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BIKE\ JouR\AL 5.55.66 (1962)

Lysis of the Cell Walls of Corynebacferium diphfheriae
by Extracellular Enzymes of Sfrepfomyces sp.

2. Production of "Protoplasts" by Treatment with a Purified
Cell Wall Lyfic Enzyme*

Call wall Iysis or COD, ,Ie, "ci, Jin"! diphih, ,jar by IruatnicnI willT an unzyinc PIOduccd by SII enjo"I tel
JP. \\'as In\'CStigalecl in a reaclion n. Ixture containing \'atlolls amounts of sodiuiiT succinate, sodiun,
clilorirlc and sucio>c as stabilizers. Sodiuii, SLiccinatc or 0.5 to 0.75 xi final concentration was IOUncl
to bc the most sarisfactofj, stabilizci for producing osmotically sensiti\, c spllcrical bodies. Thc
prcscncc or abscncc Dicell \\, all components on thesc bodies \\, as cxaittinerl by testing Ihc angluiinatioil
ailtl absorbing capacity of the ghosts derived from thent and by meastiiing 111c Talc anti extcni or
rclcasc or scrologically reactive cell wall coinponcnts Into inc ritedium, Lising rabbit anti-cell \\. all

Evidence was obtained Inai only a itacc, if any. or scrologically reacti\'c wall collt orients
rcmaincd on Ihcsc bodies. It was 111us tiemonstratcc1 11, at "protoplasts" of C. dip^!heI'me \VCrc ob-
laincclby ITcatmcniofihis organism \\. jilt a putincd cell walllyiic cnzymc uncler suitablc cxpcrimciltai
coilditions

Delayli"e"! of Brinei'1010gI. , A'hrn rWet/^ta! Coll, ",, A'"Jh^^"In. ,\h, '"
(Refet'I. ed/o1 IIJb/it"/foil, IV"y 8, 1962)

Yuji A{ORi AND SHOzo KOTANi

scrum

SUNl\IARY

Sincc the hist description by Tomcsik and CLIex-Holzei. (1952) and by
\\'eibu11 (1953) of the protoplasts of Bnci!/"$ megrr/he1'1'wni, a consider al)Ie number
of reports have been I, ublished o1T I)actcrial I>rotoplasts. However, most of them
concern the I>rotoplasis released from non-pathooenic I)acteria and only a fe\\.
investigations ITave so far lieen made on the pathorrens (Weibu11, 1958 ; NICQtiillen,
1960)

In a previous paper (A{on c/ d!., 1960), the authors Ieported that the culture of a
SII',/J/Dinyc, J JP. isolated from soil according to the method of Salton (1955) exhil)ited
a markccl cell wall Iytic activity against C. diph/hell'"e and that the I\'tic factor could
I)e concentratcd I)y fraction ation of the culture filtrate witl\ (I\:H 12SO

The present IJaper reports studies o1T the production of "protoplasts" of'
C. diph!hella, IJy treatnTent of the organisms with a partially pullfied preparation
of this Iytic enzyme. The results on tained clean\, demonstrated that "proto-

INTRODUCTION

* A preliminarv rcpoit of this \\. ork \\'as presented at Ihti 8111 SyruposiLim on 11actcrial Toxins.
h"1.1 at K6y"*an, \\'akay, in, (July 21 and 22,1961)
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PIasts' ' of C. diph/helme could IJe produced by using the I\, tic enzyme under ap-
propriate experimental conditions.

I. Girth"atto, I of. $1,410i, !Ices ., 15. p, oof!, ci, Ig 4.1ic e"<line rindpre/iai'all'o11 of a 11.11, '11/11/1'e. 111r"!,
Details or the itTethods used were given in the pre\, jous paper (\{ori at a1. , 1960)

2. Pelparn!jolt of tell real!$ of C. ,fill^!fiende

Tite ritethods employed for obtaining the cell \\. all preparations \\. ere essentially tie same as
those describecl by Koiani at a!. (1959)

3. J\/e"Juleme"! @14,51'J off"/"c! cells ""of ifo/died cell tuff1!, 11nder 1/1, a, !1011 offhe 4111c eii<I'me
The rate and extent of Iysis of intact cells and isolatecl cell walls or C. dinhi/!glide were etcrminec

by 111easuring the changes in optical density of the suspensions \\. itIT a Hitac I p o10e ec ric c ' -
riteter, Type EPO-B. A No. 55 filter and test tubes of 18.0.5 mm external clamcicr \\ere em-
ployecl in 11Le determinations

