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Characterization of myostatin-like gene from the scallop,

LFatinopecten yessoersis

Chang Uk Park

Department of Marine Biology, Pukyvorng National University
Busan 605-757, Korea

Abstract

Myostatin (GDF8) is a growth factor that limits muscle tissue growth
and development in vertebrates. We isolated a myostatin-like gene
(Py-MSTN) from the marine invertebrate, scallop (Patinopectern
vessoensrs). Py-MSTN was highly expressed in the adductor muscle
and in the gill unexpectedly. Amino acid analysis showed that
Py-MSTN has 49% amino acid sequence identity and 64% similarity to
human myostatin (Hs=MSTN), and 42% identity and 61% similarity to
myoglianin, the only invertebrate homolog. These results indicated that
Py-MSTN may be functionally similar to the vertebrate MSTN than
the invertebrate homolog. Phylogenetic analysis suggested that Py
-MSTN is an ancestral form of vertebrate MSTN and GDF11 and does
not belong to other TGF-B family members. Molecular modeling
showed that Py-MSTN exhibits a similar tertiary structure to
mammalian BMP7, a member of TGF-B family. In addition, the amino
acid residues which contact extracellular domain of the receptor were
relatvively conserved. Given these results, we propose that Py-MSTN
is a functionally active member of the TGF-0 family and is involved in

muscle growth and regulation.
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Transforming Growth Factor-B (TGF-B)& polypeptide g %<1 =}o]t},
TGF®] a®t B F FFH7F AAR, o5 o2 dofHoz Aoz Aoz
A F2A, fFRAoR oy dyte] glu EI e F& WAUSS

7} 2 ). Myostatine] & 3dtE TGF-By ¥ 2 isoform< 7FA W o] £ 9]

=

ZFA I e 7le S WS vhekekod AlE o)l S A apoptosis, w3, 1¥
zh 713e FEE AR ok Aud AEY AL FA 4] 553
24455 Sl Aoeg dHA Atk (Massague and Chen, 2000; Yamaguchi
et al., 2000). Myostatin2 TGF-89 superfamily % Growth differentiation
factor (GDF) & 8®oll &ofr 2o A B vojddth. GDF A9
A3 Esbol wojdopal da oy I AST 7l Wby Fol

WelA wEAA ol o & A WEE WHH ol g,

|

%~ (McPherron and Lee 1997)¢} # (McPherron, Lawler et al. 1997)2]
olF 53t S AFEE T o] Aol GDF-89 E<dWole] o A

ojgte= AME S HExE IAsSIAI GDF-82 <=9 Ay wao] Az

At 7S ste o 9FAE A AU S
uf o] F7FsEAT. AL AFANXN Danio rerio 2] myostatin-1 genes
knock-down 3ty MyoD9 myogenin¥%t oy} IGF-1I #&

muscle-specific AAF 80159 W&ol F7tstA Tt | Lol zebrafishol



dsRNAE FY3s9 Y early development ©A o] A myostatin mRNA 2]
Az7+ro 2 F A (hyperplasia) =+ H] W (hypertrophy) & 4Fo] e

FEEo A2 myostatin AT+ Eo] o] FAHLYA R FHFFE
myostatin homologel Wal A= AF7F A9 AFg AAHolr. 714 F4
#A 7} 7F7h8 myostatin homolog & StUs Drosophila melanogastere)
myoglianine|th, A @@ A7|7F HAFFEL] AR 4 F 598719

obm A7 5 7FRI T

Patinopecten yessoensis= WA T o2 HE|H ol A 231w ko

A 9w REn gasst Fagdelh Avule see Hgow

aemz belue wAe 44 ade zA6 Ha olssh AT

e RAREE 28 28 24 WAYRY d7el /T % o] H3y

o ¢ FRW ATY PR kel 2% YA} W) golst v
=

A3} Aol g el AYA 0z A § 3ol

2l = ZIV W] Patinopecten yvessoensisol A F % F % & 2] myostatin
FAb FAAE ZE stk 7 Hl 8] myostatin A A (Py-MSTN) &=
thE MSTN# wpzb7bA = 2504 Wol] Wy = o= yeylt, 22
sequence alignment A3 ¢} F+x Ed 4 ARE FIA Py-MSTNO]

AFEBY MSTNS 2& Et f48 FA404 fafs 2ol
>r=
[}

g & AJT. =T Py-MSTNI} HFF=9 MSTNL2 22 87|71
Agsta 2 AT ALAAZ v FAE Aoz AAgHIG
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2. Cloning Py-MSTN gene

