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BERECLERBNFAENRZ A EHFA THER(KER sc-w fF iR & sc-s) £ 3" &
AWREER R T2 MEARMENE @0, NEREXNREEERS MARTFFHNE
1 31 4, & 1 Long-PCR 7t 45 40 &% Wi A LR & & E 4% W T A B 3R 45 A3 (Subfragment-1,S1)
WeKkEFRFTT RIS, AR HEN - REHMREERTF I, HXEREN, scw
Lsc-s &£ S WAT A M ER T 80.5% By RIF M. 5 B L MB W E & KEA (gel0) # 97.2%
W IR scs M 5 & b B A (gel) FF R (2e30) BR T 441 K 98.4% F197.1% W &
R, (KA W sc-w F1gcl0 £ SI WRAEM LRIV A ER T EREA B NMEERRK
AR, EF 15 NMBRTEARE, 2 SL KR F /- sh 8 M 0 & 8 3 loopl (5 ATP 45 &1 &
%) Fu loop2( 5 ML3h & B 4 &P H k) By A REAT R HL, so-w Fu gel0 A AR KB K
B AEOHOFTHEERARE T A S A CATAZAFEREZR BT TRANMREK
WEMZRTRIHWTIEETAARREE THRAKENNREE“ 2T HL " H ko 2 F
AAMWAMERS—F LR, EXFMEXFEEAENRE AR T AR LA msh by

o

KR & WREE; S1 4 ; cDNA W E; aXRFF

FES%ES:Q753; S 917

WIERE QRS RFETEEEMA RS E
EEMEH, ZEAHENNIRGEEONE
¥l b, EREEREEERE TANAKINLE
P UUBRE R 7 A A B B0 A B A B
LA S8 B RE B IR 1, gEF A HUR I “ 40 F
k"B BERRE A ST 2 N2 200
ku BT ER 4 2 20 ku RS E AN,
FANEHTISTH H ATPase 1E MM TR M
R ERR LR 4574 15, ( Subfragment-1, S1) F1.BA M
22T RE ) L TR B I & o-SUBRIEL 1 1
FRREMIR ™, S1 G54 B LA T DLk
JRE ARk fFE N 25.50 F120 ku 3 MR B, B4
K loopl # loop2 43 HI4i F 25 5 50 ku A B
150 520 ku i B ERE X, B4 515 ATP
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MEKERIRAD A

FLEIE HISS A R A X, e TRE H
“OFTE" Y,

EARIE, BERE L THAWIIRE &
TR IRE , I T RSB S W IERE B
HOBE PR R f A B9 R TRV R R4 A, L & T ALBR
BEAE“ZREFK 2K, AT, EALH
REHATFRE L RBIR MRS 8K, e
LT AR, B AR 3% 78 X5 BE DIl 4k ik ok £ 4
( Cyprinus carpio) BHNNIRE AHBIER T, B
FLERTE B0 D B 2 P A 4 S SR B8R F 7
WA 25, 5 Y4 B A 2 1 40 A5
EELERTR 1 2R 4% 9 = b R O 280 5 Bk 43 B A
B RBEiI S1 B ERFF X
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] 2 B B 22 57, LR ERAE S1 MBI ZhRk
[X 35, loopl #1loop2™ , 33 ,Morita™™ 338 T %
T ORI £ BB FR SR W85 ( Coryphaenoides yaquinae) |
g 5 5 ( Coryphaenoides armatus) 5V FpIE RS
£ 40 85 2% W) £ ( Coryphaenoides acrolepis) | JK W)
1% ( Coryphaenoides cinereus ) Z |8 JLERE H S1 EEE
RERTFIIH LTS R, B T A REH X,
BRBART 2N IBERZREN TR, RUXFHAR
SFHRENXIBTREEW TATARES&ET
B R LERE HThRE, 2004 4E L3k, RATRESEIR
ET TR E 9 AL = & ( Crenopharyngodon
idella) {IREE QN E 4 M TEUER BB KRB
SREETTERE—RERmT T 38
HEBEFUK P ERAFSRIER T UIBRE HEEE R T
R sEt 5 R A xR,

