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SHORT CONIAILiNICATION

STUDY OF THE STRUCTURE OF 11/11CROCOCCUS LYSODE/KTlCCS CELL
\VALLS \\71TH FL, 11, '0BHCTERtUn// L-11 ENZYME}

KEijiRO KATO, HIDEKAZL SUGiNAKA, HIDEO i'sHiDA2, TAKA-
\IASA. 1< ATO, ISAO YA\ACIDA, TETSLO \IATSLDA, TAKA:<~ORl
HIRATA, YOJI XIURAYA\I, \ and SHOZ0 1<0TA\I
DCDnrtment of \Iicrohiology, Osaka Uni\. CTSit\, Dental School, 0<"kit
(Recci\. ed Deccntbci 27,1067)

11\ spite of extensive investigations on the cell
walls of 11/11ti ococcus 61sodei'Allci{s, the structure
of their peptidoglycai\ Is still tincertain. AC-
cordingIy, the structure of the cell \\, alls of

the L-I Istudiedthis usingorganisn\ \\, as

enzyme from F1ntob(ICJei, will sp.
Cclls of 11/1. Ivsodei'All'c!13 strain \CTC 2665

were grown on nutrient agar media, pH 7.2,
supplemented \\, ith glucose (0.5%) and yeast
extract (0.1%) and harvested after 481, ours
cultivation at 37'C. The washed cells \\, ere

disrupted b\, sonic oscillation \\, itIT glass beads
(100-150 mesh) in the cold and a cell \\, all
fractioiT \\, as separated b\, ^GPeated differential
centrifugation. Further purification \\, as

achieved b\, incubation of the fraction with

trvpsin. This cell \\, all preparatioit contained
as major components inuramic acid, glucosa-
mine, alanine, glutamic acid, lysine, glycine
and glucose in the molar ratio of 1.1: 1.1:
2.5:1.0: 1.3: 1.5: 0.25. These major
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ponents constituted 79% of the total cell\\. alls.
Aleastirement of NH, -terminal, and CooH-
tcrminal groups revealed that 60% of the
Ivsine residues had a free s-amino group, 60%
of the glycine and 3% of the alanine were at
I. :H, -terminals, and 4% of the alanine 11ad a
CooH-teriTTinal (Table I). Determinations
of total, \H, -terminal and CooH-terminal
amino acids \\, ere carried out by the methods
of GnuYSEN, TipPER and STROMixGER (1966).
The contents of nluramic acid and glucosaminc
were estimated by quantitative paper chroma-
lography by the method of PRIMosiGi{ at at

determined witl\ a(1961). Glucos. \\, as

glucostat00 (\\'0rthington Blochenlical Corp. ,
New Jersey, USA. ).

suspended inC, 11 wall^ (2,200 ,rig)
220 inI of 00125 M phosphate buffer, pH 6.8,
containing 1,375 units of the Flat:o6dcteii'1,111
L-11 enzyme \\. hich had been partially, purified
by 111, droxvlapatite column chromatography
(K^To at "I. , 1962). A *mall "in. unt of
chloroform \\, as added as a preservative. The
reaction mixture \\, as incubated witlT constant

stirring for 72 hours at 37'C.
During Iysis of the cell \\, alls, free amino

groups \\, ere released and reached a maximum
level equivalent to only 0.15 mole!mole of the
glutamic acid in the \\, alls. There was no

,

T A part of this work \\, as rend at the 141st Monthl}
I\leetin, , of Members of the Research Institute for

\{ICrobial Diseases, Osaka Unit. ersi^. (June 27,
1967)

Department of Gynecolog\' and2 present addrcss

To CUIog\, \am \ledical Lni\ersit\, 1<nshi\\'am-
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TABLE I

Total

my molesling cell walls
Molar ratio

NH, -terminal amino acids
initmolesjmg cell \\, alls

CooH-terminal amino acids

in"moles ling cell \\. alls

C/?,",,'cal Coint, full'," of Ih, C, // Walls of M. Iys, dafu', us via tit NCTC 2665
Analvses

