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Abstract: Myostatin (MST) is the cytokine negatively regulated skeletal muscle growth factor, and the loss of
function caused by mutations is associated with increased skeletal muscle mass. The multiple sequence alignment of the
available MST ¢cDNA sequences and the related evolutionary analyses were performed; the quarternary structures of MST
homodimer and the MST: ActRIIB complex was built using homology modelling technique. The phylogenetic tree
revealed that there were four sub-families, i.e., mammalian MSTN, avian MSTN, and fish MSTN1, 2 in the MST gene
(MSTN) family. MST orthologous genes derived from different species had a high sequence identity, which were
probably caused by the purifying selection. Particularly, the high degree of conservation of C-terminal sequences of
mammalian and avian MST mature peptides suggested they shared the very similar structure, function and signal
transduction pathway. The analyses of electrostatic potential and hydrophobic amino acid distribution of the structural
models revealed that the electrostatic force and hydrophobic interaction played an important role in receptor recognition
by MST.
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(Zhu et al, 2004).
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Tab. 1 Sources of Myostatin cDNA and amino acid sequences

PFh Species ‘% F4 Common name cDNA ID £ 1477 %1 ID Protein sequence 1D
Meleagris gallopavo Turkey AF019625 AAB86692
Columba livia Pigeon AF440863 AAL35277
Coturnix chinensis Quail AF440864 AAL35278
Gallus gallus Chicken AY448007 AAR18244
Anser anser Goose AY448009 AAR18246
Anas platyrhynchos Duck AF440861 AAL35275
Macaca fascicularis Macaca AY055750 AAL17640
Equus caballus Horse ABO033541 BAB16046
Papio hamadryas Baboon AF019619 AAB86686
Ovis aries Ovine AF019622 AABB86689
Sus scrofa Swine AF019623 AABB86690
Rattus norvegicus Rat AF019624 AAB86691
Bos taurus Bovine AF019761 AAB81508
Lepus capensis swinhoei Rabbit AY169410 AANS87890
Canis familiaris Canis AY367768 AAR14343
Capra hircus Goat AY436347 AARI12161
Alopex lagopus Fox AY606017 AAT37502
Taurotragus derbianus Giant eland AY629304 AAT40568
Sylvicapra grimmia Duiker AY 629308 AAT40572
Antilocapra americana Pronghorn AY 629309 AAT40573
Mus musculus Mouse BC105674 AAI05675
Salmo salar Atlantic salmon la AJ344158 CAC51427

Atlantic salmon 1b AJ297267 CAC19541
Pan troglodytes Chimpanzee NM 001079919 ABR25254
Cervus elaphus xanthopygus Wapiti EF629535 NP_001073388
Homo sapiens Human NM_005259 NP_005250
Pseudobagrus fulvidraco Bagrid catfish DQ767966 ABH04961
Pseudosciaena crocea Croaker AY842933 AAW34054
Takifugu rubripes Fugu 1 AY445322 AAR88255
Fugu 2 AY445321 AAR88254
Oncorhynchus mykiss Rainbow trout 1 AF273035 AAK71707
Rainbow trout 2 AF273036 AAK71708
Rainbowtrout 2a DQ417326 ABD91702
sparus aurata Seabream 1 AF258448 AAKS53545
Seabream 2 AY046314 AAL05943
Umbrina cirrosa Umbrinal 1 AF316881 AAL26885
Umbrinal 2 AY059386 AAL27648
Morone chrysops White bass AF197194 AAK28707
Ameiurus catus White catfish AY540994 AAS48405
Morone americana White perch AF290911 AAK67984
Danio rerio Zabrafish 1 AF019626 AABB86693
Zabrafish 2 AY614000 AAT77805
Epinephelus coioides Grouper AY856860 AAW47740
Morone saxatilis Striped bass AF290910 AAK67983
Tilapia mossambica Tilapia AF197193 AAK28706
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R A AT RE R
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MSTN. i FHI S, AL MSTN cDNA 5 i K MSTN cDNA J7HIME A ML 3 LT IR
(8] 77 A IR 1 Ak T — AN ws (RS L, B 41.8%— HUARAE A (Jukes-Cantor Kimura 2-parameter Fil
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182 MSTN 1 [ Y5 98 L 45 K (44.5%—99.5%).  MCL distance, AMD), J& 41 P ) AR S H .

