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UMA. IARY Cell \\, alls fronl Lac/o6dci//!13 151,111tai'11/11 ATCC 8014 \\. ere digested
willT an enzyme preparation from the super natants of culture of F1n"o6rrctei. !'Min

sp. growl\ with vigorous aeration in a TiclT medium. During digestion approximately
one mole of NH, -terminal alaninc \\, as liberated per mole of cell wall glutamic acid
without any concomitant release of other terminal groups of peptides. Three kinds
of peptide subunit were isolated from the enzymatic Itydrolyzates of the cell \\, alls :
a tripeptide, L-alanyl-D-(ISO)glutaminyl-me so-54.7'-diaminopimelic acid(DAP) di-
amide, a tetrapeptide, L-alanyl-D-(ISO)glutamiityl-me so-DAP(monoamide)-D-alanine
and a iteptapeptide consisting of the above tripeptide and tetrapeptide connected by
a cross bridge between the or'-amino group of DAP in the former and the carboxyl
group of D-alanine in the latter

L-3 enzyme from Snello"DJces $p. was found to deamidate the DAP amide in
these peptides and catalyzed hydrolysis of the D-alanyl-me so-DAP linkage in the
heptapcptide. Direct evidence was thus obtained for D-alanyl-me so-DAP endo-
peptidase and me so-DAP-amide amidase activities 11\ the Sirepto, Juices L-3 enzyme.

INTRODUCTION

Previous \\, ork in this series (\, IATsuDA, 1<0TANi

I A part of this \vorl< \\, as read at the 9th Annual

Meeting of the Japanese Association for Oral
Biology at Tokyo, on Oct. 1st, 1967
This study \\, as supported in part by a grant for
Scientific Research from the Allinistry of Educa-
tion of Japan.

and KAT0, 1968) demonstrated that a peptide
portion of the cell wall peptidoglycan of
Lactobncz'11"s PIa"taru?, a consists of the peptide
subunits, L-alanyl-D-(ISO)glutaminyl-me so-",
o1'-DAP and L-alanyl-D-(ISO)glutaminyl-me so-
tr, or'-diaminopimelyl-D-alanine. Results suggest
that some of these subunits are inter connected
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by D-alanyl-me so-DAP cross bridges. How-
ever, the L-3 enzyme from SII. eptoiiryces used
in the previous study can hydrolyze all these
possible cross bridges. Thus the presence of
cross links was not proved definitely by ISOla-
tion of dimeric or oligomeric compounds con-
taming peptide subunits linked by D-alanyl-
me so-DAP after digestion of the cell \\, alls with
L-3 enzyme.

During studies on productioi\ and concen-
tration of Flat^obactei. lulli L-11 enzyme, \\, hich
is another bacteriolytic enzyme studied in this
laboratory (KOTANi at a1. , 1959; KATo at d/.,
1962; GHUYSEN at u1. , 1966; 1<ATo at a/.,
1968, , 1968b), th, on"yin, preparati. n (CM-I
enzyme), isolated from the supernatant of CUI-
tures of Fin"o6nctei. jar, ,I L-11 bacterium grown
with vigorous aeration in a rich medium, was
found to exert a powerful Iytic activity on L.
plantni\, 11 cell watts. Preliminary \vorl{ sug-
gested that the C\, I-I enzyme Iyzed the cell
walls fronT L. plantni'Mill througlT its inuramyl-
L-alanine amidase activity, alone. Therefore, at-
tempts were made to isolate dimers or oligomers
of peptide subunits from the products of the
action of the CM-I enzyme on L. plantni'Mill
cell \\, alls. This paper is o1T the isolation and
IdentificatioiT of peptide subunits from the cell
wall digests by the C:\I-I enzyme and the
possible action of the L-3 enz}, me on isolated
monomers and dimers of peptide subunits

suspension (0.5 ingjml final concentration) of 35
per cent on incubation in a total of 3.2 inI of 00125 xi
veronal buffer, pH 8.5, for 60 ntinutes at 37'C.
The preparation used ITere had an activity of
1.5 unitsjmg. Other materials and methods \\. ere
described in the preceding paper (Matsuda, Kotani
"rid Kat0,1968)

