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ABSTRACT

Acid-labile subunit (ALS) is a 85-kDa glycosylated plasma protein which forms a 150-kDa ternary
complex with 7.5-kDa insulin-like growth factor (IGF) and 40~45-kDa IGF-binding protein-3. In a previous
study, the present authors prepared a porcine ALS (pALS) expression construct by inserting a pALS coding
sequence into a plasmid vector following synthesis of the sequence by reverse transcription-polymerase
chain reaction (RT-PCR). The expression construct, however, was subsequently found to have a mis-sense
mutation at two bases of the pALS coding sequence which is presumed to have occurred through a PCR
error. In the present study, the correct coding sequence was synthesized by the site-directed mutagenesis
and inserted into the pET-28a (+) plasmid expression vector containing the His-tag sequence flanking the
last codon of the insert DNA. After induction of the expression construct in E. coli BL21 (DE3) cells, the
resulting presumptive recombinant peptide was purified by the Ni-affinity chromatography. Upon SDS-
PAGE, the affinity-purified peptide was resolved as a single band at a 66-kDa position which is consistent
with the expected molecular mass of the presumptive recombinant pALS. Collectively, results indicate that
a recombinant pALS peptide was successfully expressed and purified in the present study.

(Key words : IGF, ALS, Mutagenesis, Procaryotic Expression, Pig)

I. M =z HE EnjEo] (Yakar &, 1999) ¥ ujol| A

~45-kDa2] IGF-binding protein-3 (IGFBP-3) %

Insulin-like growth factors (IGFs)= W4&H](endo-  ~85-kDa2] Fct®a<l acid-labile subunit (ALS)
crine) FHE S8 4%l EH|(autocrine/  9F AESEFe] 150-kDa ternary complexE 343k
paracring) JEZ%= 283} 75-kDa?] A7]1E Ut} (Baxter 5, 1989; Lee2} Rechler, 1995b). IGF
7F21 peptide=A] thEo] 5 IGFE PR 53] IGF-IS A% AHF =R (growth hormone;
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GH)®l 3% F31 2hg-o] gi-itS vizlek= GH
o] 2atzaEroz I ez glon}, IGFBP-
3 3 ALSY| A UdxpH O GHell o3 Al
o=7] wiZo] FAE EZE GRS AR
GHO 2xf&=ole} e k= gt} (o], 2000;
Butler 5, 2002). AEjgtq o= ALSE 3ol
] 150-kDa ternary complexol] Z&E IGF
ligand7} AA3]  WEHA  FOo2ZH (Leest

Rechler, 1995a, 1996; Ueki 5, 2000) g8 4
A Esh= ‘free” IGF =2 IGF : IGFBP
binary complex] #t}3l £ &4 =3 %
& (insulin-like action)ell 2J3f o}7]E 4=

g3 Aoy AAE Bl
(Zapf, 1993)7} IGFS d5ol AFat
e} (Baxter<} Martin, 1989; Rechler<} Clemmons,
1998). <yle] <AFAde oJElH  IGFBP-3:
IGF complex Rt o}uy2} 35~40-kDa®] IGFBP-
ALSSF  Adste]  ternary
g 4= o} (Twiggel Baxter,
1998). 121} d% IGFBP-59] %= IGFBP-3
o] F&o 10% wWHd R ofuzt FFoA
2= Al 100% ternary complexs A3t
HbH Ax= oF 50%4H0] ternary complexE &
238}7] W&ol (Baxter %, 2002) 5 e
IGFs= IGFBP-3:IGF : ALS ternary complex 73
B2 Exsla IGFBP-5: IGF : ALS
ternary complex, non-IGFBP-3: IGF binary complex
2 free IGF = A3t}

