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SUMMARY

I. Title

Circulating concentrations of the IGF system components as
a potential selection index for breeding pigs: <cloning,

expression, development of a RIA and its utilization

II. Objectives and Significance

Swine breeding up to early nineties was mainly dependent
on population genetics-based statistical methods mostly for the
improvement of quantitative traits such as average daily gain,
backfat thickness and litter size, and this has been successful
to date. However, applications of molecular genetic and other
biological methods in animal breeding from early nineties have
not only shortened the time required for the improvement of
economic traits but also enabled the improvement of some
qualitative traits which previously were measurable only at
slaughter., As such, identification of genetic and other
biclogical markers associated with economic traits and the
marker-assisted selection of breeding animals are expected to
greatly contribute to the development of animal breeding
industry.

In qualitative traits, the porcine stress syndrome(PSS)-

associated ryanodine receptor(HAL) gene and the Rendement



Napole(RN) gene which is known to cause the acidic pork in
Hampshire breed have been identified and also are industrially
utilized. However, many attempts to identify DNA markers for
gquantitative traits based on the polymorphism of PCR products
have not been connected to industrial utilization in terms of
technical practicality, which makes it necessary to identify
physiological markers based on causes and effects as
supplements to or substitutes for the PCR method,

According to the latest 1itefature related to economic
traits, insulin-like growth factor-I{(IGF-1) plays an important
role not only in growth but also in reproductive phenoﬁena
including fél licular development and ovulation, fetal
development, mammary gland development and lactation,
suggesting the possibility that circulating IGF-1 concentration
may reflect the animal’s growth and reproductive potentials,
Over 95% of total circulating IGF is bound to one of the six
known IGF-binding proteins(IGFBPs). Moreover, more than two
thirds of plasma IGF is bound to 40~45-kDa IGFBP-3 and -~
85-kDa acid-labile subunit(ALS) to. form ternary complexes. It
is therefore imperative to study characteristics of the ALS
protein in addition to IGF-1I and IGFBP-3 to comprehensively
understand the circulating IGF system. However, virtually no
research has been reported to date regarding porcine ALS(pALS),
although studies on IGF-1 and IGFBP-3 have been substantially

progressed. The present study was therefore undertaken with



following objectives: (O to clone pALS DNA and subsequently to
express pALS and to develop its RIA at the first step, @
secondly, to analyze the relationship between circulating
concentrations of the IGF system components and growth and
reproduction traits in breeding pigs and thereby to derive a

selection index based on the former.

I111. Experimental Approaches and Scope

The present study can be divided into three parts: cloning
of pALS genomic DNA and characterization of in vivo pALS gene
expression, expression of pALS and pALS RIA development
including antiserum production and analysis of relationships
between plasma concentrations of the IGF system components and
growth/reproduction traits at wvarious growth/reproduction
stages. In the first part, three overlapping DNA fragments
spanning a region coding for the entire pALS protein were
amplified by PCR using genomic DNA as template, followed by
nucleotide sequencing. Hepatic ALS gene expression during fetal
and postnatal development up to the marketing stage was
determined by Northern blot analysis using a cloned pALS
genomic DNA fragment as probe. In addition, non-hepatic pALS
gene expression also was detected by a more sensitive solution
hybridization/RNAse protection assay.

To make a pALS expression construct, the entire coding

- 10 -



sequence for mature pALS protein was amplifiedv from  two
overlapping pALS genomic DNA fragments, followed by annealing
of the two in-frame fragments and insertion into .the pBS
plasmid wvector. The insert isolated from the pBS vector was
next inserted into the pGEX-2T plasmid(procaryotic) vector and
the pEBG baculovirus(eucaryotic) expression vector, The
glutathione S-transferase(GST)-pALS fusion protein from these
expression systems was purified by an affinity chromatography,
after which a polyclonal antiserum was obtained following
injection of the recombinant eucaryotic pALS into a New Zealand
White rabbit.

All the breeding pigs of the Swine Breeding Center of
National Agricultural Cooperatives Federation were divided into
low- wvs high- growfh ability lines and also into low- wvs
high-reproductive ability lines. For the analysis of growth
ability, blood samples were taken at different stages(25, 60 &
100kg) and average daily gain, backfat thickness, loin muscle
area and lean percentage were measured at 100kg. Analyzed were
the significance of difference between the low- vs high-lines
in plasma concentrations of the IGF system components and also
thé correlations between the concentrations of the IGF system
components and the growth traits at different growing stages in
different breeds., In reproductive traits, blood samples were
taken from experimental gilts at day 90 of pregnancy and

subsequently at day 15 post-partum and their litter sizes and

- 11 -



total weaned litter weights were recorded, followed by analysis
of significance of differences between the low- vs high-lines
in plasma concentrations of the IGF system components and also
the analysis of correlations between the concentrations of the
IGF system components and the reproductive traits at different

stages in different breeds.

IV, Key Results and Suggestions for Their

Utilization

Following are main results and their potential utilities.

1. pALS genomic DNA clones

1) Three pALS genomic DNA fragments spanning the entire coding
sequence for mature pALS protein were amplified and cloned.

2) Utilities

(1) They will provide basic information for the study of ALS
gene structure and the regulatory mechanism of
transcription of the gene.

(2) They can be used as probes in molecular biological studies

of ALS.
2. Characterization of in vivo ALS gene expression

1) The growth hormone-dependence of hepatic ALS gene expression

and also non-hepatic ALS gene expression were found.

- 12 -



2) Utilities

(1) Results are the starting point for studying the
digtribution of ALS protein in non-vascular fluids and
tissues and the function of non-vascular ALS.

(2) Results also provide a rationale for studying the IGF:

IGFBP-independent function of ALS.

3. pALS expression and antiserum production
1) Pro- and eucaryotic pALS expression systems were established
and a pALS antiserum was produced,
2) Utilities
(1) ALS production needed for wvarious ALS studies
(2) The expression construct can be used in transfection
studies at the cellular level,

(3) pALS will be used for a development and utilization of RIA.

4. Relationships between circﬁlating concentrations of
the IGF system components and growth/reproductive
traits were analyzed,

1) Key analyses/results

(1) Breeding values for growth and reproduction traits for all

the breeding animals of the Swine Breeding Center of
National Agricul tural Cooperatives Federation were
estimated and the animals were divided into 1low- and

high-growth/reproduction ability lines.

_13_



(2)

(3)

(4)
(5)

The significance of differences between the low- and
high-lines in plasma concentrations of the IGF system
components at different growing/reproductive stages in
different breeds was tested.

Correlations between plasma concentrations of the IGF
system components and the growth/reproductive traits at
different stages in different breeds were analyzed.
Consistency of the (2) and (3) results was evaluated.

Key results

Negative correlations between IGF-I concentrations at 25 &
60kg and backfat thickness and lean percentage at 100kg
A positive correlation between IGF-I concentration at 60kg

and average daily gain up to the selection at 100kg.

2) Utilities

(1)

(2)

Results will provide useful information when developing an
index for an early selection based on plasma IGF
concentration,

The reliability. of the present results can be tested by
converting the IGF concentration into the breeding value

followed by field application.
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ol webd olE3t FAP A= BIY HET L F33 Ex|URNmarker) 2]
7l 2 YL (marker-assisted selection)& EA}x1ge] ZAAWHAZE Ay 9
Aol A 7y Zez 7ok

B7IR] =59 d At A F A {FAA WA
3% shb= HAL geneo.® &2 ryanodine receptor gene2 A o] F-AX}
7} point mutation © Z-(Fujii 5., 1991) HZA] AEYAZFEI(porcine
stress syndrome: PSS)E& UL Jlsido] EolXle ZAoE ¢ glen

(Ellis 5, 1999), 2 oA E polymerase chain reaction(PCR) 3 Sof 2]

ok
=

Pss 244 RAxle) R7E AgHoT FBH Unlcky 5, 1997 7
£, 1998). ¥IH EZolM 2 UEhb: Rendement Napole(RN) 8 2
So] HTI APHE S ustd A3 %2 dslol HE SRl wsl ATt
(Enfalt 5, 1997). ©H Hxle] VAV Axio} BAstel 23 BE
(Meishan pig)2] tl4ldL& estrogen receptor gene?] 3t allele(Tl4td (A
A1) & FHAelst], TAFES] estrogen receptor gene alleleo] WAl AZ
Hxlo] FAHIE Abxte7t AT AbAdo] sl (Rothschild 5, 1996:
Short 5, 1997) Qo 2 Algjo ¥8¥ AHwtolr}

N2 @H AAYA VAW BAARE ALsts] skl T2 PCR
upol 23t PCR products Z1012] polymorphisn@ ol8¥ o] el Al=s)
2 gout o AgMes ARHALL ulxx Reirl WTol ole] B
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BRITEE Foll &3l A= o] § HBFZ2E] 53U UL ks
Al e o) ARE YdjA YrHEtherton} Kensinger, 1984: Lee, 1988).
BRZEELS AYUYLS dAshe bl 282 WY 43S FAst] Az
L2 FANTFAE AT FAES EUY 8L Y ¢S wolE EA)
2lth(Chung 5, 1985: Klindt &, 1992). w2l o|E3og HAZT=Ro)
8% SEE ol83lo 4PWAY /P BEIY FE UY AE AU s

2 4 glor} o] FTERe ulmE3xow Hd|(pulsatile secretion FEL

circadian rhythm)¥7] wZol] M og P xae HYAg FHe2E 4
Ao YAz =R Ful JelE ZHY 4 grhlee, 1988). 2r} thYs|=
BT oY 4 &FA A2 JFI=E gl o UY - &
H]¥|&  insulin-like growth factor-I(IGF-1)ol o]3 ul7§= 2 (Jones2}
Clemmons, 1995: o], 1996, 2000), IGF-12] 8% %% circadian rhythmo]
171 wiZoll(Gluckman 5, 1991) IGF-1¢8] dFsxol ZA3le] FEY 43
2L 24| g {38 ¢+ JdA Hdch FEY U3} uwigl, efjopd
5, FA4% W uR T3 B2 HAY Y UHos AFHoE JUAAFE
EEY BAZT=E o3 AolHE AR A o} A2 A7 A o
A3 =R 2] we RRo| IGFo] 28] ni/iEl ALt IGF} 23282 8}
Aog ulsAcrHAdashi 5, 1991: Lee %, 1993a: Liu 5, 1993: o],

l

art

fr

1996, 1997: Cox, 1997: Cohick, 1998). uwiz2lA IGFe] ¥ F v=+= 43z}
Haey Uddg T RN Belg §3%8 5 dxe ARE AF3 £ch
PH FEY FolE IGF-12t 228 |RAIRY IGF-1IE glert Faps 4
BE 2o 2&go]l . I ¥y A= F¥A ¢gert, wWL in
vitro d¥ofA IGF-12} FARY 28-S 317] wiFol IGF-1 dFA] 71 ¥&H
0% AT JHAt e EFE LA ot

HZ IGFe] 95% o] ¥xztx] LB 67§¢] IGF-binding
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proteins(IGFBPs) § ¥ 7} wictsiA wlF{AUH el &xistz, o|F
2/3 o]’} IGF=  40~45-kDa®] IGFBP-3¢} ~85-kDa2] acid-labile
subunit(ALS)&} ZA¥}sle] ternary complex HE]R Ex|3tc}(Baxter 5, 1989:;
Baxter$} Dai, 1994: Lee2} Rechler, 1995a: Rechler®} Clemmons, 1998). u}
24 ALS, IGFBP-32} IGF ligand:= IGF system components?] &4 E|E x}
Z|%tcl.  IGFBP-3= % F82 IGF carrier 9& 33 ALS: IGF: IGFBP-3
binary complexE Z§3led IGF ligand7} A A3] UEE|A $o=H IGF o]-&
& IFui¥sh= 9¥¢S ¥t 22 homologous recombination techniqueodi

o8] ALS geneo] W Mz VE IGF-1 557} At HP= Aobg gl
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317 fsiA = ALse] B3 dx7l H Hey Zog AR AMAFe=
ALSoll 3t @7 E} IGF system componentsol H]3] HA ol AFojrt. =2
A7 24" A ALS cDNA F2 genomic DNAE ®HA] <QlZHLeong %,
1992), #](Dai#} Baxter, 1992: Boisclair 5, 1996) 4l baboon(Delhany<}
Baxter, 1996)of|A2to] cloning®] 2131, ALS proteing %tx] <¢lZH Baxter %,
1989)2} #|(Baxter2} Dai, 1994: Lee®} Rechler, 1995b)ojAqto] AA=l3
FHYol whEolTE. wel & Aol SR IGF system ApAlo] gt
8t 72} ¥Z IGF system components?] 55 EE2] Mulx|¥ 7fto)
o]-&stiLat yich.

L BA - g &9
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components®] HF e ol A7 4 U HASYze] HABAE =&
FEALSY] BR AR AWstaxt Rt

Markero] 2%t b2 7158 NuiZtd & Zolx Mg FYEE F
JINZe 2N s HAL 27| HEE JHestA ste Hx o] =AY Ao

i 27 AAE I3 23K 3RS AP EUE e 4 glel FuE F

(2

Y

e

rh
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A B YRE =Y 4 glen, FuiR Pz e anlg SFPES )
g 4 olr},

ch Abs] - 23w

RE 71&3o] HtlEY FEAS FEIS SocyH ofga 2
3 FRE 34 A2 ABHoEE FENYS A o} WYY
BAZL Aok oy FEAYe] FAUABI WA B SwolA 2AeHHo]
W AANeS WAY o Seltete] GEGS FuRAAC] £9 183
o) BAolA o7 4 A= AYew wAY 4 g Aol

Feluete] F4b 2ot Sl d=2 IFAF YUY S YRrY £+ s

Adg 7IAn A Aol AT I FE B AAE 72 gIos
R EQE F3ol Y4257 WBol iG] w1 FES F44o] A
&EE EAdol Auh  wlebd I FE(DAL Usstn FUW FE

& FIE + e WHE Ude 2N e dostn FEY MY F

ZEQS ZAugolth.  ola] AlZo| ol AN L4t 3
Axlde] Y VAW BE WA PR w: AL AN Y & gon,
olZle] EAUWE FEstm AlE - ES1YOS ZAE 2= ZMo] H Aol
th mhebd oleiat Aldel S43 18 AT AANA A7 2L,
2 d7E AAN0E FEREY AN Suol M ESHY AU i)
A FolM Qs we ST Fo] U HAsY Aol AT = g Ro

2 Jlch=c
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A 2d a7 g d HS

1. d2pd 934U 53X

Table 1-1. Yearly objectives

Year Objectives
+ Cloning of the entire pALS coding sequence

+ GH injection and liver sample collection in market barrows

Establishment of pALS pro- and eucaryotic expression systems
Establishment of IGF-1 & -11I, IGFP-3 RIAs

Collection of bloods and records from experimental animals

- for the study of growth traits: >30 litters

1st
(1999)

.

