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CIIAPTER 工  

工NTRODUCで工ON  

Thereis an ancient legend that cheese was accidentally   

discovered by an Arabian merchant when he stored his milkin a   

POuCh made of sheep′s stomach・ During his］Ourney aCrOSS the   

desert，the milk was separatedinto curd and whey． At night he   

discovered that the whey slaked his thirst and the tasty curd  

satisfied his hunger・ l）  

With the passage of time，Cheeses such as Cheddar（England），   

Brie．Camembert（France）．Emmental（Switzerland）and Grana（工talY）   

were manufactured after the lOth century in Europe. Cheese is 

the curd of milk which has been separated from the whey and then   

PrOCeSSed to yleld a savory f00d・The nutritious merit of this   

SaVOry f00dis attributable to the concentrated protein and fat   

from milk，aS Wellas to attendant some vitamins and minerals．   

The coagulating enzyme most extensively used to produce cheeseis   

derived from the ‖fourthH stomach of unwearred calf． The crude   

enzyme preparation extracted from calf stomachsis referred to as   

Calf rennet while the pure milk－Clotting enzymeis deslgnated as   

Calf chymosin．  

The exact mechanism of curd formation brought about by calf   

Chymosinis stillimperfectly underst00d． The coagulation of   

milkis recognized to be a complicated process which can be   



SeParatedinto two distinct phases，enZymatic and non－enZymatic．   

The enzymatic stepinvolves the hydr01ysis of4（－CaSeininto a   

S0luble glycoprotein and para－4（一CaSein．工n the presence of   

Calciumions，the resultant para－k－CaSein precIPitates along with  

the other casein fractions．2・3）  

Although calf rennet is regarded as an ideal enzyme for 

Cheese manufacture．a great dealof efforts have been tnade to   

search for its substitutes． Calf rennet has become less avail－   

able，becauseinstead of slaughtering calves to obtain rennet，   

they are preferably utilized to provide meat for human consump－   

t土on．  

工n order for any rennet enzyTne tO Substitute successfully  

for calf rennet，it must measure up to some criteria．1）These  

Criteria are：（1）the weight yield of the curd produced must be   

n01ess than that of the calf rennet，（2）the phYSicalcharac－   

ters of the curd should be unaffected，and（3）there should be no   

development of off－flavors．  

One of the mostimportant specifications that should be   

Satisfied is the organ0leptic quality of the cheese． off－   

flavors，SuCh as bitterness and rancidity．ざre considered to be   

distasteful generally． ManY POtential calf rennet substitutes   

are unacceptable because theyimpart bitterness to the cheese．   

The reason for development of bitternessis not completely under－   

St00d，but thereis evidence thatit may be due to the formation  

Of bitter peptides derived from P－CaSein as a result of the  

prote01Ytic activity of both rennet and starter cu・1ture enzyme．4）  

2   



Among rennets of animal．sources，PePSin ylelds cheese of  

passing quality・5）1n practice．pepsinis not used byitself to  

make cheese because of certain disadvantages whenitis employed．   

These are（l）along period of timeis required for clot forma－   

tion，（2）the curd formed is not as firm as calf rennet′s，（3）   

thereis some loss of fat in the whey，and（4）organoleptic   

quality of the cheeseisinferior to that of calf rennet′s・ As a   

COnSequenCe．pePSinis used togetherin equalproportion with  

calf rennet． 
2）  

Most of the milk－Clotting enzymes produced by bacteria have   

a p00r rati0 0f milk－Clotting activity to proteolytic activity．   

However，there are a few bacteria whose enzymes have been used to   

PrOduce cheese． For example．the enzyme of Bacillus cereusis   

fairly thermostable and has been used to produce Cheddar  

cheese． 6）No bitterness was detected after elght months of  

rlpening，although the texture was considered to be faulty．   

Enzymes from旦二聖呈旦豊里主星三主5；望旦．旦上里望1ヱ聖ヱ壬生and B・Subtilis have  

beeninvestigated for production of some types of cheeses16）but，  

these enzymes are not availablein commercialscale．  

Severalinvestigators have studied the茸istribution of milk－   

Clotting enzyTneSin selected fungl． Only three fungalenzymes   

derived from 旦里卓望互生主旦 E旦王旦旦主主主⊆旦．Mucor miehei，and Mucor  

have proved to be successful in the preparation 由1主竺旦  Llndt  

of cheese on a commercial scale．  

E．parasitica enzyme has been crystallized and characterized  

in1968．7，8）工tis a thermolabile carboxylproteinase with a pH  

3   



Stability rage of 4・0 － 5・5・1tsisoelectirc point has been  

reported to be 4.6 and the molecular weight is estimated to be 

37，000．Itisless sensitive to calciumion concentrationin   

milk than calf rennet．The rati00f milk－Clotting activity to   

proteolytic activity of the enzyme is higher among microbial 

rennets．Many types of cheesesincluding Camembert（kCheddarr   

Emmentaland ＝talian varieties have been reported to be success－  

fully prepared with this enzYme・ 1）  

堕こ 旦竺旦主上主望旦 Var・Lindt enzyme was also crysta11izedin  

1968．9）This enzymeis more thermostable than calf rennet and  

exhibitsits pH stabilityin the range of 4・0 － 6・0・ 工tsiso－   

electric point renders between pH 3・5 － 3・8′ and the TnOlecular  

weightis estimated to be between29（000 － 301600・The enzymeis  

more sensitive to calcium concentrationin miLk than calf rennet．   

This enzyme exhibits one of the highest ratios of milk－Clotting  

activity to proteolytic activity among microbial rennets. 10）A  

number of cheesesincluding CamembertlCheddar（Edam†Gouda and   

工talian varieties have been made successfully with this enzyme．  

mi．ehei＿  Sternberg crysta11ized the milk－Clotting enzYme Of M・   

NRRL3420in1971．11）The enzyme has anisoざ1ectric point at pH  

4．2 andits m01ecular welghtis estimated to be 38rOOO・ The   

enzyme hydrolyzed hemoglobin at pH 3.5 maximally and proved to be 

stable over the wide range of pH 2・O t0 6・O at400c for24hr・  

The ratio of milk－Clotting activity to proteolytic activity of  

the enzyme was reported to be the highest among microbial  

rennets・ Many tYPeS Of cheesesincluding Camembert，Cheddar（  

4   



Edam and Gouda have been prepared successfully with this  

enzyme・ 12）  

These enzymes possess distinct advantages．e．g．costs below   

that of calf rennet；Stable supplies，POSSibilities for acceler－   

ated cheese ripening，greater thermostability（姓L地主主望旦and 些エ  

miehei  enzymes），andless sensitivity to variationin milk pH（旦ニ  

ParaSitica enzyme）・ Milk－Clotting enzymes from弘ParaSitica，M・   

旦旦旦主i主旦旦．and Mucor mieheiwere used as adTnixtures with calf   

rennet for the manufacturing of more than 50％ of the cheese   

PrOducedin the worldin1980．  

Kawaiand Mukai 13－15）undert00k a screening test to evaluate  

44 strains of basidiomycetes as potentialcalf rennet substi－   

tutes． They found that the most promising substitute among them   

WaS 主王旦生玉i旦5；主星望旦・   The optimum pH of 三三里生玉 enZYme for   

hydrolysis of casein was 2.5 and the optimum temperature was 55 

t0600c．They also found that the enzymatic prote01YSis of milk  

at pH 6．O continued toincrease with time to a greater extent   

than that of calf rennet． ＝n actual cheese－making trials，   

Cheddar cheese made with the coagulant was of g00d quality（   

however，detailed data were not shown． Alモhough chymosin and   

milk－Clotting enzymes from 些工聖主呈吐呈主．些エ E旦旦主上上里旦 and 旦ニ   

parasitica were wellcharacterized．milk－Clotting enzyme froml・   

1acteus was not characterized sufficiently．  

1n this Ph．D．thesis．工 described theis01ation and charac－  

acteus in chapter terization of milk－Clotting enzymes from享rpexl  

11・工n chaptersIllr 工V and V（1described the substrate  

5   



specificity of the milk－Clotting enzyme oninsulin B chain，C（sト  

casein and「3－CaSein，reSPeCtively・Ialso described the evalua－  

tion of the milk－Clotting enzymes as a calf rennet substitute for   

cheese－makingin chapter V＝ and the purification and characteri－   

zation of proteinase other than milk－Clotting enzymes existingin   

the crude preparationin chapter VI＝．  
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CIIApTER 工工  

UR工F工CATlON AND CHARACTERIZAT工ON OF TWO M．工LK－CLOTT工NG ENZY軋ES   

ROM 工RPEX LACTEUS  

SUH朗ARY  

Two carboxYI proteinases with high milk－Clotting activity  

eslgnated enzymes A and B wereis01ated by affinity chromato－   

raphY With dehydroacetylpepstatin asligandlDEAE－Cellulose  

hromatography andisoelectric focusing・ The finalpreparations   

ere judged homogeneous by polyacrylamide gelelectrophoresis・  

he m01ecular welghts of enzYmeS A and B were determined by gel   

iltration and Sl〕S－PAGE to be 36，000． Theisoelectric points of   

and B were4．9 and5．3，reSPeCtivelY．  

A and B had similar amino acid compositionslacking sulfur－  

ontaining amino acids, such as cysteine and methionine. And 

oth of the enzymes wereinhibited by carboxylproteinaseinhibi－  

ors such as pepstatin（DAN and EPNP・Thes・e reSultsindicate  

hat enzymes A and B are similar to calf chymosin and other  

icrobialmilk－Clotting enzymesin their active site structure  

aving two different carboxYlgroupslalthough theY Showed minor  

ifferencein regard to enzymatic and m0lecular properties・  

nzymes A and B exhibited almost the same rati00f milk－Clotting  

ctivity to prote01ytic activity as commercialmicrobialmilk一  
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m土ehei．  Clotting enzymes obtained from些旦⊆旦王疲主上旦旦and 些旦旦旦王  

工NTRODUCT工ON  

A carboxylproteinaseinhibitor，PePStatin A 16）噂－aCylated  

pentapeptide），has been used effectively as aligand for affinity  

chromatography in the purification of various carboxyl  

proteinases from mammals. 17－25）However，the application of this  

affinity c01umn to the purification of microbial carboxyl  

proteinase waslimited・Thisis due to the very high affinity  
of microbialenzymes to pepstatinA・ 26）  

C巳3／CH3  Cぐ3／CH3  C巳㌦H3  

C＝   

3  ？1120日  

q      CO－NH－CH－CH－CH｛COOH  

CH Cq3／CH3 C具3，CH3 C‖ハ  ハ‖     〈．． C CH  
■’ 

－
C
 
 

？H  2 C‖  CH  720日  
0－NH－C‖－COqNH－CH－CO－NH－C＝－CH－CH｛CO珊卜CH  

A：isovalerylpepstatin（PePStatin A）  

Two modifications of the pepstatin A molecule are feasible  

for reduction of its affinitY tO Carboxyl proteinase・ One   

modificationis the decrease of carbon atomsin N－aCylgroup of  

pepstatin A（N～isovalerylpepstatin）・As shownin the previous  

paper， 26）＝prepared two affinity columnsincluding担－aCetyl－  

pepstatin or N－isobutyrylpepstatin and used them effectively for  

the purification of microbialmilk－Clotting enzymes from M・  

E．parasl七土c堅．  miehei and   
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C C‖ 
CCH3CqCH3 ？H3。 H ？H3 ＝  

COqNH－CH－CO－NH－CH－CO－NH－CH－CH－CH｛CO－NH－C‖－CO－NH－CH－CH－CHi－COOH  

N－aCetylpepstatin  

Cモ3JH3  
CH 
33  

C明3Cqヨ㌔”3C㌔㌔H3  2。H  ？＝3  2。H  
CO－NH－CH－CO－NH－CH－CO－NH－CH－CH－CH｛CO．NH‾CH‾CO－NH‾CH‾C＝‾CH｛COOH  

N－isobutyrylpepstatin  

Another modificationis acetylation of hydroxylgroup of  

centralstaticresidueofpepstatinAm01ecuLe・Marcinizyn 27）  

and Aoyagi 28）reportedindividually that the acetylation of this  

hydroxylgroup drastica11y decreased theinhibitory activity of  

pepstatin A against carboxylproteinases・Aoyagi 29）alsb  

reported that dehydroacetylpepstatin（9－aCetylderivative of  

dehydropepstatin）waslOO timesless active than pepstatin A  

against pepsin．  

C日 C” CH3  
H3CCH3 c。CH3 ？H3 

C…H－CH－CO－NH－CH－CO－NH－CH－CH－CHぎCO－NH－CH－CO－NH－CH－C‖＝C‖－COOH  

dehydroacetylpepstatin  

Thus′1intended to prepare a new affinity columnincluding  

9   



dehydroacetylpepstatin for the rapid purification and characteri－  

milk－Clotting enzyme． Because 工・1  ac七eus  1acteus  Zat土on of 享旦f準軍1  

enzymeis adsorbed to a pepstatin A or N－aCetylpepstatin－  

aminohexyl－agarOSe C01umn so tightly thatit can not be eluted   

from the c0lumn under stable conditions．  

MATER工ALS AND METHODS  

rennet powder（KY2981）was kindly supplied by  1acteus  享rpex 主  

Kyowa Hakko Co・Ltd・ Mucor miehei rennet（Marzyme，Single  

strength）was purchased from Miles Laboratories，1nc・，些望⊆望王  

旦旦旦主iと旦旦rennet WaS from M・eito Sangyo and星空旦旦主吐旦旦旦壬生旦主主主立旦  

rennet（Liquid surecurd，triple strength）was from PfizerInc・  

Porcine pepsinr bovine serum albumin（○Valbumin，myOglobin，  

bovine trypsinogen and DAN were from Sigma・ EPNP was fro血  

Eastman Kodak・Pepstatin（Chymostatinlantipain andleupeptin  

were from the Protein Research Foundation（Japan）． Sepharose 4B  

and Sephadex G－100were from Pharmacia，DEAE－Cellulose（DE－52）was  

from Whatman′ amPh01ite was from LKB′ and a1lother chemicals  

Were Of reagent grade・  

皇主星主星主主ヱ 旦望と望豊里・ Dehydroacetylpepstatin was prepared  

acco士ding to the method of Umezawa et al・ 16）DehYdroacetyト  

pepstatin－aminohexyトagarose was PrePared by the method of  

Murakamiand工nagami・ 30）onemlof the affinitygelcontained  

l．O t0l・5p m01es of covalently bound dehydroacetylpepstatin  

10   



Which was determined by amino acid analysis of the gel．  

翠叩準 aSSay阜・  

畦上虹雲上些阜皐P9堅辻主竺主主ヱ・Ten grams of skim milk powder（Morigaga－  

nyugyo co．）were suspendedinlOO mlof O．01M calcium chloride   

s0lution and used as a substrate． T0 5 mlof the substrate，0．5  

mlof enzymesolutionwhichcouldclotthemilkat350cbetweenl  

t0 3 minutes was added． The moment when the thin film of milk   

breaksinto visible particles was noted as the clotting time・  

The pH of the reaction mixture was6・3・Milk－Clotting activities  

are calculated by f01lowing equation・  

Soxhlet Unit（S．U．）＝ 2400／T x 5／0．5 Ⅹ D  

where， T：Clotting time（SeCOnd）  

D：dilution factor of enzyme  

旦壬生主星史上ヱ主主⊆旦i；主主竺主土工・The assaymixture containedlmlofl・2％  

casein（or hemoglobin）in O．1M glycine－HClbuffer（pH 3・0）and  

200plof the enzyme s0lution・The reaction was carried out at  

350c for 30min，and was stopped by the addition oflmlof O・55M  

trichloroacetic acid，and the absorbance was measured at 280 nm   

after filtration．One unit of enzyme activitY WaS－defined as the   

amount of enzyme thatincreased the absorbance byl・O at280nm  

at pH 3・O and 350c for 30 min・Protein concentration was  

measured by absorbance at280nmlaSSuming that absorbance at  

the concentration oflmg／mlisl・0・  

旦呈上呈上呈⊆主星旦ヱ塾生主星旦主旦二 P01yacrylamide gel  ami．de  里旦1yacry主  
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electrophoresis was runin a 6 cm gelcontaining 7．5％ polyacryト   

amide with 2．5％ cross－1inkage at pH 8．9 with a constant current   

of 3 mA per gel for 3 hr with the stacking gel according to 

Davis．31）protein bands were stained by C00maSSie bri11iant blue  

R solution．  

些望1里⊆望i旦三竺皇主旦吐主・The m0lecular weight of the enzyme was  

estimated on a Sephadex G－100 column（1．5Ⅹ90 cm）equilibrated   

with O．05 M sodium acetate buffer，PH 5．5，COntaining O．1M NaCl・   

The c01umn was calibrated with bovine serum albumin（68，000），   

ovalbumin（45，000）and myoglobin（17，800）as m01ecular weight   

markers． SDS－P01yacrylamide gelelectrophoresis was conductedin   

O．1％ SDS－0．1M sodium phosphate buffer（PfI7・2r at8 mA per gel  

according to Weber and Osborn・ 32）  

acid composition． The pure enzyme preparations were  Ami．no  

subjected to amino acid analysisin a Durrum D－500 type analYZer  

after hydr01ysisin6N HClatllOOc for24′ 48and72hr・Amino  
acid values of serine，threonine and tyrosine were corrected by  

