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BIKER, s JouR\AL 3, 139-149 (1960)

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

I. Production and Concentration of the Lytic Factor

YUJI MORI, KEiJiRO KATo, To SHIRO MATSUBARA AND SHOzo KOTAxi

D e/, rrytJnent o1 Bttcterio!ogy, Nam .Medical College, K"Jhiztwrtt, Nn, ,,

(Receiued for publication, litree 10, 1960)

SUMMARY

An investigation has been made to isolate and concentrate a I tic enz ,me cti n, '
I'Dth the cell wall preparations and intact cells of Con!iteba, !erii, n! diphtherifte from c h '
filtrates of Streptomyces JP. (named L, bacterium) isolated from soil. The filtrate of a 7 da .
old culture of L. , bacterium grown on modified MCCarty's medium exhibits in k d I I'
activity against GorynebttcteJi"in fliphthert'ne and the active factor can be concenti. atcd alJout
2.5 times per rug protein N by 0.6 saturatioit of the culture filtrate with solid (N}I ), So .
A 25-fold by \, o1umc concentrate of the filtrate thus obtained induces 70 and 90 d
lion in o1, tical density of cell wall and intact cell suspensions of Goryneb"61eri"in fliphthe ' e,
respectively. The same concentrate exhibits a very marked Iytic action a ainst int or cell I
Bttc!!litJ nieg"!, rin"I, but docs not attack Micrococc"$ 17$0deiktic, If, Sa, 61n" jilt, ", S
"a!^tib, If. ;, Slaph)-IOCoccu, in^relt$, Styeptococct, r fobgenef (groujJ A ) and BCG.

The active enzyme is heat-labile, and is almost completely mactivated b h t' rr '
60'C for 30 niinutes. The Iytic activity, however, is stable for at least a month h h,
preparaiion 15 stored in a refrigerator. The optimum p}I for the Iytic activit , is betwceii
7.5 and 8.5

Data arc also presented on the chemical nature o1 the cell walls of Corrneb I
diphtheii, IF Lisccl in this study

I\TRODUCTION

In recent yeai. s striking advances ITavc been made in the field of bactciial
anatomy and it has become possiblc to investigate various activities of inici'o01'-
ganisms at a subcellulai. level. The rapid progress in this field is due largel to
the utilizatioiT or the cell wall Iytic activity or egg \\, hite Iysoz me.

Unfortunately, however, most pathogenic microorganisms, espccially Clam-
positive ones, are resistant to egg \\, hite Iysozyme and Iysozyme is of little o1' no
use 101' analysin;: the \, arious properties peculiar to these resistant pathogens.

For. the past years, studies have been made in the author's laborator , on
cell wall Iytic agents active against Iysozyme-resistant, pathogenic microor, ,an isms.
Microorganisms capable of Iysing the cell \\. alls of these organisms \\, ei'e isolated
from soil samples. Some of the results obtained have already been re orted in
previous papers <1<0tani at d/., 1959a, b: . 'I'he present report describes the Jroduc-

* A preliminary report of part of this work was presented at the 7th Symposium o11 Bac-
tenal Toxins, at }Iakonc, Kanagawa. in May 1960
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tion of the Iytic enzyme active against CODvi, badei'iron dinh!he;'ine I, y 5'114^'11/1reJ JP.
isolated from a soil sample.

I. SIIep!o111j'ce$ JP. capable o1 Iysing C. diphtheriae

SII'eptom}, 685 JP. (provisionally named L, bacterium) which produces a distinct zone o
Iysis during growth on an opaque mediunT containing C. diphthe, lag ce wa s or ,
was isolated from a soil sample collected at 1< ashiwara, Nara, by Sa ton's ce wa g . p
menlod (Salton, 1955a). Procedures used to isolate this organism were ,ssentia y t e sam
as those described previously (Kotani at at. , 1959a), except that a C. dipht!zen'"e re W4
agar plate was used as a primary isolation medium. The stoc o a ac e '
lained IJy serial subculture on 0.1 per cent Bacto-peptone agar. media (Bacto-peptone g,
K. ,HP0. , 0.25 g, MgSO, -7Hg0 0.25 g, agar 20 g ancl distilled water 1,000 inI, pH 7.0).