- for the study of reproduction traits: 60 gilts
- Characterization of developmental, GH-dependent and tissue-

specific ALS gene expression: Northern analysis and RPA

+ Biochemical characterization of recombinant pALS

pALS antiserum production and RIA development
2nd

(2000)

RIAs of IGF system components for blood samples

Analysis of correlations between economic traits and blood
concentrations of the IGF system components

» Estimation of the breeding value for blood concentrations

of the IGF system components

2. 97 & U AU
7}. pALS genomic DNA cloningz} 2] ZZojAe] vy EA
1) pALS cloning

Genomic DNAE- template® 3}ley PCR vy o & ~800,
1,000-bp B! ~1200-bp 3 7l2] overlapping DNA fragments& =3
13, =¥ DNA ©FH & plasmid vectorol] AlQl3}o] sequencing

2) ALS §-A =Rl BA xZojlA2] Ud 5o
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7h) 23hudede] oS ALS gene expression
(1) ellofoll g Eol ol=27171x] T A|R&E 22|35t RNA &
(2) 1)oflA] V-2 genomic DNA ©FHH & probe® Northern analysis
W) ALS izl wEe] HATZE eEy

HAM v]SEo] 1d 2 1542 PP3Z =58 FAsta 2
A2 E 213138t 7Pl 2}l ol Northern analysis <33
Tl) ALS /-3 =} U e] =23 59

MqEo] ofa] ZZoja] RNAE 3&3}3 ~300-nucleotide ALS
RNA probe& o]&3}o solution hybridization/RNAse protection

assay® ZE|'H ALS f3xpdde] §5F2 A3 =5 53

L}. pALS expressionz} 3333 A4l

1) pALS expression

78 “FVollA] 92-& overlapping pALS genomic DNA fragments& T}
A} in-frameX] A] PCR®. =X3}o] annealing

1}) Plasmid vectoreoi Aol Al A pALSe] RE coding sequence HHE

c}) pALS coding sequence& plasmid expression vector£}
baculovirus systema ©]-£3}o] expression

2}) Expressed pALS2] *+IGF-I3}ellA] IGFBP-3&}2] AJ} S/ 73

2) Recombinant pALSES EZ|of] FA}sloed 33& A Al

t}l. IGF system components?] RIAs Zlilz} o] &
1) RIAs 7§t
7}) Acid-ethanol extraction procedure& ©|8&3stod HFAI 72

IGFBPs & A|A3I3 double-antibody procdure® IGF-1I &
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-1I RIAs ¥gl
L) & A3l 3] g4 pIGFBP-3 P& o] 83}e] double-
antibody RIA procedure Zj¥} 2 validation
Lh) “Urolld dolF pALS FHEFE o] &3t RIA A
2) IGF system components?| HFsSEet F=2] FABJAzte]
=
7hH B8RP Azte] T
Landrace, Yokshire, Duroc =& A= 25, 60 & 100kgA]
IGF system components&] E-Z%%¢} 100kgZ}x] 2] %‘%“%‘-2‘“%‘ )
100kgA] SRA|YFA, S2<AE U FKEZ] JHIEY
Lh) Ay zizte] A3
Landrace®} Yorkshire m|ZFibE ztzb 3072 <44l god=}
2ot X 15¢ A]&Ae] IGF system components?] 8 Z ¢}t Alx}s=

W Fol RAEN BT HTEY
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ANl 2 Z ALS Genomic DNA Cloningld} 24X
ZZZX2| ALS RTA HH F[Fo 7H
A1 3d8 A A4

Acid-labile subunit(ALS):= ~85-kDa2] glycoprotein® ] 40~
45-kDa2] IGF-binding protein-3(IGFBP-3)2} 7.5-kDa2] IGF&} ¥H " Fof &
Z|&t= 150-kDa ternary IGF complex?] 4R Ao]lti(Rechler2} Clemmons,
1998). ALS:= O X224 IGFE AYsh= AH2AL ¢lor} IGF:IGFBP-3 &2
IGF: IGFBP-3(Twig$®} Baxter, 1998)2} ZA3¥}5}lod ternary complex& FAd3l=d]
HZ 2/3 o]Ate] IGF-12} IGF-11:= IGF:IGFBP-3:ALS ternary complex AJE]=E.
Zz)%t}.  150-kDa ternary complexoll ZAYH IGF= AR S3t:
IGFBP-3-specific protease activityoll 2]3] IGFBP-37} ternary complex Ljol|
A BHEE¥(limited proteclysis)E|HA i3] WEHE|o](Lee2} Rechler,
1996) ZZ o3 ¥l %1_1:}. aletA] ALS:= ¥ F IGF2] plasma half-lifeE =9]
E A3 ges go 2 IGFY bioavailabilitydE ZtizslE 7152 713
th(Ueki %, 2000).

£ A7t 2d Al ALSol uidt |t R|F3] A o|dct. ALS
cDNA2}/E -2 genomic DNAZ} cloning® &2 QlZl(Leong %, 1992), F|(Daig}
Baxter, 1992; Boisclair %, 1996: Delhanty®} Baxter, 1997) 4
baboon(Delhanty 2} Baxter, 1996)¢] 31Z}olglx1, 7}=o|A 2] cloning2 AF
gt AefE ot 2 JF 43F Rhoads 5-(2000)0l 23l 9¥2] ALS genomic DNA
7} cloning®] 2t wielA 7150l Afle] ALS DNA cloning2 1 AN Z2AME &5
@ el sz} Roi® aldch B 77 A¥Hs A dTAURE 9

A](porcine) ALS(pALS) cDNAE cloningd}”?] $]3] A]%}F porcine liver cDNA
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library& 33} screeningg& A|E35} L} cDNA library xpAjje] A4} o]
ol H/EYRE= AEiziA] A, xde] WY O T reverse transcription-
polymerease chain reaction(RT-PCR) ¥hH=z} ALS protein?] RBE coding
sequence(~1.75 kb)7} EojQl: ALS gene?] exon 2 39]E genomic DNAS
template® Sto] PCR WP o2 FEHE A3 Lt o] ®3 FEZRAJ UYB
Aol dFFolx] Ratdch uwielr ol ZE oujAddoAY AUsiE A4t
of & AHorx= =A| genomic DNAE template® 3} pALSE] coding
sequencesS ~800-bp, ~1000-bp B ~1,200-bp A 7|2} overlapping
fragments2 ZZ3}o] cloningd}gch.

ARE=531 QIztollA] ALSE IGF-1 1 IGFBP-38} o] MHAz=rm
(growth hormone: GH)2] x}=ofl 23] F=2 ZtollA EH|E 7] ufjFo] 7H] ALS
mRNA =&3} 8 F ALS protein HE+& ¥ GH receptor?] & A F7}
3ic}(Baxter2} Dai, 1994: Dai#} Baxter, 1994). zjolMe] o3 Azlo] o3}
H ALSE= A2] A O T hepatocyteo M7t WHEL FHog R IF oL}
(Chin &, 1994), & E} FolME FlolAx e} o] ALS SAALI} TolrMut B
OIFHAl UAF = Ao AFE dAXA WUstr] wWEe] £ Aol pALS #

Az g YT gzt 243 Bold& AAbsiddch

A 2 4d AME W Uy
1. PCR %Hof] 2]% pALS genomic DNA &
7}. PCR primers
PCR primersi= <21ZF2} 2] ALS cDNAs € 2 HEH Ro|E wid}o

ofef e} Zo] FAsladch F&= forwardE ¢&Jn]d}3l, RS reversed 2|n|sio,
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3’ t}22] numberi= hALS cDNA numberingS 7|52 & 3%} nucleotide number&
o]oj¥tch; 665F, 866F B 996R primers+= Dr. Y. R, Boisclair(Cornell
University) 2 %8 A3 uotch: 304F primer, 303R primer %! 305R primers
o] U&EA 52+ 7z} pGem-3Z plasmid vectorol cloningdt”] $1%+ Eco RIz}
Bam HI sites @ reverse termination codono]|t}: 665F, 866F 2 305R

degenerate primerso|t} .

304F: 5'-agctgaattcctgggtggcactgggee-3° 120
665F: 5'-agctgganctgagcaggcg-3’' 739

866F: 5'-tggctggacctgtencacaaccg-3° 885
303R: 3'-tcggacctcggtgtcecgectaggctga-5' 406
996R: 3'-gtgaaggacctcctngacgtcga-5’ 1018

305R: 3'-gkgtraaacrmgkgacgactg-5" 1875

1}. PCR &£
1) PCR &%

olzll &} L =ASB}o A pALS genomic DNA ¥-9]E PCRE ZEs3lor]

Template: porcine genomic DNA 0.2ug

Primer pairs: 304F-996R pair, 665F-305R pair @ 866F-305R pair 2}2}

25pmol /primer

Buffer: PCR Optimizer kit(Invitrogen, San Diego, CA, USA)2] A buffer

[60mM Tris-HCl, pH 8.5: 25mM (NH;)2SOs: 1.5mM Mg®], = 50ul
- Polymerase: High-fidelity Tag polymerase(Boehringer Mannheim, Indiana-
polis, IN, USA) 1U

- Thermal cycle: 95 °C 5% — (95 °C 1555 °C 182—70 °C 2&) X 30 —



70 °C 10&
2) PCR product A A|: Wizard DNA Purification Kit(Promega, Madison, WI,
Usa) o]-&
3) Cloning
- TA-cloning plasmid vectoroi ligation & transformation: TA Cloning Kit
pCR2 -+ 1 o]&(Invitrogen)
- Base sequencing: dideoxy chain termination *}*{(Sanger %, 1977)

- Nucleotide sequence H|xl: NCBI2] Blast program ©}-&

2. to] ALS A=} U2 GH 2J&

7h. GH A e

- AAF  100~115kg?] AAMHIZES 170ug/kg  BAF 2] porcine
somatotropin(pST: LG 3}, thd)E& o7 elo]l & FAL F 24 Hof
EF3ALL 100ug pST/kg BAES MY 15UL FASIAL 6412 ¥ =5

- EFA 7 AlEE AE G- Lof Fo] 2HEFTAY thE NA FE4]
ZFA] -70 °Cof] X3

L} RNA &
Modified guanidinium thiocyanate ®}H(Puissant2} Houdebine,

1990) 8I*H © 2 total RNA &

t}. Northern blot ¥4

- 30ug total RNAE 1.5% agarose/2.2M formaldehyde gel A 7| % (Lee =,
1993b)

- TurboBlotter(Schleicher & Schuell, Biotrans, ICN, Irvine, CA, USA)&
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o] &3} capillary transfer
- ~1200-bp pALS genomic DNA %FHE& random priming kit(Life
Technologies, Gaithersburg, MA, USA)E ©]&3}o] *p-labeling

- MembraneS 42 °CojlA] overnight incubation ¥ washing(Lee &, 1993b)

3. ALS A =}2] =32 2d 54
7}. Northern blot 4

A4l 7521 1129 BEE 174 E& =531 eot] & &3t 27
YAEE EF8IAL v BE S 2 3Ste] 2ol 2} o] RNAE &35}

3l Northern blot &4

L}. Solution hybridization/RNAse protection assay(RPA)

1) probe A2}

- HES ozmXE 2% poly(A)” RNAS  reverse transcription
polymerase chain reaction{(RT-PCR) kit(Invitrogen)E o]&3}o] first
strand cDNAS ¥ AJ3l5L 304F-303R primer pairZ o]-&%F PCRE 303-bp
cDNA ©bH §d

- 303-bp PCR product& agarose gel A 7|85 whjo g A3}l pGem-32
plasmid vectoref 4}Q)

- 303-bp insert.% X §}3}+= plasmid vector 0.5ug& Eco RILE At

- SP6 promoter®} 50uCi [*’P]JUTPE ©|£3}o in vitro transcription(Choi
5, 1995)

- DNAse I #]8] — Sephadex G-50 gel filtration(free nucleotide A|#)

2) RPA

- Sug poly(A)’ RNAS 4 X 10° cpm ¥P-antisense riboprobeg} 45 °CollA]
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overnight incubation
- RNAse #] 2] — phenol/chloroform extraction — ethanol precipitation

— 7.1M urea/6% polyacrylamide gel electrophoresis — autoradiography

= 3" Az U 2y

1. pALS genomic DNA cloning
Z7}. Cloning v

Genomic DNAE template® 3}3 304F-996R, 665F-305R U 866F-305R
primer pairs& o|&3t Ztz} 915-bp, 1015-bp W 1158-bp 3 72
overlapping fragments& 3-E3}3 cloningd}glch. o|l& 3 7§¢] wiH S ALS
cDNA2] FodH-¢l 155-bpE FH3l5L, overlapping F-91& AP F Aol

1775-bpo| It} Fig. 2-1).

