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국문초록

최근 들어 현대인의 성인병으로 크게 대두되는 고혈압은 동맥경화,뇌졸중,심

근경색 등의 질병을 초래할 뿐만 아니라 뇌출혈과 심장병 및 신장병 등과 합병

증으로 나타날 경우 치사율이 매우 높은 질병이다.이러한 고혈압은 그 자체가

직접적인 증상을 보이지는 않지만 혈압을 정상적으로 유지시키는 일은 위험한

성인병의 발병을 방지하는데 중요하다.

고혈압의 발병과 정상혈압 유지에는 많은 인자가 관여하고 있으며,인체에서 혈

압을 조절하는 기구인 renin-angiotensinsystem (RAS)의 항상성이 유지되지

않을 때 혈압조절에 문제가 생기는 것으로 알려져 있다.renin-angiotensin

system (RAS)에서 renin에 의해 angiotensinogen으로부터 활성화된 angiotensin

I을 angiotensinII로 전환시키는데 angiotensinIconvertingenzyme(ACE,EC

3.4.15.1)이 직접 관여하고 있다고 알려져 있다.고혈압 억제는 angiotensinI

convertingenzyme(안지오텐신 전환 효소)의 활성을 억제할 수 있는 물질에 초

점이 맞추어져 있다.이러한 결과로 생성된 angiotensinII는 계속하여 부신과 혈

관평활근세포 및 신장 그리고 심장 등에 존재하는 4종의 AT receptor에 작용하

며,AT receptor는 혈관수축과 aldosterone및 vasopressin방출 그리고 세뇨관

의 나트륨 흡수와 신장으로의 혈류량 감소 등을 유발함으로써 심혈관과 신장 및

중추에서 여러 가지 병변을 가져온다.그리하여 angiotensin I converting

enzyme(ACE,EC3.4.15.1)은 혈관과 심장 및 폐 그리고 뇌조직 등에서 발견

되는 dicarboxypeptidase로서 혈압조절 기구인 renin-angiotensinsystem (RAS)

에서 중요한 역할을 한다고 하겠다.이러한 RAS에서 ACE의 작용으로 심혈관계

에 여러 문제가 생기므로 ACE작용에 대한 저해물질인 ACEinhibitor는 고혈압

뿐만 아니라 만성신장병과 동맥경화 및 심장발작 등을 효과 적으로 감소시킬 수

있다.

이러한 ACE저해제는 captopril,alapril,fosinopril,moexipril및 tandolapril등

의 화학합성 치료제로 많은 연구가 이루어 졌다.그러나 이러한 합성 치료제들은

헛기침과 미각장애 및 피부 홍진 등의 부작용이 나타나기 때문에 천연물 유래의
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ACE저해제를 찾는데 많은 관심을 기울이고 있다.최근에는 다양한 단백질 가

수분해물로부터 ACE저해 peptide를 찾기 위해 많은 연구가 이루어지고 있으며

다양한 해양생물자원을 이용하여 ACE저해 peptide에 대한 연구가 많이 이루어

지고 있다.

이 연구의 재료로 사용되어진 주름미더덕(Styelaplicata)은 척색동물문,해초강,

측성해초목,미더덕과에 속하며 우리나라와 극동 아시아 지역에서 서식하고 있으

며,우리나라 바다 동해와 남해 연안에 주로 분포하며 수심 5-15m의 조하대 바

닥이나 각종 고형물에 부착하여 서식하는 독립형 멍게류 이다.이들은 우리나라

에서 양식이 이루어지고 있으며 식용으로 이용하고 있다.

이 연구는 주름미더덕을 이용한 단백질의 효소적 가수분해물을 재료로 하여

ACE저해 peptide를 찾기 위해 분리와 정제 과정을 통하여 ACE 저해에 직접

관여하는 peptide를 검색하였다.이 주름미더덕의 단백질 가수분해물에 의한

ACE저해 peptide를 검색하기 위한 첫 단계는 단백질 가수분해효소 10종을 이용

하여 단백질 가수분해물을 제조하고 ACE저해활성을 측정하여 가장 적합한 효

소 Protamex를 선정하고,선정한 Protamex효소를 이용하여 가수분해물 제조에

최적 조건을 검색하기 위해 가수분해의 시간과 효소 농도를 다양하게 하여 가수

분해물을 제조한 후 ACE저해 활성을 측정하여 최적의 조건을 선정하였다.이

러한 단계를 거쳐 제조된 단백질 가수분해물을 한외여과와 겔 여과 크로마토그

래피 및 RP-HPLC를 이용하여 분리와 정제를 실시하였고 확인된 단일 peptide의

ACE 저해활성을 측정 하였고,활성을 나타내는 순수 peptide를 분리하기 위한

단계에서는 우수한 ACE저해활성을 확인 하였고,보고된 여러 가수분해물 보다

뒤지지 않는 ACE저해활성이 나타났다.

이러한 결과를 종합하면,주름미더덕의 단백질 가수분해물은 ACE저해 효과가

우수하였으며,이 연구에서 행한 분리와 정제 방법이 효과적이라 판단된다.천연

물 유래의 ACE저해제를 찾기 위해 이 연구에서 재료로 사용되어진 주름미더덕

은 앞에서 언급한 바와 같이 우리나라에서만 양식이 되고 있으며,또한 식용으로

이용된다.이들은 항고혈압 기능성 식품으로 개발 된다면 세계적으로 원천기술

확보는 물론 현재 우리나라만이 전적으로 자원을 확보하고 있으므로 세계 시장

에서 크게 활용가치를 증진시킬 것으로 판단된다.
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이 외에도 주름미더덕은 해양생물 유래 신 혈압개선용 식품소재의 개발과 기존

혈압치료제라는 의약품 개념에서 기능성 식품으로 안전하게 복용이 가능하고

식품용으로 사용 가능한 효소적 추출공정이 적용 되므로 부작용이 없을 것으로

기대된다.또한 미이용 수산물의 다양한 용도 개발과 해양 생물 산업의 활성화는

물론 최근 세계적으로 해양생물 선호에 따라 개발제품의 수출 증대도 기대 된다.
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Abstract

Enzymaticdigestspreparedfrom Styelaplicatabytreatmentwithvarious

proteases including Protamex,Kojizyme,Neutrase,Flavourzyme,Alcalase,

Trypsin, α-Chymotrypsin, Protease, Pepsin and Papain, and their the

angiotensinI-convertingenzyme(ACE)inhibitoryactivitieswereinvestigated.

