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Autolytic Activities  
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Thc crfcct o［prcssurc treaLmcnt onlytic凸CLi＼叫r against MtcrococctLS LtLtetLS and  

autolytieac七ivity＼吋aSinv邸もi脚也dusingstrainV37capableor produci咽Iy七icenzyme（s〉．   

Whentheactivitywasassayedatambientpressureat40℃，PrCpreSSuri汲tionat15，OOO  

膵iorlessatlOto40℃inthepr盟enCeOrSubs豆乳tedid notiれaCtivate七helyもicen芸yme（s）  

or strain V37．   

No rcmnrlくablc prcssurccrrect at15，OOO psiorlcss＼＼ⅥS aIso obscr＼・Cd on thc autolytic  

activity or s七rain V37eells at10，20，30and40℃，reSpeetivdy．  

Key words：l）・Lic enzyrnc，autOlysis，PrCSSurC CrreCt，rnarinc b8CtCria   

‡n tbe previous papers（SuGAIIARA e才αJ．1980，1982，1983，1984），Strain V37celユs  

were shown to exhibit a con＄主derable auも01yもic acも拉ity dtlrir将grOWもh fromもhe early王噌  

もO t‡lemiddlelog phasesin the medium eon七色ini喝NaCl．However，nO remarkableautolysis  

was detectedin抽e stationary－phasecells．Strain V37also produced a sig■n汀icanもamout  

Of extracellularlytic enEyme（s〉during theactive growth from themiddlel（噂tO the early  

Staもionary phasesin the presence of NaCl．1tis not yet clear about the properties of the  

puririedlytic and autolytic enzymes rrom strain V37cells．   

Itwasinもeresti喝tOlookrorpressuree汀∝tSin theenzymereacもionbetw僅n AダgcγOC8eC髄ぶ  

～び才e混ざCel王s andlytic enzyme（s）of sもrain V37，もeeause肌cγOC8CC髄βJ視きe混ざCells，aS th¢  

Substrate of thelytic enzyme（s），are Verylarge pa．rtまcles and are also complicated．   

Hbwever，1iもtlewo洩has13een repOrもed on enzyme r挽Ctions u引ng〟ねγOCOCC混ざ～祝孟e鮎ぶ  

Cells asもhe substrate under moderaもe hydrostatic pressures（HoLYOKE andJoIINSON1951）．   

Tbepresentsもudywasdesi卯ated toobも扇n preliminaryinformationconcernl喝meChanisms  

OrautOly＄isorstrainV37cellsaswellaslysisoで〟如ococc混ざ～髄才e址β001逢sby桝ieen野me（s）  

Of sもrain V37．This paper describe＄tbee汀ect or pres＄ure treatment at Various pressures  

＊Ⅰ）叩artment Or Microbiology，Univ即Si七y orI血waii，Honolulu，Hawaii96822，U鳶．A．   



Isao StプGA‡すÅRA and】。eSliQ】もalphIう罰RGEIミ  52  

and tem匹raもureson thelyticand autolyもicactivitiesa七色mもient pressure．でheenzymereaction  

under pressurization at diffcrent temperatureswillbe published elsewhere（iripreparation）．  

Methods  

Culture of strain V37capabLe of producinglYtic enzyme（s）  

Tbemediumusedin tbis studywascomposed orpolypepもOne（B臥），10．Og：Bacto－yeaSt  

ext沌Ct（DrFCO），5・Og■：NaCま，0・5mol（29．3g）andl，000midまsもilユed waもer，Tbe p王iof  

themediumwa亨adiusted to7・0・Theliquidmediumwasdispensedin30mlportionsinも0  

125mlErlenmeyer flasks・Sterili路tion was done by means of autoclaving at121℃for  

15mint The rlask wasinocul飢ed with aloopf◆ulof str乱in V37，andincubated at30℃  

Onl・CCiprocaしing shaker．  

AssaY OfIYtic activity  

Arもer15－24hours’eultivaもion ofsもrain V37，the culture rluids werecentrirugedin  

Order to remove the celis．The culture supernatant obtained was dialysed against distilled  

