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ABSTRACT

A STUDY OF APIN-PROTEIN INTERACTIONS USING PROTEIN MICROARRAY

Joo-Cheol Park’, Sun-Hwa Park', Heung-Joong Kim', Jong-Tae Park’,
Seong-Ho Youn', Ji-Woong Kim', Tae-Yeon Lee?, Ho-Hyun Son**
"Department of Oral Histology, College of Dentistry, Chosun University
*Department of Conservative Dentistry, School of Dentistry, Seoul National University

Protein microarray or protein chips is potentially powerful tools for analysis of protein-protein interac-
tions. APin ¢cDNA was previously identified and cloned from a rat odontoblast cDNA library. The purpose of
this study was to investigate the APin-protein interactions during ameloblast differentiation. Protein
microarray was carried with recombinant APin protein and MEF2, Aurora kinase A, BMPR-IB and EF-
hand calcium binding protein were selected among 74 interacting proteins. Immortalized ameloblast cells
(ALCs) were transfected with pCMV-APin construct and U6-APin siRNA construct. After transfection, the
expression of the mRNAs for four proteins selected by protein micoarrays were assessed by RT-PCR.

The results were as follows:

1. APin expression was increased and decreased markedly after its over-expression and inactivation,

respectively.

2. Over-expression of the APin in the ALCs markedly down-regulated the expression of MEF2 and
Aurora kinase A, whereas their expression remained unchanged by its inactivation.

3. Expression of BMPR-IB and EF-hand calcium binding protein were markedly increased by the over-
expression of the APin in the ALCs, whereas expression of BMPR-IB remained unchanged and expres-
sion of EF-hand calcium binding protein was markedly decreased by its inactivation.

These results suggest that APin plays an important role in ameloblast differentiation and mineralization

by regulating the expression of MEF2, Aurora kinase A, BMPR-IB and EF-hand calcium binding protein.
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organ) & B/3etd HFEAE (ameloblast)E #3131
WEdS YAsta, g UM EE A5 (dental
papilla)E FAsk] Ao}lRAE (odontoblast)$h XA
¥ (pulp cel)Z E3}sto] Foldn} X4 G430,

Dey 5% 3837 FHE9d Z2AE (calvarial
osteoblast) 9} | -f-F A Z (dental papilla cell) A& &
A ot AotrA| oA Eol3lA] BHEE OD314
THAE dolmAe] Balop Aol Ao FHods}
© AAE Huetit}. o] fH2= Solomon 5Vl 2]
o2 £ % (calcifying epithelial odontogenic
tumor)ol A amyloid A& BEujgd B He® APin
FRze A Ao wEAY. A Y& 0D314
(APin)7} 15409 eAhS M 8he 1 7)%0] €A A
U NEE FAAE F2 M A E43h, mRNAY
2 @4 wiEo] HolBAToM Mexeg WEEHn
SIAT & AR 2 A Y] Ealalyg oAl 0D314 (APin)
€ AFAH I} FelRAER Falsthe 27] 2o day
o] I 2o] fA U HIslHA A v Frkitin
Busi=dl, o|ge A& 0D314 (APin)7F Aeld e
A3 sty o TS Yehd

o] ¥ 592 AolRAx ¥333 A 0D314
(APin)9] Ao gt AF FHolA dolRA E-Eo] 9
A= 238 0D314 (APin)7b Xo} A oA Aol
AE B oplel HEEA Y ByEcin sk OD314
(APin)] H&4 F4dA 4L AT &2
Aung 5" 9% BolAAE A3 APino] dYAl
YoM ZaA ¢dEty Husgn, TEAE
Moffatt 5 APino| WHHEA ¥ &) Gzl oz
OS2 Aopy] # opE A&7) WA A B & sl
Sy sk},

e o B4 T O gl A5AeS By o
71%€ gt d8AH (protein chip)2 &3 pro-
o} Ao FasHA AMHEEE
@ 2 biomarker ¥, T Eo)
9 715+, gl AgAgd g Al £ ool
SEEOFE 7R Yo 9}, Fg} A aEL Fofol
HABHA o] &5a Uk, wpetd PR E of
APin9| protein microarray= APin® 43343t
AEE TAohs A4 Hog o] 88 ) 2
| A= protein microarray® ©|4-3}o} APin @23} =
& A9 e ek 74709 Bl FoA Hof wAlo|
A3 Ao AARIAY B8 FEAAES AdEs]
th. MADS box transcription enhancer factor 2
(MEF2)"'?¢} Aurora kinase A& %9 A4

tein microarray<
A71Ez A%Y 2

4ol gl g%

3

g ¢ o

4 4
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(tumorigenesis)® 4] (tumor proliferation)e] #A 7}
e HAIRIAL] 3L, bone morphogenetic protein recep-
tor IB (BMPR-IB)"*""& 0t¥g 7]3e] 234 o] #e
811, EF-hand calcium binding protein®™& thokah )
59 M3lsHmineralization) #3o] 9#E Aog &
24 Atk