Underthesameconcentration,theProtamexdigesthadthehighestACE

inhibitoryactivity(72.21% at2.5mg/ml)comparedtotheotherdigests. The

Protamexdigestwasperformedoptimum conditionsassayforproductionof

ACEinhibitionpeptidesfrom S.plicata.TheProtamexdigesthadthehighest

ACE inhibitoryactivitybyconditionsofenzymeconcentrationsof10% for

48 h compared to the other conditions.We attempted to isolate ACE

inhibitorypeptidesfrom ProtamexdigestofS.plcatausingultra-filtrationand

ACE inhibitory activity was measured.Below 5 kDa molecular weight

fractionshowedthehighestACEinhibitoryactivity(IC50value0.828mg/ml).

Next,below 5kDamolecularweightfractionwasseparatedonSephadex

G-25gelfiltrationchromatographyandACEinhibitoryactivitywasmeasured.

TheF2peakshowedthehighestACE inhibitoryactivity(IC50 value0.319

mg/ml).The F2 peak was separated on reverse-phase column by high

performanceliquidchromatography(HPLC)andACE inhibitoryactivitywas

measured.F2-BpeakshowedthehighestACEinhibitoryactivity(IC50value

0.076mg/ml).TheF2-B-Ifrom F2-B wasdivided into singlepeakson

RP-HPLC.The IC50 value ofpurified ACE inhibitory peptide was 0.014

mg/ml.The results ofthis study suggested thatpeptides derived from

enzymatic digests of S.plicata would be usefulnew antihypertension

compoundsinfunctionalfood.However,furtherworkisbeingcarriedoutto

confirm itsinvivophysiologicaleffectsinbloodpressureregulation.
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1.Introduction

Recently,hypertension ismajorproblem threatening human health in the

world.Itwas estimated thatthere is about20% ofthe world’s adult

population(Alperetal,2001).Hypertensionkindofachronicdiseasecauses

problemsofthecirculatoryorganaswellasactsasthedangerousfactor

suchasarteriosclerosis,strokeandmyocardialinfarction.Incasehypertension

develops the complication with cerebralhemorrhage,heart disease and

nephropathy,thelethality canbeveryhigh(Ungeretal,2002;Jeetal.,

2005).Hypertension has been mainly explained as the physiologicaland

chemicalmechanism byrenin-angiotensinsystem (RAS)andsubstancethat

caninhibittheactivationofangiotensinIconvertingenzymeisfocusedto

directlyinhibithypertension. 

 Angiotensin Iconverting enzyme (ACE,EC 3.4.15.1)discovered in

vascular,heart,lungandbraintissueplaystheimportantroleasdicarboxy

peptidase(LapointeandRouleau,2002)in renin-angiotensin system (RAS)

and kallikrein-kinin system (KKS)(Fig.1).ACE converts angiotensin I

(Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu)activatedfrom angiotensinogen

byrenininRASintoangiotensinII(Asp-Arg-Val-Tyr-Ile-His-Pro-Phe)that

continuouslyactsinvariouskindsofAT receptorexistinginadrenal,kidney

andheart.ATreceptorcausesthecontractionofvascular,thereleaseofboth

aldosteroneandvasopressin,thereductionofbloodflow inthekidneyand

therenaltubuletoabsorbsodium andtheseleadtovariousdiseasesinthe

heartvascular(Unger,2002).TheACE isazinc-containing exopeptidase

enzymelocatedintheendothelialliningofthevasculatureofthelungand

cleavesdipeptidesattheC-terminusofoligopeptides(Jungetal.,2006).In

particular,ACEinvolvescleavinghistidyl-leucineofangiotensinIforming

angiotensinII,anddegradesbradykinin(vasodepressor)toinactivepeptides
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Fig.1.Proposedreactionmechanism catalyzedbyangiotensinIconverting

enzyme(KininaseII).
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angiotensinII,anddegradesbradykinin(vasodepressor)toinactivepeptides

(Dzau,2001).These activities ofACE in RAS and KKS cause various

problems in relation ofthe heart's blood,therefore,ACE inhibitor can

effectivelyreducehypertensionaswellasnephropathy,arteriosclerosisand

heartattack(Thurmanetal.,2003;Bakris,2001).

Tohelppreventandtreathypertension,inhibitionofACEhasbeenawidely

usingtherapeuticstrategyandtheliteratureonACEinhibitorycompoundis

quiteextensive.

SincethediscoveryofACE inhibitor,snakevenom (Ondettietal.,1971),

manystudiedhavebeendirectedtheattemptedsynthesisofACE inhibitors

havebeenusedextensivelyinthetreatmentofessentialhypertensionand

heartfailure in humans,such as alacepril,captopril,benazepril,enalapril,

fosinopril,ramiprilandzofenopril.However,thesesynthesiscompoundsare

believedtohavecertainsideeffects,suchascough,tastedisturbancesand

skinrashes(KatoandSuzuki,1971;Sawayamaetal.,1990;OndettiMA.,

1977).Therefore a search forACE inhibitors from naturalproducts has

becomeamajorareaofresearch.