extrap01ating to zero time of hydr01ysis・The values for valine  

andisoleucine are average of 48－ and72－hr hYdr01yzates・ The   

values for other amino acids are averages of three samples．  

Tryptophanwas determinedby theTnethod of G00dwin and Morton・ 33）  

Cysteine was determined after HClhydrolysisin O・2M dimethYI  
sulfoxide accordingtothemethodof Spencer andWald・ 34）  
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工nhibition studies． ＝nhibition studies with DAN and EPNP  

were performed by the method of Kageyama and Takahashi. 35）  

里主ヱE旦主聖堂旦豊里旦望主主文旦主主星望旦垣主1主立ヱ・A tryps土nogen・aC七土va七ing  

ability was carried out as f0110WS：the reaction mixture for  

activation contained O．5 ml of O．1％ trypsinogen in O・05 M  

glycineMHClbuffer，PH 3．0．and O．5mlof enzyme s0lution（40  

s．u．／ml）．After exactlylO min reaction at35Oc，0．5m10f the  

reaction mixture was then added t0 2．5 ml of O．6％ caseinin O．1M  

phosphate buffer（PH 7・81and maintained at 350c forlO rnin・The  

reacti．on was terminated by the addition of 2・5 mlof O・55 M TCA   

and the absorbance of resultant filtrate wa夢 rneaSured at 280 nm．  

芝旦王主星主⊆旦主主立旦 望旦 Ll旦望主隻望旦 聖主上堅二三土星互生主監旦 受注旦文型豊・ All  

operations of enzyme purification were carriedou・ヒat40c・（）n（〕  

rennet powder was diss01vedinlOO mlof O・01  叩am Of 工．1  acteus  

M sodiurn acetate buffer（pH 5．5）and applied to a dehydroacetyト  

pepstatin－aminohexyトagarose column equilibrated with the same  

buffer（Fig．1）．，After washing with the same buffer（pH 5・5），  

active fractions with high prote01ytic activity were eluted with  

O．5 M NaClin the starting buffer．Then，aCtive fractions with  

high milk－Clotting activity（brackets，Fig・1）were eluted from  

the affinity c01umn by changlng the pH to3・O with O・lN acetic l  

acid，COnCentrated and applied to a DEAE－Cellulose c0lumn・ Two   

active fractions were eluted with a NaClgradient from the Dモ：AEト   

cellulose c01umn（Fig．2）． The main fraction（brackets，Fig・2）  
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WaS COnCentrated to 30 ml，dialyzed against 5 mM sodium acetate  

buffer，PH5・5，and further purified byisoelectric focusing  

the pH range of 4－6・ The active fractions separatedinto two   

COmPOnentS and deslgnated as enzymes A and Bin order of elution   

（F土g．3）．  

RESULTS  

Crude ＝．1acteus milk－Clotting enzyme wasinhibited to   

different degrees by pepstatin A andits derivatives．concentra－   

tions of pepstatin Ar N－aCetylpepstatin and dehydroacetyl－  

pepstatinglVing50％inhibitionwere2Ⅹ10－7M12Ⅹ10－7Mand2  
Ⅹ10－5M・，reSPeCtively（Fig．4）．Dehydroacetylpepstatinis100  

times less active than pepstatin Ain thei．nhibition against   

Crude ＝．1acteus milk－Clotting enzyme． This suggested that  

enzyme and dehydroacetylpepstatin is affinitY between 主上  lacteus  

not so high and thusit could be used as aligand suitable for an  

1acteus milk－Clotting  affinitY COlumnin the purification of 工．   

enZyme・  

芝生王主主主⊆互生主里聖 堂星型主立堅二三上里主主主里旦豊里旦ヱ竺旦L The purification  

steps were summarizedin TableI． Purified enzymes A and B  

showed16－f01d and19－fold purification over the crude enzYme  

s0lution，Which were about 5％ and15％ recoverieslreSPeCtively・  

Enzymes A and B were dialyzed against O・01M sodium acetate  

buffer（PH5・5（StOred at－200c and used for subsequent charac－  
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terization studies as reportedin thisinvesti．gation．  

旦竺主重量旦⊆呈里互E旦三主主Y旦主星里旦ヱ竺隻旦堅星空重臣エ When the purified  

enzymes were examined by p01yacrYlamide gelelectrophoresis at pH   

4．3，eaCh gave rise t0 0ne discrete band after the staining for   

proteln（F土9．5）  

些9主呈聖上旦王 yeignt・ The m01ecular weight determined by the  

gelfiltration on Sephadex G－100 was calculated to be 36，000 for   

each of enzymes A and B． SDS－PAGEin the presence of 2－merCaPtO－   

ethan01produced a single discrete band at a position correspond－   

ing to a m01ecular weight of 36，000（A and B）・工n estimation of   

the m0lecular weight，gOOd agreement was obtained between the gel   

filtration and Sl〕S－PAGE methods．  

主星2呈上旦⊆主三主⊆E望土塁主．As shownin Fig・4．enzymes A and B had  

isoelectric points of 4．9 and 5．3，reSPeCtively．  

Extinction coefficient． The ultraviolet adsorption spectra  

－－ Of these purified enzymes were measuredin O．01M sodi・um aCetate  

buffer，pH5・5・TheE壬£at280nm。fAandBweredeterminedt。  

bell．6 and12．1，reSPeCtively．  

EnzYmeS A and B  activities  o 主出旦 生垣 吐1虹二三主叫  Prote  

Were mOSt aCtive at pH 3 toward protein substrates・The highest  

rates of prote01ysis among proteins examined were obtained with  
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hemoglobin and myoglobin（Table 工1）・Casein was hydr01yzed by  

these enZymeS at about one－third the rate for hemoglobin・ The  

optimaltemperature of A and B for the maximum rate of milk－  

clotting was 450c（Table 工工工）．  

i 1也．N010SS Of prote01ytic activity of the purified  Stab  

enzymes A and B was noted on storing at－ 200c forlmonth after  

freezing of the purified enzyme solution，at PH 5・5・ Almost no   

loss of activity of the enzymes was observed at pH 3 － 6 when  

they wereincubated at300c for2hr・Both of the enzymes became  

unstable beyond6and were completelyinactivated at500c and pH  

6．O for 20 min． As coTnPared t0 0ther milk－Clotting enzymes such  

姓：＿邑旦ヨ主主と旦星，enZymeS A  miehei and  as chymosin and enzymes from M・  

and B are relatively unstable at neutralpH・ Molecular and   

enzymatic properties of A and B were summarizedin Table ＝＝1・  

冬型主星望旦⊆主旦壬生堅邑9旦主主主旦聖・ The amino acid compositions of  

enzymes A and B were summarizedin Table工V and showed striking  

similarities to each other． Sulfur－COntaining amino acias．such   

as cysteine and methioninelCOuld not be detectedin each hydro－   

1yzate， 24′ 48（and72hr・Cystine and cysteine were also not  

detected as cysteic acid after oxidation of enzymes A and B with  

dimethylsulfoxide・  

＝nhibitors． The time courses ofinactivation of enzYmeS A   

and B（and pepsin byl〕AN and EPNP are shownin Fig・6・ Pepsin  

22   



TableII．Relative Activity toward Various Proteins  

Relative activity  

A  B  

Substrate  

100   

Z63  

38   

122   

235  

0  

100   

264   

17   

121   

270  

4  

Casein   

Hemog10bin   

Ovalbumin   

BSA   

Myoglobin   

Elastin  

Each reaction mixture containedlrnlofl．2％protein  

solution（0．1M glycine－HClbuffer，PH3・0）and O・2ml   

enzynle SOlution．  

23   



S
U
邑
N
u
山
 
ぎ
芯
宅
L
U
・
ご
呈
 
S
コ
む
ぢ
巾
r
 
 

・
S
芯
巴
〇
五
〇
お
U
U
芯
芯
∽
葛
篭
ヱ
ご
じ
翼
【
O
d
 
 

・
S
凸
S
 
P
u
巾
0
0
T
∽
羞
P
雲
d
U
S
 
u
O
 
u
O
芯
空
ご
こ
芯
m
含
p
望
盲
J
β
g
＊
 
 

U
O
S
寸
－
O
 
 
 

U
O
∽
寸
 
 
 

U
O
N
∽
 
 
 

u
－
M
 
 
 

∞
．
N
 
 
 

か
．
N
 
 
 

M
．
S
 
 
 

0
0
0
ぶ
M
 
 

U
O
S
寸
－
O
 
 
 

U
O
S
寸
 
 
 

U
O
N
u
 
 
 

S
－
M
 
 
 

∞
．
Z
 
 
 

〇
．
m
 
 
 

の
．
寸
 
 
 

0
0
0
ぶ
M
 
 

葺
〓
芸
巾
｝
S
O
∈
L
貨
ト
 
 
 

（
ぎ
芯
ぢ
L
U
ご
盲
）
 
 

（
s
芯
う
O
U
ぢ
L
d
）
巴
コ
霊
L
監
∈
莞
L
昌
†
忘
○
 
 

き
こ
芸
巾
｝
S
エ
d
 
 

u
芸
O
L
ぎ
E
貨
L
O
－
 
 

u
芯
S
巾
U
 
L
O
－
エ
d
 
L
昌
芯
d
O
 
 

｝
u
†
O
d
 
U
て
｝
U
U
L
苫
S
H
 
 

も
怠
芯
‡
J
佃
L
コ
U
む
L
O
∑
 
 

到
叫
も
S
む
芯
L
監
O
L
d
・
H
〓
∴
ヱ
q
β
 
 
 

24  



TableIV．Amino Acid Compositions of Enzymes A and B  

lacteus  也   

A   chym。Sin36）吐．血 7）M M f＿・ParaSitica 
39）  ．miehei 3B）   

32   

49   

43   

15   

10   

34   

25   

22  

0  

0   

15   

28   

12   

11  

8   

1  

5  

2  

42   

18   

25   

15   

11   

24   

22   

16  

4  

5   

11   

14   

13   

14  

8  

2  

4  

3   

251  

Asp  33   

Thr  48   

Ser  43   

Glu  15   

Pro  lO   

Gly  34   

Ala  25   

Va1  22   

Cys  O   

Met  O   

Ile  14   

Leu  29   

Tyr  13   

Phe  ll   

Lys  8   

日うS  I   

Arg  5   

Trp  2  

44   

21   

Z2   

20   

14   

34  

36   

23   

31   

33   

15   

28  

15  16－17  

26   

6   

8   

19   

23   

19   

17  

24   

2   

3   

12   

15   

13   

19  

9  11－12  

Tota1   313  312  323  277－281  

The compositions are expressed as amino acid residues／mole of protein，  

based on molecular weights for A and B of36，000・  
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Fig．6．Time Courses ofInhibitors on EnzynleS A and B，and Porcine PePSin．   

0，A；●，B； ▲，POrCine pepsin．A）Each（30JJg）ofthe purified  

enzymesinl．O mlof O．OIM sodium acetate buffer，PH5．5，WaS mixed with   

l．O mlof O．1M sodium phosphate buffer，PH6・0，and25J」lof O．OIM cupric  

Sulphate．Afterincubation of the mixture at250c for10min，25pg of DAN   

in50JJlmethanoIwas added to the mixture・The reaction was a1lowed to  

PrOCeed at140C forlhr．At theindicatedintervals，200J）laliquots were  

withdrawnandusedfortheassayofenzymaticactivity．＆，WithoutCu＋2．  

B）Enzyme（30JJg）inl・O m10f the acetate buffer，PH5・5，WaS mixed with  

l．O m10f O．1M citrate buffer，PH4・6，and500ug EPNPin50JJlethanol・  

The reaction mixture was maintained at250c with gentle stirring．Aliquots  

Of200ylwere withdrawn and used for the assay of proteolytic activity・  
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was slightly more sensitive to theseinhibitors than the two   

Tnilk－Clotting enzymes． DAN was notinhibitoryin the absence of  

cu＋2．Thi01proteinaseinhibitors such as良一CMB and M工A・metal  

proteinaseinhibitors such as EDTA（Serine proteinaseinhibitors  

such as PMSF and DFP showed no effect on the activities of   

enzymes A and B（Table V）．Moreover，Chymostatin，antipain and  

leupeptin dld notinhibit A and B（Table V）・  

旦星吐と建1叫亜竺也主2唾1ヱ裏逗裏技主竺也・  ratlo   The  

Each ratio of the purified enzymes A and B was 3 times higher  

than that of the crude enzyme・ Although these values of A and B   

werelower than that of calf chymosin（they were almost the same  

as those of Mucor enzymes and four times higher than that of E・   

parasitica enzYme（Table V＝）・  

里抑旦生主文旦麺旦玉虫主土建ヱ・Table V工1shows trYPSinogen  

activating ability of some milk－Clotting enzymes at pH 3・0・  

Although the enzyme from旦iP阜叫Showed the ability consid－  

erably，enZYTneS from Mucor and 主王E豊里′ and chymosin hardly  

activate trypsinogen・  

望旦吐1虹三上鍵星型連立竺主主ヱ・  calcium concentration   Effect of  

As shownin Fig・7（enZymeS A and B wereless sensitive than calf  

chymosin to calciumion concentrationin milk・Thisis animpor－  

tance，Since calcium concentrationin milk varY With season and   

geography．  
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Table V． Effect of VariousInhibitors  

Concentration  Rernaining activity（％）   

（mM）  A  B  

Reagent  

None   

Pepstatin   

Chymostatin   

Antipain   

Leupeptin   

DFP   

MIA   

むCMB  

EDTA  

100  100  

0  0   

100  100   

100  100   

100  100   

100  99   

99  100   

100  99   

99  100  

0．01   

0．01   

0．01   

0．01   

10   

10   

1   

10  

Each of the pur・ified enzymes was preincubated with each   

reagentin O．OIM sodiunlaCetate buffer，PH5．5，at300C  

for15min and residualactivity was assayed．Enzyme   

activities are expressed as percentages of the activity   

in the absence of reagents．  
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Table VI．Ratio between Milk－Clotting Activity and   

Proteolytic Activity  

Milk－Clotting activity  
Enzyrne 

Proteolytic activity  

lacteus rennet  Crude也   

Enzynle A   

Enzyme B  

4，778   

1，742   

1，819  

394  

Calf rennet   

坦望工即Sillus rennet  

Mucor miehei rennet 

ParaSitica rennet  Endothia  

Milk－Clotting activity was determined by the method as  

describedin MATERIALS AND METHODS and proteolytic activity  

was measured at350c for30min at pH6．O withl．2％casein  

SOlutjon．  
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Table VII．Trypsinogen Activating Ability of Various Milk－Clotting Enzymes  

Trypsin activity  Relative activity  

generated（A280）  （％）  

Enzyme  

0．092   

0．020   

0．016   

0．000   

0．008   

0．020   

0．015   

0．556  

lacteus rennet  Crude也   

Enzynle A  

Enzynle B   

Calf chymosin   

Porcine pepsin   

Mucor miehei rennet 

Mucor pusillus rennet  

旦r早Sitica rennet  Endothia  
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旦主旦主星主主9望 9旦 ⊆旦旦呈主星・ Electrophoretic patterns of whole  

CaSein digestion by A and B were shownin Fig・8・ A protein band  

between Cts－and P－CaSein appeared after 2hrincubation of whole  

CaSei・n With either A or Blbut no change was observed with   

Chymosln．  

D工SCUSS工ON  

＝n the present study（a neW PePStati・n derivativeldehydro－  

acetYlpepstatin（WaS uSed effectively as a ligand for the  

affinity gelin the purification of milk－Clotting enzymeinl・  

The affinity gelincluding the newligand enabled us to  1acteus  

purify the enzyme more simply with a hi・gher Yield compared with  

the conventionalmethodconsistingof6steps・ 40）with4mlof  

this gelit was possible to obtain25Tng Of the highly puri・fied  

milk-clotting enzyme from 1 g of crude enzyme preparation. 