+. F1'Din^ 1111roge, ! delei"1111ttl, on

The protein nitrogen content was estimated willt the colorimctriciTtethoc o o\\I\. e t!. (
o1T the 10 per cent itichloroacetic acid insoluble fractions of tlTe samples

5. C/!loin"log, '"/Ihic I'eJiri$

Duolite r\-2 antl Duoliie C-10 (Chemical Process Co. , U. S. A. ) were conditioned accor ing 10
the deco"iptions of Okunukie! "!. (1960) and of Hagihara, ! a1. (1958),, usp, cm, ely. The aci o"in
of r\-2 resiil and the sodium form or C-10 which \\, CTe equilibrated \\, 111t 0.2 xiNa-PTOSp a e I
at pH 7.0 and 6.5 respectively were Lised in the experiments

6. Rabbii drill-cell real1 5er!InI

,\ntiseruin was produced by Iruection into rabbits of cell \\, all preparations suspen
adjuvant consisting or liquid paramn, ATlaccl A (Atlas Powder Co. , U. S. A. ) anc \\, ate^ In re
of 2:1:1 cuntaning streptomycin (500 jig!inI) and penicillin (1,000 Linitsjml). Hcalthy adLilt ra its
of mixed brccd reccived two 0.8 ittl injections or Ihc antigen suspcnsioiT (20 rug o or \va lirepar -
lions!inI) willT a one \VCek interval bet\VCen litJeciions: Ihc aiTiigeil \\, as divic cc into I'Dr 10 .
0.2 ntl each and cacl, or them \\, as subcutaneously injected Into 4 sites on 11, c ,ac o I re ncc '.
animals were bled 3 to + \\. eeks artcr the sccond linection. Tllc anti-cull wall scrum I 115 0 aincc
was preservetl with \aN3 (1:1,000) and stored in tllc refrigerator Lintil necdcd

7. Sei'@1ngica! led!"!'qii, J

The precipiiin reaction between the antiserum and Iysed coinponcnts of cel \\, a s \\. as DCT-
formed by the ring test using narro\\, test tubes or 80 IT, in Iengtll anc14 mm Intel'na laincter.
ITighest dilutioiT or test antigens showing a 1.0sitive reaction \\'as neternlIncc to semiquan I a
content of setologically reactive substances. The reaction was carrictl out at room tempera UTC
51tours. Tl, c IJrccipitation was read at appropriate Intervals and arbitrarily gra e Tom - 10 t .

The agglutination reaction was carried out by mixing 0.5ml of ccll wall suspension toptica
density. ab0111 0.3) and 0.5 I, ,I or 2-fold serial clilutions or the test antiseriinT. The IT, !XIure was
incubatecl at 37'C for 21Tours and then kept overnight in the cold. Thc agglutination or ccll \\. a s
was Teatl with the naked eye and was arbitrarily graded front - to 3+

8. Elec!, o11 nilcroJco/, ic obJer, "!1011,

The techniques employecl were essentially the same as those

\. 10RI AND KOTANl

ATATERIALS .\ND A{ETHODS

described b\. KOIani at at. (1959).



I. FillyI'd!1011 of Ihe tall run!/ !yi!c 4110, ing

A CLIlturc of $11'4110noteJ JP. which had IJecn incul)atecl in NICCart\"s medium
(ATCCai't\., 1952) at 27'C for 7 to 9 da\, s \\, as filtered through coarse tiltci' I)aper
The dark I)Town filtrate \\'as then decolorized IJy IJassing it through a Dtiolitc
A-2 column at a no\\' late of 10 to 20 iniper nTinute. A 3x20 cm columit of
the resin \\, as adequate for' treatment of 10 I of filtrate. Sevent\, to 90 I, CT cent
of thc colored materials were removed I)\. this procedure \\, ith 15 to 40 I)er cent
loss of cnzvmc activitv

A 10 I natcli of decolorized culture filtrate was mixed \\, ith solid (\H+)zSO+
until 0.3 saturatioiT \\, as attained. Tlie mixture \\, as stored overnigltt in the cold.
The resultinrr I, recipitatc was filtercd off and to the filtrate was added solid (NH4)2
So4 to 0.8 saturation. After standing the mixiui'e overnight in the cold, the
precipitate was collectccl I, y hill'alloit ancl clissolved Into al)out 100 inI of water.
The coinl)ined concentrate fiom sevei. al Iiatcltes was dialvsed against \vatei for
24 houi. s in the cold and then was nTixcd with an equal volume of 0.2 xi \a-phos-