% 2 MSTN cDNA AR R 4HiE AMD (%)
Tab.2 Average MCL distance (AMD) within and between MSTN groups calculated from cDNA sequences (%)

W FL2E 2 (A B (A vl Ui IEEEN Ui B e LB AN EN
Within ammalia Within Aves Within fish Mammalia-Aves Mammalia-Fish Aves-Fish
AMD 0.147+0.016 0.093+0.015 0.591+0.052 0.346+0.044 1.103+0.124 1.177+0.136
22 HURSHR AR
K =AM J7ik——ML. MP I NJ i3 2.3 HIGEREE
WA FEFr P A E AR 3. BEBAE R PR dN 45 A% 7] SCHAR AL 21 AE R SCHO 3
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fho R MSTN 1 Z#l/*4: MSTN 1a FIMSTN b 2.4 MST Z4#4EMEESRMEFRE ST
P55 ZR AR DN, 1% 0 A MSTN 1/2 o Hor, MST 141 HES ) A K S 1 R 7, %2
UT il #1 (rainbow trout) MSTN HHLW k446 SOk Jy. suAk, Wi SCIRR S EE0 20 i & W) MST
——MSTN 1 52, MSTN la 5 1b. HHj, &My AFEDF BN R 55 R R T 86%, Mo
(1K Z Hf28 MSTN #/& MSTN 1 /1)1 R [R5k L RN T 93.8%. Kk, B HES UL
K. BE Lyt (zabrafish) MSTN 7L, JLLAP  ZWFLIH MST nf Ge B AT M LA = 4R 4544,
(tency-associated peptide region)&fifajls 5 — L f:4) AL TN MST —4E S5 MR ST HES) ) MST
TR DI AR AR 2 S, RO P #8281 MSTN 1) i,
AW PR A A A R ST IR (Kerr et al, 2005). i N MST 5 Activin A ZEEMR 72 H
DL, 128 MSTN W& M UhRE F =R 2RI 39.6%, MUIENR 57.7%, FHILLATE LMK 2. A
FELIE VP DT I0T, TkS 3= FAF FH ) o 1 s 4 4 22 S & MST =45 iR LK 3A. MST 25ttt 5
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Fig. 2 Amino acid residue sequence alignment between MST and activin A
Activin A ) G SR TRIERRFE S R U5, Horh i SR B A 23 59 o o R TEAN B- 47

The secondary structure elements are assigned according to the activin A crystal structure with arrows for -strands and rods for a-helices.

activin A AL L HE IR T TTIRZEE (RMSD)
4 0.135nm, 45T RMSD 4 0.343nm. & 3B &
T ZHEME RN ESE, RPEA L
R ZE A K, AR XA % 2 e A R .
Profiles-3D (& 4) il st &5 1 2 6 741 5 H =
YeabMARe A E, g R BRIk, Hrfd s
fH0 95.920 %AH KT A SEME AR B 44.53, BEAG
T 98.95. HT 181 & 189 {7 e FfeykHLAN
BER 7 B R i 22, A S5 RS A0 eIk, (H2,
VSR S AT T B B T LR B M X el
K] I 6 AR 8 4 A B 32 AN K. F Procheck

(Laskowski et al,1993) J5 111 5 13 1) Ramachan-
dran B IR, MR 89.6% 115k 1 ff VA A A
VR IX, 8.3%v& 7L HAMVF AT IX, 2.3% 7% AR ARV AT IX
DL g R BRA TR N MST 5k Bk Bt s
PR

MST - ZBAAFIY activin A 24K HAG KU1
“V BT =gigity, WA A B S
Horp B-#r 8 BB i, A RRS A 3 XK
AT B-HT S, 2 XK BT & S B N E  MST
L R A AT BE Y activin A 28481, B 38 104
M5 24K ActRUB TS A, B e X T e

3 MST kR
Fig. 3 Structural representation of human MST mature homodimer

A: MST MK =Bk = AR E R B: MST(ZL()5 N activin A (35(1) ) T & ARERE.
A: Ribbon representation of MST mature homodimer; B: Structural superposition of the MST model (red) and the activin A crystal structure (yellow).
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Profiles-3D45HI Profiles-3D score
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K 4 MST 451 Profiles-3D K
Fig. 4 Profiles-3D plots calculated from the human MST
3D-model as a function of residue number
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PUNFIAE I R ol 5 QAR o RIS AT 52 A4 1K)
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PEZ 2R AR 5 ActRIB 1 5 91 R e f rp e 25 4k 0%
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MST:ActRIIBE &4, T FFMSTf5 516 F i i .
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3 & i
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MSTN FIfa 2 2 445 DI MSTN 1. 2. Il 7%
071 Z #0856 I MSTN Ak o¢4s |5 915, %

ActRIIB
&

Kl 5 MST-ActRIIB & &¥45 B R K
Fig. 5 Structural model of the MST- ActRIIB complex

A: MST [ —Jpk GEED 52 70 F ActRIB - (B8 AHFEAE TR WIS E o S AR-BL R AR AR R R 5K 235K A CPK
JRTERLEIR, B ERSEE . B: MST 45 ActRUB AHF A A X R THE ¥ C: MST 15 ActRIIB AH A AE I X 37K 2

S oA

A: Complex structure shows the interaction of one MST molecule (blue) with two ActRIIB molecules (yellow). The hydrophobic residues
located at the interaction interface between MST and ActRIIB are indicated by CPK model with red color for ActRIIB and green color for MST,

respectively. B: Electrostatic surface potential distribution maps of the interaction interface. C: Distribution of hydrophobic residues at the

interaction interface, with residues from MST and ActRIIB colored in green and red, respectively.
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