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3. AUANBAZNIFAANVEA crude NS angM@IMhdaminaual

3.1 anhgimineuson1sis NlRATENeI crude NIIUTNGNITILA

QUUIN crude N wmaAngmiliuauaamnens sy ldgagaion 40 (314 19) 1ieann

[+

Wamsnanpsfigaugiigandy 40 ‘w iAanuuidssninnanaznouveslsAuly  crude
ol Fai 1M Auorescent intensity g1 damhI¥Ranamsdsaulumsia dafuss
swnufisslugregungdl 25-40 o winiu qumgiiiinzaudenssafAsmuemstuang-
milmausgnilutatiia dutat red sea bream pglus 40-60 o A HANMTINE T

UTANT NINUBUU I TUYTUUAAIRINBNTINYIGAT 25 LAY 40 °F (Kumazawa ct al,, 1997)
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wsmmqmﬁma‘luﬁ?ﬁ’wﬂmmwumuﬁmﬁmn‘smqqqﬂﬁﬁtmﬂ 7.5 (317 20) n310a-
ﬂgmﬁmﬁﬁ*ﬁ11J?qﬂ§’mnﬂﬁ’1m1'faﬂmﬂa RIS NTIgATOY 70  (Woratao and
Yongsawatdigul, 2005) lf}ﬂﬁmsmwmaauﬂmfﬁﬂmﬁ)ﬁ%niiuﬂimﬁﬂqmﬁmﬁ (gﬂﬁ 21) WUN
mm’dnqmﬁmﬁ?m‘iﬁﬁ'nﬁﬁ‘lumu"lmﬁﬁﬁmmiuﬂmc‘l}uu“lunm’:"qﬂﬁﬁ?m oulmihiuan
fenssuluannzfibifunador  Fuiludovazdimzvomsmangmiaaindaiiiinszgn

a o He T a = 4 5 o L g
U uﬂﬂ%'lﬂﬁﬂ’l]‘]'lﬂ%ﬂ‘iiuuﬂ'l’q’i‘lluﬂ1H5$ﬂUﬂ1ilW1Jltﬂﬂl“§UiJ lﬁ'aaﬁnn?.uixuu crude
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1 ¥
Tuard duszdviitmnzaudenisisafanssuves cude nsmangniliuaainmidig

sl 2

Specific activity
(nmol/min/mg protein)
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fonssuvousu lainswangmiliuamsdumuszauanududuves  DTT ey
P ¥ 9 L) & n’: = Y A o 3 = d’?’ ]
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flunumluniss nlfisees lildineeenFindusunus  oulsifedimuisauaaifonssuld
3 . da o
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3.3 Activity staining -
4 ¥4 o -2 4w '
msiSoamineldnduuasdansilrlsian (UV) uanidanisdoudiusznizg DMC uag
- a o A = a4 & a
MDC Tageuladinsuangmiiua  FaezwumsidoweasiinouTlstudadivinaninlana
a a0 P o § & o =

Uszana 78 1ng 189 Nlaaadu (U 24) waa luanavemauangmiiuaniuigns
ninndwifferar Tufimlszam 8o Alamadu (Kishi et al, 1991) uaz9InvosUIesHT|uil
' = Y ) P i o = = a
Anlszanal 84 uagso Alaniady (Kumazawa et al., 1997) Tuvazfiou lwiivuSgninnlaiia
flyura 85 Alan1adu (Woratao and Yongsawatdigul, 2005) 64 lumeiisisnuiaeulaimsu-

4 ) t
angmilluavindiode (tissue TGase) Allvualnafie 189 Alamadu wnou
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— 189 kDa
—> 78 kDa

Alfa BSA CEA Carb Fw FWF

- v 1
o o+

s 24 suliwvlisauvenidransedl 1 Taen153n5124 Native-PAGE (8.0 % polyacrylamide)
Alfa=0l-lactalbumin standard, BSA=bovine serum albumin standard, CEA=chicken
egg albumin standard, Carb=carbonic anhydrase standard, FW=11819a591 1, FWF=

dansan 1 melanaidansiialeen

3.4 maandwTysiulay crude vauangmiiiiue
wumsdendwasslUsfudayduenis  @sa)  Iaennumnggdmeaninihdiedan
4 o i o
n3wuas fovuh 25 % Wunar 6 2Tua (gUfi 25) TevsziumuduveaunuTlsAuday-
S v a a o oda ' ' ] ' ]
funindifilaniaaaas wazifauouTlsfunialuanaunalvy  sdelsinnlununisides
; a o Y o ‘ﬂ a o & A fa ¢ o
drnvesTilsAudayiuidotuh 40 % Munm 30 A Asdtowiiiessinou luiledesnindn
[»] [ d‘ .:iww 1 1 1 £y Lny d' Ey r-1 ul:
40 3 fegilii 23¢ wenvIndidanudi crude oulal i wsos nl§AsvImsiFoudw lunduri
N 25 Az 40 %o WARINANILAAITIINIUNIZINIZS (substrate specificity) ADHITAIAUUDA
rd 1 Py i o o = =4
oyl T5wawimswangmidmeitwigniondatoauniveany (porcine erythocyte)

1 oy oy A ~ =1 U = = o La
sl §isnmadondw lusaumduldandiTdsaulysfudayiin (de-Tong et al., 2001).
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4. uauiAvemnuangmiianndamsiguns

4.1 MIMuIgninIuangnIliug

mﬂmsﬁnuuﬁrﬂaﬁ’uwnﬁanimwﬂuﬁnqmﬁmﬁ“luﬁuqaﬂ'iﬂunf’hmifa fsand
Tavl4mailn ion exchange 1A gel filtration chromatography "lfuﬂﬂuﬂ“liﬁW‘}_J?’cjﬂ‘E(ﬂ‘i”luﬁﬂQﬂW-
Gualudvuandldfesgi 26 aufiu189m51¥ Ca hydroxyapatite dutunouftaunsadisa
Tusauldetafitsz@ninm (s 2) UszyavvedlsauvzfuduuaaFenuuaIng (media)
Fallsuezaunsognazoon (elute) Tasmavarududuvosdoama (Karlsson et al., 1998)

L4 . P ¥ o o = = o
nntuasun shuSanin v lunsineil  awsodwSqninsuangmiiasiadinlszana

43 111 waz 14 activity yield Uszanu 7.4%
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Sephacryl S-200 (b), Ca hydroxyapatite (c)

TGase activity (U/mL)
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M990 2 Yupeumaiisgninnuangmiltvanndudamnanag

Step Total activity Specific activity Fold Yield (%)
(U) {U/mg)
Crude 61221 45.5 1 100
DEAE-Sephacel 1940.9 96.3 2.1 31.7
Sephacryl §-200 614.0 198.1 4.4 10.0
Ca hydroxyapatite 451.0 1960.9 431 7.4

m31adl 3 dumeumshwignEnnuangmiivannndifedamsieua

Step Total activity Specific activity Fold Yield (%)
w (U/mg)
Crude 1381.5 1.3 1 100
DEAE-Sephacel 134.4 4.1 32 9.7
Sephacryl S-200 53.4 83 6.6 39
Ca hydroxyapatite 45.5 47.4 37.6 i3