‘Natural’ ALS peptide= % 2 A€o <)
@A QIZk} Feo] dH o mFE AAHUS W
(Baxter &, 1989; Baxter®} Dai, 1994; Lee2}
Rechler, 1995b) B} ZFollA9] HAl= HLHHA
253l Stk ALS Fd% Al natural peptide
(Baxter, 1990; Baxter2} Dai, 1994; Lee<} Rechler,
1995h) =& ‘synthetic’ peptide (Liu &, 1994;
Kim 5, 2006)& &do 2 sl Aol A+HE
of et AAEAT HHo] o]E ALS
peptide ¥ 7 FFAHL G AFE uolA
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T AREE AL Qs R ol $A}o] Ag=
B} £9] ALS peptide2}e] nLxFuF-S-A] (cross-
reactivity)o] ¢~ 7} (Baxter2} Dai, 1994
Lee®} Rechler, 1995b) 1ol ™t Fr 2z} ¢l
71wl 71Eol el ALS peptide A= =
3 AgHAY Fatel] glrk 2 Akl dEd
T (% S, 2006)°l 4] == (porcine) ALS (pALS)
peptides

“full-length’
transcription-polymerase chain

‘expression’ 3}7] $J3f 1818-base pair

pALS coding sequenceE
reaction (RT-PCR)
o HAd3sle] pEF6/VS-His TOPO plasmid
expression vectorol| ’\1011\171 v} Qth ey
NPt FRE F

reverse

PALS expression vectorol]
2F1% pALS coding sequenceE XAFSH A3} 6
7Re] basesell A ‘error’7} AR L o)== 271
°] codonsoll Al mis-sense errors7} <1 ¥ ST},
wheba] E Aol A= “site-directed mutagenesis’
o o]% 2719 mis-sense codonsES H}E
ol full-length pALS cDNAZE 3HAdslo] pET-
28a(+) plasmid expression vectoroll AFIAl7]aL
E. coli cellolA =&HAAIA pALS peptides A4t
skar AT

o.Mz & UY

ATl ok ARAT (3 5, 2006)004
A =hel pALS plasmid expression construct<]
‘insert DNA’S sequencingsl] ¥ Z3 3% =
Aol Barsk pALS coding sequence (Lee -5,
2001)2} 6702] basesoll 4] PCR A5 2AgE
Row FAHE= errors7t HAE AL o]F 270
9] basesol| 4] ‘non-conservative’ errors7} 2H1%]
AT} (Fig. 1). ©1& 2709] non-conservative errors
5 wAsH] flal ofeet B2 2 sets®] DNA
primers2 ©]-8-3lo] < (Choi %, 2004)3+ v}
o] site-directed mutagenesis HH
sequences W3k T

oju] NHy-terminal coding sequence£} COOH-

© = coding
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Query 1  ATGGCCCTGAGGAAAGGAGGCCGCGCCCTGGCGGCGCTGCTGGTCTCCTGGGCGGCGCTG 60