ManyACEinhibitorypeptidehavebeenisolatedfrom variousproteindigests

suchascanola(Jianping etal.,2008),peanut(Wang etal.,2008),bovine

casein(Contrerasetal.,2009),porcinemuscle(MiguelandFidel,2007),egg

white(Migueletal.,2007),yakmilkcasein(Maoaetal.,2007),sheepmilk

yoghurt(Papadimitriouetal.,2007)andsoybean(Chenetal.,2002).Also

variousACE inhibitory peptideshavebeen isolatedfrom marineresources

proteinsuchasoyster(Wangetal.,2007),sardinelle(Alietal.,2008),hard

clam (Tsaietal.,2008),Alaskapollak(ByunandKim,2001).

S.plicatausedforthisstudy,amarineresource,inhabitsinKoreaandthe

FarEastAsia.AquacultureofS.plicataalsohasbeen madeonlyinKorea

andusedforfood.Studiesonbioactivefrom S.plicatasuchasanticoagulant
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Fig.2.ThephotographofStyelaplicata.
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activity(Joanaetal.,2008),antioxidantandanticanceractivity(Kim etal.,

2005)havebeenperformedbefore.

 The purpose ofthe work reported here was to isolate ACE inhibitory

peptidesderivedfrom enzymaticdigestsofS.plicataandthecharacterization

ofthe isolated peptides with respectto theirinhibitory effects on ACE

(Fig.3).
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Fig.3.Flow chartfortheseparationofACEinhibitorypeptidefrom Styela

plicata.
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2.MaterialsandMethods

2.1.Materials

StyelaplicatawascollectedalongthecoastofMasaninKorea,duringthe

periodfrom AugusttoOctober2008.Salt,sandandepiphyteswereremoved

usingtapwater.Finally,theS.plicatawererinsedcarefullyinfreshwater

and stored at -20℃ for further experiments.The frozen sample was

lyophilizedandhomogenizedwithagrinderbeforeextraction.Tenproteases

includingProtamex,Kojizyme500MG,Neutrase0.8L,Flavourzyme500MG,

Alcalase 2.4L FG were obtained from Novo Co.(Novozyme Nordisk,

Bagsvaerd) and Trypsin, α-Chymotrypsin,Protase,Pepsin,Papain were

obtainedfrom SigmachemicalCo.(St.Louis,Mo,USA).Theoptimum pH,

optimaltemperatureandcharactersofthoseenzymesweresummarizedin

Table 1-1.N-Hippuryl-His-Leu tetrahydrate (HHL) and Angiotensin I

ConvertingEnzyme(from rabbitlung)wereobtainedfrom Sigmachemical

Co.(St.Louis,Mo,USA).Theotherchemicalsandreagentsusedwereof

analyticalgrade.

2.2.ApproximatechemicalcompositionofdriedS.plicata

Approximate chemicalcomposition of dried S.plicata was determined

accordingtoAOAC method(1990).Crudecarbohydratewasdeterminedby

phenol-sulfuricacidreaction(absorbanceat480nm,using glucoseasthe

calibrationstandard),crudelipidwasperformedbySoxhletmethodandcrude

ash was prepared at550℃ in the dry-type furnace.The moisture was

determinedkeepinginadryovenat105℃ for24handthecrudeprotein

wasdeterminedbyKjeldahlmethod.

2.3.Preparationofenzymaticdigestsfrom S.plicata
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The enzymatic digests from S.plicata were obtained according to the

method used by Jung etal(2006)and Heo etal(2002).Ten enzymes

(Protamex, Kojizyme, Neutrase, Flavourzyme, Alcalase, Trypsin,

α-Chymotrypsin,Protease,PepsinandPapain)wereusedtotreatedtothe

powderofS.plicataunderoptimalconditions(Table1)for24h.Onegram

ofthegrounddriedS.plicatapowderwashomogenizedwithwater(100ml),

andthen10mgor100㎕ enzymewasadded.ThepHsofthehomogenate

wereadjustedtoitsoptimalphvaluebeforethedigestion.Theenzymatic

reactionswereperformedfor24htoachieveoptimum degreeofthedigest.

Assoonastheenzymaticreactioniscomplete,thedigestswereboiledfor10

minat100℃ toinactivetheenzyme.Eachenzymaticdigestwasclarifiedby

centrifugation(3500rpm,for20minat4℃)toremovetheresidue(Fig.4).

Alltheenzymaticdigestswerekept-20℃ forfurtherexperiments.

2.4.Measurementofenzymaticdigestionyield

YieldoftheenzymaticdigestsofS.plicatawerecalculatedbydividingthe

dryweightofextractsfiltrateoverdryweightoftheS.plicataenzymatic

digestused.

2.5.Determinationofproteincontent

The amountofcrude protein was determined by the Lowry method,

absorbanceat540nm usingbovineserum albuminasthecalibrationstandard

(Lowryetal.,1951).

2.6.Optimum-conditionsassayfortheactivedigestion

Activedigestionwasperformedoptimum conditionsassayforACEinhibition

digestfrom S.plicata.Onegram ofthegrounddriedS.plicatapowderwas

homogenizedwithwater(100ml),andthenvariousenzymerate(0.2,1,5
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Enzyme Sources
Optimal

pH Temperature(℃)

Protamex Bacilussp. 6.0 40
Kojizyme A.oryzae 6.0 40

Netrase Bacillusamyloliquefaciens 6.0 50

Flavourzyme A.oryzae 7.0 50
Alcalase Bacillussp. 8.0 50

Pepsin Porcinegastricmucosa 2.0 37
Protease A.oryzae 2.8 37

Trypsin Bovinepancreases 7.6 25

α-Chymotrypsin Bovinepancreases 7.8 25
Papain Papayalatex 6.2 25

Table1.Optimalconditionsofproteases.
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Fig.4.Preparationofenzymaticdigests.
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and10%)wasadded.ThepHsofthehomogenatewereadjustedtoits

optimalphvaluebeforethedigestionofS.plicata.Theenzymaticreactions

wereperformedforvarioustimesfrom 6,12,24and48h.Yield,protein

contentsandACEinhibitoryactivitiesoftheactivedigestformedatdifferent

enzymerateandincubationtimesupondigestionweremeasured.