RESULTS

I. DJ^estt'o71 of L. plantmWW2 cell ECa//s will
the Flat^obactei'11,111 CM-I e, ,$j, ,lie

I) Pilot experiment
Cell walls (16 ing) were digested with 2

units of CAT-I enzyme in 6.4 inI of 00125 M
veronal buffer, pH 8.5, in a \\, ater bath at 37'C.
On incubation for 72 hours, the turbidity of the
cell wall suspension decreased by about 80 per
cent with an increase in free amino groups from
420 to 725 in pm. re per ing coll wall (Fig. I).
As shown in Fig. 2, terminal amino acid aria-
Iyses revealed that this liberation of free amino
groups was almost exclusively due to release of
NH, -terminal alanine (from O to 320 inn moles
per ing, or I mole per mole of cell wall glu-
tamic acid). This figure also shows that the
CM-I enzyme did not release significant
amounts of NH, -terminal amino acids other
than alanine or CooH-terminal amino acids

from the \\, alls in contrast to the Sti. coto, ,?yces
L-3 on"yin. which liberat, d in. n. ("')-NH, -
terminal DAP, CooH-terminal alanine and
CooH-terminal DAP (see Fig. 2 in the pre-
ceding paper, I\TATsuDA, 1<0TANi and 1<ATO,
1968). However, there was a small increase
in or'-NH, -terminal DAP from about 208 to

230 in"moles!ing of cell walls. This increase
only occurred \\, ithin the first 180 minutes of
incubation and tl}ere was no corresponding

acid.CooH-terminal

Therefore, it is probably ITot the result of
of theactual liberation of or'-amino groups

DAP residues by the Ci\I-I enz}, me, but may
be explained by supposing that native or'-
NH. -terminal DAP residues are measured more

neon"at, by, by th* dint". phonylati. n (DNP)
method on peptidoglycans of reduced size.

A, IATERIALS AND ;\IFTHODS

CLIlttire filtrates of Fin"o6"ctei', 1,111 L-11 bacterium

cultivated in a rich Inedium \\, ith \'Igorous aleration

in a tanl{ of 200 liter capacity were used as starting
usedmaterial. The Ci\I-I preparationenzvme

throughout titis study \\."s obtained by coltcenti'at 10n
of this \\. ith acetone and cltromatography on DEAE
and CiVl cellulose columns. Details of this prepara-

tion \\. ill be reported elsewhere, but it should be
noted that the ritedium and culture conditions

adopted for production of the enzyme are quite
different from those Lised for the previous enzyme

One unit of enzvme is defined as thepreparation.

amount of enz\me \\. hich causes a reduction in the

optical density (at 550 in") of L. pin, Imjin, I cell \\, all
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FIGURE I Lysis of L. phallini!,,,! cell walls \\itIt
liberation of free amino groups b\ digcstion \\itit the
Flatobocieiii, ,, I CAIl-I enzvme
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GHUYSEN at d1. (1967) in a study, on the cell
wall peptidoglycan of Sireptoc0"113 Idecn/^\
noted an increase in the number of :.:,-terminal

lysine residues by similar mechanism. The
data seem compatible \\, ith the conclusion that
Iysis of L. pinntni, M"I cell walls by the CM-I
enzyme is due to enzymatic Ilydrolysis of
inuramyl-alanine linkages bet\\'eelt the gl\, can
and peptide portions of the cell \\, alls, and does
not involve significant breakage of inter peptide
cross links

2) Large scale digestion
A specimeiT (500 ing) of cell \\alls was di-

gested \\, itit 30 units of C\, I-I enzyme in 100 inI
of 0,0125 M veronal buffer, pH 8.5, at 37'C.
After incubation for 24 ITours, another 30
units of the CAI-I enzyme were added and the
mixture \\. as incubated for 24 hours more.

There \\, as a 607 reduction in turbidity and an
increase of 300 and 220 inu In o1es of free amino

groups and I. ;H, -terminal alanine per rug of
cell \\, alls, respectively. ' The cell wall digests
were centrifuged at 10,000 x g for 30 minutes.
The precipitate was \\, ashed three timcs \\. Ith
25 in I portions of \\, ater. The super natant and
washings \\, ere combined and concentrated to
about 3 nTl iiT a rotary evaporator (:\'11yanToto
Riken, NIOdel RE, Osaka). Approximately
280 rug of soluble material were recovered from
500 ing cell \\, alls.

2. 1301dti'o11 of pept!'des/10/11 the cell rod// of!keri
I) Gel filtration
This soluble material \\, as fraction ated on

columns of Sephadex G-50 and G-25 (2 x 97 cm
and 2.5 x 97 cm, respectiveIv) connected in

The \', \, alue in these columns \\, asseries.

found to be 220 inI \\. ith blue dextran-2000

(Pharmacia, Uppsala, Sweden). Fractions of
7 inI were collected (fto\\. rate: 40 nTl per ITour)
and submitted to chemical analyses. As 111us-
trated in Fig. 3, a ITigh molectilar \\. eight frac-
tioit (S-I fraction) \\, hiclT contained almost all

2 incomplete solubilization of the cell \\. alls in tllis
cxperiment \\as later SITo\\. n to be due to inncti\'a-
tion of the CA, I-I enz\itte b\ chlorofornt added

to the reaction mixture as a preser\'atlye.

