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Abstr払Ct  

The physico－Chemica重properties ofasuwarigelfromAlaska pouack surin1iin the presence of  

iodoaceticacid（IAA）．consideredasaninhibitoroftransglutamiase（TGase），WereStudiedtoassessthe  

COntributionofTGasetothesettingof鮎h鮎shpaste．王AAatmorethanO．25％completelyinhibitedthe  

activityofmuscleTGase，decreasedbreakingforceandbreakingstrainofthesuuJarigelbyabout35％，  

increaseditsexpressiblewaterbyabout30％，andincreasedtheelasticmodulusandviscositybeyond  

Valuesdetermined＆omthestress・relaxationcurvesbyabout20％．Cross－1inl（edmyosinheavychai11  

fomationwassuppressed．FromtheresultthatthegelwasalsoobtainedinthepresenceofrA丸itwould  

appear that TGase may not always be requiredねr the settiれg OrSuri血paste，Accordingly，the  

non・COVa】entthermalaggregationofproteinthroughhydrogenandhydrophobicbondsmaypossiblybe  

e＄SentialtotlleSettingofAlaskapollacksurimi．  

Keywords：SuWari．iodoaceticacid．trarlSglutaminase．non－COValentproteinaggregation  

Ⅰ．Imtroduction   

Theexistenceoftransglutaminase（TGase）intheAiaskapollacksurimipaste8）andagradualdecreaseof  

myosinheavychain（MHC）withaconcomitantincreaseofcross－hnkedmyosinheavychain（CMHC）dudngthe  

settingofthepaste7）suggestedthatthesettingofthepasteessentiauyinvoIvesacross－unkingofMHCcatalyzed  

byTGase2）．Inapreviousreport6），however，Wedescribedthattheset血gwasstulinducedeveninthe  

presenceofp－Chlorornercuribenzoicacid（PCMB），OneOftheSHreagentsconsideredasaninhibitorofTGase，  

SuggeSting thatthe cataIytic formation ofCMHC fromMHC byTGase wasnotalways necessaryforthe  

OCCurrenCeOfthesettingofthepaste．Inthisarticle，Wedescribetheeffectsofiodoaceticacid（IAA），anOther  

powerfulSHreagent，Onthephysico－Chemicalpropertiesofsuwangel．  

H．Mater払Isand Metl10ds   

l．肋おわαgぶ  

UnsaltedAlaskaponack（771eタ昭和Chalcqgramma）打ozensurimi（SAgrade）fromGoldenAlaskaSeafoods  

Inc．wasused．1AA（GR－grade）waspurchased＆ornE．Merck，Darmstadt．Monodansylcadaverine（MDC）  

WaSObtained＆omSigmaChem．Co．Otherchemicalsusedinthisexperimentwerereagentgrade．  

AcceptedJuly9，1994   
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2．5初物好打助勘細頭  

Thethawedsurimiwasmincedandgroundtogetherwith，PerlOOgofthemice，3gofNaCl，1gofsterilizer  

（Sohnighty，UenoFineChem，Co．），30miofO．2Mphosphatebuffer（pH7．0），andvariousamountsofIAA（0，  

0・25，0・5，andl・0％ofthemince）inamortarforlOminat40c．Theresultingpastewasstu鮎dinto  

POlyvinylidenechloridecasings（2cmindiameter）andsetat300cinawaterbathtogivethesuwarigel．After  

Settingfortheprescribedperiods，thegelswerecooledinrunningwater，andsubjectedtothefollowingtests．   

3．鳳雛刑腑面妖岬壷払ぬ劫砂〆伽辟  

ThepHofthepasteandsuu）arlgelwasmeasuredbyputtingtheminaholIowchamberofanelectrode  

（HoribaLtd．，TwillCOmPaCtPHmeterB－112）．   

Puncturetestsweredoneonthegelsslicedinto2cmheightbyusingarheometer（FudohKogyoCo．，NRM  