PRODUCTIO\ OF "PROTOPLASTS" OF C. DIPH7HER/. IE

RESULTS
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Eluiion was performed with a mixiure or 0.05 M No- phosphate buffer ipH 8.01 and 0.5 M
NOCl and Ihen wiih a mixiure o1 0.05 M No. HPC4,0.05 M NH40H and 0.5 M NOC!
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phaLe IJuff'er (pH 6.5). The mixture \\, as filtered to remove insoluble materials.
All intratioiT procedures \\, ere carried o11t with the aicl of Gelite No. 503 (Johns-
A{anville Products, U. S. A. ). The filtered concentrate (about 800 inI in the ex-
pel. 11nent presented in Tal>Ie I) was then I, assed through a Duolite C-10 column
(3 x 40 cm) at a flu\\, rate of al)out 5 in I per minute and the column was rinsed
witlT I I of \vater. While the active priiiciple \\, as almost completely adsorbed
onto the column, the bull< of inactive proteins and colored ITTatcrials was not
Elutioii \\, as I, erformecl willl about I I of a mixture of 0.05 M Na-phosphate IiulTer
(pH 8.0) and 0.5 xi N, Cl f. 11. w, d by an. ut 2I of ^ mixiu, , of 0.05 M N"-, HP04,
0.05 M I*;H40H anc10.5 M NaCl, at a fio\\, ^ate of about 5 In I per minute. 'The
effluent \\, as collected in 7 itTl fractions. Each fraction was surveyed IJy cletermi-
I, at10n of its cell \\, all Iytic activity and of its absorptioiT at 280 rill, for' protein and
at al)out 550 in/4 for. colorecl materials (using a Shimazti spectrophotomctcr, Model
QB-50, and a Hitachi photoelectric colorimcter, TVpe EPO-B, \\-ith a No. 55 filter
respectively). As sho\vn in the elution curve of the typical expel'linent litescnted
in Fig. I, the cell \\. all Iytic enzvme appeared in the emuent of Ihc seconcl alkaline
mixture, and its appearence \\as accompanied I)\, a sharp 1'1se 11T I, H. ,\11 Iiro-
CGdures \\'itIT Diiolite C-10 \\'CTe carried out ill the cold and as rapidl\, as I'Dssil)IC.

Tanle I SUITtruarizes the results of a representative conccntratioi\ and PIirifi-
catioil expel'linent in terms of Ihe percentage recovei. \, and I, LITilication at each
individual step. A1T overall purification of an out 25-fold was achieved \"lith alJout
I O per cent recovery.

Table I. Summary of Concentration and Purificotion Procedures

Colored
Total Total SpecificTo 101

male riols
volume protein aclivilyunits

10.0. o1
ling NI Iuniis/ing Nljinll

550 in!"

10,550 4,457 160.4 27.9 0.4

0.0510,550 2,775 76 . O 36.5

Frociio n

Crude cullu, e fillr. !e

Fillrole passed Ihrough
Duoliie A-2

IN H41g 504 I rociion 10.3-
O. 8 saturolionl

IN H412 So4I Faction bel ore
chromatography

Eluoie from Duoliie C. 10
11ubes No. 340-3641

In some of the experiments, the coinl)ined active fractions released from the
Duolite C-10 columiT were saturated \\, ith solid (NH, ), So, to contenti. ate the
enzyme. During dialysis against waiei. , a dark bro\-\, n precipitate settlecl out.
After separation of this precipitate, 85 I)er cent of the Iytic activity remained in
the slightl\, yellowish super natant fluid. An enzyme pi. GParation \\ ith a specific
activity of 1,560 units I, er ing protein nitrogen \\, as thus obtained in one of the
experiments.

114

770

I, 220

3,985

195

17.6

I, 521

55.5

69.3

Re co ve ry

iper centi

I00

62

2.2

71.8

O . 55

691.4

0.18

27

0015
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The GIIzyme preparations purified as descril)cd al)ove (with or without the
final purification step) \\, eie used in the followin, studv.
9 Pipd!!c/1011 of "polop/nJ/J" of C. diph/h, line by lidft/171,111 rollli Ih, 11/11/8d ,!ICJiiic

A suiistrain of Pal'k williams No. 8 To1,011to Harvard strain of C. dj/Jh/firi'I'd,
was Lised throughout the prcsent experiments. A 2.1 hour o1cl culture o11 a Locmcr's
slant \\ as first inoculated into 150 ITil of nTodified Pope antl Sinith nTcdiunl (\'onccla
and \, Iatsuda, 1961) containiit^ 0.2 11g iron PCr InI ancl incul)atcd at 35'C for' 24
IToui's witll shaking at 120 strokes per minutc at an amplitude of 7 citT. One nTl
of Ihc growing culture \\, as reinoculaicd 11/10 it nothcr 150 1111 of the same niediun,
ancl inclil)ated \\'111T shaking as describcd anove. A 20 hour old culture (optical
donsit\', al)out 6.0), the hill'ate of \vl}iclT coiTiainec1 50-100 Lf DCT inI, was
harvested I, \' centrif\Igaiion. The scdimcntccl cells \\, ci'c I'CStispcndccl into thc
original amouiit of \vatei'. TITc ccll suspci, 5101i thus o1itainecl was usecl in 111c
following cxpcrimcnts.