2.7.ACEinhibitoryactivity

Foreachassay,50㎕ ofthesamplesolutionwith50㎕ ofACEsolution

(25mU/ml)waspre-incubatedat37℃ for10min,andthenincubatedwith

100㎕ ofsubstrate(25mM hippuryl-His-Leuin50mM sodium boratebuffer

containing500mM NaClatpH 8.3)at37℃ for60min.Thereactionstopped

byadding250㎕ of1N HCl.Hippuricacidwasextractedwith500㎕ of

ethylacetate.Then a 200 ㎕ aliquotofthe extractwas removed by

evaporation in an dry-oven at80℃.Theresiduewasdissolved in 1ml

distilledwateranditsUV spectradensitywasmeasuredat228nm.TheIC50

valuewasdefinedastheconcentrationofinhibitorrequiredtoinhibit50% of

ACEinhibitoryactivity.

Theextentofinhibitionwascalculatedasfollows:

Inhibition%=(Ac-As)/(Ac-Ab)

Ac=Absorbanceofcontrolsample

As=Absorbanceofsamplesolution

Ab=Absorbanceofblanksolution

2.8.PurificationofACEinhibitorypeptide

2.8.1.Molecularweightfractionationofactiveenzymaticdigest

InallthetestedenzymaticdigestsforACEinhibitoryactivityofenzymatic

digests,oneenzymaticdigestfrom S.plicatasubjectedtomolecularweight

fractionationtoobtainthepeptidewithmolecularweightofabove10kDa,



13

5-10 kDa and below 5 kDa. Enzymatic digest was passed through

ultra-filtrationmembranes(5and10kDa)using Millipore'sLabscaleTFF

system (MilliporeCorporation,Bedford,Massachusetts,USA)at4℃ (Fig.5).

Theresultant,fractionswerethencollectedaccordingtomolecularweights

(above10kDa,5-10kDaandbelow 5kDa)werelyophilizedandstoredat

-20℃ foruseinfurtherexperiments.

2.8.2.Gelfiltrationchromatography

ThemostactivefractionbyUltra-filtrateddigestwasagainfilteredand

appliedtoacolumn(∅ 2.5× 75cm)saturatedinSephadexG-25resin

whichwaspreviouslyequilibratedwithdistilledwater.Theflow ratewas

1.5ml/min,andelutionpeaksweremonitoredat215nm.Thepeakswere

collected at5 min intervals with a peak collector,and peaks showing

ACE inhibitory activity were pooled and lyophilized.The active ACE

inhibitionpeakwasappliedontotheRP-HPLCforfurtherpurification.

2.8.3.Isolationofpeptidebyreversed-phaseHPLC(RP-HPLC)

Thefraction with thehighestACE inhibitory activity wasdissolved in

distilled water,and separated by reversed-phasehigh performanceliquid

chromatography(HPLC)onasymmetryGrom-sil120ODS-5ST column

(Alltech,C18,∅10×250mm).ForRP-HPLCanalysis,mobilephasesusedin

thegradientelutionconsistedofeluantA consistingof0.1% trifluoroacetic

acid(TFA)indistilledwater(v/v);eluentB of0.1% trifluoroaceticacid

(TFA)inacetonitrile.Theseparationwasperformedwithalineargradient

from 0to25% eluentBataflow rateof2.0ml/min.TheUVabsorbanceof

theeluentwasmonitoredat215nm.ThefractionsshowingACEinhibitory

activitywerepooledandlyophilized.
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Fig.5.Ultra-filtrationmembranesystem forfractionofS.plicataenzymatic

digestaccordingtothemolecularweightofconstituents.



15

3.ResultsandDiscussion

3.1.Approximatechemicalcomposition

ApproximatechemicalcompositionsS.plicatawasshowninTable2.The

majorchemicalcomponentofS.plicatatestedwasfoundtobecarbohydrate

whosecontentoccupiedover40% ofthetotaldryweight.Proteincontents

determined from S.plicata was 33.12%.Ash contentdetermined from S.

plicatawas10.77%.Moistureandlipidcontentdeterminedfrom S.plicata

was9.34and4.25%.

3.2.Enzymaticdigestionyield

Theyieldofenzymaticdigestsweredeterminedbysubtracting thedried

weightofresidue from one gram ofS.plicata sample dried and was

expressedasapercentage(Heoetal.,2005).TheEnzymaticdigestionyield

from S.plicatawasshowninTable3.Theeachenzymaticdigestswere

showeddifferentyieldandalmostenzymaticdigestsshowedrelativelyhigher

yieldcomparedwith theaqueousextract.But,Pepsin digestwasshowed

loweryieldcomparedwiththeaqueousextract.Thehighestyield(36.8%)

wasrecordedintheNeutrasedigestfrom S.plicata,whereasthelowestyield

(18.7%)wasshownthebyPepsindigestfrom S.plicata.

