<l ; 0.01 M Tris, pH 7.2) 37
5 - 1,500 rpr 10
, pellet FBS ACD 9:1 PBS-ACD buffer
2 - pellet RPMI 1640 (Sigma)
histopaque (Sigma, 1.083) 1,500 rpm
20 , histopaque
- FBS 3 PBS , tryphan
blue 1x 107 /ml
2)
8 (Table 6).

Table 6. Monoclonal  antibodies specific to bovine  leukocyte

differentiation molecules

Volecules* MAR** Isotype of MAb Cell type™*
MHC Class 1 H58A IgGza Leukocyte
MHC Class 11 H42A IgCGaa Monaocyte
BoCD2 BAQOSA 1gCl T
BoCD4 CACT138A 1gCl T helper, inducer
BoCD8 CACT8CC 1gCl T cytotoxic, suppressar
Surface IgM PIG45A 1gGb B
TcR1-N12 CACTG1A IgM N cell
Gv1 CH59B 1gG1 Granulacyte/Monocyte

* Nalecules : Bovine leukocyte differentiation molecules
** MAb : Monoclonal antibodies which specifically react to leukocyte

differentiation antigen
** Cell type : Cells expressing malecules
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3 (Flow cytaretry analysis)

Conical bottom microplate well 50 ul (A5 ug/ml)
, 1x 107 /ml 100 ul 4
30 4 first washing buffer (PBS 450 ml, ACD 50 ml, 20%
NaN3 5 ml, gamra glcbulin free harse serum 10 ml, 250 mM EDTA 20 ml, 0.5%
phenal red 1 ml) 3 (2,000 rpm, 3 , 4 ) ,
plate shaker voltex mixer
- secondary antibody , -
Fluorescein isothiocyanate (FITC)-conjugated goat anti-mouse 1gC+IgV
antibody (Caltag Lab Inc., San Francisco, USA) 200 well
100 ul , 4 30 ,» 4
sencondary washing buffer (first washing buffer harse serum
) 3 - 2% PBS-formalin (38% farmalin 20 ml,
PBS 980 ml) 200 ul/vell
“ ) . flow
cytometry .

FACSCalibur Cell Quest pragram (Bectan Dickinson)

1988 5

1997 4
200,000 /ml

500,000
/ml .

) 1x 107 cells/ml
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VVMRD (Pullman, USA)
(Table 7).

Table 7. Monoclonal  antibodies specific to bovine  leukocyte
differentiation molecules used to define the distribution of leukocyte
subpopullation from peripheral blood and mammary gland secretions

Molecules™ Cell type™ VAR?** Isatype of MAb
BaCC2 Pan T BAQS5A 1gG1
BoCC4 T helper/inducer CACT138A 1gG1
BoCC8 T cytotoxic/suppressor  CACT80C 1gG1
sigM B cell Figd5A 19Gzb
N12 non T/non B CACT61A 1gCl
ACT2 activated BoCD8 CACT26A 1gG1
ACT3 activated BoCD4 CACT114A 1gGzb
WC1-N1 non T/non B BAQ4A9 1gG1
WC2-N2 non T/non B B7A1 1gCl
MHC-class 11

DQ APC** TH81A IgGa
DR APC TH14B 1gG1
DP-like APC H42A 1gG1

* Nolecules : Bovine leukocyte differentiation molecules

** Cell type : Cells expressing molecules

** MAb : Monoclonal antibodies which specifically react to leukocyte
differentiation antigen

7% APC - Antigen presenting cell

4 200 ml
- PBS-ACC-EDTA (PBS pH 7.2,
20% ACD, 20 mM EDTA) - 10
2,500 rpm 30
PBS-ACD-EDTA RPMI 1640 (Sigma)
histopaque (Sigma, 1.083) PBS 3
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- PBS trypan blue
2x 107 cells/ml -
. (Flow cytometry

analysis)
flow cytometry -
B S. aureus BHI
18 , 2,000 rpm 20 - PBS
2 1% HBSS €x 108 cfu/rl
S. aureus HBSS  1:5
- S. aureus (6x 108 cfu/ml) 0.1 ml 0.4 ml,
(5% 106 cells/rl) C.5 nl
- 30, 60 50 ul 10 ml 10
, (SFCO) BHI (BEL,
usA) , .
=L( - )/ 1 x 100
- Y -Interferaon
y -interferon 50 ug/ml  ConA (Sigma,
USA) 50 ug/ml PHA (Sigma, USA) 6 - y -interferon
sandwich ELISA CSL  (Australia)
Bovigam - , microplate well 80 pg/ml
ELISA
- 50 ul well
1 , 22 60 .6

well -
100 ul conjugate (horseradish peroxidase labelled anti-bovine vy
-interferon, CSL Co., Australia) well , €0
- € -
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100 ul well , 1 22 C