% ( Hypophthalmichthys molitrix ) 5 8B B 4
—HB T RERRKER, ARENRREAZ
—, B HEARE. SR, 2 TR AN E
BXig, 1k, RIEEMETREAFAFETH
BELIRER F7E ATPase {7 P A0 355 E 1 DL R BRI
T B B BB AT AE B
K FMEZFHENREN S 2B RAHIIREAE
SR THEIER, 45l A IRIEE (se-w) AR iR
B (sc-s) ™, R, XPIFHEEGET 3/ M
534 5 X A2 EFAE 4n S X B 3LV 4y 510 bp B9
HRRF. i, 7E RSB b, AR SGE
Long-PCR ™' 3 — 2 ¢ 4 7% 55 7 4 JULER & 14
S1 B85 [F TR K E R T MM F , It
ENEERNBRSSHBETRN | LA, 8
ERYIR BAFEZFEW R SENIBRE B ATPase {54
TR E MR A L 2 F P LA B H
T S1 KEBRFI|K 5T REN , BABLEME
PRI X AR ER B R TR R B R AT RE sk
HIRR

1 MRSk

1.1 SCH#

BE(/RE 730 g, MK 40 cm) R B _ B ¥ HH
XI5, T 2005 4F 8 A 12006 41 AE £
Y ETIBER B 5, 0 A B A FE 5L
BArs, &GS ES R E)E, Abtidahse, L
BOEEHAGERUIA L cm W7/ HBR
REFRS G, R T -80 TIkFERF A,

1.2 A RNA BEFNE —B% cDNA &8¢

B -80 CHRMMBENNA 0.4 g F 50 mL
BOE Y, LA Trizol 357 (100 mg: 1 mL)
(Invitrogen AR, K E) , AR H AW FEHLALH
2~3min; U1 mL #{BE T 1.5 mL E.LEH,
28 CT#E 5 min, HIA 0.2 mL & 45, 5k Bl iR %
15 5,28 CTFHE 2 ~3 min; R R EEHE.LHL
Bl 15 min(4 °C,11 900 x g) ; B EREREH
HBELES, A 0.5 mL RREE,28 CTHE
10 min, .0 10 min (&4 L) ; FLIEM 75% Z
BZ1 mL, B0 15 min (4 C,<7500 xg) ;57E E
HW, VISR L AR T4 30 min /5, 8% T
10 wL DEPC-H,0 1, —80 TR%,

% — Bk cDNA 14 B8 F Super RT Kit ( X
FRLEBIRHE AT, JER0) o 2 wL B RNALS uL AP
E 59 ( Adapter Primer) .2 wL ddH,0 JB%5],70
CHIE 10 min, 7K¥ 1 ~2 min; KA 4 pL
5 x First Strand Buffer.4 pL dNTP mixture (2. 5
mmol/L) .2 wL DTT(0.1 mol/L),42 TR 2
min, B0 A 1 pL Reverse Transcriptase ( RNase
H™) (200 U/L) {38 70 min;70 C{7iE 15 min.,
KBV 2518855 — & cDNA,

1.3 HzkZER S1 EsfF TR EER PCR 53

AL &M E 650 55 — B cDNA i
MR, A 2 3951953833 Long-PCR ¥ Xt 4 i 8L
REOEHLSKWAERKEST PCRY (A1),
EMEIY“MYH-F1” £% 3 fpa2fJlIRE AR F
THEIFER ) 5’ % fR 5F X 38 % 11 ( DDBJ/EMBL/
GenBank ; D89990 ,D89991 ,D89992 ) ; Fi~ &2 [ 5|
Pr“sc-wR” F1“ sc-sR” #i 4ff B &40 B K15 B KIR
Bl (sc-w) FIRRE (sc-s) BEALIRE HH G5 [/ TAY
FEE 3 w4 L WAL F BT X SRR
DNA 2 5 #it (% 1)™, Long-PCR f B &
ZWTF:5 pL %—f& cDNA,%& 5 uL 10 pmol/L
H1E [a] #01 K2 [6] 51 4. 2. 5 wL Long Taqg DNA
polymerase (5 U/pL) ( RREPR KA A, L
% ).10 pL 10 x Long-PCR Buffer,16 pL dNTP
Mixture , F JC B 7K ¥ S DL ¥ 78 2 100 wL, PCR
RPLARAANT 194 THAEM S min 94 THEH: 30
$.68 TRk 6 min 72 THEH 10 min, 7 i FLEAT
30 MEH, Y B REHFIIRE QRS
[FTHE 4K DNA HHEIR T, A UPFH 2K
DNA 58, R 5 X5 955t S1 BEHER 2K E
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HB By (B 1),5 X5 9¥5% 3 Fpag
WIBRE [ B 4% F TR 2 R AR <F KR (%
1), PCR fi % M A &M F:5 pL Long-PCR =
.44 pL 10 pmol/L [ IE [ FI R M 3| #1.1. 5
L Taq DNA polymerase(5 U/uL) ( KB4 95}
B!, IEEE) J10 pL 10 x Tag Buffer 8 pL dNTP
Mixture , Ffj JC 1 ACKF 2 B ¥ 78 2 100 wL, PCR
R E&MBA T 94 C AL 4 min, 94 C A5 4
30 8,55 ~58 CiB:k 1 min.72 C#EfH 1 min. 72 T
KA 5 min, T IEHAT 30 MER