RNAi (RNA interference) & &4 F3219] &3S o
Al (inactivation) & .24 Yehte 4718 BAslo] do
2 1 7%% FHe 94F PHeR, siRNA (small
interfering RNA)E ©]§3}o] & £o]8 02 mRNAS
AHE Feozn il A4S Adeln o 29 §4
o] e 7 Agste Hal Vet B A e
7 5] Wl o3l APin -2Ae] wd e A &
3l UG-APin siRNA construct® APin fAAME
& (over-expression)A|Z 4 )& CMV-APin construct
& A%} & WP EA £ transfectiondt ot

£ A<= protein microarray® £38t] APin 923}
FzAgete INAEE HET F Aopinig el B
S TAo2 A3 MEF2, Aurora kinase A,
BMPR-IB ¥ E-F hand calcium binding protein 52}
APin-tild F5 283 P EA LT &8 f3A o
d 242 B3t wEstaal

1. A2 L gk
1. APin =& cHH4E (recombinant protein)2l

B

APin A z3 gl Ao e 7020 A3t A at U
2 Fgat). 44-g aokshd oy 2
AHE w5 2 HlE E. coli BL21 (DE3)$} pLysS
(pRSET-APin)& A8t Fulek2 1 L LB #jA
100 ml 9} FE 3l OD 600°) 0.4 - 0.6 Ale] B
A #AFFE7 1 mMo] HEF isoprophyl-8-D-thio-
galactopyranoside (IPTG)E 718t 3 - 6413 vl gs
Atk Cell Iysate THl & 3] 458 A4S AR
+, lysis buffer (50 mM NaHzPOs4, 300 mM NaCl, pH
8.0)8] 7] Wi 53 o] 25 - 50812 5% dg %
HF T2t 1 mg/nio] I%E lysozymes A3 & Al
welste] AEdE 34k

Fast protein liquid chromatography (FPLC)E o] &
3 A4S Ni-NTA cloumndl] 10 me] AZS F4)
1, binding buffer2 0.5 ml/min, 3 CV&$t His-Tag ©
MAE resind] 22}, Washing buffer2 0.5 nl

ol
ok



/min, 3 CV&< &8 non-specific binding proteing 4
ol Wt} Washing buffers} elution buffer2 gradientZ
F°] imidazole L& AA3] £7}4171MA His-Tag ©
WS Byt e FA hde Rele 50
mM NaHzPOs (pH 8.0) bufferg o]-&3le] 4TlA 24
AlZE dialysis sFAth. Dialysis &, A4 vhuld 3015k
BE FE AA e 2 sized bands size cut-off fil-
tration2 &8 F71= AAE 314

2. Protein Microarray

ProtoArray™ (Invitrogen Life technologies,
California, USA) kitZ AH8-3le] protein microarray s

AlssiT

1) Blocking

AAE A (50 ug/m) 120 M-S vortexing $io] 2
Hoj& £ protein microarray £33t mailers 4Cell 15
7 #2319t Chamber ¢t microarray® $) 2 3k}
Al A2 & 25 ml blocking buffers WH-g wa} Yol cold
roomol| 4] 1A17F v 8ldet. Mailer A1A 3 wipe $191A
array] €2 AA3 HA gEA AzE )

2) Probing®} washing

Protein (50 ug/ml) 120 42 array membrane®] )
Ao ZFuF ¥ T hybrislip cover slip% array
membrane area®ll BATH. 50 ml FEHo array’t A& &
S5 8la do] & 21 tapping & F 0w g 7
glol 4o A7 3027 T} 50 ml FEONA array s
AW QA NA wlFE chamberdtol] APAHRgEo 2 Q.o
% 25 ml probing buffer® ¥o] array® A3 £E9]
hybrislip& A1Ag % chamber raildl] array® #2315
t}, 25 ml probing buffer® chamber B9l Yol 45
oA 1821 vl ket 3 A3 33 wehlr) & shdh.

