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Stanniocalcin 1 (STC1) is a glycoprotein hormone that is important in the maintenance of calcium and
phosphate homeostasis in both fish and mammals. STC1 and its paralog STC2 are expressed in multiple
tissues in fishes, although the physiological roles of piscine STCs are still unclear compared with those
of mammals. In this study, we cloned olive flounder STC1 (ofSTC1) and ofSTC2 cDNAs into pET28a
vector and used E. coli Rosetta (DE3) as the host strain for protein expression. Expression experiments
were carried out using isopropyl-[(3-D-thiogalactoside (IPTG) and nickel affinity chromatography. We could
identify the recombinant proteins as single 29.5 kDa (ofSTC1) and 33.2 kDa (ofSTC2) bands in the insoluble
fraction on sodium dodecyl sulfate- polyacrylamide gel electrophoresis (SDS-PAGE). These results indicate
that of STC1 and ofSTC2 were expressed as insoluble proteins in E. coli. Furthermore, the injection of
ofSTC1 protein into juvenile tilapia resulted in a decrease of the serum calcium level. These results suggest
that the purified fish STC1 and STC2 proteins may be used to elucidate the physiological role of STCs

in fishes.
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o FE dAAIIE FRYLFEIEEOEZA 11 7|50
HzZ 97 ZALERY 2 & (calciotropic hormone)ol]
431t} (Butkus et al., 1987; Lu et al., 1994; Sundell et al.,
1992). @74 W Zwo s%7F S7FE Al of 7o 4217 Eetke

W =xo] EAstE W] 713l e 92 AA RN
STC19] ¥z WEo] 2%} (Wagner and DiMattia, 2006).
g, STC1 #32F f71M D9 43 B0l o F STC19
o] 2~ERS-2 A ARE FekE] A ar, vhefet Ao
A R TEETE Aol ¥ AT (Amemiya and
Youson, 2004; Hang and Balment, 2005; McCudden et al., 2001;
Shin et al,, 2006). 2] STC1 T¢+ FHL e =d e S
ZEAH, A QAR AFFE FRE A ZE] Y FFE
o] Al gkt (Madsen et al., 1998; Olsen et al., 1996; Wagner et
al, 1997). AA7MA] By EfF STCld gk Barel <o]s}
W, STC1S A Z4EF 28-S & Bk ofug, ti=AIE A,
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WFae] A A Rol= BH|E 23T} (Filvaroff et al., 2002;
Luo et al., 2004; Zhang et al., 2000).

o] STC1 ©Md2 Aol o] Foll A HEx= #2]¥3
© 1 (Lafeber et al., 1988; Sundell et al., 1992; Wagner et al.,
1986; Yamashita et al., 1995), 7|42 Ao/, Lol
(holostean), -3 @ X| (Platichthys flesus), B (Paralichthys
olivaceus), B1 3= (Scophthalmus maximus)'s-2] Thget o] F A
ol it (Amemiya et al., 2002; Amemiya and Youson, 2004;
Hang and Balment, 2005; Shin et al., 2006; 2008). ©] <] STCI1
obu At A E 117]] Al2ERD 78} g s o] Fa
% I (N-linked glycosylation site)°?] REH0o] Ut} of F9
STC1S ¥ A} 56~66%2] o}r| =il Do) 454
< Holu, oA dumAR g4 A4S 7Hve
oANA FARol #7] well E72 o] F2] STC1 T2+
s oz FAFE Aolgt AR E T (Hang and Balment,
2005; Ishibashi and Masachi, 2002; Shin et al., 2006; 2008).