MORI, KATO, 1.1ATSUBARA AND KOTANl

MATERIALS AND METHODS

2. Cult"Ie med, "

A \, anety of media were tested both for. the grownT o1 L, , bacterium an or pro u
of the Iytic factor active' against C. diphtheriae. The media used were as follows: I) a
inodin. d A1, Carty's medium (MCCa"ty, 1952a)-glu. use 5 a NaC15 g, K2HP042 g, Mg 4'
7H, O I ". CaC1. .. 2H, 00.04 a FeS04'7H, 00.02 g ZnSO, .7H. ,00.01 g and a aiaysate
of Bacto-casamino acids, technical grade (5 g of casainino acids in Visking seam ess ce u OSe
tubing was dialyzed against one liter of distilled water at .}'C for 2 days and the otiter ul
war used) 1,000 inI; 2) a in. dined Ghuy, "n's medium (Ghuysen, 1957)-p. Iyp. pt, ne (Daigo
Nutritional Chemical Co. ) 10 g, NaNO, 2 g, KG10.5 g, K2HPO, l g, Co(N03)2.7HgO
0.03 g, \IgS0, .7H, 00.8 g, distilled water 1,000 inI; 3) a casamino acids-yeast extract
mediLim-Bacto-casamino acids. technical grade, I g, Bacto-yeast extract 0.5 g, K2HP04 0.25
g, \IgS0, .711. ,00.25 g and distilled water 1,000 inI; and 4) a glucose-asparagine medium-
,, Iucose 10 u asparagine 0.5 g, K, HP0,0.5 g and distilled water 1,000 inI. All o t ese
media, after 13eing adjusted to pH 7.0, were sterilized by autocla\, ing (at 1200C for. 10
nTinutes)

3. Pi. epnrdtjo?, of cell realis of C. diphtheriae, Stallh, ,!DCDcc, If allyeur and BCG
The cell materials and methods used for isolation of cell wall preparations have been

fullv described elsewhere (Kotani at n!., 1959a)

+. Batteii" 14fed to test the rich, itJ, range of the 11.1ic errzj, me ttnd b@cte, iai grozuth con i-
flun,

C. ,tiphtheriae (strain Park-williams No. 8, Toronto Harvard)
., town by shakin, ' in a modified Taylor's medium.

A1^^rococct, $ IT$0deiktict, s (strain No. 2665 ) and Striph
I11-24- hour old c. nittires grown by shaking in nutrient broth.

18-24 hour old growth inSt, enjococctts pyogeiie$, Lancefield group A ( strain 089 )
Todd-Hewitt's medium.

Srirci"re lutea (strain No. 3232), Saycintt animhi!I. , (strain No. 3062) and Barn!us mega-
teliu, 11 (strain KM) : 18-24 hotir old cultures on nutrient agar. medium.

BCG (strain Take0) : 10-12 day old cultures grown in modified D\Ibos' Tween
albumin medium (Schaefer at a!., 1949).

T'hese organisms, after cultivation at 37 C, were collected either by centri uging xi
cultures or by scraping the grown cells off agar slopes. Tiley were was e \vi
water and finally suspended in distilled water at aiT appropriate optica ensity.

nit ,'ei, I

18-24 hour old cultures

(strain Newman I ) :



LYTIC ENZY\IE ACTl\,'E AGAINST C. DIPHTHERIAE CELL \\, ALLS

5. Me, ,fure, ii, it I o1 Iytic acti, itj,

The suspensions of intact cells or cell walls of test organisms v. .ere diluted with
distilled water so that the diluted suspensions gave an optical densit of a Toximatc1 0.3.
To tubes (18t0.5 mm external diameter) containing 0.4ml of the diluted intact cell or cell
wall suspension were added 2.0 inI of the Iytic onzymc solution appropriateI diluted and 1.6
inI of 0.05 xi Tris-(or 0.1 it phosphate-) buffcr, p}17.0. The tubes wereincubatcd at 37'C
in a \\, ater bath and the change in optical densit}. o1 the reaction mixttirc was followed in a
Hitachi I, hotocleciric colonmctcr, Type EPO-B, using a No. 55 filter

One tinit o1 the Iytic acti\'ity against C. di}/, theyiae cell walls was pro\1510nally dcfincd
as 11tc amount of the Iytic factor which caused 35 per cent (half maximal) decrease in Ihc
optical density of a reaction mixture after 60 1111nutes under. the above conditions

6. Electron 1111c, DJcop!'c obJer, allo"

The te(hniqucs einployecl are esscntIally the same as Ihosc described previoLisl (Kotani 41
a!, 1959c).