I) .511, f/1011 01 (! Jinhi/fell!g ill, 1111/11 fill/rib1,101 ,\/, 1/11/'11/J 011 PITYn/!!,!r/ 101 Jim/!'o11

T'Ilc Tclativc incl'its of \a-sriccinatc, 11\~aCl anti srici. DSC as 51a1)11izcis \\ CTC
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Fig. 2. Influence of the Supporting Medium on Lysis of Cells of C. diphlherioe on Incubation
with the Lytic Enzyme

Reaclion mixiures consisted o1ce!I suspension loplical density. about 0.61. Iyiic enzyme 112.5
unils/in11, slabiiizers of various conceniraiions. 0002 M MgSO. I and 002 M iris-buHerlpH 8.01.
Oplicol densily was read after various periods of incubolion o137' C.
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The reaction mixtures consisted of 0.4 n. I of acompared in Ihc following way.
cell suspcnsion of C. diph!hella, (optical density, about 6.0), 2.0 inI of Iytic enzyme
solutioit (25 unitsjml) and 1.6 inI of solutions of the test stabilizers at various con-
celltrations iiT 0.05 M Ills-I)uner (pH 8.0) containing 0,005 M :\IgS04. The
mixtiires werc incul)ated at 37'C in a \\, ate^ I, atIT for. 90 ITTinutes and the changcs

ill optical clcnsit\, were 10/10\ved at 11:1ci'vals
Tl}c results are summarized in Fig. 2. It in a\, IJe secil that a marked reduc-

\vas seciT in the1101i in o1)tical density, due to Ivsis of the cells IJy enzyme action,
contiol reactioiT nTixture containing ITo stabilizers and that the optical CIOiisit\'
I. cduction was nTarkedl\, Inhibited Iiy the presence of sumciently higl\ concent-
rations of SLal)illzers. As regards the relativc merits of the stabilizing capacities
of the Ihice solutes examined, it should be 1.01nted out that there \\, ere some

while the stabili-dinei. enccs in their stal>illzing effects at different concentrations
21no effect of Na-succinate \\, as fairly, constant over a wide range of concentration,

in tlie case of 1,011L NaCl and sucrose a marked decrease in stabi-0.3 to 0.75 A1,
11zin. effect \-\, as found as the concentration was reduced froin 0.75 to 0.3 M. Thus
0.75 M NaCI ITad a stronger stabilizi!}^ effect than 0.75 M Na-succinatc, I)ut the
Iattcr was In ore effective than the former at a concentration of 0.3 M

Thc IText step in the investigation \\, as to obtain evidence that the o1)served
cfTcct of thc SLal)ilizers \-\, as ITot attributal)Ie to an Inhibitory effect on the cell wall
Iytic enzymc. For this purpose, Iysis of isolated cell wall preparations Ii\, the
Iytic cnzymc (12.5 unitslml) was investigatecl lit the I, rcsencc and alJsence of the

At ORl ..\\D KOT, \XI
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Fig. 3. Influence of a High Concentration of No- Succincte on Lysis of the Cell Walls on Incubation
with the Lyfic Enzyme

A cell wall suspension was incubated o1 37' C with Ihe Iyiic enzyme 112.5 uniis/'in11inihe
presence or absence of No'succinoie.
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PRODUCTIO\ OF "PROTOPLASTS" OF C. DIPHTHER/. IE

SIa1,11izers. Fig. 3 presents the results of an experi!nent in \vliich the reduction
in optical density of a cell \\, all suspensioil in the presence of 0.5 and 0.75 xi \a-
succinate \\, as compared \\, itIT that in the absence of the stabilizer. The rate and
extent of IClease of cell wall components \\, hiclT reacted with anti-cell \\, all sei'uitl
\vere also investiaated, as shown ill Table 2. It may I, e concluded that \a-suc-
cinate. at least at 0.5 M final concentration, exl\Ibited only a SIiglTt inITiliitory
influence o1T Ivsis of cell \valls IJ\, the Ivtic enzyme. SIImia^ ^CSults were o1itaincd
\\ ill\ \aCl

Table 2 InnJence of a High Concentration OF No'succinafe on Release of Serologicolly Reactive
Components from the Cell Walls on incubation with the Lytic Enzyme 112.5 Units, !in11

Dilution of Ihe supernoionis ofPresence or absencePeriod o1 incubaiion
reaction mixtures

of No-succin. Iewith the Iy!ic enzyme
10.5 Mi 12 1.4 1.8 1.16 132 164 1,128jinin ules !