STC1 T2k 19l STC29] &A= EfrsmolA Hx2 &
Q¥ 12 ™ (Chang and Reddel, 1998; DiMattia et al., 1998;
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————————————— MLRGSALL VL VLGSAACFETLPEEAAPRRARF SANSPTDVARCLNGAVSVGEGFFSCLENSTEDTDG
——————————— MLPGSAPLLLLLGLSTAACFELPPEEGAPRRARF SANSPADVARCLNGAVAVGCGFF SCLENSTCDTDG
————————————— MLLESGILLLVLLAACAFCTTQESTQPRRARSSSNTPSDVARCLNGALQVGCATFACLENSTCDTDG
——————————— MLANSAVLL VL VI SASATEAEQNDSVSPRESRVAAQNSAEVVRCLNSALQVGCGAFACLENSTCDTDG
——— ML VELAVALL VLSVLGRVVGSDI TDIHDSPPEKPVSQKGRLSLQNTAE IQHCL VSAGDVGCGVFECFENNSCEIRG
———MLVELAAALLFFSVLEQVVGSDNIDIYDSLPEKPATIQKGRLSLQNTAE IQHCL VSAGDVGCGVFECFENNSCEIRG
———=MLIKFTLSLLLLSVLGEVVGTDNADVHESHPEKPASQKGRL SLQNTAE IQHCLVSAGDVGCGVFECFENNSCEIRG
MCAERLGOFMILAL VLATFDPARGTDATNPPEGPQDRSSQQKGRLSLQNTAE IQHCLVNAGDVGCGVFECFENNSCE IRG

MHEICELFLHTAATENTEGKTFVKKSLQCTSQGI SAKVFQT IRRCNIFQRMIAEVQEECY TSLDICTVARSNPDSI SEVV
MHEICELFLHTAATFNTEGKTFVKRSLQCISQGISSKVEQT IRRCNIFQRMIAEVQEECYTSLDICNVARTNPDT IGDVV
MHEICNVFLHTAAVENTEGKTFVKESTKCMANGI TSKVFQT IKRCSTFQKMIAEVQEECYKKLDLCEVARSNPEAIGDVV
MYDICKSFLYSAAKFDTQGKAFVKESLKCTANGVTSKVFLAIRRCSTFQRMIAEVQEECY SKLNVCSTAKRNPEAITEVV
LQEICMTFLHNAGKFDSQGKSF IKDALKCMAHGLRHKF SCTSRKCVSIKEMVFQLAQRECY TKHNLCSAAKENVAVMVEMI
LQEICMTFLHNAGKFDSQGKSF IKDALKCMAHGLRHKEF SCI SRKCVS IKEMVFQLQRECYMKHNLCSAAKENVAVMVEMI
LQEICMTFLHNAGKFDSQGKSF IKDALKCMAHGLRHKEF SCISRKCLATKDMVFQLQRECYMKHNLCSAAKDNVNVMVEMI
LHGICMTFLHNAGKFDAQGKSF IKDALKCKAHALRHRFGC T SRKCPATREMVSQLQRECY LKHDLCAAAQENTRVIVEMI

QVPAHFPNRYYSTLLQTLQACDEQTVATVRSGL I ARLGPDMETFLQLVQNKPCAADSGAA-——TYNNPSSWRNMPVENVQ
QVPTHFPNRYY STLLQTLQGCDEQTVAAVRAGLVARLGPDMETFLQLVQNKPCNADSGSN-——TYDNPASWRNMPVENIQ
QVPNTFPNRYYSTLLQSLMECEEDTVEVVRAGLVSRLGPDMATLFQLLQNKPCSSEPAAAEPSGTESQTGFRWPPMFKIQ
QLPNHFSNRYYNRLVRSLLECDEDTVST IRDSLMEK IGPNMASLFHILQTDHCAQTHPRAD-—-FNRRRTNEPQKLKVLL
HFQDLFPKGPYVELVNILLSCGEEVKEALTRSVRLQCEQNWGALCDSLSLCSSLAPSPASSTVEHHHRRPLPSHPEPEHP
HFQDLFPKGPYVELVNILLSCGEEVKEALTRSVRLQCEQNWGALCDSLSLCSSLSPSPSGSTVEHRI-—VPSHPEQEHP
HFQDLFPKGPYVELVNILLGCGQEVKEAT TRSVRLQCEQNWGALCDSLSFCTSMTAAPASGGHERRS—ALTSHSDGEHH
HFKDLLLHEPYVDLVNLLLTCGEEVKEAI THSVQVQCEQNWGSLCSILSFCTSAIQKPPTAPPERQPQVDRTKLSRAHHG