Water at about3℃ror3hr．でhe dialysate of the culture supernatant was used ror the  

assay or bacteriolyticactivity．Lysis o王事もhe bacterialsuspension was es仁imated byrol王owing  

the cha噌ein opもicaldensiもy at570nm（0Ⅰ〕57。）in a Bausch＆Lomb Spectronic20  

SPeCもrophotomeもer．The r組Ction mixもurel’or the assay oflyもic activity was as follows：  

heat－killed ce11suspension of Micrococcus如eus（0－2g dry cells／100mldistilled water）  

LOml，0．05MTris－HClbu汀er（pH 7．0）1．O mland dialysate or抽eculture superna．七色nt  

l・O ml・Tbe reaction mixturewas s弼ected to various pressures and temperatures，and  

汰enincuもaもedat di丈、rerent temperatures at ambient pressureforlO－80min．Lytic activiもy  

（ユtl幻it）was del馳ed as a decrease of O．01irlabsorbance at570nminlO min．The decrease  

in turbidity of the cellsuspension without enzyrne solution was used as a blank．  

AssaY Of autolytic activity  

Afer4－5．5hours’cultivation（0Ⅰ〕5ア。；abouも0，30wO．35）0ダstrain V37at30℃，もhe  

Ce】まs werecoユユecもed a七色bout3℃by cenとrifugation．でムe barvested ceユユs ofsもrain V37were  

WaShed oneeまn o・05M Tris－HCll）uffer（pH7．0）and suspendedin the same solution to  

produeean absorl〕anCe Or aboutl．00at570nm．Thecellsuspension（3．O ml）was subjected  

to various pressures andもemperaもures forl－120min，andもhenincut）ated aもdirrerenも  

temperaもures at ambienもpressurefor5－75min．Theautolytieactivity（1uniも）was derined  

as a decrease・in abso‡・banee orO．01aと570nmin5min．でbeユysis oデα11s b絶とed aも100℃  

forlO min was also det即mined as a blank．  

Apparatus forincreased hYdrostatic pressure  

The apparatus usedinもhis study was described by ZoIう肌もand OppⅡNI‡㍍lMER（1950）．  

Apressurecylindercompieもely riliedwith waもerwas connecLed仁O a hand－Operaもedねydrauiic  

pump witb50タ‘aqueous ethylene glycolas the hydraulic rluid・Tbe tubes containi増血e   
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reactionmixture（enzyme and subsもraもein Tris－HClburfer）wereclosed withNo．000rubber  

StOPperS，and kepもin anice bath untilused．They were then droppedinto the pressure  

Cylinders previously equilibratedin the water bath．The cylinders were closed，pumped′tO  

pressu陀andreplacedinthewaterbaもh bsstbanlminisrequiredrortheentireoperation．  

The pressurecylindersmaintainingdifferent hydrostatic pressureswereincubatedinalarge  

Water bath at different temperatures．After different periods of pressure treaもment，the  

pressurewas released，andもh紺thereacもion血Ⅹtureineaeh tubewas measured forenzyme  

activiもyatlatm・The reaetion mix血rewas rdncubated at dirferent temperatures（usually  

at40℃）atambientpressureroranaddiもionalperiodor time．‡n theeaseoralminpressur8  

treatment，t‡1e tul〕eS COnもainir将抽e reaction mixturewerecompressed to various pressures  

at different temperatures，andimmediately the pressurewas released for theassayofenzyme  

activity．  

Resurts   

Effect of pressure treatment Dn thelYtic activity  

Thelyもicenzyme（＄）or strain V37was subjecとed to various pressures andもemperaもures  

in the presenee of sut）Strate・でhe decreasein ODs7。Or〟よcγOCOCC祝β～鮎£e祝ざCellsuspension  

Withouも1yticenzyme（s）（blank test value）wasverysma11in thepressure－treated samples．  