3.3.Proteincontent

AllenzymaticdigestsweresubjectedtoLowrymethod(1951)todetermine

theirproteincontents.Theproteincontentsofeachoftheenzymaticdigests

areshownintheTable4.Theeachenzymaticdigestswereshoweddifferent

yieldandalmostenzymaticdigestsshowedrelativelyhigheryieldcompared

withtheaqueousextract.But,Kojizymedigestwasshowedlowerprotein

contentcomparedwiththeaqueousextract.Theproteasescanworkprimarily
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bymacerating thetissuesandbreaking downthecellwallsandcomplex

interiorstoragematerials(Siriwardhanaetal.,2008).Therefore,enzymatic

digestshavehigheryield and protein contentthan aqueousextract.The

highestproteincontent(435.8mg/g)wasrecordedintheProtamex digest

from S.plicata,whereasthelowestproteincontent(171.61mg/g)wasshown

thebyKojizymedigestfrom S.plicata.

3.4.ACEinhibitoryactivity

TheACEinhibitoryactivitywasassayedbymeasuringtheconcentrationof

hippuricacidliberatedfrom hippuryl-His-LeubythemethodofCushmanand

Cheung(1970).TheresultoftheACEinhibitoryactivitiesofdifferentenzyme

digests of ten proteases (Protamex, Kojizyme, Neutrase, Flavourzyme,

Alcalase,Trypsin,α-Chymotrypsin,Protease,PepsinandPapain)andaqueous

extractareshowninFig.6.AllenzymaticdigestsofS.plicatashowedmore

than50% ACE inhibitory activitiesanddose-dependantactivityoverACE

inhibition.Specially,Protamexdigestshowedhigheractivities(65.25%)than

thatotherdigests.ACEinhibitoryactivityofProtamexdigestfrom S.plicata

increasedgraduallywiththeincreasedconcentrationsandwere37.24,45.38,

58.94and65.25%.Comparedtoenzymaticdigests,aqueousextractshowed

thelowestACE inhibition (17.24%)forACE inhibitory assay.Also,ACE

inhibitory activity was dose-dependently increased with protein content.

Previousreportshaveshown thatACE inhibitory activity isaffectedby

hydrolysisofprotein.However,thereductionintheACEinhibitoryactivityis

assumedtobemainlyduetoaggregationoftheproteincausedbythehigh

temperaturetreatment(Youshie-Starketal.,2006).Therefore,theProtamex

digestwasselectedforuseinfurtherexperiments.
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Chemicalcomposition Content(%)
Moisture 9.34±0.2

a

Ash 10.77±0.3
Protein 33.12±0.2

Carbohydrate 42.52±0.4

Lipid 4.25±0.4

Table2.ChemicalcompositionsofS.plicata.

a
Thevaluesareaveragesoftriplicatedeterminations.
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Enzymaticdigests Yield(%)

Neutrase 36.8±0.2
a

Alcalse 29.3±0.3

Flavourzyme 25.3±0.1

Protamex 29.7±0.2

Kojizyme 20.8±0.2

Protase 25.2±0.2

α-chymotrypsin 34.3±0.2

Trypsin 25.7±0.3

Papain 23.3±0.1

Pepsin 18.7±0.2

Aqueous 19.8±0.1

Table3.Yieldofenzymaticdigestsfrom S.plicata.

aThevaluesareaveragesoftriplicatedeterminations.
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Enzymaticdigests Proteincontents(mg/g)

Neutrase 421.61±4.46
a

Alcalse 349.84±3.35

Flavourzyme 361.67±2.23

Protamex 435.80±2.23

Kojizyme 171.61±1.12

Protase 343.71±3.11

α-chimotrypsin 369.41±2.11

Trypsin 312.89±4.33

Papain 299.33±1.99

Pepsin 201.49±1.93

Aqueous 183.22±3.39

Table4.Proteincontentsofenzymaticdigestsfrom S.plicata

a
Thevaluesareaveragesoftriplicatedeterminations.
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Fig.6.ACE inhibitory activity ofenzymatic digests from S.plicata.A,

Neutrase;B,Alcalase;C,Flavourzyme;D,Protamex;E,Kojizyme;F,Protase;

G,α-chimotrypsin;H,Trypsin;I,Papain;J,Pepsin;K,Aqueous.

Mean±SEofdeterminationswasmadeintriplicateexperiments.
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3.5.Optimum-conditions fortheproduction ofACE inhibitory activity

digestbyProtamex

3.5.1.Yield

TheyieldofProtamexdigestsweredeterminedbysubtractingthedried

weightofresidue from one gram ofS.plicata sample dried and was

expressed as a percentage (Heo et al.,2005).The optimaldigestion

conditionsforproductionofACE inhibitoryactivitydigestfrom S.plicata

wereinvestigated in thevariousenzymerate(0.2,1,5and 10%)and

digestiontimesfrom 6,12,24and48h.Astheenzymerateanddigestion

timewereincreased,theyieldofProtamexdigestswasincreased(Table5).

The highestyield ofthe Protamex digest(40.5%)ofS.plicata was

obtainedwhenthedigestionwasperformedat10% for48h,whereasthe

lowestyield(11.5%)wasshownthebyProtamexdigestat0.2% for6h.

3.5.2.Proteincontents

AllProtamexdigestsweresubjectedtoLowrymethod(1951) todetermine

theirprotein contents.Theoptimaldigestion conditionsforproduction of

ACE inhibitory activity digestfrom S.plicata were investigated in the

variousenzymerate(0.2,1,5and10%)anddigestiontimesfrom 6,12,

24 and 48 h.As the enzyme rate of0.2% and digestion time was

increased,theofProtamex digestswasincreased(Table6).Thehighest

proteincontentofProtamexdigest(435.59mg/g)ofS.plicatawasobtained

whenthedigestionwasperformedat10% for48h, whereasthelowest

proteincontent(182.99mg/g)wasshownthebyProtamexdigestat0.2%

for6h.