) 30 - 50 ul
450 nm 5 - 0.13 ,
0.70 .
- mitogen
15%  fetal bovine serum (FBS, Sigma)
RPMI 1640 (Sigma, USA) 5 miTIr
, 37 2 cc2 - trypan
blue well 1x 10¢€ 96 well U-
microplate , mitogen ConA (10 ul/ml, Sigva), PHA (60
ug/ml, Sigma) PWM (10 ug/ml, Sigra) 100 ul . 48
{[H]-thymidine (ICN Radio chemicals, USA) well  1uCi 18
B -liquid scintillation counter (Packard Maodel
1,600 TCR, USA) , 3
5. Netural Fesistence-Assccigted Macrophage Protein
5 , Nrampl mRNA
5
3 5 .
Nrampl
11 , 22 -
- Nramp
LPS 20 ng/ml PBMC- ,
RPMI 1640 5% CC2 37 6
- RNA
Guanidine HCI s

- 138 -



5,000 g 10 - 100 ul 3 M Sodium Acetate
(pH 5.2) 500 ul i

2 5,000 g 10
- 100 ul  guanidine HCI 11
2 5,000 g 10
- 2 50 ul 0.02M EDTA (pH 8.0)

chloraform:1-butancl (4:1) -
4 M 3NV saodium acetate (pH 7.0)

, 0.2% SDS  0.05M EDTA (pH 8.0) 2
RNA - RNA RNA/DNA
Calculator (Fharmacia, LKB Mod. 80-2, USA) 260 nm

- Reverse Transcription-Polyrerase Chain Reaction (RT-PCR)
1) cDNA

CDNA RT mixture 1 ug total RNA, AMV RT (15 U/ug RNA), 5 M
VgClz, 1 oM dNTF, Cligo dT primer (0.5 ug RNA), 10mM Tris-HCI, 50 mM KCI,
0.1% Triton X-100, 20 ul C_W. , 42 30
2) PCR

PCR primer Table 8 Nrampl
18bp, 21bp , B -actin PCR

24bp, 27bp - PCR mixture (10 ul
RT product, 2 mM MgClIZz, 200 uM dNTP, 10 mM Tris-HCI, 50 mM KCI, C.1% Triton
X-100, 1.25 U Taq Palymerase, 0.5 mM Primer pairs) , PCR
94 2 , 94 1.5 , 59 1 72
2 35 -
1.5% agarcse gel , EtBr
- Advanced American Biotechnology Software RFLP (AAB
software, USA) Image - RT-PCR image
C.D. .
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Table 8. Preparation of primer for

RT-PCR of Nramp and B -actin

Primer Sequence
ArampL sen?e = 5"CGTGCTGACACCCAAGCAI™
antisense : 5"CGAGCAAGAGCAAGAACAAAGI®
) sense = 5"ACGTCGCCTTCGACTTCGAGCACG3®
B ~actin antisense : E"CCTCCAACCTCCACACCCACCCCACCAZ®
€. BaoLA CRB3
5 s
97 4
13 -
2 ml PBS
, microtube -70 -
- CNA
PBS DNA 30 ul 100
ul praoteinase K (Sigra, USA) , 4 ul proteinase
K (4 mg/ml; Sigma, USA) 37 2-3 - Prateinase
K 94 10 -
- BolLA DRE3
BoLA DRB3 exan2 PCR
1) priner
BoLA DRB3 exon2 primer  Table 9 BoLA DRB3
allele , BOLA 3C 24bp prirer
, BOLA 31 antisenser 26bp primer
BoLA 31  primer 8bp BoLA 32
25bp  priner , PCR hemi-
nested 2 PCR -
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Table 9. Primers specific to BoLA DRB3 locus used in this study