201QJ）withasphericalpiunger（5mmindiameter）atatablespeedof6cm／min．  

Stress－relaxationtestsweredoneonthegelsofthesameshapeasabovebyusmgthesamerheometerwith  

a鮎tplunger（4×4cm2area）atatablespeedof30cm／minandastrainofO．1．Stress・relaxationcurveswere  

analysedasreportedpreviously3），byafourelementmechanicalmodel，inwhichtwosetsofMaxwenlsmodel  

Wereparalleledtoeachother・Aninstantaneouselasticmodulusofthismechanicalmodei（Go），themodulusof  

theMaxweu’smodelshowinglongerrelaxationtime（Gl），themodulusofanotherMaxwe㍊1smodel（G2），the  

viscosityoftheformermodel（研），andthatoflatterone（聡）wereobtainedbytheprogressiveapproximate  

methods3）．   

Theamountofexpressiblewaterofthegelwasobtainedfromitsweightlossduringacompressionatlkg／  

cm2for3minbetweentwofoldsof丘Iterpaper（ToyoRoshiCo．，No．3）．   

4．花αざβαC如砂押ば戯混作刑g乃f   

The activityofTGaseofthe pasteaddedwithvariousamounts of王AAwasmeasuredas reported  
previously5），aftersettingat300cwith2．5mMMDC．   

5．£か5倒妙α叩gα沼～ゐ辟JβJgcわ噌如柁S怨岱∂ぶ・ダAG旦ノ   

Thesuu｝arigelsweresubjectedtoSDS－PAGE（5％acrylamidegel）asreportedpreviousiy4），afterbeing  

dissolvedin8Mureacontaining2％SDS，2％2－merCaptOethanol，and20mMTrisrHCl（pH8．0）．Densi・  

tometryofthestaineddiscwascarriedoutusingachromatoscanner（ShimadzuCorporation，CS－910）atthe  

wavelengthsof640and700nm4）．Therelativeamountofeachsubunitwascalculatedftomtheratioofthearea  

Ofitsabsorptionbandtothesumtotaloftheareaofauthebandsinthedensitogrampattem．  

ⅠⅠⅠ．Resulもs  

ChangesintheactivityofTGaseinthesurimipasteswithO－1・0％IAAaddedduringsettingispresentedin  

Tablel・The activity wasl・4M6・9n mol／mg proteinin the controlpaste whereIAA was not added．  

However，theadditionofIAAcompletelyinhibitedtheactivityinthepastes・ItwasO，Onmol／mgproteinina艮  

thegelswithO．25，0．5，andl．0％IAAadded，reSPeCtively．   

ThepHofthepastesandsuwangelsareshowninparenthesesinTablel．Inspiteoftheadditionof  
Phosphatebu鮎rtothepastes，theirpHdecreasedwithboththeincreaslngamOuntOfIÅAaddedandthe   
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TablelChangesintheactivityofTGaseinthesurimipasteswithIAAadded．  
TheactivityisexpressedastheamountofMDCincorporatedintothe  
muscleproteins（nmol／mgprotein）．Numbersinparenthesesrepresent  
thepHofthepasteswithoutMDC．  

TGaseactivity＊  
Amount of 
IAA（％）  Settingtime（h）  
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Se上土ing t主me（卜1）  ミ一三：：二・ミ ∴・喜 一‥  

Fig．1．EffectsofIAAonthebreakingforce（A），breaking Fig．2・E鮎ctsofIAAontheelasticmodulusandviscos－  

ityoftheぶ以柑α門geIscalculated丘’OITltheirstress－  

relaxation curveS．SymboIs are the same as  
thosedescribedblFig．1．   

Strain（B），and expressible water（C）of the  

SuWartgeIs．Amounto‖AAaddedtothesu血1i：  

－●－：0畑 －▲l：0．25甑 一■－：0．5？ム；  

－○－：1、0乳  
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elongationofsettingperiod．InthecontrolgeltowhichIAAwasnotadded，however，thepHdidnotchangetin  