-1

Q’: ar o =y n" oy 1 -4 1
deldvuaswdernulumshiuigninsuangmimanndmyesgdie wudnaw
-] ] [ . - <
UVIGNEIWNYU 37 1M lﬁﬁzvlﬂ yield activity szanm 3.3% (A1 19N 3) Tas chromatogram ‘Vlvlélli]'lﬂ
a P . a_ & & 1 )
Msuonuana1daagin 27 Ca hydroxyapatite eusaiuSgnieuladldodaiilsz@ntnm
Wudatuludn  wiu'lén yield aanineud1aINAaIHIM DEAE-Sephacel (131901 3)
n’: -: A Qs 1 L3 = o 8 =
Mafienileann u3sy (load) @981 crude toulmimAuANTINTaluMTIUTA TS AY
(binding capacity) UBanRdml  SuiamsgydoAenssuvenoulmiluseniumsussydiotn
] ! . .. = - ] [} [y [
veifiu 1 Specific activity 4849 crude nsmengmiiualunduniiodosniludiuvesduni
t ° e o Y -4
40 M1 Worratao and Yongsawatdigu! (2005) ¥uignsou lminsuangmiiuasinnduniioran

ualasldmaiia ion exchange (DEAE-Sephacel), gel filtration (Sephacryl-5200), affinity
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chromatography (HiTrap Heparin) Tﬂuwuiwmmn?q'ﬂ?%Jmmutlvﬁﬁxﬁnﬁuﬂszmm 70 ey 14
WananUszanm 13% 18N9NT Nozawa et al (20012) ﬁm?qwﬁ{mmaﬂqmﬁmﬁmﬂ squid gill
narldnnuuSanamudulseina 141 i dumahuigninswangmiliuanin wouad
(scallop) fuﬁmmu?qﬂ%’iﬁuﬁu 101.9 1911 (Nozawa et al., 2001b) ‘lumm:ﬁmmaﬂgmﬁmmm

red sea bream ﬁmmu?q‘nﬁﬁmﬁu 195 1911 (Yasueda et al., 1994)

=1

mmimimﬁnqw1ﬁmﬁﬁﬁm?qw§<"lﬁmﬂnﬁ’mxﬁauﬁmﬂ:ﬁ activity staining WULOU
FoueIlNAvINMISFoNd 1NTE I MDC 1az DMC A93UR 28a uaztloWa1507 native-PAGE
= P = & o =
fifloudat Coomassie blue (3UH 28b) szwuunuTsau 1 wou FareandesdunauiiEoues
v & | ' oo ' S &  Apyd = 2 w
daiuorenand Iduou TdsAufinumuineilueu lmifihusgn 1dddivuaiss Alasadu
& ¥ o A :: 1Y P 4 R ' ¥ o'y
Falndfoaruinulnhde GUf 240 wenvindl Wuiihdunndlu crude 1oulanfliounis
A Ao = o a r fa o = A“ly a [ d
Foudangaeudn 1 uoudiivaa lmagaanniwen et 1d (Uh 282) ad19]lsew
upunsFoamedndd lilsng ludtoowdildain - DEAE  wannmsdms1evidiy  activity
Ed [
staining 1NF 109N TIHENgMTmaInnT 1 wilalu crude o laifada ldvindamaiuing

a e =] = o ° ¥ o o a 4
Taomsuangnilimaniivae luanudnahileniiadosnmdddinundanniiuignidae

(b)

138 kDa==>

C DEAE CaHP CaHP DEAE C

U 28 Native-PAGE voamsuangmiiannndisniodainsisuaslasnisdonuuy
activity staining (a) 18z protein staining (b) C=crude enzyme, DEAE= pooled fractions

after DEAE, CaHP=pooled fractions after Ca-hydroxyapatite
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DEAE w3001 higunsesudu DEAE lAuazvgalilusenditamsdie (washing) aasdnuiia

o = =1 o o o = oy = Ve
f]ﬂlﬂﬂﬂmzﬂw‘]ﬂlﬂljllﬁﬁﬂ'l‘iﬂ'l'lﬁ?Iﬂﬁﬂi'I'Hﬁﬂﬂ"‘l’l'lmuﬁﬂull'.lﬁiﬂlﬁfjﬁ‘i’llﬁﬂﬂ'ﬂuﬂE)ul.‘lJ

42 AUANHULNITUANYOINTIUANGNITIUY

1 »

ganpinmnzandmiunas wWisomemauangmiliuaninduuaznduilotm

- o = o = A 0w = o A 4
NHUAIAD 50 ¥ (3UN 29ab) mImwTgniannsadalilshuriinduoen Fwaeilgninig
anaznouigampigelusmziivinsinnzddalu crude oulal GUR 23) Aenssunsuang-
miiiuagembnlSinasvindnlageninnnduniie  noumagmilivesinnduniledaiia
uerRanens sugaga Tug 1 37-50 %o Tusazinuangmiiuanindulal red sea beam @150
L a0 L] A 1 i ] 4 @
s 1dgalugae 55-60 O (Yasueda et al, 1994) Failugaahgandiiildsndudamse
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[l
a el 1

o ' 3 & ey ]
25 uaz 40 “of (Kumazawa et al., 1997) 3z [a 719 ninmingaudomas al§ns nozuanas

o
¥

Aummmasveuoulal nswangmilmaiadavinda i lwafoudou isuilariia damsw

uas guuginminzavdomasalfasoifivua MWueglusriidoudags Tuvazieoulmihada

¥ "
~

(Y e LY : = oA ] 1 Ana [ '
vinda oo luueminiu gungifimuzaudonsiswgnsmezeglus 25 O
fieynimnzavdemsisnljisvemsuangmilivannduuazndnilefe 7.5 uay
a ar d' é ] ] .d' 9 = ar ] = A“d‘ o \
8.5 awdey (3UN 30ab) Feeglurrsnlndfusdumsmangmiivausgnifiadaldoinuvas
1 [ 4 v 1 [] » ‘ N
u wuiada ldninndwtliedaiataesfivuizaun 7.5 uazh lanndanihwiiaduliam
8-9.5 (Yasueda et al., 1994; Kumazawa, et al., 1996; Kumazawa et al., 1997; Nozawa et al., 1997,

Nozawa et al., 2001b)
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ey lmindiuigni ldviniiduuaznddevenlamssueauiuioulaifdosnis

~ 1 aaa P 14 = o« =) 9 - ]
unadenlumssalfisn  luamdhilivnadoy  wu'lwiaasifenssudonnnnioly
musansivialdias (IR 31ab) nsmaagmiimanndudriudesdiunafoneiaiosiiaa 1
a A « < A Y ' ana v W = = ¥ A a o«
fiadTuas (317 312) e lWansns §ase anududuvoma@oniinnnnit 1 Jadluats
= & o & d 9 A P A aa
iwamufonssuvousu lsiisuantive Tuvngimsangmiiuaninnduudelinangsy

P Y] - a A & a I T
fHUIUATUA NN LI UV DILRNDLTON (E'IJTI 31b) liﬁxfIQf,(ﬂﬂ 6 Nﬂﬁiuﬂ’li AN TUTINE A

-
= o

o o v ama = P o =y & G o
mmum‘smﬂgnsuwmmﬂuﬂﬂqmmuﬁmmmammﬂﬂmuaﬁ‘a 1.25 Hada luais (Worratao

and Yongsawatdigul, 2005) @unsuangmimanaineindilan red sea beam MoguWsYy oy
lﬂfﬁﬁ {scallop) uazaulan Alaska pollock fio 0.5 25 10Uz 3 ﬁaﬁTumi’ ANAINY {Kumazawa

etal., 1996, 1997; Nozawa et al., 2001b; Yasueda et al., 1994)
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DTT lifinadefanssuvamsmangmilianindudagii 322 Tuvaiziinenssuvos
mmﬂnqmﬁmr{mnﬂm‘nswumaﬁuﬁumuﬂﬂmﬁTm’fumN DTT il 8 fiad Tuan§ (1 320)
UNUMYDI DTT AoRunssuvoansuangmiiiuaionstiostumsifnesndinduvesngu sH
vinensaveueulyl  wnuangmilivaninundenieg  aduauswenududuves DTT
Ay ﬁﬂnisuﬂuaqmmanqmﬁmmmﬂawﬁa“laji'fuﬁ'nﬂ%’mm DTT (Worratao  and
Yongsawatdigul, 2005) éu‘fluﬁnymmﬁmﬁwimﬁnqmﬁmmm limulus hemocyte (Tachypleus
tridentatus) (Tokunaga et al., 1993) 1ummzﬁws1uﬁﬂgm 1ﬁmﬂmmﬁﬂﬁn"hiﬂm {chorion) rainbow
trout Henssuiviudonimududunes B-mercaptocthanol {RUAU (Ha and Tuchi, 1997) 39 B-

mercaptoethanol fiumumigu@erdu DTT Aaduenssaag (reducing agent)
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& o me y 4 & =
eulmimsuasgniiuasinduiifensivasauifonnududuves Nacl ivdu  (§UR
d' .{::l o = a( 9/ df £ o n' J U af 9
33a)  Tusmeieulsifinusqni dnnndwilodalifvns suniuaumanududuves
NaCl (307 33b)  dlufhdungiuenlanininauazunainevauepsedt Nact dndulag
4 o a o A ¢ A4 A A ¥ ¥
fuds  wawangmifiwanimlmilaguiludanidaiifenssvasauiionndudures Naci