24 48

Reaction time in hours

,

E
"

2.3'
=

co

Q

.

a.

.
E

I a;

^,

is 1.0

1.2

..

co
co

o

=

L,

E
co

*:;, 0.8

72

"

o

o

.,

o
E

0.6

.-

,,
.-

0.4

co

;;; 0.2
=

X *
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.-* , ,I'-NH, -DAP
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linked alanine in telchoic acid residues)
There was no release of CooH-terminal amino
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FIGURr 3 Gel filtration of L. plant"lit, ,I cell wall digest with Sephadex G-50 and G-25 columns connected in
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of the hexosamines and organic phosphates
in the digests \\, as clearly separated from a
small molecular weight fraction containing
amino groups only. The latter fraction was
divided into two portions, one in tubes 60 to
66 (S-2 fraction) and the other in tubes 67 to
85 (S-3 fraction). Each fraction was concen-
trated to 4.5 inI in a rotary evaporator.

2) Amberlite CG-120 column chromato-
graphy

These two small molecular weight fractions
(4.5 inI each) were acidified by addition of
0.5 inI of 207, formic acid. with acidification,
precipitates of 5.5'-diethylbarbituric acid ap-
peared. The precipitates were removed by

G-50=2x97cm; G-25=2.5x97cm; \J, : 220ml; F10\\, rate: 40mlper hour
Organic phosphorus Total amino groups.^.

Total hexosamines Free amino groups

..

.*' *'"*.".**.*,*.

40

*.*,.**.

I**\\*
I

.*
,x

X^-x

44*. .
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80

centrifugation and the super natants were frac-
tionated by Amber lite CG-120 column chroma-
to graphy as reported in the preceding paper
(A{ATSUDA, 1<0TANi and KAT0,1968). Elution
was performed first with 0.2 M pyridine acetate
buffer, pH 3.1 and then by linear gradient
elution with 300 inI of 0.2 M pyridine-acetate
buffer, pH 3.1 in the mixing chamber and
300 inI of 20 M pyridine-acetate buffer, pH
5.0 in the reservoir. Fractions of 10 inI were

collected and assayed for free and total amino
The S-2 and S-3 fractions showedgroups.

essentially the same patterns of Glution of
materials reacting with DNFB, except that
only S-3 fraction had peaks which were Gluted

BIKEN JOURNAL Vol. U No. 2 1968
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FIGLRE 4 Fractionaltion of the small molectilar weight fraction obtained b>' uel intr"tioit of L. PIniJ/o11,111 cell
wall digest o1, Amberlite CG-120 column

Column size: 0.9x35 cn\; Column temperature: 50'C; F10\\, rate: 50 iniper houi
Titc columit \\, as first elutcd \\. ith 500 inI of 0.2 A1 pyridinc-acetate bLiffer, PI-13.1 and tlteit dcvclo ed by
!Inenr gradient elution \\itit solution of increasing pH and coiTcentration of buffcr.
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with 0.2 M pyridine-acetate buffer, pH 3.1
Fig. + sho\\, s the chromatographic patter IT of
the small molecular \\, eight fraction of the cell
wall digests, compiled from the data obtained
in analyses of the S-2 and S-3 fractions

Six distinct peaks of DNP-reactive materials
are seen at tubes No. 2, 9,70, 74.76 and 80
and four small peaks at tubes No. 18.32,66
and 83. Fractions 2.18,32 and 833 however,
were later shown to release no significant
amount of amino acids by acid ITydrolysis.
Therefore, these fractions, \\, itIT FractioiT 66
which \\, as very small, \\, ere not investigated
further. It is Interesting in this connection
that on Glutioi\ of the cell wall Iyzate obtained
3 It sitould be noted here that some DNP-reactive

materials other than peptides or amino acids \\, ere
sometimes eluted from the ion eXchange resin
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wit11 8/1'epi'onlyces L-3 enzyme all of the
DNP-reactive materials \\. ere elutcd \\, ith

0.2 M buffer, pH 3.1, and using a linear
gradient of Increasing pH and molarity of
pyridine-acetate buffer ITo further materials
reacting with DNFB were obtained (:\'IATsuDA,
KOTANi and 1<AT0,1968).