3.5.3.ACEinhibitoryactivity

TheACE inhibitoryactivitywasassayedbymeasuringtheconcentration

ofhippuricacidliberatedfrom hippuryl-His-LeubythemethodofCushman
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and Cheung (1970).TheACE inhibitory activity ofallProtamex digests

weremeasured.Theoptimaldigestion conditionsforproduction ofACE

inhibitoryactivitydigestfrom S.plicatawereinvestigatedinthevarious

enzymerate(0.2,1,5and10%)anddigestiontimesfrom 6,12,24and48

h.Theenzymerateof0.2% andasthedigestiontimewereincreased,the

ACE inhibitory activityofProtamex digestswasincreased(Fig.7).The

highestACE inhibitoryactivityofProtamexdigest(54.26%)ofS.plicata

wasobtained when thedigestion wasperformed for48h,whereasthe

lowestyield(30.25)wasshownthebyProtamexdigestfor6h.And,the

enzymerateof1% and asthedigestion timewereincreased,theACE

inhibitoryactivityofProtamexdigestswasincreased(Fig.8).Thehighest

ACE inhibitory activity ofProtamex digest(58.77%)ofS.plicata was

obtainedwhenthedigestionwasperformedfor48h,whereasthelowest

yield(39.44%)wasshownthebyProtamexdigestfor6h.Also,theenzyme

rateof5% andasthedigestiontimewereincreased,theACE inhibitory

activity ofProtamex digests was increased (Fig.9).The highestACE

inhibitoryactivityofProtamexdigest(68.08%)ofS.plicatawasobtained

when the digestion was performed for48 h,whereas the lowestyield

(45.24%)wasshownthebyProtamexdigestfor6h.Finaly,theenzyme

rateof10% andasthedigestiontimewereincreased,theACE inhibitory

activity ofProtamex digestswasincreased (Fig.10).ThehighestACE

inhibitoryactivityofProtamexdigest(72.21%)ofS.plicatawasobtained

when the digestion was performed for48 h,whereas the lowestyield

(46.43%)wasshownthebyProtamexdigestfor6h.TheIC50valueofAll

ProtamexdigestsshowninTable5.Theresult,Asthedigestiontimewas

increased,the yield,protein contentand ACE inhibitory activity ofthe

Protamexdigestwasincreased.PreviousreportshaveshownthattheACE

inhibitory activityofdigestswasincreasedwhenthedigestiontimewas

increased(Leeetal.,2004).
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Enzyme

concentrations
a

(%)

Incubationtime(h)

6 12 24 48

0.2 11.2±0.1
b

20.3±0.1
c

22.1±0.2 27.5±0.1
1 13.2±0.1 24.2±0.1 26.5±0.3 37.5±0.1

5 19.4±0.2 26.5±0.1 29.7±0.3 38.3±0.2

10 20.6±0.3 33.2±0.2 39.5±0.1 40.5±0.1

Table5.YieldofvariousconditionsofProtamexdigestfrom S.plicata

a
Theextentofenzymeconcentrationwascalculatedasfollows:

Enzymeconcentration%=(Enzyme/Substrate)×100

b
Thevaluesareaveragesoftriplicatedeterminations.

c
Unit:%



24

Enzyme

concentrations
a

(%)

Incubationtime(h)

6 12 24 48

0.2 182.99±1.88
b

220.33±2.11
c

267.66±4.22 301.32±1.55
1 196.36±0.95 242.67±1.08 295.12±1.23 331.34±2.23

5 200.18±3.31 277.97±0.9 331.11±3.45 383.32±2.91

10 200.14±3.33 312.39±1.89 415.22±1.39 435.59±3.23

Table6.Proteincontentsofvariousconditionsofprotamexdigestfrom S.

plicata.

a
Theextentofenzymeconcentrationwascalculatedasfollows:

Enzymeconcentration%=(Enzyme/Substrate)×100

b
Thevaluesareaveragesoftriplicatedeterminations.

c
Unit:mg/g
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Fig. 7. The 0.2% ratio of enzyme to substrate on ACE inhibitory

activity of Protamex digest from S.plicata.The Digestion times for

ACEinhibitoryassaywere6,12,24and48h.

Mean±SEofdeterminationswasmadeintriplicateexperiments.
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Fig. 8. The 1% ratio of enzyme to substrate on ACE inhibitory

activity of Protamex digest from S.plicata.The Digestion times for

ACEinhibitoryassaywere6,12,24and48h.

Mean±SEofdeterminationswasmadeintriplicateexperiments.
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Fig.9. The5% ratioofenzymetosubstrateonACEinhibitoryactivityof

Protamex digest from S. plicata. The digestion times for ACE

inhibitoryassaywere6,12,24and48h.

Mean±SEofdeterminationswasmadeintriplicateexperiments.
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Fig.10.The10% ratioofenzymetosubstrateonACEinhibitoryactivityof

Protamex digest from S. plicata. The Digestion times for ACE

inhibitoryassaywere6,12,24and48h.

Mean±SEofdeterminationswasmadeintriplicateexperiments.
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Enzyme

concentration
a

(%)

IC50values(mg/ml)

Incubationtime(h)

6 12 24 48

0.2 2< 2.499 2.233 2.333
1 2< 2.498 2.367 1.916

5 2< 2.313 2.126 1.245

10 2< 2.399 2.065 1.171

Table7.IC50valueofProtamexdigestsfrom S.plicata

a
Theextentofenzymeconcentrationwascalculatedasfollows:

Enzymeconcentration%=(Enzyme/Substrate)×100
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3.6.PurificationandcharacterizationofACEinhibitionpeptides

3.6.1.ACEinhibitoryactivityofMolecularweightfractions

Thefractionationdifferentmolecularweightsofthedigestsistheuseofa

membranereactorusingultra-filtration(UF)membraneswithdifferentpore

size (Byun and Kim,2001).The molecular weight of the hydrolyzed

proteinisimportantfactorsinproducingproteinhydrolysateswithdesired

functionalmaterials.The UF system has the majoradvantage thatthe

molecularweightdistributionofthedesireddigestscan becontrolledby

adoptionofanappropriateUFmembrane(Jeonetal.,2000).Inthisstudy,

thefractionationofenzymaticdigestofS.plicatausingUFmembranesis

described.Thecharacterizationoftheseparatedfractionshavingfunctional

peptidessuchasACEinhibitoryactivitywascarriedout.