L}, pALS genomic DNA sequence?] 8 &

- Human, rat, mouse 3 baboon ALS cDNAs2}2] @7 A E AE4d: 84, 79,
79 & 84%

- Human, rat, mouse X baboon ALS2}2] oln|:-AtMd AtEAd: 81, 77, 78
& 79%

- Central domaino]] Q<%= 20702] leucine-rich repeats: conserved

- NHp-terminal domain®] 47|2] cysteine residues: conserved

- Human, rat & baboon ALS proteins?] COOH-terminalo]] B2 47]2]
cysteine residues: pALS: YX-E2] 27)] cysteine residues?} ¢l-&

- pALSE= hALS ¥ rALSR.ch 2}z} 170 W 2708] amino acid residues”?} Wc}.
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E H S C L G R \' G L H T F A
Bgc cig tcg ggg cig cgc cgg ctt ttc ctc aag gac aat gge 1194

ctc gag gcc atc gac gag cag agc ctg tgg ggg ctg ‘ gcg gag 1236
E Q S G L A E
ctc ctg gag ctg gac ctc acc gec aac cgg ctc acg cac ctg 1278
cce  ggc  cgg [c-:tc lztc cag ggg ctc ggc aag ctg . gag tac ctg 1320
ctc ctc tec cge aac cgg ctg tcg gcg Iét g tca Egcg gac gcg 1362
ctg ggg ccc ctg cag cgc acc itc Qgg lc_: tg gac gtc tcg lc\:ac 1404
aac cgc ctg cag gcg gtg ccc gag gcc [ét g ctg gcg ccg ctg 1446
Egg cag ctg cgc tac ctc agc ctc agg gac aac ch ctg cgg 1488
acc ttt ;tg Ecg cag ccc ctg ggc ctg gag cgec ctg Iigg ctt 1530
gag ggc aac c¢cc tgg gac tge ggc  tge l~écc: ctc cgg gce ctg 1572
agg gcc ctc geec ctg gag cac ccg gdc gtc gtg cce l;:gc ttc 1614

R A L A L H P AV P F
Etg cCcgg gct gtg gcg gag E8E Bac gac gac cgg cag ccg cct 1656
' R A v A E G D D D R Q P P

gcc tac gec tac aac aac atc acc tge gee age ccc cecg cget 1698
A Y A Y N N 1 T Cc A S P P A

gtg tct ggc cig gac ctg cgc gac ctc age gag g¢o 1740
v S G L D L R D L S E A

Fig. 2-1. Nucleotide and amino acid sequences of a presumptive exon-2
segment of the pALS gene encodihg the matu‘r'e ALS protein, Shown are
compiled nucleotide sequence and the deduced one-letter amino acid
sequence of three overlapping ALS genomic DNA fragments that had been
amplified by PCR. Nucleotide numbers are indicated on the right margin,
with the first base for the presumptive NHz-terminal amino
acid(blackened box) of the mature ALS protein arbitrarily assigned #1.
PCR primer regions are indicated on top of corresponding nucleotide

sequences (shaded),
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2. 478udz} GH Fojo] wE %] ALS fH =} wd

Northern blot &4 A2} ¢4l 75U elo}e] FtofA= ALS mRNAZ}F 3
S5 dgtor} 1129 efF o] Lol W £F2 2.2-kb ALS mRNAV} ZHE
HAZ &st=olMe €Y 52 5] AE&HAUCh o] T2 ALS A U
B2 4ol uhE GH receptor U PG (Breier 5, 1989)2 w9 FAl
3 AMEA ALS FEXIIE GHoll &3] up-regulationgES ZHHA LR A xIjE
c}.

&3 AAMEolM el & Boh 2(170ug/kg BAF) &2
GHE FAR ¥ 243t ¥ 22| ALS mRNA abundance:= Z7}3}A| ¢laltHFig.
2-2). ¥ BaMoelE kA atoL} IGF-12] BEEE EY GH Falol 2
3] HstA] adgtrh. 22y} 100ug/kg BAIF e GHE 15d ¢ sid 13y F
Atstal 6A1ZF ®lo] =% uv|&E 7] ALS  mRNA abundaﬁce%
vehicle(saline)& FAIRY HZ|2] mRNA &Rl A Ut o] ¥ A3}
& FYshd o] ALS f38x} Ud2 GHoll 2]3] up-regulationE|L}, ALS -3
At wdo] A7) BlA = GHY A5 2lFo] WRstAL GHY A5 ¥

24| 2t o] A4}2] lag timeo] W R F AL M
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75 fatel  d112 fetal Markot piys

285

185—

185—|

2 h post-injection _
Vehicle

185— |

8 b post-injection
pST Vehicle

Fig. 2-2. Northern blot analysis of hepatic ALS mRNA abundance during
development and in response to pST. Top panel, Ten miérograms of total
RNAs extracted from days 75 and 112 fetal livers and castrated male pigs
weighing ~100kg(market pigs) were electrophoresed, transferred to a
nylon membrane and hybridized with a 3p_1abeled 1158-bp pALS genomic DNA
fragment. Middle- panel. Merket pigs weighing ~115kg received a single
injection of pST(or saline) at a dose of 170ug/kg body weight(BW), after

which liver samples were taken at slaughter 2 h after the injection, The
effect of pST was not significant(P > 0.05: means * SE of the 2, 2-kb
ALS mRNA band intensity were 9.4 = 2.6 and 15,9 *= 4.2 for the
pST-injected and saline-injected groups, respectively, by an arbitrary
densitometric unit). Bottom panel. Market pigs(~100kg) received a daily
intramuscular injection of 100ug pST/kg BW for 7 days and liver samples
were taken 6 h after the last injection. The effect of pST injection on
the 2.2-kb ALS mRNA abundance was significant(P < 0.05: 36.0 * 4.7 vs
21.9 = 1.2 for the pST-injected vs saline-injected group).
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3. ALS 3=} Uy =3 54
A E=0]lA] Northern blot anadlysisol 23l 2t o] ZZojlA

ALS mRNAZ} H&==®] ¢talt}(Fig. 2-3). Northern ¥42 o 7ZIAE tjate
2 4 zjg] ubEs] Holol} ALS mRNAE THX] ZholAMwt ZZEQct o]yt
A4S & u s}zl $|5] antisense riboprobeE ©]-&3lo] Northern
blotting®t} Zt=7} %2 RNAse protection assay(RPA)E <+ ZAzle
Northern 4] Zz}ef= tr}4 dalc}l. RPASIAE Northern EAojxel Zo]
ol ZHE &2 &2 ALS mRNAZE HEE ey, 25, ¢4, v W
ApFAE W £229 ALS mRNAZE ZEE AR, A%, ¥, 33 W et
RPASI A= ALS mRNAZ} ZB&E|®] ¢IQtcHFig. 2-4).

Northern 2ol oJs] 2t o]9je] = ojlA ALS mRNAZ} H&F =] elot
W 2 &3 Azb= z|(Daif} Baxter, 1994)2} baboon(Delhanty$#} Baxter,
1996)oll A 2] Aets PR Trh. et £ A7 RPA A= 3 232 in
situ hybridization A8 oj| 4] hepatocyte o]2]2] RA A& ALS mRNAZ} A&
A ¢fgttie R3(Chin 5, 1994)eh= thA cix]€c) oleld £ A9
RPA Z3H= olute Hzl&= Feke 2] 2 ol2e 23 oAM= ALS F3A=7}
YRS A, OFchd FHolx HxolME ALS7t FHHLE plasma
proteinol gt BWzte el WRZAME IGF F IGFRPY} FHY 4E
3t Jiso] AL 8 AABIER o= E PRA ZAzbe] H AEH

ALS protein®] £X W u[x|8] ALS 7%l i 7} A7t 2Bt



Myometrium

Ovary

Small Intestine
Endometrium

188 —»

Fig. 2-3. Northern blot analysis of ALS mRNA in adult pig tissues. Total
RNAs (30ug/lane) extracted from the indicated internal organs/tissues
and reproductive tissues of a pig in early pregnancy were hybridized
with the ¥P-labeled 1158-bp pALS DNA fragment after electrophoresis and
transfer -to a nylon membrane. The positions of the 28S and 185 rRNAs and
ethidium bromide-stained 18S rRNAs. are shown on the left and at the
bottom of the blot, respectively. A representative result only is shown

in this figure.
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Uncut
Kidney
Liver
Lung
Muscle
Ovary
Oviduct
Placenta
Spleen
Uterus

Fig. 2-4. RNAse protection assay of ALS mRNA in adult pig tissues, A
303-bp pALS cDNA fragment that had been obtained by RT-PCR of liver RNA
using 304F and 303R primers was inserted into the Eco RI and Bam HI
sites of the pGem-SZ plasmid., After linearization of the plasmid by Eco
RI digestion, a 367-bp nucleotide antisense RNA, including a 64-
nucleotide vector sequence, was synthesized by in vitro transcription
using the SP6 promoter and [®P]JUTP. Pooled poly(A)’ RNAs(5ug/lane)
extracted from market pig tissues were incubated with 4 X 10° cpm of
the **P-labeled antisense riboprobe, followed by RNAse digestion, 7.1M
urea/6% polyacrylamide gel electrophoresis and autoradiography. The
position of size markers and a 303-nucleotide protected band(arrow) are
indicated on the left of the autoradiogram. In the ‘Uncut’ Ilane,

undigested, 367-nucleotide antisense RNA (3 X 10° cpm) was loaded.
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X 3 &2 ALS Expressioni} s XH MA

A1 A A A
Acid-labile subunit(ALS)+= insulin-like growth factor-binding
protein-3(IGFBP-3)2] ‘secondary BP' £4] %”-Z}S’»} A "8F 2/3 o|Ae] IGF
2} 150-kba ternary complex& 33Adslo] IGFe] ¥H©Z vizl7|(plasma
half-life)& &USEH IGFY biocavailabilityd Itizlste 75e 713
E3o|ch(Baxter 5, 1989; Ueki T, 2000). “g3}3tzajoz ALSE ~65-kDal
peptide core®2} ~20kDao] *4dl= Y 72t7|(carbohydrate residues)& 7}31
gkl (glycoprotein)olt, YutE o2 oichuiale] whziy]= chufal xpajje]
AR715S o7l Evhes ebgA L] half-life§ ol EXEFAEL U5
=d ey F9= U L1} ALS protein®] ©3trlof ofyt LS FH
%] ¢fch.
AAA LT ALSo] ¥t AF= FAF2 AHFFolMrto] cDNALH/F
2 genomicZ} cloning®|gl3l(e], 2000), ¥ d371 24" F okl ALS
genomic DNAZ} cloning(Rhoads 5, 2000)E]¢lS & 71ZojlA2] ALS 7= A
F& AdAoldct, ALS proteino] QlojMi=  wHA]  Baxter group AFAE
Baxter, 1990: Baxter®} Dai, 1994)=} Lee$} Rechler(1995b)ol 2&J3l <Qlztz}/
< 2] ALS proteing& VHLZFE FAst YL Pyt o] 2%
ot} mefr £ AZorE 2%olM cloning® FR|(porcine) ALS(pALS)
genomic DNA2] coding sequence THEE in-frame¥| A PCR-FHY F
annealingX]#] pALS expression construct& 53 procaryotic(E Coli) &

eucaryotic(baculovirus expression system) recombinant pALS proteing A3

stol Watzlel fRel whe IGFBP-39te] AY HYE T pALse By

o¥

& stz s o).
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A 2 A Procaryotic expression

@ ALS coding sequence %tH o] AHxwh ot o7
A 2 #Hofa AdEIt pALS genomic DNA clones:= pCR 2.1 TA-cloning
vectoro]] Ho]Ql= 5’'-side 915-bp ALS coding sequence?} 3’'-side
1,015-bp ™ 1,058-bp ALS coding sequence THHEZ o]|5F 3'-side TIH
52 180-bp AE7} AX=d] o] A= X9)of] Nsp restriction siteZ}
&a1%to] HelEjgt}.  (Nearly) full-length ALS coding sequence&
clonings}”] £|3] Fig. 3-1x2} o] %t clone> Bam HI/Nsp 122 #}=31
IE 3t clone2 Nsp I/Not 122 QE]- %"éiﬂ. partial inserts& ligation

2] Bam HI/Not I-cut pBS vectoroil ligationA]ZlT}.

@ pBS vectoro] SoJ8l= ALS coding sequence insertZ template® 3}
full-length coding sequenced® Z X5} c}. |
5'primer : 5' —CGC—GGA-TCC—m-ACG—GAG-CCC—GGG-GCG—CCA—TCG-3 !
3'primer : 5'-CGC-GGA-TCC-TCA-CAG-GTC-CAG-GCC-AGA-CAC-AGC-3’

(W =2 Bam HI site, translation start site B! reverse termination
codon, ATG T}& ACG: mature ALS proteing] TIA "Hxm|] olu]i=xtol] 3|

g )

@ PCR productE Bam HI digestion A}1Z1 Tl pGEX-2T expression vector?]
Bam HI siteol] 4F] ¥ o}zl2l ko] Bam HI digestionz} agarose gel 7]

BE0F ~1,700-bp insertE& BRIt CHFig. 3-2).
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Nspl Nspl
§ 1

T T
N-ALS C-ALS
EcoR 1 ) ,EcoR1 EcoR | EcoR 1
BamHI Notl
pCR 2.1 pCR 2.1
NspI
}
ALS
EcoR1 EcoR 1
BamHI Not I
pBS

Fig. 3-1. Strategy for cloning a full-length ALS DNA coding sequence. A
Bam HI/Nsp I-cut partial insert of a pCR 2 +1 clone containing a 915-bp
5’-side ALS coding sequence(upper left) and a Nsp [/Not I-cut partial
insert of a second clone containing a 1,015-bp 3'-side codiné
sequence( upper right) were ligated and inserted into Bam HI/Not I sites

of the pBS vector(bottom). DNA insert of coding sequence in each vector

is denoted by a box.

@ Expression vector& BL21(DE3) £ Coli cello transformationi|3{ IPTG

2 induction 3}gict.



1 2 3 4 5 6 7 M

Fig, 3-2, Agarose gel electrophoresis and ethidium bromide staining of
Bam HI-digested pGEX-2T expression vector following insertion of an ALS
coding sequence and transformation. Lanes 1-7 and M correspond to. colony
numbers and DNA size marker, respectively. A ~1,700-bp coding sequence

insert is indicated by arrow at the left margin,

® Induction
GST-ALS §#tshya el R expression X¥|= pGEX-2T expression vector3
E. Coliol transformationA]Zl ¥ IPTGE inductiond}e] procaryotic

 expressiong RAISIArT} (Fig. 3-3). &, innoculation I}F S 23] o
o} recombinant ALSE $§}-F3} E Coli. suspension 200 méS LB broth. 2
£o]] Y31 37 C shaking incubator of|A] 3X]Z} incubation A)Zl = | m¢
< 23] 13,000 rpmollA] 287t spin down A|# @ojZ pelletE -80T of
BASIQTHIPTG -). 0.5 M IPTG 1600 mES Y31 THA] 33X Z9t
incubation X1 ¥ 1 meS 2|3} 13,000 rpm, 283t spin down A|H QL
pellet& -80 ‘Cofl BUS}L(IPTG +), IR ALS:= 4,000 rpmofjA] 10&27F

spin down A]# pellet& 2]3}4ic)



® Sonication
Induction ¥ 2%t pelletof 10X PBSE ¥ol ¥VEA|Zl thg Ultra
sonicatior& ©]|&3}o sonicationr]|Zl F Triton-X100& A7}s}o]
rotater oA 30837t incubation A]F|3l, 4,000 rpmol A 107t spin down

T 5 g5t st

(@D ALS-GST fusion protein 3 el
ALS A FA5t7] f18le EolZ E Coli cell lysate?] A3y
& Bio-Rad Protein assay kit& o]23}o] giwlal =i ZA3t e
glutathione-Sepharose beado]] T F&ZHES YolF ¥F 30&7 rotator
oAl incubation A}Zit}. ©]|& GSH-bead sampleX 4,500 rpmoir 57}
spin down A]# pelletE& 2|¥t % 10X PBS & M H3}3 protein® dyes}

10X PBSE il boiling ¥t ¥ SDS-PAGEE #QI3lgcH(Fig. 3-3).
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GSH IPTG M

Fig. 3-3. SDS-PAGE and Coomassie staining of GST-ALS fusion protein.
After the induction with IPTG, GST-ALS fusion proteins were precipitated
b); GST-pull down assay(GSH-beads). M denotes pf‘otein size marker,
Presumptive expressed ALS protein is indicated by arrow at the left

margin.