Furthermore，this affinity gelwas very stable and 

over a hundred times by regeneratingit with theinitialbuffer  

t■l without sLgnificant deterioration・The two purified carboxyl  

proteinases′ enZymeS A and B，reSemble each otherin their  

molecular and enzymatic properties other than their isoelectric 

points・Enzyme Br a ma］Or Carboxylproteinaseinl・l  acteus′ is  

similar to an carboxylproteinase purified partially fromI・  
1acte嘔by Kawai・ 15）But enzyme A seems to be a new type of  

judged from its isoelectric point. enzymeinl．  lacteus  
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n  d  

一   

enzyme B  

120 min O min  

Fig．8．Polyacrylamide GelElectrophoresis ofuhole Casein Digested by  

E。ZymeSAa。dB，andCalfChymosin．To2mlof㌫bstrate（2％wholecasein  

in O．1M phosphate buffer，PH6．3），0・2mlof the enzyme solution  

（300s．u．／ml）was added and the reactionmixture wasincubated at350c・  

Samples taken after zero and120min were diluted with9M urea to final  

concentration of6M and O．05nllof the diluted samples was examined by   

PAGE at pH8．9．  
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Enzymes A and B wereinhibited by pepstatin，DAN and EPNP as  

wellas calf chymosin． 41）pepsin41）and生E旦旦主i主旦旦 42）enzyme・  

The inhibition of A and B by EPNP and DAN indicates that these 

enzymes contain two different carboxyl groups as their active 

sitelike a1lother gastric and microbialcarboxylproteinases・  

＝n general，enZymeS A and B were similar to弘巨星主星旦i．主主三旦  

enzyme in amino acid composition except for cysteine and 

methionine contents．As compared to chymosin and microbialmilk－   

clotting enzymes from M．mieheiand 堕エR旦旦主上上里旦．Li主星互生望旦  

enzymes A and B were rich in threonine, serine and leucine, but 

deficientin glutamic acid（CySteinelmethionine and histidine   

（でable 工Ⅴ）．  

The ratios of milk－Clotting activity to proteoIYti・C aCtivity  

of A and B were the same as those of the microbialmilk－Clotting   

enzymes which are used commerciallY（indicating that enzymes A  

and B have g00d properties as calf rennet substitute for cheese－   

making．  
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CⅡApでER 工工工  

SUBSTRATE SPEC工F工C工TY OF M工LR－CLOTT工NG ENZY班E B FRO軋 1RPEX  

LACTEUS ON OX工D工ZED 工NSUL工N B CHA工N AND ANG工OTENS工N 工  

SU軋軋ARY  

Substrate specificity of enzyme B from 主王E豊里 上皇三互生旦旦 On   

OXidizedinsulin B chain and angiotensin 工 WaSinvestigated・ 工n   

the case ofinsulin B chain，the peptide bonds mainly susceptible  

to the enzyme wer占 Leu（ll）－Val（12），Ala（14）－Leu（15），Phe（24）－   

Phe（25）and Thr（27）－Pro（28）bonds，and the Ala（14卜Leu（15）bond   

WaS hydr01yzed most preferentially・The specificity of 主王立豊里   

1acteus enzyme Bis distinct from other commercialmicrobial  

milk－Clotting enzymes andit has a more restricted specificitY  

than chymosin and porcine pepsin・ Moreover，a nOtable property  

of enzYme Bis thatit hydr01yzed the Thr（27卜Pro（28）bond which  

is hydr01yzed verylittle by any of the carboxylproteinases ever  

Studied．  

主王旦豊里i旦⊆互生望旦enZyme B hydr01yzed the TYr（4卜＝le（5）bond  

muchmore rapidlY than the Val（3卜TYr（4）bond of angiotensinl・  

COCClneuS  Carboxyl   This specificity resembled that of Pycnoporus   

proteinase．  
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工NでRODUCT工ON  

1n chapter 工工．the author described the purification and   

Characterization of two carboxylproteinases with high milk－  

Clotting activity fromI蔓peX と  The main enzyme，Carboxyl  acteus  

PrOteinase B．has a m01ecular weight of 36，000′ an amino acid   

COmPOSition similar to that of 旦旦旦望主堅主旦 旦旦主星旦主主主三旦 Carboxyl   

PrOteinase，and has maximum proteolytic activity on hemoglobin at   

PH 2・8・ The enzyme B exhibits almost the same rati0 0f milk－   

Clotting activity to proteolytic activity as commercial rennet   

Substitutes from 堕旦三望王E望旦主i上里旦and Mucor miehei・ Substrate  

SPeCificities of carboxylproteinasesincluding chymosin，pePSin   

and microbialmilk－C10tting enzymes on oxidizedinsulin B chain  

have beeninvestigated 43）and comparisons of specificities of  

these enzymes were reported・ 44′45）on the other hand11chishima  

et al．investigated substrate specificities of severalcarboxyl  

proteinases on anglOtenSin ＝ and classified theminto four  

groups・工n this chapter（工intended toinvestigate the site of  

cleavage towards the oxidizedinsulin B chain and angiotensin 工  

lacteus and compare the  by the carboxylproteinase B from．坤Ⅹ  

specificity with those of other carboxylproteinases reported so   

far．  
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班ATER工AI－S AND 班ETHODS  

Bovine pancreaticinsulin was from Sigma． Dowex 50W－Ⅹ2 and   

Sephadex LH－20 were from Dow Chemical C0．and Pharmacia，reSPeC－   

tively．Thinlayer chromatography plate（silica ge160）was from   

Merck and fluorescamine was from Roche． Dansylchloride，dansyl   

amino acids and N－ethYlmorph01ine were from the Pieace． Micro－   

polyamide sheets（F1700）was from Schleicher and SchuellGmbH・   

AngiotensinIwas from the Protein Research Foundation（Japan）・   

Other chemicals used were of reagent grade．  

Purified carboxyl proteinase B from 主王旦旦至 上旦⊆主星旦旦 WaS   

PrePared according to the methods describedin Chapter工工・The   

OXidizedinsulin B chain used as the substrate was prepared from   

crystalline bovine pancreatic insulin according to the method of 

Sanger 46）and the purity of the preparation was ascertained bY  

aTnino acid analYSis and N－terminalamino acid analysis by the  

Tnethod of Hartley． 47）  

■■l  

旦ヱ旦五里1ヱ旦主星里互生竺主旦主旦呈旦土塁旦旦主主旦旦⊆吐旦上里・The enzyme B（0・2  

Tng）was added to a s0lution of40mg ofinsulin B chainin10ml  

of O．1M acetic acid（pH 3．0．substrate：enZYme＝200：l）・After 2  

hrincubation at350c，the reaction was terminated bylYOphiliza－   

tlon．  
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芝生三主圭主⊆旦主主里聖堂主旦豊臣主主重量旦旦望三豊呈旦担ヱ互生主星⊆主主旦旦旦互豊里旦ヱ望豊里・  

ThelYOPhilized powder was diss01vedinlmlof 50％ formic acid   

and applied on a c01umn of Dowex 50W－X2（0．9 x 60cm）equilibrated  

with O．2M pyridine－aCetic acid bufferlPH3・1（at 50Oc at a  

COnStant rate Of 30 ml／hr．After washing with the same buffer，   

PePtides were separated by thelinear gradient generated between   

O．751iters of O．2 M pyridine－aCetic acid buffer，PH 3・1，and   

O・751iters of 2 M pyridine－aCetic acid buffer（pH 5・0・ A 5 ml   

volume was collected for each tube（Fig．9）． Peptides were   

detected as f01lows： borate buffer（l．8 ml，0．5 M，PH 8．5）and  

20plof each sample were mixed and O・15mlof fluorescamine  
s0lution（30 mg／100 ml of acetone）was rapidly added with  

agitation. Fluorescent intensities were measured using Hitach 

fluorescence spectrophotometer rnode1650－10S and expressedin  

arbitrary units. The wave lengths of exitation and emission were 

390nm and480nmlreSPeCtively・The fractions of each peptide  
shown with blackets in Fig. 9 were concentrated and applied on a 

Sephadex LH－20c01umn（0・9 Ⅹ 90cm）equilibrated with O・1N acetic  

acid． Each of the fractions was then subjected to thinlayer   

chromatography to determine the homogeneity of its components, 

using n－butanol－Pyridine－aCetic acid－Water＝30：23：6：24 as a  

s0lvent・Peptides were detected with fluorescamine・  

the action of  奴  formed  叩旦  Peptides  1dentification of  

The isolated peptides were subjected to the analysis of amino 

acid compositions as describedin MATER工ALS AND METHODS of  
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Chapterll・N－terminalamino acids of each peptide were deter－  

mined by the method of Hartley． 47）  

旦呈主旦三型主旦旦主主里聖 堂主 主吐宝 三上呈旦竺旦旦主 星主主隻旦 里互 生望旦主望互生望旦土塁 主．  

Angiotensin 工（1mg，0．77 nm0le）was dissolvedin 2 mlof O．1N  

acetic acid at pH 3・0（andincubated at300c for 3 hr with enzyme   

B（substrate：enZyme＝2000：1）．After that，the reaction was   

terminated bYlyophilization． The N－terminalamino acids were   

d’etermined as described above．  

RESULでS  

action  里旦 早nZym 旦 ＿  

Of pept土des  formed  奴壬生宣  工dentification  

The amino acid compositions and N－terminalamino acids of these  

peptides were summarizedin Table V工＝工・ 工n the reaction with  

fluorescamine，the fluorescentintensitY Of the peptide having   

pr01ine asits N－terminalamino acid（SuCh as peptide H′is not  

increased（Fig．9）． Therefore．peptide H appeared as a minor  

peak（althoughitis one of the main components，aS Seenin  

Table Vt工1． The peptide bonds mainly susceptible to the enzyme  

were the Leu（11）－Val（12）．Ala（14）－Leu（15），Phe（24）－Phe（25）and   

Thr（27）－Pro（28）bonds，and the Ala（14）－Leu（15）bond was hydro－  

1yzed most preferentially・ Leu（ll卜Val（12），Phe（24卜Phe（25）and  

Thr（27）－Pro（28）were hydrolyzed to a relativelY great eXtent，  

whereas hydr01YSeS at GIY（23）－Phe（24）and Phe（25卜Tyr（26）were   

mlnOr．  
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D工SCUSS工ON  

The specificities of severalother proteolytic enzYmeS aS   

determined on the oxidized B chain ofinsulin are comparedin  

Fig・10・The specificity of主三旦三笠上皇⊆主豊里旦enZyme Bis distinct  

from other commercialmicrobialmilk－Clotting enzymes． エt has a   

more restricted specificity than chymosin and porcine pepsin・  

Kawai7）previously reported that里主星聖呈互生旦旦星空旦旦主星隻旦（now  

PrOduced a proteinase with high  COCCineus）  deslgnated Pycnoporus  

milk－Clotting activity，tO the same degree as享ざ空軍準主  acteus． But  

the 主王E豊里i旦⊆主豊里旦 enZyme WaS Chosen as a rennet substitute  

becauseit produced Cheddar cheese of good quality・As shownin  

Fig．10，the Ala（14卜Leu（15）and Phe（24）－Phe（25）bonds were  

commonly cleaved bY both enzyme B from主王旦皇室i旦壬生豊里旦 and the  

carboxylproteinase from旦ヱ⊆聖堂旦里互生旦⊆2三三主旦呈望旦，but Leu（11）－  

Val（12）and TYr（16）－Leu（17）bonds were onlY Cleaved by the enzyme  

B and旦ヱ5；旦51E望三旦互生里三⊆土塁宣旦旦enZyme，reSPeCtively・Moreover・a  

notable propertY Of enzyme Bis thatit hYdr01yzed the Thr（27卜  

pro（28）bond whichis hydr01YZed verYlittle by any of the  

carboxylproteinases ever studied・  

on the other hand，＝chishima et al・ 49）reported that  

些旦旦旦王旦主1主旦旦旦望ユ互生Carb。Ⅹylpr。teinase 工 and旦5；ヱ主旦主主旦主旦聖  

上主望堕些上里聖Carboxylproteinase B hydr01yzed the peptide bond of l   

His（6）－Pro（7）of angiotensin ＝・ He classified carboxyl  

proteinasesintofourgroups50）（AtoDinFig・11）accordingto  
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Fig・10・Comparison of Cleavage’Sites of OxidizedInsulin B chain by Some  

CarboxylProteinases．   

The arrowsindicate the bond splitIthe degree of hydrolysis being as follows：   

l〉J〉J  

l，．辿弘也enzymeB；2，Calfchymosin43）；3，POrCine．pepsin 43）；4，  
Mucormieheienzyme44）；  BArB裏エisBenZyme45）；6，阜沼塁1i室麺  5，Endothia   

proteinaseA50）；7，Scytalidium  ］ignicolum carboxyl  lignicolum carboxyl  

proteinaseB51）；8，塑些些r些⊆生血主Carboxylproteinase 52）  
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their specificities toward anglOtenSin ＝． The specificitY Of   

enzyme B from主三里豊里上皇三壬生9，旦On angiotensinIwasinvestigated．  

As shownin Fig・11，主三E呈竺1旦⊆主隻旦旦 enZyme B hYdrolyzed the   

Tyr（4ト＝1e（5）bond much more rapidly than Val（3）－Tyr（4）bond．  

This specificity resembled that of Pycnoporus  COCClneuS  Carboxyl  

PrOteinase． Using the numbering system of Schechter and  

Berger， 53）enzyme B generallyrequiredhydrophobicaminoacids  

for exhibiting ofits activityin the Pland Pl′positions・  
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AspTArg－Val－Tyr－Ile－His－Pro－Phe－His－Leu  

grOuP  enZyme  
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Fig．1l．Comparison of Cleavage Sites of AngiotensinIby Some Carboxyl   

Proteinases．   

The arrowsindicate the bond split．Solid arrows，major sites；broken  

arrows，minorsites．l，Aspergillリ！鹿CarboxylproteinaseI［50）；  
ll，ScytalidiumlignicolumcarboxylproteinaseB50）；2，Scy！alidium  
lignicR辿CarboxylproteinaseA50）；3，ヱ畏OPOruS  Carboxyl  COCClneuS   

proteinas占50）；4，POrCinepepsin50）；5，也                     1  lacteus enzyme B．   
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CHApでER 工Ⅴ  

SUBSTRATE SPEC工F工C工TY OF】沌工LR－CLOTT工NGIENZY班E B FRO軋 1RPEX  

LACTEUS ON（梅トCASE工N  

SU凹地ARY  

Milk－Clotting enzymes may be classifiedinto two groups  

according to their degradation pattern of O（sトcaseinin solution  

at pH 6・0・ On the one handlCalf chYmOSin and Mucor miehei  

enzyme produced only one degradation product corresponding to  

めトIunder the conditions employed． On the other hand，主三里皇室  

parasitica enzymes produced severaldegrada－  1acteus and Endothia  

ti。nPrOducts accompaniedby aproduct corresponding to巌卜工・  

The主星匹竺milk－Clottingenzymehydrolyzed〆sトCaSeinatthep。Sト  

tions of His（8）一Gln（9），Phe（23卜Phe（24）．LYS（103）－Tyr（104）．and  

Phe（153）－Tyr（154）．主王E豊里enZYrne has only one common cleaving  

site with calf chymosin，thatis，the Phe（23）－Phe（24）bond of  

〆sトCaSein．  

工NTRODUCつご工ON  

The specificity of三三E豊里enZyme B on the oxidizedinsulin B  

cossineus carboxylproteinase，   chain，Which resembled that of P・  
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is distinct from other commercialmicrobialmilk－Clotting enzymes  

and is more restricted than chymosin and porcine pepsin as 

describedin chapterI＝＝．  

Calf chymosinis theidealenzyme for cheese manufacture due  

toits high milk－Clotting activity anditslimited prote01ysis of  

caselnS．めl－Caseinis reported to be extensively hydr01yzed by  

Calf chymosin during cheese ripening，Whileβ－CaSein remains  

almost unchanged． 54）  

工t has been shown that there are three chymosin－SuSCePtible  

bondsinめトcasein anditis hydr01yzed at pH＞ 5．8by chymosin  

t。f。rm．in this。rder，めト＝，C｛sト＝＝．and O長ト1工工． 55）The  

PrOte01ytic specificity of microbialmilk－Clotting enzymes on  

め1－CaSein has not Yet been established．thereforeitis   

important toinvestigate the substrate specificity of enzYme B on   

αsl－CaSein．  

工n this chapterlIdescribed the proteolytic specificity of  

the milk－Clotting enzyme from主王旦皇室1旦⊆互生旦旦On Ohl－CaSeinin  

solution at pH 6・O and comparedit with that of calf chYTnOSin・  

ⅢATER工ALS AND班ETHODS’一  

Dansylchloride was purchased from Pierce′ and carboxy－  

peptidase A－DFP and carboxYPePtidaseB－DFP from Sigma・M01ecular  

weight markers（ranging from2，500－17・000）for SDS－PAGE were  

obtained from BDH Biochemicals・ Pepstatin was secured from the  

Protein Research Foundation of Japan. Reagent grade chemicals 
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were used．  

（蝮主二5；旦互生主望・ Crude 鵬トcasein was prepared from acid  

precipitated wh01e casein by the method of Zittle and Custer． 56）  

It was purified byion－eXChange chromatography on DEAE－Cellulose  

c0lumn according to the method of Davies and Law． 57）  

星空旦ヱ聖皇旦・ Calf chymosin，and milk－Clotting enzYmeS from  

Mucor rnieheiand星空旦旦主塾主旦旦旦主星旦主主主⊆旦Were PurChased from Chr．  

Hansen Lab・，Miles Lab．．and the Pfizer C0．′ reSPeCtivelY．These  

enzymes were purified by affinity chromatography・ 24′26）The  

主王邑豊里 と旦⊆壬生望旦 milk－Clotting enzyme B was also purified as   

describedin Chapter 工t．  

堕主上堅ニ⊆主2主主主星旦 旦⊆主主文主主ヱ・ Milk－Clotting activity was  

determined according to the method describedin Chapter 工＝ and   

expressed as Soxhlet units per mlof enzyme s0lution・  

陥1－CaSein． A s01ution  吐1杢二三主軸旦 叩早 竺  Ac七土on of  

ofα盲トcasein（l．5 ml．0．1％w／v）in O．02 M phosphate buffer，pH  

6．O was mixed with O．03mlof enzyme s01ution（500 s・u．／ml）and  

incubated at 350c．samples（0．2ml）were taken at various times，  

and the reaction was stopped by mixing the samples with 0.2 ml of 

9M urea containing5xlO－5M pepstatin・Then the samples were  

analyzed bY PAGE・  
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旦隻i呈上里⊆土工望旦h望三宝主立旦． SDS－PAGE was performed with12．5％  

acrylamidein the presence of 8 M urea and O．1％SDS by the method  

of Swank and Munkres・58）pAGE was carried outwith7．5％gelat  

pH8・9in the presence of4・5M urea by themethod of Davis・ 31）  

The protein was stained with O．05％ Coomassie brilliant blue R－250   

in acetic acid－methanol－Water（l：l：5）mixture．  

dsl－CaSein  工S01at土on  degradation products． One hundred  里主  

milliliters of a O．1％dsl－CaSein solutionin O．02 M phosphate  

buffer，PH 6．0，WaSincubated with enzYme B at 350c（enzyme／  

Substrate＝1／300m01e／m01e）． After 30 min ofincubation，the reac－   

tion was terminated by heating in a boiling water bath for 5 min. 

