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  Abstract:Theeffectofdynamichighpressuremicrofluidization(DHPM)ontheactivityofpapainhad
beeninvestigated,andthemolecularconformationchangesofpapainhadbeendetectedbyfluorescencespectra.
TheresultsshowedthatafterDHPM (120~180MPa)treatment,theenzymeactivitydecreasedindifferent
degrees.Thepapainactivityreducedto90.04%after180MPatreatment.Withtheincreasingoftreatment

pressure,thefluorescenceemissionpeaksofpapain,TyrandTrpresiduesgraduallyredshiftedfrom334,285
and277.5nmforuntreatedsampleto335.5,285.5and278.5nmfor140MPatreatedsample,andthen
returnedto334,285and278nmfor180MPatreatedsample,respectively.After24hplacingat0~4℃,papain
activityfurtherdecreasedandthefluorescenceintensityofpapainandTyrresidueshowedoscillate(down,up
anddown),whichindicatedthatDHPMtreatment(120~180MPa)changedthemolecularconformationof

papainvisiblywithlowstabilityofthenewformedconformation.
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1 Introduction
  Dynamichighpressuremicrofluidization(DHPM)isanemerginghighpressuretreatmenttech-
nologyinChinaandabroad,whichiscurrentlytheresearchfocusinthefieldsofbiologicalmacromole-
culemodification[1-2],auxiliarysterilization[3],emulsification[4],liposomepreparation[5],improvement
ofdietaryfiber[6],etc.Itsworkingprincipleistobringchangestothestructuresandpropertiesofma-
terialsthroughexposingthefluidmaterialtothemechanicalactionsofhighvelocityimpact,highfre-
quencyoscillation,transientpressure-decreasing,high-speedshearing,cavitationeffectininteractive
chamberwithashorttreatmenttime(lessthan5s)andcontinuousoperation.Therefore,itdiffers
fromhighhydrostaticpressure(HHP)whichonlyusesultra-highpressuresfrom100to1500MPa[7-8]and
between300and700MPaincommercialsystems[9].

Papainisakindofsulfhydrylmonomerprotease,anditiscomposedof212aminoacidresidues
comprising19Tyrresiduesand5Trpresiduesand4Pheresidues[10].Papainpossessesrelativelybroad
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substratespecificity,whichcouldhydrolyzetheinternalpeptidechain CO NH ofproteinmole-
culeproducingpolypeptidesofrelativelysmallmolecularweight;hence,papainhaswideapplicationin
thefieldsofbiologicalmedicinesandfoodchemistrywithitsenzymaticpropertiesandstructuralmodi-
ficationalwaysbeingthemajorissue.

Inrecentyears,muchresearchhasbeendedicatedtotheeffectofhighpressuretreatmentonthe
enzymaticpropertiesandstructures[11-12].Gomesetal.(1997)studiedtheinfluenceofhighhydrostatic
pressureontheactivityandstructureofpapain,andtheresultsshowedthattheenzymeactivitygradu-
allydecreasedwithincreasingpressure,butthesizeandconformationofenzymedidn’tchange[13].
Huangetal.(2005,2007)investigatedtheeffectofhighhydrostaticpressuretreatment[14]andultra
highpressure-enzymeinhibitorcombinedtreatment[15]ontheperoxidaseandpectinmethylesterasein
litchipulp.Zengetal.(2005)studiedtheeffectofhighhydrostaticpressuretreatmentontheactivity
ofhorseradishperoxidasewiththerelationshipbetweensecondarystructureandactivityofenzyme
beinganalyzed[16].However,sofartherearenotmanyreportsonenzymestreatedbyDHPM.

OurresearchgrouphasinvestigatedtheeffectofDHPMontheenzymeactivityofpolyphenol
oxidaseinpear[1,17-18]andthemolecularconformationofpolyphenoloxidasefrommushroom[19].Based
onthese,wecontinuedtoinvestigatetheeffectofDHPMonpapainactivityandrevealthemolecular
conformationchangesofpapainbyfluorescencespectra,whichcouldhelpuspreliminarilyelucidating
themechanismofDHPM-inducedchangesofpapain.