GST-ALS fusion protein A A|: SDS-PAGE & electro-elution
Polyacrylamide gel*}?] lane Zol4] protein marker2} IPTG -, + Lg|3L
GSH-bead sample 2 ¥t lane%l2 cuttingd}lo] Coomassie blue & °§.’>‘l/‘\]9]
31 U] sample5?] gel ¥-9l:= wrapo E 74 ¥ @ wastgct. @
A8 B3] GSH-beado] conjugate® ALS-GST fusion protein®] size& ¥l
3 thg staining A|F1A] U2 BF BAFA U] FE gelz} 2
Fo] 3t size(92 kDa)2] band H-#WHE geloA cuttingdlgch. o|&
samples5-& electro-eluter (Biorad Model 422)& o]-&3}o <F 54| &

QF elution A Zit}. o]& A elution® ALS-GST fusion protein& CT}A]
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Fig. 3-4. SDS-PAGE and Coomassie blue staining of the GST-ALS fusion
protein purified by SDS-PAGE and electro-elution, M indicates protein
size marker. Presumptive expressed GST-ALS fusion protein is indicated

by arrow at the right margin.

SDS-PAGE A}ZI # Coomassie blue staining ‘W og =2olsledTHFig.

3-4).

®@ GST-fusion protein A%t} ALS A A|
SDS-PAGE®} electro-elution W o 2x AAH Fychzloja] ALS ¥t
wWAnke 2a|3}l7] 13}t Factor XaS 3 2|5ted ALS-GST S¥stwizie A
tHsl31 SDS-PAGE®} electro-elution BHH o2 ALS whiznke A A|stadct
(Fig. 3-5). ALS?®] yield+ 100L culture® <F 120ug u¥lol X]A] oo} ALS
o] A e 93 E ke Hol AFE = eucaryotic expession

system& ©]-83}9] expessioni]ZCl.
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Fig. 3.5. SDS-PAGE and Coomassie blue staining of pALS protein. pALS
was purified by cleavage of the GST-pALS fusion protein with Factor Xa
followed by SDS-PAGE of the cleaved protein and electro-elution, Lanes
1-5, pALS purified from the GST-pALS fusion protein: M, molecular mass

standard,

Fig. 3.52] ALS band= PVDF membraneol transfer3! Tl& 7|Z2}3f=|d &
FA(cf A )of] 2125t NHz-terminal amino acid A|g& st &

A3 = NHz-terminal®e] blockingX]o] sequencingo] ¥|*] ¢iakch.



A 3 & Eucaryotic expression

pBS vectoro] 4l4l3t ALS coding sequence& pFasrBacHTb transfer
vector?] Eco RI site W2 A}QJAJZ T} ALS-pFustBycHTb= bacmidE X 38}
9]+ DH10g competent cell L|= tr‘ansfor‘mation ¥t %], DNA recombination
of] 2]3] ALS coding sequence§ XY dH= gened] U7} bacmid?] LacZ Y=
insertion®| Al dlgrl. 22|32 WA recombinant bacmid DNAS & 38}o] Sf9
cello]] transfectionA]Zl ¥, recombinant baculovirus& A =Z3}o

expressionA|Z]r}. ThS& o])al§t AL Ml Axjo|t}.

@ ALS coding sequence?} E©°|3l& pBS vector& Eco RIS ZE Zzhlo]

pFastBacHTb vectoroll 4}qlstadc}.

@ pFasiBacHTb vectoroll A}91¥ insert (ALS)2] orientation® E<¢ldlgdch.
ALS sequence?} transfer vectorillf-oll Xho I siteZ} Q17] wjEol, Xho I
L2 Ae|¥¢ F agarose gel electrophoresisito]] LIEIL}= digestion
products®] sizes® insert?] orientationE ¥eldlgict. 2 ZA=}, Eco
RIS 2 A2]3}9S wl: pFasBicHTb vector (4.9kb)$} ALS (1.8kb)2] -‘-F— LL}
=7 e, Xho 128 A2|3l9-E& ul:s orientationo] A¥slo]

6kb 2} 650-bpe] F W=7} LEIYITHFig. 3-6).
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M1 234567

Fig. 3-6. Agarose gel electrophoresis and ethidium bromide staining of
Eco RI-digested pFastBacHTb vector following insertion of an ALS coding

uence., M, 1kb puls ladder (GIBCO-B

quence. M, pu Eco RI-cut

pFastBacHTb-ALS: lane 4, Xho I-cut pFastBacHTb vector as in lane 2! lane
5, Xho I-cut pFastBacHTb vector as in lane 4; lane 6, ALS coding sequence;

lane 7, lineralized pFastBacHTb vector. Note the right orientation of

subcloning shown in lanes 3 and 5.

® pFastBacHTb-ALS vector‘%DHlOsac competent cellQtS. ¥ CaCly HHHE o|&
3}y transformationA]Zl 3= 8FAA] (Tet, Gm, Kan)2} X-gal ¥ IPTG7} &

o{g9l= Luria-agar plateo] platingd}sd blue/white screening 3}elr}.

@ White colonyZ LB broth(containing Kan, Tet, Gm)o¢j] ufje¥3}o] Quiagen
Large-Construction kit& A}83}o] recombinant bacmid(>150kb)E F&
3} t}8 PCRE recombinant bacmid DNAZ} H|t] 2 gtEo]P =X AL E &
Qidlac}t. Fig. 3-70x4 R HlL} o] (a)olAlE= Blue colonies (Gm-, +)

2 X 300-bpe] W=7} Yo, white colony?] ZALLE ¢ 4kbolA ¥RE=U}



LI2}o} 3L} white colony?] product sizeZ7} U5 #HA| PCRo|] E]=x] ¢tk
Cl. (b)ollA&= ALS coding sequenceE X §5}x] 9= blue colonies 5
RS PCRo| E|R] ¢sterm, white colonyqto] ¢} 1,5kbollA] bandZ} Lye}lut

C}. o]& 23] recombinant ALS7} vectorol] A|thE integration © AL

Fig. 3-7. Agarcse gel electrophoresis and ethidium bromide staining of
the recombinant bacmid DNA following PCR reaction showing recombinant
bacmid DNA, (a) M13 primer site in pFéstBacHTb transfer vector was used
for PCR reaction, The PCR mixture contained: 10X PCR buffer, 2.5u8:
25mM MgClz, 1.5z£: 10mM dNTP, 0.5;47,: 10uM primer each, 1uf: template DNA
0.54g: Taq(5U/uL), 0.25u8: total volume, 25u£. Conditions of the thermal
ocycle were: 94C, 30s: 52TC, 45s: 72°C, lmin. B, blue colony: W, white
colony. (b) PCR products. The forward primer spans nucleotides #843-862
of the ALS sequence: the M13/puc reverse primer was used as the revere
one. The PCR condition was same as above except for 54°C of annealing

temperature,
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gl & 4 9t

® Viral stocke] &H].
- P-1 viral stock
1.5 X10° Sf9 cells® T25 flasko]A 27C/18hu)F—FBSS} antibiotico)
Eojolx] ¢} Sf900I1 SFM medium® £ cell washing—recombinant bacmid
DNA 124g& transfectionA}#] 27C/5h BJ|F—FBS2} antibiotice] H7}H
Sf90011 SFMe 8 Z#3to] 27C/72h Bl Y—virusZt EojgE AE5YE =+
A &te] -80Toll B.H3tAT
-P-2 , P-3 &} P-4 viral stocks
A28 Sf9 cell cultureoll p-1 viral stock& HZE3d}lod nfjet3dt 3 A5
< FASIAch  P-32} P-4 viral stock AHZ WP 919 W Y3
dtr}. Sf9 cell culture W viral stock®] AR TNF-FH insect medium<

A-g-stglch

® Small scale expression @ recombinant baculovirus®] gl
Recombinant virus7} Acj2 AP AL #elsts] ¢isia  2x10°742
Sf9 cello] seed® T25flasko] 3} virusE 0.25mé infectionA]Z]3, 2
v 27°Coll A ujeF¥t %] harvest3dleltl. o]w] serum¥} antibiotico] 3 7}E]
%] ¢& TNM-FH medium = Sf90011 SFM insect mediumE& ARR-stagdc). uf
oF -2 pelletS lysis buffer[50mM  Tris-HC1(pH8.0), 5mM
2-mercaptoethanol, 100mM KC1, 1mM PMSF, 1% IGEPAL CA-630]2.% lysisA]
A & ¥, ALSE YA A= 4TS HE 3Bt vestern blotting2 & ¥

15}eitH(Fig. 3-8). ¥ %52 medium (TNM-FH mediumz} Sf900I1 SFM



M C S Tt T2 C S T1 T2

Fig. 3-8, VWestern blotting of recombinant GST-pALS fusion protein,
Primary antibody against the His-tag was used (1:300)' in this blotting,
M, molecular mass marker: lanes 1-4, 3X sample buffer(total loaded
amount of protein: 93.934g): lanes 5-8, 2X sample buffer (70.45xg
protein loaded), C, control(no virus infection): Tl and T2,l Sf9 cells
cultured in TNM-FH insect medium: S, Sf9 cells cultured in Sf900I1 SFM

medium,

insect medium)F o® A& AlEst= A WHo| AYE FA Ue
AL o 4 9elom, T2¢] 79 RIPA bufferE A1€3le] lysis A|Z A
Ztolt}. RIPA buffere] 739 proteineol]l H¥& & 2 Lom, 3X sample

Z< o] buffer”} proteinol] 23S Zo|ia| =i

bufferE® A}2%} samplel]

=7 Uehix e s Azt

ALS protein®] U & scale-up 3}7] $13l, 41 small scaleol| A protein
o] Y ASE Haldch 4x virusE A2 F, 2x10°719] Sf9 cell
o] seed® T25 flaskoll z}z} 0.1m¢, 0.25m¢, 0.5me8] 4%} virus&
infectionA] Zit}l. 24 uwjtFE, harvestdlo] 1ysisA|Zl C}L, western

blottingS 3} tl(Fig. 3-9). Primary antibody& 1:2002 & secondary



Fig. 3-9. Western blotting of the GST-pALS fusion protein using fhe
His-tag primary antibody. The fusion protein used in this experiment was
produced from the Sf9 cell culture following viral infection of varying
extents, M, molecular mass standard: C, contreol(no virus infection); Si,.
0.1m8 of p-4 viral stock: S2, 0.25mf of p-4 viral stock: S3, 0.5mé of

p-4 viral stock,

AbE 1:10002.F A}23l¢ct}l. 5% non-fat milkE blocking solution® &
A1-8-3tg oo, TBS-T buffer® 1027t 3HA washingdlgrl. 2 A3, 4
X} virus§ 0.25m¢ infectiondlgl S uf WUHATI} 7R L& AL 4 $

slglch

@ Large scale expression

ALS7} expression¥]3l 23} 2]F 2] expressionS 2%t 4%} viral stock
2] o}o] T25 flaskollA] 0.25mé¢l & Q13 7] ull&o] large scale )3}
T75 flaskol|A]l= T25 flask?] Ajui¢l 0.75me2] 4x} dlo]a]AE infection
XA Al large scale expression® 3}tgcT}. Large s-calei ALS protein&
U A 7] 180A, 6~7x10° Sf9 cellsS T75 flaskol seedd}giT}. 18

A2t Fol serum3} antibiotice] ¢t 10mée] TNM-FH medium& A 7131,



0.75m¢2] 42} recombinant baculovirusZ infectiond}gic}. 2d %<t 27T
ol uvjeFA|Z] F  harvestdleltr}. Pellet2 lysis buffer[50mM
Tris-HC1(pH 8.5), 5mM 2-mercaptoethanol, 100mM KC1, 1mM PMSF, 1%
IGEPAL CA-630, 104g/wm¢ leupeptin, 10xg/mé pepstatin, 10g/ me
aprotinin at 4TC]& lysis¥t tC}<, 102 %¢ 12,000 rpmolA
centrifuged}lo] cell debrisE H|A3}Hcrl. Ni-NTA resin 1mlo] packing
¥ colum(Bio-Rad)e]] #]o|A] 92 sample Ho]F r}& ALS proteind
?8:4]?3‘]-9112}_ Buffer A[{20mM Tris-HCI1(pH8.5), 500mM KCl1, 20mM
imidazole, 5mM 2-mercaptoethanol, 10% glycerol, at 4TC] 2} B[20mM
Tris-HC1(pH8.5), 1M KC1, 5mM 2-mercaptoethanol, 10% glycerol at 4T],
‘= washing_/\]ﬂ CHS elution buffer[20mM Tris-HCI1(pH8.5), 100mM KCi;
100mM imidazole, 5mM 2-mercaptoethanol, 10% glycerol at 4TCI&
elutiond}le] fraction® 1.5ml1%] gt} Fig. 3-102 eluted proteind
SDS-10% PAGE3Zt cl& Coomassie blue staining& A]Z1 Zz}o|r}.

Fractions 7-120jA] ALS band’} A &5t}

M 7 8 9 10 11 12

Fig. 3-10. Coomassie staining of GST-pALS fusion protein following

SDS-PAGE. Numbers on top of the figure correspond to fraction numbers of

the eluted protein from the Ni-NTA column., M, molecular mass standard.
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A 4 2B FE3H Fat
Eucaryotic GST-pALS fusion proteing& H&3%t Hl(Lee2} Rechler,

1996)2} o] New Zealand White rabbito 4] ofefe} & Hxlol o) FHA

& Aarstact.

