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ABSTRACT

The aims of this study were as follows: 1) identification and cloning of an intron of the gene coding for
porcine acid-labile subunit(pALS), a component of the 150-kDa ternary insulin-like growth factor(IGF) complex,
and amplification and cloning of 3' untranslated region(3' UT) of pALS complementary DNA, 2) identification
of pALS gene expression in porcine tissues by reverse transcription-polymerase chain reaction using an
intron-spanning primer pair and 3) identification of ALS gene expression in porcine hepatocytes. Following
nucleotide sequencing after amplification of pALS gene by PCR using genomic DNA as template with a
primer pair spanning the expected intron region and insertion of the PCR product into a plasmid vector, a
1,371-base pair(bp) intron of pALS gene has been identified at a site of pALS gene identical to those of other
ALS genes of known species. Also identified and sequenced in the present study was a 147-bp 3' UT
following 3' rapid amplification of cDNA end(3' RACE) using RNA isolated from the liver as starting
template. Results of the RT-PCR have exhibited that pALS gene is expressed not only in the liver but in
other internal organs(kidney, lung, spleen), female reproductive organs(ovary, oviduct, uterus) and skeletal
muscle. Moreover, in the liver, the ALS gene was found to be expressed in hepatoctytes by in-situ
hybridization. These results suggest a possibility that in addition to the known major role as plasma IGF
reservoir/regulator, ALS may also have unknown role(s) in the extra-vascular space.

(Key words : Pig, IGF, ALS, Gene, cDNA)

I M E sERY 4 27 g9 dpRe viAsm

IGF-IIi= Bjo}o] 7S F318k= 7.5-kDa®] =

Insulin-like growth factor(IGF)-1-> = A% 7I1& 7kl peptide A8 2]32 =2 o] th(Jonest
Corresponding author : C. Y. Lee, Regional Animal Industry Research Center, Jinju National University, Jinju

660-758, Republic of Korea, Tel : 055-751-3258, Fax : 055-753-4422, E-mail
cylee@jinju.ac.kr

— 555 —



Jin et al. ; Porcine ALS of the IGF Complex

Clemmons, 1995; ©], 1996, 2000). % IGFE=
o bl A @HEl - 40~45-kDa®] IGF-
binding protein-3(IGFBP-3)¢} 85-kDa<2] acid-labile
subunit(ALS)2} A3t o] 150-kDa ternary com-
plex E]Z Ea)3tch(Furlanetto, 1980; Baxter
S, 1989). wElA ALSTE IGFBP-39] BPZA &
% IGFY ¥Ht7)(plasma half-life)S <14 A
5ol IGFE Aate] A9 IGF o] &&=
Sdislels s Sk

ALS fdak= 5 709 exonset Fol wet
1-ko el Z7]9) introno® FAEIdET],
exons 137} 29 77} signal peptided] AWHLZ
codingsl+= sequences} 1 o|s} EE coding se-
quence”} EA3}aL exon-intron junctionS F7+
o Z wEF ZAow U rhkBoisclair 5,
1996; Delhanty<} Baxter, 1997; Rhoads 5, 2000;
Suwanichikul %, 2000). ALS: 3tz o] 7]
wiToll b o]9]e] FZ oAM= ALS FHAM]
Aol 7o) HEHA %9kal(Daiet Baxter,
1994; Delhanty®} Baxter, 1996; Rhoads %
2000), 7FollA 9] ALS -3 e F7 A
Fao] &) Aoj(Ooi 5, 1997)HE AL
ae A ek

AaATolA] & A1 =HA ALS
o] exon 2 uWlol A signal peptidee] 34k
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coding sequenceZ cloningdli, (> &
ZF ol9]e] A ME ALS FHAF HE
o5kl al(lee 5, 2001), ©olojAE= A
5, 2002)°1 A& ALS Al 5 HlElE 59
(untranslated region; UT)Z cloning it} 17
L ol AgdATelA= ALS 4=t intron®]
EA AR SERIEA ek9k7] wiiEel intron-
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iz Bl AR #HE e
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PCR) o= 3 o]e]e] oA ALS 3
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1. Intron %2} cloning