2 r 2*- 2-.

2-= 2-:- 2, 2-'-
2-* 2, - 2-:- 2 ,

3-'- 3 r ?-;- 2 *
3, - 2-,-

* Readings of Ihe precipiiin reaclion wilh on undiluted on Ii-cell wall serum Iring Iesil

The tiliasei. vations descrilied in tlTe foregoing paragraphs Indicate that noth
\a-succinatc and NaCl (and presumal)Iy sucrose, too) can lie used as SIa1)1117ci's in
cxpciiinenis on the production of protoplasts of C. diph/h, !!d, \\, ill} the Iytic cn/\. Inc.
Since the effective, SLal, illzing concentration of Na-succinatc \\, as 10\\, CT than that
of NaCl, \a-succinatc \\, as chosen as SIal)illzcr in the folio\\, ing expel'InTents. * 11
nTa\, I, . said in this coltncction that lisc o1 a stabilizer \\, hich 15 errcctivc at a 10\\

concciTtratioit in a\' lie in o1. c convenient in ftitui. c Investigations tin Iiro toplasts

2I 0bJ, I', rillu!if rei//I d IhrtJr '01/11'rtJ/ 1/1/'10rcopc

Di'ops of 111e rcaction mixiui'c containiiT^ 6 tinits PCI in I o1' 11tc I\ tic cnz\ inc
and 0.75 M \a-succinate were 13ut onto a incroscopic slide and coverccl witlT a

The ITTorp1\o10gical clTanges of tl}e cells \\, CTC 10/10\VCCI at 25'C foicovei' glass
210 IT}inutes under a IJhase contrast microscope. Fig. I illustratcs the resiilts of
this studv. It call lie seeil fi. Qin this jigui. c tl\at the I, acillaiy form of C. ofir)h/h, I'mc
chan, ,cd to a spherical form tindci' the actioit of the Iytic Gill\. inc in the presence

* U is \\. o1 111 11, cniioning in Ih!s conncctioii Ihai a clt'11nitc. sp, niancotis ag$;lullnaiioii 111' liar -
ICrialbodic* was o1, scrVCCI during Inclibaiion Drillc cells willI thc Iyiic cnzvi. IC in 111.1, it'scncc or\a-
succinatc o1 ITigltci coilccntiations. Thc I, rotcii, coniciti or Ihc supcrnatant front a I'"aciion It11xiLiri
COILtaining 0.75 xi \a-succiiiat, indicatcclihat n0 51gilhcani amount or cyioplasii, IC pro1Ciit \\as I'"-
ICasctl fruit, Ihc cells I, v cnzyinc action. This findiiig sccms to Justif\, 11, c assumpiiuit 111at aboiii 20
PCr cm, 101, tical ticnsii\. ^"duction obscr\etl (cf. Figs. 2 anti5) Is not clue to rcallysi* 11F Ihc c"lis. 1,111
mainl\' cluc to 111cir a, ,glutinatiuil by \a-succinaic. \o similar agglutination or 11/11 I, aci, .I'mI lintlii\
\\'as sueii in r, aciioil mixiurcs conlaining \aC1 o1' SIIcrosc as slabilizt'rs

5
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of SIal)illzer. Photograph B in Fig. 4 shows chains consist intr of a fe\\, spherical
forItTs seen during Inculiation. This is of sonTe interest in connection with the

repoi. t of Davis and Mudd (1955) that there are septa in some C. diph/hellaa cells

3) Or"101ic r, IIJi/iai{y of Ihe JPh, !iru/ budi, J diid I'e/errJe of Jei0!o01cal!y itac/ipe cell
refill con!poll, /!/$ I'M/o Ihe 711, '11/1"I