RNeasy Protect Mini Kit (Qiagen)& AF-&3}o] 7hgln] o] o zh+ 2 o A
total RNAES FE3 S Oligotex mRNA Mini Kit (Qiagen)® total
RNAZFH mRNAS #dst3it. AAl¥ mRNAE AFE43 $ cDNA
A w71A]  deepfreezero]l -80C=Z H¥IEAT. mRNAE MMLV
reverse transcriptase (Invitrogen)® = 9 dA}3Fal oligo-dT primers
AL-g-3te] PCR 5 %3191 th.

GeneBank database (http://www.ncbi.nlm.nih.gov)o] A Ao}zl t}oksk

myostatin o}7] =4 A FS EA351o] degenerate primerS WS 9] nested
RT-PCRE myostatin®] ¢cDNAZ A &t}

MSTN Fl1# Rl1o = 1x PCR (94C, 30s; 50C, 20s; 72T, 30s; 35
cycles) 2392 123 PCR product 1ul= template® & AF-83lo] 13
PCRY} #& oz 27 nested PCRS 3518t 5% %H PCR productE
2% agarose gelel #7]. < F3ste] =Felsta AA|E o] TOPO/PCR 2.1
(Invitorgen)® cloning 3} 9Ttk YA ¢l colonysS AW¥sto] LB broth
v 2] of] vl &3l ¢ th. Plasmid+ QIAprep Spin Miniprep Kit (Qiagen)<
Abg3Fe] A AP L automated DNA  sequencerE Abg£3o] DNA
sequences T3 T RACE (Rapid amplification of ¢cDNA ends) system
(Invitrogen Inc.)S AF83le] mRNA dF G725 E 37 Eoi7hx
A7 E S FZE Ik 22 nested PCRo ¥ 709 forward primerES 37

RACEe°l Atg-3F3tt (Table 1).



3. Quantification of expression Py-MSTN gene

RT-PCRZ z=#¥ Py-PSTN Zd A=5 FAAY. A€ cDNAZ
B ¥ Py-MSTN<Z cloningdt$th. 28] 12 DNase (Promega Inc.) #] @] 3} <]
cDNA mixture ¢+l genomic DNAZE A AstA vt A #ster o AW
Z ¢DNA 500ng< template & 2 3} 9] specific forward primer$} reverse
primerE ©YXxelstA v, PCR &2 94T, 30s; 627C. 20s; 72C, 30s; 35
cycles® 3t PCR producti= 2% agarose gelel A7) &4 F3dte] sl
B-acting S %3to] o 2H Bl asti

DNA Engine Opticon 2 Real-Time PCR Detection System (Bio-rad)

© 2 Real-time PCR 3}o] 24 wa HAES AU, 2xE=2

-

A =3 cDNAE A4St 100ng? 2+ ¥kgo] AL&3FAth. SYBR premix
Ex Taq'™ (TaKaRa Bio Inc)E Ab&310] 9] PCR¥} Z& 7S = real
-time PCR& 339 %. = PCR product: agarose gelol 7]
sotel Akt A F R4 T JH¥F= standard curve®  UERRT
(Kim, Chang et al. 2005). B-actin gene? ¥wd o Wd A S T3

SEICEET

4. Amino acid sequence analysis

obr =t PP ds #Fdskrl fste] f 7Iwke] ORF finder Z= 17
(http://www.ncbi.nlm.nih.gov/gorf/gorf.html)& ©] &3 A Py-MSTNE nucleotide
sequence®} TFE TGF-B W8 &3} alignstAth. 7712 MSTN (gil6016121,
gil48314966, gil6754752, gil113912357, gil47825371, gil14646885, gil14646883),




4719] GDFI11 (gil6649914, gil47085753, gil109480148, gil6649923), 371 <]
bone morphogenetic protein (BMP3) (gil8392993, gil27734166, gil4557371)
F2 3% 59 homolog¢l myoglianin (gil4580679)2] o} v =4l sequence=
multi alignst Atk ol FolA= F A8 MSTN Fda=9 7+ 7F v
e, giEdoes FAM £0]9 MSTN o}r| =4 sequence (om-MSTN1