. EERLEEE R e e e e e e e e eyl
Sbjct 66  ATGGCCCTGAGGAAAGGAGGCCGCGCCCTGGCGGCGCTGCTGGTCTCCTGGGCGGCGCTG 125

Query 121 TGCCCGGCTGCCTGCTCCTGCGGCCACGACGACTACACGGACGAGCTCAGCGTCTTCTGC 180

ELELER TR e et R e e e e et
Shjct 186 TGCCCGGCTGCCTGCTCCTGCGGCCATGACGACTACACGGACGAGCTCAGCGTCTTCTGC 245

Query 241 CTGGACAGCAACAACTTCTCCTCCGTCCCCGCGGGGGCTTTCCGCAACCTCTCCAGCCTG 300

. LR e e e et et
Shjct 306 CTGGACAGCAACAACTTCTCCTCCGTCCCCGCGGGGGCTETCCGCAACCTCTCCAGCCTG 365

Query 541 AGCCTGGCCGTGCTGCCTGACACTGCGTTCCACGGCCTGGCCAACCTGCGGGAGCTGGTG 600

TELERER R e e e et e e e e et
Shjct 606 AGCCTGGCCGTGCTGCCTGACACTGCGTTCCATGGCCTGGCCAACCTGCGGGAGCTGGTG 665

Query 901  GCCCTCGCCAGCCTGCGGCCCCGCACCTTCAAGGACCTGCACTTCCTGGAGGAGCTGCAG 960

. PR e e e e e e e e
Shjct 1 GCCCTCGCCAGCCTGCAGCCCCGCACCTTCAAGGACCTGCACTTCCTGGAGGAGCTGCAG 60

Query 1141 GTCTTCCGGGGCCTGGGCAAGCTGCACAGCCTGCACCTGGAGCACAGCTGCCTGGGCCGC 1200

. EEREEEERE e e e e e e et LRl
Sbjct 241 GTCTTCCGGGGCCTGGGCAAGCTGCACAGCCTGCACCTGGAACACAGCTGCCTGGGCCGC — 300

Query 1381 GAGTACCTGCTCCTCTCCCGCAACCGGCTGTCGGCGCTGCCAGCGGACGCGCTGGGGCCC 1440

TELERER R R e e e et Rt
Shjct 448 GAGTACCTGCTCCTCTCCCGCAACCGGCTGTCGGCGCTGCCGGCGGACGCGCTGGGGCCC 389

Fig. 1. Alignment of the original pALS coding sequence [upper; Lee et al., 2001] with that
which was inserted into the pEF6/V5-His TOPO expression vector [lower; Kang et al.
(& S, 2006)]. One-letter bases at which presumptive ‘conservative’ and ‘non-
conservative’ PCR errors occurred are underlined and shaded, respectively. For
brevity, only those regions where the presumptive RT-PCR error occurred are shown
in this figure.

280m Sense 5' CCCGCGGGGGCTITCCGCAACCTCT 3
280m Antisense 5' AGAGGTTGCGGAAAGCCCCCGCGGG 3

917m Sense 5" CTCGCCAGCCTGCGGCCCCGCACCTTC 3
917m Antisense 5' GAAGGTGCGGGGCCGCAGGCTGGCGAG 3'

Sense (BamH 1) 5 GAT AGG ATC CAC GGA GCC CGG GGC GCC AT 3
Antisense (Hind 11I) 5° GAG CAA GCT TTC AGC AGG GAG CAA AGT GTG 3
STOP

terminal coding sequenceoll+= 12} ] BamH |  CA, USA)2| 3|9 sitesol] A3kal insert DNA
& Hind 11l restriction sitesE 23t COOH-  sequences &<Is}3IT

terminal F-$Joll  ‘6x-His-tagged’ ¥ pET-28a (+) A|ZFE  expression construct™ & (Lee &,
plasmid expression vector (Novagen, La Jolla,  2005)%- w}e} o] E. coli BL21 (DE3) cellol
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‘transformation” Al  37°C = 16°CollA
‘induction’ 3] A2 (recombinant) pALS
& ddA & AIXE ‘sonication” WHOE
fIAZ L “Cell lysate’s= QAR skl A

NS ‘non-denaturing’ condition &}oll A Ni-
NTN columnell #|Z=} (Biorad, Hercules, CA,

USA)2] A Aloll whe} ‘loading’dt 3 imidazoleZ
SF-3k=  buffer®  ‘elution’ A Th.
body”} E°13& cell lysate pellet> denaturing
binding buffer [5(0mM  sodium  phosphate (pH
8.0)/300 mM NaCl/8M urea]oll &-a1A171 3 A4
st} A5 NMS Ni-NTN columnell loading &}
o] wash buffer [denaturing binding buffer + 20mM
imidazole]2 A& 3}aL elution buffer [denaturing
binding buffer +100 or 250mM imidazole]=
Ni-resinoll  Z3= ™ peptidesE  E2]AIFTh
Recombinant pALS “A|¢] 2z} wAloA Qdoizl
A5+ SDS-PAGESH & Coomassie stainingo.=

