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The effect ofinol・ganic salts on紬e celllysis wasinvestigated t－Sing stl・ain V  

37cells atと暮1e earlylogaritilIⅥic pllaSe Of gl－OWth・  

Stra主n V37cells grownin polypeptone・yeaSt eXtraCt medium containi11g NaCl  

or KCl（0．うM）exhibite（1a remarkablelysis，W吏1en t王1e Ceils were washed and  

susI〕endedin O．0うM T王・is・HCl！）uffer（1）H7．0）compl・ising O．5M NaCl，KCl，LiCl，  

NaNO3and N11ヰCl，reSPeCtively・ Howevel・，Strain V37 cells grownin the medium  

containing MgC12（0．うM）showedlow autolytic ac＝viけ，aS COI】1pared with that of  

tlle Ce11s growIlin t王1e nle（liunlCOrltai】1ing NaCl，KClor MgSO小  

丁王1e elevated NaClatthe concentrations fromO．1to2．OMconsi【terably（iecl■eaSe（l  

aしItOlysis of strain V37cells．   

Low concen仁ration（0．0うM）of Mg2十inac＝vate（l抽e autoly仁ic activi丹Of sと1・ain  

V 37 cells．   

Key word8：au仁01ysis，ino柑anic salts，Inarine bacteria   

ⅠIl∧Ⅵ1¢pl・eViotlS Paper（SuGA王1ARA離‘止1982），Stl‘ai11V37cells，1ュa∫VeSted at t王1e  

growth phases from the earlylog to the middlelog，eXhibited a remal’kable autoiytic  

activity．However，110Sl酢1ificant autolysIS WaS Observedin tlle Stationary・pllaSe Cells・  

The present study was desig11ated to（lemonstrate the effect ofinorganic salts on  

the autolysis of strain V37cells capable of producing bacteriolytic enzyme（s）．  

nIethods   

Culturc of strain V37capahle of producinglytic enzyme  

The medium usedin this study wascomposcd of polypeptone（DaigoEiy∈享Kagalくu），  

10．O g：yeaSt eXtraCt（NalくaraiChemicals），5，Og：inorganic salts（NaCl，KCl，MgC12，Or  

MgSO4），0 0r O．5mole andi，000mldistilled water．The pH of the medium was  

adjusted to7．0． The flasks containlng preCulture meditlm Without addedinorganic  

Salts werei】10Culated wittlaloopfulof straiIlV37，an（1incul）ated at30 0C for 24   
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hours onl－eCIPrCCating shakers． Eachl．O mlof strain V37culture fluids from the  

preculture mediLlm WaSinoculated to the medium containlnglnOrganic salt or without  

addedinorga】1ic salt，Theinoculated flasks wereincubated at30OC for about 4N7  

l10tlrS On reCl】）rOCating shalくerS．  

Assay of autolytic activity  

The cしIlture fluids of strain V37were withdrawn，and then the celiswereharvested  

at O OC by centrifugation at13，000 × g for20minutes．The harvested ce11s of strain  

V37were washcd oncein O．05M Tris・HClbuffer（pH7．0）containinginorganicsalt to  

l）e teSted，alld suspe王1deこ1in tlle Sallle SOlut血1SO aS tO prO（luce aIla‡）SOrl）anCe Of a！）Out  

l．O at 570nm． The ceu suspension（3ml）wasincubated at400C for 30 minutes．  

The atltOlytic activity was represented as a decrcasein al）SOrbance at570nm．The  

lysis oE cells heated atlOO OC for10minutes was also determined as control．  

Results   

Effeet ofino柑aIlie salts（0．5M）on the alltOlysis of straiIlV37ee11s growれ  

in the medium containing NaClor KClし0．5M）  

As shownin Tablesland2，the cells grownin polypeptone－yeaSt eXtraGt medium  

COntaining NaClor KCl（0．うM）exhibited a remarlくable autolytic activity，When the  

Cells were washed and suspendedin O．05MTris・HClbuffer（pH7．0）comprisingO．5M  

NaCl，KCl，LiCl，NaNO8 and NHヰCl，reSPeCtively．However，0．5M MgCi2，Na2SO．，  

K2SO．，Li2SOヰand MgSO4eaCh completelyinhibited the autolytic activity of strain V  

37cells，  

T息bl81．Effecと Ofino柑anic salts on tlle autOlytic activiけ Of strain V37 cells  
grownin polyI）ef）tOne・yeaSt eXとrac仁ⅠⅥediunlCOntaining O．う王nOle／lofNaCl．  

ty（OD5珊）  Decreasein tul・bi（王i   Culture age of  Cellsu現）enSion  
Of cellsu叩enSion  