A reaction mixture containing 12.5 tinits per inI of Iytic enzynie and 0.5 M
Na-succinate \\, as incubated at 37'C and ajiquots of the niixture \-\, ere withdi. a\-viT
and celltriftigecl at intervals. The pellet obtained \\, as resuspended in the original
volume of water to examine Ihc osmotic sensitivity of the sedimented cells \-\, hich
had lieen incubated with the lyric enzyme for various I>CTiods. The extent of
decrease in optical densi^, resulting from this treatmcnt is sho\-\, n in Fig. 5, to-
gether with curves Illustrating the changes in optical density of the reaction
mixtures in the prescnce and alJsence of tlTe stal, illzei. . It is readily seen that
cells inculJated willl the enzyme for. only 5 minutes showed a marked osmotic

sensitivity and nutst on resuspension in \\, aler

AJORl ,\xD KOTAi\I
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Fig. 5. Osmotic Se", ithity of the Cell, of C. diph, he, i, " I". ub. fed with Ih. Lytic E""yine 112.5
Units/in 11 in the Presence of 05 M No'succinofe and Agglutination of the Ghosts by
Anti-Cell Wall Serum

Curves indicaie the changes in optical density of the reaction mixtures during incubation
with the Iyiyic enzyme in the presence 1.1 and absence 1.1 of No'succinole

* Opiicol density reduction produced by resuspending the sedimenied cells in the original
volume of water

** Aggluiinoiion of the ghosts on incubation wilh on Ii-cell wall antiserum. Control in loci
cells show 3+o991ulinolion. Readings were mode oiler 2 hours incubation o137' C

In parallel witll the above analysis, the release of serolooically reactive cell
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Table 3. Release of Serologicolly Reactive Cell Wall Components from Cells during incubation with

the Ly*ic Enzyme (12.5 Units, 'in11 in the Presence or Absence of 0.5 M No'succinate

Diluiion of Ihe supernoionis ofPresence or absencePeriod of incubalion
reaction mixiures

of NG-succinolewith Ihe Iy!ic enzyme
10.5 Mljinin u !esl 1.1 12 14 1.8 I^16 162 164

5

* Readings of Ihe precipiiin reaciion wi!h on und;Iuied unliceii wall serum Iring Iesil
FC r "p rolop1.515' ' I orm. tic n
For coinplele Iysis

wall coiTTponcnts Into the ITTcdiunT was also studiecl I, \, Ihc I)rccipitin test \\'111T
Tall1)11 anti-cell \\'all sciunl, in titc supci'peruatant litiids finin Ihc allquots \\111\-
dia\\-TT at inICrvals, as SILO\\I. in Talllc 3. 'Thc Talc of Tclcasc of ccll \\'all cum-
puncnts \vhicl\ ICacLed \\. 1111 the antisci. HITT \vas solnewhat letai'deci in LITC I, ICscncc
41f Ihc SLaliilizcr, nut the content of litc reacti\, c components in 11te super natants
of Ihc mixitiles inclil)atec1 101' 9() mirinics was alnTosithc salnc 111 CSpcctive of Ihc

illiscncc of SIa1)1111erlitCSCUCC 01

.I-) AIFc/!'o11 In!', 10J, DAC obJ, lad/1011 of Ih, Ii, //t/ lipt'/!011

A ICactioil nTixtuic \\, IlIClt CUIllainec181111115 IJcr ITil of cnz\, mr and (). 75 xi o1'
inculiated for 90 in 111utcs. I\flu. centi'11ugation, the IJellciNa-succinalc \\, as

fiactioiT was suspended iiT I per cent OSO, soluiioil 111 0025 xi tris-I)titler (pH
7.0) ant1 1< CPI tivcrniglit in Ihc cold. The PCIlet fi. actioiT \vhiclt \vas I)ui'SL and
fixed simultaneously' in this \\, av \vas washed with water and ITTountec1 o11 collodioii
films for. clcctron microscop\'. Fig. 6 shows that 11Te I, ellct tractioil treatcd as
dcsci. inccl al)ove coiTsists of' Ihii\ nTeml)rancous structures \\. 111\ somc Internal

contents, Ilamely of ghosts.

5) Some rci'o10.4!cti! 11'01)ci'/ICJ of Ihe ghor/r ill I', folio!! 10 mill-c, // redll Jc!'!!!11