(U (Worratao and Yongsawatdigul, 2005) adwduma# laninautamsiouss  Taefianssy
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Lﬁ"aﬁmstumaeum"laaauﬂ'aﬁaﬂﬁmmmmﬁﬂqmﬁmmmv%aﬁmmxnﬁ'mn‘fa WU
Mn, Cu”, Co”', uaz Fe’' ﬁwaﬁugﬁﬂﬂﬁuﬂmmﬂuﬂﬂqmﬁmﬁv‘%& 2 Tewanugel dw zn'
mmsnﬁ'uﬁymsmﬁngmﬁmmmﬁ’ﬂﬁmaﬂ"m (50%) ua:ﬁué”qﬁﬂmmmmﬂﬂqmﬁmﬁmn
ﬂc’i’WLfﬂ‘IﬂﬂﬁW;ﬂf 39 4) o uay Zn” Hamusumy (affinity) #onay SH fusou
active site voaowlal (Nozawa et al,, 1997) Sedarnluntsdusefons NIUANIMITIUAIN
dufinoumumiude o™ qandueulanfnnnduide daw Ba, Mg® Fufiulaaulesey
ﬂq'm?mﬁ'uuﬂmc'i'muﬁwaﬁ'ugqﬁﬂnﬁmmmu"lcnﬁmnﬁza 2 umas (M3 4 Tav B2 Ska
fudmswangminmennduniloninndmindy luvueh s Tronszduinssuveaniu-
angmiianIndy uw’ﬁwaﬁué‘?qﬁﬂﬂsswﬂ:m51uﬂﬂqw1ﬁmﬁmnnﬁ’mu’fﬂmﬁuu§n{ nanssu
f-ummmﬂﬂq‘n1ﬁtuaﬁﬁ1n?qw§mﬂﬂa1 red sea bream AZVINAUYAT Alaska pollock 13ign
asznylay Sr {(Kumazawa et al., 1996; Yasueda et al., 1994) 11&'!131:1?; st finaaAnINTs LYY
nymangmidianiniariiauaztarTu (Worratao and Yongsawatdigul, 2005; Kishi et al., 1991)

Ed ¥
waved levauriimsmangmianndruvesnduiiauarduoiuiiy isozyme

M 4 woveslessudenanssumnuangmisiug

Ions Remaining activity (%)
Muscle Liver
Fe'' 0 0
cu”’ 0 0
24 -
Mn 0 37
Co™* 0 0
2+
N Zn 3 50.6
Mg 33.1 0
Ba" 25.8 61.4

2+

Sr ‘ 0 124.2
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ntjum‘sﬁmmsnﬁmﬁﬁ?mﬁunfju SH 151 1AA W38 NEM smsndudiionssuees
wsmangmiliianniaduuazadiiie (15190 5) daums EDTA Fufuasfudaunaidon
(Ca’'~chelating agent) TiHadudaRanssuvouoy laameuruiy Nﬁﬁﬁﬁ'ﬂﬂuu%tﬁw?aﬁh
wiwangmimaduowlsdfisuiudogaaalfiolaownadoy 013 PMSE fiwaduds
Aonssumsangmidivaldtssne 35-s1%  Taoiall pMSE dumsdudaonlodflusdna

& Ao @

1 o . . Y o < aa A . . c!yw
lunquaiu (serine protienase) Tauid1Wh1URATHIRUNTADLT TUFTUN active site UDNIINTLG

T A A "U

awnsanlgATndunguaaanu (histidine) MdeadosnumaswisnvesTlsamalungudiu

9

o o

#18 (Neurath, 1989) Tdoduiivguimenninnsnociilugaddu (cysteine) ANuNUMIuNITITY
UgAsowemsmangmiluauda felinsnesi ludaanuiinnadoadas (Yee et al, 1994) aanfu
PMSF owdminijdsofunquiadaudanan dildienssuveaenlmiaras  niwmengm-
Hua winariiauasingdunis Streproverticillium ladakanum Qﬂﬁu(iﬁ’w PMSF 13Ufu
(Worratao and Yongsawatdigul, 2005; Tsai et al., 1996) 1ummzﬁmmﬁﬂqmﬁmﬂmnﬂm red sea
bream WBUUNTY aziu1/ai Alaska pollock Wﬁgnﬁugﬁau PMSF (Kumazawa et al., 1996, 1997;

Yasueda et al., 1994}

MI1eA § wavesnsdiudaneionssuvemnuangmiliua

Inhibitors Remaining activity (%)
Muscle Liver
lodoacetic acid 9.1 7.1
(1AA) -
N-ethylmaleimide (NEM) 11.9 17.1
) Phenyl methanesulfony! 515 354
fluoride (PMSF)
Ethylenediamine 0 0

tetraacetic acid (EDTA)
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5. anuanIoluMsiFend e ulauniwangmiiime
H = ﬁo‘ ¥ 1 ey 4
nuangmiiafihiuSgninnadulodamswumimusns wgasnmaseudiy
o = Py Y 1 1 o [ o =y o
youiolodu (U7 33) 1euni 30 %o iffunar 2 F TusezuuouanuiduvesdeTedumendn
(myosin heavy chain) anas uazifauouTlsdunnalvy (CP) wonnniilunutovdisleduay
o A 1 & & o = =S ~ % a 3 < T S o
wandfovuwin 8 Falus Fedudvgunfennmsendi  daduszeiuldinoulyin
= a‘vly & e = 3 a e = a Y a &
vigni ldnnndunielunumlumayoudn lUsdnudoloBumendn  durumisiiaemag
daumauangmiduavindutumusadeudmdeToFumondn lawuiuua ludariidngs
= roar as = o =1 o as ]
1NN ANTIEHAI SDS-PAGE wuhisnanuuoudsTedumenananaufivudndoyudeiniy
Wunar 24 521 (adldimaane) wadwnanaivmpufaihmsuangmiduanndulaz
& o] Ld g v = ) =l [y s )
ndwfioorauauavion e ufiwuiy dssue TGase milaufy uonanlmIuangmiliug

3 1 )
nnndwmehvziununluniaweuduvesteleduninniasa ldaindy

MHC

331 34 SDS-PAGE vaanmtsivendnulisauiislegumendnlasniuangmilivaninndnnile
damsenas M=myosin, 0-24 a1luMIUuH 30 = Tunvw 104, E=purified TGase,

MHC=myosin heavy chain, CP=cross-linked polymer
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sonlasiyToFuvesamasuaulad (unfold) 7 36.1 °x unaiFounan lsdluszdy 1o-
100 fadTuaf milenilWiAansqady conformation sniu TashdiaieTeduuazueniu
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Abstract

Threadfin bream (Nemipterus bleekeriy actomyosin formed insoluble aggregates at > 40 °C. Conformational changes, as mea-
sured by surface hydrophobicity, began at > 30 °C and continued to increase with heating temperature. Reactive sulfhydryl groups
increased as heating progressed and decreased at 50 °C, indicating the formation of disulfide linkages of threadfin bream acto-
myosin at >50 °C. Two distinct a-helical transition temperatures of actomyosin were found at 36.1 and 47.9 °C, while major
endothemic transitions were at 38.4, 51.0, and 80.7 °C. Storage modulus (G'} started to increase at 34.5 °C, implying the simulta-
peous occurrence of denaturation and aggregation. Gel network formation began to develop at =41 °C.