3. PnPei' elec/lophoi'CSis of Ihe peak linen'ons
The electrophoretic mobilities on paper of

the peak fractions as described above \\, ere
examined at pH 1.9 and 5.0. 01\ electro-
phoresis at pH 5.0 all except Fraction 9 inI-
grated toward the cathode as single spots (Fig.
5). Their patterns were quite different from
those of the peptides isolated from L-3 enzyme
digests of the cell \\, alls, indicating that the
bulk of DNP-reactive materials from the CM-I

100 110
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FIGURE 5 ElectroplToretic mobilities of Isolated
peptides at pH 50
Electrophoresis in 0.2 A1 pyridine-acetate btifTer,
pH 5.0, at 14 \ICm for' 150 minutes

Fr. 70

F1 74

4. Ide"tiffcnti'o71 of the peak flucti'ons
Table I shows results of analyses of the

amino acids compositions, NH, - and CooH-
terminal amino acids and bound ammonia in

Fractions 9.70,74.76 and 80. Fraction 9 con-
SISted of free D-alanine, the optical configuration
of which was confirmed by enzymatic assay and
it is probably liberated non-enzymatically from
ester-linked alanine in telchoic acid residues.

Fraction 70 contained alanine, glutamic acid
and DAP in the approximate molar ratio of
1.5: 1.0: 1.1. NH, -terminal amino acid aria-
Iyses revealed the presence of 1.2 mole of
alanine and 1.0 mole of d. '-NH, -DAP per mole
of glutamic acid. After hydrazinolysis 0.4
mole of alanine per mole of glutamic acid as
CooH-terminal amino acid was recovered.

The results of peptide terminal analyses of
Fraction 70 may be explained by supposing that
this fraction is a mixture of two peptides \\, Ith
different CooH-terminal amino acids (see Fig.
7) although it gave a single spot on paper elec-
trophoresis at both pH values. Approximately
equimolar amounts of alanine, glutamic acid
and DAP were found in Fraction 74. All the

of alanine and the or'-NH,amino groups

groups of the DAP residues were free, but no
CooH-terminal amino acids were found. In

both Fractions 76 and 80, the molar ratio of
alanine : glutamic acid : DAP was approxi-
mately 15 : 1.0: 1.0. One mole of alanine and
0.5 mole of or'-NH, -DAP per mole of glutamic
acid were NH, -terminal amino acids in these
peptides. NO CooH-terminal amino acids
were found. About half the or'-NH, groups
of the DAP residues were not free and were

probably involved in peptide bonds with the
carboxyl groups of the alanine residues. This
supports the idea that the peptides in these
two fractions \\, ere in the dimeric form

The presence of nearly 3.0 and 2.5 moles
of ammonia per mole of glutamic acid in
Fractions 70 and 74, and Fractions 76 and 80,
respectively, strongly suggests that all the
carboxyl groups not involved in peptide bonds
of glutamic acid and of DAP in these peptides

Fr. 76

.

F r. 80

Lys, A1a, GIU O

.

o

A nod e ^--

Q

o

o
o

<5

o

o

q\

A I a I

Origin

FIGURE 6 Electrophoretic mobilities of isolated
peptides at pH 1.9

Buffer: formic acid-acetic acid-water (5: 15: 80,
vjv), pH 1.9

Lys
Fr 9

F1.70

F1 74

Fr 76

F1 80

Lys, A1a, Gluc:^
-. Cathode

enzyme digests were positively charged at this
pH, in contrast to the neutral or negatively
charged peptides obtained from the same cell
wall preparation with L-3 enzyme. The
material in Fraction 9 was neutral at this pH.
All the peak fractions, including Fraction 9,
migrated as single spots toward the cathode
at pH 1.9 (Fig. 6).

Anode --
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TABLE I analj, ses of peptides aso/ated lion! L. PIt!rimrui" cell ton// dzuesis tcz't/I the F10?;o6nctei'1111n
CM- I enzyme

Fraction

9

70

74

76

80

Total amino acids

A1a Glu DAP

Data arc expressed as mole per mole of glutamic acid

+

1.5

1.1

1.6

1.5

were substituted by amide ammonia. This
suggestion Is supported by the finding that no
CooH-terminal DAP \\, as detected in these

peptides. The findings also explaiit \\, hy
electrophoresis showed that these peptides were
positively charged at pH 5.0. Fig. 7 shows the
probable structure of the peptides isolated from
cell \\, alls digested by thc CAI-I enzyme, de-
duced from the findings described above. It is
proposed that Fraction 70 is a mixture of the
tetrapeptide, L-alanyl-D-(ISO) glutaininyl- me so-
DAP(monoamide)-D-alanine and the tripep-
tide, L-alanyl-D-(ISO)glutaminyl-me so-DAP
diamide, presumably in an approximate molar
ratio of I: I, Fraction 74 is the tripeptidc de-
scribed above, and Fractions 76 and 80 are
heptapeptides consisting of the above tripeptide
and tetrapeptide with a cross bridge between
the or'-amino group of DAP in the former and
the carboxyl group of D-alanine in the latter.
it is still uncertain why, these two heptapeptide
fractions separated from eacll other on Amber-
lite CG-120 column chromatography.