2 MaterialsandMethod

2.1 Materials
  Papain,enzymeactivity≥6000USP-U/mg(casein,pH6.0,40℃),purchasedfrom Ourchem
Co.,Ltd.Reactionsubstrateiscasein.Allchemicalreagentsareanalyticgrade.

2.2 DHPMTreatment
  Usingcysteine(0.05mol/L),EDTAdisodiumsalt(0.035mol/L)andphosphatebuffer(0.05mol/L,

pH6.0)topreparetheenzymesolution(1mg/mL).UtilizingNCJJ-0.007/200nano-ultrahighpres-
surehomogenizerfromLangfangUniversalMachineryLimitedCompany,feedingbeganunderroom
temperature(20±3)℃andthetreatmentpressurewas120,140,160,and180MPawithone-pass
treatmentforeachpressure.Thena50mLsamplewastakenundereachtreatmentpressurefordetec-
tionwithin10min,andanother50mLsamplewasstorageat0~4℃forfurthermeasurement.

2.3 DeterminationofPapainActivities
  Activityofpapainwasdeterminedbyusingcaseinassubstrate[20].First,1mLpapainsolution,

5mLPBSforpH7.5,and1mLcaseinsolutionsof10g/Lwereaddedtoa100mLconicalflask.After
enzymaticreactionat40℃for15minwithgentlestirring,2mLCCl3COOHof0.4mol/Lwasadded
intotheconicalflask.Thereactionmixturewasstaticallyequilibratedatroomtemperaturefor10min
andthencentrifuged.Afterthat,5mLof0.4mol/LNa2CO3solutionand1mLofFolinsolutionwere
addedtoa50mLbeakerincluding1mLofthefiltrate.Thebeakerwasincubatedat40℃for20min.
Theabsorbanceofthemixturewasmeasuredat680nm(T60UV-VisspectrophotometerfromBeijing
PurkingjeGeneralInstrumentCo.,Ltd.wasused).Oneunitofenzymeactivitywasdefinedasthe
tyrosinecontentformedperminuteat40℃andpH7.5.Relativeenzymeactivityisdefinedasfollows

Relativeenzymeactivity= Activityoftreatedpapain
Activityofuntreatedpapain×

100%

2.4 FluorescenceSpectraAnalysisofPapain
  Fluorescencespectraofpapain weredeterminedbyF-2500fluorescencespectrophotometer
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(HitachiLtd,Japan).Scanningspeed:1500nm/min,delay:0s,EXslit:10.0nm,EMslit:10.0nm.
2.4.1 FluorescenceSpectra
  Using280nmasexcitationwavelength,theemissionspectrawithintherangeof300~400nm
wererecorded.
2.4.2 SynchronousFluorescenceSpectra
  WhenΔλ=20nm,scanningwithexcitationwavelengthintherangeof240~360nmtoobtainthe
synchronousfluorescencespectraofTyrresidues;whenΔλ=60nm,scanningwithexcitationwave-
lengthintherangeof240~360nmtoobtainthesynchronousfluorescencespectraofTrpresidues(1
~5ineachgraphrespectivelystandforcontrolgroup,120,140,160,and180MPatreatedgroup).

2.5 StatisticalAnalysis
  Analysisofvariance(ANOVA)wasperformedtocomparetheeffectofpressurelevelat5%con-
fidencelevel.Allofthedeterminationsofpapainactivityweretriplicated.Theresultswererepresented
asmeanplusorminusstandarddeviation.

3 ResultsandAnalysis

3.1 TheEffectofDHPMonthePapainActivity
  TheeffectofDHPMonpapainactivitywasstudied.AfterDHPMtreatmentunder120,140,160,

and180MPa,therelativeenzymeactivityofpapainwere96.04%,95.27%,93.44%and90.04%re-
spectively,whichshowedthatthepapainactivitygraduallydecreasedwiththeincreasingoftreatment
pressure.Placingpapainsolutionofeachgroupinrefrigeratorfor24hat0~4℃,theenzymeactivity
alldecreasedwithhigherdegreesfor160and180MPa(asshowninFig.1),whichcouldprobablybe
ascribedtothestrongereffectofDHPMonthepapainconformationstabilityunderrelativehigher
pressures.