© 2003 Elsevier Ltd. All rights reserved.

Keywords: Actomyosin; Threadfin bream; Thermal denawuration; Aggregation

1. Introduction

Threadfin bream (Nemiprerus spp.) is a major
resource for surimi production in Thailand. Gel forming
ability of surimi is mainly contributed by actomyosin
(Yasui, Ishioroshi, & Samejima 1981). Gelation of food
proteins 1s generally governed by denaturation and
aggregation. Denaturation is a process in which pro-
teins undergo conformational changes, primarily
unfolding, without alteration of the amino acid
sequence (Hermansson, 1979). The denatured proteins
aggregate in an ordered fashion to form a continuous
network structure (Beveridge, Arntfield, & Murray,
1985). Thermal denaturation and aggregation of fish
actomyosin and myosin have been widely  studied
among cold water species (Bea, Wagner, Crupkin, &
Anon, 1990; Chan, Gill, & Paulson, 1992; Sano, Ohno,
Otsuka-Fuchino, Matsumoto, & Tsuchiya, 1994; Vises-
sanguan, Ogawa, Nakai, & An, 2000). Ogawa, Ehara,
Tamiya, and Tsuchiya (1993) reported that myosin of

* Corresponding author.
E-mail address: jirawat{@ccs.sut.ac.th (J. Yongsawatdigul).

0308-8146/03/% - see front matter € 2003 Elsevier Lid. All rights reserved.
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fish living in colder temperatures is more labile than of
those living in warmer temperatures. Therefore, dena-
turation and aggregation patterns of fish from different
temperature habitats would be varied.

Knowledge of protein denaturation and aggregation
is a critical basis on whi®h to manipulate the gel-form-
ing ability of fish actomyosin. It was suggested that
myosin tail mainly coniributed to the development of
gel networks (Sano, Noguchi, Matsumoto, & Tsuchiya,
1990). Chan et al. (1992) reported that herring, cod,
and silver hake aggregated in different fashions,
accounting for differences in gel elasticity between the
three species. In addition, gel elasticity of cod myosin
was improved by slow heating that promoted the
aggregation of denatured myosin (Yongsawatdigul &
Park, 1999). However, infbrmation related to dena-
turation and aggregation patterns of tropical fish acto-
myosin 1s very limited. Fundamental knowledge
underlying the gelation mechanism is primarily based
on cold water species. Such knowledge might impair the
optimum utilization of surimi from tropical fish acto-
myosin. Therefore, our objective was to investigate the
thermal denaturation and aggregation patterns of
threadfin bream actomyosin.
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2. Materials and methods
2.1. Preparation of fish actomyosin

Threadfin bream (Nemipterus bleekeri) was caught off
the Gulf of Thailand and immediately transported in
ice, packed in polystyrene foam boxes, to a laboratory
at Suranaree University of Technology. Fish weight was
about 50-100 g. Actomysosin was prepared from the
dorsal muscle according to the method of Ogawa et al.
(1999) with slight modification as follows: fish muscle
(50 g) was mixed in five volumes of cold phosphate
buffer (pH 7.0) containing 50 mM KCI, 20 mM potas-
sium, and 0.05 mM phenylmethanesulfonyl fluoride
(PMSF). Homogenization was conducted in a Polytron
homogenizer (Brinkmann Instruments, Westbury, NY,
USA) for 2 min. The homogenate was centrifuged at
5000xg for 10 min at 4 °C. The precipitaie was
homogenized with the same buffer and centrifuged
once more. The resultant residue was homogenized in
500 ml (0.6 M KCI and 20 mM potassium phosphate,
pH 7.0) and then centrifuged at 10,000xg for 5 min at
4 °C. The supernatant was collected and diluted with
three volumes of cold distilled water (4 °C). The pre-
cipitate was collected by centrifugation at 10,000xg for
10 min at 4 °C and used as actomyosin throughout the
study.

2.2, Heat treatment

One mililitre of actomyosin solution (2.5 mg/ml) in
buffer (0.6 M KCI1 and 20 mM potassium phosphate,
pH 7.0) was heated from 5 to 90 °C in a temperature-
controlled water bath (NesLab, Portsmouth, NH, USA)
at a heating rate of | °C/min. The sample was covered
with parafilm and aluminivm foil during heating to
avoid evaporation. Upon reaching each stadied tem-
perature, the actomyosin solution was immediately
cooled in ice water and centrifuged at 5000xg for 15
min. The supernatant was collected and analysed for
protein content, surface hydrophobicity, and total and
rcaclivc.’sulﬂaydryls.

2.3. Soluble protein

Protein concef:[ra(ion of the supernatant was deter-
mined by the dye binding method (Bradford; 1976)
using bovine serum albumin as a standard.

2.4. Surface hydrophobicity

Surface hydrophobicity (Sp) of actomyosin was
determined using a hydrophobic fluorescence probe, 1-
anilino-8-napthalenesulfonate (ANS), according 1o
Hayakawa and Nakai (1985). Actomyosin solution (1
mg/ml) was diluted with 0.6 M KCl, 20 mM potassium

phosphate buffer (pH 7.0) to obtain a series of protein
concentrations, from 0 to | mg/ml. To 2 ml of each
protein solution, 10 pl of 8 mM ANS in 0.1 M potas-
situm phosphate buffer (pH 7.0) was added and mixed
well. Samples were kept under dark conditions for 10
min. Fluorescence intensity of the mixture was mea-
sured using a luminescence spectrophotometer (LS 50B,
Perkin-Elmer, Beaconsfield, UK) at excitation and
emission wavelengths of 374 and 485 nm, respectively,
and a 5 am width for both the excitation and emission
slits. Sg of each sample was calculated (rom the siope of
the relative fluorescence {R) vs. percentage (w/v) protein
concentration. The relative fluorescence was defined
according to Monahan, German, and Kinsella (1995) as
follows:

R=(F-F,)/Fs

where F is the fluorescence of the protein—~ANS con-
Jugate and F, is the reading of the ANS solution with-
out actomyosin.

2.5. Total and reactive sulfhydryls (SHs)

Total SHs were determined according to Jiang,
Hwang, and Chen (1988). Te 1 mi of actomyosin (4 mg/
ml), 9 ml of buffer, containing 50 mM potassium phos-
phate buffer, 10 mM ethylenediaminetetraacetic acid (10
mM), 0.6 M KCI, 8 M urea (pH 7.0) were added. To 4
ml of the resultant mixture 0.4 m! of 0.1% 5, 5'-dini-
trobis(2-nitrobenzoic acid) was added. The mixture was
incubated at 40 °C for 25 min. The absorbance was
measured at 412 nm to calculate the total SH groups
using the extinction coefficient of 13,600 M~'cm~' (Ell-
man, 1959). Reactive SH groups were conducted by
incubating the reaction mixtures in the absence of urea
at4°Cforl h.

-

2.6. Circular dichroism (CD)

The purified actomyosin was diluted to a protein
concentration of 0.19 mg/ml with 0.6 M KCI, 20 mM
phosphate buffer (pH 7.0). CD spectra were taken with
a J-720 spectropolarimeter (JASCO, Tokyo, Japan)
operating with nitrogen gas purging at 222 nm and a
bandpass of 2 nm. The instrument was equipped with a
JASCO thermal control device (PTC-348W, JASCO,
Tokyo, Japan). A 1 mm path length quartz cell was
used. Actomyosin solutions were heated from 10 to
80 °C at a heating rate of 1 °C/min. The instrument was
calibrated for intensity accuracy at 290.5 nm and 192
nm, respectively, using (1S)-(+)}-10-camphorsulfonic
acid (Sigma-Aldrich, St. Louis, MO, USA). Molar
ellipticities of actomyosin were determined using a mean
residue weight of [15 g/mol, as described by Price
(1996). a-Helicity (%) was estimated from ellipticities at
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222 nm, [fay;, by the following equation (Ogawa,
Kanamura, Miyashita, Tanuya, & Tsuchiya, 1995):

% a-Helicity = 100 x {[6];5;/—40, 000
2.7. Differential scanning calorimetry (DSC)

DSC studies were performed in a DuPont 910 differ-
ential scanning calorimeter {DuPont Co., Wilmington,
DE). The temperature caltbrations were performed
using indium. Actomyosin solutions (75 mg/ml) in 0.6
M KCI, 20 mM phosphate buffer (pH 7.0) were
weighed to 18-20 mg, wet basis, in DSC hermetic pans,
ensuring good contact between the sample and the cap-
sule bottom. An empty pan was used as a reference.
Samples were scanned at 10 °C/mm over the range 5-
95 °C. Helium gas was purged through the purging port
at 40 mi/min during heating. Quadruplicate samples
with reproducible thermograms were analysed.