The relative amounts of the peptide fractions
isolated to the cell \\, all peptides were calculated
from the analytical data. Since solubilization
of the cell \\, alls \\, as incomplete in the large
scale digestion for the reason described in the
foot note on page 129, the recovery \\, asitot high
("pp".^jinat, Iy 20%). Th. t"ip, ptid* and th.
heptapeptide (a dimeric form) were found to be
the major peptides.

1.0

1.0

10

1.0

NH"-terminal
anTino acids

a '-NH, -
A1a

DAP

1.1

10

0.9

1.0

+

1.2

1.0

1.1

1.1

CooH-terminal
amino acids

A1a DAP

1.0

1.0

0.6

0.5

+

0.4

o

o

o

Ammonia

o

o

o

o

Yield (pel
cent of the

peptides In
cell \\, all)

NH, -L -Ale - D-Giu-CONH

me so-DAP - D-A!a-CooH
I\

NH, CONH

30

2.8

2.5

2.6

4.1

7.5

19

7.3

NH, -L - A1a - D-Giu-CONH

me so- DAP - D-A!a

I\
NH. CONH,

Peptide !

NH: -L-Ale -D-Gi u-CONH.
CONH,

me so-DAP<CONH;
NH.

Fraction 70 Miltuie o1 peptides I and 2

Fraction 74 Peptide 2

Fraciion 761
I Pep!Ide 3

Fraction 801

NH:-L - A1a - Dou-CONH,

Pep;I, e 2

FIGURE 7 Probable structures of peptides isolated
front L. plantm1,111 cell \\till digest witlt tl, e Pluto-
b, ICte, '!'",, I C:\'I-I enzyme

Pep!Ide3

CONH,
us ~ CONH,

5. Hcti'o11 of the L-3 eiity"re o, I Ihe 1'301(lied
peptides

Allquots of Fractions 70, 74.76 and 80 con-
taining about 300 in pmoles of the respective
peptides \\, ere dried 171 t;, ICt, 0. The residues
were redissolved in 300 111 ajiquots of 0.02 M
phosphate buffer, pH 7.8, containing 0.5 unit
of the L-3 The solutions \\, ere in-enzyme.

cubated at 37'C for 24 hours. Allquots \\, ere

IVIATSUDA, T. er al. Cross 11hkaues 111 L. plantain"I peptt'dog/J, cans 133



TABLE 2 Release of NH2-ternzz'"al and CooH-terniz}iai amznO actds and decrease tit amade antmo"I'd
dura'rig dt^estz'on of the Isolated peptides by the L-3 e"23, me

Fraction

70

74

76

80

Data are expressed as moles of increase In terminal amino acids or of decrease in amide ammonia per mole
of glutamic acid
a Amide ammonia (mole per mole of glutamic acid) remaining after digestion with the L-3 enzyme

NH"-terminal
amino acids

cr'-NH*-DAPA1a

Increase in terminal amino acids

o

o

o

o

used to measure changes in NH, -terminal and
CooH-terminal amino acids, amino acid coin-
position and bound ammonia before and after
incubatioi\ of the peptides witlT the L-3 enzyme.
The results are summarized in Table 2. In

Fractions 70 and 74, 0.5 and 1.1 moles of
mole ofCooH-terminal DAP residues per

glutamic add, respectively, appeared without
any significant increase in NH2-terminal amino
acids. TIT Fractions 76 and 80, equimolecular
(approximately 0.5 mole per mole of glutamic
acid) increases in or'-NH, -terminal DAP and
CooH-terminal D-alanine residues (the optical
coringuratioi\ of which was determined en-
zymatically) were found. In all four fractions
tested, on treatment wit}\ the L-3 enzyme,
their contents of bound ammonia decreased to

approximately one mole per mole of glutamic
acid.

A possible explanation for the parallel in-
crease in or'-NH -terminal DAP and CooH-

terminal D-alanine residues, in Fractions 76
and 80, is breakage of cross bridges in the
peptides by the D-alanyl-me so-DAP endo~
peptidase action of the L-3 enzyme.