The uhost suspcnsioiT obtained in the experiments dcscril)ccl tinclcr scction
3) \\'as ccntrifuged at 10,000 g foi. 20 litinutcs. The ghosts fraction \vhicll scdi-
rocntcd \\as washed once \\, 111L 0.85 per cent saline antl rcsuspended in thc original
volL!me of sailnc. The agglutiiTatioi, of the ghosts thus obtained was examiiicd
Ii\, ITiixiii, r 0.2 itTl of tindiluted anti-cell wall scruiT} and 0.8 inI of thc suspensioii
anti theIT incul)ajinu the mixture at 37'C for 21Tours. The ghosts 11'0m I'eaction
mixtures inculJated for 5 and 30 In inutes \\, ere cleftnitel\, agglutinatcd 11\. thc
antiseriuin althougll to a far less extent Thail intact cells. On the other it and,
.ITosts o1Jtaincd artcr 60 and 90 ntinute inclibation dicl not sho\\, any apprecialJle
aryulutinatioil (Fig. 5). These findings Indicate that osmotic sensitivit\' of ITcated
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cells did not always mean a complete absence of serolo. ically rcactive cell wall
components on them and that in order to obtain IJacterial I'Ddies deprived of
all serologically reactive cell \\, all components, rather I, To10n. 'ed incul)at ion \-vith
the Iytic enzyme \\, as required

The alisence of setologically reactive cell \\, all components o11 .ItOSts o1)tained
after 90 ntinute incubation \\, as flirther examined IJ\, testin, ' their al, illt to an soyl)
anti-cell wall antibody. Absorption \\, as made in the followinu manner. T\\'o
itTl of the ghost suspension, derivecl from + in I of the reaction mixtui'c, \\, as

added to I inI of anti-cell \\, all serum. After incubation at 37'C for 2 hours and
overnight in the cold, the ITTixture \\, as centrift10'ed and the super natant fluid was
sepal'ated (once alJsorl)ed antisei'rim). One and ITalf inI of this abosorl)ed anti-
serunl \-\, as reabsorbed witlT another I inI of the ,host suspension from 4- InI of
reaction mixture (twice absorbed antiserunl). Absoi'PIioiT of the antiseruin was
also performcd with super natant fluid separated from the pellet fraction (cell
wall Iysates). Half nlI of the antiserum was ITlIxed willt a 2InI of the suicrntant
fluid and the ITlixture \-vas treated in the same manner as CICScribed ajiovc. The
antiseruin alisoibed in this \\, a\, was ITeated at 60'C for. I ITou^ to Inactivatc ccll
wall Iyiic enzyme derived from Ihc super natant fluid. Two controls \\, ci. c set
up : conti'o1 I was a I :5 saline dilutioil of antiseruilT and colttr012 was at rillscrum
\\, hiclt \vas mixed witlT I\, tic enzyme and stabilizeI', and which receivecl the sallTc
treatment as in the antiseruiTl absorbed willl the super natant fraction. \Jolumes
of 0.5 I111 of serial 2-fold dilutions froiTl I :5 to I :80 were ITTade of eacll of the
absorl, ed antl control antisera and they were mixecl \vit}I an equal volume of cell
wall suspension. Agglutination was rearl after incul)atioil for. 2 hours at 37'C
and overnight storage in the cold room. The I. esults are summarized in Tal, Ie
+. It can IJe seeil froni this table that the .hosts froin a reaction nTixttirc inculiat-

Table 4. Absorbing Capacity for Anti-Cell Wall Antibody of the Ghosts and Super nutanis
Derived from a Reaction Mixture incubated wilh the Lytic Enzyme 112.5 Units/in11
in the presence of 0.5 M No'succinafe

64

Anti-cell wall serum
absorbed with

Ghosts 10ncel

Ghosts 11wice,

Supernolants**

None Control I

Control 2**

Readings of the agglutination with a cell wall suspension The reactions were read

clier incubolion o1 37'C for 2 hours and overnighi storage in the cold
To in activate Ihe remaining cell wall Iyiic enzyme, Ihese antisero were healed o1 60'C

for I hour

ed for' 90 minutes did not absorl) SIonificant amounts of anti-cell wall antibody
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even after TCPeating al)sorption treatments, in sharp contrast to the 1111e strono
al)sorbiit^ activity of the super natant fraction derived from the same Ieaction
mixture. 11 should I)e added in tlTis connection that there \\, as ITo sionific t
difference in the agglutinin titer of controls I and 2 indicatii}^ 111at treatnT I I
the antisci. unT \\, ill} Ihc cell wall Ivtic enz\, me ancl ITeat did not affect the antil)odv
liter apprccial, I\'