7. Protein nit Jogen delerminntion

To a sample of culttirc intratc or of a fraction to be tested was added trichloroacctic acid
to a final concentration o1 0.4 A1. The nitrogen content of both the untreated saln it and
the ITichloroacetic acid soluble part was determined by the colonmetric method of Lowr}
at a1. (1951). TITe difference in these two \, alues was taken as the protein N content of
of the sample

8. Analy!, cn! procedttrer

A detailed CICScription of the methods lised in chemical analyses of cell wall re s
of C. diphtheriae was presented previously in a naper on the chemical properties of BCG cell
walls (Kotani at a1. , 1959c)

RESULTS

I. Gill!IIJttl foilofi/full* 101' ninth!r/lull of Ihe 11/1f Innoi

A \, allciy of the culture media dcsci'Ibed undci' A{aterials have IJeen tested
for' IJroduciioit or the acLivc cullui. c hill'ate. Two hundrcd and lift in I all uots
of these media wei. e disti. Ibuted as shallo\\' layers in 500 in I Roux's bottles and
eac11 1,0111e \\'as inoculated \\, ith 3 inI or thc spore suspensions or L: bactei'Ium.
The suspension or spores \\. as prepai. ecl by washing out \\, ith 6 inI or autocla\, ed
distilled warei. one slant cultui c or L;I bacterium \\. hich \\, as oro\vi} on 0.1 )ci.
cent Bacto-peptone agar at 30'C for 7 days and then 1<ept at room temperature 101'
3 to 5 \\'eeks. 'The inoculated media \\. ere cultivated at 30'C for. 2 \\, eeks. Under
these conditions the inoculated hydi. ophobic spores floatcd on the surface or the
medium and germinated, leading to a continuous sheet or surface mycelial gi. 0\\Ih.
which \\'as heavily SPOTulatecl artei' 3 to 4 days cultivation. After various eriods
of cultivation, culture flitiate \\. erc obtained by filtration of the cultures through
hitei. paper and were examined For' the11' Iyiic activity aryainst C. dini/heifa, cell
\\, alls

Fig. I shows the results of experiments on the C. din^!he?'iae cell \\'all Iytic
activity or the filtrates of La bactei. Ium ,, Town on the four media for. \, anous e-
nods. In this and the 10/10\\ing Figures (except Figs. 2 and 4), per cent decrea. e
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Fig. I. Comparison of the Iytic activity against C. diphfherioe cell walls o I e co ure I ra e
of L" bacterium grown on corious media for IAI4 days, rel7days and (C) 13 day, . ( I
Glucose-asparagine medium, (2) Ghuysen's medium, (3) Cosomino acids. yeast extract me ium
and (4) MCCarfy's medium.

in the optical density of the reaction mixtures is plotted against I e incu a 10
period in hours. it will be seen that the modified MCCarty s medium gives t e
best I. esult, being the best medium for the production of the ytic enyme. s
of interest that while there is no significant difference in the growth in t ese me ia,
the Iytic activity of the culture filtrates varies greatly with the me Ium use . Ig.
2 shows the relationship between the Iytic activity of culture Ii trate 0 3 ac-
tenum grown in modified MCCarty's medium and the period of cu 11vation. e
Iytic activity against C. dini/helme cell walls appears in the culture fi trate on t e
+tlT day of incubation and reaches a maximum after 6 days Incu allon. I o in-
crease or decrease in the Iytic activity of the filtrates occurred during t e o o\\ -
ing 8 days cultivation.