%] genomic DNAE w3=g wlAlA] wi=x] o
ol o 2 HE| DNA extraction Kit(Promega, Madison,
WI, USA)E o] &3t Alzate] AA YR &
Itk =14l ALS(porcine ALS; pALS)<] intron
39)1= ALSF2(5-ATGGCCCTGAGGAAA-3) for-
ward primer2} ALSR2(5-GAGGTTCCGGGAG
CTGCAGAA-3) reverse primers ©]-83}o] PCR
2 ZEZ3I9t PCR WHSE-2 DNA template
0.2ug, forward & reverse primers Z+Z} 25pmoles,
7}7}+2] deoxy nucleoside-5'-triphosphate 10nmoles,
Taq polymerase(TaKaRa Shuzo Co., Otsu, Japan)
25U% DMSO 10%(HZ FE)2 #Hrtstx
10 x PCR  buffer[1 x =10mM Tris-HCI(pH 8.3),
50mM KCI, 15 mM Mg'1¢t H0E Yol 35
PCR buffer %9} whSEo] Hu7} 7}7} 1x
2 50ul HA 8F3th PCR WHS-S 94C 3%
(denaturation) — [denaturation(94°C 13- — annealing
{58°C 15% —55C 15% —53C 15% —50C
15%} — extension(74C ~ 33%)] x 35¢cycles — 72°C
10+ —4C =1 sfollA 8sk3itk. PCR prod-
ucts A<x(Lee 5, 2001)3+ ulel Zo] A9 %
Hog AHASe] TA-cloning vector(Invitrogen,
San Diego, CA, USA)°l| 41ste] automated
dideoxynucleotide chain-termination *}'H 2.2 DNA
inserte] 47144 A3t

2. 3' rapid amplification of 3' cDNA end(3'
RACE)

PALS cDNAS] 3' untranslated region(3' UT)&
3 RACE kit(Invitrogen)E ©]-83to] A=A}
A Aol met Fasigivt fEA e R, HA e
7t FZ3k total cellular RNAS 3o
slal 3 F-9Joll adaptor primer’} 1A% oligo
(dT) primers ©]-&3gF JHA} WO 2 Airst-
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strand cDNAE /d3% v} RNase HE 7}
st RNA F3& #7133t pALS cDNAS]
3 UT+ first-strand cDNAE template= 3}
pALS cDNAZ2] termination codon¥} <143l 2
2ol 113k ALSIF forward primer(5'-CTCAG
CGAGGCACACTTTGCTCCC-3)¢} first-strand
St Al o]-&31E oligo(dT)-adaptor primere] ad-
aptor 9]¢} B =% =(reverse) universal ampli-
fication primerE ©]&3s}led PCRZ 3/ 3s}od
TA-cloning vectorell A¢l&tar Q71 LdS A4

a3t

3. Reverse transcription-polymerase chain
reaction(RT-PCR)

AF oF 110kge] PHAZ EEANN =
£ AF U 19 2 242 ARl A
Azl FEEAA

N
ARz Hkgk o
TrizolS ©]&3}o] total cellular RNAS %
Sth. RT-PCRS H<r(Lee =, 2001)3F nfe} 7+
o] ¢DNA Cycle kit(Invitrogen)& ©]-83+1 10ug
total RNAE template2 3}] first-strand cDNA
£ 3Ad3kal, ALSFl(forward)-R1(reverse) intron-
spanning primer pairg ©]-83}] PCRe 433151
t}. o]E& forward & reverse primers] cDNA “doil
Ao fx1e} A7IMELS 247} #32~51 & #278 ~
2980]aL, A7 AL ZH2H5-GAGGGATGGCCC
TGAGGAAA-3) 4 5-AGGAGAAGTTGTTGCTG
TCCA-3) o]t}

4. ALS fluorescence in-situ hybridization
(FISH)

A2 2 2o gk FISHE 7h4]9] slide
¥EE& in vitro transcription =  digoxigenin
(DIG)-labeling~1Z1 pALS riboprobe®} WHS-AJZ1
t}3-  alkaline phosphatase(AP)7}  conjugation
anti-digoxigenin &A| ¢} WHEAIZ] & &3S wb
3li=(fluorescent) AP 7]Z (substrate) @} HH-3-A]7]
= detection system= ©]-8-3FTHKim 5, 2001;
Sohn ‘&, 2002). ¥ H¥5 flsto] WA ALSFI1-
R1 primer pairg ©o|&3te] 343k liver RT-