28. Oscillatory dynamic—measurement

Development of an actomyosin network was mea-
sured as a function of temperature using a CS-50 rhe-
ometer (Bohlin Instruments, Inc., Cranbury, NJ, USA).
Actomyosin samples (75 mg/ml in 0.6M KCI, 20 mM
phosphate buffer, pH 7.0) at 4 °C were placed between
paralle! plates (20 mm) with a gap of | mm. To avoid
sample drying during heating, a plastic cover (trapper)
with a moistened sponge mside was used. The sample
was heated from 10 to 80 °C at a heating rate of 1 °C/
min. Maximum input strain for dynamic analysis was
0.02 at a frequency of 0.1 Hz, a value found to be in the
linear viscoelastic region for actomyosin 1n this study.

411

2.9 SDS-PAGE

Degradation of actomyosin during heating was studied
on SDS-PAGE. Actomyosin solutions heated at | °C/
min to various temperatures were removed from the
water bath and an equal volume of 10% SDS (w/v)
(90 °C) was imunediately added. The mixture was cen-
trifuged at 5000 xg for 10 mm. The supematant was used
for gel electrophoresis as described by Laemmli (1971).
Stacking get and separating gel were made of 4% (w/v)
and 10% (w/v) polyacrylamide, respectively. The
amount of protein loaded onto the polyacrylamide gel
was 40 pg. The separated proteins were stained with
0.125% Coomassie britliant blue R-250 (Bio-Rad, Her-
cules, CA), and destained in a solution containing 25%
ethanol and 10% acetic actd. A wide range molecular
weight standards (Sigma-Aldrich, St. Louis, MO, USA)
included rabbit myosin (205 kDa), B-galactosidase (116
kDa), rabbit phosphorylase & (97 kDa), fructose-6-
phasphate kinase (84 Wa), bovine serum albumin (66
kDa}, bovine glutamic dehydrogenase (55 kDa), ovalbu-
min (45 kDa), glyceraldehyde-3-phosphate dehydro-
genase (36 kDa), carbonic anhydrase (29 kDa),
trypsinogen (24 kDa), soybean trypsin inhibitor (20
kDa), a-lactalbumin (14.2 kDa), and aprotinin (6.5 kDa)

3. Results and discussion
3.1, Protein solubility
Solubility of actomyosin remained constant between

10 and 30 °C and started to decrease at temperatures
above 40 °C (Fig. 1). Solubility gradually decreased
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Fig. I. Changes in solubility of threadfin bream actomyosin heated at 1 °C/min.
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afterwards and reached a minimum of 60% at 80 °C.
This is similar to that of Sano et al. (1994) who reported
a marked decrease in the solubility of carp actomyosin
between 40 and 80 °C. Yongsawatdigul and Park (1999)
found that aggregation of cod and Pacific whiting myo-
sin, as followed by absorbance at 320 nm, began to
increase from 20 °C. Qur results implied that threadtin
bream actomyosin aggregated to form insoluble acto-
myosin at higher temperatures than cold water species,
such as cod and Pacific whiting.

3.2. Surface hydrophaobicity (Sy)

Sp of actomyosin continually increased at tempera-
tures above 30 °C and reached a maximum at 70 °C
(Fig. 2). S indicates an exposure of nonpolar amino
acids that unfold in a polar environment. Hence, the
conformation of threadfin bream actomyosin began to
unfold and expose the buried nonpolar amino acids at
temperatures above 30 °C.

The extent of conformational changes increased with
temperature. A slight decrease in 8 above 70 °C sug-
gested the involvement of hydrophobic residues in the
actomyosin aggregation. A significant increase in ANS
fluorescence was also reported in carp actomyosin from 30
to 50 °C (Sano et al., 1994), while that of Pacific whiting
(Yongsawatdigul & Park, 1999) and arrowtooth flounder
(Visessanguan et al., 2000) began to increase at 20 °C. The
changes of hydrophobicity of rabbit and chicken myosin
exhibited a single transition temperature of 44 °C (Wicker,
Lanier, Hamann, & Akahane, 1986). The rabbit light
meromyosin (LMM) were unfolded and non-polar amino
acids exposed at 3540 °C (Morita & Yasui, 1991).

Changes in Sg, of threadfin bream actomyosin could
mainly be contributed by its myosin. It should be noted

that actomyosin from threadfin bream, a tropical fish,
underwent conformational changes at temperatures
similar to carp and rabbit, but at higher temperatures
than cold water species such as, cod, Pacific whiting
(Yongsawatdigul & Park, 1999) and arrowtooth floun-
der (Visessanguan et al., 2000).

3.3. Total and reactive sulfhydryls (SHs)

Reactive SH pgroups started to increase at 30 °C,
attained a maximum at 50 °C, and decreased at tem-
peratures higher than 50 °C (Fig. 3). An increased reac-
tive SH indicates unfolding of actomyosin. Total SH
groups remained unchanged up to 30 °C and gradually
decreased from 40 to 80 °C (Fig. 3), suggesting the for-
mation of disulfide linkages upon heating. Decreased
reactive SH groups implies the formation of inter and/
or intra-molecular disulfide bonds at > 50 °C. It appears
that the formation of disulfide linkages occurred simul-
taneously with protein unfolding. These results were in
agreement with that of Sano et al. (1994), who found
formation of disultide linkages of carp actomyosin at
30-50 °C. Ishioroshi, Samejima, and Yasui (1981} indi-
cated that oxidation of SH groups took place only in
heavy meromyosin (HMM) and not in light mero-
myosin {(LMM). This could lead us to hypothesize that
oxidation of SH groups at the globular head of myosin
is initiated at 30 °C, resulting in disulfide linkages.

34. CD

a-Helix of threadfin bream actomyosin decreased
gradually as heating temperature extended above 30 °C,
suggesting that the wa-helical portion of actomyosin
unfolded with increased temperature (Fig. 4). a-Helix
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Fig. 2. Changes in surface hydrophobicily (S} of threadfin bream actomyesin heated at | °C/min.
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content before heating was 66%, while it decreased to
24.2% upon heating to 80 °C, indicating that approxi-
mately 63% of the a-helical portions of the actomyosin
molecules unfolded by heating to 80 °C. Two distinct
cooperative transitions of threadfin bream actomyosin,
exhibited by different slopes, were found at 36.1 and
479 °C, respectively (Fig. 4).

