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BIKEN JOURNAL
Preliminary Report

Soluble Lysozyme-Substrate Isolated from Micrococcus Iysodeikticus
Cell Walls by Fluvobocterium Lii Enzyme Digestion

Tmmunochemical studies on Iysozyme have been performed in one of the
authors' laboratories for. several years (Fujio at a!., 1959; Shinka at a!., 1962; Fujio
at a!., 1962). In these studies, to elucidate the relatioiT I)et\\, Gen the neutralizinu
and non-neutralizing antibodies in anti-Iysozyme rabbit sera, a soluble Iysozyme-
substrate of small molecular size was required. It has recently I, eelT reported
tlTat an enzyme produced by a F1auobac!87n, in species (tentatively named the Ljj
enzyme) exhibits a marked cell wall Iytic activity towards AJItti'o606cwJ !yJodeiklict{$
as well as Stop4y!o, 066i!r ninet{r (1<. 0tani at di, 1959b; Kato at a!., 1962). The L, I
enzyme differs from egg white Iysozyme and Iysozyine-like enzymes in the way
in which induces cell wall Iysis, as illustrated by the fact that the Iysis of Slantylo-
6066"$ awlt"r cell \\, alls by this enzyme is almost exclusively accompanied by an
Increase in free amino groups, I, ut not I)y uncovering of reducing and ILexosamine-
reactive groups (1<ato at a!., 1962). TITe cxperiments reported ITcre were made to
see if Ljj enzyme digests of I\tic?ococctt$ 1730deik!ICt!J cell walls could lie used as
SUIJstrate in tlTe assay of Iysozymc activity.

The cell wall preparations were isolated from cultures of I\I^^rococci!$ b, $0deik!1,113
grown on nutrient agar supplemented \\, ith 0.5 per cent glucose and 0.1 per cent
Bacto-yeast extract (Mayer and Hahne1,194-6) for 24 hours at 37'0, I)y the method
previously described (KOIani at a/., 1959a; Kato at a/., 1962). The Ljj enzyme
was prepared as described by Kato at a/. (1962). The method of preparation
of the purified heit egg \\, hite Iysozyme was reported by Fujio at at. (1959).

A specimen ( 1000 ing) of the cell wall preparations was suspended in 80 inI
of 0.01 M phosphate buffer, pH 6.8, containing 200 units of the Ljj enzyine (0.2
units enzymejmg cell walls) . Th e suspension was mixed witlT a few drops of chloro-
foim as preservative and then incubated at 37'0 for 481tours. At the end of the
incubation, the suspension, which was almost completely clear, was dialyzed three
times in seamless cellulose tubing (Visking Co. , USA. ) against 500 inI volumes
of distilled water for 24 hours each. The non-dialyzable part of the digest, inside
the tubing, \\, as filtered through a sintered glass filter (3G4, Twata Co. , Osaka)
and the filtrate (Ljj-ND fraction, 120 inI containing 6.6 ing solids per inI) \\, as used
as the substrate for Iysozyme assay. Recovery was found to I, e 6.6 ing x 12011000
rug-79.2 per cent.

The action of hell egg white Iysozyme on tlTe Ljj-ND fraction was investigated
as follows : Allquots of 2 inI of the Ljj-ND fraction were mixed witlt I inI allquots
of various concentrations of the Iysozyme solution in test tubes which were then
incubated in a \\, ater bath at 37'C for. 60 minutes. Lysozyme was dissolved in
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0.02 M phosphate buffer, pH 68, containing 0.01 per, cent Merzonin (sodium
ethylmerctirithiosalicylate, Wako Pure Chemicals, Osaka) . At the end of the
reaction, 0.5 inI samples of the reaction mixtures were withdrawn from each of the
tubes, and were assayed for their contents of N-acetylhexosamine by the method
of R, itsig, Strominger and L. Ich (1955), whi. h w^^ madifi. d by us, of 0.1 M p. tan
sium tetraborate in place of 0.8 M sodium tetraborate. The determination of the
N-acetylhexosamine content was also carried out on 0.2 inI aliquots of the reaction
mixtures hydrolyzed in 0,125 N HCl, according to the description of Strominger
(1957). In both determinations, the heating time in potassium tetraborate was
prolonged from the 3 minute period given in the original papers to 50 minutes,
since the extent of colour developed by test specimens was markedIy increased by
prolong heating without any appreciable increase in the colour exhibited by zero
time controls. This fact suggests that not all of the split products released from
the Ljj-ND fraction under the actioit of Iysozyme are free N-acetylhexosamines
(of. Ghuy^, n and Salt. n, 1960).
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Fig. I. Action of Hen Egg White Lysozyme on the Soluble Lysozyme-Substrate
Isolated from Micrococcus Iysodeikticus Cell Walls by Treatment with
F1@vob@cterium LlL Enzyme

A: Determined on the specimen hydrolyzed in 0125 N HC! according to the description of
Strominger (1957).

a Determined by the method of Reissig, Strominger and Leloir (1955) without the hydrolysis
of specimens.
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Fig. 2. Sedimentation Pattern of the Soluble Lysozyme-Substrate Isolated from
Micrococcus Iysodeikticus Cell Walls by F1@vobocterium Lii Enzyme
Treatment

Ultracentrifugation was performed in a Hitachi Ultracentrifuge (Model, UCA-I) at 17'C,
on a specimen dissolved in 0.02 M phosphate buffer, 7.2, at a concentration of 1.2 per cent. The
photogram was taken after centrifugation at 60,300 rpm for I I I minutes.