PCR productZ pGem-T Easy plasmid vector
(Promega)ell AIgE $ AVIMES Z2As}
267-bp pALS cDNA fragment insert2] orientation
S 21}t pALS plasmid 1ugS 22} Sph |
I} Pst | AZtEAE HA] Aik(linearization) s}
o] SP6 & T7 promoter ¥ DIG-UTPE ©]-&3t
DIG-labeling kit(Roche, Penzberg, Germany)Z= in
vitro transcriptiond}¢] anti-sense & sense(negative
control) riboprobesE  DIG-labelingd}al  phenol-
chloroform extraction & ethanol precipitation %
Hoz AASAT b 24 FEES 65CoA
1A1ZF prehybridizationgt The- $lollA FH|gh
DIG-labeled riboprobeE 3-7-3+ 50ml hybridiza-
tion solution(2 x SSC, 50% formamide, 1% SDS)
o] Yo 65ColA overnight incubationA]33th
Slide 32 Tris-buffered saline[TBS; 10mM
Tris-HCI(pH 7.4) & 150mM NaCl] .2 A% &}aL
5% mouse serumC.= blockingdt TS 1:2,000
AP-conjugated anti-DIG Fab fragment(3}-A]) 50ul
o} 4CollA] overnight RES-AI7]aL Mg & A
2oA 2417k E9 Iml detection solution
[15.68ml AP buffer{0.IM Tris-HCI(pH 9.5) &
0.1M NaCl} +0.16ml 2-hydroxy-3-naphthoic acid-
2'-phenylanilide phosphate(HNPP; AP substrate) +
0.16ml  4-chloro-2-methylbenzenediazonium hemi-
zinc chloride salt(Fast Red TR; H.ZA]h)]a} wt
SA71aL TBSE Al skity. ¢Hd¥ FISH £
2 500~540-nm  IFe] LE|(WIG ZE;
Olympus, Tokyo, Japan)ES &3t &33n|74
(Model AX-70, Olympus) &FollA #&alar, &
3428 PM-30 photomicroscope(Olympus)$} ASA
400 color film(Kodak, Rochester, NY, USA)S
o]-g-3sto] HFa3irh

m & a

1. ALS ®H&X}e
UT &7IA%

intronZ} ALS cDNAZ| 3

A genomic DNAE templateZ 3} intron-
spanning primer pairg ©]-&g PCRZ =X
ALS(porcine ALS; pALS) 4%+ intronS
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AGGCATCCGCCTGTGCGTCCAGGCTCTGCACGAGGGATGGCCCTGAGGAAAGecgattatggce 52
cccaagcacaacaatcagactggttaaaagtagcataggctagtgctcctgatggaagaaca (72)
ttcgatttttgcacaaaagttcaaggtgtcaggaaaacattataaccatcgtggttgtcagc (134)
aggtccagcatcctgggccagctatgtactccttatgtcattggcttctegtecctggtgtea (196)
ttttcctcatgtgagcatggttttctgtgcagtecctctectatagacccagaccccccagtct (258)
cttctaactaagccagccgcgatatcttagtcatccgtttatagctgaagttgactagtcgce (320)
ctgcgatcgcccctgggaactacccgatggaatttcagagatgtttecccagattggetttigt (382)
tttccttagtgcagaaaactagggcctaggctcgaccctctgtcaagatctttcctaggcecta (444)
ccgtcagatggaattaaacactcacacacaacactgaaagcaaaatcagaatcctcgccata (506)
cagaaggcagccacagatcccagatgggcttcctagtccacacggtgccttatagacaggac (568)
cttccaaaggaaaatccccaaccgggaaccagagtttccccagacggacaaggtccaagggg (630)
cctcagcatgcatgcctgggaacttacccagatgccggecggaggtgtcaggatgtcccggat (692)
gctacttggctccttecccaagaaggtttcttgcagtgggacgtctgggtcagcaggagcaga (754)
gggaaagaaaggagttccccagagaccagcggacccccgacaggtgectggggtggtgettge (816)
cttccgaacacctccccaccccagagttccagecctctgagatgaccagttgggtctgectcag (878)
ggcctggccctgtggcaggaaactctcagcgatctggectctgaaagagtcecctcaaccttce (940)
tgctcccccaaggggagactgggctggagagaagectcagagectetggtecageecgagage (1002)
cgcctgecccacgecttgttgeccgaaatttggtectetgtetgecggtgeccaaatacaaacgecag (1064)
cgacagagtttggggtgaaggagagaaagatcgcttgattgctctgeccaggcaaaggggcac (1126)
ctcagcaggctagtgccctaaagactgtgeccccccattggaaagcatttecgaggagtgttag (1188)
agtgaaaaggagaaaaaagaggttttcagatacgaatctggattgggacaaacatgcattect (1250)
tctttgtttgggggcattttagccaacaaagectggtgtccaaagatctecggcatgacagtgg (1312)
tggtggctttttgggttattgcctgggataacagecccttggaaacagggcatatagatcGAG (1371)
GCCGCGCCCTGGCGGCGCTGCTGGTCTCCTGGGTGGCACTGGGCCCCTGCACCCTGGCAGGC 117
ACGGAGCCCGGGGCGCCATCGGACGCCGAGGGCCTGCCGTGCCCGGCTGCCTGCTCCTGCGG 179
CCACGACGACTACACGGACGAGATCAGCGTCTITCTGCAGCTCCCGGAACCTC—————————~ 231
1,596 bases
CTCAGCGAGGCACACTTTGCTCCCTGCTGACCCGCGTGCTCAGGAGACCTGCTGGGTCCCGC 1889
CCCCAGCGGACCCCGGCCTGGGTCCGGACCCGEGCCCTGTGGTTTGGCCCCCACCCGGGTCC 1951
CAGAGGGCCAGCCCTCCCCACCCATCCCCGATTAAAAGCAACCTGATGTACGC 2004