The appearance of the CooH-terminal DAP
residues and decrease in content of bound

ammonia in all the peptides during enzymatic
hydrolysis are probably due to the DAP amide
amidase actioiT of the L-3 enzyme

The change in the electrical charge of the

o

o

0.3

06

CooH-terminal
amino acids

A1a

o

o

0.4

0.4

DAP

0.5

1.1

0.5

0.6

Decrease
in

amide ammonia

2.1 (0.9")

2.0 (08)

1.7 (08)

1.5 (11)

o

I
A1a

o

Glu

Lys

Fr. 70 O

Fr. 74 O

--- Cathode

134

FIGURE 8 Electrophoretic mobilities of isolated
peptides digested with the L-3 enzyme

Electrophoresis \\, as performed as described in
Fig. 5

.

BIKEN JOURNAL V01. 11 No. 21968

Fr 76

Fr. 80

test peptides from positive to neutral on di-
gestion with the L-3 enzyme, as shown by thcir
paper electrophoretic patterns at pH 5.0 pre-
sented in Fig. 8, further supports the idea that
the amide(s) of the DAP residues of the pep-
tides was deamidated.

LIS, A1a, Glu

o

o

Origin

o
Anode ----
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I me so-DAP<CONH,

X ICONH? Y NH2
I 'CONH, I

'''''''~;"~;';I, _,,,,, "' ,,, 11i' ,,,,_DIP<:::I:,,,., N" ' ',,,., N" ' '

me so-DAP -D-Ala
I\

NH2 CONH,

NH

L-A1a - D-Glu-CONH ?

me so-DA P -D-Ala

I\
NH2 CONH,
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L-A1a - D-Giu-CONH ?

D!gestion by the CM-I

( 2)
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(1): Muramyl-L-alanine amidase of the CM-I

L-A1a - D~Gju~CON;>_----( 3 )
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CONH,

NH .

enzyme

(2), D-alanyl-me so-DAP endopeptidase of the L-3 enzyme

(3): DAP amide amidase of the L-3 enzyme

FIGURE 9

Digestion by the L-3 enzyme

Y : N-acetylmuramic acid

Sequential degradation of L. pin, 11n, 11nt cell \\. alls witlT the CA, I-I and L-3 enzymes.

X : N-acetylglucosamine

(3)

NH ?

ICOOH
me so- \ H

L-A1a-D-Glu -CONH.

enzyme

NH 2
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DISCUSSION

Fig. 9 illustrates a scheme of sequential de-
gradation of L. plantarw, it cell \\, alls with the
Flawobacte, .lulli CAT-I enzyme and Styeptoi, !yces
L-3 enzyme based on the results in the present
and preceding paper.

The CAT-I enzyme solubilizes L. plantn, ."711
cell walls by cleavage of inuramic acid-L-
alanine linkages through the action of its
amidase, and degrades their peptidoglycans into
glycan and peptide portions. The latter con-
SISts of peptide subunits, in which the carboxyl
groups of the DAP residues are substituted
with amide ammonia, cross-linked through D-
alanyl-me so DAP linkages. This peptide por-
tion is further hydrolyzed at the cross bridge
by the L-3 enzyme, mainly liberating two basal
peptides, L-alanyl-D-(ISO)glutaminyl-DAP and
L-alanyl-D-(iso)glutaminyl-DAP-D-alanine. The
amide(s) of DAP residues in the peptide
subunits is deamidated by hydrolysis by the
L-3 enzyme. Similar sequential degradation
of the peptidoglycan of Goly"ebttctei'twill of 17, I^-
the1.1'ae cell walls with the enzyme from My\0-
bartei'12,111 and the L-3 enzyme has recently been
reported by KATO, STROMINGER and KOTANi
(1968).

The existence of D-alanyl-me so-DAP cross
bridges, connecting peptide subunits, ITas been
demonstrated in the cell wall peptidoglycans of
ESChei'Ichia coll' (\VEiDEL and PELZER, 1964),
C. diphthe, 'joe (KATO, STROMINGER and Ko-
TANi, 1968) and L. PI""I",'"," (PLAPP,
SCHLEiFrR and KANDLER, 1967 ; \VEISS, PLAPP
und 1<ANDLER, 1967). Several enzymes have
been reported to cleave D-alanine-meso-DAP
cross links : namely the endopeptidase of the
autolytic system of E. coll (PELZER, 1963a,
1963b), the L-3 enzyme from SII. epto, Myces
(KATo, STROMiNCER and KOTANi, 1968), and
an enzyme from culture filtrates of Sti. epto, ityces
Ribws G grown in a medium supplemented with
autoclaved cells of Bornlws megatei, I'"lit Kitrl
(ERICAs, GHUYSEN and DEztLtE, 1967). The
L-11 enzyme preparation from culture super-
natants of Fineobacter!'wit $p. grown in 0.1 per