* Per cent of respective amino acids. A{ur : n, uramic acid, GlcN : glucosamine, Glc : Iucose

significant liberation of reducing groups (deter-
mined by the method of NEi, SON, 1944).
Analyses b\, dinitrophenylation and hydrazino-
Iysis demonstrated that 0.1 molejmo!e of total
glutamic acid of NH, -terminal alanine, equi-
valent to two thirds of the free amino groups
released, liberated \\, ith concomitant\\, as

liberation of 0.05 mole of CooH-terminal
alanine. The 10\\, liberation of end groups

during digestion, despite Ilearly 9096 reduc-
tion in optical density, suggests that in the
cell \\, all peptidoglycan of AJI. t'sodei'kit'CMs,
there are fe\\. linkages which are susceptible
to the actioiT of L-11 enzyme, but that these
susceptible linkages are essential in maintenance
of the structures of the cell wall. It should

be added ill this connection that in a separate
experiment, a similar preparation of L-11
enzyme was shown to liberate about 1.1 mole
of free amino groupsjmole of glutamic acid
from the cell walls of Staphylococcus a"yells
strain Copenhagen

The cell \\, all Ivsate obtained after 72/10urs

incubation \\, as centrifuged at 10,000 xg for
40 minutes to separate a small amount of in-
soluble residue. The supernatant and wash-
ings of the residue were combined and con-
centrated to about 40 in I. The concentrate

was dialyzed througli Visking tubing against
three changes of a total of 550 inI of water for
2.2 and 12 hours, respectively. The diffusible
dialyzates were combined and iyophilized.
The Iysate in the tubing was further dialyzed
against repeated changes of \\, ater, and the

A1a

1640

2.5

Glu

53 (3) *

665

1.0

Lvs

66 (4) *

855

1.3

Gly

502 (59) *

1008

1.5

A1ur

732

1.1

thoi. oughly dial}, zed material was then Iyo-
philized. Its dry weight \\, as 1950 ing repre-
senting 88,570 of the starting material. The
amount of dialyzable substances recovered
from the Iysate, therefore, would be less than
11.5% of the original cell walls. This finding
seems consistent with the low liberation of end

groups by L-11 enzyme, indicating that the
cleavages of the peptidoglycan structure by
L-11 enzvme were critical for solubilization of
the cell walls, but \\, ere not extensive.

11T an attempt to isolate possible repeating
units from the basal structure of the walls,
the Iyophilized dialyzable materials were frac-
tionated in the following manner. A specimen
of 215 ing of material from 985 ing of cell walls,
containing a large amount of phosphates
originating from the phosphate buffer in the
reaction mixture, was dissolved in about 2 in I

of water and applied to a column (2x96 cm)
of Sephadex G-10 (40-120 A in size). Frac-
tions (5 in I) Gluted with water were ailalyzed
for free amino groups, total hexosamines and
Inorganic phosphates. Hexosamines and
inorganic phosphates were determined by the
methods of GHjjYSEN, TippER and STROMiNGER

(1966) and of LowRY at at. (1954), usperm. Iy.
Although separation of materials with free
amino groups and hexosamines from inorganic
phosphates was not complete, the fractions
(emuent volume, 55-75 inI) which contained
least contamination with inorganic phosphates
were pooled, concentrated, and submitted to
ion-eXchange chromatography on an Amber lite

602 (60) *

GlcN

725

1.1

Glc

169

0.25
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FIGURE I Fractionaltion of a dialyzable fraction of M. Iysod, ,'At, 'cirs cell \\ alls o1T an Amber lite column CG-120
after digestion bv F1ntobtictei'11,111 L-11 enzvme
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Techromatographi, on an Amber lite CG-120CG-120 c, Iumn (0.9 x 35 .in). Th, math. d
column.of column chromatography was as described in

Determinations for total, \H, -terminal anda separate paper (KATo at a1. , 1968).
CooH-terminal amino acids of the materialsThe Glution pattern of free amino groups

(DNP-reactive materials) is illustrated in Fig. in these three peaks (peptides I, 2 and 3, re-
I. The first peak, which came straight through spectively) revealed that each contained alanine,

glutamic acid, lysine and glycine, but in dif-the column, contained hexosamines in addition
ferent molar ratios, as summarized lit Table 2.to amino acids. This fraction was not horno-
in each of the peptides, about one mole ofand was not studied further. Thegenous,