The results of the dcterminations arc presentecl in Fig. I. It can be seen
that there is a linear relation IJetween the amount (N-acetylhexosaminc equivalents)
of N-acetylhexosamine-reacting compounds Tclcascd from the Ljj-ND fraction by
Iysozyme and the amount of Iysozyme added to the reaction mixtures when this is
less than 711g N of Iysozyme per inI. It is possible, therefore, to assay the Iysoyme
activity of test specimens using a standard curve.

The contents of ninhydrin-positive substances, hexosamines and hexoses in
the Ljj-ND fraction were estimated by the methods of Moore and Stein (1948),
of Neuhaus and I, etzring (1957) and by a modification of Scott and MeIvin of the
arithrone reaction (0010wick and Kaplan, 1957), respectively. The values of 63
per cent (as Ieucine), 24 per cent (as glucos;, mine-HCl) and 10 per cent (as glucose)
were obtained. Fig. 2 illustrates the sedimentation pattern of the Ljj-ND fraction,
showing it 21s a single homogeneous coniponent of SI7-1.17.

There have beeri several reports o11 soluble substrates for egg white Iysozyme.
Schiitte and Krisch ( 1958) and Krisch (1958) reported the isolation of soluble
Iysozyme-substrate after treatment of Micrococcz, s !y$0deiktic". s cells with 0.5 N NaOH
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In aiL N2-atmosphere, in expcriments based o11 the \\, orl< of Mayer and his colleao'ues
(May. " at at. , 1936; Maya. and Hann. I, 1946) and of Epst. in and Chain (1940).
Golobert and Dirheimer (1961) further purified the sunstrate isolated I)y the method
of Schiitte and Krisch by chromatography on a DEAE cellulose colunTn. The
simplest substrate ITitherto reported is telrasaccharidc (AG-AMA-AC-AMA, AG :
N-acetylglucosamine and AMA : N-acetylmuramic acid) isolated Iiy Salton and
Gl\uysen from Iysozyme-and 8/14/1101i!yceJ F1 enzymc-digests of IVtt?o60cct!r 17Jodei/,/ic"r
cell walls (Ghuysen, 1960; Saltoit and Ghuysen, 1959,1960; Ghuyscn and Salton,
1960). The soluble IysozynTe-substratc reported ITere, ITowcver, ITas the distinct
feature that it was isolated from A, tic? o, 066"r tyrodeik/ici!J cell \\, alls us in or Findobnc/81'it!in
Ljj enzyme and the Iytic mechanism of this cnzyitTe is basically differcnt from Ihosc
of egg witite Iysozyme and of F1 enzyme. The further purification of the Ljj-ND
fraction and its chcinical and physical properties arc now being studicd.

Golobcrt, I, . aiTcl Diniciitici, G. (1961). I\ciioit chi Iysozymc SUI tilt subsirat glycopcpiiclicjuc 15,116
tlc A1^^rotorc!!, bunofeJk!!'c!I, . Bloc/!1111. filly, /p, J. rlc!a 54,455-468

Golowick, S. P. ancl Kaplan, N. 0. (1957). 111,111"ofJ ^, I fin, MD!ogJ. Vu1.111, pp. 84-85, ACaclcmic
Press, New \'ork

Ej, stein, J. M. and GIIaiiT, E. (1940). Sumc obscrvatioiis o11 Ihc litcj, aiatiuil anti I, rupcriics o1111c
what"ai" of Iyso"yinc. B, ,'!. I. Evil. I'"!fro!. 21,339-355

FtIjio, H. , 1<ishiguchi, S. , Shinl<a, S. , Saiki, Y. and Amai, 0, T. (1959). Iruinunochcinical studics
o1t Iysozyinc. I. Cumparalivc sitidics o1' Iysozymc ail<1 Iysuzymc 111.1hyl CStcr. BikerI'JI. 29
56-76

Fttiio, }I. , Saiki, \'., Iruaiiishi, A, I. , Sitinka, S. anti Amai, 0, 'L. (1962). 111, runiiucliciiiical studics
o11 Iysozymc. 111. Cross ICaciioiTs o111cii antt <1ucl{ Iysuzymcs alitt 111. ir ITtcihyl CSicts. B, 'ken
I5,201-226