NH, s1 | s2 LMM | COOH
MYH-F1l~ SSBS «tc—wR
MYH1 «sc—sR

]

4

E1 SENkEQ S1 EEEA PCR ¥ K KE
SL R EAEHRREWE; 2. WIREOEHIRSH
; LMM. RERURER.

Fig.1 Schematic representation of PCR amplification
for myosin S1 heavy chain gene from silver carp
S1. myosin heavy chain globular head domain ( subfragment-1).
S2. myosin heavy chain neck domain ( subfragment-2). LMM.

light meromyosin.

®1 MTPCRYENSIDEERFT
Tab.1 Nucleotide sequences of primers used

for PCR amplifications

5|#y primer FF% sequence
MYH-F1  5’-ATGGGAGATGGTGAAATGGAGTGTTTC-3’
sc-wR  5'-CTTCAGTAAATGCTCCTTTCAAGTTTTAA-3’
sc-sR 5'-AATGGACACAGAAAAACTCAACACAAGT-3’

MYH-R1 5'-GATCATCCATGCTGCATAACGCTC-3’
MYH-F2 5"-GACATGGCCATGATGACCCATCTC-3’
MYH-R2 5"-ATACGGATGACCATCCACAAGAAC-3’
MYH-F3 5'-TATCTGCTGGAGAAGTCCAGAGTG-3’
MYH-R3 5'-GATCCTTGTTCTTGTCCAGCCAGC-3’
MYH-F4 5'-GCTGAGGCCCACTTCTCCCTGGTG-3’
MYH-R4 5'-GCCAGCTTCTCATCTCGCATCTCC-3’
MYH-F5 5'-TGGACACACCAAGGTGTTCTTCAA-3’
MYH-R5 5'-GAAGCCATCTCCTCAGTCAGGTTC-3’
1.4 FF3I5#T

i5d PCR ¥ 3415269 H B89 v Br DNA 4l
BHE (RREYR AR, L5 gitk)5, 5
pBS-T Il Frki sk ik ( RARAEYRHL AR, L) #%
2:1 725 CTFH T, DNA #4084 10 min, %
WRRZ AN Topl0 J5 KL IR T & X-gal,

IPTG,100 pg/mL FFHFERW LB gk
1,37 THFSR; I AR %, Bl PCR &
HITEARL, B FARPE 3 S FHM TR, B b
BAETAYTRAR AR T DNAWF, XA
Chromas Version 1. 62 1 BioEdit Version 7. 0. 5
ST P R AT T o
1.5 ETFHEKER S1 Ef#S FREGMAE
it CLUSTAL W™ 5 Fh fJLER & 1 S1
BN RAERTY 5 H A& AL 304 5AE
FH#T 2 E WG , R MEGA version 3.1 3K
R G RFTRE LN, RI\ESEE
( Neighbor-joining method ) "*” ¥ & 9 4> F B G Wt
W, & 45 R B FE H 55 F{H (Bootstrap value)
fiit, BEWRECN 1000, ATHESTREMD
FHBE S1 FFFI40 T : ge10, gel ge30 A 10 T,
F ., 30 T # ( EU367966, EU367967.
EU367968) 1% s cc10. ccl, cc30 K 4# 10 T Hja].
30 C # ( D89990., D89991. D89992 )",
rockcodAl Bk 5 ( Notothenia coriiceps ) R%E AL
HINLERE 1 S1 B4E (A1243767) 17 5 scallop gk
VE Fi I ( Pecten maximus) JLERTE H S1 EH4E
( AF134172) ') rabbit B R IERE 1 S1 T4
(U32574) ,