IlarVeS仁ed ce11s  

（。ulミ誓言言霊time）Inorganicsalts stさ笠崇㌫h Livingcells Boiledcells 霊‡？i号音C  

0．うM NaCl  O．う  0．814  0．097  0．717  

0．5M KCl  O．5  0．691  0．071  0．620  

0．うM MgCl皇  1．5  0  0  0   

0．うM NaNO3  0．5  0．627  0．018  0．609  

0．5M Na2SO4  1．う  0  0  0  

0．うM K2SO4  1．う  0  0  0  

0・うM MgSOヰ  2．0  0  0  0  

0．211  
（う．5hr）   

0．5M NaC1  0．う  0．706  

0．うM LiC1  0．5  0．84う  

0．5M N王1ヰCl  O．5  0．824  

0，5M Li2SOヰ  1．5  0   

0．221  
（4．5】11つ  
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Table2・Effect ofinorganic saltson theatltOlytic activityof strain V37ce11sg！・OWn  
ini）01ypeI）tOne・yeaSt eXtraCt me（lium conはining O．うmole／lof KCl．  
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tul・bi（li仁y（ODs70）  

SuS王）enSiorl  

Decreasein  
Of cell  

Culttlre age Of  Cellsusf）eIISion  
Ilal・veSted cells  

（。。1ミ慧呈ミ霊ti－ne）It－0聯nic5alts st監禁宗Ⅰ、Livingceils Roiledcells ミ呈…霊冒欝  

0．うM NaC1  0．う  0．67う  

0．5M KC1  0．5  0，809  

0．5M MgC】2  1．う  0   

0．007  0．668  

0．018  0．791  

0  0   

0．027  0．736  

0  0  

0  0  

0．011  0  

0．うM NaNO‡  

0．うM Na2SO4  

0．うM K2SOヰ  

0．5M MgSO4  
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0．7（53  

0  

0  

0  

0．204  
（5．75ilr）  

0．うM LiCl  

O．5M Nl右Cl  

O．5M Li2SO．i  

0．852  0  0．852  

0．848  0  0．848  

0  0  0   

Effect ofinorganic salts（0．5M）on the alltOlysis of stmin V 37 cells grown  

in the medium containing MgCl20r MgSO4（0．5nl）   

As shownin Table3，NaCl．KCl，LiCi，NaNO3and NHヰCleach stimulated autolysis  

Of the cells grownin the medium containing MgSOヰ（0．5M），Whereas Na2SO4，K2SO。  

a】1d Li望SOヰeaC】1i11aCtivated t王Ie atltOlytic activity of strain V37cells．   

On the other hand，the cells grownin the medium containing MgC12（0．うM）  

ShowedlowautolyticactivitylnSOmedegree，When the ce11swere waslleda11〔lsuspended  

in O．05 M Tris・HClbufer（pH 7．0）containing NaCl，KCland NaNO3，reSPeCtively  

Table3．Effect ofinorganic salts on 旺e autoly昌c activity of strain Vう7cells  

grownin polyI）ePtOne・yeaSとextractlme（liunlCOntaining O．うmole／loFMgSO4．  

Decreasein turbidity（OD57¢）  Culttlre age Of  Ceil suspension 
of cell s hal・VeSted cells   

（OD570） （C吊tivationtime）ヱno柑anicsalts   
Ionic  
strengtll IJivingceils Boiledcelis AtltO桝ic                 activit）7  