The transition of actomyosin helix—oil occurs in
myosin because a-helicity of actomyosin belongs to the
myosin tail (Ogawa et al., 1995). Burke, Hirnmelfarb,
and Harrington (1973} reported that the melting profile
of rabbit myosin rod was also biphasic, with transition
temperatures at 44 and 55 °C. Multiphasic transitions of

myosin rod, which indicated the existence of a quasi-
independent melting domain within the structure, were
reported by Smyth, Smith, Vega-Warner, and O'Neill
(1996). In addition, two sharp decreases in the helicity
of pollock myosin, occurring between 28.2 and 41.3 °C,
were reported by Togashi, Kakinima, Nakaya, Qoi, and
Watanabe (2002). Alaska pollock (Theragra chalco-
gramma ) lives at low environmental temperatures in the
range 2-5 °C (Togashi et al., in press) and its myosin
exhibited lower a-helical transition than actomyosin of
threadfin bream. It is therefore postulated that the two
transitions observed in our study were contributed by
unfolding of the a-helical portion of the myosin rod.
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3.5. Differential scanning calorimetry (DSC)

Threadfin bream actomyosin exhibited three major
transitions at 38.4, 51.0, and 80.7 °C with onset tem-
peratures of 36.5, 47.0. and 76.2 °C, respectively.
Enthalpies of denaturation of each major transition
were 0.152, 0.169, and 0.25] J/g respectively. Wright,
Leach, and Wilding (1977) reported that actomyosin of
rabbit exhibited three transitions, with myosin transi-
tions at 51.5, 60 °C and actin transition at 73 °C.
Three endothermic transitions have also been repor-
ted in DSC thermograms of rabbit {(Wright et al,
1977; Wright & Wilding, 1984) and fish myosin {Lo
et al. 1991; Togashi et al., 2002). Multiple transitions
of myosin imply structural changes in discrete regions
of the myosin molecule, namely the hinge, head, and
rod regions (Wright & Wilding, 1984). Lo et al
(1991) reported that the S-1 sub-fragment of black
marlin showed one transition at 41 °C, but the rod sub-
fragment gave two peaks at 41 and 62 °C, respectively.

In our study, the first two transitions from DSC were
similar to the transition temperatures obtained from the
o-helical content (Fig. 4). Therefore, the transitions at
36.5 and 47.0 °C could result from structural changes of
threadtin bream myosin, while transition of actin was at
76.2 °C. Lower transition temperatures of threadfin
bream actomyosin indicated its lower thermal stability
as compared with rabbit. Thermal stability of myosin
increases as the species adapts to higher environmental
temperatures (Davies, Bardsley, Ledward, & Poulter,
1988; Hasting, Rodger, Park, Matthews, & Anderson,
1985).
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3.6. Oscillatory dynamic rheology

Storage moduli (G) of threadfin bream actomyosin
started to increase at 34.5 °C, reached the first peak at
388 °C, and graduaily decreased before steadily
increasing again at 46.3 °C (Fig. 5). An initial increase
of G’ indicated the cross-linking of myosin filament,
resulting in the transformation from a viscous sol to an
elastic network (Egelandsdal, Fretheim, & Samejima,
1986). The onset of gel network development, based on
G’ (345 °C), was slightly lower than the melting tem-
perature obtained from CD spectra (36.1 °C) and the
onset of denaturation temperature obtained from DSC
(36.5 °C). These results indicated that aggregation of
actomyosin and denaturation might have occurred
simultaneously.

Hydrophobic interactions and disulfide linkages also
appeared to be involved in aggregation of actomyosin
(Figs. 2 and 3). As actomyosin unfolded its helical
structure, hydrophobic interactions and disulfide link-
ages prevailed. Formation of such interactions was
greater at relatively high temperature (> 50 °C) when
the extent of unfolding was increased (Fig. 4), corre-
sponding to a stronger gel network at >46.3 °C.

The decline of G’ after reaching the first peak has also
been reported in myosin (Egelandsdal et al., 1986; Wu,
Hamann & Foegeding, 1991; Yongsawatdigul & Park
1999) and myofibrillar proteins (Xiong & Blanchard,
1994a, 1994b). There is no evidence of myosin heavy
chain (MHC) or actin degradation in the studied tem-
perature range (Fig. 6). Therefore, a decreased G’ was
unlikely to be caused by proteolysis. Helix-to-coil
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Fig. 5. Changes in storage moduius (&) and phase angle of threadfin bream actomyosin.
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Fig. 6. SDS-PAGE patterns of threadfin bream actomyosin heated 10
various temperatures at 1 °C/min. R, unheated actomyosin; S. broad-
range molecular weight standard. Numbers indicate final healing
temperature,

transformation of myosin leads to a large increase in the
fluidity of semi-gels and may disrupt some protein net-
works that have already been formed, resulting in a
declined storage modulus (Xiong & Blanchard, 1994a).
Subsequently, formation of new bonds produced a more
permanent protein network structure, observed at
46.3 °C.

The phase angle, a ratio of G”/G’, gradually decreased
from 14 to 9 °C when heated from 10 to 32 °C (Fig. 5).
It then increased to a maximum at 41 °C and decreased
thereafter, corresponding to an increase of G'. It
appeared that threadfin bream actomyosin underwent
conformational changes and unfolded its helical struc-
ture at 36 °C, based on DSC thermogram and CD spectra.
Denatured proteins, especially myosin, aggregated to form
gel networks. This supports the idea that denaturation
and aggregation processes occurred simultaneously.

As theMtemperature increased to > 41 °C, unfolding of
myosin progressively increased, allowing the formation
of intermolecular bonds, namely hydrophobic inter-
actions and disulfide linkages. As a result, an increase of
¢’ and a decrease of phase angle were observed at
>41 °C. Therefore, development of a strong gel net-
work of threadfin bream actomyosin required a rela-
tively high temperature (=41 °C). Visessanguan et al.
(2000) reported a similar-pattern of the phase angle of
myosin extracted from arrowtooth flounder, except that
a decrease of phase angle was at 35 °C, instead of 41°C,
as found in our study, probably due to a difference in
the thermal stability of each species. In addition, a
decrease of phase angle of Pacific whiting surimi began

at 30 °C (Esturk, Park,. & Kim, 2003). This could imply
that, not only denaturation, but also aggregation, of
threadfin bream actomyosin took place at relatively
higher temperatures than those of cold water species.

Yongsawatdigul, Park, and Worratao (2002) reported
that threadfin bream surimi exhibited an increased
breaking force when pre-incubated at 40 °C up to 2 h,
followed by heating at 90 °C. This is known as the
“setting” phenomenon. High temperature setfing was
also reported in tropical tilapia {Qreochromis niloticus)
surimi (Klesk, Yongsawatdigui, Park, Viruithakul, &
Viraichakul, 2000). In contrast, coldwater fish, such as
Pacific whiting and Alaska Pollock, typically exhibited
low temperature setting at 25 and 5 °C, respectively
(Klesk et al., 2000; Park, Yongsawatdigul, & Lin, 1994).
Denaturation and aggregation patterns of threadfin
bream found in our study can explain the setting
mechanism of threadfin bream surimi, which requires a
relatively higher temperature. Pre-incubation of acto-
myosin (surimi) sol at 40 °C allows myosin to unfold
and aggregate to form a three-dimensional gel network,
resulting in an enhancement of gel strength.

4. Conclusion

Actomyosin of threadfm bream underwent thermal
denaturation and aggregation at relatively high tem-
peratures compared to coldwater species, as shown by
increased surface hydrophobicity, reactive sulfhydryl
group, loss of o-helix structure of myosin, and changes in
G’ as well as phase angle. Disulfide linkages and hydro-
phobic interactions appeared to be critical for the gel
network development of threadfin bream actomyosin.
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Abstracts

The effect of Ca®* on physicochemical and conformational changes of threadfin
bream (TB) myosin and actin during setting at 25 and 40 °C was investigated. Ca’" ion at
10-100 mM induced the unfolding of myosin and actin as evident by an increase of
surface hydrophobicity (S, ANS) at 40 °C. Total SH groups also decreased with an
increased Ca>* concentration, suggesting that Ca®" promoted the formation of disulfide
bonds during setting at 40 °C. Both hydrophobic interactions and disulfide linkages were
involved in formation of myosin aggregates at 40 °C, and were enhanced by addition of
10-100 mM Ca®*. Myosin Ca-ATPase activity decreased at Ca®* > 50 mM, indicating
conformational changes of myosin head. Circular dichroism spectra demonstrated that
Ca®" reduced the a-helical content of myosin and actin incubated at either 25 or 40 °C.