Fig.1 EffectofDHPMtreatmentonthepapainactivity

  InacertainleveltheresultissimilartothatofsomeHHP-relatedexperiments.Forinstance,

Gomes(1997)reportedthatpapainwasprogressivelyinactivatedbyincreasing HHPtreatment
pressuresinbothphosphate(pH5.0and6.8)andTris(pH6.8)buffer,butinallsystemstheeffect
atpressuresupto600MPawasminimal,andsignificantlosseswerefoundat800MPa[13].Katsaros
(2009)investigatedtheinactivationkineticsofpapainforstaticultrahighpressure/temperature(500
~900MPaat50~80℃)processconditions,andreportedthatathighpressures,ateachprocesstem-
perature,theincreaseofpressureincreasestheinactivationrate[21].

3.2 TheEffectofDHPMontheFluorescenceSpectraofPapain
  InproteinmoleculestheintrinsicfluorescenceofproteinmainlycomesfromTrpandTyrresi-
dues,whichhencefortharecommonlyregardedastheintrinsicfluorescenceprobetostudytheconfor-
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mationofproteininsolutionstate.Papainhas19Tyrresiduesand5Trpresidues[8].Whenproteinis
excitedat280nm,wherebothTrpandTyrresiduesoftheproteinareaffected,tertiarystructureof
proteinisreflected[22].Fig.2(a)andFig.2(b)respectivelyrepresentthechangesoffluorescence
spectraofpapaindetectedwithin10minimmediatelyafterDHPMtreatmentanddetectedafter24h
storage.

Fig.2 EffectofDHPMtreatmentonthefluorescencespectraofpapain

  Beingimmediatelydetectedafter120~180MPatreatment,thefluorescenceintensityofpapainall
showeddecreasingindifferentdegreeswiththehighestdecreasingat120MPa.Asthepressurewent
up,thefluorescenceintensitygraduallyincreasedandthelocationoffluorescenceemissionpeak
graduallyredshiftedfrom334nmforuntreatedsampleto335.5nmfor140MPatreatedsampleand
thenreturnedto334nmfor180MPatreatedsample,asshowninFig.2(a).AfterDHPMtreatment,

thesampleswerestoredfor24hat0~4℃,andthefluorescenceintensityofpapainfluctuated(down,

upanddown)withincreasingpressure,asshowninFig.2(b).ItmightindicatedthatafterDHPM
treatmentinpressurerangesof120~180MPathestructurestabilityofpapaindecreasedandits
molecularconformationremarkablychangedwithtime.

3.3 TheEffectofDHPMontheFluorescenceSpectraofTyr
  ThefluorescenceintensityofTyrinpapainalldecreasedafter120~180MPaDHPMtreatment,

butwithincreasingtreatmentpressurethefluorescenceintensitygraduallyincreasedandthefluores-
cenceemissionpeakredshiftedto285.5nmfor140MPatreatedsampleandthenreturnedto285nm
for180MPatreatedsample,asshowninFig.3(a).After24hplacingat0~4℃infridge,thefluores-
cenceintensityofTyrinpapainsamplesofalltreatmentgroupswerestilllowerthanthatofcompari-
songroup,butwithpressuregoingup,thefluorescenceintensityofTyrfluctuated(down,upand
down),asshowninFig.3(b),whichindicatedthattheinfluenceofDHPMtreatmentinpressure
rangesof120~180MPaontheconformationofTyrresiduesinpapainmoleculewererelativelystrong
withitsconformationstabilitydecreased.

3.4 TheEffectofDHPMontheFluorescenceSpectraofTrp
  AfterDHPMtreatmentinpressurerangesof120~180MPa,thefluorescenceintensityofTrpin
papainalldecreased.Withpressuregoingup,thefluorescenceintensityofTrpinpapainhadachan-
gingprocessofdecreasing,increasinganddecreasingagain,andthelocationoffluorescenceemission
peakofTrpgraduallyredshiftedform277.5nmforuntreatedsampleto278.5nmfor140MPatrea-
tedsampleandthenreturnedto278nmfor180MPatreatedsample,asshowninFig.4(a).After24h
storageunder0~4℃infridge,thefluorescenceintensityofTrpinpapainsolutionofalltreatment
groupswerestilllowerthanthatofcomparisongroupandbasicallymaintainedthechangingruleat

231         高  压  物  理  学  报             第24卷 



10min,asshowninFig.4(b),whichindicatedthatafterDHPMtreatmentinpressurerangesof120~
180MPa,theconformationofTrpresiduesinmoleculewererelativelystablewithtime.