830 - A9 olie} SRS WY

Inclusion

m 22 % &
PALS expression plasmidZ- transformationA] 71
E. coli BL21(DE3) cell& 37°C =2 16°ColA]
wjFet % non-denaturing conditionoll A A ¥E
|alAI7IaL AR sk Ni-NTN
affinity chromatography 3+ Z3} pALS”7} Ni-NTN
columnoll A3} (binding)3H<] 2k} (Fig. 2). ©|
o} & Avb= 3F pALS peptide”t 284
9] inclusion bodyZE &/d3te] Ni columnol] 2
b4 @S orlstenm thg AdddA=
induction®¥] E. coli cellS denaturing condition
Sloll 4] cell lysate pellet &3}, Ni columnell
loading, washing & elution3}31t}.

j o
s

Fig. 3= 8M urea 5%=2] denaturing condition
slell Al E. coli 23417132 Ni-NTN
affinity chromatography 3F U2 =383 SDS-
PAGE & Coomassie staining ZA¥}o]t}h. ool A

cellS

of| A8l T2 denaturing condition 3ol A= <F
66kDa2] ‘presumptive’ pALS peptide”} Ni-NTN
resinoll A5} elution buffere} 7] resino
258 gAY S olek e Ay E
coli cellollA] ¥ ¥ pALS peptide”} AlXE U<l
Al inclusion bodyE 3/d3le] non-denaturing
condition 3ol A= E-8-o]7] wlZl Ni column
o Agtalx ek& Wb, denaturing condition 3}
o A= &3l=o] Histidine (imidazole) 715 &
3to] Ni columnoll A3 ths imidazoles 3
5= elution buffers 718k} resinell 235 %)
 pALS peptide”} elution buffer 40 2 wojx]
U= ofm gt

017k (human) ALS (hALS)= 67kDa2] peptide
coreo] <F 18-kDa®] ‘N-linked’ F2j7} A3
85-kDa®] et o|t} (Baxter 5, 1989). & <A
TollA E. colioll A &dE F37F §li peptide
= dAHE Ni-NTN columndl] Zgsh= 54
S X% 3, SDS-PAGE & Coomassie staining 2
7 oF 66kDa®] A7|E HSIOEA  hALS
peptide core¢} =717} A2l DXt o] 4k
A= i AgolA B - AA|E peptide”t &
Z 9J%% pALS peptidedo] 71| TS A
Apgiet,

Glycosylated recombinant ALS peptide= A&
2 oA S=abd] expression Eo] 9Fzke]l Al
steba 54l ZAMEA S (Leong &, 1992;
Choi ‘&, 2004; Lee ‘5, 2005), non-glycosylated
procaryotic ALSS] AJslstd B disix=
a7 mp7b glek o9k wSte] natural ALS
peptide®] FH= glycanase® #7134 CHO
cello A *N-linked” F7} 2% # Fr= 11
okl ‘mutagenic’ expression constructZ  trans-
fection A|7 LHAF mutant hALS peptide:=
IGFBP-3 & ZA¥st= o] FdHe Ao
KB E Q) (Janosi 5, 1999). whEba At
7] expression®l presumptive pALS peptide”}

ol

deglycoylated =2 non-glycosylated hALS mutant
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37C

16T

Fig. 2. SDS-PAGE and Coomassie staining
of the lysate of E. coli BL21 (DE3)
cells following expression of the
recombinant pALS peptide. The E.
coli cells were transformed with a
PALS pET-28a (+) plasmid expression
vector and ‘induced’ at 37°C(upper)
or 16°C (lower). Following lysis of the
cells and centrifugation, the superna-
tant of the lysate was subjected to
Ni-NTN affinity chromatography under
non-denaturing conditions. M, protein
size marker; lane 1, supernatant of
the cell lysate after centrifugation;
lane 2, flow-through of the Ni-NTN
column; lanes 3, 4 & 5, washes of
the column with a buffer containing
100 mM (lane 3) or 250 mM (lanes 4
& 5) imidazole; lanes 6-8, eluates
with a buffer containing 100 mM (lane
6) or 250 mM (lanes 7 & 8) imida-
zole; lane 9, supernatant of the
Ni-NTN resin after boiling and cen-
trifugation.