The sample was driedin a rotary evaporator（diss0lvedin10 ml   

of O．01M Tris－HClbuffer containing O．06 M NaCland 6 M urea，PH  

8．6（and applied to a Sephadex G－100 c0lumn equilibrated with the  

same buffer．Each of the separated fractions was chromatographed  

on a DEAモトCellulose c01umn equilibrated with the same buffer，  

then eluted by alinear NaClgradient from O・06 M to O・3 M・  

Furthermore，allfragments from the fractions were purified with  
■●一  

RP－HPLC［Altex，Ultrosphere－ODS，Ultrosphere－OCtyl（4・6 Ⅹ 250mm）；  

Toyo Soda，TMS－250（7・5Ⅹ75mm）；Beckman mode1340］andidentified・  

墨吐旦望旦三主旦旦旦主立ヱ旦主星・EachoftheC／sトcaseinfragmentswas  

hydr01YZedin vacuoin6N HClatl100c for24hr・The amino －111111■■■一一一■－  

acid compositions of the hydrolyzates were determined on a Durrum 

amino acid analYZerlmOdelD－5・  
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⊆ニ主宝三聖土塁旦主 星望土塁望 主星主旦 旦旦主上ヱ呈上旦．C（sl－Casein fragments  

diss01vedin O．2 M N－ethylmorpholine acetate buffer，PH 8．5，Were   

incubated with DFP－treated carboxypeptidases A and B for O，0・5，   

land 2 hr． The released amino acids were determined by the   

amino acid analyzer．  

星空旦主ヱ星主旦・ The N－terminalamino acid  N－terminal amino acid  

of each fragment wasis01atedby themethod of Hartley・ 47）  

Rモ：StJ工．でS  

al 主 畦上出土些哩  some microbi  C＜sl－CaSein  Degradation of   奴  

豊里旦ヱ聖皇旦星空卓立旦主互生吐ヱ聖堂旦土塁 As shownin Fig・12，although the  

Mucor enzyme had slightly higher proteolytic activity than calf  

chymosin，their prote01ytic patterns on叉sトcasein showed no  

Sl・gnificant difference between the two・ The prote01ytic pattern  

Of 主王旦豊里enZyme B resembled that of Endothia enzyme but both  

enzymes pattens were different from those of calf chymosin and ′  

Mucor enzyme・  

主旦全土旦主主旦旦里互旦旦旦主星旦旦主主星旦E壬生旦旦壬生旦奴互三旦旦空理主1聖二旦主里主立主旦旦  

豊里旦ヱ竺宣互三51聖（畦上二三旦互生主蟄 As shownin Fig・13，five fractions  

deslgnated as AIB′ CIDland モ：in the order of elution were   

Obtained bY Sephadex G－100 c0lumn chromatography・Judging from   

the PAGE（Fig．13）．fraction A was composed of two components  
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which were eluted from a DEAE－Cellulose column with a pH gradient   

from8．6t04．as shownin Fig．14．The first fraction was found  

to be unchanged dsl－CaSeinitself by PAGE and amino acid  

analysis． The second peak，1，WaS judged homogeneous by PAGE   

（Fig．14）and bY reVerSe Phase high performanceliquid chromato－   

graphy（RP－HPLC）with a TMS－250 column・  

Fraction Bin Fig・13 was separatedinto two fractions using  

ion－eXChange chromatography on a DEAE－Ce11ulose column with a  

linear NaCl gradient. A main peak appeared homogeneous in PAGE 

but was separatedinto two peaks by RP－HPLC（TMS－250）as shownin  

Fig・15・Themain peak（1Ⅰ′indicated with a bracket，WaS dried  

and identified．  

Fraction Cin Fig・13was also separatedinto two fracions  

bY DEAE－Cellulose c0lumn chromatography with NaClgradient  

elution．As shownin Fig・16（a main peakJ工11（and a minor one  

were obtained and the homogeneity of ＝工工WaS COnfirmed by PAGE   

and RP－HPLC with TMS－250 c0lumn．  

Fraction Din Fig．13was chromatographed on RP－HPLC（Ultro－  

sphere－OCtyl）and two main peaksl工Viand V・Were Obtained as  

Shownin Fig．17．  

SimilarlYr fraction Ein Fig・13was separatedinto many  

peaks bY RP－HPLC（Ultrosphere－ODS）′giving two main peaks，V工and  

V＝工（Fig．18）・Each fractionindicated with a bracket was  

c011ected，dried，andidentified．  

l－CaSein． As   辿幽辿生竺  1dentification of   
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Fig．14．Ion Exchange Chromatographyof Fraction Aafter GelFiltration（Fig・13）  

On DEAE－Cellulose．  

Fraction A from the gelfiltration on Sephadex G－100，indicated with a・blacket  

in Fig．13，WaS aPPlied to a DEAE－Cellulosecolumn（0・9x20cm，uhatman DE－52）  

equilibrated with O・OIM Tris－HClbuffer containlng O・06M NaCl，6M urea・PH8・6・  

Degradation products were eluted by a pH gradientdecreased from pH8・6to4  

generated between400mleach of theinitialbuffer and of O・3M acetic acid  

containing6M urea．The flowrate was30ml／hr and4・5mlfractions were collected；  

54   



Fig．15．Reverse Phase一日igh Performance Liquid Chromatography（RP－HPLC）  

Of Fraction B Partially Purified by DEAトcellulose after GelFiltration．  

Partially purified fraction B was adsorbed on a column ofTMS－250（7・5x75mm）  

and eluted at a flow rate oflml／min by alinear gradient from O．OIM   

trifluoroacetic acid to90％acetonitrile containing O．OIM trifluoroacetic  

acid．The column was operated at280C．  
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Fig．16・Ion Exchange Chromatography of Fraction C after GelFiltration  

（Fig．13）on DEAE－Cellulose．  

Fraction C，indicated・With a bracketin Fig．13，WaS dialyzed against  

O．005M Tris－HClbuffer containlng O．03M NaCland6M urea，PH8．2，and  

applied to a DEAE－Cellulose column（0．9x25cm，Mhatman DE－52）equilibrated  

with the same buffer．Degradation products were eluted by alinear NaCl  

gradient generated between500nlleach of theinitialbuffer and of O・33M  

NaClin the buffer．The flow rate was30ml／hr and4．5nllfractions were   

COllected．  
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Fig．・17．RP－HPLC of Fraction D after GelFiltration（Fig．18）．  

Fraction Dwas applied to a columnofUltrosβhere－OCtyl（4．6．x250mm）  

and eluted under the same conditions des’cribedin Fig．15．  
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Fig．18．RPMHPLC of Fraction E after GelFiltration（Fig．13）．  

Fraction E wasloaded on a column of Ultrosphere－ODS（4．6x250mm）   

andlWaS eluted under the same conditions describedin Fig．15．  
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Shownin Table ＝Ⅹ．the N－terminalamino acids of 工，＝I，and＝工＝   

Were Phenylalaninelarglniner and tyrosinelreSPeCtivelylby  

dansylation and their corresponding c－terminal amino acid   

SequenCeS Were －Leu－Trp，－Leu－Lys－Lys，and －Leu－Trp，reSPeCtive－   

1y・The m0lecular welghts were estimated to be 20．000，12，000．   

andllrOOO by SDS－PAGE forI′ 工1（and 工Il（reSPeCtivelyland   

their amino acid compositions are shownin Table＝ⅩltOgether  

with the compositions of knowncZsトcasein B segments．Therefore．  

these fragments，t，I＝，and l＝＝，Were identified as Phe（24）－  

Trp（199），Arg（1）－Lys（103），and Tyr（104）－Trp（199）ofdsl－CaSein，  

respectively．  
一■  

As shownin Table X．the N－terminalamino acid of 工V was   

tyrosine by dansylationr and the C－terminalsequence to be －Leu－   

Trp・ Taking the amino acid compositioninto consideration，   

fragmentlV wasidentified as Tyr（154）－Trp（199）of dsl－CaSein．   

＝n the same manner，fragments V，Ⅴ＝，and V＝Iwereidentified as  

Tyr（104）－Phe（153），Arg（l）－His（8），and Gln（9）－Phe（23）of 鵬1－  

CaSein，reSPeCtively．  

D工SCUSS工ON  

Milk－Clotting enzymes may be classifiedinto two groups  

according to their degradation pattern of離トcasein as shownin   

Fig．12． Calf chymosin and M．ucor enzyme belong to the first   

group which produces almost entirely one degradation product  

corresponding to dsトZ from O（sトcasein． The second group  
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COnSists of Endothia and主三E呈茎enZymeS，Which produce several  

degradation products accompanied by a product corresponding to  

dsトZ．1Therefore，the first groupisless proteoIYtic and shows  

more restricted specificity onαもトcasein than the second under   

the conditions employed． Although the similarities of their  

specificity on鵬1－CaSein by both enzymesin either group had  

been pointed out（the four enzYmeS differed slgnificantly from   

each otherin their specificity on oxidizedinsulin B－Chain，aS  

J  

Shownin Chapter 工工L・ Thisindicates that the specificity on  

protein substratesis affected not only bY the amino acids   

adjacent to the cleaving point but also by the conformation of   

the substrate surrounding the cleaving point．  

The specificity of 迦enzyme onαもトcaseinis summarized  

in Fig・19 andis compared to chYmOSin・主三旦皇室enZyme and calf  

Chymosin have only one common cleaving point，that is，at   

Phe（23）－Phe（24）．and differ on subsequent cleavage sites． ＝tis  

we11known that chymosin producesαも1－1，鵬トIt，andαsl－I工Iby a  

SequentialTnanner at PH 6．0． At the beglnning，Chymosin cleaves  

the Phe（23）－Phe（24■）bond of 巌1－CaSein to formα旨1－I［phe（24）－  

Trp（199）］，and thenit acts on the Leu（169ト且1Y（170）bond of（蕗1－  

＝to formαもト＝＝［phe（24）－Leu（169）］，and fina11Yit hydr01yzes the  

Leu（149）－Phe（150）bond of めト＝1to produce α邑l－＝工＝［phe（24卜  

Leu（149）］・ 蔓草P鱒 enZyme Cleaves the Phe（23）－Phe（24）bond ofdsト  

caseinin the same manner as chymosin to form鵬トt，however，the  

next cleaving pointis the Lys（103）－Tyr（104）bond of Ohl－＝ to   

form ＝工＝，Tyr（104）－Trp（199）． 工工1is hydr01yzed at Phe（153）－  
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Tyr（154）forming ＝V，Tyr（104）－Phe（153）and V，Tyr（154）－Trp（199）・   

Yields of fragmentsI，I工 thatis Arg（1）－Lys（103），andl工＝ are   

estimated to be 26％，3％ and17％，reSPeCtively． This mayindicate   

that a certain fragment［phe（24卜Lys（103）］，Which is not   

identified，is formed during prote01ysis or is hydrolyzed   

further．The two fragments V＝，Arg（1）－His（8）．and V工工．Gln（9）一   

Phe（23）were produced from the hydr01YSis of Arg（1）－Phe（23）by・   

墜 enZyme・  

As shownin Table X工．chYmOSin always requires a hydrophobic  

amino acid such as phenylalanine orleucinein the PISite as  

mentionedbySchechterandBerger・ 53）三三E呈竺enZymeisspecific  
for the peptide bonds formedby two amino acids withlarge hydro－   

phobic side chains such as Phe（23）－Phe（24）and Phe（153）－Tyr（154）・   

A noticeable exceptionis the hydroIYSis of the His（8）－Gln（9）   

bond by 哩 enzyme・  

＝t is established that microbial enzymes possessing   

trypsinogen activating ability，SuCh as the acid proteinases of  

chinensis are able to  Saitoi，and  Rh土zopus  埠P墜畦上主旦旦 nlger．旦ニ  

hYdrolyze Lys－Ⅹbond preferentially・ 59）Although the主三旦隻竺  

enzyme，aS Wellas the Mucor mieheienzyme．．－虹旦旦旦主上上里旦enZyme．   

and pepsin，did not activate trYPSinogen．the 享rpex enzyme hydro－   

1yzed the Lys（103）－Tyr（104）bond to form工I工．TYr（104）－Trp（199）   

With high yleld● This might be attributed to thelarge hydro－   

Phobic reglOn formed by the neighboring six amino acids from the  

p3tOP3′sites・工naddition，Tang 60）reportedthatevenlow  

frequencies of hYdr01ysis at the Lys－Ⅹ bond by pepsin were  
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Table XI・Comparison。f Cleavage Sites of叉sl－CaSein by互王旦豊里  

Milk－Clotting Enzyme B and Calf Chymosin on the Basis of  1acteus  

the Hydrophobicities of Side Chain of Amino Acid Residues Adja－   

Cent tO the Bonds to be Split  

‾P4‾P3‾P2‾ PlヰPl′‾P2′‾P3′‾  

EnzYme B  － Pro 一 工Ie － Lys － His －Gln － Gly － Leu －  
★2．6  3．0  1．5  0．5 －0．1   0  1．8  

－ Leu － Leu － Arg － Phe － Phe － Val－ Ala －   
★1．8  1．8  0．7  2．5  2．5  1．5  0．5  

－ Arg － Leu － Lys － Lys － Tyr － LYS － Val－   
★0．7  1．8  1．5  1．5  2．3  1．5  1．5  

－ Phe － Arg － Gln － Phe － Tyr － Gln － Leu －   
★2．5  0．7 －0．1  2．5  2．3  －0．1 1．8  

ChYmOSin  － Leu － Leu － Arg － Phe － Phe － Val－ Ala －  
★1．8  1．8  0．7  2．5  2．5  1．5  0．5  

－ Tyr － Val－ Pro － Leu － Gly － Thr － Gln －   
★2．3  1．5  2．6  1．8  0  0．4 －0．1  

－ Tyr － Pro p Glu － Leu － Phe － Arg － Gln －   
★2．3  2．6  0．5  1．8  2．5  0．7 －0．1  

★：Agt，hydrophobicities of side chain of amino acid residues   

（kcal／mol）cited from the references（61′62）． The arrowindト  

CateS the splitting point・ The positions（P4 －P3ノ）on the  
substrate are designated according to Schechter and Berger． 53）  
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Observedin protein substrates． Furthermore，amino acids at the  

PISitewereclassifiedintothreegroupsintheorderof suscep－  

tibility as f011ows：Phe．Leu and Tyr belonged to the first group   

Of highlY SuSCePtible ones；Glu，Asp，His and Lys，tO the second   

group of susceptible ones；and Gly，＝1e，Pro and Arg，tO the   

third group of non－SuSCePtible ones． Therefore，the susceptibil－   

ity of Lys（103）－TYr（104）and His（8）－Gln（9）bonds．and the non－   

SuSCeptibility of 工1e（6）－LYS（7），Pro（5ト工Ie（6）and Pro（12）－   

Gln（13）bonds by土工良三竺enZyme COincided with the specificitY Of   

peps土n．  

Morihara et al． 63）reported that the elongation of the  

PePtide chainlength from PltO P3reSultedin a Tnarkedincrease  

Of hydr01ysis with acid proteinases of microbialorlgln and with  

PePSin・Thisindicates that the P3 Site of the substrateis  

important to the secondaryinteraction between the enzyme and the   

Substrate． As shownin Table Xt，hydrophobic amino acidslocated  

in the P4and／or p3Site（s）might beimportantin the secondary  

interaction between the enzyme and the substratein both cases of   

ChYmOSin and 主壬2隻挙 enZYme B・  
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CHAPTER V  