Fig.3 EffectofDHPMtreatmentonthesynchronousfluorescencespectraofTyr(Δλ=20nm)

Fig.4 EffectofDHPMtreatmentonthesynchronousfluorescencespectraofTrp(Δλ=60nm)

4 Conclusions
  TheeffectsofDHPMontheenzymeactivityandconformationofpapainwerestudied.There-
sultsshowedthatafterDHPMtreatmentunder120,140,160,and180MPa,therelativeenzymeactivi-
tyofpapainwentdownto96.04%,95.27%,93.44%and90.04%respectively,andthefluorescence
intensityofpapain,TyrandTrpresiduesalldecreasedindifferentdegrees.Butwiththepressuregoing
up,thefluorescenceintensityofpapainandTyrresiduegraduallyincreased,andthefluorescenceemis-
sionpeaksofpapain,TyrandTrpresiduesgraduallyredshiftedfrom334,285and277.5nmforun-
treatedsampleto335.5,285.5and278.5nmfor140MPatreatedsample,andthenreturnedto334,

285and278nmfor180MPatreatedsample,respectively.Allthesefactsabovesuggestedthatafter
DHPMtreatmentthepolarityofmicroenvironmentofTyrandTrpresiduesinpapaingraduallyin-
creased.Withhighvelocityimpact,high-speedshearingandotherintensemechanicalactionsofDHPM
treatment,theformertightproteinmacromoleculeunraveledintolooserstateorformedsmallerpro-
teinfragmentsresultingintheexposureofTyrandTrpresiduesinhydrophobicenvironment,mean-
whilethefluorescenceemissiongroupsrapidlycontactedwithsolvent(water)producingfluorescence
quenching.However,asthetreatmentpressurewentup,thequenchingdegreeofpapaingradually
decreasedandthefluorescenceintensityincreased.Whenthepressurewasabove140MPa,theloosed
andunraveledmoleculewouldprobablyaggregateresultinginthevioletshiftoffluorescenceemission
peak.InacertainlevelthisissimilartotheresultsofourresearchonmushroomPPOtreatedby
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HPM[19].After24hplacingat0~4℃,thefluorescenceintensityofTrpresiduesmaintainedthechan-
gingruleat10min,butthefluorescenceintensityofpapainandTyrresiduesfluctuatedandtheen-
zymeactivityofpapainfurtherdecreased,whichindicatedthattheeffectofDHPMinpressureranges
of120~180MPaonchangingthemolecularconformationofpapainwasrelativelyobviouswiththe
formednewconformationhavingalowstability.
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动态高压微射流技术对木瓜
蛋白酶活性的影响

刘 伟,钟业俊,刘成梅,谢明勇,官 斌,尹 曼,王 倩,陈婷婷
(南昌大学食品科学与技术国家重点实验室,江西南昌 330047)

  摘要:研究了动态高压微射流技术对木瓜蛋白酶活性的影响,并以荧光光谱为检测手段对

木瓜蛋白酶的分子构象进行表征。结果显示,动态高压微射流处理(120~180MPa)后,木瓜

蛋白酶酶活降低。经180MPa处理1次,木瓜蛋白酶相对酶活降至90.04%。随着处理压力

的增加,木瓜蛋白酶分子、酪氨酸残基、色氨酸残基的荧光发射峰位置分别从对照组的334、

285、277.5nm红移至140MPa处理组的335.5、285.5、278.5nm,然后回移至180MPa处理

组的334、285、278nm。在0~4℃放置24h后,酶活进一步降低,木瓜蛋白酶和酪氨酸残基的

荧光强度出现波动(降低、上升然后再降低),表明动态高压微射流处理(120~180MPa)改变

木瓜蛋白酶分子构象的效果较为明显,形成的新构象稳定性低。

  关键词:动态高压微射流;荧光光谱;木瓜蛋白酶;分子构象
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