Fig. 1. Nucleotide sequences of the pALS intron and the 3' untranslated region of pALS cDNA.

The pALS intron and 3' untranslated region(3' UT) were amplified by PCR using an
intron-spanning primer pair and 3' rapid amplification of cDNA end(3' RACE), respectively.
The intron and 3' UT sequences are shown with flanking sequences which have been cloned in
previous studies. Nucleotide numbers of the cDNA(uppercase letters) and intron (lowercase
letters) are indicated in bold and italic letters in parentheses, respectively, at the right margin,
with each first nucleotide assigned #1. Sites of the forward and reverse PCR primers flanking
the intron as well as of the ALS gene-specific forward primer for 3' RACE are underlined.
Shaded are codons for the initiation of translation, the first amino acid of mature pALS protein
and termination.

#3131 plasmid vectorol skl A7 LS
ARt gk Ao rellA FE3E RNA
= ISt AL firststrand pALS cDNAZ

template=  3}o]  termination codon -] <]

forward primer2} (reverse) adaptor primerE ©]-&
g PCRZ pALS cDNAS 3 UT H-9& 4
%3 RACE)SI 7IMES  AAsisith
Fig. 12> o5 F 599 17|14 <4elt} pALS
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intron>  EF £ ALS -f#=KBoisclair %,
1996; Delhanty<} Baxter, 1997; Rhoads &, 2000;
Suwanichikul 5, 2000)141 ¢} 7+o] 634 codon
o] A WA} 5 A nucleotides AFololl 913
sFelth T8k 1,371-base pair(op) pALS intron<]
A7 L B £ ALS intron 714 Ho] =
BEHA kol o= F2| ALS intron 7]
MEAE s HolA eskth B £ 3
UT 971X gol & BEFA gkxo]l & A+
oA sequencing3t 147-bp 3' UT X3k E} F 9
ALS cDNAS] 3' UT 47193} FeAde vet
WA ekt

2. =X =ZollM2] ALS R A} 2hed

W%k gl A¥ pALS Ak intron<]
EAet 1 A7IMge] ERIFEJAS TR intron-
spanning primer pairs  §4d-o]83k4]  reverse
transcription-polymerase  chain  reaction(RT-PCR)
o R A zAA e ALS At o]
ARE AL & A HITE & AdA =
WA koA FEE RNARY-E o2 267-bp
7]l RT-PCR products 2Fl(Fig. 2, left
panel) g+ th5 7k o] 2o =AM ALS 3l
7L e o5E HAApsiolth =R A
H OEE WIS S5eHEgE) 2 A8 A
271 A F%¢ RNAQ] RT-PCR A¥} o4
¥ =7]e] DNA product’} YERFTHFig. 2,
right panel). ti%o] 7He 2FSE oe] x%]9
RT-PCR productsE plasmid vectorell 4F¢i3ste]
A7 LS AAs Ay} ALS cDNA fragment
sequenced ©] 1= o] E AFellA FALE B
T ZA4olA ALS XA HdE T AR
o] & x ). e & RT-PCRe H4o] 7} %
Ao A1e] ALS A wEFe] ofF FAH |
7] wiiell PCR cycle 57} =4S =2 quan-
titative PCR®] 2 4= S+ cycle & Ho|%k
a1, wp2bA] agarose gel ol LFER ZF 2 0
th3k RT-PCR product band®] intensity:= 4133