o} o] ternary IGF complex2] subunitzA]<]
ALS &Ado] FAEEAo] AAFE sl
AsliM= F7e] A7 adETh g dRk
Hom gopuido] = Tkl Ao

)
A | e Q1A ‘marker =41 2]

¢

1 2 3 4 5 6 78 9 10 11

18.5-
14

Fig. 3. Purification of a presumptive recom-
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binant pALS peptide following expres-
sion in E. coli cells and Ni-NTN
affinity chromatograph under denatur-
ing conditions. Following expression
of a pALS plasmid expression con-
struct in E. coli BL21 (DE3) cells at
37°C and lysis of the cells under a
non-denaturing condition, the insoluble
fraction of the lysate was solubilized
using a denaturing binding buffer
containing 8M urea followed by Ni-
NTN affinity chromatography under
the denaturing condition. The Ni-NTN
column eluate was subjected to SDS-
PAGE followed by Coomassie stain-
ing. M, protein size marker; lane 1,
whole cell lysate; lane 2, insoluble
fraction (pellet) of the cell lysate; lane
3, supernatant of lane 2 following
solubilization of lane 2 in the dena-
turing binding buffer and centrifu-
gation; lane 4, Ni-column flow-through
of lane 3; lanes b5-7, sequential
washes of the column with an elution
buffer containing 20mM imidazole;
lanes 8-10, eluate from the Ni
column with a buffer containing 100
mM (lane 8) or 250 mM (lanes 9 &
10) imidazole; lane 11, supernatant
of the Ni-NTN resin after the affinity
chromatography, boiling and centrifug-
ation.
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ko) peptide] A & WHEY] (half-life) S
M7 &3 ey WYy f
(immunogenicity)oll = F &S WXA] FE=
2 deA vk webA #
presumptive pALS peptide:= IIHS
et dzt APE 9S54 H radioimmunoassay
(RIA)] =2 enzyme-linked immunosorbent assay
(ELISA)] M]3 [unlabeled antigen (stan-
dard)] &= 22 = & o= 7o)

e a2
ft, o oo o\
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Acid-labile subunit (ALS)= 85-kDa Z17]19] 3
A 24 75-kDag] insulin-like growth factor
(IGF) 2 40~45-kDa IGF-binding protein-32} 2
g+3ko] 150-kDa ternary complexS HASH= &
o), AaATol A B ATFZL reverse
transcription-polymerase chain reaction (RT-PCR)
W o2 ] (porcine) ALS (pALS)S]  coding
sequence= $Hd3le] plasmid vectorell AFIAIA
ATk L
- expression construct®] pALS coding sequence
o= PCR error® F4 %+ Yelo g =mn|glo}
271] basesell Al mis-sense mutation©] Lot A
of HAHATE 2 AFelA=  site-directed
HHo 2 pALSe] 2HME  coding
gHAdate]  tinsert DNA'S]  whx|at
codon Ul ‘His-tag’ sequence”’} $1XI%F pET-
28a (+) plasmid expression vectoroll 4+dsksiTh.
¥ expression construct= E. coli BL21 (DE3) A
ZoA ‘induction’ AlFa, WAH FEAXAE
3H(recombinant) peptide== Ni-affinity chromato-
graphy=  “gAIskdeE. o= Al affinity  chro-
matography = 4% peptidei= SDS-PAGE®] A
66kDa $]x|ol single bandES eI O ZA
recombinant pALSS] o Ak AX|SH3ATh
ol4ke] Azbi= R oI5 A recombinant pALS
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sequence=
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