PG FRGRDPTHLFARRSVDVGEGDVTEK -~
PG FRGRDPTHLFARRSVDDVEKGFKSEN-——-——————————-
PN MYNRDQTHLFARKRSIVGSP

RN LRGEEDSPSHIKRTSHESA

RP—————- PRQGDKDKAGKAGENAHPRSRSQGTRRQSPEAGVMADQEDPEATDIRR
RP—————- PRQGDKERHGKVGESAHPRSRSQGPRRQSPEAGVVAEREDPETTNIRR
KS————- ARQGDKEKPGKAGFNTQMRIRSQGMRRASLDA-VVAEQEDSKISDIRR

EAGHHLPEPSSRETGRGAKGERGSKSHPNAHARGRVGGLGAQGPSGSSEWEDEQSEYSDI——

Fig. 1. Alignment of the amino acid sequences of olive flounder STCs with other vertebrate STCs. The underlined italic
characters represent signal peptides. Shaded letters, a box and the bold underline indicate cysteine residues, a putative N-linked
glycosylation site and histidine cluster motif, respectively.
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Ishibashi et al., 1998), &< o] Fol A 5O (Takifugu rubripes),
A B4 (Danio rerio), G2 STC27} 2 H Ut} of
9] STC2 ofv| =ik 14709] AlZ=H|Ql 7)o} gk 7l e] &<
2} djo] nEFo] glom, of§7e] STCI ofv| it} vl s}
oq o].ull_)\} HOﬂo] Z3 u]*rx% \#._ }\LE/H (~30%):z: L].E].
Wt} (Luo et al., 2005; Shin et al., 2009). X7} o] F2
STC2 = ]:]—01:6]- z;d q] J/]—TZH_AB‘]- Hl—zﬂ JHE% S ] ]u]- .-_11—
7o} o] 7 STC29) AE A 752 PEshA et (Shin et al,
2009).
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Table 1. Oligoprimers used in the polymerase chain reactions

Primer Direction Sequence (5-3")

ofSTC1-EcoR | F
ofSTC1-Xho | R

GCCGAATTCACGCTGCCGGAGGAGG
CCCCTCGAGCTATTTCTCGGTGACGTCGCC
ofSTC2-EcoR | F  CCGAATTCTCGGATATTACTGATATACACGACAG
ofSTC2-Xho | R GGCCTCGAGCTTTGCACTTTCACCTCCG

Note. F, forward; R, reverse; underlines, restriction enzyme
recognition sites.

(B) Xhol
T7 terminator
thrombin Sy f1 origin
His tag
c2
T7 promoter: oﬁg‘

lac operator

§ pET28-0fSTC2

(6143bp) I

lac |

Fig. 2. Schematics of two expression constructs for fusion proteins. The gene encoding ofSTC1 or ofSTC2 was inserted
between EcoR I and Xho 1. (A) pET28-0fSTC1 containing His-tag and thrombin inserts. (B) pET28-0fSTC2 containing

His-tag and thrombin inserts.

s 5 A

FAE FFeh Hd

Fulg el Eel || STC1¥) STC29) E4E +#5 ) thy)
A g o) sloke) A5atiel= 9ee 2i 2o
2 =8 224 8t} SignalP 3.0 ServerS E3l /Al
S Z33 197119 A4 obreite®Z A E STCI /\Jﬁ_/\i
A3} 2070 A oAt R A E STC2 A5 DS &
et} Z4zhe] dsaletol= g o9s FASHI Y (Fig 1). 94
STC13} STC29] A5 Ete| = J S ¢asehs cDNAS
polymerase chain reaction (PCR)2.Z FZ35}8] 11, o] & $]3
el WE 8] EcoR [ -Xho 1 G W] A4S 98 Agas <
AA717F EZH  oligoprimerE A 23}l Th  (BIONEER,
Korea) (Table 1). 9% STC13} STC29] whal A H R )7}
FZ %% cDNA (Shin et al., 2008; 2009) (50 ng/uL)E T o2
10 pmol oligoprimer, 10X reaction buffer 2 pL, 2.5 mM dNTP
1.6 uL, 250U PrimeStar HS DNA polymerase (TaKaRa, Japan)
0.1 WLE EFate] $7 20 lL= PCR EF NS Ax3ch
PCR Z71& %7] denaturation stepZ 95TCollA 54,
amplification step 2= 95Tl A 30%, 55Coll A 10%, 72°Cel
A 122 30 cycles 5%3F $, extension step 2= 72C°ﬂ 3