As showninI？ig．1，theもubes conもaini噌1yticenzyme（s）and肌crococc祝βJ髄若eαぶCells  

Were COmpreSSedも012，500psi（1b／in才）or15，000psiat difrerenもtemperatures．After pr紛  

Sure treaもmenもrorl，1200r180mi恥the tubes were deeompressed for furtherincul〕aもion  

at舶℃，The opticaldensity（OD…）of◆tile reaCtion mixtureⅥraS meaSured aもintervals．  

rllhe rEILc orlysis ofL Micrococcusluteus cclls cxhibitcd no rcmarkablc diffcrencc bcL＼＼∫een  

the pressure－treaもed enzyme and the untreated enzyme（control）．   

After pressure treatment at］5and20℃at15，000psiforlmin，the tubescontaining  

lyticengyme（s）and subs加tewereincubated at30℃ror30min at ambienもpressure．As  

ShowninFig・．2MB，thedccreaseinturbiditywasalmost thesameascontrol．Noinactivation  

Of the enzyme（s）was also observed t〉y preSSure treaもment ror60，1200r180min，When  

lytic acもivity was assayed at40℃（Fig．2）．   

A∫ter pressuretreatmenもaも10and20℃at15，000psirorlmin，もbe tubescontaining  

theenzyme（s）andsuもsもratewe陀incubatedatthesametemperatureastba仁usedinpressure  

treaもment ror30min aもambient pressure．Alもhough no sig・niricant changein OD…WaS  

Observed，1yticactivityor沈e pressure－もreated．enzyme（s）decreased，aS COmparedwith the  

COntrOl（Fig．3，でable2）．However，nOinhibitoryerrectwasdetectedby pressuretr絶tment  

乱t15，000psiaも10and20℃，reS鱒tively，Whenlytica沈ivitywasassayeda．t購℃aもambient  

PreSSure（yig．3，でablel）．   

Tablelsummarizeslyticactivity at40℃arterpressure treatment aもvarious pressures  

and temperatures・Judgi咽from the activity orlyもic和之yme（s）arter pressure treaもmenも，  

Whicbisexpressed as the％of汰e activity orもhe unもreatedlyもicen之yme（s），nO Sign汀icant   
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Reaction time （min）  Reaction time （min）  

Fig．l．Lysis Dr Mfcrococcus Luteus cclls  
byprcssure－trCaLcdlyticcnzymc（s）  
or str乱in V37．  

Opcn circIcこControl（No prcs6ure  
trcatmcnt）：1）rcssurc treat．mcnい  
A．20℃，12，500psirorland120  
min．B．15℃，i5，000鰐irorland  
120rnin．C．10℃，12，500psiror  
larld柑O min：馳aetioTIWaSearri－  
ed out at L沌℃at al11bicnt prcssurc  

artcr pressurc trcatmcnt・  

Fig．2，Lysis or〟ねγOCOCC祝8J祝意e混8Cells  

by p憫Sure一七reatedl粥icenzyme（＄）  
or strain V37．  
Opcn circIc；Control（No prcssurc  
trea七menも）：Pressl】柁t陀atment；  
A．20℃，15，000psirorl，60and  
120min．臥15℃，15，000psiror  
land180mirl：Reacもion was carrト  
ed ou七at40℃（solidlines）乱nd  
30℃（brokenlin岱）atambient pr紛  
SurO artCr PrCSSurC tn：aLmcllt．】：fLCh  
甜rOWindi払t窃aChangeirlr飽etion  
temperatu陀rrOm30℃も040℃．  

pressureerf∝もwasobservedonthelyticactivityorstrainV37inthepresen00Ofsubstraとe・   

Effect of pressure treatment on the autoIYtic activitY   

StrainV37ce王1scapableor prod肌inglyticenzyme（s）weresubjected to variouspres－  

sures8ndtemperature＄．でhetubesconもaまni喝StrainV37cells（celld錯Sity；OD57。，about  

l．00）werecompressedto5，000，10，000and15，000psiatlO，20，30，and40℃，reSPeCtive～  

1y・Afterpressuretreaもmentrorlto120min，もbetuもesw椚decompressedforrurもber  

incubauonaもdirferenttemperatur臥Fig．4showsthetimecourseoftheauも01ysisorsもrain  

V37cdlsa鈷erpressuretreatmentat15，000psiat20，30and40℃，reS匹C七主vely・如indicaもed  

inTables3－4andFig．4，tberewasnoremarkablepressureefrecもOntheautolyticactivity  

or strain V37c¢11s atlO to40℃tested．   
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Tablel．1；rrcct or prcssurc trcatmcnt on thcl）rtic activity or sLrain V37．  
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Ly七ic activity（40℃，1a七m）   