2 4R

2.1 @EAERER S1 E#E TARERE cDNA 5

HE,#it Long-PCR B DY 3% 3 45 A% 5 1%
183 (sc-w) AR IRAY (sc-s) PIFPILIREE B E 55 [F
TEIFZY 6 000 bp 2K cDNA(KE 2), KT,
SHILABIRP 2K cDNA R, HH 5 359
( MYH-F1, MYH-Rl; MYH-F2, MYH-R2;
MYH-F3, MYHR3; MYH-F4, MYH-R4; MYH-
F5, MYH-R5) 204 #43 8]%& 5 4 cDNA &
(E 1) ,MYHI 4 342 ~348 bp MYH2 & 1 061 ~
1 070 bp . MYH3 & 1 003 bp .MYH4 & 617 ~623
bp MYHS5 %678 bp, XS MNEBMTELET
2499 ~2 502 bp W2 KUIBKEH S1 EEEHENH,
H DNA B3| 2 % 5% DDBJ/EMBL [ P&, sc-
w fl sc-s B ¥ 3] 5 4 B A GQ889366 FI
GQ889367, BHRFF|FIRMI LR BN
BEARIRAY (sc-w) 5HEIRA (sc-s) Z JA] B4 R IR A
$778.8% (F22) ;T sc-w 524 10 THI(gel0)
ZIR1EY [F) IR 5 38 96. 9% | 5 Hp [A) A (gl ) Al
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34 %

30 CHY (gc30) Z [a) 1Y [8) I8 4 MR Ky 79. 3% Fn
79.2% 3 $RT0 , B IR AL (sc-s) 5 gel 1 ge30 Z[h]
BT R FEEY:, 2518 98.2% f1 97.0% . H—
T, sc-w 5K R B A S1 4% (rockcodAl )
ZIE B T AR R [F] PR (83.8% ) o

|

23, 13kh =

9. 416kh
B. 357kh — S
4.316kh

E2 HmEEWMAIKEQSEERIEN
£4< DNA B Long-PCR 33
Fig.2 Long-PCR amplification of complete cDNAs

encoding two types of myosin heavy
chain isoform from silver carp

2,2 EEABKER S1 E#RE TR EHLER
5% sc-w Fll sc-s { S1 FH45 4 H i 834 F1 833
MNEERREAN, SEARK 3 MURED S1 &
SEAEML (B 3), Wik SI BN TFESHE
95268 194635, AT F IR RS R
5 ERET B AR SR A sew 5HE
gel0 Z 2y TRy IR (97. 2% ), i se-s 55
gl 1 gc30 2 [A) Y IR 1544 47 A = 34 98, 4%
97.1% (3% 2) ., HBREENE,c-w SEERE
KB 7K BRI B rockeod Al 2 [A]H £ Y [
#(86. 8% ), T sc-s WIS IR M HIFEFL 304 5 54
ZIA s 81. 2% R [E IR M. sc-w Fl gcl0 5 HE
FTEZEENIRER S| EHTRLSH LHE
A5 BANREBRRENTFAX(E 3, BAH
AE) , Hdh 15 ANREAEXT T HAl R TRE TR
THRE(RAARERES),

®2 SEHMIMZENKRES S1 EfF T2 DNA ZtHHSERF IR RYE

Tab.2 Identities of nucleotide and deduced amino acid sequences among the

myosin S1 heavy chain isoforms from silver carp and other animals

DNA 7 BHBRAMEER T RRE(%)
c identities of nucleotide and deduced amino acid sequences
cDNA clone
sc-§ gcl0? gel? gc30? rockcodA1® rabbit®
- 78.8¢ 96.9 79.3 79.2 83.8 76.6
(80.5)° (97.2) (81.0) (80.8) (86.8) (77.2)
sous 78.5 98.2 97.0 77.8 76.4
(80.4) (98.4) (97.1) (79.6) (81.2)

T so-w.sc-s REAMMENIRE L BRI THE,; gol0.gol 7 go30 A% 3 MEAYIREAESHFTE; rockeodAl RFRRHRE & IIRE
BESR T, rabbit REFANRBEABLEFRATE, a 3| A Tao £ b. 5| B Gauvry £!7); c. 3| § DDBJ/EMBL/GenBank

(U32574) ; d. BHBRFHRYE; e MEARFIRE.