&2)E TFIA AT AE YUY clustalw ZZ I3 (http//www.ebi.ac.uk/clustalw

/index.html) . 2 2z} @Al peptided #+4]3}3L phylodraw X213

¥
et
rlj
il
2
e
<

(http://pearl.cs.pusan.ac.kr/phylodraw)S A}-& 3o A=

-MSTN# & F9 MSTN 183 TGEF-B familydl o2 #HE HY

52 FABAE B aLst 3

5. Molecular modeling

i

20l

ofo
o

o)

i)

Py-MSTNY| Bddye 3 F&x=4d 7|2
Tz Huryg =Zzael MODELLER (http://salilab.org/modeller) &
2t

Abole]l AglE AT ‘:16:, o] “Ael & F£3 (restraint) &= A}-§3}o] query

e
i

ALE-3EA T o] W template7t & @l Ao] opuwtE T

4]

o

s 5

GA R ZHsYH #AFE FA, template A8, F+Z 8l ¥, template

2 d 8L single templateE 7| %2 3dto] oAy vlwd 2 de

Tz 7z xd F5 wd FGr v Py-MSTN Fx29 ZA4

| 1= sequence T T8 A %= PDB (Protein Data Bank)

o
it
rJ
b

sequences < 21l sequence U A =9} e-valueol| od| FAFS E EA

templateS A ATt. 2= 10719 FE  template® F3FYTE olE



templateE2 tF2 A4S HESHY 1bmpel sequences A H A

Py-MSTN sequence+= lbmpol t3le] alignst o, Py-MSTNE 3D
2dL 1bmpY TEFZ 7]|FE automodel module MODELLERE A}-£ 3}
24 AlAFsEA . MODELLERY DOPE potentialZt PROCHECK *Z =17
© 2 MODELLERY objective 7] %5l oa] &% 5 2d Fo|A HAL3S

Aejsto] % 7bahlut.
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1. Cloning of Py—-MSTN gene

Py-MSTNS §a48 22937 AfA ohvlmitEel @3

1

ol

e 7ls e st7l wWiol & FE59 MSTN opvjx=itodhula S 34

it

W 2 ofm kA IS JPAW oo w@w o] fAFREE degeneracy
primers TIA138t31 nested PCR &9t PCR A3} &3t sizeol A W=7}
FAE QL o] 72Fe] sequencing A3 MSTN#H FAFSE sequences T FTh.
o] sequenceZ 7}A 12 RACEZ primer= tjx}¢lslo] PCR &< tt.

MSTN homolog® 4% F 719 sequence= oW H+= 9 ¥
skelar ARtk F A% H sequenceS specific primer®t “TAA”
codon® 2 A}g3le] 3' RACEE &9lst3itt. 5  RACE %3 5 upstream
sequence® A8t o; A AT v = S = EE frames AT
EA AT MSTNE 7|&8= A A sequenced &3 sequenceE FH

skl (Fig. 1).



Table 1. Oligonucleotide primers used for the study of scalop myostatin

name

sequence

description

MSTN F1
MSTN F2
MSTN R1
MSTN R2

Py-MSTN F1 5-TTTGGGTGGGACTTTGTGATAGCTC-3'
Py-MSTN F2 5-TGATTCAGCAAGCACCGTCCCCAACA-3'
Py-MSTN F3 5-AAAGTTCCAACCAAACGAGAAATCGG-3'
Py-MSTN R1 5-CTATCACAAAGTCCCACCCAAACGC-3

5-RTNGARGCNYTNGAYGAR-3'
5'TGYTGYMGNTAYCCNYT-3'
5-SWRCANCCRCANCKATC-3'
5-RCANCCRCANCKATCNAC-3'

degenerate forward p rimer-1
degenerate forward pr imer-2
degenerate reverse p rimer-1
degenerate reverse p rimer-2
first pri mer for 3'RACE
nested pr imer for 3'RACE
specific primer for RT-PCR
specific p rimer for RT-PCR



GCR GRG GCT
R E -9

TTG
L

GAT
D

ART GRC GGEA
u n &

TAC GRAR
ki B

LCR GRG
T B

ARG RGH TCR
K R g

TTG GRAE GTT
L B w

GAT TIT
n F

f<]

GTE ATT CRG CRR GCR
v I Q Q R

LEC
T

TCC RRC ARTA GCR TTR
3 L) I R L

GCC TAT CRC
1 ¥ "

GCC
A

GET CCG
g P

Fig. 1. Nucleotide and deduced amino acid seguences of the C-terminus of

Py-MSTN.