F

5i ST SFE PCR AHE2 1% agarose gelol A &1

Gel purification kit (QIAGEN,
USA)E ol-&3te] A5 2™, EcoR I -Xho I (TaKaRa,
Japan)o. 2 Aetate] @l A E 9138 Histidine-Tag7} ¥4
B o v e Q) pET28a(+) (Invitrogen, USA)2] EcoR I
Xho I e 49} 3+ F E coli TOP10F' (Invitrogen, USA)®]|
FAdB shlvh. FEYF 27t Behavls, pET2s-
ofSTC1¥} pET28-0fSTC2¢] thgt 4 7]#4] 2 DNA sequencing
oFE Bl AVIMES AFJASSAT (Fig. 2).

\X STC1¥ STC2 A= whuld o] ug
pET28-0fSTC1¥} pET28-0ofSTC2S Z}Z} E. coli Rosetta
(DE3) (Invitrogen, USA)o|l A3 3 & dd F=2YUE
50 ug/mL kanamycin A A7} ¥ 8+¥ LB medium 30 mLoll
AF3slo] 37°C/200 rpm B 7] (VlSlOIl Korea)oll 4] 15A]
ZF &ot wigElitt. vidE #9 S 50 ug/mL kanamycin
FAA7F 235 LB medium 1 Lol ﬂ&d & 293 ok
Z7A0 7 F34% (0D 600)7F 0.6°] = HHV]'X] uj) k35 o}
"2 STC1 STC2 Az e o] HHE F1=st7] 913l
Wil g HF F%7F 0.1 mMo] HEF isopropyl-B-D-
thiogalactoside (IPTG, Fluka, USA)E %7138k & 712 5A|%F
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2 18417t wjkaFITE A= 8000 x goll 15 B3 QAR
Fol 38kl on, 989 (20 mM Tris-HCI, 150 mM NaCl,
pH 8.0)2.= A A3t HEd AX 25 g (FAHE THS
A-&-9]ell A 100 mL I-8 (20 mM Tris-HCl, 150 mM NaCl,
pH 8.0)2.= AEst & o3 dllste] HMEE skt
AZ T NS 10000 x g 3087F AR st AE AHE
44w 2E)S 3)Eeith

YA STC1¥ STC2 A=37 wud o] A

yA st g32vlE 23] A (Ni-NTA beads, Novagan,
USA)Il Z&-8< (20 mM Tris-Hel, 500 mM NaCl, 5 mM
Imidazole, pH 8.0)S Foiste] sl A7l &, g gH o=
HESE Al 3 HE 2] &-8E(insoluble fraction)S o] 3}
FHAAY FFENE FUIR Tt A A T F
428 (20 mM Tris-HCI, 100 mM NaCl, 300 mM Imidazole)
o2 &3 §EFNL F=FZH  (Centricorn-YM30
milipore, Amicon, USA)S Al-g-3lo] ©hild S &3 & o5
£ (20 mM Tris-HCl, 150 mM NaCl, pH 8.0)2.% &1 ul.3h-2
SHITE FAE W EE A3 d7bA] 20T Akt

o]

719

Sodium dodecyl sulfate-Polyacrylamide gel electrophoresis
(SDS-PAGE, Bio-rad, USA) %412 15% resolving gel (¢h3 2
28 gel)} 4% stacking gel (A 558 gel)yS AH-8-3+]
7} 100 V, 130 Vo] dgtez 7]ds sielth 2 ¢l el
(ExWayTM Protein-Blue Staining Solution, KOMABIOTECH,
Korea) 2.2 G4 & gl (10% methanol, 10% glacial acetic
acid) 0.2 B 3te] gelatgitt

AA W "X STCL

B AF 3.0£0.5 g2 et o} (Oreochromis mossambicus)
2] E F aFo 2 YT (Zn=6), g3 STClI ¥¥A (1.5
ug/150uL) (A &) 2 &l Phosphate buffer (20 mM NaH,POs,
1 mM EDTA, pH 7.0)(150 uL) (&) E 2H2F =H ekl
gdelglol 57 W] ¥ STC1 @2 &N 2 carrier £9-S
A7) FAE T 24X 5 BA S o] 85t njRguwo g R
H g9 A d. ZA#-E 10T, 5,000 ipm o2 1023t
AR s Ao 2RE A& Bt 94 U 24
O] 25 o] E4]7]|(Toadkk 1A-200, Japan)S ©]-&-3} =
Atk BAAYE SHIEE ttestS o]-8-51o] HF Ako] ¢
frelds A3 (P<0.05).