3) Antibody #g]

Probing buffer®t Anti-His-Alexa Fluor 647
AntibodyE 0.3 ug F=Z 25 mlE chamber BH < wa}
yo] & A5 el A 30%7F vl gt

4) Washing® drying

25 mi probing bufferg chamber BHol| Ho] 48 ¢
oA 1z ke 3 23] 33 wehd7]E sisitt 2t
H 50 ml FEO arrayE T2 800 x g2 YAEAIR

o GAelA 1A17F 3t vl et & scang ST

Protein microarrayS 0|28} APin-EHYEIS] MSE20f Aot 017

3. APine| nftsin WS constructe] & 2
transfection

1) Construct A2

APin %4 construct® A2 APin¢ open reading
frame (ORF)& ¥ &3} cDNAE A8 A 28 vector
Ql pcDNA3S] EcoRl A&t F-9jof %74 ohal 34 wake
2 AAAZ 5 potent cytomegalovirus promoter
(pCMV)E H-2HA1A constructE A1 2H3H%

APin H&HYA| constructe] A|Z 7 599 WHo=
A ZFet APin siRNA construct® A ztsle] A3l o] &3}
et

2) HEEAES g 2 transfection

Dr. SugiyamaZFH ©& HIARAEFPE 5% fetal
bovine serum (FBS, Gibco BRL, Grand Island, NY,
USA)# 344 (Penicillin 100 U/ml, Streptomysin
100 ug/mi, Gentamycin 50 ug/ml & fungizone 2.5 wg/
ml)7} 32 Modified Eagles Medium (MEM, Gibco
BRL)dl epidermal growth factor (EGF, Sigma-
Aldrich, St, Louis, MO, USA)E 718k type [ col-
lagene] A2l W FH A4 BFF St wi st o).

O A Z7F sl FHAIY] 70 - 80%9) WAA] S5
AL 3 T Lipofectamine reagent (Gibco BRL) %
plus reagentll 22 CMV-APin Z&}241] =9} UB-APin
siRNA Eg2mi=g 3% df OPTI-MEM (Gibeo
BRL)E 92 wW7lelA 37T, 5% CO28] 2702 5 -
TAIZE vlFstdeh. 2 & 5% FBS$ ascorbic acid 281
f-glycerophosphate’} ¥ MEM w1 £ 71 & o}
< W7ol Al 85 o B %ket thE Trizol (Invitrogen) &
A& o] g3t A4 MEAAM F RNAS FE3100. &
RNA9 %% spectrophotometers o] &3] & 23l T}
20ug A F5F5t] 70Tl Haats

4. RT-PCR

RT premix kit (Bioneer, Daejeon, Korea) & ©]-838}d
frist strand ¢cDNAE #4438t APin, MEF2, Aurora
kinase A, BMPR-IB, EF-hand calcium binding pro-
tein?} W22 glyceradehyde-3-phosphate dehydroge-
nase (GAPDH)9 5°l4 primerg ©]43td PCR &
& APt (Table 1). PCRE 95CA 30%, 550
A 30%, 72CoNAM 3029 ZHOE 33Al0]F2 AlF3ElY
t} PCR A EL 1.5% agarose geldlld A7 E3to
A2 28 S Bl GAPDHE PCR $ZA] posi-
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Table 1. Nucleotide sequences of the primers used for RT-PCR

Proteins Primer sequence (5 - 3) size (bp)

APin S ccageaggctagtectatgtectatgtgg 608
AS cgegtegacatgagatcagtg

MEF2 S aatgtcactgectggeaaca 378
AS teateecggtcteecgtcteata

Aurora kinase A S gttgaagattgcagacttcgggtg 497
AS cegtgettecaggatteectaagat

BMPR-IB S gggttgetgteactggtaggatta 476
AS acctgacagatcagatgcttocte

EF-hand calcium S gaaggagacagccaatcagateca 499

binding protein AS cgtagatgacgaaggttaggecat

GAPDH S accacagtccatgecatcac 459
AS tcecaccaceetgttgctgt

tive control 24 AMH-3}At}E. Fold induction a2 den-
sitometer 2 243t & GAPDH #t3} vlmste] 2 A
21 & GERITH

1. APin XH_?E%I- cid XIOI SlA

ZAAE APin 994 o 1 mg/me FEE dojH1,
SDS-PAGE #43 6X-His tag antibodyE A}-&-3td
western= Al3sld 1Tt

2. Protein Microarray

B A2 = Zabk2 fd nitrocellulose?} coating o]
Ae NC slided 2 AHE3IET A4 ZE a2
gateway systemCE full length clone® S insect
cellZ o] &3l WAA A} AAH e BE g glu-
tathione s-transferase (GST) tags 7FA|aL 917] wj &l
GST columng ©} &3t E2st9 pin spot WAL E
spotting3tAth.