The proteolytic processing site- (RXXR) is" underlined. All

GRG ACT GGC CGC
E T =} B

CCR ATG TTG GAC
F H L o

CTC TAT GAC
L ki o

GTT GOCG TTT GGE
vy A F G

GGT GRE RAG
G B B
CCG TCC CCAR RCR
P g F T

CCG RCT RRR ATG
P T K M

ACG CEh TT& CCC
T R L P

RALC GIG GTR

v v

ATG CGT RCR

E T

CAG CGRL GRE

E

T&E &L TTT

n B

w
G&T GAR CRA
& E R
CTh RGC CCG

3 F

[ o]

TCC &RC CTAR
3 n L

AEG ATG RRE
R H

GTG

TCT

GTE

CCC CCR ACT TTT
P P T F
AGG ARG RGT RCR
R K g T
GCC DGR
tY B
GCT COT TTA RCT
uY F L T
GAT RCT CTT CAT
B T L H
TCR GCG CTG RGO
3 kY L =3
CIT TTC TTC GAT
L E E o

RiEH GGT
B G

cysteine residues are boxed. The asterisk indicates the stop codon.
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GGG

GTR

TCC

CGC

TAT

TAC

GET

ART

CAT

GLG
A

CoG

GOT

ChC

GTC

ARC

TRE

nine conserved



Py-MSTN® #4243 9 7H4] v 23 AbdSo] vYewt. WA, dud
wall AAol Aoyt site (RSKR)E 48T proprotein covertase
familyol <:3}+  furinol2t &g+ serine proteaseo] <3 ZHFF
MSTNe] ®EEoZt; (PC) (Lee and McPherron 2001). Furine] X
RXXR sequenceE <lXA|3tal Y A#A N-terminal Laterncy Associated
Peptide (LAP)$ C-terminal mature MSTN peptideE EgAzlth
(Thomas, Langley et al. 2000). o] A3} 7}glv]e] Py-MSTNe] furin-like
guide] 7jdoe] HAue AS WEAu. A2 Aok 9 HE
proprotein convertaseE 7FA 3 ARk 7hE] vl L} 1 homologel g
R e B M 3 Bl B g =

Py-MSTN X3t 970¢] cysteine &%47]7F B0 Qv (Fig. 1). MSTN=
thE TGF-B family et o] 370¢] olststeE a7 2= dHl= 670
9] cysteine 717} ofF 2 B EE o] QlY}. cysteine 293} 3W I E 7}
cysteine 5} 6} A o]& = w2 Hojgla 3HA w7} cysteine
13 49 Apole] AWMAl w= Z}zp o] Folx gtk Py-MSTN cysteine
7= & BREFOglel & MSTN# TGE B family <} 1] =3¢ 324
TxE 7FAE Py-MSTNol A dth. AFFE°] MSTN} Hus}o]
Py-MSTN-& F7}#4 o 2 specific receptore]l ZAE3t7] 8 =23 ‘heel
olg} ¥ 2+ a helix 73S EE35HH 9719 ofw| =4k 77} cysteine 3W¥ 2}

4% Aolo] FhiTh.

_‘I‘I_



2. Amino acids sequence comparison

Py-MSTN+# tt& FE59 MSTN opn =2t A & s i 7] 9] ) A
MSTNS | ofuwit NG 2L TGF-B familyd] &aiAw 75402
FAFEA] e 2 BMP39] ofr] At A4 9S4 multiple alighment 3f
Rk Ao w Yey Hols Zlo] ofmgle] Z B EHO e AS
UEtA S (Fig. 2). A F 5 &9 BMP3 9= ztol7t Qo WHA FHFF &9

A

myoglianin®.th+ # 35 =9 MSTNI . A

o

= FAT F AN

Py-MSTN¢ mature peptides EE & MSTN¥ GDF11¢] H] &9
7R e X717} o Aol 104709 obw| At X715 Eghekty A A= MSTN
GDF11 Ato]e] ofm =it Akeo]= gapo] flom o