Protamexdigestwasseparatedbyusingtow kindsofUFmembranes(10

kDaand5kDaMWCO membranes)accordingtomolecularsizeandthree

kindsofpermeates(above10kDa,5-10kDaandbelow 5kDadigests)

wereobtained.Thus,individualfractionswereassayedforACE inhibitory

activity.The resultofthis study is shown in Fig.11.Below 5 kDa

molecularweightfractionshowedhighestACEinhibitoryactivity(IC50value

0.828 mg/ml)(Table 6).And atthe same concentration,below 5 kDa

molecularweightfractionshowedhigherACE inhibitoryactivitythanthe

above10and5-10kDamolecularweightfractions.Inaddition,theACE

inhibitory activity of those molecular weight fractions increased with

increasingconcentrationsfrom 0.3125mg/mlto2.5mg/ml.Thisobservation

suggeststhatcontinuous enzymaticdigestwith differentfractionation of

resulting digests using different UF membranes produced small

molecularweightdigestshavingACEinhibitoryactivity.

Previousreportshaveshownthatyellowfinframeproteinhydrolysatewas

fractionatedofhighandlow molecularweightbyUFmembranes.Thelow
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Fig.11.ACE inhibitoryactivityofmolecularweightfractionsofProtamex

digest.

Mean±SEofdeterminationswasmadeintriplicateexperiments.
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Fractions IC50value(mg/ml)
Original 1.171

Above10kDa 2.209

5-10kDa 1.023
Below 5kDa 0.828

Table8.IC50valueofmolecularweightfractionsofProtamexdigest.
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molecularweightfractionhadmorepotentACEinhibitoryactivitythanthat

fractionatedofhighandlow molecularweightbyUFmembranes.Thelow

molecularweightfractionhadmorepotentACEinhibitoryactivitythanthat

ofthe high molecularweight(Jung and Kim,2006).Zhao etal(2007)

reported that,with respect to sea cucumber gelatin hydrolysate,ACE

inhibitory activity markedly increased with increasing proteolysis.In this

study,Protamexcontributedtoahighdegreeofdigestduetotheirdifferent

enzymaticactions,andtheUFwasansuccessfulmethodtoenhanceitsACE

inhibitoryactivityofenzymaticdigestfrom S.plicata.Therefore,the was

selected Bellow 5 kDa molecular weight fractionfor use in further

experiments.

3.6.2.Sizeexclusionchromatography

ForthepurificationofACE inhibitoryactivitypeptide,themostactivity

fractionwasfilteredthroughaUFmembrane(molecularweightcut-off;5

kDa)by UF system.Thebelow 5 kDa molecularweightfraction was

lyophilizedandconcentratedindistilledwater.ItwasloadonaSephadex

G-25column,andthenselectedfourpeaks(Fig.12)thatweremeasured

to have ACE inhibitory activity. The ACE inhibitory activity of

fractionsfrom F2wereinvestigatedinthevariousconcentrations(0.3125,

0.625, 1.25 and 2.5 mg/ml). All peaks as the concentration were

increased,theACEinhibitoryactivityoffractionswereincreased.TheACE

inhibitory activity isshown in Fig.13.But,notallpeaksshowedACE

inhibitoryactivity.Specially,2nd-fraction(F2)showedhigheractivities(IC50

value 0.319 mg/ml)(Table6)than thatotherfractions.ACE inhibitory

activityofF2from below 5kDamolecularfractionincreasedgraduallywith

the increased concentrations and were 43.75,65.25,80.69 and 88.65%.

Comparedtofractions,4th-peak (F4)showedthelowestACE inhibition

(20.28,27.82,28.57and35.33%)forACEinhibitoryassay.
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Fig.12.Gelfiltration chromatography ofbelow 5 kDa molecularweight

fraction from Protamex digeston Sephadex G-25column.Separation was

performedwith1.5ml/minandcollectedatapeakvolume(7.5ml).Thepeaks

isolatedbySephadexG-25gelcolumnweredesignatedF1-F4.Elutionwas

monitoredat215nm.
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Fig.13.ACE inhibitory activityofpeaksongelfiltrationchromatography

from below 5kDamolecularweightfraction.

Mean±SEofdeterminationswasmadeintriplicateexperiments.
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Peaks IC50value(mg/ml)
F1 1.15

F2 0.39

F3 2.035
F4 2.5<

Table9.IC50 valueofpeaksofgelfiltration chromatography from below

5kDafraction.
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3.6.3.Purificationofpeptidebyreverse-phaseHPLC

The F2 (Fig.12),identified as the mostactive peak by gelfiltration

chromatography,wasperformedreverse-phasecolumnbyhighperformance

liquidchromatography(HPLC)onGrom-sil120ODS-5STcolumn,andthen

elutedwithacetonitrileunderlineargradientelutionconditionof0-25%,in

ordertoimprovetheseparationofthepeptide.TheF2wasdividedinto

three majorpeakson RP-HPLC (Fig.14),allofwhich werecollected,

concentrated and the ACE inhibitory activity was measured.The ACE

inhibitory activity ofpeaks from F2 were investigated in the various

concentrations (0.0781,0.1563,0.3125,0.625,1.25 and 2.5 mg/ml).All

peaksastheconcentrationwereincreased,theACE inhibitoryactivityof

peakswasincreased.TheACEinhibitoryactivityisshowninFig.15.But,

notallfractionsshowedACEinhibitoryactivity.Specially,2nd-peak(F2-B)

showedhigheractivities(IC50value0.076mg/ml)(Table7)thanthatother

peaks.ACEinhibitoryactivityofF2-Bfrom F2increasedgraduallywiththe

increased concentrations and were 46.62,53.12,60.78,71.67 and 79.02%.