2. Corjcejj!jutjo?! of Ihe !"!ic111,101' from '11/1/1i'e filln/eJ

Seven day old culture fluid from 10 Roux's bottles <250 in I per bottle) was
flite"ed through coarse filter pape". To the hit"ate solid (NHJ. )2SO+ was a e
to 0.6 saturation. The precipitate was removed by filtration t Toug e I e o.
503, I. hn-Manvill Co. , I g per^ liter* . S. lid (NH4)2S04 war add, d to th, hit"at,
to saturation. The precipitate was collected by filtration on Ce ite as e e ore.
Both precipitates were extracted in 50 in I of 0.1 M phosphate bu ei, p an
the extracts were separated from the Gelite by filtration. The Cellte \\ as \\ as e
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Fig. 2. Relalionship between period of cultivation and Iytic activily of culture
filtrates ag dinsl C. diph, herioe cell walls

Ihi. ec times with buffer and the combined filtrates \\, ere dialyzed against a large
quantity of distilled water for 2 days at 4'C

Table I. Concentration of the Iyfic enzyme from culture filtrates by
(NHI)=So I fractionalion

Frociion

o
o 2 3 4 5

Original cullure filtrate

Frociion precipitated o1 0.6 saturation
wiih INH. 11,501

Fraction precipitated between 0.6 and 1.0
saturation with INHtl. .SOL

I+3

The yields and specific activities per ing protein N in one preparatioil of this
type are given in Table I. Most or the Iytic activity of the original culturc in-
ITate Cabout 75 per cent) was recovcred in the fraction precipitated at 0.6 satura-
tioil of (\HugsO{. About 2.5-fold purification of the Iytic factor Ilas I, een
effected by this process as indicated I)y thc increase in the Iytic activity lier ing
protein \.

Further IJurification of the Iytic enzyme ITas been attempted using var!ous
absorbants, but satisfactory results have not yet been obtained. Further studies
on this 1.01nt are in progress

3. Heat .,!dbilio, and owlmi!n! IiH

Heat stability of the Iytic factor \\, as tested by ITeating samples of a 25-fold
(by volume) concentrated culture filtrate, obtained as described above, at \, arious
temperatures for' 30 minutes. I\s shown un Fig. 3, the Iytic factor was almost coin-
PIetely Inactivated by exposure to temperatures of 60 C or more. The Iytic acti-
vity \\ as considerably \\, eakcned by healing the preparation at 50'C for 30 minutes.

10 11 12 13

Total uniis

500

375

14

Uniis/ing proiein N

64

15.8

30 2.9
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The Iytic enzyme is highly heat-labile in this \\, ay, but it is surprisingIy stable
in a leftigerator ancl can be thus preserved for at least one montli without an\,
apprcciahle decrease in activity.
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Fig. 3. Heat stability of the Iyfic enzyme of L:I bacterium

The concentrated Iyfic enzyme solution was heated of pH 7.0 for 30 minutes
at (1) 70'C, 121 60'C, and 131 50'C. Curve 141 i"dic. Ie Ih" "on-healed co"frol.

Fir. 4 presents the results of an experiment on the pH optimum for. Iysis or
C. diph!helide cell \\, alls by the Iytic enzyme. Tris- and phosphate-buffer <0.02 and
0.0+ xi final concentration, respectively) \\, ere used for the pH ranges 7.0-9.0 and
5.0-8.0. Although there is no sharp pH optimum, the Iytic enzyme is much more
activc at an alkaline than at an acid pH and its activity is greatest bet\\. cen pH
7.5 and 8.5.11 will also be seen nom this figure that there is no appreciable dif-
forence of the Iytic activity in different kind of buffer. it in^, be added in this
connection that pH 7.0 buffer was used in other experiments, not because this
pH is optimal for the Iytic activity, but because it is a physiological pH