shel 909 ol el ofv)xAbo] fALSHE T,

o

Feed v

_12_



Mm-MSTN HQA : 50
Hs-MSTN HOA : 50
Ss-MSTN HQA : 50
Gg-MSTN HQA : 50
Bt-MSTN HOA : 50
Om-MSTN2 : KA : 50
Om-MSTN1 : KA : 50
Hs-GDF11l : QQA : 50
Rn-GDF11 QQA : 50
Mm-GDF11 Q0A : 50
Dr-GDF11l : { A A ) QHA : 50
Py-MSTN : A A A AYI00A : 50
Dm-MGLN : E IC [PEITCARAALT @ 50
Rn-BMP3 ATHOSIV : 54
Mm-BMP3 Gn MPKSIPKPSNATHOSIV : 54
Hs-BMP3 GHC; PMPKSWKPSNATHMOSIV : 54
Mm-MSTN : R--—[cSAGEIe 5 LYFNe: CEATURECES @ 95
Hs-MSTN : PR %f PPKMS)STIMLYFNeale g Re : 95
Ss-MSTN I = SAG KMSiTVMLY. EQ M) Ges : 95
Gg-MSTN : N ] 5 : 95
Bt-MSTN 95
Om-MSTN2 :/ N : ) Y\ * R : 95
Om-MSTN1 : N-==--- éPCCTPmKMSE KEOM: 'Y GK ViY:ReGes : 95
Hs-GDF1l : N ~ 'PCCTPTKMS] KOONE: Y ReCes : 95
Rn-GDF11 : N ' b \ 5 : 95
Mm-GDF11l : 95
Dr-GDF11 : 95
Py-MSTN : ; ) 104
Dm-MGLN ] SPIKMSETSLLYFDRNERTLSYT ﬁs 92
Rn-BMP3 AVGVVSE I PEIZMeVIZEIN SIS Az yy ENKNY (LKV ‘Tvg i 103
Mm-BMP3 H@LKV ‘VT Cﬁc»- : 103
Hs-BMP3 AVGVVPET PEIEeVIZE W IEISIASIsAgIuENKNpLKVYZNI T\YESEAGR : 103

Fig. 2. Comparison of the deduced amino acid sequences of the TGF-B
family.

The sequence of Py-MSTN wasaligned with other vertebrate myostatins
(MSTNs), growth and development factors (GDF11ls), and bone morphogenic
factors (BMP-3s) using ClustaW program. Arabic numeralsindicate the

conserved cysteine residues for intramolecular disulfide bonds.

_13_



ol A= HFFE9 MSTNIH GDF11¢o] Py-MSTNY 7|54 o=
u] & v =Eth s AS RoFEr Py-MSTN3 QIzFe] MSTNY 67%,
GDF113} 65%= #FAtetAl Yebwtth £#7F 9 GDF112 =4 Er7F ofy
2} >, Ao} (limb bud), X (dental pulp)® #& ZFZ & ZAHAE
& ® ot (Nakashima, Toyono et al. 1999). Z} ZZ o A &} whehch 7 of A] 2]

.

AAFE 75 oAl W EskA] ANl GDF11S 5343 HF5= HAo

ind

ot ®Welth (McPherron, Lawler et al. 1999). 23238 Py-MSTN

e
fo
ol

X35 % GDF11, MSTN¥% 2& fFHAAZREH 7]d3te] ol

Mo

GDF113 MSTNO 2 #3a gty AZEw ol ASS: 224 Az o
N =2 MSTNs, GDFlls,

¥

7S 4 F dAY (Fig. 3). Py-MSTNL &

BMP3 18 1 t}& TGF-B familyE3 = #Ae] #Zokom olx Py-MSTNO]

MSTN# GDF1l &3 v& TGF-BE¥ #£& 94 FHAAZTEH 714

sttt Azt E Tk GDE11Y MSTNE = TI5 02 #35ld o] F o {9
B

MSTNo| A F o] FH=e F 79 ZH9E 7134 He AS

_14_



Dm-MGLN

Py-MSTN

Rn-BMP3
Mn-BMP3

Hs-BMP3

Hs-MSTN
Mm-MSTN BI-MSTN

Mm-GDF 11 \Dm-MSTN1

R0-GDF11] 5 MsTh2
Ds-GDF 11

Fig. 3. Phylogenetic tree of the TGF-B family members based on the amino
acid sequence similarity.