Ca®* induced conformational changes of TB myosin and actin incubated at 40 °C to a

greater extent than at 25 °C.

Key words: Threadfin bream, myosin, actin, calcium, setting
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Introduction

When fish muscle proteins are grounded with 2- 4 % salt and pre- incubated at 4-
40 °C for a period of time prior to heating, an increase in gel elasticity is observed. Such
phenomenon is known as “setting” or “suwari” in Japanese (Lanier 2000). It has been
generally accepted that setting is mainly attributed from the activity of endogenous
transglutaminase (TGase), the Ca**-dependent enzyme (Kumazawa and others 1995;
Benjakul and others 2004). The enzyme catalyzes an acyl transfer reaction between y-
carboxy amide groups of glutamyl residues in proteins as the acyl donor and variety of
primary amines as the acyl acceptor (Folk 1980). The formation of &-(y-glutamyl} lysyl
isopeptide bonds between glutamine (acyl donors) and lysine (acyl acceptor) resulted in a
covalent cross-linking of muscle proteins.

Addition of Ca®' has been reported to improve textural properties of Pacific
whiting, threadfin bream, and Alaska pollock surimi (Lee and Park 1998;
Yongsawatdigul and others 2002). Gel enhancing effect is more evident when sample is
subjected to setting. It has been typically believed that Ca*" improves gel-forming ability
of fish proteins by activating fish endogenous TGase (Lanier 2000)-.’ However, Ca®" is
also known as a destabilizing salt in the Hofmeister series (Baldwin 1996). Binding of
Fa2+ to proteins prevents the salt exclusion, resulting in a decrease of preferential
hydration and destabilized structure (Arakawa and Timasheff 1984). The effects of Ca®*
on struétural changes of various proteins have been reported. Ca** solubilized rabbit
myofibrillar proteins by saiting-in effect (Taylor and Etherington 1991). Tertiary and

secondary structure of a-crystallin decreased in the presence of Ca ** (Valle and others

2002). Moreover, binding of Ca® to B-lactoglobulin induced partial unfolding which led
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to an increased hydrophobicity during gelation (Jeyarajah and Allen 1994). Therefore,
Ca®* could also have a direct effect on structure of muscle proteins, which could affect
gelation during setting. The role of Ca** on such conformation changes of fish protein
has not been thoroughly investigated.

Ogawa and others (1995) found that the unfolding of actomyosin as measured by
a decrease in a-helicity was a pre-requisite to initiate setting of actomyosin.
Hydrophobic interactions were also responsible for aggregate formation of cod and
herring myosin during setting at 40 °C (Gill and others 1992). In addition, formation of
disulfide bonds was noticed during setting of herring myofibrillar proteins (Chan and
others 1995). These studies suggested that other bondings, besides e-(y-glutamyl) lysyl
isopeptide bonds, were involved in setting. However, the effect of Ca®* on hydrophobic
interactions and disulfide linkages of fish myosin and actin during setting have not been
elucidated.

Threadfin bream (Nemipterus spp.) is the second largest resource used for surimi
production, after Alaska pollock. Thailand is one of the major threadfin bream surimi
producers in the world with an approximate annual production of over 80,000 metric
tons. Despite of its large production quantity and value, scientific in?ormation related to
setting phenomenon is still limited. Understanding the role of Ca** ion on
z:onformational changes of myosin and actin would be critical knowledge for improving
textural properties of surimi gels from threadfin bream and other warm water species.
Therefore, our objectives were to investigate the effects of CaCl; on physicochemical and

conformational changes of threadfin bream myosin and actin during incubated at 25 and

40 °C, typical setting temperatures of fish proteins.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Materials and Methods
Fish sample
Threadfin breams (TB) (Nemipterus bleekeri) were caught off the Gulf of
Thailand at Rayong province. Fish were immediately transported to a Suranaree
University of Technology laboratory in polystyrene boxes packed with ice. Fish were
manually eviscerated upon arrival and kept on ice. Myosin preparation was carried out

24 h after catch.

Myosin Preparation

Myosin was purified according to the method of Martone and others (1986 ) with
slight modifications. All steps were performed at 0-4 °C to minimize proteolysis and
protein denaturation. TB mince was added with 10 volumes of buffer A (0.10 M KCI, 1
mM phenylmethanesulfonyl fluoride (PMSF), 0.02 % NaNj and 20 mm Tris-HCI, pH7.5)
and homogenized at 15,000 rpm for 2 min in a homogenizer (AM-8, Nihonseiki Kaisha,
Ltd., Tokyo, Japan). The homogenate was stirred for 10 min and centrifuged at 1,000xg
(Sorvall RC-5C Plus, Dupont, Del.,, USA) for 10 min. The pellet was coliected and
washed with the same buffer twice. The washed pellet was subseque;tly extracted with 5
volumes of buffer B (0.45 mM KCl, 5 mM B-mercaptoethanol (BME), 0.2 M Mg
’(CH3COO)2, 1 mM ethylene glycol bis (B-aminocthyl ether) N,N,N’,N’- tetraacetic acid
(EGTA), and 20 mM Tris-maleate, pH, 6.8). Adenosine 5’-triphosphate (ATP) was
added to a final concentration of 15 mM. The mixture was kept for 1 h with stirring on

ice and then centrifuged at 10,000xg for 15 min. Pellets were collected for actin

preparation. Twenty five volumes of 1 mM NaHCO; was slowly added to the
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supernatant and kept on ice for 30 min. The precipitate was recovered by centrifugation
at 12,000xg for 15 min. The pellet was resuspended with 5 volumes of buffer C (0.50 M
KCl, 5 mM BME, and 20 mM Tris-HCI, pH7.5) and homogenized for 30 s. The solution
was kept on ice for 10 min and MgCl, was added to a final concentration of 10 mM.
Myosin was obtained by ammonium precipitation at 40-50 % saturation. The myosin
pellet was kept at -40 °C and used throughout the study. The purity of extracted myosin
was estimated using sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-
PAGE) with densitometric analysis (Lab works Version 4.0,UVB Ltd., New York, USA).
Before used, myosin pellet was dissolved in 0.6 M NaCl, 20 mM Tris-maleate, pH 7.0
and dialyzed against 100 volumes of the same solution. Dialyzed myosin was clarified by
centrifugation at 10,000xg for 15 min and used as myosin solution. Protein

concentrations were determined by Lowry and others (1951).

Actin Preparation

Actin pellet was added with buffer D (0.80 M KCl, 5 mM BME, 20 mM Tris-
HCI, pH 7.5) and stirred for 30 min before centrifugation at 10,000xg for 15 min. The
pellet was collected and added with 5 volumes of 2 mM NaHCO: The mixture was
stirred on ice for 1 h and centrifuged at 75,000xg for 1 h. The supernatant was used as
’actin preparation. Actin was dialyzed against 0.6 M NaCl, 20 mM Tris-maleate, pH 7.0.
Dialyzéd actin solution was concentrated by ultrafiltration using molecular weight-cut-

off 10,000 Da membrane (Viva flow 50, Vivascience Sartorius AG, Goettingen,

Germany). Purity of actin was estimated using SDS-PAGE and densitometric analysis.
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Turbidity measurement

Myosin (3 mg/mL) and actin (1.5 mg/ml.) solutions were solubilized in 0.6 M
NaCl, 20 mM Tris-maleate, pH 7.0 containing 0, 10, 30, 50 and 100 mM CaCl,.
Turbidity at 25 and 40 °C were monitored at 350 nm using UV/VIS 916
spectrophotometer (GBC Scientific Equipment, Ltd., Victoria, Australia.} equipped with
a circulating water bath set at either 25 or 40 °C. Turbidity changes at 25 and 40 °C were

monitored at each time interval for 4 and 2 h, respectively.