SUBSTRATE SPECIF工C工TY OF M工LR－CLOTT工NG ENZY班E B FRO班 工RPEX  

衣r ANDβ一CASE川S  LACでEUS ON  

StJ軋旺ARY  

主王旦皇室 と旦5；主星旦旦 milk－Clotting enzyme B hydr01yzed the   

Phe（105ト刊et（106）bond of k－CaSein，CauSing the precipitation of  

Para－k－CaSein along with other casein fractionsin the presence   

Of calciumions，With a mechanism similar to other milk－Clotting   

enzymes・ Furthermore，阜埋草enZyme B hydroIYZed at the positions   

Leu（79）－Ser（80）and Tyr（30卜Val（31）of para一丸－CaSein．  

Degradation patterns of n－CaSein by迦and堕望星空  miehei  

enzymes were almost the same by poIYaCrylamide gel electro－   

phoresis，but 星空旦旦互生主旦 旦旦三旦旦主主主5；旦 enZyme Showed a different  

degradation pattern．under the conditions emploYed．P－CaSein  

appeared to be scarcely hydrolyzed by chYmOSin．  
W  

Comparing the specificity of迦enzyme B on P－CaSein with  

that of chymosin，the common cleaving points were Leu（165卜   

Ser（166），Ala（189）－Phe（190），and Tyr（192卜Glu（193）． The differ－   

ence in the specificity between the enzymes was exhibited in the 

Cleavage at the Leu（139）－Leu（140）bond bY Chymosin and of the   

Ser（142）－Trp（143）bond bY！準 enZyme B． Although the cleaving  
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points of P－CaSein by both enzymes resembled each other，eaCh  

enzymeexhibiteddifferent degradationpatterns of P－CaSeinin  

PAGE because of their different order of cleavage．  

工NTRODUCで工ON  

1tis wellknown that the coagulation of milkisinitiated  

by the hydr01ysis of k－CaSeininto a soluble glycoprotein and  

para－k－CaSein．工n the presence of calciumions，Para－k－CaSein  

preclpitates along with the other casein fractions・ Calf  

chymosin and other milk－Clotting enzymes cleave the bond of  

phe（105ト朝et（106）of k－CaSein．64）  

As describedin ChapterIV．the degradation pattern of臆ト  

casein by the action of 土工旦旦竺enZyme B was similar to that of  

parasitica enzyme′ but was quite different from those of  Endo七hia  

enzyme．主主玉里茎enZyme B hydr01yzed（蜂ト  miehei  Chymosin and Mucor  

csein at positions His（8）－Gln（9），Phe（23）－Phe（24）．Lys（103）－  

TYr（104）′and Phe（153）－Tyr（154）・Compared with the specificity  

of calf chYTnOSin，the onlY COmmOn Cleaving point was the Phe（23）－  

phe（24）bond ofαもトcasein while others were different from that  
●■■  

Of chymosln．  

β－Caseinis a source of bitter peptides formed by the action  

of proteinases・ For example（a PePtide，Which constitutes  

residues Arg（202）－Val（209）ofβ－CaSein，POSSeSeS bitterness 250  

times stronger than that of caffeine・ 65）Therefore（itis ap－  

parentlyimportant toinvestigate the specificity of milk－  
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Clotting enzYmeS。nP－CaSein・  

工t has been shown66）that chymosin hydr01yzesisolated  

bovineβ－CaSein at residues189－190 and／or192－193，163－164  

and／or165－166・and139－140t。yieldP－1，P－Il，andP－Ⅰ＝＝，re－  

SPeCtively・On the other hand′the proteolytic specificity of  

microbialmilk－Clotting enzymes。nP－CaSein has not yet been  

established．  

＝n this chapter（Idescribed the prote01ytic specificities  

andβ－  OfL the milk－Clotting enzyme B froTn 工．   

CaSein at pH 6．Oin solution．  

1acteus on 択一CaSein  

班ATモ：R工AI－S AND 帆ETHODS  

Dansylchlorideldansylamino acids′ N－ethylmorph01ineland  
micropolyamide sheets（Schleicher and Schuell F1700）were   
PurChased from the Pierce chemicalCo・Phenylisothiocyanate（  

N，N－dimethYlallYlamine．trifluoroacetic acid．PTH amino acids．   

1，2－dichloroethane，and benzene（sequentialgrade）were obtained   

from Wako Pure ChemicalIndustries（Ltd・ AnalYticalTLC plates   

（K6F）and DEAE－Cellulose（DE－52）and CM－Celユulose（CM－52）were   

from Whatman and carboxypeptidases A－DFP and B一口FP were from   

Sigma・ Molecular weight markers（ranging from 2，500－17，000）for   

SDS－PAGモ：were from BDH Biochemicals，and pepstatin was from the   

Protein Research Foundation（Japan）． Other chemicals used were   

Of reagent grade．  
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墜二三旦旦旦主具旦旦旦Pニ⊆旦旦隻主旦・Crude k－CaSein andβ－CaSein were  

PrePared from acid－PreCIPitated wh01e casein by the methods of  

zittle and Custer， 56）and Aschaffenburg， 67）respectively．Crude  

k－CaSein was alkylated at40c by the method of Rose et al． 68）  

The alkylatedk－CaSein andβ－CaSein were purified byionqexchange  

ChromatographY On a DEAE－Cellulose column by the Tnethod of Davies  

and工JaW． 57）  

旦旦旦文型豊里・ Calf chymosin，and milk－CIotting enzYmeS from  

Mucor mieheiand星空旦旦互生主旦旦旦壬生旦主主主⊆旦Were PurChased from Chr．  

Hansen Lab・lMiles Lab・land the Pfizer co・（reSPeCtively・ These   

enzymes were purified by affinity chromatography as described in 

the previous papers・ 24・26）Themilk－Clottingenzyme B from迦  

Purified as describedin Chapter 工工・  lacteus was  

些主主拉＝三上叫地文也・ Milk－Clotting activity was deter－  

mined according to the method described previousIY and expressed   

as Soxhlet units（s．u．）per mlof enzyme solution．   

塾生主旦里旦互畦上虹⊆1旦主主主旦旦豊里旦ヱ塑呈旦旦旦墜二軍互生主里星空旦βニ望旦呈主望  

Each solution of k－ and β－CaSeins（1．5 ml，0．1％w／v）in O．02 M  

Phosphate buffer，PH6．0，WaS mixed with O．03mlof enzyme solu－  

tion（500 s．u．／ml）andincubated at 35Oc．Aliquots（0．2ml）were  

taken at various timeintervals，and the reaction was stoppea by  

mixing the samples with O・2mlof9M urea containing5Ⅹ10－5M  

PePStatin． The samples were then subjected to pAGE analysis．  
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旦旦主呈上豊里主王里R吐望王旦旦主星  SDS－PAGE was performed with12・5％  

acrylamidein the presence of 8 M urea and O．1％ SDS by the method  

of Swank and Munkres． 58）pAGEwas carried out with7．5％gelat  

PH 8．9 0r at pH 4・3in the presence of 4．5 M urea described by  

Davis． 31）The protein was stained with O．05％Commassie briト  

Iiant blue R－250 in acetic acid：methan01：Water（l：1：5）．  

主星堂上旦主主里聖堂互聖二三旦互生主旦旦隻旦王旦旦旦主主里旦良工里旦旦⊆主旦 F土fty mlllト  

1iters of a O．1％k－CaSein s01utionin O．02 M phosphate buffer，P技  

6．0， WaS incubated with 主王R皇室 enZyme at 350c  

（enzYme／substrate＝1／500mole／m01e）・ After 5 minincubatiop′ the  

reaction was terminated by heatingin a boiling water bath for 5   

mln． One fifth volume of 60％ trichloroacetic acid was added and   

centrifuged at1500Ⅹg for20min・The resultant precIPitates  

were dissovedin a minimum v01ume of O．02 M phosphate buffer，PH   

6．0，COntaining 6 M urealand were dialyzed against the same  

buffer．This sample was then chromatographed on a column of CM－  

celLulose using alinear NaClgradient（0－0・3 M）in the same  

buffer． Each fraction was then used for PAGE，tO COmfirm the  

homogeneity′ and after purification was used for determination of  

amino acid composition and C－terminaland N－terminalamino acids・  

The supernatant obtained after centrifugation was adjusted  

to pH8・O withlM NaOH and concentratedin an evaporator・The  

concentrate was then put on a COluTnn Of Sephadex G－50equili－  

brated with O．1N acetic acid・Each fraction obtained was then  
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purified by reverse phase high performance liquid chromatography 

（RP－HPLC．Beckman mode1340）and u’sed foridentification as   

Stated previously．  

主星吐旦主主里旦旦互β二⊆旦旦皇土塁旦豊里三旦旦旦主主旦旦旦王里旦望⊆主旦．One hundred  

milliliters of a O．1％ P－CaSein solutionin O．02 M phosphate  

buffer，PH 6・0′ WaSincubated with 主王E隻竺 enZyme at 350c  

（enzyme／substrate＝1／400m01e／m01e）．After 2hrincubation，the   

reaction was terminated by heatingin a boiling water bath for 5   

min． The sample was driedin a rotary evaporator and diss0lved   

in10 mlof O．01M Tris－HClbuffer containing O．06M NaCland6 M   

ureaT at PH 8・6（and put on a Sephadex G－100 column equilibrated   

With the same buffer． Each of the separated fractions was put on   

a DEAE－Cellulose c01umn or a CM－Cellulose c01umn，then eluted by   

alinear NaClgradient or by a pH gradient． Furthermore，all   

fractions were purified with RP－HPLC［Altex．Ultrosphere－ODS．  

Ultrosphere－OCtyl；Toyo Soda，TMS－250；Beckman mode1340】and  

used for determination of aTnino acid composition and C－terminal   

and N－terminal amino acids．  

旦里旦主ヱ旦主旦 Each of the k－andP－CaSein fractions  Amino acld  

washYdrolyzedinvacuoin6NHClatllOOc for24hr・The amino  
acid compositions of the hydrolyzates were determined on a Durrum   

amino acid analyzer，mOdelD－5・  

⊆二主呈三聖主里旦上皇竺主旦望主星主旦星空旦主ヱ旦主星 Purified4（－andや一CaSein  

72   



fractions diss01vedin O・2M N－ethylmorph01ine－aCetate bufferlPH  

8・5wereincubated with DFP－treated carboxypeptidases A and B for  

O，0・5′l，and 2 hr・The released amino acids were determined by  

the amino acid analyzer with norleucine as aninternal standard．  

旦二王三三望主旦旦上 皇聖上聖堂 旦⊆主旦 星空旦iヱ旦主星 Dansylation of the N－  

terminalamino acid of each fragTnent WaS Performed by the method  

of Hartley 47）and the resultant dansylamino acid wasidentified  

with micropolyamide sheet by the method of Woods and Wang． 48）  

Edman degradation was also carried out by the method of Sauer 69）  

and the PTH amino acid obtained was identified by TLC as  

described byJeppsson． 70）  

RESULTS  

Degradation of  k－CaSein  奴  SeVeral microbial 主  吐上垣主軸  

隻里旦ヱ聖里旦旦旦旦⊆旦上皇呈堅ヱ聖堂旦主旦 工n allcases，k－CaSein（m．w．19，000）   

almost completely disappeared within 5 min and a new product   

COrreSPOnding to m．w．12，000was formed（Fig．20）．1n addition，  

microbialmilk－Clotting enzyTneS．eSPeCially  I．1acteus  enzyme B．  

produced a degradation product having a m．w．0f about10，000．  

工solation and identification of  degradation pro申ucts  formed  

奴互生全旦三主主里聖堂互主三良三竺竺主上室二⊆主里主主土塁旦豊里旦ヱ竺豊里旦ち二三旦旦里土塁 でhe  

fractioninsolublein12・5％ TCA was purified byion exchange   

Chrom声tOgraPhY On a CM－Cellulose column．Figure 21shows that  
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Fig・21・Ion Exchange Chromatography on CM－Cellulose ofInsoluble k：Casein  

Degradation Products Formed by the Action ofI．lacteus  Enzyme B．  

The fractioninsolublein12・5％trichloroacetic acid was applied on a  

columnofCM－Cellulose（0．9x之5cm，MhatmanCM－52［equilibratedwith  

O・02M phosphate buffer containing6M urea，PH6．0．  

Degradation products were eluted by500mleach of a NaCIconcentration  

gradient（0－0．3M）．The f10W rate WaS20ml／hr and4．O mlfractions were  

COllected．  
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three fractions were eluted by a NaCl linear gradient and these 

l Were desl．gnated t，Z工．and ＝＝tin the order of elution． Each   

fraction appeared to be homogeneousin pH 4．3 PAGE． The elimina－  

tion of contaminating free amino acids and peptides was carried  

Out by RP－HPLC（Ultrospere－OCtyl） and samples wereidentified．  

Table Xllshows the N－terminalamino acids．C－terminalamino acid   

SequenCeS′ m0lecular weightsJand amino acid compositions of  

Purified＝，＝I，and＝工1．Therefore，I，II，and＝11wereidenti－   

fied as PyrGlu（1）－Leu（79），PYrGlu（1）－Phe（105），and Val（31）－  

Phe（105）of k－CaSein，reSPeCtively，by takinginto consideration  

the facts showninTable X工Z・Yields of these fragments are also  

presentedin Table X工工．  

On the other hand，When the fraction s0lublein12．5％ TCA   

WaS Chromatographed on Sephadex G－50（tWO fractions were obtained   

and deslgnatedlV and V・Each fraction was checked for homoge－   

neity by RP－HPLC（Ultrosphere－OCtyl）．Fraction 工V appeared to be   

homogeneous but V was separatedinto many peaks・The two ma］Or   

peaks shownin Fig．22 were deslgnated V and V工． Table X工＝工   

Shows the amino acid compositions．N－terminalamino acids．and C－  

terminalamino acid sequences of these fractions・Takinginto  

COnSideration the results shownin Table Xltl，fragments 工V，V，   

and V工 Wereidentified as M．et（106）－Val（169），Ser（80卜Phe（105）and   

PyrGlu（l）－Tyr（30）of k－CaSein，reSPeCtively． Yields of these   

fragments are also shownin Table X＝＝工．  

旦豊里壬生旦旦主主璽＝廷βニ⊆旦旦旦土塁奴旦旦望豊里主星三望塾主主上聖主主室二三上里主主主里旦  
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Fig．22．Reverse Phase－High Performance Liquid Chromatography（RP一日PLC）  

Of Fraction V after GelFiltration on Sehadex G－50．   

Fraction V was concentrated andloaded on a column of Ultrosphere－OCtyl  

（Altex，4・6x250mm）anq eluted ataflowrateoflml／min byalinear  

gradient of acetonitrile（0－90％）in O．OIM trifluoroacetic acid．   

The column was operated at28OC．  
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豊里旦ヱ聖主星星空旦⊆旦1主星吐ヱ聖9旦主旦 Fig．23 shows that although 主三E皇室  

enzyme exhibited more prote01ytic activity than Mucor enzyTne′   

these enzymes showed almost the same degradation patterns・1n   

the case of 主王旦皇室 enZyme，the main degradation product was   

Observed even at the early stage of prote01ysis．andit remained   

even after along period ofincubation．  

Endoth土a  enzyme clearly had a different degradation pattern  

from the others，PrOducing severalproducts that mlgrated slower   

than the substrate and a main product thatr. migrated fastev than 

the degradation product of 主主旦豊里enZyme・ Under the condition  

eTnPloyed，P－CaSein appeared to be hardly hydr01yzed by chymosin・  

工S01ation and  identification  formed  

－CaSein When the  act土on  吐壬生皇  

reaction mixture was chromatographed on Sephadex G－100，three   

fractions were eluted and deslgnated A，B′ and Cin the order of   

elution．Fraction．A was adsorbed on a DEAE－Cellulose column and   

eluted by a pH gradient．  

As shownin Fig．24，tWO peaks deslgnated V＝＝and Vl＝工Were   

Obtained． Both V＝工 and V工工＝ were judged hom亡）geneOuS bY PAGE and   

their mobilitiesin PAGE coincided with that of the main degrada－   

tion product． Each of these fractions．vIt and Vlt＝，WaS further   

purified by RP－HPLC with a c0lumn of．TMS－250 and wasidentified・  

Fraction B was separatedinto severalpeaks by chromato－   

graphy on CM－CelluloselandlX appeared to be homogeneousin pH   

4．3 PAGE（Fig．25）．1Ⅹwas further purified by RP－HPLC with a  
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Fig・24・Ion Exchange Chromatography of Fraction A afterGelFiltration，  

On DEAE－Cell’ulose．  

Fraction A eluted from the gelfiltration on Sephadex G－100was applied to  

a DEAE－Cellulose colu叩n（Dト52，Mhatman，0．9x20cm）equilibrated with O・OIM  

Tris一日Clbuffer containing O・06M NaCland6M urea）P＝8・6・Degradation  

products were eluted by a decreaslng PH gradient什om pH8・6to4generated  

from500mleach of theinitialbuffer and O．3M acetic acid containlng6M  

urea．The flow rate was30ml／hr and4．5mlfractions were collected・  
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Fig．25．Ion Exchange Chromatography of Fraction B after GelFiltration，   