The phylogenetic tree for TGF-B was generated using the neighbor-joining
method with the GeneDoc program. The distance along each branch represents
the unbiased unrooted evolutional distance. Genebank accesson numbers
1016016121, i|48314966, gi|6754752, gi|113912357, qil47825371, gi|14646885,
014646883, i|6649914, gi|47085753, @i|109480148, @i|6649923, gil8392993,

0i|27734166, ij4557371, gil4580679.
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3. Expression of Py-MSTN

Py-MSTNo] Z =z wdx= AL 3357 9o PCR s9dy

il

d = sfzhLel A W=k S E . o] A= Py-MSTNe] 7h2]n] <]
o5 A 2o BT AP S Ao siHEEn AR g ®
o7kl 4= MSTNeo] 2ddst= Zo= yewtt (Fig. 4). Real time
PCR ZA3 #z}rt} 238 ofrhnl oA Hj o)A MSTNeo| @& s+
Aoz veped], o] @4l ek A= &F o A 7173 §

O B A7 Zastt (Fig. 5). B8 At AL FToqe AL

i

T o ol A=A I qdo] FHHdoHY
Holm= F 7/ 71919 MSTN #3845 Eskst= o Fol o e 2 2d
Fdol tha th=n (Rescan, Jutel et al. 2001). ©]¢ol%= Py-MSTN

A AL FH T E A4S0 vlel At o] [/
ol A Py-MSTNS| @2l A 7] ol SlofA A g2l vl 2y AsiA
% 8.3t} (Vianello, Brazzoduro et al. 2003).

_16_



Adductor muscle
Digastive gland

Hantle

1
-

Teski=

41l

Fig. 4. Expression of Py-MSTN genes in various tissues.
Regular RT-PCR was carried out and amplicons were run on 2% agarose gel

for 20 min. The B-actin gene was used as a positive control (a).
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Py =LISTH

-
o= H
E‘ 5}
a2 4 P
c f
c_‘: B
2 [,
|:| / L I L " L [ L | |
ASdductar Isl antk Digagh @ Gl v ary Tagls
llusck Cland
Tiesua

Fig. 5. Real-time RT-PCR analysis of Py-MSTN mRNA. expression in different
tissues.

Each copy number out of 100ng of total RNA was measuredby constructing
the standard curves referring threshold (Ct) values of Py-MSTN. Tm values

were used to reconfirm each value.
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4. Modeling of Py-MSTN

Py-MSTN® mdse dHzl 3% Fx9 templateo 2 o] =&
Py-MSTN sequence? alignmente} 74 AdqFFHAT. tt3 Py-MSTN
sequence®} Tx9 FAo] ot AT dlo]ERH o] 2o A Stk 35
Ne] sequence o 107§ F+% (PDB ID codes lbmp, 3bmpA, les7a,
les7C, 11x5A, 1IxiA, lreuA, lrewA, lrewB and 1m4ul)”’} e-value A Z %
Py-MSTN sequence®] 40%& A3ttt ol5 75 o] %o vlusta
clusterdt g vt mtx 2o 2 alignment’} 7}% 23l sequence”’}t U A &
AA HHE7F £ 1bmp7t single template &= 218 & 2} o},

Py-MSTNe¢|  TGF-B family®t T L3 1725 7HA=A dolr 7] 95t
o} & Ay x A o MSTN thal 7|5 & o2 HAe bone morphogenic
protein-7 (1bmp) BMP79] 3% +x 283l njuwst o), oA A3
2 TGF-B2ol +zx9 29 finger® heelo] o] 325 o] At}

Zdol A2 MODELLERS =9 #H7F ®53 PROCHECK X zZ13lo=g
B7rer Atk oA gHE S A RES AHEEe Fad o Ed o
ol Y #x 7} 1bmp template2F M L3Fe] A A} Ramachandran plot
Py-MSTN %% bone morphogenic protein-72] 274 -+x<9 Py-MSTN
AAspetA A Aok wluste] Fabe] ZRIOHS o] &kl FASA
Py-MSTN +% R 99 Ramachandran plot &2 A3 7b4 £& 7k A
7= 88.6%, 7H e it A 102% = YERRT olE HUFE AA
wdo] Qe Row KAtk o A Py-MSTNE TGF-B family <]

A E Vs o® FAS 33k FE2E HA = Aow BE A

Py-MSTN-> Transforming growth factor B (TGF-£B)¢] 3s}i}el ©u) =
olt}. TGF-B superfamilyols %e& X-ray 24 +%7F A< F U9
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(Griffith, Keck et al. 1996; Allendorph, vale et al. 2006). ©] superfamily <}
FAFSHAl F - 3FE sequenced] CEE FELS Py-MSTN Rd 3l v 1ld}o]