Primer Sequence

BoLA30 5"-ATCCTCTCTCTGCACCACATTTCC-3"
BoLA31 5"-TTTAAATTCGCGCTCACCTCCCCGCGT-3"
BoLA32 5"-TCCCCCCGTGCACACTGAAACTCTC-3"

* Primers were synthesized using DNA/RNA synthesizer (ABl 392, USA)

2) Palymerase chain reaction BoLA-CRB3 exaon 2

BoLA CRB3 exon2 PCR
Table 10 1 2 -

master mix -

Table 10. Farmulation of PCR mrixtures

Round 1 Round 2
DNA 20ng 10 ul CMA (st preduct) 20 ng 10.5 ul
dNTPs 10 mM 5ul dNTPs 10 mM 5ul
10x PCR buffer 5ul 10x PCR buffer 5ul
MgCI2 2.5m 1.5 ul MgCI2 2.5mM 1.5 ul
primer #30 0.5 uM 4 ul primer #30 0.5 uM 4 ul
primer #31 0.5 u 4 ul primer #32 C.5uM 4 ul
D.w 205 ul DWW 20.5 ul
Total 50 ul Total 50.5 ul
20 ng DNA template , 50 mM KCI, 10 mM
Tris-HCI, 2.5 mM NgCIZ PCR buffer , 100 uM  dNTP
0.5 uM LCRB3 prirer, 1 unit Taq palymerase
Thermocycler (Perkin Elmer, Gene Amp FCR system 2400, USA)
-1 94 4 denaturation 94 1 , 60
2 , 12 1 10 , 12 5 extension
, 1 PCR product 10 ul 2 PCR terplate -
2 94 4 denaturation , YA 1 , 65 30 , 72
30 25 72 5 extension - 2%
agarose gel BoLA DRB3 PCR
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3) PCR

PCR Hae 111, Xho 11 Rsa 1 37 4
- 8% polyacrylaride gel
(Acrylamide/Bis, 19:1, BioRad Lab. USA) Mini Protein (BioRad Lab.
UsA) 8V 75 4 .
van Eijk  (1992) allele genotyping
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1. Staptrylocaoccus aureus prevalence
- Multiplex polyrerase chain reaction (rPCR)
S. aureus entorotaxin group (SEA, SEC, and SED; SEB,
SEE, and TSST-1)  toxin gene primer nPCR
- , 95 5 hot start 1 uint

Taq polymerase (Praomega) , 95 1 , 56 (SEA, SEC, SED
primer )] 50 (SEB, SEE, TSST-1 primer )] 2,

72 1 30 , extension 72 5

mPCR -

- Toxin typing prevalence

131 S. aureus mPCR
36 (27.5%) toxin gene
, SEC (30.1%) (Table

11).

Table 11. Toxin-typing and effects on inflammatory response of SEs and
TSST-1 fram 131 S. aureus-infected mastitis milk sarples by multiplex PCR
assays.

% of enterotoxigenic

Toxin type No.(%) of Strains ]
7 T B S. aureus isclates
Enterotoxigenic S. aureus: 36 (27.5) 100
SEA 6 (4.6) 16.7
SEB 1 (C.8) 2.8
SEC 11 (8.4) 30.1
SED 8 (6.1) 2.2
SEE 0 (C.0) 0
TSST-1 5 (3.8) 13.9
SEB+TSST-1 1 (C.8) 2.8
SEC+TSST-1 3 (2.3 8.3
SED+TSST-1 1 (C.8) 2.8
Non-enterctoxigenic S. aureus: 95 (72.5) -
Total Sum 131 (100) -
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2. SEC mutant vaccine

SEC mutant prctein 2

1:1000
1 2 3 SEC-SER 3.75 ug
SEC-SER 37.5 ug (Fig 1).