NH*-alaninelmole of glutamic acidremainder of the DNP-reactive materials were \\, as

slowly Gluted with a linear gradient of increas- terminal, practically all the glycine \\, as CooH-
terminal, and almost all the s-amino groupsing pH and concentratioiT of pyridine-acetic
of the lysine were free. About one third ofacid buffer. The materials in tubes 51-61,62-

76 and 77-85 were pooled in separate tubes. the three alanine residues in peptide I and
Each fractioi\ was concentrated and purified by one-half of the two alanine residues in peptide

TABLE 2 Total, NH2-tel'"12nd/ and CooH-tel'"!,'"o1 runa'ito ac, ds of peptides aso!ated 11'0"I the
L- 11 errsj, "re Iysote of M. 11.30detk!ICUs cell icons

Peptide

2

3

The data are expressed as molejmole of total glutamic acid

Glu

I. 00

1.00

1.00

Amino acid composition

A1aGly

2.700.99

1.97I. 09

1.15I. 04

TABLE 3 Ed??inn degi'adotz'o71 of pepti'des 2'301nled 11'0"I Ihe L-I I e"21. n!e 11, sale of An. lisodeikti'cits
cell tenth

Peptide

Lvs

1.05

I. 25

1.06

NH2-terminal amino
acids

s-NH2-Lys

0.96

0.93

097

I

Step of
degradation

A1a

0.98

0.87

0.89

2

o

2

o

2

o

I

2

o

2

Amino acid composition
in 11ntoleS

LysA1aGlv

24.3 660 25.8
12.318.9 37.5

19.2

87.0 1680

73.5 102.0

48.0

31.8

26.7

22.5

132. O

132.0

53.4

3

Glu

22.8

22.1

L-A1a-Gly-Gly

CooH-terminal amino
acids

A1a

O. 88

076

Glv

1.06

1.00

1.18

The data were not corrected for recovery

77.4

83.1
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30.9

27.6

Lvs

I\:H"-terminal amino acids
in !!moles

A1a s-\H, -L}, s

21 . O25.2

10.5

1.5

91.5

81

1.9

26.9 45.7

6.5

1.9

Glu

I. 06

990

57.0

37.2

15.3

16.2

Gl\.

39.3

18.9

49.6

52.8

13.2

15.9

54.0

58.5

19.8

54.7

60.2

54.0



2 \\, ere CooH-terminal. Peptide 3, \\, hich
consisted of alanine, glutamic acid, Ivsine and
glycine in the approximate ratio of I : I : I : I,
differed from the other t\^o peptides in that
lysine, but not alanine, \\, as the CooH-terminal
residue.

Edman degradation of these peptides \\, as
carried out to determine their amino acid

sequence, using an authentic specimen of L-
alanyl-glycyl-glycine as a reference. The
method described in a separate paper (KATo
at a/., 1968) \\, as followed. The accuracy of
determinations \\, as ITot ver\' great, especiall\'
\\'ith regard to e-1*;H, -lysine, because of the
small amounts of materials available, but the
following points \\, 111 be apparent from the
data presented in Table 3. After the first
cycle of reaction with the Edman reagent, in
each of the three peptides, all the I*;H, -terminal
alanine disappeared, the free s-amino groups
of the Ivsine decreased marked 11, , and the ne\\
i. ;H, -terminal group \\ hich appeared
glutamic acid. After the second cyde of deg-
radation, this i*;H"-terminal glutamic acid
disappeared and i*!H, -terminal glycine rip-
peared, indicating that glutamic acid is linked
through its or-carboxyl group to glycine. The
probable structures of peptides I, 2 and 3 \\, hiclt
are compatible \\, ItIT the data presented in the
foregoiilg paragraphs are presented in Fig. 2

The non-dial\. zable fraction from the cell

\^all Iysate was further fraction ated by column
chromatography, on ECTEOLA-cellulose and
DEAE-cellulose (borate-form). In this w^, 8
fractions, differing in chemical composition,
terminal groups and susceptibility to hydrolvsis
\^ItlT egg \\, hite Iysozyme, obtained.\\, ere