A{an\, studies ITave IJcci, made o1t the pi'o10plasts of non-patho, ,cnic I)actt. I'ia
ironl \, arious poinis of \, IC\\, and a great cleal of valual)Ie information, I\as licen
accumtilatcd. Ho\VCvcr, there Ilavc liceil fc\\, studies o1T I, at hogcns anti only
those of F1'cimci', 1< railse ancl ATCCarty (1959) on L foims anc1 1'010 ,lasts of
gi. ouj, A r/if/i/D'or, I I)roducccl Ii\, use of SII', pionur, ., nlbi!. I cilI\'rite an <1 I)ha, ,c-asso-
ciaied by*itl and Ihosc of \filchcll and \{oylc (1957) ancl of Kaio of rr/. (1960) on
SId/'11/1n(off!!J '11/1ti!J aic availalilc in Ihc literature. A. litclTcll and A{UVlc re Joi'led
aiT at1101\, tic Teleasc of "plotoplasis" and the Iattci' invest10atoi's slutliccl " >roto-
PIasts" foi'mallon \\, illT a ccll \\. all by tic CUI\ me IJroduccd I)y a Flu, ribd, /, 11'111!! JP.
ISOlatcd in onI' Ialioi'alor\, Thcic ITavc apparentl\^JcciT no TCPoris tilt 11}c I, roto-
PIasts of C. dirih/h, line

The I'CStilts o1)lainecl in this \\ o1.1{ clcail\ indicatc that osmotically scnsitivc
spherical I'Ddics, \\. hiclt arc allllost coilTplctclv clcvoid of sei. o10qicallv I. cactivc
cell \\. all coinponcnts, can I)c I)rodticcd fiom C. dirJh/A, }!'d, cclls IJv 11. catiiieni of
Ihc org;1/1/51iT \\, 111t IJai'tictilar ccll ,.\, all Iytic cnzyinc iiT Ihc pi'CScncc of ail a, )10-
priatc siftl)illzci. . 11 is 11nccitain whether Ihcrc ale an\' cell wall colll Jonciits in
the sphci. ICal I)ridics o1Jiaincd, I, ccausc sei. o10, ,'ically inactive cell \\, all coin Jouei, Is
may I'emailt on 11\e sui'face of' Ihc I'Ddics. Thci'eforc, LITC Lisc of the 1.1'nl ::I, 1'010-
piasis \\'ithout quotation mai'ks:- SIToulcl lie rescrvecl foi' the time \vlicn in o1'c 1.1'()I'-
mallons aic availal)Ie o1} the chciitical I, ropeiiies o1' Ihc phosis denVCCI nonT 111c
"pi'otoplt\SIS", in \, 10\\' of the recoinmcnrlation I)v Bi'eilner ,/ at (1958). nth, ,.-
nTore, since solnc fraction of Ihc cell populatioiT may CScapc the action of Ih(I I*. tic
enz\. me, Ihc cmcieiic^ of "protoplasts" formation I)y 111e ITlethod IC Joi. ICcl Iterc
ITTusi await ftii'LITcr investigations

At an\- ^ate tl}c esial)lisliment of a ITleihod for production of "ploto Jlasts" of C.
di/h/An'mr would provide a very, Liscful tool foi investioation of \, arious >TDIilenis on
this organism, espcciallv for elucidation of the In ode of I, rod tiction of its exotoxin.

DISCUSSION
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A10RI AND 1<0TAXi

Fi". 4-. Cliangcs of C. ofirJ/!!/I, ride into SpiteTical Borncs on Incubation willI Ihe Lytic Eitz\'me in 11te
PICScncc or \a-SIIccinatc

Culls or C. ofty, Acheii'"e were iiTCUbatctl \\, jilt Ihc Iyiic enzymc co Liniis!'in I) in titc piescncc or 0.75 M
I\;a-SLiccinaic at 25' C. Niorphological changcs of the cells \VCrc followed tinder a phasc contrasL

(:\) Cells before incubation, (B) cells incubatcd 101 55 n, inutes (chains consisting or aIn ICroscopc

rc\\' sphcrical fomls arc shown) and (C) culls incubated 101 210 it, Intiics. Scale : 511

Fig. G. Elcciron Ancroscopic Appearancc of Ihc Ghosts or C. dirih!/I, ,!ae
11Tiact cells of C. dir, him'I'd, were inclibaiccl\\'illl the Iytic cnzyme (8 tinitsj'inI) in 111e preseiTcc or

0.75 xi ?*a-suecinaic, at 37' C for. 90 minutes. Tl, c scclimentecl cells weic burst and fixec151multa-
ncousl\. by being Iesuspcndccl in I PCr cent 0504 soluiioil in 0025 xi iris-buffu' (pH 7.0). Tl, e
buist cells \\, CTC mountcclon collodion films and shadowecl\\Ith chromium. The piepaiatioils were
cxaiilinecl willt a Japan Electron Optics I, aboraiory Electron A. tici'OScopc, A{odel JE:\{-5G. Scalc
I 11.
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