—4—GEC 37 .5

——SEC 3.75ap

—

E —p—GEC-3ER
= 7. G

= —p— GEC-SER
g A. 50

= ——

g

g i ritr ol

w1 whk 2 wihe 3

Fost—waccination

Fig 1. Serum antibody titers of mice vaccinated with SEC or SEC-SER mutant
antigen determined by ELISA.
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. Cytakine

1)y -IFN
SEC-SER 3.75 ug 1 2 3
(Fig 2).
12.000
T 0D e ZET BT _Bum
B.000 —8—32EC 576
—a—BEC-3ER
E & 0 AT Eab
o —t GEC - GER
£ 4000 -
L -
2.0 —a— ool
O 0D
w1 wh 2 wike A
Post—yacoination

Fig 2. Production of y —-IFN in mice vaccinated with SEC or SEC-SER mutant
antigen determined by ELISA.

2) IL-2
SEC 1 2 3
(Fig 3).
1.400
1,200
——BEC 37853
'R == BEC 3. 75
0.BO0 P
=3 7.5
< D.60D b BEC SR
N 3. 75
= D400 i
0, 200 P -
[ 000
w1 wh 2 wh 3
Past-vacomation

Fig 3. Production of IL-2 in nrice vaccinated with SEC or SEC-SER rutant
antigen determined by ELISA
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Mouse , SEC mutant 2

3.75 37.5 ug »
SEC-SER 37.5 ug A0%
adjuvant 10 30 %
- , 80% (Table
12).

Table 12. Mortality of mice vaccinated with SEC or SEC-SER mutant antigen
follonwed by SEC toxin challenge

vaccines Challenged with crude toxin*
SEC 37.5 ug 1710°*
SEC 3.75 ug 1710
SEC-SER 37.5 ug 4/10
SEC-SER 3.75 ug 1710
Adjuvant (Erulsigen) 3/10
Contral (PBS) 8/10

*1LDE0 (1-1 mg/ml) of S. aureus No.877 isclate caontaining sec+
**Na. of mice died/No. of mice challenged

3. SEC mitert vaccire
. SEC-SER nmitart
(Croup 5) carboxy

methyl cellulose-Na (CMC ; Sigma, USA) 1 6
, Croup 2 (4 mg, CNC )]
1 6 10
- 50 /ml , 1
10 , 14 2 , Croup 3 (0.4
mg, 1SA-25 ) 1 2
Group 4 (0.4 mg, CMC )] 1 10 14
(Figs 4, 5).
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Fig 4. Changes of milk samatic cell counts in dairy cows vaccinated with
SEC-SER mutant antigen. Group 1 : SEC-SER 4 ng, 1SA-25; Group 2 : SEC-SER
4 mg, CMC; Group 3 : SEC-SER 0.4 mg, ISA-25; Group 4 : SEC-SER 0.4 ng,
CMC; Group 5 : CNC adjuvant

]

8

7

& g GroUp 1
E 5 —a— Group 2
E —a— Cwoup 3
= % —m— Group 4
o3 == Croup 5
3 2

i

L]

wh O wh 2 wh & wh 10 whk 14
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Fig 5. igure 5. Numker of quarters of mammary gland over 5C0,000/ml
somatic cell counts in dairy cows vaccinated with SEC-SER mutant antigen.
Group 1 : SEC-SER 4 mg, ISA-25; CGroup 2 : SEC-SER 4 mg, CMC; Croup 3 :
SEC-SER 0.4 mg, ISA-25; Group 4 : SEC-SER 0.4 mg, CNC; Group 5 : CMC
adjuvant
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S. aureus Group 2 (4 mg,

CMC ) (Group 5)
. 1 6
- coagulase
negative staphyloccccus (CNS) 6
. 1 10 14
Croup (Fig 6-7).

8

k)

—e— Group 1
—a— GG 2
—— Caroupr 3
—— Group 4
—— Group 8

Mo, ol quartars
&

weky 0 w2 ek & ik 10wk 14
Fost—vaooination

Fig 6. Isclation of S. aureus fraom milk samples of dairy cows vaccinated
with SEC-SER nutant antigen. CGroup 1 : SEC-SER 4 mg, ISA-25; Croup 2 :
SEC-SER 4 mg, CMC; Group 3 : SEC-SER 0.4 rg, ISA-25; Croup 4 : SEC-SER C.4
mg, CVC; Group 5 : CMC adjuvant
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Fig 7. Isolation of Coagulase Negative Staphylacoccus (CNS) from milk
samples of dairy cows vaccinated with SEC-SER mutant antigen. Croup 1 :
SEC-SER 4 mg, ISA-25; CGroup 2 : SEC-SER 4 mg, CMC; Group 3 : SEC-SER 0.4
mg, 1SA-25; Group 4 : SEC-SER 0.4 mg, CMC; Group 5 : CMC adjuvant

-SEC-SER
ELISA Graoup , Group 1 (4 mg,
1SA-25 )} ,
1 14 - Group 2 (4 mg, CMC ) Group 4
(0.4 mg, CMC ) ,
1 10 (Fig 8).