Figure 1& APin ¥%2 < probe® ©]43t protoarray
A4 232 Jyehd Ao|th. APind Z¥3ste dld Fof
A Z-score (Z ratios and Z test statistics) gko] 3 ]/l
He 7409 dAS Agdo] A3 £M 2 Ydsiatt
(Figure 2). L F90A APin9] 7153 #do] & ALR
A7Yel= MEF2, Aurora kinase A, BMPR-IB$} EF-
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hand calcium binding protein& #4351t}

3. APin2| 2ttt e A

(Table 2).

pCMV-APin construct® transfectiondlel APine]
WS §58 Aol e APingl &80l Falo] xS
1}, U6-APin siRNA construct® transfectiondte] APin
38 AdAAZ A$olE APine #AHA it

(Figure 3).

4. APIne] TRLID} wElolxof mhe AlS
L] s}

FEA eI Bud

A3t

(=]
w

rir

TN FHAET S BA}

A= MEF29} Aurora kinase AE CMV-APin construct
£ transfectiondl®] APin® #H2dE F=3F ZoE
MEF2¢} Aurora kinase A & 2594 @3lo] #A3] 7
23199t U6-APin siRNA construct® transfectiondt

o] APind] ZAAE =T
ATt

Ardle & 27 H3 8l

oz 7|%e] T #do] gl BMPR-IBS 433} 3
Ao A#¥ EF-hand calcium binding protein2 APin

o #E g F=3 7ol BMPR-IBY EF-hand cal-
cium binding protein BFol4] Wdo] Bo] FIEEUS
U, APing 2dAA A7l A-$ole BMPR-IBE #3l7}t
$1%131, EF-hand calcium binding protein #A38| 7
Aste] ko] o Yl oh(Figure 4, 5).



Protein microarrayS 0|28} APin-CHAEIS] ASRFR0 T8} o7

Figure 1. Detection of the APin protein using protein Figure 2. Relative affinity ranking with the APin protein.
microarray.

Table 2. Four high expression proteins are related to the functional characteristics, such as tumorigenesis, organ
development and mineralization

Order Z~3core Proteins Function
14 7.92155 MEF2 - coregulator for myogenic cell proliferation
- tumor proliferation and tumorigenesis.
29 5.39477 Aurora kinase A - overexpression and amplification of
human tumor
51 3.57965 BMPR-IB - organ development
13 8.17742 EF-hand calcium - regulate cellular activity and mineralization

binding protein

Marker Control Over Inact Mock

APin

GAPDH

Figure 3. RT-PCR amplification of the APin in ameloblast cell line after over-
expression with CMV-APin plasmid and inactivation with U6-APin siRNA.
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Marker Control Over Inact Mock
Aurora 427 bp
BMP receptor
EF-hand 499 bp
GAPDH 452 bp

Figure 4. RT-PCR amplification of MEF2, Aurora kinase A, BMPR-IB and EF-
hand calcium binding protein ameloblast cell line after over-expression with
CMV-Apin protein plasmid and inactivation with U6-Apin protein siRNA.
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Figure 5. The amplification for the APin reactions in control, over-expression, inactivation and mock
groups. The relative amounts of MEF2 (A), Aurora kinase A (B), BMPR-IB (C) and EF-hand calcium
binding (D) mRNA after normalization with the amounts of the GAPDH mRNA. The results were
represented as means = SD of three independent transfections. Con, normal ALC: Over, APin over-
expression: Inact, APin inactivation: Mock, ALC expressing empty vector.
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Alote] WAL Ful719 o] HFEA T4 FHA7149] 4
olEA Zol| oA T FHAL . T Eo] 2ol Ao
godste ol AXEY TR 553 A E-5o|
2 fFAAFEe] W B4lo] gobx| 3 glovt YHEEA 2
3ol WA A EAYEEH 7))
dlste] HEs] ge A A et