22 foldg 7t (Fig. 6). 222 A7HA 2 845 7H2o finger 1,

[\

2] 3l heel. 7 finger-like7} T ¥ H2> 993 B-sheet F el 40

2ot} a-helixa F fingergs o2 202 $A gt}

fo

TGF-beta superfamily:= TGF-beta, activin (A|EF3= Z=%), BMP
(F8 A A4}, inhibin (3842 ol A FSH(follicle stimulating hormone

o FARFZT 2R ) E o)), growth/differentiation factor (GDF, A &

cystine-knot T (S-SZATte] & wiEAHH /A FR)ES AT,
dimergs 7 shaL
THH = 54 E 7HA L SdH

TGF-B superfamilyd ®IHE2 57 type I7} type II serine/threonine
kinase +87]° A% 285t AETHQ 7]5S APl Figure 7A0
A BMP-7¢] 71 4706, 5082 §folgto]E o} ettt TGF-
B syl Py-MSTN=2 A 8715 7HA = BMP-73% Hlud& o
F8717F A¥ste AR okF A AR E miFol Kol A NS

W Vs o2k ofF FALD VAol S Aol Az HEu (Fig. 7).
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Finger 1

A /

¥~ Finger 2

‘[Fmger 1

Finger 2

Fig. 6. Ribbon representation of 3D structures of (A) BMP-7 (PDB ID code
1bmp, template) and (B) Py-MSTN (target).

The B-sheets are displayed as arrows and the a-helix is represented as a tube.
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Fig. 7. Schematic drawing of the ligand-binding interface of BMP-7 to
ActRII-ECD (Activin  receptor type |l extracelular domain) (A) and

corresponding residues of Py-MSTN to BMP-7 (B).
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Py-MSTN9] o}vu] =4t sequence 49%7} 217Fe] myostatin (Hs-MSTN)
I 64% LA, Drosophila®l F 2 3 homolog 61%9} 42%%F A X l= A
Py-MSTNeo] 235 &2 homologhtt HFF&29 MSTNY ¢ 7|53
o2 frAbstrkE A S ou gkt

AEs 4 A3, Py-MSTNe| HFs&° MSTN# GDF11 18 i
TGF-Be] v& family®] AA14< Fejz vepytl

Bz mdg Ay Py-MSTNeo] TGF-B family 5 ¥/ <¢ BMP79 3
A 29 FAFEHA dERs o BMP7¥ Py-MSTNe =87 Asts
ofHl =4k Z717F FAbEkAl EEH O] UEEth. ol AARERFH
Py-MSTNe¢] TGF-B family=Z% 7]&sta 5o AAs zdd =A &
ogtts A S & 5 AAH A ZeHlE AL HE MIFFHFF
2o A 9] myostatin A AR dlek AFE MEE AA o) o] F =
O B2 d7E8 S 254489 =43 A7t rtsadoH

FE N9e Bool 34 488 & e Aoz vu
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Myostatin(GDF-8)& HF % & <& 23z 9 AFAy wds 7

ot
ol

]_

A AAfeltt, SEle Y FHFEE ZVeIN (Patinopecten yessoernsis)

rr

Bl myostatin A FA 2 (Py-MSTN)E £ 3}t Py-MSTNS 1
WRk olye} ofrtulo| Ak Wo] WHY = ZOoE YET. ofn 4t
Ao o5t Py-MSTNY ofn =4k sequence 49%7} €17+l myostatin

fru
e e

)

N

(Hs-MSTN)oll thslo] 64% AR st= W Drosopli/a® T2 3 homolog
61%0°l tlsto] 42%% A st= A2 YEST o] A3 = Py-MSTNO|

T4 3% 59 homologhtl HFE 59 MSTNY 7|s&oz ¢ AT}

rr

AE gujsteh, AF 4 w4 A, Py MSTNe| #HF5 59 MSTN¥
GDF11 Z8]a TGF-BY o £ familyd A2 <A FEd A=z YEy:
o 22 mds Az Py-MSTNeo] TGF-B family & 3kvh9l S

BMP7¢] 32 &9 FAFSHAL e o R, BMP73 Py-MSTNE| =8
71l Agtets obn Ak Z71 7 FAREHA BEH SR o2 e Y. o5

Rl
Jo

lo

AN ZHE 2= Py-MSTNeO] TGF-B family®] 3 T F= 7] ssta

S AR 24l A ddv= RS T

rH
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