@ GST-affinity chromatography 2 & @-& GST-pALS fusion protein ~ 200y
g(~2ml)& 77§2] aliquots®E t}yo] FAIY wjzix] -70 °Cof B3t

@ FH=2x Y FA} ZA  immunogenE FAIE}7] Ao New Zealand White
rabbit{ ~5kg)2] olFAM O ZHE 19 G needleE o]L35}0] pre-immune
blood ~10m1-& 223l X A

@ pST-fusion protein ¥} aliquotE -23J3}o] 50mM phosphate buffered
saline(PBS: pH 7.2)8 @ol 2 EM7 1ml A ¥ the 1mle)
Freund’s complete adjuvant(Sigma, Saint Louis, MO, USA)%} E313le] &
2] 4F ol FA}

@ o 25 glojjr2} Zro] GST-pALS fusion protein ¥t aliquot& Freund’s
incomplete adjuvant®} 43¢] booster injection

® Boster injection¥t THE 15U Fof oMo THE 10ml2] HyAES
Astel WA 7

® 6347 booster injection ¥t ¥ 2|2 U FaAlAZHE 101 AJFHo E

718 Aol AA Ago e Ve AN ohe e}
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A 4 Al IGF System Components?| === 2}
=2 dNgAzie &2EY

Al1d M A

AEH ez FEQ 43y HARAY YdHod:s A Hyx=E
[somatotropin(ST): growth hormone(GH)] 3} AAAMx}FZE=F2] 2}-Zof 2]3)
AolEe Rew ojsigolA gl U AT olF T=Eo iy A7t
AH=EHAA GHY ch¥E2 4% &I 82 GHE x5 o8 & v R
Tl ZAoja] wWE - BH|EE= insulin-like growth factor-I(IGF-1)of] &
&) oiZiElE Abdol W A ck(e], 2000). wield IGF-18 EFsEs ud A
FEZ =0 FuldelE A Wgsty] wiEol IGF-19] 83 =71 &2 /MAE
A ddstd BAEC] &2 lined] TETE 24U F AUe 7Msd=E 2%
3 2 4 grh AlSE Siddiqui 5(1990)& A3 &S ¥F IGF-1 H =& 7|2

©2 low-line3} high-line22 7ci7lx] AFT2’Z3IeE wl  high-lined

Of

low-lineol B3] &BAFo] &3 BF FHES low-lineo|L} T2t uj
lineBc} &odcin R Isidct =3t 2 A7 a4 By |4 - v 8-S
M= ¥F IGF-1 W IGFBP-3 st F3F U] JAA{AZE Ri5] o] (Owens
T, 1999) 2 A2 FHES A dstArt

#| A o|7]= 3S}L} IGF-1 system components?] ¥ Z =% o}
HA g Al UHE = Jd A7 2ol Kroonsberg 5-(1989)2 high
IGF-1 line ¢¥#]:= low-lineoll 8|3l 8= IGF-1 % 12%, %hul
M7l 19%, Ellotd BAl= 7% F eloHtrl= 30% F71siddria
Bistgct. olel BAst HAE EZUF IHHolA IGF-1S FXEX}

Z3F = F(follicle stimulating hormone: FSH)2} ¥ 3o & yI4 2]
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L Zol=23 2 F MPS FIsle= Aow ¢ 2lcl(Hammond F,
1993; Cox, 1997). EtT} RHA o 8 GHE H=| IEWUSS &3S}
= Fgeol A3, IGF-1 JA] =R Fxe] FHIFHE AASt= 7ol
2leo] GHE] X US F3I 2Ago] F4AFog APP=|= [GF-1d] 2
s miZlE FHsAdol ARRIEIVIE slgol) olE TEE EX iy
g 7 "mzte= AgExbel uiel Holyl e Aes B aEAr(Cox,
1997). A 2 APrt APWE L S Yun S(2001)L RE(gilts +
sows)E& high-litter size®} low-litter size linel 8 FEIIIS
@] UAIZE low-litter size line® high-litter size lineol M]3}
IGF-1128] VZ= =7} Lo} IGF-I11: IGF-Izpe= w@he] G382} )
2t &2 Eljo} U2 ‘negative regulator’ JHEZ ¥ 782 Al
APt EJ3F olEL YAlEF Western ligand blot analysis
(Hossenlopp &, 1986)ell 2J3ll A&=+ ~40-kDa IGFBP-32] H3F5
 low-line®} high-line} X}o]7} gledel Ao g B usigch -
gL} o] e Hzle= E d3e] HSE FatmolZlE sh FAl
=52 47} AgrHo|elsl, &S IGFBP-3%= Western ligand blot
analysisol] 2]3l] ZA&X|+= ~40-kDa intact IGFBP-3 2]ol|= C}7ke]
<31-kDa truncated IGFBP-37} X¥I%|7| wjEol(Lee =, 1991) &
o] 33 AEE JelZ] fsiAdes 718 d3Z 27 g™l
IGF-132} IGFBP-3 &]o]| & acid-labile subunit(ALS):= A =}2}
o]l = 150-kDa ternary IGF complex?] TR ATA F=2 GHol
23] o] Alo]E]7] wjEol(Furlanetto, 1980; Ooi &5, 1997) ALS
o] 82 w= w3 BB 43 % WA ¥ xEF Y £ As
7HsAdol At mebd W2 £ d7E SHEYY SEAGLlM

A2l AR Z2EE tls R Stod IGF-I1, IGF-I1I, IGFBP-3 %! ALS



o ¥Fe=ot 4 W HAYPH o] HFAUPAE FEHIIH FE=9
Mkl ZAges ExE AYel AAS3idch. ol& ¢ ALSE
expressionA| 7|3 VAW Aitytzx] &SI oL} ALS U IGFBP-32]
radioimmunoassy(RIA) -& standards A4} A|AAX] ¥ EA-|7F 2
sgstoi(#) 53 H3A: ALS W IGFBP-3 A £ dFoldiL ol el
i3} RIAsE E3}r] E3lgdcl. IGFBP-3 RIAe] ciizirs mix|a} 4=
cto @ hIGFBP-3 3832} recombinant hIGFBP-3 standard(Gropep,
Adelaide, Australia)E ©]£€-%F heterologous RIAE AJ=3] R.Qto
1} hIGFBP-37} iodination ¥ %A degradation¥]3l RIAXA}ollA]
non-specific bindinge]l o} RIAo] & 7} ¢t ulzlbA
IGFBP-3 ! ALSo]| rj3t V2% BEM2 o]52] RIA procedures”}

HUHE of2 2Pl SPstmat Yok

A 24 A8 W WYy
1. Ay E29 72z ¥4

FHEY FEAU20IH 19909F 8 RAUY FELS 3 24,861 F
olglitl ol% ¥ A77} 24W WAl 17,9705 FEol iyt 455 A3
& wEsiych ¥ 412 2 AANEA BYYY 5L 485y 23 150
gt FEol oy Felw, RAFALS JA(FR)Y ST Bl

BLUP-animal 7| & %3] £3H &/ FE 7 breeding value)o|T}.
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Table 4-1. Phenotypic and breeding values of the breeding herd

for major economic traits

I Phynotypic value Breeding value
tem
n Mean | SD n Mean SD
ADG, g 17,970 575| 44.2| 24,861 2.27] 13. 444
backfat
17,970| 13.4} 2.88 24,861 -0.059; 1.122
thickness, mm
Total Days at 90kg 17,970, 155| 12.4| 24,861| -0.55| 3.912
Litter size, head 24, 861 0.17| 0.515
Return to estrus,
24,861 -0.03}. 0.995
days
ADG, g 3,936/ 589 39.6| 4,624 1.53| 12.086(
backfat
o 3,936| 14.2| 2.33| 4,624} -0.045] 1.035
thickness, mm
Duroc Days at 90kg 3,936/ 151 11.4; 4,624 -1.01| 3.640
Litter size, head 4,624 0.15| 0.431

Return to estrus,
4,624 -0.17, 0.864

days
ADG, g 5,743] 574| 45.6] 8,480 3.60| 12.212
backfat
5,743| 13.2] 2.91| 8,480 0,039/ 1.072
thickness, mm
Landrace |Days at 90kg 5,743] 155 12.5| 8,6480| -0.843] 3.696
Litter size, head 8,480 0.140, 0.502

Return to estrus,
8,480 0.196{ 1.056

days
ADG, g 8,291 568 43.6| 11,757 1.61] 14.672
backfat
8,291 13.2{ 3.03| 11,757 -0.135] 1.183
thickness, mm
Yorkshire|Days at 90kg 8,291 157, 12.3| 11,757 -0.168! 4.140
Litter size, head 11,757 0.209] 0.550

Return to estrus,
11, 757] -0.143] 0.969

days
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2 dFolA= Table 4-22} o] ZF W HaPAH SF 7}
SYIR(HF = 0.5FFHx})OE high-lineZ} low-lineo. & .
Slo IGF system componentso] T3P ZHFCHAIE Z|REAH2ES A4

Stz o1& ztel §elde FAstach

Table 4-2, Breeding values of the high- and low-lines for major

economic traits

'LMA, loin muscle area.

2. A S8 WU A= 2AH

7t 8y

F2 B

ste] BAF 25, 60,
< A5t HS

LGS Aol

High(H)-1ine®] Landrace, Yorkshire, Duroc & 438F2] Z-A]

+AY ¥

_ Total Duroc Landrace | Yorkshire
ADG, g 8.97 7.57 9.80 8.95
Backfat, mm -0. 62 -0. 56 -0. 58 -0.76
LMA', cm” 48.9 46.8 48.1. 49.9
Lean, % 56.9 55.4 55.9 57.8
Litter size, head 0. 387 - 0.435 0. 345

thgt 8E7 7]202  Low(L)-linez}

1ml %] 33l -20 °Cofl

sttt FE AUA AdZFFAFS Aarsta,

WA,

suTEs U 3%

= F4stoich
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100kg(d2H)A] 7™ 0 2 HE| EDTA-Vacutainerol & oY
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L oHAg
H{ ojZ3a=2] S3F71 EMel 2ste] Alxpsgeo] oyt R ¥R &
%7}8 Low(L)-line} High(H)-lineo® JFE3}Z & 6359 Landrace$}
Yorkshire #EF(GGP) m]FabES 83t o4l 90U #lollM2} Ho] Y
< 2Bt ERg FAIE thsiAe dxeE 71551a, 59 AHES 9
T2 AFAA 3FY olfAl vIFH ANEE2AH I FolHAEATE FF
stedch.

3. IGF-1 & -11 radioimmunoassay(RIAs)

IGF RIAE 'W3l3l:= S IGFBPs+= A <=%t vl(Lees, 1990)
2} Zto] acid-ethanol extraction(Daughaday 5, 1980) @wWH o g =
A3zt 0.2m1 EAS 0.8ml acid-ethanol(87.5% ethanol + 12.5%
2N HCl1)Z} o] vortexingdlil Ar2o0jlA 308 WXt F 4 °C
3,000rpne. 2 30E-3t Wil e|sle] IGFBPsE X sl ELEAS
AMAA|Z|Z 0.5m1 AHS5ES 23St 0.2m1 0.855M Tris Ro g
=3tx)1zHAc. =3 acid-ethanol extracti= Gropep(Adelaide,
Australia)?] IGF-1 & IGF-1I1 3¥ 3G o]L35}loy double-antibody
procedureol] £]3] IGF-I & IGF-1I1 RIAsE 33l ci(ole} A,
2000). HEF g3Edol el UFH Y A&E= RIA 3k 53]
IGF-II kol uil-f A EAEIA7] dfd] 2 W& F &= &
MojlA] A 2]stA .

4. AT
AN x], VALl IGF-1 & -11 %=¢] high-linez}

low-1lineZt x}o]2] G2]A3-2 SAS(1996)2] GLM procedured ©o|23}5L

- 62 -



°]

i
53
q-l
b
ok
" o
8 J
2
rfr
Q
0
"
o]
e
3
0
0
0
o
€
=
0
f
L
oo
S
L
g
&
o
34
{1
AL}

FE dUA] ESAVA F JdIGFARL, SAYFA, SHAYHF U
BS5Eol dighr= MI-S FHE(covariate) 2 FAEY 2dof 4
Y3t ch

= 3d A=

1. 4333

7}. High-line thH] low-linext XY, |/F7} W IGFs = H|aL
1) 4dEA

Table 4-32 dtZajatoll th¥t low-line cthH] high-line®] HH 3,
%71 9 €% IGF-1 & -119] % d|a ZHzolrt P} &F71 71 F
5] high-lineo] low-lineRr} TZEA|ato] ﬁoq(wo 0001) IGF-1 =i
+ linesZt R&jxl7t AR HA] k). IGF-11 —‘&E% 25kg BAFA] AAF
A &£ A low-lineo] high-lineR.t} &9}t31(P<0.01) Yorkshire &= o3t
73S Ve O LH(PC0.10), 60 & 100kgr|L} E} EFoHE= £ lineZt x}o]7}

A cHP>0.05).

2) SRIW5FA(Table 4-4)

High-line2 low-lineol] w]3} FFoll A Qlol SXIYFH 7T BA3)
Lok (P<0.0001), IGFs w=ojA HEHH 13y ZAzE Landrace(P<0,.01),
Yorkshire(P<0.03) 2 Axa] FAE(P<0.01)ollA 25kgr] IGF-1 wX7}
high-line®] low-lineE.C} uytglr}. ¥hH IGF-I11 5 A ZA|EoA 60

kgAl high-line?] %57} low-1ined] xR} ulglel A (P0.01)& A &3l
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L X linesZt §2]3 <l X}o]7} ¢lrl.