AT(Lee 5, 200)ZHE F3T 5 9t %
AW ALS mMRNAS] A&l FFi= Ty

s,

S §F o w
(2] S S
S Yo IO oI I
500 B Ky
Fig. 2. ALS reverse transcription-polymerase

chain reaction(RT-PCR).

The RT-PCR was performed using total
cellular RNA with a primer pair span-
ning 267-base pair(bp) nucleotides en-
compassing a mRNA splicing site, fol-
lowed by 1% agarose gel electrophresis
and visualization by ethidium bromide
staining. Left, a RT-PCR product for the
liver(right lane) was loaded along with a
100-bp DNA ladder(left lane). Right, RT-
PCR products for the indicated organs/
tissues were loaded. Only the 267-bp
PCR product of expected size is shown
in this figure.

3. ZtollAe] ALS FH AL 235: fluorescence
in-situ hybridization(FISH)

Fol ZFAlA ALS F# A= parenchymal cell
(hepatocyte)ll Al Hd == oz LA gt
(Chin et al., 1994). S A X %= ALS F2H7}F
hepatocyteol] A &= =22 oF= FQl3}
71 913 digoxigenin-labeled pALS riboprobeE
ggste] 1+ 22 FE3% hybridization A%
b2 335 98l detection systemS o] &
&= FISHE Faetlth. ot & anti-sense
PALS riboprobeE ©]-&3% 7t EE FISH+= &
S e ol (Fig. 3, upper left panel),
sense pALS riboprobe(negative control)E %S
= Pds ekl 2Skth(Fig. 3, upper
right panel). T3t anti-sense pALS riboprobe=
F 2 B9 sinusoid T-Z(Fig. 3, lower
left panel)2] hepatocytesol]l 23S HYow
A (Fig. 3, lower right panel) %] ZFo|lA =
ALS % x}7} hepatocyteol] A & o] ol
AT
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Fig. 3. ALS fluorescence in-situ hybridization (FISH) on the pig liver slice. The ALS FISH was
performed on the pig liver specimen using a 267-nucleotide pALS anti-sense riboprobe(upper
left and lower panels) or sense riboprobe(upper right panel; negative control). Note the sinu-
soidal structure in lower left panel and hybridization signals on hepatocytes(lower right panel,
arrows) in the magnified microscopic field of the lower left panel.
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ALS7E EF diFEe] IGFE  #ukskE
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cloninggto. =4 M3 A+ (Lee 5, 2001; & &,
2002) A¥e} 3sle] % 2,004-bp pALS cDNA
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o 3' RACE product®] cloning =-2 sequencing
=3 il 918 d57F A4dd ow F54
t}. A7KLeong &, 1992), Y(Rhoads 5, 2000)
2 F(Dai®} Baxter, 1992)2] ALS cDNAOIA]
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o] Aol= Z+7+ oF 180, 150- % 270-bpoll ©]
25 Zo7 A9
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FRIFAT. AA7HA] Aagd BE FlA
Northern blottingol]l 2]814:= ALS mRNAZ} 7kl
Aot HEFACHDaie}t Baxter, 1994; Delhanty<}
Baxter, 1996; Rhoads ‘5, 2000; Lee %, 2001).
2@} inssitu hybridization WHS ©]-&38}]
Chin 5(1994)¥} Wandji 5(2000)> 7tz #¢]
27 A& HA 9] HaoAE W FFe
ALS mRNA7} EASHS WL, 2 A% (Lee
S, 2001)S RPA o= wjx¢ 25, H[A
R Aol M AA] vk oAt ALS
A7 ddEs el vb drh E=gE FHolA
ALS frd2= X 2% 3 hepatocyteol A 2
[e)

duuEs Zlom deA QEd(Chin
1994; Scharf 5, 199) ¥ <179 insitu
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