1S

24 3%
AlZ3E STC1# STC2 @l o] 2y

IPTG fr= § 5AI7 1841 vl FA ol A Al EE 353
5, 29 4 E S wEE B84 W dS SDS-PAGER
A7) %53kt (Fig. 3). pET28-0fSTCI°] F A Agd g+
O RHE B ofSTCI (I &A% 29.5 kDa) T2
IPTG fri= 5413 578 o4 223 235 26 kDav
34 kDa Atolo| Al hil wi=7} Shelw] 7] Al &bsle] 184 F

-]t o] Av] A B B A R

(A) Xhol

T7 terminator

Ecol
thrombin
=
His% S
T7 promoter S C’"S
lac operator

pET28-0fSTC1
(6040bp)

lac Il/:;%"

Fig. 3. SDS-PAGE analysis of induced of STC1 (29.5 kDa)
and ofSTC2 (32.9 kDa) proteins in E. coli by 0.1 mM IPTG.
Lane M: protein molecular weight marker; Lanes 1, 3, 6:
soluble proteins from cells cultured for 5 hr without IPTG
induction; Lanes 2, 4, 7: soluble proteins from cells cultured
for 5 hr after IPTG induction; Lanes 5, 8: soluble proteins
from cells cultured for 18 hr after IPTG induction.

(A) (B)
M1  ofSTC1 ofSTC2 M2
KDa KDa g
(-
34+
2677 - ‘
33«
22 l

Fig. 4. SDS-PAGE analysis of 6xHis-fused ofSTC1 (29.5
kDa) and ofSTC2 (32.9 kDa) proteins by nickel affinity
chromatography. Lanes M1 and M2 indicate a commercial
molecular weight marker and recombinant human growth
hormone, respectively.

S A3 FUMEE A4S #EE3I T pET28-0fSTC2 H3)
IPTG % 5A17F 3ol tieF 34 kDa2] ofSTC2 (A} H-AF=
329 kDa) @ d o] M=E 81} o, 18A|7F o] 2| &
5 gl ddo] FUEE AEgS #Esglth

A 23 STC13F STC2 @ zo] A A

Histidine-Tag7} R pET28-0ofSTC1 2 pET28-0fSTC27}
FUATY DPF A ORNE AT YNE A5k
4 gildS FEste] B85S YA ARvtEH
AR F §F D FEIGE B Buae GAs,
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A FAe SPDS-PAGE A7 %S £3to] 26 kDad}
34 kDa Alo]oll Al A= 2 vERd ofSTCI (29.5 kDa) ©H
AL go1g &= 919Ut ofSTC2 Tl a & nja ekl a (22 kDa)
7} v)wso] oF 30 kDa WA o] FMER L= AS
g3tk (Fig. 4).

STC1 Akl 93t dF Zuslt

A ofSTC19] A A 2-8-& xALelr] fl3te, def
dlo} xjoe] HAJel FARSlAL, 24417 Fo] I U] AEER
& ZA}8FA T} &l phosphate bufferS FAFSH o =t (Ctrl) 2
v w3}e] (6.37 mM=1.04), ofSTC1 ¥} A8 FALS 2 d
(OfSTCH2] E3 W 2 Fht Fodo 2 743130t} (249
mM=0.22; P<0.05) (Fig. 5).

Serum Ca” levels (mM)
N
T

Ctrl of STCA1

Fig. 5. Concentration of serum calcium ion in tilapia treated
with ofSTC1 protein in vivo. Control group (Ctrl) and
experimental group (ofSTC1) indicate serum calcium level
in fish injected with phosphate buffer and purified ofSTC1
protein solution (1.5 pg), respectively. Data were represented
by the meantS.E.M. of six independent samples (P<0.05).