5hofsettiI唱．  

Fig．1showstheeffectsofIAAonthebrea払1gforce，breakingstrain，andexpressiblewaterofthesuwari  

gels．The breakingforce andbreakingstrainrapidlyincreased tin5hofsettingandgradually decreased  
thereafterinauthegels．Boththebreakingfわrceandbreakingstrainwerethehighestinthecontrolgelandthe  

vahlegraduallyloweredinothergelswiththeincreasingarnountofIAAadded．Theamountofexpressible  

WaterOfthegelsdecreasedti115hbutincreasedthereafter．Theamountwasthelowestinthecontrolgetand  

thehighestinthegelwithl．0％IAAadded．  

Fig．2showstheeffectsofIAAontheelasticmodulusandviscosityofthesuwarigelscalculatedfromtheir  

StreSS－relaxationcurves．Inailthegels，Go，Gl，and敬rapidlyincreasedattheinitialstageofsettingand  

decreasedafterlOh，butG2and？複reaChedaconstantaftershowingarapidincreaseupto2h・Diffe血gfrom  

theresultsofbreakingforce，breakingstrain，andexpressiblewater，Go，Gl，and勒Werehigherinthegelswith  

IÅAaddedthaninthecontrolgel．However，G2and聡WerealmostsimilarinbothcontrolandIAAaddedgels．  

Fig．3showstheSDS－PAGEpatternsfbrthegelswithoutIAAandwithO．25％IAAadded．lntheformer  

gel，araPidweakeningofaMHCbandwasobsenTedwithaconcomitantstrengtheningofaCMHCbandwiththe  

progressofsetting．Inthelattergel，however，OnlyauttleweakeningoftheMHCbandwasnoticedandthe  

CMHCbandwassomewhatweakened，Abanddueto17OkDa（17Ok）proteinwasstrengthenedwiththe  

Setting timein both the gels．Fig．4shows the relativeamount ofprotein subunits calculated h’om the  

densitogrampatternsofthediscsinFig．3．ThedecrementofMHCwasintenseinthecontrolgelbutnotsoin  

thegelswithIAAadded．TheCMHCintenseiyincreasedtiu30hinthefbmer，btltShghtlyincreasedupto2h  

anddecreasedthereafterinthelatter．Theamountof170kproteingraduauyincreased，andthistendencywas  

a b c d e f g a b c d e f g  

Fig．3．SDS－PAGEdiscsofthesuwarigelswithout（A）andwithO．25％（B）IAAadded．  

a：Sur主mipaste；b：SuWangelsetat300cforlh；C：gelsetfor2h；d：gelsetfor5h；e：gelsetforlOh；  

f二gelsctfor20h：andg：gelsetfor30h．   
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：。∵∴・書 こ三・… 、  

Fig．4．Relativeamountofproteinsubunitscalculated魚●omthedensitogrampatternsofSDS－PAGEdiscsinFig．  

3．  

Aand王き：SameaSinFig．3．  

－●－：CMHC，－II－：MHC．－－▲－‥170kprotein・  

moreintenseintheformerthaninthelatter．  

ⅠⅤ．Dis（三uSSion  

NoTGaseactivitywasobservedinthepasteswithIAAadded，SuggeStingthatthecatalysisofTGasewas  
completelyinhibitedbytheadditionofmorethanO．25％IAAtothepaste・   

ItisseeninFig．1thattheelasticgelswereformedevenfromthepasteswithIAAaddedwherethe  

catalyticactivityofTGasewascompletelyinldbited．Duetotheacidi鮎ationbyIAA，thepHofthepastesand  

suwmgelssharpIydecreased．王nspiteoftheirpHdecrease，bothbreakingforceandbreakingstrainincreased  

Withtheelongationofsettingtime．However，theirva重uesforthegelswithO．25％LAAaddeddecreasedto60  

－70％ofthatforthecontrolgelwithout王AA．Ontheotherhand，theexpressiblewater，aSanindexofsetting，  

alsodecreasedcorrespondingtoincreasedsettingtimeinthepasteswithIAAadded，thoughitsvaluewasabout  