3) SATtH F(Table 4-5)

High-lineZ low-lineRt} RE EFola FAalghdZo] Fa
(P<0.0001), IGF-Iol-J:= Yorkshire, Duroc W ZA] F-A]=oA 100kgA]
ligh-line8] %7} low-line?] HEXC} Yt oL} Landrace E%ojA= 60kg
Al high-line®] S =7} W2 Z3(P0.07)S R4k ¥ IGF-11= F lines

7 Rl A Atol& Mol egich,

4) A& E(Table 4-6)

A28 oA high-lineo] low-lineXrt} ¥4t31(P<0.0001), IGF-1 =
£ ZZo] u}le} 26kgA] F-L 60kgA] high-lineol low-line®Tl AU W&
HEE Ho AANFog JEAA FPS Vehlx] sk, IGF-II == &

23 BAFo] BA glol low-line?} high-lineZt R}o]& Roja] Qldrt.



Table 4-3. Low-line vs high-line in ADG and plasma IGFs concentrations

PADG'(g) BVADG* BW | IGF-I(ng/m¢) | IGF-1I(ng/mé)
Breed
Low | High | Low | High |'"*8[ Low | High | Low High
229.7 281.1 | 259.2 | 302.5
25 |+47.58 | +47.58 | £50.83 | +41.43
P <0 47 P < 0.53
Land- | 518 8 |559.5| 1.4 | 16.4 373.7 | 412.4 | 292.4 | 290.1
race |+2.90|+2.38(+0.66|+0.72| 60 | +33.88 | +21.03| +30.23 | +18.31
(n=151) P<0.38 P <0.95
407.2+ | 436.0 | 151.0 | 123.9
100 | 3593 | +23.15| +15.09 | +9.07
P < 0.0001 P < 0.0001 P < 0.54 P<0.16
277.6 | 261.3 | 214.5 | 347.7
25 |+22.40 | £21.90 | +50.90 | +45.40
P < 0.6l P<0.10
York- | 530.8 | 566.6 | 1.9 | 19.9 322.9 | 331.0 | 285.3 | 267.59
shire | +2,90|+2.43|+0.51 | £0.66| 60 | +16.50 | +15.34 | +21.37 | +20.41
(n=241) P <0.73 P < 0.56
408.4 | 375.4 | 143.4 | 142.5
100 | +20.61 | +16.03| +7.28 | +5.91
P < 0.0001 P < 0.0001 P <0.23 P <0.93
o5 I [
449.4 | 437.9 | 268.1 | 324.4
Duroc | 325:3|980.1 1 0.0 | 0.35 | 55 | 161 30| 425 54 | +83.25 | +40.57
(0=46) +4.23|+3.17 | +1.80 | £0.77 P <086 P < 0.56
373.4 | 396.5 | 170.3 | 190.1
100 |£25 36 | +51.84 | +£36.99 | +20.19
P < 0.0001 P < 0.0001 P<0.72 P <0.68
250.3 | 272.0 | 253.5 | 321.4
25 |+11,03 | +£20.05 | =10.31 | +24.05
P <0.35 P < 0.0l
Tota] | 526-2 | 566.0 |1.6+018.1 330.4 | 360.3 | 268.9 | 289.9
(n=438) +2.03|*+1.62| .40 0.46 | 60 |*+12. 74 | £12.53 | £13.02 | =13.12
P<0.11 P<0.27
406.1 | 393.3 | 150.4 | 143.2
100 (+16.69 | +11.92| +7.23 | +5.30
P < 0.0001 P < 0.0001 P < 0.56 P <0.45

lPADG, phenotypic average daily gain(ADG): 2BVADG, breeding value of ADG.
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Table 4-4. Low- vs high-line in backfat thickness and IGFs concen-

trations
PBF'(mm) BVBF* BY IGF-I1(ng/me) | IGF-I1I(ng/m¢)
Breed
Low High Low High |[(kg)| Low High Low High
301.7 [116.52 | 272.0 | 316.1
25 |+28.39 | £51.78|+39.46| £62. 24
P <0.01 P < 0.58
Land- | 16,61 | 12.00 | 1.35 | -1.17 423.1 | 291.8 | 281.0 | 340.4
race |+0.278|0.227{+0.121(+0.085| 60 ;+16.63|+36.25|+15.20|£34.30
(n=151) P £0.01 P <0.12
428.5 | 417.2 | 136.4 | 115.0
100 (+19.13|+43.36| +7.78 | +15.45
P < 0.0001 P < 0.0001 P < 0.81 P <0.22
295 .3 | 222.2 | 294.1 | 281.5
25 |+18.53 | +25.13| +60.41 | +68. 44
: P <0.03 P <0.90
York- | 15,77 | 11.90 | 0.57 | -1.53 324.63 | 332.9 | 260.7 | 312.19
shire |+0.177|+0.138!+0.075|+0.069| 60 |+13.11|+19.37|+16.80| £25. 81
(n=241) P <0.73 P <0.10
384.8 | 395.9 | 140.7 | 147.8
100 | +14.49|+21.94| £5.28 | +£7.94
P < 0.0001 P < 0.0001 P <0.68 P <0. 46
25 I |
1783 | 1314 | 042 | 38 469.2 | 408.2 | 264.1 | 358.2
Duroc . : N : +‘ . : 60 |+32.80|+33.87|+52.51|+50.57
(n=46) +0,501 | +0,.330| 0,189 | =0, 092 P <022 P <023
368.1 | 391.7 | 177.1 { 193.2
100 |+27,.44 | £29.54|+20.77| +22. 44
P < 0.0001 P < 0.0001 P < 0,56 P < 0.60
296.7 | 239.8 | 268.2 | 263.4
25 |+18.42 | *+11.14|+25.24| +10.81
P < 0.01 P < 0.86
Tota] | 16:39 | 12.10 | 0.89 | -1.39 344.9 | 346.5 | 260.5 | 308.7
~ +0.151 | +0.110| +0.068{ +0.049| 60 |+11.21 |+13.89|+11.40| +14.26
(n=438) P <011 P < 0.01
397.5 | 398.8 | 143.1 | 151.5
100 |+10.78 | +16.23| +4.83 | +6.96
P < 0.0001 P < 0.0001 P <0.95 P <0.32

'Phenotypic backfat thickness: ’Breeding value of the backfat thickness.
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Table 4-5. Low- vs high-line in loin muscle area and plasma IGFs

LMA* (cm®) By IGF-1(ng/mé) IGF-11(ng/mé)
Breed . . .
Low High |(kg) Low High Low High
271.9 285.6 243.6 278.5
25 |+17.36 | +23.11 | +10.65 | +14.94
P <0.64 P < 0.06 '
44.1 53,2 424.8 362.7 297.0 280. 1
Landrace
(e +0.38 | £0.0.41 | 60 | +20.57 | +25.66 | +18.04 | +24.00
n=151) - P < 0.07 P < 0.58
444.7 402.0 142.5 115.9
100 | +23,15 | *+27.10 | +8.97 | t11.27
P < 0.0001 P < 0.81 P < 0,07
251.0 | 248.8 276.4 255. 1
25 {£12.25 | +12.32 | +9.03 | +9.86
P < 0.90 P<0.12
) 15.77 11.90 347.2 309.6 2924 259. 8
Yorkshire
(n=241 +0.177 | *£0.138 | 60 | +£15.70 | +14.15 | +21.05 | +18.39
n=241) P < 0.08 P < 0.25
418.2 357.1 139.3 146.6
100 | +16.84 | +17.17 | +6.22 | *6.45
P < 0.0001 P < 0.01 P < 0.43
265.8 274.4 274.1 286. 8
25 | 21,59 | +17.96 | +18.84 | +20.30
P < 0.76 P < 0.66
Du 41.9 50. 7 460.3 430.7 275.7 326.9
roc )
46 +0.58 +0.55 | 60 | +43.00 | +28.13 | +67.67 | +41.71
(n=46) P < 0.57 P < 0.53
436.5 334.0 154.2 207.9
100 | +27.80 | +24.60 | +22.16 | *+19. 48
P < 0.0001 P < 0,01 P < 0.08
252.2 261.4 262.6 272.0
25 | +7.33 | +9.49 | +539 | +7.92
P < 0.45 P <033
overall 44.6 53.6 369.6 | 314.0 285.9 268.9
438 +0.25 +0.25 | 60 | +11.43 | +13.00 | +11.93 | +13.55
(n=438) P < 0.01 P <0.35
425.3 | 367.1 143.9 148. 1
100 | +12.23 | +12.98 | +5.46 | *5.95
P < 0.0001 P < 0.01 P < 0.61

lLMA, loin muscle area.
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Table 4-6. Low- vs high-line in lean percentage and plasma IGFs

Lean(%) BW IGF-1(ng/m¢) IGF-11(ng/m¢)
Breed
Low High | (kg) Low High Low High
302.4 | 255.6 240.7 267.0
25 | +20.65| *+18.76 | +13.45 | =*11.91
P < 0.10 P<0.15
52.5 59.0 456.9 | 357.4 278.1 302.0
Landrace
+0.30 | *+0.20 | 60 | +24.07| +20.73 | *21.18 | +19.81
(n=151) P < 0,01 P <043
' 424.7 | 428.2 135.4 129.5
100 | £27.27| +24.80 | +11.12 +9_ 81
P < 0.0001 P < 0.93 P < 0.70
269.9 232.8 265.8 267.17
25 | +12.55| +11,58 | +11.03 +8,45
P < 0.03 P < 0.92
. 55,2 60.0 327.5 | 324.2 254.9 289.5
Yorkshire :
+0.21 | +0.14 | 60 | +15.42| +14.86 | +19.72 | +19.55
(n=240) P < 0.88 P <0.22
387.0 | 387.0 140.2 143.4
100 | £19.03| +16.37 | +6.84 +5.89
P < 0.0001 P < 1.00 P<0.73
261.9 | 279.1 295.3 252.6
25 | +22.94| +21.69 | +19.03 | +28.00
P <0.63 P <0.28
Duroc 53.0 57.6 490.5 | 385.6 296.8 332.4
+0.56 | +0.26 | 60 | +32.39| +33.51 | +51.01 +57.35
(n=47) P < 0,04 P < 0.67
376.2 | 381.7 182. 4 186.5
100 | +30,99| +30.15 | +23.51 +22.84
P < 0.0001 P < 0.90 P < 0.91
244.3 [265.0 265.2 266.1
25 | +8.65 |+7.85 +6.06 +6.73
P < 0.08 P < 0.93
53.7 59. 4 355.5 | 329.9 274.7 282. 4
Overall
+0.18 | +0.11 | 60 | +11.32| +13.39 | *11.84 | =+14.01
(n=438) P<0.15 P < 0,67
383.2 | 407.1 152.1 140.8
100 | £14.54| +12.00 | +6.41 +5,29
P < 0.0001 P<0.22 P <0.19
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Tables 4-7 & 82 AA| FA|=(Table 4-7) W ZZE¥(Table 4-8) Z
A A Fol ot IGF-1 & -11 EF5 = AU A4 B4 Azjolr). 7
H Z9E A2 IFY 3 5ot AP el ABBAS 2
£E71E stg oy ANYes AuASE uglth =¥ IGF seel Ay

Zt

¢
Lo

A B/BAL= A2 low-line thH] high-line?] IGF 8 X%=% uv|m 3}
2 2 dX3}x] ¢igtort Landrace EF o= 25kgA| IGF-1 8F5 559 54
WAL el FABVAE BY o2 low-line thy] high line Z2}(Table
4-3)¢} Ux|st4ct.

Table 4-7. Pearson’s correlations between plasma IGF concentrations and

growth traits at different body weights in total experimental animals

BW IGF L . 3 . . Lean
r & P| PADG' | BVADG* | PBF BVBF LMA

(kg) | conc. (%)
1GF-I r 0.145 -0.029 0.264 0. 290 0.048 -0. 248

25 P 0.157 0.776 0.009 0. 004 0. 647 0.016
IGF-11 r -0. 001 -0, 027 -0.191 -0. 256 0,091 0, 203

P 0.991 0.819 0.096 0. 024 0.438 0.080
1GF-1 r 0. 358 0.395 0.170 0.294 -0.124 -0,090

60 P 0.0001 0. 0001 0.053 0. 001 0.159 0. 311
IGF-11 r 0.242 0.269 -0. 004 0.058 -0.058 0.042

P 0.007 0.003 0.962 0.527 0.526 0.645

IGF-1 r -0.002 0.031 -0.128 -0.118 -0.129 0.074

100 P 0. 986 0.770 0.218 0. 259 0.218 0.479
IGF-11 r 0.004 0.024 0.080 0.098 -0.215 -0.138

P 0,971 0.833 0.476 0. 381 0. 055 0.222

'PADG, phenotypic ADG: 2BVADG, breeding value of the ADG: °PBF,
phenotypic backfat thickness(BF): *BVBF, breeding value of the BF:

5 .
LMA, loin muscle area.
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Table 4-8. Pearson’s correlations between plasma IGF concentrations and

growth traits in three different breeds

BW | IGF . - 5 . |L. Mus. | Lean
Breed r & P| PADG' |BVADG“| PBF BVBF .
(kg)| conc, (cm”) (%)
[GF-1 r |0.145 [-0.029| 0.264 0.290 . | 0.048 | -0.248
o5 P ]0.157 0,776 | 0.009 0.004 | 0.647 | 0.016
[GF-{ |—£_|-0.0011-0.027] -0.191 | -0.256 | 0.091 | 0.203
P |0.991 [0.819 | 0.096 0.024 | 0.438 | 0.080
Land- [GF-1 r |0.358|0.395 | 0.170 0.294 | -0.124 | -0.090
cace | 60 P |0.0001|[0.0001| 0.053 0. 001 0.159 | 0.311
r |0.242 [0.269 | -0.004 | 0.058 | -0.058 | 0.042
(L) IGF=IT =55 007 [ 0.003 | 0.962 0.527 | 0.526 | 0.645
[GF-1 r [-0.002|0.031 | -0.128 | -<0.118 | -0.129 | 0.074
100 P {0.98 | 0.770 | 0.218 0.259 | 0.218 | 0,479
[GF-11 F__| 0.004 [0.024 0.080 0.098 | -0.215 | -0.138
P 10.971 | 0.833 | 0.476 0. 381 0.055 | 0,222
R T r |0.058 | 0.076 | 0.124 0.304 | -0.072 | -0,251
95 TS P |0.426 | 0.297 | 0.090 | 0.0001 | 0.332 | 0,001
(GF-1I || 0.084 [0.261 | -0.010 | 0.087 | -0. 073 | -0,049
P |0.394 | 0.007 |. 0.920 0.377 | 0.466 | 0.623
York- LGF-1 r 10,207 | 0.110 | 0.043 0.007 | -0.132 | -0.067
shire| 60 P |0.008 015 | 0.584 0.925 | 0.094 | 0.394
r | 0.065 |-0.065| -0.155 | -0.309 | -0.018 | 0.025
(Y) IGF-11 51757437 T0.437 | 0.062 | 0.0001 | 0.834 | 0.767
GF-1 r |-0.084[-0.073] -0.134 | -0.111 | -0.189 | -0.063
100 P |0.291 | 0.355 | 0.089 0.161 | 0.017 | 0.430
[GF-1[ - 1-0.121]-0.130| -0.112 | -0.053 | 0.062 -0.108
P |0.145 | 0.117 | 0.175 0.520 | 0.455 | 0.194
IGF- { Lr [0.054]0046| -0.109 | -0.001 | 0.118 | 0.181
o5 P |0.729 | 0.766 | 0.482 0.997 | 0.452 | 0.246
GF-11 £ | 0.120 [-0.216] 0.346 0.417 | -0.033 | -0.131.
P |0.544 [ 0.269 | 0.072 0.027 | 0.871 | 0.517
[GF-1 r |0.183]0.131 | 0.549 0.467 | -0.024 | -0.475
Duroc 60 P |0.258 | 0.420 | 0.0002 | 0.002 | 0.883 | 0.002
(D) [GF-11 |1 0.120 [0.010 | -0.239 | -0.122 [ 0.272 | 0.176
P |0.500 [ 0.955 | 0.173 0.492 { 0.119 | 0.321
LGF-1 r |-0.066|0.010 | 0.036 0.044 | -0.351 | 0.009
100 P |0.679 | 0.950 | 0.823 0.783 | 0.023 | 0,957
[GF-11 L _[0.109 -0.023| -0.035 | 0.043 | 0.289 | 0.102
P 10.502]0.88 | 0.831 0.762 | 0.071 | 0.532