4. T/!e (!,!trio jailge of Ihe btt, allowie

The Iytic activity or a 25-101d concentretc of the culture filtrate obtained as
described above Ilas been cxamined against isolated cell walls and intact cells
of C. diph/hei'i"e, BCG and SIn/!/!. dinti!J and intact cells of M. b^Jodeik/in!$, S. 1111ea,
S. in I^^binJ, SII'e/i. 10:0geiie. , and B. Inegulei'ill?11. I\s shown in Figs. 5 and 6, \\'hile a
marked Iysis of the cell \\, alls and intact cells of C. off/, h!heriae <70 and 90 per cent
reduction in optical density after 60 minutes incubation) was induced by the con-
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C
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Fig. 4. The effect of pH of reaclion mixtures on the activity of Iytic enzyme

The Iyfic activity of a concentrated Iylic enzyme solution was examined of various pH
against C. diphtheriae cell walls, in the presence of 101 0.04 M phosphate-buffer and
Ibj 0.02 M Trig-b, ffer.

ccntiatcd Ivtic filtrate used, none o1' thc suspcnsions or o1hci bactci. Ia exccpi B.
ille"illciiiiiii sho\\, ed any significant dccrcasc 11T optical dunsity under these c\perl-
mental conditions. 'The CUI'VCs givcn I)y control reaction mixiuics containing Intact
cells I)ut no Iytic filtrate \\'CTC ommittecl from I, \;:. 6 to avoid coinplcxit\, nut
Ihcsc controls did ITot sho\\' any appleciablc ICductioii in optical dcnsity.

1'1:4s. 7-10 illustrate the results or election microscopic obsci'vatioiT o11 the
in o1'phDlogical changes Induccd I)y Ihc Iytic cnzymc. It \\. t11 I, e sccn that inc re-
ductioiT in optical density or suspensions or C. din!!hell'", cell \\'alls or intact culls
is I'cally due 10 a clissolution or Ihcii' SITUctui'c.
5. T/!, rh, !illrnl IJ!'o1, life. , ,!11, / Inc rillilii'1411 10 4.10;}, 111, filld b, !,'If!',!/ I!101ett. re q/ C. '11/1h-

Ih, 11nc fell 1001/1

T'able 2 summarizcs the results o1 a chemical analysis made on ccll \\ all pre-
parations isolated from sonically disrupted C. din^/Aryi!re. 11 is show!l that the
chemical composition of C. diph!he!in, cell \\. alls Is very SImilai' to that of BCG cell
\\'alls noth qualitative Iy and quantitative Iy <1<. 0tani at n1. , 1959c).

h has heelT demonstrted that the isolated cell wall I, reparations of C. diph-
Iheii(re are completely resistant to a crystalline cgg white Iysozyme <10 to 1,000y, inI,
a final concentration) and a crystalline protease produced by Biffil/!IF ., lib/flit
(\, garse, T, Ikoku Chemical Indust"y C. ., 20 to 2,000 P. U. \./inI).

1.0
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Fig. 5. The Iysis of C. diph, hence cell walls and

intact cells by the Iyfic enzyme of L:I bacterium

MORI, KATO, MATSUBARA AND KOTANl

Curves (1) and (2) indicate the Iysis of C. di^h*herioe
cell wall and intact cell suspensions by original

culture filtrate of L:, bacterium and 131 and (4) by
the Iyfic factor concentrated by 0.6 solurafion
(NHIj=So I iconcenirated 25-fold "o1ume and 2.5-

f, Id by Ih. armily/ing p, @1th by N). C"rv. , (5)
and (6) indicale the controls containing cell walls

and intact cells, but no Iylic enzyme.
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Fig. 6. The action of the Iyfic enzyme on
intact cells and isolated cell walls of

various bccleria
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The concentrated Iytic enzyme solution wos
incubated with the suspensions of 111 Sirepfo-

coccus pyogenes, infoct cells, (2) Sorcino Iufea,

intact cells, (3) Slophylococcus aureus, inI act

cells, (4) Slophylococcus aureus, cell walls,

151 Micrococcus Iysodeikficus, intact cells, (6)
Soreino validbilis, intact cells, (7) BCG, cell

walls, 181 BCG, i"I. cf cell, a"d (9) 80,111us

mega*erium, intact cells
01
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Table 2

Preporolion

examined

C. diphiherioe
cell walls

BCG cell walls*t

Chemical composition of cell wall preparations of C. diphfherioe

TDI. I

N

96

Total

P

96

Preporolion

4.8

3.0

examin ed

C. diphihenoe
cell walls

BCG cell walls*l

Reducing
su bsio rices

019

0.36

Lipids 96

Ethanol- Chloro-
IGrinether

soluble soluble

35.1

21.2

*. l

Sugars 96 *2, *a

Hexose Perilose

"..