Notes: sc-w and sc-s are the two types of myosin heavy chain isoform from silver carp. gcl0, gcl and gc30 are the three types of myosin heavy
chain isoform from grass carp; rockcodAl is Antarctic rockcod myosin heavy chain isoform; rabbit is Oryctolagus cuniculus myosin heavy chain
isoform; a. data from Tao et al. ['®]; b. data from Gauvry e al. [¥1; c. data from the DDBJ/EMBL/GenBank database accession number

U32574; d. nucleotide identity; e. amino acid identity.

2.3 EEEBREA S1 EfE R A REK loopl Fa
loop2 By SE B AR LB

UIERE B S1 B4k S ARk RS T2 R Y
3 4N Bt (25.50.,20 ku) S HILA T HEZR R (B 3) 6
FEHE 25 #0150 ku B B i X 7R 25 ) 45 # b TR
B— AN EHF loopl , E4BIE ATP 25401 &, 72
RIRHHEAF 7 — BB B- I B AWM R ERST
HEERRFFY , i, BE 3 WL, B SR
177 ~199 WIRE K IR B R T B E NGRS, LR
EURKGHEESRNESHEARDY
GESGAGKT 3!, il B A s, 4
AT RILKRERESEH EER T SUSEAS
AHIALE T Hrp U E R 50 F120 ku A Br i

KBERTAENEERT R, HESHERM
AR , X IR N FRE3F loop2,

Bl 4 B T 8 A BERIEL R R RIIRE
H S1 FE4E W loopl Al loop2 Ky & EEBRA B A
Bt loopl i ,sc-w 5 gel0 BoR T & i [F I8,
HEMNZERREN EET 2 A F ; sc-s M5 gl
N gc30 AR 2RI AERAR, HEH 3 4
JREERFRE, H sc-w 1 gcl0 MRS, &FIE
ZIRIZE loop2 WA EBMFRME LB LB AT 5
loopl FMIMFEHE . NZEEZ, Fik loopl X E
loop2 , ¥ 7~ T BER 8 25 F IR IR 2L A = iR 24 23 5l
5 AR A & A R SR BORE B & R BR A A
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SCW
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gcdl

A
It 25 ku

SCoW

SC-S

gclid

zcl

g3
TockcodAl
Tahbit
SC—W
505
gcli

ecl

go il
rockcodil
rabhit
sC—W

2e 10

EC

gcl

g3
rockoodil
rabhit
SCf

508

ecld

ecl

gl
Tockcodil
Tabhit

SCW
S¢—S

t

a0 ku

[FIT A I R A T Y

<
£
g
<
s
s
E3

rahbit

SCR
S¢S

gel

gcdll
rockoodAl
rabbit

sCoW
S-S
gclh

gcl

gcii
rockoodil
rabhit

SCW
S¢—S

20 ka

rahbit
SC—W
SC—5
gl
gcl

gcin
rozkcodd l
rabbit

B3 S5HMzWZENKRER S1 BHERE TRHHIREMLLE
REFR G se-w HRAINEERERE 3 MrERT S| ERRRELBKEN 3 Mh &R BEMAZERS sc-w M gel0 RERFELR
MEERRE ; B ST RTPEREN L REABERR ATP 5L R LK ER 8- T RS HRRT X 4 > TURKERR
SN EASEHALL
Fig.3 Comparison in the primary structures among the myosin S1 heavy chain isoforms
from silver carp and other animals

Amino acids identical to those of sc-w S1 heavy chain are shown by dots. The three fragments produced by tryptic digestion of S1 heavy
chain are boxed. Mutational residue sites relative to sc-w and gcl0 are shaded in dark. Stars represent the conserved residues. A highly
conserved region connecting B-sheets that surround the ATP-binding pocket is shaded in gray. The four major contact regions interacting

with actin are underlined.
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A