30％moreinthegelwithl．0％IAAaddedthaninthecontrolone．   

Differingfromthebreakhgfbrceandbreakingstrainmentionedabove，boththeGland771Werehigherby  

about20％inthegelwithl．0％IAAaddedthaninthecontrolgel．Therefore，fromtheresults，itwasobserved  

thatthesettingwasinducedeveninthepasteswithIAAadded，althoughthequautyoftheresultinggelwas  

Changed．   

Ontheotherhand，aSmentionedbefore7），CMHChasbeenconsideredtobeforrnedfromMHCduringthe  

PrOgreSSOfsetting．TheproteinsubunitsinthegelwithIAAaddedwerecomparedwiththoseinthecontrolgei  

inFig．3and4，inordertocon蝕mwhethertheCMHCwasformedinthepresenceofIAA．Frorntheresults  

thattheMHCdecreasedthroughoutthesettingoftheIAAaddedpastewithaconcomitantincreaseofCMHCat  

theinitialstage，itseemsthattheMHCisstilipolymerizedtoCMHCeveninthepastewheretheactivityof  

TGaseisabsolutelynil．Inthisgel，theCMHCmightalsobefomedfromMHCthroughoutsettingwhichwere  

dissolvedoutinSDS ofSDS－PAGE system．Ithasbeenreportedthatthedemonstrationofnon－COValent  

protehinteractionsinSDS－PAGEwasprecludedbecauseSDSreadilybrokehydrogenbonds，electrostatic  

bonds，andhydrophobicassociationsl）・AstothedecreaseofMHC，however，thereisanotherpossibiiitythat  

theMHCunderwentproteolysisduringsetting，fromthefactthatthe170kproteinincreasedgradua11y，   
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SimilartotheresultsfromthegelswithPCMBadded6），itwasalsofoundhlthepresentstudythatthegel  

WaSformedbythesettingofthepaste，WheretheTGaseactivitywascomplete重yinhibitedbyIAA，Whichalso  

SuggeStSthatthecata！yticformationofCMHCbyTGaseisnotalwaysnecessaryfortheoccurrenceofsettingof  

thepaste．Inthiscase，Setting血ghtbeinducedbythenon・COValentproteinaggregationthroughhydrogenand  

hydrophobicbonds，thepossibilityofwhichwasreportedearuer4）．However，thegelswithIAAaddedwere  

inferiortothecontrolgelinthebreakingforce，breakingstrain，andexpressiblewater．Thisinferioritymaybe  

attributedtothedepressionofpHofthepastebytheadditiono‖AA，thesuppressionoftheformationofSS  

borldsamongthemuscleproteins（IAA，beingaSHreagent，isknowntosuppressintermolecularSSbondsof  

PrOtein），and theinhibition ofthe activity ofTGase．Ina sense that the elasticity ofthe suwarigelis  

StrengthenedbytheformationofCMHC，TGasemayalsoinvolveinthesetting．  
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ヨード酢酸を添加したスケトウダラ坐りゲルの物性  

アラムAKMノウサド・加納  哲・丹羽 栄二  
三蕊大学生物資源学部   

魚肉蝮すり身の坐りに及ぼサトランスグルタミナーゼ（TGase）の影響を明らかにするために，その阻寒剤として  

知られるヨード酢酸（IAA）を加えたスケトウダラ塩すり身を坐らせ，得られる坐りゲルの物性を綱べた。ミンチ蕊  

螢に対して0．25％以上の1AAを加えると，筋肉申のTGaseは失活し，坐りゲルの破断強風 破断歪みの35％程度の  

低下，圧用水分蕊の30％程度の増加が認められたが，応力繊和では弾性率，粘性率が20％程度増加した。さらにこの  

とき，TGaseによって触媒されるミオシン蕊銀多螢体の形成も抑制された。これらの結果から，坐りにおける  

TGaseの憩教は非共有結合によって生ずる筋肉タンパク質の網状構造を強化することにあると察せられる。   