cent casamino acid medium as shallow layers
for several days (KATo at a1. , 1962), was found
to exert a powerful Iytic activity against cell
walls from Staphy/DCocc"s awl'e"s, Staphylococ-
CMs ept'del'mr'of, \ and Mici'ococc"s 6130dei'Alt CMS,
but not those from C. diphthei. I'de, L. PIO"tarui, I,
B. 111egatei'iu"a or Sti'eptococcws pyoge, Ies (group
A). Cultivation of the Flat^obttctei. iw?it $p. in
a rich medium with vigorous aeration seems to
broaden the Iytic spectrum of the enzymes
produced. Recently, some of these enzyme
preparations were shown to solubilize efficiently
cell walls from C. dipht/zel. iae (strain Park-
williams No. 8), Listeria 7110nocj, tooenes (sero-
type I, NCTC 7973) and Sti. eptococc"s Iyogenes
group A (type 12, SE 42) as \\, ellas L. plantai. run
cell walls (unpublished observation).

Analyses of the peptide terminal groups
liberated during digestion and identification of
the hydrolysis products indicated that the CM-
I enzyme from Flat^obacteri", it solubilized cell
walls from C. driphthei'lire (unpublished observa-
tion) as well as L. plantn, ,u"I by hydrolysis of
N-acetylmuramyl-L-alanine linkages. Several
enzymes with similar amidase activity have been
described (as summarized by GHUYSEN, TIFFER
and STROMiNGER, 1966 ; STROMiNGER and
GHUYSEN, 1967). it is uncertain, however,
whether the N-acetylmuramyl-L-alanine amid-
ases in the various enzyme preparations Iyse
the cell walls by themselves. The N-acetyl-
inuramyl-L-alanine amidasc from Strepto?, Dices
at611s G has been reported not to be Iytic, but
to act o1T peptidoglycans solubilized by prior
treatment of the walls \\, ith other Iytic enzymes
(GHUYSEN, TipPER and STROMiNGER, 1966).
It should be noted in this connection that the

Ci\{-I enzyme preparation hydrolyzed the
pentaglycine bridges in S. in!yews cells walls in
the same way, as the I, -11 enzyme preparation
prepared by the former method (see 1< ATo at
a/., 1968a). But since tilere are no pentaglycine
cross-links in L. plantm. Mill cell walls, this
endopeptidase activity of the CA{-I enzyme
preparation does not affect L. PIa"torn"I cell
walls.

A dimeric form of peptide subunit which was
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still cross-linked through a D-alanyl-me so-
DAP bridge was isolated after digestion of L
Nanini. Min cell \\, alls \\, ith CM-I enzyme.
Recently, PLAPP, SCHLEiFER and 1< ANDLER
(1967) ancl \\'ETss, FLAPP and SCHLEiFER
(1967) proposed that L. plan!mill, I cell \\, alls
contained a D-alanyl-me so-DAP linkage but
they, gave no direct evidence for the presence
of such dimeric peptide subunits in the cell
wall.

REFERENCES

BRICAs, E. , GHrvsEx, I. -A, I. tind DEIti, CF, P. (1967)
Tite cell \\, all peptidoglycan of rinci'//,, s Illegalelf\,,,!
Ki\I. I. Studies on tile stereochemistry of n, n'-
dinminopimelic acid. Bloche, ,11'311'y 6,2598-2607

GHUYSEN, I. -M. , BRICAs, E. , LEv}I-BUDii. I. E. A{.,
LACHE, it, I. rind SHOCKMAN, G. D. (1967). 'flle
pep tide N"-(I. -alan\'I-D-ISOglutamin\'I)-:.:'-(D-ISO-
asparaginyl)-I. -Iysyl-D-alanInc aind tlle disnccltnride
N-acetylglLicosnmii, y1-, 3-1.4-N-acetylmuramic acid
in cell wall Deptidoglycan of 811 CPIococc!,, I"ecn/It
strain ATCC 9790. Bloche, ,!I'llJ, 6,2607-2619

GIIUYSEN. I. -A1. , PET'IT', I. -F, , Mu:<02, E. and 1< ATo.
K. (1966). Peptide cross-links iil bacterial cell
walls studied \\. itIT bactcriolytic enzyme. Federn-
1,011 PI'DC. 25,410

GHuvsrN, I. -IVj. , TiprER, D. I. and ST'ROVINGER.
I. L. (1966). Enzymes tlTat degrade bacterial
cell walls. In IVlet/10ds 111 fillsy, ,!o10"j, \Jol. Vlll
Complex Ca, bohyd, "tes (Ed. by Netifeld, E. F
and Gii, sherg, \!,), pp. 685-690. Academic Press,
Ne\\, \'ork

K, \To, 1<., }11RATA, T. , A'IURAYA\IA. \'. SUGixAKA,
H. and KOTANi, S. (1968a). Studies on the
mode of action of Flat^o6nctei'1111ii L-11 enzyme on
the cell \\, alls of Stophy/DCoccirs ulna, s strain
Copenhagen. Identification of isolated cell wall
peptides. B, 7, e, , I. 11, I-12.