—— CErouE
g AT O
——— GraUne
—— AT oud
—— Ao

Abporbanoe (4405 nm)

ik O e 2 el B vk 10 wh 14
Poal=wacainalbon

Fig 8. Serum antibody titers of dairy cows vaccinated with SEC-SER mutant
antigen deterrined by ELISA. Group 1 : SEC-SER 4 mg, 1SA-25; Group 2 :
SEC-SER 4 mg, CNC; Group 3 - SEC-SER 0.4 mg, ISA-25; Group 4 : SEC-SER 0.4
mg, CMC; CGroup 5 : CMC adjuvant
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1 , 2

a 2 ),3 Qa 6 ) 1 0 , 14
5 »
(1SA-25, CNVC) Group 2 (4 mg,
CMC ) .
, 2 Total T (BaCD2+), T
helper cell (BoCD4+), T cytotoxic/suppressor cell (BoCD8+) T
1 6 4 )
3 . 1 14
BoCD8+ T BoCD2+ BoCC4+ T
NonT/NanB BoCD2+ BoCD4+ T
3
monocyte B 3
Qa 6 ) ) B
, monocyte
1 14
. 1 macrophage/monocyte

VHC class 11 molecule

Table 13, 14 -
MHC-DP-like, DQ CR

78.5%  59.8%, 68.0% 31.2% 31.2%,
21.6% - MHC-DP-like  DQ
35.1% 38.0% 43.0%  47.4%
» MHC-DR 42.3%, 42 5% -
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Table 13. Distribution of
secretion from mastitis-resistant and

antigens using flow cytametry

lymphocyte subpopulations of manmmary gland
-susceptible cons analyzed by

monoclonal antibodies specific to bovine leukocyte differentiation

Bovine leukocyte

Vean propartion of bovine leukocyte

differentiation subpopulation in MGS*(%)
antigen Mastitis resistant (n=6) Mastitis susceptible (n=6)
MHC-class 11
DP-like 78.5+ 10.57* 31.2+ 10.4
LQ 5o.8t 11.4 31.2+ 9.8
CR 68.0+ 9.5 21.6+ 12.5
BoCC2 38.2+ 7.3 13.Ct 8.7
BoCC4 27.9+ 6.5 7.7+ 7.5
BaoCC8 8.6t 4.3 18.5+ 8.3
Non T/Non B (N) 10.1+ 4.7 3.4+ 2.6
sigv (B) 31.6+ 9.3 15.7+ 5.3
ACT2 5.8+ 4.3 10.8t 6.4
ACT3 33.3t 9.7 19.Ct 5.7
WC1-N1 (y & -TCR) 20.2+ 6.7 14.5+ 9.4
WC2-N2 (y & -TCR) 17.6+ 8.4 8.5t 5.9
BoCC4/BoCLC8 ratio 3.2 0.42

*NGS : mammary gland secretion

**Mean £+ SD
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Table 14. Distribution of peripheral blocod lymphocyte subpopulation from
mastitis-resistant and -susceptible cows analyzed by monoclonal antibodies
specific to bovine leukacyte differentiation antigens using flow cytometry