Detailed examination on these fractions ITas not

yet been performed, but a compound contain-
ing inuramic acid, glucosamine, alanine, glu-
tamic acid, lysine, glycine and glucose in
the molar ratio of 0.1 : 0.1 : 2.1 : 1.0 : 1.1 : 1.0 :
0.03 was isolated b\, elution \\, ith 0.01 xi
Na, B, 0, from a DEAE-cellulose columiT to
\\'hich had heelT applied the fraction of the
non-dialyzable fractioiT Gluted \\, itIl water from
tl\e ECTEOLA-cellulose column. Analvses
of terminal groups showed that about 169' of
the alaninc residues \\, erc NH, -terminal, one-
half of the Ivsine residues has free s-amino

groups and 8y, of the alanine and all the glycine
were CooH-terminal. These analytical data
suggest that this compound in a}, be a polyitTer
of pentapeptide subunits, sucll as peptide 2
in Fig. 2, attached to a fe\\, disaccharide units
of inuramic acid and glucosamine per mole of
glutamic acid. This polymer constituted only
5.591 of the ITon-dialyzable fractioi\ and its
structure has itot yet heelT fully elucidated.
Ho\\, ever, tlic fact that a compound such as
this could be isolated from cell \\, alls after

hvdrolysis of only relatively restricted linkages
by L-11 enzvme lends support to the idea that
there Is extensive cross linking between the
basal peptide subunits in the cell walls of A1.
b'$0deikticwS.

it it as beeit demonstrated by NIIRELMA>; and
SHARON (1966, 1967) that the repeating unit
in the cell \\, all peptidoglycan of 111. 6.50deik-
ticws Is a disaccharide-pentapeptide \\, ith the
stru. tar, Gl. \A. ,(I-, 4) A, I. ,NA. -L-Aha-
D-;.-Glu("-Glv)-L-Ly*D-Al". P. ptid, 2
isolated in the present study, as the major
peptide seems to correspond to the peptide
molety of the basal disaccharide-pentapeptide
unit.

There ITave been several investigations in-

Peptide

\\. as

Peptide 2

A1a-Glu-Lys-A1a-A1a

A1a-Glu-Lys

"L I,
Figure 2 Proposed structures of peptides isolated
froitt the L-11 enz} me 11 sate of ill. Iysodei'At ICJ!s cell
\\'alls

Peptide 3

' 'Gly

A1a-Glu-Lys-A1a

"IGly
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dicating the existence of cross linkages be-
repeating subunits. D-alanyl-N'-t\\, een the

lysine linkages connecting the basal peptides
were claimed by GHUYSEN (1961), SALTON
(1961), TSAi, \\IHiTAKER and IURASEK (1965)
and others. A dimer and oligomers of penta-
peptides were isolated by KATz and STROMIN-
GER (1967). Using a different method of
approach, PERKiNs and others (PERKiNs and
ROGERs, 1959 ; CZERKAwsKi, PERKi\s and
ROGERs, 1963) concluded that there was prob-
ably extensive cross linking in the cell walls
of M t'sode!'kit'cars. In a recent study, SCLEi-
FFR and KANDLER (1967) nave proposed a

REFERENCES

CZERKA\\, SKI, I. \\:., PERKi\s, H. R. and ROGERs, H.
I. (1963). A study of the composition and
strLicture of the cell-\^all inucopeptide of I'llci. 0-
CDCc!, s IysodeiAt, 'c!, s. B, 'DChe, ,I. I. 86,468-+74

GHuvsEN, I. -M. (1961). Precision sur in structure
des complexes disaccharide-peptide libEr<s des
parois de A1^^rococct, s Iysode, 'At, 'c, ,s. Sous I' action
des ,3 (I- 4) N-acetylhexosaminidases. B, 'o, 111hi
B, 'Dpiiys. Actn 47,561-568

GHuvsEN, I. -M. , TIFFER, D. I. and STROMiNCER, I
L. (1966). Enzymes that degrade bacterial cell
walls. In AJIethods I'll E, 13yi, !Dingj, (edited bv
\FurELD, E. F. and GINSBCRc, V. ), Vol. Vlll
Complex Carbohydrates, pp. 685-699. Academic
Press, Ne\\, York