— - + 4
SC—W VIQYFATVAVSGGGDKKKEAS - -KIKGSLE
- +
sc-s ... R 5. - W = - 8 o R
[ENERT. + 4
gcl0 L)l “E. .Gl
- +
gel ... ...caMs .. .A.BvEs 1
- +
ged0 L ...cams . -[. A fvge
+ - 4
rockcodAl ... |.. 1s...f—.rD..-——-
. e +
rabbit ... .| ..I..T.D-K..E..TSG.M(.T..
B
—— 4t 1)
SC—W SSNKLLASLYJAVVEDTTKKGGKK- -~ ~KGGSMOTY
+ - - +4
sc—s ..L.V..F..[ATHGAAE-EG....|-KK....F...
o+
gecl0 ... 1 Ao
+ +4
gel -.L.V..F. |ATHGAAE-EG.... -KK....F...
+ - =+
gc30 ..L.V..F..VIHGAAEREG....|-KK....F...
— o+
rockcodAl ..v...cn. [J.. .ErG...... F—
- -+
rabbit _AM.T..F.HTGTAAAEREG. . ..JGGKK..S.F

E4 SEEHAMZ#ZE loopl(A)F
loop2 (B) R igi iy S EEL A A b 52
REFRE se-w HANEZEREE; KIERS S1 BEFENT
AREH K /DI ERRIEER; “ + " 80 - "R BH
HRERRE .

Fig.4 Comparisons in the amino acid composition
around loop 1(A) and loop 2(B) regions
between silver carp and other animals
Amino acids identical to those of sc-w S1 heavy chain are shown
by dots. Big boxes represent two surface loops of S1 heavy
chain. Small boxes represent proline. “ +” and “ —” represent

amino acids with charge.

2.4 HFERGHIH

ETUNRED S1 EHNIAERITFIIHER
AT REN EFZEW R STHBR, KBTI MER
94% s FEFE — PR X P, sc-s, gel, ge30 F ec30
BT — KA, BN ZAEENEEERE,
sc-s R B FHBHE™ gcl M ge30 RATF 30 T
Y4k By 24U cc30 WISk A F 30 T YL
) s 52 e i AR B /NG B ce10 A ocl ZH AR,
P 10 T B4k i b ol UL AP 43 85 2R 78 1)
(E5), ZEBEZA KRG,k B TAFEEM 10
TYMLE AR sc-w 1 gc10 DL BB K gtk IS
B rockcodAl HE T —4, ZHEMZ R M EH
FEEEE, ENSEFESIYEN—ETET 5
AN R R BB HEHE Bk, X5 E R
94 % |

3 g

SR AT T SR ULERE B S1 A
Al TR RIS 14 , -5 B Rk 28 oK PRy

sSc—S

rockcodAl

HS ETFSEMEMHIWONKRES S1 EESER
FIMZH ST RER
Fig.5 Phylogenetic analysis based on the
amino acid sequences of S1 heavy chain
from silver carp and other animals

YKL B9 A 5% S1 [F TRIHEAT T e
Bo GRBR K BIKIENE B IR HRK A IR
F A S1 BHEF TR Z RILRAE BN IREH
(E3.322),H 8 sc-w 5E A gel0 MEER
YRR, B 5 a4 0 H e R TR B
KL Z =T R R EER (EF5),
XAER R A ¥E— 2B i sc-w Fil gel0 7£ S1 &
HERY 43 MEERRE LA RINESR, EE
Hep 15 M RRTFHMREN S, Z—FH,kE
FREEMEFRENRKENRES S1 BEEFT
B2 R SR B EEER, LRTRSRUTE
IE T B TR ARHNIRE A S1 Hif
BRI 59 5 P i £ AR A YR B T 2B 4K, T T AF
AT B A FIAELRE F BT RaE
ARPTR A, HANIRE A 2 F DR TIREM
S1E#ESH ATP MBS A N A, 5XH
A A FESEH S loopl Fl loop2 BN 3R ; AR
PRI S1 BHEFH NI EERAR ERAH
U R R R R, Sk AR
T 3 A EREY (sc-s.gel, ge30) [ loopl LI ok
HRARK loopl X I 4 B L 3R L6 K 1R 2 19
loopl £ 1 -6 ~3%%, HAi 3 MHEBERHETHE 3
AMEEBRE R, HAIEEK sc-w Al gel0 WA
(B 4-A), Gauvry %" 815 3 loopl Ky J&F
F T ATP 454, MIAF7ET loopl Hi¥ il &R
HRE5 ATP KIFRBEAR K, BRI T loopl B
e, XHE, T RAACKHIRIR ALY sc-w 1 gcl0,
EZ Ttk 81 loopl i Z HF8 & KT
YRR, U — R RN R R
78 ATPase FyZhfE, &k loop2 M & , i TR E R
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M ERRER R ERTH, ERE 5T
T A A 45 I B0 AR R R R A AR
B, BARASCH BTA S1 E4E R TR A loop2
FEEMBRERIRE A TRTFHBERERRE,H
R RS T R bl 151 N2 5 - S LR i s
BRTAFE(E 4-B), Hirayama %™ H] fjf 10
THI(ccl0) 130 THI(ec30) ULBRFEH S1 HéE
loop2 f) 4 15 ¥ 3| 55 % 2 W # B ( Dictyostelium
discoideum ) I IR E X H M E T A E A K
DNA, H#47 T %R S TFHRAEAND)
REIEEHA T loop2 IR R ZS M T A3 &
S RINIERE F Mg’ * -ATPase &,