Bovine leukocyte Vean proportion of bovine leukccyte

differentiation subpopullation in PBL*(%)
antigen Mastitis resistant (n=6) Mastitis susceptible (n=6)
MHC-class 11
DP-like 35.1+ 9.7** 43.0+ 10.5
CQ 38.0+ 6.8 47.4+ 9.5
DR 42.3+ 10.3 42.5+ 9.8
BaCC2 31.4+ 6.4 19.4+ 6.2
BaCC4 15.4+ 5.4 2.3 2.6
BaoCC8 6.1t 3.8 15.1+ 5.4
Non T/Non B (N) 6.0+ 2.4 2.3+ 15
sigv (B) 21.0+ 3.7 34.4+ 5.8
ACT2 7.9t 4.8 8.7+ 2.8
ACT3 6.6t 5.7 11.2+ 3.2
WC1-N1 (y & -TCR) 6.4t 2.5 5.8t 2.5
WC2-N2 (y & -TCR) 9.5+ 4.5 7.7+ 3.5
BaCC4/BaCC8 ratio 2.5 0.15
*PBL : peripheral blood leukacytes
**Mean £ SD
- S. aureus
[3 -
S. aureus ,
S. aureus
30 60% 19% -
21% ,
58.8%
- 30 60 35%

20%
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30 &0 34.4%
20-2% 24.1%  11.2% 10%

- Yy -interferaon

y -interferon

, C.D. 0.08 0.06
PHA 2.297
0.543 - ConA
y -interferan 0.926 0.587
, t
p<C.01 .
- mitogen
ConA, PHA PAM
mitogen - 48
836,841 cpr ,
mitogen stimulation index (SI)
- Mitogen Sl
ConA 511, PHA 147, PAM 199 mitagen
(p<0.05).

(p>0.05) (Table 15).

Table 15. Mitogen-stimulated lymphoproliferative response of peripheral

blood lymphocytes from bovine mastitis-resistant and -susceptible cows by
stimulation with various mitogens

; Resistant cows Susceptible cows
Mitogens
cpn* S cpm Sl
Caontrol 836+ 233 841+ 284
ConA 426,952+ 27,930 511 466,667+ 96,168 555
PHA 123,201+ 77,553 147 127,299+ 56,905 151
PWM 166,366+ 44,236 199 158,58¢+ 47,305 190

* Cata were expressed as mean counts per minute (cpm)x SD

** Stirulation index (SI) = average cpm in experinental cultures/average
cpm in contral cultures
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5. Netural Fesistence-Assccigted Macrophage Protein

- RT-PCR Nranpl RNA
MRNA
RNA , RNA RT mixture CcDNA
- Nrampl primer sense 18bp  antisense 21bp
35cycle PCR Nrampl CDNA
- 221bp  Nrampl (Fig
9. Nrampl Msp 1
221bp ,
158bp 65bp  Nrampl (Fig 10).

« 221 bp

Fig 10. Determination of the Nrarpl mRNA for primer extension analysis was
subjected to the reverse transcriptase reaction with bovine monocytes (M :
marker, 100bp ladder, lanes 1 5 : Bovine monocytes, lane 6 - No cDNA).

M 1 2 38 4 & B

+— 221 bp
«— 158 bp

«— 65 bp

Fig 11. Electroporetic analysis of RT-PCR praducts of Nrarpl gene after
digestion with Nsp I (lane M : roleculer maker (pCEM), lanes 1 5 : RT-PCR
proaducts of Nrampl gene after digestion with Msp I, lane 6 - No
digestion).
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- LPS Nrampl mRNA

LPS mRNA
RT-PCR Nrampl primer FCR -
B -actin - Nrampl LPS
MRNA
(Fig 12).
Fig 13 . RT-FCR LPS
1 5
, 6 10 3 . LPS
C.D 500 2,000 , LPS
1,000
C.D , 690 3,300
MRNA -
RT-PCR Nrampl mRNA
CowNo. 1 2 3 45 6 Z 8 9 10
Nramp!
After
activation
p—actin
Mramp!
Before
activation
p—actin

Fig 12. Expression of Nrarpl mRNA in monocytes befare or after activation
with LPS from bovine(lanes 1 5 : infected cows, lanes 6 10 : uninfected
Ccows) -
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= After Activation
.| * RHafore Activation

4000 5

3500 -
r -

3000 -

2500 - ‘ T

2000 4

1500 4 l

1000 4

500 4

Cow number

Fig 13. Optical density of Nrampl mRNA expression of bovine monocytes
befare or after activation with LPS.