No treaいnent  l）ressure  
treatm（）nt  

1）rcssurc treatmcnt  

1）ercelltage  

10℃  15，000ps1 30min  

lmi11  

12，500psl180min  

llⅥ1n  

lO，000ps1 30min  

ll¶i11  

7，500psi180mirl  

ll¶in  

5，000ps1 30m玩  

1mirl  
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34．O  124．5  

（33．り  （1ほ．7）  

28，O  103．7  

26．2  107．為  

33，7  117．4  

（32．9）  （117．5）  

27．6  100．0  

24．4 99．6  

3l．9  111．9  

（33．り  （l14．5）  

15℃  15，000ps1180min  

120min  

ll¶in  

llniI1  

10，000psi180min  

120min  

I min 

5，000p51柑O min  

120mi‡l  
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（24．9）  （96．り  
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29．9  100．0  

（30．4）  （102．0）  

30．8  119．8  

30．7  102．7  

（25，3）  （84．6）  

20℃  15，000psi120miれ  

60mi11  

30mirl  

lJll‖1  

】111il1  

12，500pslほO mi†1  

1111in  

lO，000psl120min  
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40℃ 15，000psi lmin  

Va】uesin parentbeses showlytic activity or the reaetioれmixture reincubated at40℃ror  

anadditiona】卿jodorもimeafbrthepr∝edingineubationatlO，200r30℃甜じambientpressure  
ror30mまn・The activity or theenzyme arter pressure treatmentis alsoexpressed as th¢％  
Or the activity or the uれも㌻飽t8d enzyme．   

Pressu陀；psi：pounds匹rSquareinch．laもm；＝14．696psi（壬b／in2）．15，000psi（aboutl，021  
atm），12，500psi（about851atm），10，000psi（about680atm），7，500psi（about510atm）  
and5，000psi（about340aもm）．   
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F－g．4．Autolysis or pressure－treated ce11s  
Or Strain V37▲  
Op8n Circle；Control（No pressure  
treatment）：Pressure treaもm¢nt；  
A．40℃，15，000psiforland5  
min．B．30℃，15，000鱒irorland  
i5min．C．20℃，15，000psiror  
land50min：馳actioれWaS（狙rried  
ouもat40℃（ror A），30℃（ror王∋）  
aれd20℃（ror C），reSIX氾もive】y，at  
ambicnt■PrCSSurC aruLr PrCSSし1rC  
treatment．Each arrowindicates  
a cha咽ein reaction temperature  
rrom20℃ も04ト0℃．   

Fig．3．Ⅰ．ys】S Or肌eγ¢e¢Ce鮎β～視きe那βeell＄  

毎p闇ure－treatedlyticen町me（s）  
Or Strain V37．  
Opcn circIc；ConLrol（No prcssurc  
trcat，mCnい：1）rcssur（、ircatmcnt．；  
A．20℃，15，000psirorland30  
min．B．10℃，15，000psirorland  
30minニ Reacもion was carried ouも  
at20℃（brokeれ1ines ror A），10℃  
（brokenlir爆rOr B）arld40℃（s01id  
lines）at amもienもpressure arter  
PrCSSurC trentmCnt．Ⅰミach arro＼＼，  
indicates a changein reaction  
temperaもure from20℃（ror A）or  
lO℃（ror B）to40℃，r（退陣Ctively．  
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T8ble2．Errect or pressure tr組tment On thelytic乱Ctivity or strain V37．  
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Lytic乱Ctivity（10，20，300r40℃，1aもm）  

No treatment Pressu柁  P¢rCe血相e  
treatm（∋nt  

Pressure treatment  

10℃ iO，000psi lmln  

5，000psl lmin  

2．57  0．937  36．5  

2．57  0，278  10．8  

20℃ 15，000psl lmin  

10，000psI lmin  

5，000ps1 1min  

30℃ 15，000psi lmln  

10，000psl lmin  

5，000psi lmin  

40℃ 15，000psi lmir1  25．7  23・4  91・l   

Lytic activity was assaycd at thesamc temperature as that usedin pressure treatment，  
at ambient pressure．  

Table3．Errect or pressure treatment on the autolytic acもivity or strain V37ce11s．  