On CM－Cellulose．   

Fraction B eluted from the gelfiltrtation on Sephadex G－100was applied  

to a cM－Cellu10Se COlumn（l．5x25cm，uhatman DE－52）equilibrated with   

O．02M acetate buffer containing6M urea，PH5．5．Degradation products  

Were eluted by alinear NaClgradient generated from500mleach of the  

initialbuffer and the same buffer containlng O．3M NaCl．The flow rate   

was25ml／hr and4．O mlfractions were collected・  
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TMS－250 c01umn andidentified．  

Fraction C was separatedinto six fractions by RP－HPLC with   

Ultrosphere－OCtylc01umn（but four peaks deslgnated X′ XZ，Ⅹ＝工′  

and X＝工工 Were furtherinvestigated（Fig．26）．  

As shownin Table XtV，the N－terminalamino acids of V＝工．  

vIIl，and ＝Ⅹwere Arg（Arg（and Trp（reSPeCtively，and their  

corresponding C－terminalamino acid sequences were －Leu－Leu－Gln－  
′  

Ser，－Leu－Leu－Gln－Serland－Ala－Phe－Leu－Leu（reSPeCtivelY・Their  

molecular welghts are shownin Table X工V（and by considering  

their aTnino acid compositionsIVI工and V工1工Wereidentified as  

Arg（1）－Ser（142），and工X wasidentified as Trp（143）－Leu（192）ofP－  

CaSeln．  

Table XV shows the N－terminalamino acidsIC－terminalamino  

acid sequences（and amino acid compositions of purified X′ Ⅹ工′  

Ⅹ工I，and X工＝Ⅰ・On account of the results shownin Table XV，  

fractions X′ Ⅹ工．XII，and XI＝Iwereidentified as Ser（166）－  

Ala（189），Tyr（193卜Val（209），Trp（143）－Leu（165）・and Phe（190卜  

val（209），reSPeCtivelY・Other fractionsin Fig・24・25，and26  

were notidentified because of their heterogeneity・  

D工SCUSS工ON  

工t has been established that the coagulation of milkis  

initiated by the specific cleavage of the peptide bond between  

phe（105）－Met（106）of k－CaSein bY Calf chymosin and other milk－  

clotting enzymes．When the主主里豊里enZyme B acted on紅CaSeinr  
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Fig．26．RP－HPLC of Fraction C after GelFiltration・  

Fraction C eluted from the gelfiltrati叩On Sephadex G－100wasloaded on a  

column ofUltrospher占－OCtyl（4．6x250mm）and eluted under the sameconditions  

describedin Fig．22．  
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fraction 工＝，PYrGlu（1トPhe（105）．and fraction ＝V，Met（106卜   

Val（169），Were formed with high yields（Tables X＝工 and XI＝工）・  

Thisindicates that 工rpex enzyme hydrolyzes the Phe（105）－Met（106）   

bond of叱－CaSein and subsequent milk coagulation occursin the   

Same manner aS Other milk－Clotting enzymes・Other degradation  

PrOductsidentified here were derived from para－k－CaSein by the   

enzyme action butit was not clear how主王巨星竺 enZyme aCted on   

glYCOmaCrOPePtides・ 工t suggests that microbialmilk－Clotting   

enZymeS hydr01yze para－k－CaSein further because a11microbial   

enzYmeS PrOduced a degradation product that mlgrated］uSt a   

little faster than para－k－CaSeinin SDS－PAGE． Figure27 shows   

comparative cleaving points of k－CaSein by chymosin and主三望豊里   

enZyme・  

工tiswellkn。WnthatP－CaSeinexistsinfivegenetica11y  

determined forms which are dislgnated as Al，A2，A3，B，and C，  

in the milk of western breeds of cattle． 71）Amino acid composi－  

tions of these variants are summarizedin Table XIV． The ma］Or   

degradation products V＝Iand V工＝工Wereidentified as theidenti－  

calfragment Arg（1卜Ser（142）ofや－CaSein．Although the N－termi－  

nal amino acid and C－terminalamino acid sequence of each frag－   

Tnent Wereidentical，theY COntained different numbers of  

histidine and glutamic acid・The histidine cohtent of V工工and  

the glutamic acid content of VL工＝were apparently higher than  

those of VL＝工 and V工1（reSPeCtivelY（Whereas the contents of  

serine, lysine, and arginine were identical in both fragments. 

Therefore，itis postulated that V工1is formed from variant Al  
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andVI＝Iis fr。mVariantA3。fβ－CaSein・Thismightbe duet。  

the factthatβ－CaSeinusedinthisw。rkwas prepared frombulk  

herd milkinstead of that from anindiviual．Theβ－CaSein prepa－  

ration contained variants Aland A3With a rati00fl：2，because  

the ylelds of V工1and Vl＝＝ were estimated to be15％ and 30％，  

β  
－CaSein remained unchanged  respectively． Thirty percent of the  

in the reaction mixture and the totalylelds of V工1and V工ZI   

were 45％． Thisindicates that V＝工 and V工t工 are apparently the   

ma］Or degradation products of the action of主王E皇室enZyme B from  

P－CaSein・Alth。ugh工Ⅹconstitutes alargepercentage as deter‾  

mined by the absorbance at 280 nmlaS Shownin Fig・25，the  

Yleldsof VI＝andVIl工WerehigherthanthatoflXestimated from  
the amino acid analysis. This fact indicates that the extinction 

coefficient of 工Ⅹis much higher than those of V工＝ and VI＝工′  

because工Ⅹcontains the sole residue。f trypt。PhaninP－CaSein・  

As presentedin Fig．27，the common cleaving points of迦  

enzYme and chym。Sin onP－CaSein are Leu（165）－Ser（166）・Ala（189）－  

Phe（190）．and Tyr（192）－Glu（193）・ The difference in the  

specificity between the enzymes are exhibited bY the cleavage at  

Leu（139）－Leu（140）bond of P－CaSein by ch諺mosin・and at the  

Ser（142）－Trp（143）bond by主王E豊里enZyme・工n addition，Chymosin  

cleavesAla（189）－Phe（190）and／orLeu（192卜Tyr（193）。fP－CaSein  

to formP－＝initially・and thenit acts on the Leu（163）‾Ser（164）  

and／or Leu（165）－Ser（166）b。nd。fP－Ito pr。duce／；一＝＝・and finally  

it hydr。1yzes Le。（139）－Le。（140）to formP一工II．sequentially・ 66）  

On the other hand，itis postulated that主王里豊玉enZyme B hydro－  
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lyzes the Ser（142）－Trp（143）b。nd ofP－CaSeint。form V＝Ⅰ。r V＝工＝  

andacertainfragmentTrp（143）－Val（209）ofβ－CaSeinfirst，and  

then the enzyme attacks Leu（192トTyr（193）of the fragment of  

Trp（143）－Val（209）to produce工X and Xt．三三旦皇室enZyme B produced  

the ma］Or degradation products V工工 and VtI＝ without the band  

C。rreSP。ndingt。P一工【Arg（l）－Leu（192）ofP－CaSein］eveni 

earlY Stage Of prote01ysis． The Yield of X工WaS eStimated to be   

21％，Which coincided with that of 工Ⅹ．which was 20％．A certain   

fragment of Trp（143）－Val（209）was hydr01yzed at Leu（165）－Ser（166）  

and Ala（189）－Phe（190）to yield XZ＝，Ⅹ．and XIZ工．The ylelds of   

X工＝lXland X＝IIwere estimated to be 9％（11％ and10％（reSPeC－  

tively・Chym。Sin hydr。1yzesP－CaSeinin a sequentialmanner fr。m  

the C－terminalto the centralpoint，Whereas 準enzyme hYdro－  

1yzes the centralregion of P－CaSein first and after which，it  

acted onthe C－terminalfragment．With respect to巌1－CaSein，  

Chymosin andIrpe鱒 enZyme Showed different degradation patterns   

in PAGE and different cleaving sites except for‡）he（23）－Phe（24）．   

On the other hand．the enzymes exhibited different degradation  

patterns。nP－CaSeinin PAGE but cleaving p。ints resembled each  

Other closely．This can be deduced from the order of cleavage．   

Which differed from each other，reSultingin degradation products   

that showed different PAGE patterns．  

Table XV＝ shows the comparative specificity of！ざ四半enZyme  

and chymosin on k－CaSein and P－CaSein on the basis of  
hydrophobicity of the side chains of amino acid residues adjacent  

to the bonds to be cleaved・工n the PISite and P4 and／or p3  
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site（s）as defined by Schechter and Berger，53）if k－CaSeinis  

used as the substrate．chymosin and 趣enzyme always require  

hydrophobic amino acids・ On the other hand，if the substrate  

usedis P－CaSein，迦enzyme and chym。Sin require hydrophobic  

amino acids eitherin the PlOr Pl′site andin the P4and／or P3  

S土te（s）．  

Chapter ＝V stated that 草野 enZyme has the specificity for   

the peptide bonds formed bY tWO amino acids withlarge hYdro－  

phobic side chains on o61－CaSein． Furthermore，Chymosin and  

主三旦生玉enZYme alwaYS require hydrophobic amino acidsin the P4  

and／or p  3 Site（s）・工tis postulated thatin the case of chYmOSin  

and主三旦皇室enZyme・hydrophobic amino acidslocatedin the P4  

and／or p3Site（s）might play animportant r01ein the secondary  

interaction between the enzYme and substrate．  
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CHApでER V工  

OF 班工LR－CLOTT工NG ENZY班E FRO班 工RPEX LACTEUS AS A CALF  EVALUAで工ON  

RENNET SUBST工TUTE FOR CHEDDAR CHEESE M．ANUFACTURE  

SU軋班ARY  

The milk－Clotting enzyme fraction from互三巨星茎主旦⊆互生望旦（工R）  

was obtained by affinity chromatography・To evaluat占＝R as a  

calf rennet substitute，Cheddar cheese－making trials were carried   

out． There was no differencein cheese yield，prOtein recovery，  

or fat recovery between cheese made with calf rennet（CR）and  

that made withlR．AlthoughIR cheese showed a slightlY higher  

extent of proteolysis in comparison to the control during 

rLPening（工R cheese did not develop a bitter taste even after6 1   

months of rlPening・These factsindicate thatlRis a promising  

rennet substitute for cheese making．  

工NTRODUCてr工ON  

Two milk－Clotting enzymes secreted by互主旦星空i旦三主星旦旦Were  

purified by affinity chromatographY With dehYdroacetYlpepstatin  

as ligand. By this step, proteinases with high proteolytic 

activitY，SeCreted together with milk－Clotting enzymes bY the  

microorganismJWere’．eliminated and the rati00f milk－Clotting  
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activity to proteolytic activity of the eluted fraction improved 

2－3 times higher than that of the crude preparation・ This ratio  

was shown to be almost the same as the commercial microbial 

些旦旦旦王E旦旦主主i旦旦・工n this  miehei and  rennet substitutes from M_ucor 

chapterT＝tried to evaluate the milk－Clotting enzyme fraction  

from享q！阜畢 主            fromIrpexlacteus as a calf rennet substitute for cheese making  

by comparing with calf rennetin respects to cheese yleld′  

proteoIYSis during rlPening（and quality of cheese・  

HATER工ALS AND 虻ETHODS  

Starter． A mixed culture of 旦主主星旦主旦⊆旦⊆⊆旦旦 ⊆三豊聖望三主星 and  

citrovorum was used．  1euconostoc  

Milk． The milk used for cheese making was obtained from the  

university farm and was pasteurized at630c for 30min・  

⊆里旦旦望主旦聖上旦・Themilk－Clotting enzyme fraction from主主星豊里  

主星⊆互生旦旦（工R）was prepared by affinity chromatography with  

dehydroacetylpepstatin，a SPeCificinhibitor of carboxyl  

proteinaseslaS aligand・The milk－Clotting enzYme fraction was  

eluted with O．1N acetic acid from the affinitY gel and the  

eluate was adjusted to pH 5．5 with NaOH・ Calf rennet powder  

＝cR），Chr．Hansen Lab．，Denmark］was used as a contr01・Milk－  

clotting activity was determined by the method describedin   

Chapter 工工・  
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里互生主豊里1ヱ旦主星里旦⊆旦旦隻主里互互生⊆主主望旦互生ヱ⊆塁上主星旦旦旦⊆壬生重量旦旦旦ヱ聖里  

主星望竺 土工旦皇室主旦⊆主星旦旦・ To 5mlof O・6％ casein s01ution（pH 6・0．   

0．05 M phosphate），0．05 ml of enzyme s01ution（500 Soxhlet  

units／ml）was added．and the reaction mixture wasincubated at 35B   

C． SaTnPles taken after O，15，30．45，and 60 min were mixed with   

equalvolumes of O．4 M TCA to terminate reaction．After standing  

for 20 min at 350c，the resulting precIPitate was removed by  

Centrifugation． The supernatant was taken to determine the   

amount of TCA s0luble products using F01in－Ciocalteu reagent．  

PrOCedure． Two trials were carried out using  Cheese－makin  

a cheese－making procedure describedbYYamamoto et al・ 72）The  

pasteurizedmilk（201iters）washeldat300c andthe starter was  
addedin the proportion ofl．5％ of the totalv0lume of milk・The   

milkwas dividedinto two vats and each coagulant（CR and工R）was   

added to each vat when the acidity reached O・2％・After cutting   

and cooking（the whey was drained・The obtained curd block was  

milled，Saltedlh00Pedland pressed・The blocks were sealed with  

paraffin and ripened at lloC. In each trial′ Cheese samples  

were analYZed at O12（41and6 months of rlPening・  

4（－CaSein．c（sl－CaSein and J（－  arations of c！sl－．  P二堅主旦  

。aSeinwere prepared by themethod of Zittle and Custer56）andβ－  

casein was prepared by the method of Aschaffenburg・ 67）Each  

casein was further chromatographed on DEAE－Cellulose by the  
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method of Davies and Law57）to removeimpurities・  

互生聖旦1里旦・Thisincluded determi－  a 上皇旦呈上ヱ旦主星！廷  Cheese  Chemic  

nations of moisture by heating atlO50c to constant weight，PH，  

NaClaccording to the＝DF standard1 73）andfatbYetherextrac－  

tion． The nitrogen s01uble at pH 4．6（SN），the’nitrogen s01uble   

in12．5％ TCA（NPN，nOn－PrOtein nitrogen）and totalnitrogen（TN）   

Were determined by the Kjeldahlmethod．  

Free amino acids． The amount of free amino acids in the NPN  

fraction after the removalof TCA by ether extraction was deter－   

Tnined with a Dionex amino acid analyzer modelD－5．  

旦土星⊆主互生旦塾旦三笠旦主星・Disc gelelectrophoresis was performed  

with 7．5％ gelat pH 8・9in the presence of 4・5 M・urea by the  

Tnethod of Davis．31）1ns01uble fraction of cheese samples at pH  

4．6 was collected，diss01vedin 9 M urea，and analyzed・  

旦王立旦旦堂上豊里主主5；主星旦主旦・ Cheese sambles were evaluated for  

flavor quality as wellas body and texture・  

RESロムでS  

and crude  casein fractions  奴⊆旦L 独  o 主畏ユ旦 旦至  早叩些  prote  

lacteus． The extent of hYdrolysis found after treat－  

Tnent Of wh01e casein，dsトcasein，P－CaSein，and・k－CaSein with  
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milk－Clotting enzymes are shownin Fig．28．Crude enzyme was  

COnSiderably more prote01Ytic on casein fractions than CR andIR．   

Especially CR hardly degraded any casein fraction under the   

conditions used．  

⊆吐呈呈互生二聖旦拉主星旦 主王主旦主 To evaluate lR as a calf rennet  

Substitute．a cheese－making trial was carried out． Each   

COagulant（XR or CR）added t0101iters of milk was 30，000   

Soxhlet units and clotting times of CR and 工R were 29 min and 28   

minlreSPeCtively・ The curd particles made with工R were elastic   

and did not break during curd makinglike the control． There   

were no slgnificant differencesin shrinking of curds between ＝R   

and CR during c00king・Losses of s01id and fat were estimated to   

be 6．4％ and O．2％ for both cheesesin the whey，reSPeCtively． The   

curd made with＝R adhered firmly as we11as that of CR whenit  

hooped・As shownin Table XVII，there were no differencesin  

cheese yield, protein recovery or fat recovery between control 

〔CR）cheese and that made with microbialcoagulant（工R）・  

■ヽ■    ⊆塾生旦旦旦旦旦旦王主旦旦王主旦豊里土塁旦・Inboth（CR and工R）cheeses′the  

moisture was observed to decrease about 2％ and pHincreased  

slightlY during ripening（Table XVll）・The rate and extent of  

proteolysis was estimated bY thelevelof soluble nitrogen formed  

during rlPening・As shownin Fig・29，both CR and 工R cheeses  

showed regularincreasesin the NPN and SN withincreasing  

rlPening period（butIR cheese showed a slightly higher extent of  
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proteoIYSisin comparison to the control・  