337199 HEEAEe HE3E 34 4 A7lY 28
/o] Rt BHFO W3 E AXACE Hole 553 A
g7 Zet 43 342 7158z AT
(presecretory stage), #4171 (secretory stage), %71
(maturation stage)®] Al AI712 dwtdoz FHAG
72 Fu) 4719 WAloMdd (inner dental epithelium)
7 HEEAZE E3lete] Tl dA7)FE EEAA F
718" (organic matrix) 0| 4|30, Fu)7]) 91
EAEE Tome s €718 SACZ 30 YT P4 2 &
H &S w3t 45709 HIRAXdE FEAE
(ruffle ended)#+ HEAELE (smooth ended)®] F7]4
Z w2 JeptaA 7712 A3 a3 o] 25 24
A 3= nas

HZol| 1 598 oA F-Eo| QA E B1H OD314
7F X)ob AT ol A Aol AT B oh]g} M RA Fo
T Hddnn dto] OD3149 W3 PAoMe] JedS
AAFIEEE. Solomon B0l 218l OD3147} APin ©#&
o] @7IME A9 FARe] BEA o, Moffatt 592
APin°l 4&7] HFEA LA 8 op]z} X oprleMx T
Feotx sisidh,

E AP A1g3 HARAE AXFE Nakata 520
C57BL/6J moused] 31t lFAlolA A& NE2F2 £
3} FEE 3 9T UM o] AXE wigstd AlE
Eol HHEA ¥ EAE Hol= AL RT-PCR ¥4 & §
st} A3 Al ZFolt), 2 Aol HIEA L AT T
U6-APin siRNA construct®t CMV-APin construct®
o] &3] APin® AL FAJAE F=8 . APin
o] S 5319 S W APing E8o| Falo] ZFulH
Kok, APing waS A4 A7l Z$-o& APin mRNA
of do] FAF A G, ol WHBAL AxF tf
3lod APing| Fd s W A7} HAH R o] FAH S
< et

o] A ME A7 Hud APin B+ o] }5 %}
S AT3 24} protein microarrayE Al&@stHTh o
< 1 84 E oE 9uds 3s3eEs B 2%

FYsled SBAAe ol 45288 Bz
i o] shtelt), ThlARLe A A9 @
Fdo] 1A FAThER o R A o] Ag

< Jo

Protein microarray& 028+ APin-CHIEEIO] ASXt20f Ft A7

[k

lo

A8k AEst 7P aRe R AR dlAAd
M2 FAE 0] ek ML sl e] Thlo] 2}
i A uEzE AgHE AoZ BT Eetoleg
gk A7)9 fEu Fetago| offHY, B AN
Z2}~99) nitrocellulose’} coating® 011 NC slided
S ATl A4t BE ThillAL gateway system S
2 full length cloneS Y1 insect cell& o] &-3lo] &d
AZT AdE e BE Tlde GST tags 7ML 371
&) GST columns o] &3] £edtd pin spot 2]
© 2 gpottingdtsith.

2 Agox APin ©¥4& probeZ o] 43} protoar-
ray 48 ¢ 23, APind A¥shs dild Fol|lA Z-
score #o] 3 oo W& TANe] dA F o] %
SHHA 259 93 FAo] e 19 T E(MEF2,
Aurora kinase A, BMPR-IB¢ EF-hand calcium bind-
ing protein)& w4 stATH

MEF2& Z4-5°] #dA(muscle-specific genes)]
W3-8 2435 MADS-box transcription factor® %3
g MEF2+ A3 #iole carcinoma P19 AHl¥9] &
3} 3 ol wdo] F/MVEHL, E8F SEA XN
1 3do] F7PPs] Wi 2SAEY FAH T4 F
2 247 Agahs Aoz AR,

Aurora kinase® AMEFEY FAZHAAZ 3A0H
serine/threonine kinase< YWERN® Aurora-A, Aurora-
B9} Aurora—C kinase?] 3¥/& EFATHY. 917k tjek
gt A EoA T Fdo] FUtso] A xe} AHhE B2
AEo] FHY] #ogtH?, Brown 5% Carvajal 5%
2 transfection 2@l Aurora kinased] ZFEdo] A
(malignancy) 2 ##o] §l7] wZdl| ©]E kinased 94
& 53 dA 8ol H&E gAlEAT