'PADG, phenotypic ADG: ’BVADG, breeding value of the ADG; >PBF,

phenotypic backfat thickness(BF): ‘BVBF, breeding value of the BF.
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Table 4-9= &FF'H A3FE ¥3F IGF-13} IGF-1I B =7 33
o|ct. 25kg3} 100kgr] 7 W42t FABAIE A ¢ladi, 60kg AMFAdE=
Ml #F&F Landrace?} Yorkshire FFolA Fe] FUUAE Ho HAFHes

we 429 JuBA 245

2

Table 4-9, Correlations between plasma IGF-1I and IGF-II concentrations

at different body weights in three different breeds

Breed BW(kg) : r P
25 -0.164 0.155
Landrace(L) 60 0.438 0.001
100 -0, 043 0.709
25 -0. 097 : 0.327
Yorkshire(Y) 60 0.210 0.011
100 0.114 0.173
25 -0.100 0.612
Duroc(D) 60 -0. 001 0.993
100 -0, 044 0.790
Total 25 -0.071 0.24
60 0.232 0. 0001
(L+Y+D) 100 0.006 0.97
2. AA¥A

7}. Low-lineZ} high-line®] M]3

E AHo] 29 Landrace®} Yorkshire EF JTA|EQ xlzxl4E=
low-line2} high-linezt §2]2 Q0 X}o]7t 1A 2LHP0.001), °|FA] AHE2]
ZAF2 F linesZt zfo]7} ¢ldrHTable 4-10). ¢4l 90¢d A|3 Landrace
BAET} A BAEolA high-line low-lineo] u]s) IGF-11 $E7 &&
YA 7 linesZt IGF-1 mXoll= Xl Qldal, #Exb F 156 AJHY

Landrace FA[=-2 high-lineo| low-lineX.t} IGF-1 %7} wUTHP<0.02).
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Table 4-10 Reproduction traits and plasma IGFs concentrations of the

low-line and high-line breeding gilts

] . Breed
Variable Line n - n n
Landrace(L) Yorkshire(Y) L+Y
] _ Low 9.90 0.309 8.99+0. 461 9.28+0.313
Litter size
(shenotypic) High | 11.78%0.309 | 11.91+0.461 | 11,670,274
phenotypic P 0. 001 0. 001 0. 001
Li tor Low | 0.09+0.084 | -0.32+0.117 | -0.21+0.083
(breed ue) High | 0.78+0.084 | 1.01%0.117 0.84+0.072
reeding value P 0. 001 0.001 0.001
] Low | 61.75+2.801 | 56.40+2.420 | 59.65+2.006
Total litter wt -
. , High | 58.16%+2.801 | 59.12+2. 181 | 58.41+1.650
al weaning P 0.373 0. 411 0.633
[cp.p |_Low |178.0+13.316| 166.811.877 | 173.4%9.328
High 1162.3+13.783| 169.2+12.597 | 165.3+8.615
Day 90 conc.
P 0.422 . 0.893 0.525
ProEnanY | ge_qy |_Lov | 205.6£12.771 | 342.4%26.242 | 192.5=10. 354
High |247.7+13.219 | 388.9+23.654 | 230.7+9.706
conc. p 0.030 0. 200 0.009
rop.q | Lov |411.2+30.871| 192.3%14.511 | 373.6+23.271
High |301.1+31.950| 212.1+15.896 | 355.6+19.552
Day 15 cone. P 0.020 0. 365 0. 555
postpartum IGF-11 Low 140.5+8.918 | 141.3+14.660 | 137.5+9,.694
High | 120.5+8.918 | 145.5+14.660 | 137.5+8. 451
cone. P 0.130 0. 842 0.990

'Numbers of gilts of the low-line vs high-line in L, Y and L + Y were 14

vs 14, 16 vs 16 and 34 vs 26, respectively.

U, I6Fs 5% 9 UARASRe] ABEA
Tables 4-11 & -12%= & ZAJ=(4-11) ¥ 2w (4-12) Q4 900 W

ot F 15 IGFs 5 U HAFASL JHAFAoITt. Low-line vs
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high-line ZA3e= Tl tjzy¥os E2y g ZF A=A ¢dal 90
IGF-1 X2} Atxjeobes o] A7 Ao 5Y IGF-11 wxo= 4
A7 At

Table 4-11. Pearson’s correlations between reproduction traits and

plasma IGFs concentrations at different stages in total animals

r| Day 90 Px Day 15' post- Litter size Total

partum litter
& IGF-1 [IGF-11| IGF-I |[IGF-11 |pheno- |breedig| wt

P conc. | conc. | conc. | conc. | typic | value |weaned
IGF-1 r -0.167| 0.280| -0.055| -0.352| -0.226 | 0.123

Day 90 conc, P 0.194| 0.034| 0.721| 0.006| 0.082 0.361
pregnancy (IGF-11 r -0.194| -0.112} 0.195{ 0.147 | -0.098
conc, P 0.149( 0.471| 0.139] 0.265 | 0.470
Day 15 IGF-1 r 0.434| -0.018; -0.130 | -0.106
postpar- conc. P 0.003| 0.897| 0.340 0.432
IGF-11 r 0.128| -0.007 | -0.248
tun conc, P 0.421] 0.963 | 0.104
pheno- r 0.640 | -0.018
Litter|typic P 0.000 | 0.894
size breeding | r -0.078
value P 0.571
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Table 4-12. Pearson’s correlations between reproduction traits and

plasma IGFs concentrations in Landrace and Yorkshire gilts

Day 15 post- Total
r Day 90 Px Litter size

) partum litter

Breed|  Variable & I'GF-1 | 1GF-11 | IGF-1 | IGF-11 | pheno- |breeding| wt
P conc. | conc. | conc. | conc. | typic | value |weaned
IGF-1 r -0.434| 0.340] 0.132) -0.464| 0.286 | 0.327
Day 90 |conc. P 0.019| 0.071] 0.580| 0.013] 0.141 | 0.089
px  |IGF-11 |~ -0.256| -0.320] 0.533| 0.356 | -0.246
conc. p 0.180| 0.169] 0.004| 0.063 | 0.206
IGF-1 r 0.194] -0.241| -0.364 | 0.075
Land- "™ Pleone. [P 0.413| 0.216] 0.057 | 0.704
race P [loF-11 | r 0.128] -0.001 | 0.160
partum) e, | P 0.601| 0.997 | 0.502
pheno- | r 0.562 | -0.010
Litteritypic P 0,002 0. 961
size breeding| r -0. 356
value P 0.069
1GF-1 r 0.019] 0.194| 0.031| -0.307| -0.210 | -0.189
Day 90 |conc. P 0.916| 0.313| 0.886| 0.088; 0.248 | 0.325
Py |IGF-11 | r -0.124| -0.015| 0.028| 0.051 | -0.004
conc. P 0.528] 0.946]| 0.883| 0.785 | 0.983
bay 15 10F1 r 0.737| 0.251] 0.046 | -0.387
York-| . |cone. P 0.000| 0.199]| 0.818 | 0.038
shire IGF-11 r 0.119] -0.001 -0, 524
partum) . P 0.590| 0.995 | 0.009
pheno- | r 0.662 | -0.027
Litter |typic P 0. 000 0,892
size |breeding| r 0.070
value P 0.705
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A 44 %

¥% IGF-13} IGF-11 =& ZI€25 ¢ ZA3 HAEAY Ad x
¥ A HsdE B3 flsl £ A¥odAE sHFYEH I=AdA: B
8 WEF(GEP) BAEL sy B 7|F02 low-lined} high-1ine2 8 ¢
o] wtAE low-line thH] high-line®] IGFs &= X}¢ /fF& &4 &
IGF Hxo} sy BAZY HJABVAE BHsl F 84 ZHate] dBd 4%
g ¥3lgct. AAZHSZ low-line tinv] high-line?] IGF = vlx ZAz}e}
IGF s =2} sl ZAP ALY J3EH A7 dAsA g Z9= Az
HPASE AR GWgtoy @ @ C9Y Azt d¥E FYS B 173
grh EF'H F2 AN FAEo|M 25 & 60kgA] IGF-1 SE2 42 (100kg)
22 23 SAYFA § F{EE F ABPAE UehAAIL o]2}
ARt high-line(@e SAYTA: TFIE)LS low-line(shE SAUF
7l AFZE)ECH W2 IGF-I HE& RUSEZH IGF-I =7} ol 43
A ZAP A 2AAg AR 2 = e e & AAstech U
IGF-1I =9} SXUFr F2 e} A2t WA= w2 3¢ IGF-134e] A
A2t dioiEE AES RAEul, o] IGF-117F IGF-I &2 ‘negative
regulator’ S¥E W Fol|A 8] Af(Koea F, 1992)2} UX3t= Ho= 3f
MY E A& 2 »oh I6FY ¥Fexel AP AR wAlA E Shi
A A FA =0l 4] 60kgr] IGF-1 s=o dFFAFL T2 &
TBAE {4 - v EoA THEUY o|E F H4 AJ3TA} dA5)
= ZH2HOwens 5, 1999: Lee &, 2002)2A of A|A IGF-1 H%2] |8 71
58& HAIstA
Landrace ZA|Eo]A 4l 90 high-line(& 4kx}4:)2 low-line

o nl3} IGF-1 =t W& g IGF-11 %t U2 AL 2 =T
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A;l].

L =

Sob U4l 09 IGF-1 sEohs ¥o) JBVAE, IF-11 FEohs 39
HBUAE Urhiglch 22U oY ABY AAE Yorkshire FAEHA
£ BEHA YT, Yun 520008 Bel shE LA 90 high-lines]
IGF-1I H%7} low-lined T} yglr] ool HAI¥H A2} ¢AlF IGFs2] o}

¢

o] AL & vl P& dFLE 23t} o] Yok F linesZ AT F x|
7} B=E|glov} I6FY] E3eEe} 88 F2 U B BATALY 3L

flo

A ZAztel XA YL FLE YD PASLE A= st o
A3 2EFoZ AAZ I6Fs2] BEFE WHolzl 27| wliEoln, utely £
BaMe] AAE dF foAl F2 FAAS Fole FAY AANUE b
A= g3 A += AUk

A2 0T 25kg U 60kgA] IGF-12] ST ST

X
> o,
a

2} Fo A3AAI deng zrjAdue] A EEME Jhside]l i ¢
HF IGF s=of AU FA= EEEsIcL & AN £ d+ A3}
E A oulRche e oniyt 2x, Adge= o837 flsiA
E 718 # dYe] By Re= AtgHr)
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A 54 H3: ALS W IGFBP-3 A A

1. pALS A A

ALsel A33tsta S4& FYSIL RIAR 7ustr] sishMe
GST-pALS fusion protein® B H-E| 2}%E salts 53] iodination 2}3
2 ' ojadel]l tyrosine ringoll incorporation® 4= Qli= halogen
o] 2(C1 )& AA3|oF Hcl, E ¢ Frojlal= recombinant eucaryotic
GST-pST fusion proteinoll HolQd:= saltsE A|ASHZ] I8 54
(dialysis) ®}*H 2} Centricon(Amicon, Berverly, MA, USA)E& o]-23%}
ultraconcentration WY& A|E3lP oL} njxle] Welof o] = v
¥ BI=oja] GST-pALS fusion profeinol plastic materialol] &-XZl=]
o] £718] HFZ o|F x| Bttt

o] Wy o= o] ALS A ufj(Leed} Rechler, 1995b)e}
Zte] @O DEAE Sephadex A-50 anion exchange chromatography® X=x]
¥ S IGFBPs fraction®} ALS fractione. 2 Ea|3 T} & ALS
fractionE 2mg IGF-1©°] csonjugationilol Q1= Sepharose-4B-1GF-I
affinity columnoi] 2mg recombinant non-glycosylated
hIGFBP-3(Celtrix, Santa Clara, CA, USA)E (H]Z/)ZAAI 49
‘IGF-1-1GFBP-3 sandwich’ affinity columnei] loadingdted ALSS &
A 715 @ saltE AT ALSE elutionA] Il WHE A x=sigo
L} o] EI FZ-AFHol|x] EstF =l Alilell 2]31H T. D. Etherton
(Pennsylvania State University) &A] H]=3} APL 3tPclaz A
sl nix|gte s  ALSY} ®=ofA] IGF: IGFBP-3:ALS ternary
complexE  Hds=  AEEFH 5HEE&  o]&3sled  pIGFBP-3

immuno-affinity chromatography 2§ © 2 pALS AAE A=l



v o] EZF mjx|2] o]-f=2 wn|ol FFAolx] E3lrt i

i)

recombinant GST-pALS fusion protein&- ultraconcentration Hl

pIGFBP-3 immuno-affinity chromatography®@ ALS FHAE x|=31d

2182} Azjolr).

7}. Ultraconcentration
GST affinity chromatography® A A® GST-pALS fusion

protein{ ~0.5ug/ul) 1.5m1-& Centricon-30 ultraconcentratoro]] @

Fig. 4-1. SDS-PAGE and Coomassie staining of GST-pALS fusion
protein before(lanes 1 & 2) and after(lane 3)
ul traconcentration and buffer change. M,  molecular mass
standards; lanes 2 and 3, 6 and 13 ul of GST-pALS fusion
protein(0. S5ug/ul) before ultraconcentration: lane 3, 13ul of

the protein after ultraconcentration and buffer change.
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o] ¢IAlE a3t & Eare] 50mM sodium phosphate buffer(pH 6.5)
E Y= AFFHES HIESI bufferE 3SR} GST-pALS fusion

proteino] AAIE|DCH Fig. 4-1).

L}. IGFBP-3 immuno-affinity chromatography 3
2 WH2 7] ¥RY IGFBP-3 ¥¥ oA Immunoglobulin G& F&3}
o] AF22] IGFBP-3 immuno-affinity chromatographyol 2J3] x| &3 9|

ALSE A A3t x} 3= Alxo|t}.