Comparedtopeaks,1st-fraction(F2-A)showedthelowestACEinhibition

(5.68,12.57,19.43,31.78and37.38mg/ml)forACE inhibitoryassay.The

active peak F2-B was subjected to re-chromatography on the same

columnusingelutedwithacetonitrileunderlineargradientelutioncondition

of0-100%,inordertoimprovetheseparationofthepeptide.TheF2-Bwas

dividedintofourmajorpeaksonRP-HPLC (Fig.16),allofwhichwere

collected,concentrated and the ACE inhibitory activity was measured.

Specially,1st-peak (F2-B-I) showed higher activities (IC50 value 0.015

mg/ml)(Table8).ACE inhibitoryactivityofF2-B-Ifrom F2-B increased

gradually with the increased concentrations (0.0125,0.025,0.05 and 0.1

mg/ml)and were 43.25,63.28,77.47 and 89.25%.Compared to peaks,

3th-peak(F2-A-III)showedthelowestACEinhibition(4.35,17.45,36.22and

51.34%l)forACE inhibitoryassay(Fig.17).TheactivepeakF2-B-Iwas



38

subjectedtore-chromatographyonthesamecolumnusingalinearisocratic

of20% acetonitrilefor50min,atflow rate1ml/min.TheF2-B-Iwas

dividedintosinglepeaksonRP-HPLC (Fig.18).Basedonthisresult,the

IC50 valueofthepurifiedinhibitorwas0.014mg/ml.Table12summarizes

theresultsofpurificationoftheACE inhibitorfrom S.plicata.TheACE

inhibitor was purified 83.64-fold from S. plicata using a four-step

purificationprocedure.
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Fig.14.RP-HPLCchromatogram ofpotentACEinhibitorypeak(F2)isolated

from Sephadex G-25.Separation was performed with linear gradientof

acetonitrilefrom 0% to25% in30minataflow rateof1.0ml/min.The

fractionsisolatedbyRP-HPLCweredesignatedA-C.Elutionwasmonitored

at215nm.
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Fig.15.ACEinhibitoryactivityofpeaksonRP-HPLCfrom activepeak(F2)

bygelfiltrationchromatography.

Mean±SEofdeterminationswasmadeintriplicateexperiments.
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Peaks IC50value(mg/ml)
F2-A 1.25<

F2-B 0.076
F2-C 1.043

Table10.IC50valueofpeaksofRP-HPLCfrom F2peak.
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Fig.16.RP-HPLC re-chromatogram ofpotentACE inhibitorypeak(F2-B)

isolatedfrom RP-HPLC.Separationwasperformedwithlineargradientof

acetonitrilefrom 0% to100% in50minataflow rateof1.0ml/min.The

peaksisolatedbyRP-HPLC weredesignatedI-V.Elutionwasmonitoredat

215nm.
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Fig.17.ACE inhibitoryactivityofpeaksonre-chromatographyfrom active

peak(F2-B)byRP-HPLC.

Mean±SEofdeterminationswasmadeintriplicateexperiments.
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Peaks IC50value(mg/ml)
F2-B-I 0.015

F2-B-II 0.086

F2-B-III 0.091
F2-B-V 0.08

Table11.IC50valueofpeaksofRP-HPLCfrom F2-Bpeak.
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Fig.18.RP-HPLC re-chromatogram of potent ACE inhibitory fraction

(F2-B-I)isolated from RP-HPLC.Separation was performed with linear

isocraticof20% acetonitrilefor50minatflow rate1.0ml/min.Elutionwas

monitoredat215nm.
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Purificationstep IC50value(mg/ml) Purification(Fold)
Enzymaticdigest(S.plicata) 1.171 1.00

Ultra-filtration(below 5kDa) 0.823 1.42

Gelfiltrationchromatography
(SephadexG-25)

0.390 3.00

1stRP-HPLC
(ODSreversephase)

0.076 15.41

2ndRP-HPLC
(ODSreversephase)

0.014 83.64

Table12.PurificationofACE inhibitorypeptidesfrom S.plicataenzymatic

digest.
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4.Conclusion

S.plicata,asolitaryascidian,isapopularseafoodinKorea.Inthisstudy,

welookedatACEinhibitoryactivitypeptidepurifiedfrom S.plicataprotein

digestobtainedbyenzymaticdigest.TheProtamexdigesthadthehighest

ACE inhibitory activity compared to the otherdigests.We attempted to

isolateACEinhibitorypeptidesfrom ProtamexpreparedS.plcatadigestusing

ultrafiltration,gelpermeationchromatographyonaShepadexG-25column

andRP-HPLConanODScolumn.TheF2-B-Iwasdividedintosinglepeaks

onRP-HPLC.TheIC50 valueofpurifiedACE inhibitorypeptidewas0.014

mg/ml.Basedontheresultsofthisstudy,itappearsthatthispeptidemay

bebeneficialto the nutraceuticaland pharmaceuticalindustries.However,

furtherworkisbeingcarriedouttoconfirm itsinvivophysiologicaleffects

inbloodpressureregulation.
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