Åutolytic activまけ（40℃，1aもm）   

No treatment  Pressure  
tre乱tment  

Pressur（）treatment  

Percやれ七age  

15，000psl120min  

1 min 
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T8ble 4．Ⅰ汀rcct or prcssure trcatmcnt on thc autol）・tic EICtivity or strflin V37ccllsl  
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Autolyticacもivity（20，300r4・0℃，1乱tm）  

No treatment Pressure  pereenもage  
七ー（）a七me†沌  

P陀SSureもreatment  

15，000ps1 50min  

ll¶1n  

10，000psi 50min  

I min 
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AuもOlyticactivity was assayed at thcsame temperature as that usedirlPreSSure treaもment，  
at ambieれもpressure．  

Discussion  

Many reactions at moderaもe pressure（1to aboutl，000aもm）haveもeen found to be  

frequently reversible when the pressureis released（Jo‡雷NSON eきαZ・1954）・   

However，MoR叩A andZo王∋肌Ⅰ．（1956）s喝geSもed thaもthesuccinicdehydrogena紀SySもem  

in gβCゐ紺よc九gαCO～g cells wasinaeGvaもed by moderate pressures．Accordir将tO the恥the  

inactivating・erreCtS Or preSSureWere mOSもpronounced at temperatureseither40℃01、8℃・  

The amount ofinactivationincrea＄Cd progressively with the time of compression・  

Approximatelyhalfo丈’もheenzymesysもemwasinactivatedarもer4hrat600aもm，andvirtually  

allwasirreversiblyinaぬvaもed after4hr atし000atm・   

BERGER（1958）observed that noinactivaもion or phenylg・1ycosidase orぶ吉デep才omgceβ  

9デgざeむぶWaS detected at35℃atl，000atm ror20minin the presence or suもstrate，Wbile  

汰eenzym¢aCtivitydecreasedも0沈elevelofabouも75％of tbeuntreated enzymeactiviもy  

by pressuretreatment aも35℃at500atm ror20minin theabsenceor subsも陀te・Pressure   
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treaもment at15℃ at500atm ror65minin ule absence of suもstrate did not cause a de－  

CreaSein theengymeactivity．Increased pressureinhibited thellaもe or therma．1denaturaもion．  

However，When subsもrate was absenも，thermal（35鵬60℃）inacもivation or the enzyme w乱S  

acceleraもed byincreased pressures．   

Moderatepressuresorl，000atmorlessalsoretardedtheheaレinactivationorα－amylase  

（SuzuKIand K汀AMURA1963，ZoIき肌L and H㌢rTT．E1969）．  

ZoB肌もandI箋UDGE（1965）descril）ed that subjeetir将WaShed cells of Pざe鋸domo几αβ  

peγ′ecね隅αγg飽従ぷtO preSSure Orl，000も01，800atm for a rewminutes had no measurable  

effect on their ability to reduce nitrate after decompressing them tolatm，but holding  

SuChcells rorseveralhours at high pressuresinactivatedもheir nitrat¢－reducir将enZymeSyS－  

tem・The raもe or nitrate reductionl）y prepreSSurized cells atlO℃atl－1，800atm ror  

24hr decreased as the pressureincreased・Enzymeinactivation byincreased pressureswas  

also more rapid atlow temperatu陀，2℃，tban at hig・her temperatures，10，21and30℃．   

In this sもudy，地elytic enzyme（s）of strain V37was pressurized to aboutl，000atm  

Orless atlO－40℃in the presence orsuもsもraもe，肌げOCOCC視β～混才e鮎∂Cells．When tbe pres－  

Sure WaS released，もhe enzyme activiもy did not decrease（F短s．1－3，Tablel）．A similar  

resu沈wasalsoobねinedin theautolysisorstrain V37cells（Fig．4，Tat）1e3－4）暮でhe results  

Or thi＄Study are consまstent withもhe many reports to date（】きERGmR1958，Jo‡INSON e才  

αg・1954etc・）・However，thepressureerでee短Onthetbermalinactivationoflyticand免じtolytic  

enzymesin theabserlce Or preSenCe Ofsubstrateare not yet known．Furもher studywi11be  

necessaryもO demonstrate such pressure effect＄On thelytic and autolytic enzyme systems  

of sもrain V37．  

Thepresenもpaperis a part or thestudiescarried ouもin theI迦partment orMicrobiology  

aも抽e University or Hawaii．  
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