0．うM NaCl  

O．5M KC1  

0．5M MgCl之  

0，5M CaC12   

0．うM NaNO3  

0．5M Na2SOヰ  

0．5M K2SO4  

0．うM MgSO4  
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0  0．527  

0．05う  0．600  

0．021  0  

0．021  0  

q
ノ
 
仁
ノ
 
ぢ
ノ
 
0
 
 
 

0
 
1
 
1
 
つ
】
 
 

0．049  0．463  

0  0．04う  

0  0．096  

0  0  

0．208  
（4．5hr）   

0．う M LiCl  

O．うM NHヰCl  

O，うM LiまSO4  
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0．027  0．787  

0．013  0．458  

0．012  0．028   

0．196  
（4．5hr）  
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Table4，Effect ofinorganic saltson the autolytic activity of stl・ain V37cells  

growilin】）01ypeptone曽yeaSt eXtraCとmediしIm COntaining O．うmole／10f MgC12．  

tul▲bi（1ity（OD詣7り）  Decrease   
Culture age of  Cellsus】）enSion  
harvestedcells  

（。抽ユーe）Inorganicsalts st…芸】、   

Of cellsusI）enSion  

Autolytic  
activity  Ⅰノiving ce11s Boiled cells  

0．279  0，028  

0．373  0．053  

0．028  0．03う  

0  0．039  

0．2う1  

0．320  

0  

0  

0．5M NaC1  0．う  

0．5M KC1  0．う  

0．うM MgC12  1，5  

0．うM CaC12  1．5  

0．196  
（6．5hl・）  

0．339  0．047  0．うM NaNO3  0．う  

0．5M Na望SO4  1．う  

0．5M K2SO4  1．う  

0．うM MgSO4  2，0  

0．091  0  0．091  

0．100  0．01う  

0  0．030  

0．うM LiC1  0．う  

0．5M N王i4Cl  O．う  

0．うM L主2SO4  1．う  

0．214  0．060  

0．144  0．028  

0．115  0．016  

（Tabie4）．No remarkable autolysis of strain V37cells was detectedin LiCl，NH4Cl，  

Na2SO4，Li2SO4and K2SO4SOlution，reSPeCtively．  

As shownin Tablesト4，0．5mole／／lof divalent cations，SuCh as Mg2Rトand Ca2＋，  

COmpletelylnhibited the autolysIS Of strain V37cells．  

Effect of NaCl eoncentration on the autolytic activity of strain V 37 cells 

growれin the medium eoれtaini咽N礼Cl（0．5M）or wit‡10ut乱ddedⅣaCI  

As shownin Tableう，When the cells were suspendedin O．0う M Tris・HClbuffer  

（pH7．0）without added NaCl，the autolysis of strain V37cells grownin the medium  

Table5．Effect of NaCIconcentration o11the atltOlytic activiとy of stl・ain V37ce11s  

growninl）01y王）e王）tOnetyeaSteXtraCt nledium containing O，5mole／lofNaCl・  

y し（〕b∴TJ）  Decreasein turbidit  Ctllture age of  Cellsuspe11Sion  Of ce11suspension  
harveste（lce11s  

（。もー1芸iti王n。）Inorganic陥1ts s仁笠芸1－   
Autolytic  
activity  Living cells 80iled cells  

O M  O  

O．1M NaCl  O，1  

0，3 M NaCl  O．3  

0．5 M NaCl  O．5  

0．8う8  

0．824  

0．766  

0．731  

・0．858  

0．82一生  

0．766  

0．7∋1  

0．248  
（4，4Ilr）  

0．う M NaCl  O．う  

0．7M NaC1  0．7  

0．9M NaC1  0．9  

1．O M【NaC1  1．0  

0．740  0．0う6  

0．738  0．021  

0．688  0．0う1  

0．569  0．060  

0．704  

0．717  

0．6う7  

0．509  

1．O M NaCl  l．0  0．う84  0，01う  

1．5M NaCl  l．う  0．189  0  0．189  

2．O M NaC1  2．0  0．074  0．024  0．0う0   
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T数ble6・Effectof NaCIconcentrationon theautolyticactivityof strain V37ce11s  
grownin polypeptone・yeaSt eXtl・aCtlⅥe（litllllWitl10ut added NaCl．  