2 A e FYARZY 47 Aol le MEF2¢%}
Aurora kinase A+ CMV-APin construct transfec-
tiondte] APin¢] #HEHEE F23 Fode E EFA
wHo] A3 7H4AsHTE. UG-APin siRNA construct®
transfectiondle] APin9] HHAAE F=g ASdlE &
=E Wl ¢19lth. APin FHdde] MEF2¢ Aurora
kinase A9 L& JA|ete A2 Hol APine ML
A 229 FA A A MEF29} Aurora kinase A9 9&&
uilshe Aoz Az

BMPE AopgAeoly 22 (hair follicle)] EA2 2-&
BH-714 5 2L o3 AR NN A2 E3let F
< AP DAFIo] BMPES AEARE, S35}
S3E fested ol89 44 g8 Ede F THe
BMP receptorsell &8 2" tt. BMPR-IB$} -1+ Ao}
BAEAA Zelo] Hojj whste] BMPR-TASH -IIe HEE
A Eol| A I},

flo Mz o
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EF-hand calcium binding protein parvalbumin® A
7 253 AR TN B d7E sfovt
# )| immunogold cytochemistry®ell olaf A X 23
< AFozN HopA 2 Fte] 4318} (mineral-
ization)ol] 1] Ggo] AZHANY. 3159 HHIEA
¥ollA parvalbumin® Tome s 7|2 A4 z7|dE Al
X ZYFol HAH T} E7] Ao] gEHE AE HA
o 2T HAG®, FELF FeE HIFRM LM par-
valbumin®] &#L& thekshA vehn 23159 Aoln
Axde HHERAEAMET o] oA W), £ Y
gAe B3] Slo] FoF 9L st tuftelin® EF-
hand calcium-binding domain< Zt=tH?.

Aopdyn 2 71Fe AT A3se Aol Qe
BMPR-IB¢ EF-hand calcium binding protein& APin
o] HEE S FET Zfolle BFA Lao] Bo| Z71y]
Aot APing 23] A7l A4l BMPR-IBE ¥
317} §19131, EF-hand calcium binding protein& @A
8 Zastgh # dAlA APin @Al BMPR-IBS
EF-hand calcium binding proteing| ®&o] @o] Z7}3}
Ue A& APind BMPR-IB$} EF-hand calcium-bind-
ing protein®] G&E FAAIA Aoty A Lrld YAz
ot A3zl Befditte A& GAGT

2 A7 432 Hol APin @A MEF2, Aurora
kinase A, BMPR-IB, EF-hand calcium binding pro-
tein? FaaH8-3ted WgRA 2o 23} Hjg) Ay F
Jd £83 94%& st AR A4 28 Fate] A
3A2 Z2 5oy A7t Bestelg Algdn

V.28 &

S A3 S o)-&3 protein microarraye A9 4%
g Ao Fa AHSHE WATIEe T Adole A -
Eo] Qa2 H3® 0D3147} &2l APin ©¥ide] 4]
AMEF Al FAge] WeAlon, YREA TR 23
o] APin®| @4 A 4&E XA o] A7
A= protein microarray® ©]-83td HIEAH ¥ £33}
8 ol APin®| H&2 gAstaAt ottt

APin protein microarrayE A133te] APin @A} =
< A3E Holw, o} A #¥o| gl MEF2,
Aurora kinase A, BMPR-IB®} EF-hand calcium bind-
ing proteins #4319t} WHEA L0 APin 2hEd )
BHAZNE FE317] HA3lA U6-APin siRNA construct
9} CMV-APin construct® transfectiondt%ith.
Transfection %l protein microarrayel] <3| Aeiz
4719 #742 @4d& RT-PCRE H7lsted v 2e 4
HE Aot
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1. CMV-APin construct® transfectiondl} APin|
HeE g FE3 Aoy APing| @dlo] Falo] &
=l e, UG-APin siRNA construct® transfec-
tiondle] APin 2&8< A7 ASole APine &
Fs]) Frt.

2. APinY #HHEL {53
kinase A & EFolA &
APin9] YA E =3
it

3. APin9| AL =g 2 -5o= BMPR-IBS} EF-
hand calcium binding protein EFollA @de] 2
A F7kg vbA | APinS 28 YA A7l Afole
BMPR-IBE ¥3l7} 91932, EF-hand calcium
binding protein& §43] Z4a3sc}.

o] AHER Hol APin @A MEF2, Aurora
kinase A, BMPR-IB, EF-hand calcium binding pro-
tein®} g3 2t83sl] HYRA £ Falol M3z} 3y 5
o F8g 9&F st Ao ALsHT

o

o
K-
iy
it
1
-
rE
tot
X

ZAuEe

ek
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