KATO, K. , KOTANl, S. , itTATsuBARA, T. , KOGA:\11, I. ,
HASHIMOTo, S. , CHIvoRi, M. and KAZEKA\\'A, I
(1962). Lysis of Strip/, y/DCDcc!Is rin, errs cell walls
bv a Iytic enzyme purified from culture super nat-
tants of F1n"obncter!'Mill spec, 'es. Bi'he" I. 5,155-
179

KATo, K. , HiRATA, T. , A1uRAv. \\IA, Y. , SUGiNAKA,
H. and KOTANi, S. (1968). Studies on the mode
of action of Flatobnctei. ii, ,, I L-11 enz\, me on the

cell \\. alls of Strip/, y/o00cci, s till leiis strain Copenha-
Identification of isolated cell \\, all peptidesgen

Bike, , I. 11, I-13
KATz, \\'. and STROMiNCER, I. I, . (1967). Structure

of the cell \\, all of MICiococc!!s I'Sodeikti'elfs. 11.
Study of the structure of the peptides prodticed
after Ivsis \\, ith the Myxobt, cieiii, ,, I enz\, in e

Bloche, ,11st, y 6,930-937

ITew type of cross linkage, o1, the basis of
analyses of partial acid hydrolyzates of the
" inurein " of M. 61sodei'Air'c"s and of tile
finding (LEYH-BouiLLE at a/., 1966) that almost
half the inuramic acid is not substituted bv

peptides. Isolation of a polymer of penta-
peptide subunits witlT a small amount cf
disaccharide units from the cell wall digest
seems consistent with the conclusion of SCHi. Ei-

FFR and KANDLER that the neighbouring basal
peptides are inter connected by, identical penta-
peptide subunits through the =-amino group of
lysine on the one peptide and the carboxyl
group of D-alanine on the other peptide.

LEYH-BouiLLE, M. , GHUYsrN, I. -A{., TipPER, D. I
and STRoviNCER, I. I, . (1966). Structure of the
cell \\, all of MICi'DCDcc, ,s Ivsodei'All'c!13. I. Studv of

the structure of the glvcan. Bloche, rustiJ, 5,3079-
3090

MIRELVAN, D. and SHARON, N. (1966). Isolation and
characterization of tv. o disaccharid e-peptides fronl
I\, sozyme digests of MICi o00cc!, s Iysodeikti'ciis cell

walls. Blochei". BIOphJ, s. Res. Con, ,, 1,111.24,237-
243

MIRELMAN, D. and SHARON, i\;. (1967). ISOlaticn
and studv of the chemical structure of low molec.

ualr \\, eight glycopeptides from A{ici DCDcc, ,s Ij, -
sodakt, 'ci, s cell \\, alls. I. BIOl. Che, ,I. 242,341+-
3427

NELSON, I. :. (1944). A photometric adaptatioit of
the Somogy method for the deter minatioit of
glucose. I. B, 'o1. Che, ,I. 153.375-380

PERKiNs, H. R. and ROGERs, L1. I. (1959). The p"0-

ducts of the partial acid h>, drolysis of the inucopep-
tide from cell walls of Microco"i's Ivsodei'Atic, !s

B, 'DC1iem. I. 72, 647-654
PRIXioslcH, I. , PELZER, H. , MAAss, D. and \\;EIDEL,

W. (1961). Chemical characterization of inu-
copeptides released from the E. coli B cell wall by

Bloc/"},,. B, bp/, ys. Hem 46.68-enzvmic action

80

SALTON, M. R. I. (1961). Studies of the bacterial
cell \\, all. Vlll. Reaction of walls \\. ith h}. drazine
and with fluorodinitrobenzene. Bloch^^,,. BiophJ, s.
actn 52,329-342

64 BIKE:.: JOURNAL \;o1.11 No. I 1968



SCHLErER, 1<. H. and KANDLER, 0. (1967). Mic, '0-
cocc!, s Iysodeiktici, s : A new type of cross-linkage
of the inurein. Brothel, !. BIOphys. Res. Coin, ,111, I
28,965-972.

TSAi, C. S. , WHiTAKrR, D. R. and IURASEK, L
(1965). Lytic enzymes of Sol'ring'1,111 co. Action
of the ,"- and ,3-Iytic proteases o1t two bacterial
inucopeptides. Cn, I. I. B, 'richeiii. 43, 1971-1983

SHORT COMMUNICATION 65