37  

Culture age of Ce】ls。Spe。Si。n  工）ecr警㌔j崇竺ttこ聖聖哲理D57¢  
Of cellsuspension   harvested cells   

（OD註70）  

（CtlitivationtiI11e）Inorganicsa圧s  stさ…謡h Liv拍gcells Bo‖edcells 急ご吉だ漂C  

O M   

O．197  0．1M NaCl  
（3・75l－1う  0．3MNaC1  

0．5 M NaCl   

0  0．3i3  0  0．31う  

0．1  0．417  

0．3  0．37う  

0．う  0．299  

0  0．417  

0．032  0．3ヰ3  

0．03う  0．264  

0．7 M NaCl  

l．O M NaC1  

1，う M NaC1  

2．O M NaCl  

0．7  0．181  

1．0  0，ま22  

1．う  0．0う4  

2．0  0．0う7  

0．020  0．161  

0．023  0．099  

0  0．054  

0  0．057  

0．204  
（3．7う㌢汀）  

Table7・Effectoflow concentration of MgCl2，MgSO．andNa2SO．一On theautolytic  
activity of strain V37ceils growninl）01ypep仁One・yeaSt eXもrac仁nledium  
COntaini】lg飢5mole／lof NaCi．  

Decreasein turbidity（OD570）  
ol cell suspension 

Cultul・e age Of  Cellsuspensiotl  
†larVeSted cells   

（OD570） （Cultivaぬ1tinle）Inorganics摘s  
‡onic  

StrengtIl  
A油曲浦c  
activity  

O   

O   

O   

O  

Living cells Boile（lcells   

0．0うM MgC12  

0，10M MgCi2  

0．15M MgCi2  

0．20M MgC12  

0．15  0  

0．う0  0  

0．45  0  

0，60  0  

0．1％  
】（4勺．25l甘）   

0暮05M MgSO4  

0．10M MgSO．1  

0・1うM MgSOヰ  

0．20M MgS仇  

0．20  0．080  

0．40  0  

0．60  0  

0．80  0  

0．080  

0  

0  

0  

0．05M Na望SO4  

0，10M Na2SOヰ  

0．1うM Na2SO4  

0．20M Na2SO．l   

0．1う  0．872  

0．う0  0．837  

0．4う  0，783  

0．60  0．7う1  

0．847  

0．837  

0．783  

0．7う1  

0．2う4  
（4．うhr）  

0．30M NaCトト  
0・0うM MgC12  

0．30M NaCl＋  
0．10M MgC12  

0．30M NaCl＋  
0．15M MgCl望  

0．うO M NaCl＋  
0．20M MgC12   

0．30M NaCl  

0．4う  0  

0．60  0  

0．75  0  

0．90  0  

0．30  0．7（S6  

0  0  

0  0  

0  0  

0  0  

0．196  
（4．2511r）  

＊0．248  
（4．うhr）  0  0．766   
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containingO．5 M NaCIwas found to be atits maximum・Theincreascin NaCI  

concentrations from O to2．O M rcsultedin a considerable decreasein the autolytic  

activity of straiIlV37cells・  

011tIle Otller hanれthe autolysis of straillV37ceilsgrowllilltlle nleditl1111Vi抽otlt  

added NaClヱ・eaChed a maximum when the ceils were suspendedin O．05 M Tris・HCl  

buffer（pH7．0）containingO．1M NaCl（Tal丑e6）・Sodium chloride at concentraticns  

from O．1to2．O M considerablylnaCtivated tlle aLltOlytic activity of stl■ain V37cells．  

Inhibitory effee電of財g2－ト0Iltlle aⅥtOlysis of straiれV37eells groⅥrni！l電he  

medi11m eOmtainimg NaCl（0．5H）or wi七重1011t added NaCI  

As shownin Tables7and8，Verylow concentration（0．05M）of Mg2＋strongly  

inactivated the autolytic activity of strain V37cells grownin the medium containing  

NaClor without added NaCl．  

Table8．Effect of Mg2＋0】＝he autolytic activity of strain V37ce11s growni11  
polypeptone・yeaSt eXtraCt mediu王11Without added NaCl・  