Dojo from Kotoni ei o1. 11959 d

Red ucing su bsionces, h e x OSe, pe niose, methylpenios e and h exosomine or e ex p res -
se d OS glucose. galaciose. crabin OSe. rho innos e and 91ucosomine- H Cl. res peclively
Reducing substances. hexose, perilose and me Ihylpeniose. were determined clie r 2 N
H, Sol hydrolysis for 2 hours o1 100'C. Hexosomine was determined clier 4N

HCl hydrolysis for 10 hours o1 100' C

11.0

*:I

9.8

10.2

DISCUSSION

Therc is Inuch liter atuie o11 cell \\'all lyric principles produced by a \, allct\'
of inIC"o0"gani, in, (sec the "orions of Salton, 1955b. 1960; \\'"Isch, 1958>. S. far
as the authors it now, I}0\*. evei', thc \\, ork reportcd heI'e is the first (with the POS-
siblc exception of a study, by \,\'elsch, 1947) specifically designed to stud^ the
effect or the Iyiic enzyme active o1T the cell \\, alls and intact cells or C. dini/helm,
\\'elsch I GPoi'ted in his short papa' that the culture filtrate or Slit/)!onu, r, .I nibi{.;.
strain G, was capable or Iysing intact cells of C. din!/hande, but it cannot lie
decided from his descriptions whether the Iysis obsei'ved \\, as really duc to I SIS
or the cell \\. alls or to the acceleration of an autolytic process.

The Iytic enzyme produced by L:3 bacterium studied in the present investIga-
tion is active against only C. cliph!heyirte and B. megatei'IIJin and does not exhibit
any Iytic activity against IW. b, odeik/ifwJ. S. filled, S. Iw/in binJ, -Wall^. nili'elfJ, Slidi
bugei!er and BCG. This specifidty of the Iytic activity indicates that the active
factoi' concerned differs from the SITeptolytic enzyme (MCCarty, 1952a, b). and
actinolysopeptidase (Ghuysen, 1957) produced by SIi'e/ito7n, ifeJ nlb!IJ and bacterial
Iysozymes produced by B. J!!b!inr and othei. bacteria (Richmond, 1959a, b, c).
Among the "autolytic" enzymes desci'Ibed in a variety of bactcria (Greenberg
and Halvorson. 1955; Strange and Dark, 1957a, by Nomura and Hosoda, 1956),
there is no, report on .\\'hether an}, of these enzymes exhibits a cell wall Iytic
activity against C. din!/firi'Iae

17.2

Bound

11.0

Methyl-
p enjose

23.8

11.7

Principal sugars and amino acids

delecled in hydrolysoies by

paper chromatography

21.4

To 101

8.5

147

H exo somin e

1.0

1.2

22.5

30.5

7.1

37

61.1

Arabinose. galaciose, o10 nin e.
glutamic acid, me so-, r, s-diomin o
pimelic acid

If If ,/



148

The study I'epoi'led in this paper ITas ITot yet completed and further Inves-
jigations are being carried out upon problems suclT as the purlficatioil of the Iytic
factor, analysis or the Iytic process, I>rotoplast formatioit by use or a purified Iytic
enzyme and so on. Furthcr results \\111 appear in this Journal.
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Fig. 7. I"fact cells iconlrolj

Figs. 710. Electron microscopic observations on the Iysis of intact cells und cell walls of C. diphtheriae

Samples were token from a 40-fold dilution of the reaction mixtures which were incubated o1 37'C
for 90 minutes. The samples were mounted on colicdion films and shadowed with chromium. The shadowed

preporofions were examined with the Japon Electron Optics Laborofory electron microscope, Model JEM-
5G. Scale, 14-

Intact cells 11ysed)

Fig. 9. Cell walls iconfrolj Fig. 10. Cell wolls 11ysed)