STC1¥} STC2
sglefol ) Y

P S e == 1170
of Alz=ElQl Z7]e} B2 4 (Fig. )& EFs8hal glom,
ol FEfF (217), uF9-2) (Chang et al,, 1995, 1998)¢} T] E-o]
ol (oF= 2k, olv]o}l) (Amemiya et al., 2002; Amemiya
and Youson, 2004) 5 o]} o] (o, A 7}E0]) (Wagner
et al., 1992; Yamashita et al., 1995)2 ¥3+3l T}t of Fol A
wEAD YA STC2 A& HER] = 14719 A]2E9] 717
o} 3 7jo] B o (Fig. 1) £33 EF (Chang
and Reddel, 1998; DiMattia et al., 1998; Ishibashi et al., 1998)%}
o]+ (Luo et al., 2005) STC2 A& FEfo]=oA] 2 B EH o
A

2 ATalAE YA STCIF} STC2 g4 Eto] = 24 <

cDNAE 7}7} Z2}21 = pET28a (H)oll Aryshar, 2 Zefx
U= E. coli Rosetta (DE3)E A A $5}o] 23 sTC1
STC2 ¥4 A4HS FE3F9th 0.1 mM IPTGE ©]-&3}4
4 dS frskolon, AX S 53 B84 o
AL B3)sle] SDS-PAGER A7]FFslgtt. &dd ¥gx
STC13} STC2E ZHzhe] of 4§ A% (STCI, 29.5 kDa; STC2,
329 kDa)¥ YA|st= BApeko 2 PTGl oJ&) whald Ajato]
S7HEE Elakqlnh B3, sl=Hd 7] 677k 23 @Al
Al %3 STC1 (pET28-0ofSTC1)#} STC2 (pET28-0fSTC2)E A
AsE7) kel YA 13} gz2epEay) Ao 284 vd
S FA 5 EF F 5F AAES Tk gdmE
ofSTC13} o] FHI=29] ofSTC2 T Ad & AA T 4= At
EZHEEAHAELE o] €3 STCI STC2 v ¥y fx dl
A7} o] FoZ AFAA L Bary wf k. AH dA
A EF A @& " STCI (U3} (Zhang et al., 1997)%} <17+
Hjo} A AA| EFo A BEE STC2 (17F, AB k3] A]) (Luo
et al, 2005)= 247 58 o]FAE o] F&= Byl Furd
o, 53] QIZF STC1> EfreE &2 IFAE Ul &0l
o ol&te] EH|E STCl T 22| A<FElo]

Z At} (Zhang et al, 1997). EH-55
Aeof ArkE g o] e} gy
o] Aot AL AT =
S o] &8 kg AlAt
o] Ao} thg=] Al2E AV E £8EAY
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o] AxteEl |z STC13 STC2 A %53
ME 2 olFMER FAH AT o572 STCI (¥
et al,, 2006)¥ STC2 (A HE.etI] Al) (Luo et al., 2005) H=35F
' AZE S gl GAA] o]FA o] deA R FH| 5
oA w, dole] AEF-2~ AA A A AH BEajE A
2 FAS 7FAE STCL w2 3k o] Al o] getulz e
& 7HdthE Bav) itk (Wagner et al,, 1998). $HH, 54| %
ol A Arkel o)A Gkl Fejrt ol diidtol A AAkE
SEEA] STC1 B STC2= &8 S04 wkgAde] EAl7F A7)
] 4= ARk, 2 Aol AAlE ofSTC1 Tl g o] Eelu]o}
FAE Bl 94 Ul 2= Ast 2ol 1=
, ol A AAkE STC gl d e A Eahz aAds
T vt FAFEG B AT o]9e %, STCIY N
o=} offF olrtu] =AY Lol E F
=2 7FaAATHE B37) 90tk Milliken et al., 1990;
Verbost et al., 1993). WehA], thdt o 2 HE Arkd whid e
STCe] A 7|5& Hated 7198 Ao2 AlgHr
e, FAAE g+t BL21 A5 o] &3] Aate
QIZF STC1 @i d 2K E 3k 27} ZALE] AT} (Trindade
et al,, 2009). H-&F]A FX]9] STC1T STC2 @A o] g
S NG F AR A9} FAREIA 1%E STCl 5 So]]
o2 B84 dMdE A Wy s YeERAT 3
QIZF STC1E thr9] &ruf vpd 29k Al=HIQ 2718 23
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s, 1171 Al2=ElQ]
Q) JA T A Bstar, ¢ B
aalg o] o]k YA 7]efed o R FZ Hr} (Trindade
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