- Nrampl mRNA
Nrampl mRNA RT-PCR
11 LPS
Nrampl MRNA Table 16
-, LPS RT-PCR
Nrampl mRNA -
1,1000.D 7,400C.C
4,2000.D , 200C.C 63C0C.D ,
1,4900.D 2 , t
(p<0.05).
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Table 16. Nrampl mRNA expression in monocytes cf bovine-mastitis resistant
and -susceptible cows

Cptical Censity* (= SD)

Heads
Resistant cows™ Susceptible cows

1 5900 300

2 5500 1100

3 2000 6300

4 4400 4300

5 2800 500

6 5100 -1600

7 6900 200

8 2100 1400

9 -100 700

10 7400 1100

11 1100 800
Mean 4200+ 2480 1490+ 2200

* C.D (After activation - Befare activation)
** p<0.05

€. BaLA CRB3

. Hemi-nested PCR

CNA PCR
hemi-nested PCR -1 prirer BoLA30 31
10 , primer 31 8bp primer 32 30
, 1 10 ul 2 DNA template
PCR - PCR 2%  agarcse
gel Fig 14 2 6 lane
284bp ) DNA ,

target DNA PCR -
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+ 84 bp

Fig 14. Electrophoretic analysis of PFCR arplified products of BolLA CRB3
exan2 gene on 2% agarcse gel (lane 1: 100bp ladder DNA marker, lanes 2 6:
cows, lane 7: +ve contral, lane 8: -ve caontral).

- BaLA DRB3 PCR-RFLP

2 PCR PCR Hae 111, Xho 11 Rsa 1
37 »
PCR MHC Class gene RFLP BaLA typing -
Fig 15 Rsa 1 lanes 2 4
3 Xho 1
lanes 5 7 5 3 ,6,7 284bp
- Hae 111 2, 3
- BoLA DRB3: 2 allele type Fig 16
3 a, b, c
, allele type - Rsa 1
78bp, 54, 50, 39, 33 30bp a
, Fig 16 141bp, 39, 54
50bp T , 141bp, 93, 50bp s , 180bp 104bp
n a S 19 - Xho 11
framents 199bp 8hbp 2
a , 219p 65bp b a T
- Hea 111 framents 167bp,
52 65bp a 284dbp b a e
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a, b, c Rsa 1 T

, Xho Il a Hae 111 a BoLA DRB3.2 allele 8 type
, 19 type S , b b , 23
type Rsa I, Xho 11 Hea 111 n , b a
- Fig 17 Hae 111
5 lanes 2 4 167bp, 65 B2bp a
,5,61lane b - Fig 18 Rsa 1
lane 2 141bp, 54, 50
39 f , lane 3 111bp, 104 6bp m , lane 4, 5
141bp, 90 BCbp q line 6 141bp, 111 30bp
, Fig. 6 Xho 11
lane 1, 4 5 19%bp 8bp a ,
lane 2 3 112bp, 87 85bp € -

BoLA DRB3.2 allele type -
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Restriction
endonuclease

Rsa |
Xho Il
Hae Il
Rsa |
Xho Il
Hae Il
Rsa |
Xho Il
Hae Il
Rsa |
Xho Il
Hae Il
Rsa |
Xho Il
Hae Il
Rsa |
Xho Il
Hae Il
Rsa |
Xho Il
Hae Il
Rsa |
Xho Il
Hae Il
Rsa |
Xho Il
Hae Il
Rsa |
Xho Il
Hae Il

Fig 15.

DRB3.2 allele

111 | 30 | 0 | 50 ;
196 | 8 c 5
167 | w9 | &5 c
111 | 30 | 143 d
199 | 85 a 6
167 | 2 | 65 a
141 | = | 51 | s ¢
199 | 85 a 8
167 | 2 | 65 a
141 | 39 | 104 g
87 | 112 | 85 e 11
167 | 52 | 65 a
111 | 69 | s | 50 h
199 | 85 a 12
167 | 52 | 65 a
141 | 93 | 50 s
284 b 19
219 | 65 b
111 | 69 | 104 m
284 b 27
167 | 52 | 65 a
180 | 104 n
284 b 23
167 | 52 | 65 a
180 | 104 n
284 b 24
219 | 65 b
284 o
199 | 85 a 26
219 | 65 b