1) Protein A-agarose(Life Technologies, Gaithersburg, MD, USA)E o]&
g 1gG A
7}) Buffer preparation
- Wash/binding buffer(pH 7.4): 20mM sodium phosphate/150mM NaCl/0.02%
NaN;
- Elution buffer(pH 3.0): 100mM glycine-HCI

- Neutralization buffer(pH 9.0): 1M Tris-HCI

L}) Antiserum preparation
- IGFBP-3 3}8 A 2 ml& binding buffer® 1:5 H] &% XA

- 0,45 m filter® filtration

C}) Rasin preparation and lgG puri-fication (4CollA 438)
- Resin(protein A-agarose) 4ml& &% %92 wash/binding buffer®

equilibration
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- ZAAEA oA EAEH BVEHE columndl] loadingd}il peristaltic
pumpS ©]-8&3}d column flow-through& overnight recirculation
- Columng wash/binding buffer® washing

10m18] elution buffer® AYYE 0]+ 1gGE elution

250.£2] neutralization buffer& eluateol] A 715l 3}

- Column regeneration

10% SDS-PAGE & Coomassie staining(Fig. 4-2)

- Az} Fig. 4-29] lanes 4 & 904 o 4~ %o mg TH9le) 1g6 &l HF

2) Affi-Prep HZ hydrazide support(BioRad, Hercules, CA, USA)& o]£&%l

7}) Buffer preparation
- Oxidation buffer: 0.02M sodium acetate(pH 5.0)/0.15M NaCl

- Coupling buffer: 0.1M sodium acetate(pH 4.5)/1M NaCl

L}) Antibody preparation
- 1)olA IGFBP-3 3@ o =HE] HAH 1865 oxidation buffer <ol

dialysis{MWCO:6~8, 000)

C}) Immobilization procedure
- IgG2] oxidation
+ 0.5M sodium periodate (NalOs) stock solution FH](47TC)

« AAH antibody?] 1/500] 3]3}+= periodate stock solutionS A7}
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Fig 4-2. SDS-PAGE and Coomassie staining of IgG purified from pig

IGFBP-3 antiserum using Protein A-agarose. Lanes 2 & 6, 0.5 ul serum:
lanes 3 & 7, Sul 0.5% BSA: lanes 4 & 8, 12ul IgG. Lanes 2, 3 and 4 were
electrophoresed under non-reducing conditions: lanes 6, 7 and 9 were

under reducing conditions.

- Containerg B UE RA RE A20)r] 307 ¥t
. Oxidation ¥ ZHIE 1/20 #3]2] glycerol & H713l3 10272 4
+ Sodium periodate& | 38}7] 218} coupling buffer® Z¥(Dialysis,

O/N)—<¢t 5 ml A= =)
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- Affi-prep HZ support &H]

.

2 F3F2] support& bottleo] &A 7}2}otd isopropanol 45E& AH|A
108]8] SF+= washing

108} #¥]2] coupling buffer(pH 4.5)E washing, x2

- 2r3}¥l 1gGE Affi-prep HZ supportd] coupling

Supporto]] -#2] bufferE H 715l 43 slurryE container® 71 ¥
21 M A7) 31 coupling Holl settled support 9]2] buffer A A

Washed Affi-prep HZ supportoi] oxidized 1gGE& &7}

Al 20| A 24X 7} rocker fjollA]l coupling ¥H-2

Coupling WH2o] &yt F Affi-prep HZ/I1gG slurryS column(1.5 x

3u] Y3 &] washing buffer(20mM sodium phosphates0.5M NaCl, pH 7.0)&
3+8-5}= buffer® washing
Column eluate A

0.02% sodium azideE ¥-73}= buffere] column B 3(4T)

- AliquotE SDS-PAGE3}o] IgG coupling efficiency §%(Fig. 4-3)

2}) IGFRP-3 immuno-affinity chromatography

- Diafiltration(MWCO: 100kDa) unit &4]

.

A Alcohol & 25-3] diafilteration unitE soaking(0/N)
Alcohol AlA

Distilled H:0 1.5 £ 2 10%7t diafilteration unit washing, x2

- MRS B 22F 1087 system washing

1x 10mM PBS 2£ 2 10& 7} system washing, x2
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1 2 3 4

Fig 4-3. SDS-PAGE and Coomassie staining of IgG before and after
coupling. Lane 1, IgG purified from IGFBP-3 antiserum: lane 2, oxidized
1gG before coupling: lane 3, IgG after coupling. An equivalent amount of
sample was loaded in lanes 1~3(see procedures for details). For
reference, 25ug BSA was loaded on lane 4. Based on the relative band

intensity, the coupling efficiency was estimated to be >80%.

- 83 &y
< 1L8] HXE A AEE FF¢|9 10mM PBS2} EYsI oz}
« Diafiltration ZJA]
- Diafilteration® 800ml sample& filter paper® o §t F 0.45:m

filter2 zjod(diafiltrated sample?] pHZE buffer exchange ¥4Ql)
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- GFBP-3 immuno-affinity chromatography

« Affi buffer(10mM PBS/0.02% NaN3) E equilibration § IGFBP-3 3}xj]-
Hydrazide(6ml bed vol)of] 10mM PBS (pH 7.5)/0,02% NaN3 =
equilibration® ~800ml1&] VHA|EE A]7 rotating shakerol]A]
incubation(4°C, 0O/N)

CThed sheksl Hsl A3 AA

» AZ NS gintered glass filter $]o|A] washing

- Washed resin& 2712] ~15ml Econo colummoi] packingX]7]3l affi

buffer® washing
- olzlie} T2 Wylow FAlo] AYH YL elution

(O 50mM PBS/IM NaCl{(pH 7.5)F elutionX]Z]3l 2ml fractions A
@ 12n] 0.5 M AcH(pH 3.0)2 DoillA AAF=R] ¢t EIL
elutionX]Z]3L Centricon-30& ©]-23%}le] ~0.3nlE =

Column 2: NaSCN elutien

(D 4M NaSCN(pH 7.0) 2.8 elutionr]|Z]3 2ml fractions 4=#
@ 12m1 0.5M AcH(pH 3.0)2 @ollA AAEA] 2 E3ZE elutionA]F]|

Centricon-30& ©]&3lo] ~0.3mlE &

u}) Modified ligand blotting® £ FAH ALS 32} X ¥QI(Fig. 4-4)

- hIGFBP-3 &z &2 u]&xz]5}o] ['®I]IGF-1I ligand blottingS 3}
ALS2] Zx) o3 #Ql(Leef} Rechler, 1995b): ligand blottingolA] ALS:
hIGFBP &) 5o ['**I]IGF-11 L hIGFBP-32} Z %5} membrane %]olA]

~85-kDa band 34J.



125

Fig. 4-4. Ligand blot analysis using [ “’I]IGF-II in the presence(lanes
1~4) or absence(lanes 6 and 7) of hIGFBP-3(1lug). Lane 1, porcine serum:
lane 2, serum IGFBPs purified by IGF-1 affinity chromatography: lane 3,
NaSCN eluate from the IGFBP-3 immuno-affinity column: lane 4, NaCl

eluate from the affinity column: lane 5, blank: lane 6, NaSCN eluate:

lane 7, NaCl eluate.

- Azh

- Lanes 3 & 404 40~45-kDa®] doublet IGFBP-3 bandst ZH&E|gjoL} ~

85-kDa2] ALS band:= Z&EE 2] ¢gte 2 g o] Az}i= NaCl = NaSCNoj
ola] JEYL o] ALSrt IGFBP-3  immuno-affinity column® 2 g
elution ¥ %] ¢}9t3-& 2Ju|gict.

- Lanes 6 & 72] A= IM NaClof 2]3ljA= affinity column®] IGFBP-3 3}
Aol A=A IGFBP-3= A2 BF elution®]2 2L} 4M NaSCNef| 2j3jA
+ A3 o] IGFBP-3%to] elution®] 1 &-& 2m3ic),

. Immuno-affinity column eluate® =hIGFBP-3 &}o] disuccinimidyl

suberate & [1251]IGF—II9—I-: affinity cross-linking 3}oy SDS-PAGE &
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autoradiography® ZAA}3ll HotS1}(Lee 2} Rechler, 1995a) eluate <&of

ALSe] EAE HAY 4 YArHA2} mAA]).

2. XA (porcine) IGFBP-3(pIGFBP-3) A A

T 7] Wgew H=x| ¥ o2 HE pIGFBP-32] FAE A =3tAcl
TR Wy FEAFH o2 LM pH3lollA] SP Sephadex C-25 cation exchange
chromatography® IGFBPoll ZH3}t=Eo| & IGF ligand& A AY ThE IGF-I
affinity chromatography® total serum IGFBPs& & #|5}git}. Total IGFBPs
FHE IGFBP-3 ¥2]+= (O SDS-PAGE & electro-elution E}—% Bio-Bead SM-2&
o]-&3le{ SDSE A|ASI3L Centricon®E FHAIE WP} @ Ca
reverse-phase HPLC P& AJ=dlgct. € A7 He¢ F 20L ol4e] H
YA o2 HE total IGFBPsS A5l IGFBP-3 £ & Al=sidout @
Me spsyt 9As] AMASA AU 4 °C HBE degradationso] RIA
standard®2 & 4 QlFol W ARL(Z= vlAA]), @ WHL F 7158 HPLC
units& A 7] WHEE  procedure(Zapf S, 1988)tiE Sz}
chromatographyE A|X3}%l 2L} IGFBP-37} FelE|#] ¢t tid2 @ ¥

o} 2z clEAed dAzjolch

7}. SP Sephadex C-25 cation exchange chromatography

- 50gm SP Sephadex C-25 cation-exchange resing& 1 M acetic acid(pH 3.0)
o]l equilibrationA]Zl ¥ Ar2oja] 484]7F 5-Q} swelling

- cation-exchange resin®]| swelling®l:= F<¢F 1Le] A2} 1L 2 M acetic
acid/150mM NaCl -81-& 4o #E pHrl 3.0 SA JAY ¥ 10702] 250m]

centf-ifuge bottlesof &7 rotating shaker $JollA] Al2ofa] 3A]1ZF ¢t
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=3

- 2}z}8] centrifuge bottleol] 35ml12] swollen SP Sephadex C-25 resing 4
31 2ol A 24rX)7t 5@} rotating shaker $jollA] 3%}

- Resin& 7}2l}3]3L A5 WS cheese cloth®} Whatman filter® ZHa| 44
g TS 10 N NaOHi pH 6.5 = A A

- 23" AE & 40ml centrifuge tubeol]l &7 P JA-20 rotor 2 39,000 x
g(18,000rpm)/4 °CollA] 1]t &t W4l Zelsle] HAE AA

- Whatman filter2 2% ¢f TAEEZ A|A

L}, IGF-1I affinity chromatography

- 2mg IGF-Io] ZA¥YH Sepharose-4B-IGF-1 affinity column(Lee2} Rechler,
1995a)0] “7}"ollA &£1u]3t A& E loading(lml/E: 4 °C)

- 0.5 M NaCl(70ml/A]Z}) 2 affinity column washing

- A3tEl IGFBPsE 15ml12] 0.5 M acetic acid(pH 3.0)& elution

- Centricon-30 ultraconcentrator® HA|7 ANBARXRI|E Ax—4 °C Y

t}, Cig reverse-phase HPLC
- AxXEo] 4 °Col RyE|AY total IGFBPsE 0.2ml2] solution A(3 vol. )2}
solution B(l wvol.) ZEgq(ofe] H=R)o K3jA|# Zapf5(1988)2]

procedureo] w}zg} tl&z} o] HPLCE 4=3s}eicHTable 4-13).
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Table 4-13 The mobile phase gradient of Cj3 reverse-phase HPLC!

Retention time a
. Solution A Solution B Effective [CHaCN]
(min)
0 75% 25% 20%
18 55 25 36
78 34 45 : 52.8
91 27 66 58. 4
101 75 73 20

'1min/fraction: 1.5ml/fraction.
®0. 1M heptafluorobutyric acid(CF3CF2CFCOOH).

®20% solution A + 80% acetonitrile(CHsCN).

- 2}z}te] HPLC fraction® 2H-E] 50ul A& HUZXA|HA silver-stainingS 3J}aL
U= A=xste] 4 Cofl KA}

- ZAz}:

- Zapf 5(1988)2] # #©3 IGFBPso)Meh= wa] pIGFBP-3% E} IGFBPsE
B Eel == $Urh(Fig. 4-5).

. B AYS $abal wrEstelout IGFEP-3 HelEix ekgke),



0.01p

0.010-

2

0.008
©.000-

P O o I = S S VUV S v 00 8000 10600

Minstee

BPs 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
BP-3
BP-2—
BP-4—

Fig. 4-5. Cjs reverse-phase HPLC of IGFBPs. Upper parnel, Ao of
the HPLC fractions. Lower panel, silver staining of the HPLC
fractions following SDS-PAGE. For reference, a typical
silver-staining result of the total IGFBPs preparation which

was used for the HPLC is shown at the leftmost lane.
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1. H}x](porcine) ALS(pALS) genomic DNA clones
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M cloning &

L #&
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1)
2)

3)

7}

1)

2)

3)

4)

5)

7Zh

)

1},

1)

2)

ALS 99F-& ¢I% ALS protein 284t
M o] ALS HAFE 2%t transfection® ALS exp-
ression construct H|F

PALS RIA Zi*dz} o] &

. IGF system components?] F el F=2] 3 W HaAYH

e FAAJA 73

T8 AFY8= Azt

THEFYH FEAELE B/ S izl 7Y f3isYHS ¥
&3l BLUP-animal 7|2 43 wl HAH 2o o3t &F71S
ALsta,  BAPEE ALE SIVE VIEe=E 34
low-line?} high-lineo & X &

=35d, ¥AE U A FHS HA TAE low-line tiy]
high-line2] IGF system components?2] &% % Xjo] {5 HA]
=34d, ¥33d W 23 FHE HATHA!E IGF system components
2 o=t 4% HE HAP A A 2o

2 &3) A3 933 2AY

T2z

25kg & 60kgx] IGF-12] dVFs=i= AUAI(100kg) T2Y-F7
U FE Fo A

60kgA] IGF-12] BF et AUdA7IX| ) ALGFT AP} P 4
THTA

g

IGF @355 °l&% Z7|4UxZE AU 21T 7I228 AF
IGF @3 55EE& SIT7IE Alatstd Ay HAE
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