Ghuyscn, .I. A{. ( 1960) . ACctylhcxosaiiiinc coinpotiiitls unzyii, ically jujuasct1 11 1,111 AJIc, "c"t, "$
b'Jodeik!!r", ccll walls. 11. Eiizymic sensitivity 111' 1,111'incd acctylhcxusamiiic alitl accLylllcxu-
salninc-peptide con, piexcs. Bloc/1,111. BiolJ/u, J. fit!, 40, 473-+80

Ghuyscii, J. A, I. and Sailon, A, I. 1<. I. (1960). I\cutylhcxu*all, inc cumputintls unzymically r. ICa>cd
from Afro'of o, 611J 4001eik!ic"$ cull walls. I. ISOlatioit and coinpositiui, or acciylhcxosamiiic aiTtl
acetylhcxosaii, inc-pepiidc coinplcxcs. Blot/!jin. Biol/,, J. AC!a 40, 462-472

Katn, K. , Koiaiii, S. , A, iaisubara, 'T. , 1<0gait. i, .I. , Hasliimoio, S. , Cltimori. AJ. aiTc1 1< azckawa, I
(1962). I. ysis or Slangy!urucc, ,J Rillt!IJ ccllwalls by alytic cnzyinc PIirilic"In o11T culture supcriia-
tanis or F1a"rib"c/elmm SPCcics. Bike" I. 5, 155-179

Koiani, S. , HITano, T. , Kiiaura, T. , Kaio, K. anti A, iaisubara, 'T. (1959a). SILidics o1t Ihc iso1aiion
of bacteria capable of Iysing Iysuzymc-ICsistant, I, all, ogatic bacicria. Bike"'., I. 2, 143-150.

Koiai, i, S. , Kat0,1<., Matsubaia, 'T. , Hirano, T. anti }Iigasliigawa, A1. (1959b). Skill, ,/o4.11'c
aciivity or a culture filtrate or a F1""0bacieri!,"I SPCcics, is Dialcd froin soil. Bi'Aru'J I. 2,21 I-213

Kriseil, K. (1958). Zur papier chromaiographiscl, cii BaustcinaiTalysc dcs Lysozym-SLibstratcs
Hone Say!,,'$ Z. Flu5i, !. Own. 311,131-135

Mayer, K. , Palmer, J. \\!., Tliompson, R. andl<horazo, D. (1936). 01, themcchaiiisn, of Iysozymc
I. Biol. Chem. 113,479-486action

Mayer, K. and Hahnel, E. (1946). EstimaiioiT or Iysozymc by a viscosimciric method. I. Biol
Chem. 163,723-732

Moore, S. and Stein, \\'. H. (1948). Photoelectric ninhydrin method for use in Ihc chromatograpliy

REFERENCES



or amino acids. I. Biol. Chem. 176,367-388
Neuhaus, 0. \\'. and Letzring, ;\I. (1957). Determinatioit or hexosamines in conjunction \\, ith

electrophoresis on starcli. And!,!. GIIe, ,I. 29, 1230-1233
Reissig, .I. L. , Sirominger, J. L. and Leroir, L. F. (1955). A nTodined colonmeiric method for the

estimation or N-acetylamino sugars. I. Biol. Chem. 217,959-966.
Salton, A, I. R. I. and Ghuysen, J. A, I. (1959). The structure of di- and telrasaccharides released

from cell walls by Iysozyme anti Sirgp!DrayceJ F1 enzyme and the fi(I->4) N-acetylhexosaminidase
activity of these enzymes. B!'DChim. Biolb, J. Acta 36,552-554

Salton, Xi. R. I. and Ghuysen, J. A, I. (1960). Acetylhexosamine compounds enzymically released
from Antiococcit$ !130deik!ICU3 cell \\alls. 111. The structure of di- and telra-saccharides released
from cell walls by Iysozyme and Sire, !oilyces F1 enzyme. Bloc/Ii, ". Bib/,/!15. Acid 45,355-363.

Schtittc, E. and 1<nscli, K. (1958). Uber die Darstellung und Eigenschaften des sogenannten
Lyso"yin-Subst"ales. H, Me Solar'$ Z. FAy5i"!. Chem. 311, 121-130

Shinka, S. , Tmanishi, it, I. , Kti\vahara, 0. , Fttiio, H. and Amano, T. (1962). Irumunochemical
studies on Iysozyme. 11. On tlle non-neutralizing antibodies. Biker!I. 5,181-200

Struminger, J. L. (1957). Microbial undine-5'-pyroplTosphate N-acetylamino sugar compounds.
I. Biol. CheJ". 224,509-523

Delft, '1111e"I 41 Bat!erio!ogy
AQI, " Aledrca! College
Kinki, ""ra, J\'"rn (K. K and S. K. )

Delayl"lent of fin"inno!rig}
Re, earc/I 111J!it"!e Joy A1^^rob^^! DiseaseJ
05akn Uni'"erri'ty (All. and T. A. )

Recet'"ed on Or!obei 4, 1963

227

KEIJIRO KATO
SHOZO KOTANi

MIGHTKO TMANisHi

TsuNEHisA AMANo