PCR-RFLP with Rsa I, Xho Il and Hae II1I.
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+«— 219 bp
«— 167 bp

«— 65 bp
+— 52 bp

Fig 16. Allelic patterns of BoLA DRB3 exan2 obtained by digestion with
Haelll (lane 1 : maker, Mspl digest of pBR322, lanes 2 4 : a type, lanes
5 6 : b type)

1 2 3 4 5 6

« 141 bp
<~ 111 bp

«— 69 bp
«— 30 bp

Fig 17. Allelic patterns of BoLA DRB3 exan2 obtained by digestion with
Rsal (lane 1: maker, Nspl digest of pBR322, lane 2: e type, lane 3: m
type, lanes 4 5: g type, lane 6: d type).
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« 199bp

« 112 bp

« B85 bp

Fig 13. Allelic patterns of BoLA DRB3 exan2 obtained by digestion with
Xholl (lane 1, 4 5: a type, lanes 2 3: e type, lane 6: maker, Nspl
digest of pBR322).

- BoLA DRB3.2 allele typing

BoLA-DRB3 exan?2 allele typing PFCR-RFLP
CRB3.2 * Stype 2 , 6type 2 ,
8type 2 , 1ltype 3 DRB3.2 * 12type 2 ,
DRB3.2 * 6type 3 , 1lltype 2 12type
, CRB3.2 * 23type [CRB3.2 * 24type 3
DRB3.2 * 26type 1 (Table 17).
DRB3.2 * 6type  1ltype 5 »
DRB3.2 * 12type 3 s
DRB3.2 * 5, 8 22type , DRB3.2 *
19, 23, 24 26type -

. BoLA DRB3.2 allele type
BoLA CRB3.2 allele type
DRB3.2 allele 5type

103,500 /ml , 8type 64,000 , 22type 86,000
/ml DRB3.2 allele
19type 327,000 /nl , 22type 406,000 , 24type 265,000
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, 26type 162,000 /ml - type
6, 11 12 type 449,000 /ml, 251,000 298,000
/ml (Takle 18).

Table 17. BoLA DRB3 allele gerne types of hbovine mastitis-resistant and
-susceptible cows

DRB3.2 allele resistant susceptible No. of total
5 2 - 2
6 2 3 5
8 2 - 2
11 3 2 5
12 2 1 3
19 - 1 1
22 1 - 1
23 - 3 3
24 - 3 3
26 - 1 1

Total 12 14 26

Table 18. Milk somatic cell counts of BoLA DRB3*2 allele groups
(x 1000 cells/rl)

DRB3.2 allele SCC'(= SD) No. of cows
5 103.5+ 38.9 2
6 449 .4+ 345.5 5
8 64+ 4.2 2
11 251.2+ 269 5
12 298+ 376 3
19 327 1
22 86+ 14.1 2
23 406.7+ 172.1 3
24 265.5+ 210 3
26 162 1

Total 274 .8+ 252.8 26

*SCC : Somatic cell counts
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1. 377 Staphylococcus aureus
toxin typing 27 .5% (Staphylaococcal
enterctoxin; SE) , Staphylococcal enterotoxin C (SEC)
. (1990)
133 S. aurues 88%
, SEC
- S. aureus SEC
SEC
2. Superantigen (SAQ) S. aureus (Sb)
SEC SEC-SER , S. aureus
SEC
2 imrunogen
immuncgenicity , SEC SEC-SER
0.375 375 ug 3
- y —-IFN contral group , 2
1 2 y -IFN 3
, cytokine
, 2 SEC-SER
3.75-37.5 ug »
100 C.4-4 mg
3.
, MHC class Il DP-like, CQ, DR BaCD2,
BoCD4 T ,
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4. Nrampl

MRNA
, Nrampl mMRNA
macrophage  Nrampl Nrampl
5. BoLA DRB3.2 allele type
, BoLA DRB3.2 allele
type , 284bp  BoLA DRB3.2 exon
- Rsal, Xhall, Haelll 3
a, b, c
3 BoLA DRB3.2 allele type -
BoLA DRB3.2 allele 5, 8, 22 type
, BoLA CRB3.2 allele 23, 24 type
6.
1. (sCh): 3 , 3 @ )]
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