工n order to estimate the prote01ysis of casein during   

rlPening（theins01uble fraction of cheese at pH 4・6 was ＝   

dissolvedin9 M urea and was analyzed electrophoreticallyin the  

presence of urea・・ 

difference in electrophoretic patterns between control cheeses 

and those made with ＝R，eXCept tWO bandslocated near the top of   

the gelsin工R cheese・As to the degradation rate（CR hydrolyzed  

dsl－CaSein faster than工R did，Whereas＠－CaSein appeared almost   

unaffected in both cheeses．  

The extent of proteolysis was also acertained by measuring   

the concentration of the totalfree amino acids produced． Table   

XVtI工 Shows a continuous（Slgnificantincreasein the totalfree   

amino acids during rlPening for both cheeses・ 工R cheese（   

however，Showed a higher rate ofincreasein comparison to the   

contr01． Of free amino acidsin cheeses，Asp．Thr，Ala，工Ie．and   

Lys were abundantin ZR cheese（While GIY，Val′ Leu，and Arg are  

richin the contr01． N0 0ther amino acids showed slgnificant   

differences between the two cheeses．  

旦王旦星空吐旦P主主⊆隻竺旦1旦旦主主里蟄・There was no differencein the  

quality of Cheddar flavor between the cheeses，but＝R cheese was  

slightlyinferiorin the flavorintensity compared to the  

control．Neither cheese developed bitterness nor rancidity even  

after 6 months of rlPening・As to the texture，there was not  

slgnificant differences（however，工R cheese was slightlY mOre        ■  
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rnealY than the contr0l．  

D工SCUSS工ON  

In order to evaluate anY enZyme aS a Calf rennet substitute．   

it is important to note that the weight yield of the cheese 

PrOduced must be n01ess than that made with calf rennet，that   

is，the enzyme used must not be too proteolytic orlipolytic． 工t   

is wellknown that porcine pepsinis widely used as a calf rennet   

Substitute，eSPeCiallY aS an admixture with calf rennet，because   

it has a high ratio of milk－Clotting activity to prote01ytic   

acti．vity，but thereis somel．oss of fatinthe whey during cheese  

making・ 74）Many of the prote01ytic enzymes fromplants′animals，  

bacteria，and funglhave beeninvestigated b占cause of milk－   

Clotting activity but most of them can not be accepted as calf   

rennet substitutes because of the greatloss of protein during  

Cheese making． Only three fungal  rennets derived from Endothia  

ParaSitica，Mucor  miehei，  and 些旦旦旦王旦望旦主上1旦旦．have proved to be  

succesfulin the preparation of cheese on a commercialscale． 1）  

There were no slgnificant differencesin cheese yleld，prOtein ヽ▲■   

recovery．or fat recoverY between ＝R cheese and the contr0l   

Cheese（Table XVll）． Thisindicates thatIRis a promising calf   

rennet susbstitute for cheese making．  

AlthoughlRis more prote01Ytic than CRin s01ution（Fig．   

28），1Ris only slightly proteoIYtic than CRin cheeses during   

rLPening． The ratios of SN／TN and NPN／TNin ＝R cheese are not so  
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much higher than thosein the contr01cheese． This seems to  

depend on the presence of NaClin cheese，75）the amount of  

coagulant that remainsin the curdr 76）■and theinstability of＝R  

at neutralpH． Some slgnlglCant differencesin the release of   

free amino acids between CR and 工R cheese during rlpening were   

observed，because of a differencein the substrate specificity of   

lR and CR on caseins．  

The most sl．gnificant flavor defectis the development of  

bitterness（Particularlyinlong－h01dcheeses． 1）1npractice（  

many potential rennet substitutes are reコeCted because they   

render cheese bitter．The reasons for the development of bitter－   

ness are not completely understoodlbut thereis evidence thatit  

maybe due t。the f。rmati。n。f bitter peptides fr。m P－CaSein・  

Therefore，a COagulant which does not hydrolyze P－CaSein exces－  

sivelyis suitable for the production of cheeses of good quality   

without bitterness． ＝R does not develop bitterness even after 6  

months of ripening as we11as CR does，and the prote01ysis of P－  

casein by each coagulantis reduced under the conditions of   

cheese making． ＝n view of the high ratio of milk－Clotting   

activity to prote01ytic activitY and the pこOduction of Cheddar  

cheese of good quality as described above, if undesirable 

proteinases which exist in the crude preparation can be 

eliminated by a simple treatmentlthe milk－Clotting enzyme from  

主王E主星上皇三互生旦旦WOuld be a promising calf rennet substitute for  

Cheese making．  
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C且APTER V工工  

PUR工FICATlON AND CHARACTER工ZAT工ON OF PEPSTAT工N一工NSENSIT＝VE   

CARBOXYL PROTE工NASE FROM 工RPEXI．ACTEUS  

SけⅢ朗ARY  

A pepstatin－insensitive carboxylproteinase of 工準i  acteus  

WaS Purified by the methodincluding affinitY ChromatographY With   

Chymostatin as aligand．  

Although the enzyme exhibited its maximum proteolytic   

activity on hemoglobin at pH 2．8，it was not affected by carboxyl   

PrOteinaseinhibitors such as DAN，EPNP and pepstatin． On the   

Other hand， the enzyme wasinhibited bY Chymostatin competitive－  

1Y andits Kivalue was estimated to bel・6Ⅹ10－5M・The enzyme  

was very heat labile and was inactivated completely under the 

following conditions：PH4・6，heating at450c for15min・旦主星皇室  

enzYme and買主望壬生1辿些とヰ9画主旦聖en叩me Alhydrolyzed the same  

ゝ■l peptide bond of Z－tetraPePtides．but their primary specificities   

were slightly different from each other. Irpex enzyme as well as 

Ganoderma lucidum  enzyme contains histidinein the m01ecule，and  

amino acid compositions of 主王旦皇室 enZyme and other pepstatin－   

insensitive carboxylproteinases resembled each other．  
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工NTRODUCで工ON  

工n Chapter 工＝，tWO Carboxylproteinases with high milk－  

Clotting activity secreted by a basidiomycete．主主旦生玉i旦三主豊里旦．  

have been purified by affinity chromatography with dehydroacetYI  

PePStatin as aligand，and characteri・Zed・The main enzyme B  

exhibits almost the same ratio of milk－Clotting activitY tO  

proteoIYtic activity as commercial calf rennet substitutes from  

miehei  and 些些三R旦旦主主上旦旦．Whichis 2－3 times higher than  Hucor  

that of the crude enzyme．  

工 found that the proteinase other than milk－Clotting enzYme  

existing in the crude enzyme preparation had maximum proteolytic 

activity on hemoglobin at acidic region but was not inhibited by 

pepstatin even at the concentration oflO－4M．   

It has already been reported77）that pepstatin－insensitive  

CarboxYIproteinases are widelY distributedin basidiomYCeteSl  

especiallyin edible mushr00mS，SuCh as Lentinus edodes（Shii－  

take）．坤1咄叩（Mannen－take）  ′ Pleurotus ostreatus（Hira－  

take）and 旦上皇竺竺望主主具旦 竺呈上旦主主臣呈旦（Enoki－take）… ATnOng them，the  

carboxylproteinases of Lentinus edodes TM工－56778，79）and  

1ucidurn80）have  Ganoderma   been purified and characterized．  

＝n this chapte士．the purification and characterization of  

the pepstatin－insensitive carboxYIproteinase from享耶準華 と  

Were described．  

acteus   
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MATER工ALS AND 班ETHODS  

Z－tetraPePtides were generously supplied bY Dr・K・Morihara   

Of ShionogiResearch Lab． Molecular weight markers（rangi，ng from   

14．300 t0 7l，500）for SDS－PAGE were obtained from BDH Biochemi－   

Cals． Sephadex G－100 and Sepharose 4B were from Pharmacia．   

Other chemicals used were of reagent grade．  

Affinity旦呈ii Dehydroacetylpepstatin－aminohexYl－agarOSe and   

Chymostatin－aminohexyl－agarOSe Were PrePared by the method of  

Murakamiand工nagami． 30）  

旦里旦ヱ竺主星旦旦旦Ⅹニ Milk－Clotting and proteolytic（hemoglobin）   

activities were determined as describedin Chapter 工1．  

已旦王主圭主壬生主主里聖堂与良豊臣旦主旦主主星二上里  SenSitive  Carboxylproteinas与．  

rennet powder was diss0lvedin100 ml  One 9ram Of 工rpex l l acteus  

Of O．OI M sodium acetate buffer（pH 5．5）and applied to a   

dehydroacetylpepstatin－aminohexyl－agarOSe COもumn（1x 3cm）equi－   

1ibrated with the same buffer． After washing with the same   

buffer，tWO aCtive fractions were eluted by O．5 M NaCland O．1N   

acetic acid from the affinity column as descrlbedin ChapterlI・   

The sodium chloride fraction was concentrated and（〕hromatographed   

On a Sephadex G－100 c0lumn（4 Ⅹ 90cm）equilibrated with O・01M   

SOdium acetate buffer，PH 5．5． The active fraction was then  
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applied to a chymostatin－aminohexylragarose column equilibrated   

With the same buffer・ After washing with the same buffer   

COntaining O．5 M NaCl，the active fraction was eluted from the   

affinitY COlumn by changlng the pH to3．O with O．1N acetic acid   

（Fig．31）・ The active fraction was concentrated．dialyzed   

against O・02 M sodium acetate buffer（pH4．6），and applied to a   

口EAE－Cellulose c01umn（1．5 Ⅹ 25cm）equilibrated with the same   

buffer． Two active fractions were eluted by a decreasing pH   

gradient■from pH 4．6 t0 3．0（Fig．32）．  

Isoelectric  focusing．1soelectric focusing was run in 7．5  

Cm gel containing 5％ p01yacrylamide with 4．8％ cross linkage and   

2％ amph01ine with a constant v01tage of 200V for 5 hr． After   

run，the gelwas slicedinto smallfragments with2．5mm width．   

Each fragment was extracted with O．5mldeionized water andits   

PrOteOlytic activity was determined as describedin chapter ＝工・  

旦ヱ旦互生主ヱ旦主星 旦旦 竺旦三上旦旦旦 旦二主星主互生旦旦ヱ主主旦隻旦・ The pH of the   

reaction mixture was adjusted to 4．O and the hydr01YSis was  

followed bY the method according to Oka and Morihara． 81）The  

initialvelocity was measured at350c with the enzyme concen－  

tration suitably adjusted．  

Other methods were the same as describedin Chapter 工1．  
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RESULTS AND D工SCUSS工ON  

The purification steps are summarized in Table Purification  

Ⅹ工Ⅹ． This process purified the enzYme 55－fold．with about12．5％   

recovery． The ma〕Or fraction，indicated with a bracketin Fig・   

321aPpeared homogeneous at pH 8・9 and pH 4・3 0n PAGE・ Among the   

purification steps．chYmOStatin gelis the most effective for the   

purification of the pepstatin－insensitive enzyme．  

Properties旦旦建早叩鱒・Table XX shows some properties of  

主星ヱ旦茎enZyme・The enzyme was most active at pH3・00n CaSein and  

at pH 2．80n hemoglobin（and the ratio of caseinolytic activity  

to hemoglobin01ytic activity was estimated to be O・3・ The ratio  

for ordinarY Carboxylproteinases（pepstatin－SenSitive）was  
reported to be ranglng from O．51t01・0，but主王旦旦茎enZYme hYdro－  

1yzed hemoglobin preferantially similar to other pepstatin－insen－  

sitive carboxyl proteinases reported so far. 80）  

Theis01ated pepstatin－insensitive enzYme reVealed that the  

ratio of milk－Clotting activity to prote01ytic activity on casein  
ヽl■  

at pH 6・O was one－fourth that of the milk－Clotting enzyme from  

（data not shown）． Crude enzYme from 享ざp早準 と  acteus  1acteus  工rpe準  

was easily separatedinto two fractions（the pepstatin－  
insensitive enzyme fraction and pepstatin－SenSitive Tnilk－Clotting  

enzYme fraction）by affinity chromatography with dehydroacetyト  

pepstatin asligand・Therefore（aS Statedin Chapter VI′it  
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Table XX．Properties of Pepstatin－insensitive Carboxyl  

Proteinase from迦  lacteus  

Optimum pH（henoglobin）  

（casein）   

PH stabllity   

Optimum temperature   

Heat stability   

2．8  

3．0  

3 － 5  

450c   

O － 300c  

Molecular weight（SDS－PAGE）＊  34，000  

Isoelectric point★★  5．0  

★SDS－POlyacrylamide gelelectrophoresis  

★★estimated by polyacrylamide gelisoelectric focusing  
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mlght be possible to produce g00d quality cheese by effective   

elimination of the pepstatin－insensitive carboxylproteinase from   

the crude enzyme by affinity chromatographY・  

The enzyme was stable up t0 300c at pH 4・6 for15 min of  

incubation・Howeverrit was completelyinactivated at 450c（  
indicating that the enzyme was very heatlabile compared t0 0ther   

PepStatin－i・nSenSitive enzymes reported previously．  

Effects of various inhibitors． As shown in Table XX工．   

SPeCific carboxylproteinaseinhibitors such as DAN，EPNP，and   

PePStatin did notinactivate the enzyme． This is the common   

feature which can discriminate these enzymes from ordinarY   

Carboxyl proteinase including pepsin． Although leupeptin，   

antipain，DFP，and EDTA also had no effect on the enzymatic   

activity．the enzYme WaS inactivated bY Chymostatin and TPCK   

Which are known asinhibitors of chymotrypsin． Determination of   

theinhibition constant（Ki）of chymostatin was carried out with   

Z－Phe－Leu－Ala－Ala as a substrate at pH 4．O according to the  

method of Dixon．82）The Kivalue was calculated to bel．6Ⅹ10－5M   

and chymostatin acted as a competitiveinhibitor of！圭⊆些茎 enZyme・  
u  

＝tis suggested that theinactivation by chymostatin and TPCK，in   

Spite of the maximum enzYmatic activitY at the acidic reglOn，   

Tnight be caused by the similarity of substrate specificity to  

that of chymotrypsin. However, there has been no information 

about such properties of other pepstatin－insensitive carboxyl   

PrOteinases reported so far．  
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Table XXI・Effect ofInhibitors on the Pepstatin－insensitive  

CarboxylProteinase from也  lacteus  

Inhibitor  Concentration（M） Remaining activity（％）  

DAN   

EPNP   

Pepstatin   

Chymostatin   

Leupeptin   

Antipain   

TPCK   

DFP   

EDTA  

★The reaction was carried out at140C and pH5．O forlhr  

accordingtothemethod ofRajagopalan．83）  
Enzyme：DAN：Cu（II）＝l：40：30（molar ratio）．  

ヽ■● ★★The reaction was carried out with O．5mlof O．Ol％enzymein  
O．05M sodium citrate buffer，PH4．5，and O．5mg of solid powder  

ofEPNPat250cfor72hr，aCCOrding tothemethodofTang．84）  
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SPeCificity 旦互 主堕 争叩鱒・ Substrate specificitY  Substrate  

Of 主三巨星竺 enZyme WaSinvestigated with Z－tetraPePtides a竿  

substrates according to the methods of Morihara et al・81，85）The  
OPtimum pH for hYdr01ysis of the synthetic substrate was shown to   

be pH 4．O and the enzYme hYdr01yzed the Leu－Ala bond of Z－Phe－  

1dlum  Leu－Ala－Ala justlike 早q咋阜1   主皐gpゆi望聖 enZYme Al・ Table  

ⅩⅩ工工 Shows the primary specificitY Of！壬pe茎enZyme aS COmPared to   

that of the enzyme from旦⊆ヱ主旦i主旦主旦望主主旦里主星旦上里聖・Although both  

enzymes require hydrophobic amino acidsin the Pland Pl′sites  

designated by Schechter and Berger， 53）主王旦旦竺enZyme eXhibits  

lower specificitY againstlYSinein the PISite of the substrate  

than 旦⊆ヱ主主上主旦主旦聖enZyme does・In addition，the existence of  

Phenylalaninein the PISite and alaninein the P2Siteis more  

effective for the hydr01ysis of the substrate bY 主主旦皇室 enZyme  

1dlum  thanin the case of Scytal  enZyme・  

COmPOSition． Table XXl＝1compares the amino acid  Amino acid  

COmPOSitions of 旦三P豊里enZyme and other pepstatin－insensitive  

CarboxYIproteinases．1n contrast to旦三ヱ主星上土旦主旦聖and Lentinus  

enzymes，Which contain no histidinein their molecule．bothIrpe準  

enzymes contain histidineland amino acid composi－  and Ganoderma  

tions of a11these enzymes resemble each other・  
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CHApTER V工工工  