Aggregation of TB myosin and actin

Myosin (3.2 mg/mL) and actin (1 mg/mL) solutions containing 0-100 mM CaCl,
were incubated at either 25 or 40 °C for 4 and 2 h, respectively. Subsequently, samples
were centrifuged at 84000xg for 1 h (XL-100 Ultracentrifuge, Beckman instruments, Inc.,
California, USA) to precipitate large aggregates. Protein concentrations in supernatants
were determined by dye binding method due to interference of CaCl, with Lowry method
(Bradford 1986). Bovine serum albumin (BSA) was used as a standard. Remaining
proteins (%) was expressed as a ratio of protein remained in the supernatant at any CaCl,

-

concentrations to that of sample without CaCl; at 4 °C.
y
Surface hydrophobicity (S,)

Changes of S, were monitored using I-anilino-8-napthalenesulfonate (ANS)
according to the method of Li-Chan and others (1985) with slight modifications. Myosin
and actin were diluted to various protein concentrations: 0, 0.125, 0.25, 0.5 and 1 mg/mL

in the presence of 0-100 mM CaCl, and incubated at either 25 or 40 °C for 4 and 2 h,
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respectively. To 2.0 mL of diluted myosin and actin, 10 pL of 10 mM ANS dissolved in
20 mM Tris-maleate (pH 7.0) was added. Fluorescence intensity (FI) was measured
using a RF-1501 spectrofluorophotometer (Shimadzu, Kyoto, Japan) at an excitation
wavelength of 374 nm and an emission wavelength of 485 nm. Blanks were prepared
without protein solution. The regression slope between FI and protein concentrations (%)

was calculated as S, ANS.

Total sulfhydryl groups (SHs)

Total SH groups of myosin and actin were determined using 5,5’-dithiobis(2-
nitrobenzoic acid), (DTNB). Myosin (3 mg/mL) and actin (1 mg/mL) solutions
containing 0, 10, 30, 50 and 100 mM CaCl, were incubated at 25 and 40 °C for 4 and 2 h,
respectively. Then, 1.5 mL of 0.2 M Tris-HCI (pH 6.8) containing 8 M urea, 2 % SDS
and 10 mM EDTA was added. Subsequently, 0.2 mL of 0.1% DTNB solution were
added to all samples before incubated at 40 °C for 15 min and absorbance at 412 nm was
measured. Total SH content was calculated using molar extinction of 13600 M ' ecm™ for
myosin (Ellman, 1959). Molar extinction of actin used for the calculation was 12508 M
em’ ,which was obtained using standard L-cysteine, Blanks were'performed without
protein solution.

r
Ca-ATPase activity
Ca-ATPase activity of myosin was estimated using the method described by

MacDonald and others (1994). The reaction was carried out at 1.5 mg of myosin, 17 mM

Tris-maleate, pH 7.0 at 0-200 mM CacCl; concentrations. The mixtures were incubated at
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25 °C for 5 min. ATP was added to final concentration of 0.67 mM and samples were
incubated for 10 min. To stop the reaction, chilled TCA was added to final concentration
of 5 % and samples were centrifuged at 3,000xg for 10 min. The supernatant was
collected for inorganic phosphate (Pi) determination using KH,POy as a standard. Ca-

ATPase activity was expressed as pmole of Pi/mg protein/min at 25 °C.,

Circular dichroism (CD)

The effect of CaCl, on secondary structural changes of myosin and actin were
analyzed using CD measurement. Myosin and actin were dissolved in 0.6 M NacCl, 20
mM Tris-HCI, pH 7.0 due to strong UV absorption of Tris-maleate buffer. Myosin and
actin solutions (0.25 mg/mL) containing CaCl; (0-100 mM) were incubated at either 25
or 40 °C for 4 and 2 h, respectively. Samples were scanned at far UV (195-280 nm)
using a JASCO PS-150] spectropolarimeter (Jasco spectroscopic Co, Ltd., Tokyo, Japan)
equipped with a circulating water bath set at each respective incubating temperature. CD
spectra of samples without incubation were also measured at 4 °C. The instrument was
calibrated using (15)-(+)-10-camphorsulfonic acid (CSA). The circil’llar quartz cuvette
(0.02 cm path length) was used. Resolution was set at 1 nm, bandwidth was 2 nm,
sensitivity 50 mdeg, response 2 s and scanning speed was 50 nm/min. Molar mean
y

ellipticity [8] and o-helical content from {0] at 222 nm was calculated according to

Ogawa and others (1993).

Results and Discussion

Effect of CaCl; on aggregation of myosin and actin
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Purity of myosin was estimated to be 90-91%. Four minor contaminated bands
with Mw of 43, 37, 34, and 27 kDa were observed in myosin (Figure 1). The 43 and 37
kDa bands were possibly actin and tropomyosin, respectively. TB actin showed
molecular weight of 43 kDa and exhibited high purity (>97%). Ca-ATPase activity of
purified myosin at 3.3 mM CaCl, was 0.220 umole Pi/mg protein/min.

Low concentrations of CaCl; (0-50 mM) did not affect turbidity of myosin
solution incubated at 25 °C for 4 h, while 100 mM CaCl, increased turbidity of myosin at
25 °C (Figure 2a). Gill and others (1992) demonstrated that an increase in turbidity of
heated fish myosin solution was the direct result of formation of myosin aggregates.
Therefore, aggregation of TB myosin was enhanced at 25 °C in the presence of 100 mM
CaCl,. Moreover, aggregation of TB myosin occurred to a greater extent at 40 °C than at
25 °C (Figure 2b). Turbidity of actin solution incubated at 25 °C sharply increased with
CaCl, concentration, especially at 50 and 100 mM CaCl, (Figure 2c). Aggregation of
actin dramatically increased when incubated in the presence of 10 mM CaCl; at 40 °C.
However, a further increase of CaCl, from 30 to 100 mM did not increase actin
aggregation (Figure 2d). Actin appeared to aggregate to a greater'extent than myosin
even at lower protein concentration.

Large protein aggregates tend to precipitate under high centrifugal force. TB
)
myosin incubated at 25 °C did not form large aggregates that could be precipitated under
centrifugation at any studied levels of CaCl; (Figure 3a). In contrast, precipitation of
myosin was observed when incubated at 40 °C and the extent of aggregation appeared to

increase with CaCl, (10-100 mM). Based on turbidity results, TB myosin appeared to

form soluble aggregates at 25 °C, while large aggregates were formed at 40° C. Since
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11

denaturation temperature (Td) of TB actomyosin was about 35 °C (Yongsawatdigul and
Park 2003), TB myosin subjected to 40 °C could unfold and re-associate to form
aggregates. Addition of 10-100 mM CaCl, further promoted myosin aggregation. These
myosin aggregates were unlikely to be resulted from the catalytic reaction of endogenous
TGase because the enzyme was mainly removed during extensive washing and
precipitation steps of myosin purification. This was evident by the absence of
nondisulfide covalent cross-links of myosin when incubated at either 25 or 40 °C to
induce endogenous TGase (data not shown).

Actin readily precipitated even at 4 °C without CaCl; (Figure 3b). The extent of
actin aggregation also increased with temperature. Similar to myosin, actin aggregation
was also enhanced by CaCl,. The extent of aggregation monitored by ultracentrifugation
corresponded with changes of turbidity. Moreover, aggregation of actin was completely
attained when incubated at 10-100 mM CaCl; at 40 °C for 2 h (Figure 3b). These results

indicated that Ca®" induced aggregation of TB myosin and actin when incubated at 40 °C

to a greater extent than at 25 °C.

-

Effect of CaCl; on surface hydrophobicity (S, ANS) of myosin and actin

, So ANS of myosin slightly increased with CaCl, concentration at all studied
temperatures (Figure 4a), indicating that Ca®>* promoted the unfolding of myosin. It was
noted that changes in S, ANS of myosin incubated at 25 °C for 4 h were similar to those
incubated at 40 °C, but higher than those at 4 °C (Figure 4a). It should be noted that TB

myosin only form soluble aggregates at 25 °C (Figure 3a). Incubation of myosin at 25 °C

was far below Td of tropical fish myosin, which has been reported to be 37- 43 °C (Sano



