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BIKE\ JouR\A1.
Prelimi, ian' Repori

Changes in Susceptibility of Staphylococcus aureus and Corynebocterium
diphtheriae Cell Walls to Egg White Lysozyme, the L3- and Ljj-Enzymes

Caused by Trichloroacetic Acid Treatment

In the course of studies of the cell walls of some Iysozyme-insensitive, Gram-
positive I)acteria, two cell wall Iytic errz\, mes have IJeen isolated in this ianoratory.
One of thenT, the Fin, o6ac/elm"! Ljj enzynte, excrts its Iytic activi^, to\\, ards the cell
walls of Slapb, 10(DCc"r nine!!r, strain Ne\\, man I, and Ihc other, the Slidi/o147c, J L3
enzyme, is active against the walls of Cou!I, bnc/, 11'11"! diph!figiiftc, straiil Park-Willlains
No. 8 (KOIani ,/ a1. , 1959a; Kotani at a!., 1959b; A{ori at a!., 1960; NIOri and
K, torii, 1962; K^I. at "/., 1962). It ha, I, ,, n ,I", wn "econtl), (Kat, at "I. , 1962;
unpul)lished o1)servations) that from thc susceptilile cell walls balli the L3- and
Ljj-enzymes liberate into solutioi\ compounds ITavin. ' free NH2-terminal orottps,
without any SIgi\incant release of reducing andlor Itexosamine-ICactive sunstances
TILere is, ILOwevci', a distinct difference in the I}, tic activit\, ranoes of tltesc two
enz}. mes against various I)acterial species, as shown in Tanlc I.

Recent studies, o1T the other hand, demonstrated that whereas the \-\, ITole

walls of S. dNi', IIJ were not attacked by, ego \\, hite Iysozyme, the residue,
exha11st Ivel\, extracted \-\, illL tricltloroacetic acid to remove ribitol leichoic acid,
was dissolved by, LITis eilzyme (\, landelstain and Siromin, er, 1961; Morse, 1962;
Kato at a!., 1962) and that removal of the rhamnose-. Iucosamine polymer from
the cell \\, alls of grouj, A $11'4110cocci rendered 11Lem sensitivc to Iysozyme (Krause
and NICCarty, 1961).

Table I. Lytic Activity Range of the L3- and Lii-Enzymes

Stophylococcus aureus
(Newman I)

Corynebocterium diphtheriae
(Pa"k-Will mm, No. 8)

BCG (Takeo)

Streptoccoccus pyogenes
G"oup A (089)

Micrococcus Iysodeikticus (2665)
Surcino lutea " * (3232)

80cillus megaterium ' * (KM)

Test organisms I L3 enzyme

Constructed from the data of Mori at o1. (1960) and Kato at o1. (1962)
*While intact cells are resistant. isolated cell walls are partially Iyzed

* *only intact cells are used as a substrate for the assay

Experiments reported here have been undertaken to see if the susceptibility
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of S. filli'et!J and C. diph!heI'me cell walls to egg \\, hite bysozyine, the L3- and Ljj-
enzymes is influenced by. removal of their 'special structures' (SILOminger, 1962) I)y
ITichloroacetic acid treatment

A specimen of the cell walls of C. diphthei. ing, Park-Williams No. 8, which ITad
heelt thoroughly, extracted witlt ethanol-ether (I :I, vjv) and chlorofornT, was
suspended in 5 per cent ITichloroacetic acid solution at a rate of 50 ingjml and ex-
tractcd in the cold for. 24 hours, \\, ith stiri. ing. The extractioil was repeated in all
eiuht times. B\. this trcatiTtent, cell \\, all components which. were Inainly composed
of galactose, mannose and aral, in OSe and amounted to about 16 net cent of the
original walls, were released into solution (unpulJlishccl observations). Reino\'al
of a telchoic acid fraction from a cell \\, all preparation of S. nthtt!J, Ne\-\-TrialT I, \\, as
effected by suspending the preparation in 10 per cent trichloroacetic acid at a rate
of 24 moriml and iteating this suspension at 60'C for 6 hours' About 80 per cent
of the phosphorus in the cell \\, alls liecame soluble during the extraction. . The
treated cell \\, alls of IJoth orga: isms \-\, ere thoroughly \vashed \-\, itIT distilled water
IJy centrifugation to remove trichloroacetic acid.

The treated and non-treated cell \\, alls wetc suspended in 001 M Na-phosphate
buffer containing none or one of the I\. tic enzymes and O. I per cent sodium azide as
preservative. Buffer of pH 6.8 \-vas used in the sasa\, with Iysozyme and the Ljj
enzyme, and the pH of the IJufTer \\, as adjusted to 8.0 in systems containing the L3

The final optical densities of the reaction mixtures were about 0.5.
The tul, es (18+0.5 min external diameter) containing tl. e reactioit nTixtures \\, ere
incubated at 37'C for 24- hours and chan, es in the optical densit}, were followed at
intervals witlT a Hitachi photoelectric colorimeter, T\, pe EPO-B, using a No. 55
filter

errzvme.

The following points will I)e apparent from the results summarized in Fig.
I : (I ) Whereas the whole \\'alls of S. dtii'elfr are not attacked I, y either by, sozyme or
the L3 enzyme, the cell \\, alls treated \\. ith hot trichloroacetic acid are dissolved IJy
I)oth enzymes. The rate of optical density reductioiT tinder the action of the L3
enzyme is definitely slower than that with the same eiTz\. me units of Ljj enzyme,
but there is no difference I)etweeiT the final optical density reductions \vith the Ljj-
and L3-enzymes. The per cent optical density reduction Iiy Iysozyme treatment,
o11 the other I\and, is nearly 20 per cent less than I>^ the Ljj- and L3-enzymes. (2)
After^. emoval of the cell wall components, consistin. ' mainly of hexoses and pentose,
the walls of C. diphth, line exhibit a definite increase in susceptibility to egg \\, bite
Iysoz\. me, but not to the Ljj enz\. me. The it. axiniuin per cent optical density
reduction by Iysozyme treatment, I}owever, is only 50 per CGn. t as compared with 70
per cent in the reaction mixture containing L3 enzyme. In this connection, it is
\\, orth mentioning that treatment of C. diphthei'me cell \\, alls \\, itIT 10 per. cent tri-
chloroacetic acid at 60'C for 18 hours rather decreased the susceptibility to the L3
enzyme and that the treated cell \\, alls \\, ere not attacked IJy either I}, sozyme or
the L, , enzyme.
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Fig. I. Changes in Susceptibility of S, aureus and C. diphterioe CellWalls to E White
Lysozyme, the L3- and Lii-Enzymes Caused by Trichloroacetic Acid Treatment

*C: no enzyme, Ly: egg white Iysozyme, L3: L3 enzyme, and Lii: Lii enz me Final
concentrations of the Iytic enzymes

(A) and (B)^ Iy, ."yin. 0.05 ingjml, L3 an^yin^ 1.25 ."itjinl, and Lii enzyme
2.5 unitjml

(C) and (D): Iysozyme 005 inglml. L3 enzyme 125 unitlml, and Lii enzyme
1.25 unitjml
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The reason why C. diphtheriae cell \\, alls, which became sensitive to Iysozyme
IJy removal of the 'special structure', do not exhibit any sensitivity to the Ljj
enzyme seems to deserve further Investigation, in view of the facts that there is a
close similarity between the attack points towards the susceptible cell \\, alls of the
Ljj- and L-3enzyines and that S. onionJ cell walls, originally resistant to the L3
enzyme, become sensitive to this enzyme I)y removal of the teichoic acid.
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