R A2 R B %38 IR T
BEERTE 1 Ca’" -ATPase i etk 5 iR
BUZEERR, XA TEERHEMNIREA
Ca’* -ATPase FI#RAS M R ¥ 8 (Ky) WEB KT
P& B8589 s Mesh, B id ¥ 5 B RT-PCR 8,
TEHAT se-w EEAEMK LEBHHEIHN FHRE,
i so-s M EBAER W BN PRI,
UL, ARG FEF R UIBRE H S1 BEETIRGH
B LB ARAT 45 SR 7T LA B - AR R AT B3R R R
AP RBONIRE A S1 o R TRAR
FERBE LW EER  AREEHARZETR
B B VR RR AL AR R L 40 A b R A AR R T
BEXHMIGR I B R K R R E A8« 0 F
OR"ThREE TIE W REBMEN, EM\B R T A
PGB FFFER B X R A & A AR
dd:-2 R

SE k-
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cDNA cloning and structural analysis of the globular head for
myosin heavy chain from silver carp ( Hypophthalmichthys molitrix )

LIU Zhao-jing', TAO Yan'* , WANG Ling-jun', DANG Jing' , FUKUSHIMA Hideto®
(1. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China;
2. Graduate School of Agricultural and Life Sciences, The University of Tokyo, Tokyo 113 —8657, Japan)

Abstract; In the previous study, we reported that two types of myosin heavy chain isoform genes were
isolated from fast skeletal muscles of silver carp ( Hypophthalmichthys molitrix) acclimatized in winter and
summer, and named the low temperature-type( sc-w) and the high temperature-type( sc-s) , respectively. In
this study, two gene-specific reverse primers were designed according to the striking differences in the
nucleotide sequences of 3'-terminals between the two types of silver carp myosin heavy chain isoform, and a
forward primer was designed with reference to conserved nucleotide sequences in 5'-terminal of cyprinidae.
Long-PCR was performed to amplify the complete cDNAs encoding myosin subfragment-1 ( S1) heavy
chains for the two types of isoform. DNA sequencing of both strands was carried out, and the amino acid
sequences for the two types of myosin S1 heavy chain were deduced. The results showed that the primary
structure of myosin S1 heavy chain produced 80. 5% identity between sc-w and sc-s. Whereas a high
sequence identity of 97.2% was found between sc-w and gcl10, which was reported to be isolated from 10
C-acclimated grass carp. In contrast, the amino acid sequence of S1 heavy chain for sc-s revealed much
higher identity to those of gcI(98.4% ) and gc30(97. 1% ), which were isolated from 30 “C-acclimated
grass carp. Compared with the other myosin S1 heavy chain isoforms, isoform-specific differences for sc-w
and gcl0 were clearly observed in 43 amino acid residues. Furthermore, among these amino acid mutations,
15 mutations occurred at the conserved residue sites. Additionally, sc-w and gclO0 showed striking
differences compared with the other S1 heavy chain isoforms in the two surface loops, loop 1 located near
the ATP-binding domain and loop 2, which is one of the actin binding domains, suggesting that the changes
in the flexibility of two surface loops were caused by modulations in length, amino acid composition and
charge can play an important role in adaptation of motor function to low environmental temperature.
Phylogenetic analysis further demonstrated the effects of environmental temperature on genomic divergence
and functional evolution of fish myosin isoforms.

Key words; silver carp ( Hypophthalmichthys molitrix) ; myosin; S1 heavy chain; cDNA cloning; amino
acid sequence
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