CONCI」ロS工ON  

As describedin chapter工′a great dealof efforts have been   

made to search for calf rennet substitutes，because calf rennet   

has becomeless available・ Only three fungalenzymes derived   

from旦ニP旦主星旦主主主⊆旦．吐三＿聖主豊里呈主．and虹旦旦旦主i主旦旦have been used  

SuCCeSSfu11yin the preparation of cheese on a commercial scale   

as calf rennet substitutes・三三旦呈茎主旦王立呈旦旦enZYme uSedin this  

investigation was found and purified partia11y by Kawai and  

Mukai, 15）butits enzymatic properties were not clarified  

Sufficiently・Although theY rePOrted that旦三旦豊里1旦壬生旦望旦Crude   

enzyme could be used as coagulant for cheese rnaking，detailed   

data were not shown． 1n the present experiment，1tried to   

isolate and characterize the milk－Clotting enzyme from 旦王立皇室   

1acteus．  

Affinity gel with pepstatin A as a ligand has been used 

effectively for purifications of various carboxylproteinases   

from mammalian tissues． However，SOme microbial milk－Clotting  

enzYmeSincluding  enzYme Were adsorbed so stronglY  

bY the affinity c01umn that it could not be eluted from the   

COlumnin a stable preparation． Thisis probably due to a very   

high affinity of microbialenzymes to pepstatin A・  

Ifound that互王旦隻茎1旦三主星旦旦PrOduced two kinds of carboxYl  

proteinases・One was pepstatin－SenSitive carboxylproteinases  

121   



With high milk－Clotting activitY and the other was pepstatin－   

insensitive carboxylproteinases with high prote01Ytic activity．   

It waS difficult to separate milk－Clotting enzyme from pepstatin－   

insensitive carboxyl proteinase by conventional steps． because   

the molecular welghts andisoelectric points of these enzymes   

resembled each other（Chapters 工工 and V工工）．  

It was shown that dehYdroacetYIpepstatin was an effective  

milk－Clotting enzYme，   1igand for the purification of 工．  1acteus  

because the affinitY Of dehYdroacetylpepstatin for 工．lacteus   

milk－Clotting enzyme was100 times weaker than that of pepstatin  

A．  

As describedin Chapter 工1，tWO CarboxYIproteinases with  

high milk－Clotting activity deslgnated as enzYmeS A and B were  

purified by the methodsincluding affinitY Chromatography with  

dehydroacetylpepstatin as aligand・The purified enzymes were  

judged homogeneous by p01YaCrYlamide gel electrophoresis at pH  

4．3． The m01ecular welghts of both enzYmeS A and B were  

determined bY gelfiltration and SDS－PAGE to be36，000．and the   

isoelectric points were 4．9 and 5．3，reSPeCtivelY・ Enzymes A and  

B had similar amino acid compositions．both lacking sulfur－  

containing amino acids such as cYSteine and methionine・ As a  

whole，enZymeS A and B were similar to旦L巨星王旦旦主主主星旦enZYmein   

Jamino acid composition．  

Both of the enzymes A and B wereinhibited by carboxyl   

proteinaseinhibitors such as pepstatin，DAN，and EPNP・ These   

results indicate that enzymes A and B are similar to calf  
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Chymosin and other microbialmilk－CIotting enzYmeS in their   

active site structure，having two different caboxyl groups．al－   

though theY Showed・・minor differences with regard to enzymatic and   

molecular properties．  

The enzyme was stable up t0 450c at pH 4・6 for15minlbut  

was completelyinactivated at 500c and pH 6．O for 20 min． As   

COmPared t0 0ther milk－Clotting enzymes such as chymosin，M・   

mieheienzyme，ahd 生 旦旦旦主1i旦旦 enZyme，enZymeS A and B were   

relatively unstable at neutralpH． Thisisimportant as calf   

rennet substitute because excess proteoIYtic activity remaining   

in the eurd affects physical properties of cheese and makes it 

bitter during rlPening．  

Enzymes A and B hardly activated trypsinogen at pH 3・0］uSt   

like other milk－Clotting enzymes such as M．mieheienzyme．M・  

臣旦量主主主旦旦enZyme，PepSin，and chYmOSin・Thisis recognized to be  

a common feature of milk－Clotting enzymes． which can  

differentiate them from other microbialcarboxylproteinase lO4） ・  

Enzymes A and B exhibited almost the same ratio of milk－   

clotting activity to proteolytic activity as commercial microbial 

milk－Clotting enzymes obtained from些上里望旦吐主旦旦and M・miehei・  

EnzyTneS A and B wereless sensitive than chymosin to calcium  

concentrationin milk． Thisis tanimportant，Since calcium   

concentration in milk can vary with season and locality. These 

facts wouldindicate that milk－Clotting enzYme from工・1  acteus j＿S  

a promising calf rennet substitute for cheese manufacture・  

tn chapter 工I工′ the author described the substrate  
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enzyme B on oxidized insulin B chain SPeCificity of  teus  

and anglOtenSin工・＝n the case ofinsulin B chainlthe peptide  

bonds mainlY SuSCePtible to the enzyme were Leu（11）－Val（12），   

Ala（14）－Leu（15），Phe（24）－Phe（25），and Thr（27）－Pro（28）bonds，With   

the Ala（14）－Leu（15）bond as the most preferentia11y hydr01yzed・   

The specificity of enzYTne B was distinct from other commercial   

microbialmilk－Clotting enzymes andit had a more restricted   

SPeCificity than chymosin and porcine pepsin・ Moreover，a nOta－   

ble property of enzyme B was thatit hYdr01yzed the Thr（27）－   

Pro（28）bond which was barely hYdr01YZed by anY Of the carboxYI   

PrOteinases ever studied・ Using the numbering system of  
schechter and Berger（ 53）enzyme B genera11Y required hydrophobic  

amino acids for exhibitingits activityin the Pland Pl′sites・  

主主2皇室i旦5；主呈旦旦enZyme B hydr01yzed the Tyr（4）－1le（5）bond  

much more rapidlY than the Val（3卜Tyr（4）bond of angiotensinl・  

This specificity resembled that of carboxyl proteinase from 

coccineus，a kind of basidiomycetes．  Pycnoporus  

αもトCasein was reported to be extensively hydr01yzed by calf  

chYmOSin during cheese rlPeningr and the substrate specificity of  

chymosin on dsl－CaSein was established・ヰtisimportant to  

investigate the substrate specificity of enzyme B onOゐトcasein，・  

because substrate specificities of microbial milk－Clotting   

en21ymeS have not Yet been reported・  

In Chapter 工V（the author described the substrate  
specificity of enzYme B from主王旦皇室主旦三主星旦旦。nα旨1－CaSein・The  

milk－Clotting enzymes may be classifiedinto two groups according  
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to their degrada早Onpattern Of〆sl－CaSeinin s。1uti。n at PH6・0・  

On the one hand．calf chYmOSin and Mucor Tnieheienzyme produced  

only one degradation product corresponding toC6ト工under the  

COnditions employed・ On the other hand，主三旦豊里i旦5；主星旦旦 and  

parasitica enzymes produced several degradation products Endothia  

accompanied by a product corresponding to〆sト1．  

Irpex enzyme B hYdr01yzed at the positions of His（8トGln（9），   

Phe（23）－Phe（24）．Lys（103）－Tyr（104）．and Phe（153卜Tyr（154）・Irp甲   

enzyme B had only one common cleaving site with calf chYmOSin，  

thatis，On Phe（23）－Phe（24）bond ofOhl－CaSein．However，Other   

Sites were different from those of chymosin． Chymosin cleaved  

the Phe（23）－Phe24）bond of硫トcasein to formαもト工［phe（24卜   

Trp（199）］at first，and thenit acted on the Leu（169）－Gly（170）  

bond of〆sl－＝to formCysト＝Ⅰ【phe（24）－Leu（169）］，and finallYit  

hYdrolyzedtheLeu（149）－Phe（150）bond ofめト工1to produceO6ト  

工工1［phe（24）－Leu（149）］． on the contrary．enzyme B cleaved the  

Phe（23）－Phe（24）bond ofα盲1－CaSeinin the same manner as chymosin  

to formα邑卜工．however，the enzYme attaCked Lys（103）－Tyr（104）   

bond of dsl－＝ to form Tyr（104卜Trp（199），and finallyit hydro－   

1yzed at Phe（153卜でyr（154）．  ｝  

Chymosin always required hydrophobic amino acid such as  

phenylalanine orleucinein the PISite′and旦王旦豊里enZyme B had  

the specificity for the peptide bonds formed by two amino acids   

Withlarge hydrophobic side chains such as Phe－Phe and Phe－Tyr・  

Although the主三R主星enZyrne B．as we11as Mucor mieheienzyme，M・  

旦旦旦主主1旦旦 enZyme．PePSin，and chYmOSin，did not activate  
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trypsinogen，enZyme B hydr01YZed the Lys（103）－Tyr（104）bond to  

form Tyr（104）－Trp（199）with high yield． This might be attributed  

to the large hydrophobic region formed by the neighboring six 

amino acids fromthe P3tO P3′sites・  

工n addition（Morihara et al・ 63）reported that the elongation  

Of the peptide chainlength from PltO P3reSultedin a marked  

increase of hydrolysis with microbial acid proteinases and with 

PePSin・Thus・hydrophobic amino acidslocatedin the P4and／or  

P3 Site（s）might plaY animportant rolein the secondarYinterac－  

tion between the enzYme and the substrate in both cases of   

ChYmOSin andIrpex enzyme B・  

The coagulation of milkisinitiated by the hYdroIYSis of4（－   

CaSeininto glycomacropeptide and para－4（－CaSein． 工n the presence   

Of calciumions．para－4（－CaSein preclpitates along with the other l   

casein fractions．ztis wellknown that P－CaSeinis a source of   

bitter peptide formed by the action of proteinases． Especially．  

a peptide′ Which constitutes residues Arg（202）－Val（209）of P－  

CaSein，POSSeSSeS bitterness 250 times stronger than that of  

caffeine．Although the substrate specificitY Of chymosin on P－  

CaSeinis established，those of microbialm山k－Clotting enzymes  

on ＠－CaSein have not Yet been established．Therefore，itis  

important toinvestigate the specific action of milk－Clotting  

enzyme B on＠－CaSein．  

1n Chapter V．工described the substrate specificity of the   

milk－Clotting enzyme B from主王P豊玉上旦5；主星旦旦On紘一 and？－CaSein・   

Enzyme B hydr01yzed Phe（105）－Met（106）bond of・k－CaSein，reSulting  
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to the precipitation of para－k－CaSein along with other casein   

fractions in the presence of calcium ions，in the mechanism   

Similar to other milk－Clotting enzymes． Furthermore，旦王E旦笠   

enzyme B hydrolyzed at positions Leu（79）－Ser（80）and Tyr（30）－  

Val（31）of para一九－CaSein．  

Degradation patterns of＠－CaSein bY 三三旦室生and 些些望  m土ehe土  

enzYmeS Were almost the samein pAGE，but 旦旦旦52．主塾主旦旦旦主星旦主主主⊆旦  

enzyme showed a different degradation pattern． under the condi－  

tions employed．β－CaSein appeared to be scarcely hydr01yzed by  

Chymosin．  

Comparing the specificity of主望宝玉enZyme and chymosin on P－  

CaSeln， the common cleaving points were Leu（165）－Ser（166）．   

Ala（189）－Phe（190）．and Tyr（192卜Glu（193）． The difference in the   

SPeCificity between the enzymes was exhibitedin the cleavage at   

Leu（139）－Leu（140）bond by chymosin and of Ser（142卜Trp（143）bond   

by enzyme B． Chymosin cleave Ala（189）－Phe（190）and／or Leu（192）－  

Tyr（193）of P－CaSein to form（ま－1initia11y，and thenit acted on・  

the Leu（163）－Ser（164）and／or Leu（165）－Ser（166）bond of ＠一工 to  

produce P－＝工．and fina11yit hydroIYZed Leu（139）－Leu（140）to form  

＠一工工工，Sequentially．  

On the other hand，enZyme B hYdrolyzed the Ser（142）－Trp（143）  

b。ndQfP－CaSeinto formArg（l卜Ser（142）and Trp（143）」val（209）  

first，and then the enzYme attaCked Leu（192）－Tyr（193）to produce  

Trp（143）－Leu（192）and Tyr（193）－Val（209）． Chymosin hydrolyzed P－  

caseinin a sequentialmanner from the C－terminalto the central  

pOint，Whereas enzyme B hydroIYZed the centralregion ofP－CaSein  

127   



first and then，it acted on the resultant C－terminalfragment．  

Although the cleaving points of P－CaSein by both enzymes  

resembled each other，eaCh enzyme exhibited different degradation   

pattern ofβ－CaSeinin pAGE because of their different order of  

cleavage．工f the substrate usedis P－CaSein，迦杢enZyme B and  

ChYmOSin require hydrophobic amino acids eitherin the PlOr Pl′  

Site andin the P4and／or p3Site（s）・工tis postulated thatin  

the case of chymosin and 主三旦隻竺i旦5；互生旦旦 enZyme B．hydrophobic  

amino acidslocatedin the P4 and／or p3 Site（s）might be  
importantin the secondaryinteraction between the enzyme and the  

Substrate．  

工n view of high rati0 0f milk－Clotting activitY tO   

proeolytic activity and almost the same substrate specificity on  

P－CaSein with chYmOSin，itis concluded that milk－Clotting enzyme  

is proTnising as a rennet subtitute for making  from 工rpex 主  acteus  

Cheese． 工n order to evaluate milk－Clotting enzyme from エ．   

lacteus as a calf rennet substitute． milk－Clotting enzYme   

fraction（IR）obtained by affinitY Chromatography was used for   

Cheddar cheese－making trials and the results were describedin   

Chapter V工．  

There was no differencein cheese Yield，PrOtein recovery．   

and fat recovery between cheese made with calf rennet（CR）and  

that made withIR．AlthoughlR cheese showed a slightlY higher  

extent of proteolysis in comparison to the control during 

rLpening（IR cheese did not develop bitter taste even after 6  

months of rlPening・ There were some slgnificant differencesin  
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the release of free amino acids between CR andlR cheese during   

rLpening・This seemed to depend on the differencein the sub一 ●   

strate specificity oflR and CR on caseins・・ 工n view of the   

production of Cheddar cheese of good quality, if undesirable 

proteinases existing in the crude preparation could be eliminated 

bY a Simple treatment，milk－Clotting enzyme fraction from 些埋草   

1acteus would be a promising calf rennet substitute for cheese   

mak土ng■．  

The proteinase other than milk－Clotting enzYme eXistingin  

the crude enzyme preparation had maximum proteolytic activity on   

hemoglobin at acidic region but was not inactivated by pepstatin 

even at the concentration of10－4M．These pepstatin－insensitive  

carboxylproteinases were widelY distributedin・basidiomycetes′  

especiallyin edible mushr00mS（and the carboxylproteinases of  

Lentinus edodes（Shii－take）and Ganodermalucidum（Mannen－take）   

have been purified and characterized・  

工n Chapter V工＝TIdescribed the purification and characteri－  

zation of pepstatin－insensitive carboxylproteinase from主王旦旦杢  

Pepstatin－insensitive carboxylproteinase was purified  lacteus  

by the methodsincluding affinity chromatographies with dehydro－  

acetYIpepstatin and chymostatin as ligands・ Although the  
enzyme／s maxiTnum prOte01Ytic activity on hemoglobin was at pH  

2．8，it was not affected bY Carboxylproteinaseinhibitors such  

as DANr EPNPland pepstatin・On the other hand，the enzyme was  

inhibited by chymostatin competitivelY andits Kivalue was  

estimated to bel．6xlO－5M．1t was suggeSted that theinactiva－  
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tion by chymostatin might be due to the similarity of substrate  

specificity with that of chymotrypsin・Among the purification  

steps, affinity chromatography with chymostatin as a ligand was 

the most effective for the purification of the enzyme・  

The m0lecular weight of the enzyme was estimated to be  

34′000by SDS－PAGEland theisoelectric pointIwas determined to  

be 5．0． The enzyme showed that the rati0 0f milk－Clotting   

activity to proteolytic activity on casein at pH 6・O was one－  

fourth that of the milk－Clotting enzyme・ The milk－Clotting   

enzyme was easilY Separated from．pepstatin－insensitive carboxYI  

proteinase by affinity chromatography with dehydroacetYIpepstatin  

as aligand・Thereforelit was possible to produce g00d quality  

cheese by effective elimination of contaminating carboxyl  

PrOteinase from the crude enzYme aS describedin Chapter Vl・The   

enzyme was very heatlabile and wasinactivated completely under  

the following conditions：pH4・6（heating at 45C）c for15min・  

1阜gni箪91望竺enZyme Alhydrolyzed the  1d土um  塵畢 enZyme and 些yt卓上  

same peptide bond of Z－tetraPePtides′ but their primary   

SpeCificities were slightly different from each other・ 旦三E豊里  

enzyme contained histidinein  as Ganoderma lucidum  enzYme aS We11  

the m0lecule．and amino acid compositions of 主三E呈茎enZyme and   

other pepstatin－insensitive carboxylproteinases resembled each   

O七her．  
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