Decreasein ttll■bidity（0か570）  
of cell suspension CulれIre age Of  Cellsし1SPenSion  

harvested ce11s   
（ODふ70）  

（Cultivaヒiontime）Inorganicsalts   
Ionic  
Streng抽  

Autolytic  
a（：tiviむⅤ  

Living cellsIきoiled cells  

0．30M NaCl＋  
0．0うM MgC12  

0．30M NaCl＋  
0．10M MgC12  

0，30M NaCトト  
0，15M MgC12  

0．30M NaCトト  
0．20M MgC12  

0．45  0．078  0．028  0．0う0   

0，60  0．0∋9  0  0．039   

0．75  0，013  0  0，01う   

0．90  0  0  0  

0．239  
（う．7うhr）   

＊0．197  
（3．7うh三つ  

0．30  0．う75  0．032  0．343  0．30M NaCl  

Dis（：uSSiolt  

MACLlミOD and MATt）LA（1961）suggested that many mari11e bacteria required NaCl  

for preventing ce111ysis。Acccrding to tilelTl，divaleIltions，SuC！1aS Mg2→－and Ca2－卜，  

most prevalentin seawater at concentrations of O．05 M and O，01M，reSPeCtively，  

eliminated the requlrement for other solutes，SuCh as Na＋，for preventing celllysis．  

Strain V 37isolated from seawater environmentis capabic of growlngin the  

medium witllOut added NaClas wellasin the medium containir）g NaCl（0，1－l．O M）  

orin seawater medium． The cel11ysis of strain V37in Tris・HCibuffer without  

added NaClmay be due to an enzymic action rather than to the changein osmotic  

preSSure・  

OGATA a11d HoNGO（1973）reported tllat the gl・OWing cells of（ツ0扉7・～dg壬J′7i∫〟どどム〟7・0・  

Perbutylace10nicum werelysed by thc addition of univalent caticns，SuCh as Na＋，Kヰ◆，  

Rb＋，Cs＋，Li＋and NH‡． According to them，mOSt raPidlysIS tOOlく place when the   
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CeuS Were during or toward the middle of the exponentialphase of growth and when  

O・3M N訂卜was usedL Theyalsos噂geSted that bivalent cations，SuCh asCa望一卜，Mg空斗，  

Ba2＋，Co2十Ni2十and Zn2十，PrOteCted theceils from thelysing action of Naかト．SATO et  

‘～g・（1卵1）delⅥOnStrated that t王1e Ce11s of塩ビゐ♂r£cゐJdごOgg at tllelogal・it】11Tlic pllaSe Of  

growthlost their colony・formingability when the ceus were suspendedin O．1うM NaCl  

in Tris・HClbuffer・ The presence of Ca2卒 or Mg2’ト protected the cclls from the  

i11juriouseffect ofNaCl．ⅠりIMA andIIくEDA（1969）alsoo‡）SerVe（la sinlilarねctin月αどJ払′∫  

Subtilis：The ce11sof Bacillussubtllislost their colony－formlng abilityin O．！5M NaCI  

When harvestcd at thelogarithmic phase of growth．  

On the other haIld，GILPIN，C！－！ATTERJEE and YouNG（1972）described that O．05 M  

Tl■is－HClbuffer（pH7■0）containinglM NaCl，‡くCl，NaBr orNH．CIstilmllated autoiysis  

Of SiaPh3，lococcusaureus cclls to the same exteI－tl According to them，the ratc and  

extcnt of thelysis of Staphylococcus aul・euS Cells was dependent on the concentration of  

NaCIwith an optimum atl．O M・Equivalent and highermolarities of NaNO8，Na2SO．h  

（NH・i）烹SOヰ，NH4NO3，LiCl，urea，SuCrOSe and divalent cations，SuCh as MgC12，Were  

i11aCtive．   

In this study，Strain V37ce11s grownin the medium without added NaCIwere  

maxima11ylysedin the presence ofO．iM NaCl（Table6），Howcver，the autolysis  

Of strai－1V37cells tended to decrease withincl・eaSing NaCIconcentrations above O．1  

M・A similar protection effect of divalent cations on the celllysis was also observed  

in tlle CaSe Of strain V37．  
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