KATo, K. , 1<0TA>:I, S. , A, I, \TsunARA, T. , 1<00A\. 11, T. ,
HASHiMOTO, S. , CHI\10Ri, A'I. and KAzrKA\\, A, I.
(1962). Lysis of Stap/Iy/ococci, s allyei, s cell walls
by a Iytic enzyme purified from culture superna-
tants of Flat^o6"cie, I'M, ,! spec!'es. B!'hell I. 5,155-
179

KATo, K. , STROXIINCER, I. L. and KOTAxi, S
(1968). Structure of the cell \\. all of Coryiie-

The present study also shows that the three
CooH groups in glutamic acid and DAP
residues per mole of monomeric peptide sub-
unit \\, hicll \\, ere not Involved in peptide bonds
were substituted witlt amide ammonia. The
I, -3 enzvme has been shown to liberate the

amide ammonia of the DAP residues, leaving
most of the glutamic acid residues substituted
witli amidc.

bnc!ei','1,111 off>hiller, 'ae. I. A'Iechanisnt of ITydroly-
sis by the L-3 enzyme and tlte structure of the
peptide. Bloc/lei, 1131, y, in press.

KAT0, 1<. SUGiNAK, \, H. , 1<1SHiDA, }I. , 1< ATo, T. ,
Y, \NAGiDA, I. , itIATsuDA, T. , I~11RATA, T. and
KOT, \1<1, S. (1968b). Study of tl\e structure of
IIJ^^Incocciis Iyso, /e, '/t!!'ciis cell \\ alls \\, itIT rid"0-
bnct, ,'1141/1 I, -11 enzyme. B!'AeJ! I. 11,60-66

Ko"',\Ni, S. , 1<AT0,1<.. IVIATsunARA, T. , HiRANo, T
and I{10ASHicA\\'\, I\I. (1959). Stripltylolytic
activity of a culture filtrate of a Flu"o6"ctei'111",
sp, ci'es, isolated fronT soil. BJ'hell's I. 2,211-213

MATSCDA, T. , 1<0TAxi, S. and 1<AT'0, 1<. (1968).
Structure of the cell \\, alls of L"CJDboci//i's dalli-
all, "I, ATCC 8014. I. Isolation andidentification

of the peptides released from cell \\ all peptidogly-
cans by Sti'epto, ,!I, ces L-3 enzyme. Bilee, ! I. 11,
111-126

PEi. zER, H. (1963 a). IVlucopeptidhydrolasen in
ESC/, err'chin coll' B. I. Nachweis tind \\'irl<ungs-
spezifit;it. Z. Aratiiifoi*ch. 18b. 950-956.

FFi. zrR, I{. (1963b). I\Iucopeptidhydrolasen in
ESChei'ichi'a coli B. 2. Quantitative Bestimmungs-
verfahreiT und shulenchromn to graphische Tren-
nung einiger I\Iucopeptidllydrolasen. Z. Null, , -
1013ch. 18b, 956-964

F1. Apr, R. , SCHi. EITER, 1<. H. and 1<ANDLER, 0.
(1967). The amino acid sequence of the inureins
of lactic acid bacteria. FDfia I'llt, o61b/. 12,205-
213

STROAll>:GER, I. L. and GHuvSrN, I. -A, I. (1967)
IViechanisms of enzymatic bactcriolysis. Sc, '"ice
156,213-221.

WEIDEi. , \\'. "rid PELZER, H. (1964). Bagshaped
macromolecules, -a ne\\, outlook on bacterial cell

A'IATscDA, T. at al. C, 'DSS lifthnges I'M L. plantar""! pept, dog/ycads 137



walls. Adoa, !. Eirey, ,, o1.26,193-230.
\\'Eiss, N. , FLAPP, R. und 1<ANDLER, 0. (1967)

Die Aminosauresequenz des DAP-haltigen IVlur-

ein von Lactobac!'//i's plantaii, ,,, und Lactob@c, '//i's
111"/till, s. Arch. Mr'fryobib/. 59, 313 -324

138 BIKEN JouBNAL Vol. U No. 2 1968




