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UMAIARY D-Alanyl-meso-2.6-diaminopimelic acid (D-Alanyl-meso-
A, in) endo e lidase \\, as isolated and urified from a crudeA, pm) endopeptidase \\, as isolated and purified from a crude

St, 'epto"cyces L-3 enzyme preparation by ion eXchange chromatography
and isoelectric focusing in a density gradient. During its purlfica-
tion, its hydrolytic activity \\as assayed o1\ cell \\, alls of Lttctobncz'11ws
pin"tart, ,11 ATCC 8014 and soluble glycopeptides and peptides, of
knowit chemical structtires, prepared enzymatically from these cell
^, alls. A fraction \\. it IT an isoelectric point of pH 7.9 cleaved the
bond between the carboxyl group of the D-alanine residue at the
C-terminal in one peptide subunit and one of the t\\, o amino groups
of the A2pm residue in the neighboring peptide subunit. Unlike
the crude enzyme, the endopeptidase in this fraction showed no
A1-acetylmuramyl-L-alanine amidase, A, pm carboxyamide amidase or
proteinase(s) activity and it \\ as jinmunologically homogeneous.

INTRODUCTION

Enzymes \\. hich hydrolyze specific linkages in

I Parts of this work \\. ere presented at the 44th
Annual Meeting of the Japanese Blochemical
Society, in Sendai, in October, 1971 and at the
+5th Annual Meeting for the Japanese SOCiet\.
for Bacteriology in Sendai, in A1ay 1972

2 Present address : Department of Preventive Den-
tistr\., Hokkaido University School of Dentistr>',
Sapporo

cell \\, all peptidoglycans under mild and con-
trolled experimental condition are very useful
in studies on the structures (subcellular or
molecular) and functions of bacterial cell sur-
face layers, and especially the biological and
Immunological properties of cell wall pepti-
doglycans. Thus there have been many
studies on the isolation, properties and use of
these enzymes (Ghuysen, Tipper and Stro-
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minger, 1966; Ghuysen 1968; Kat0,1975).
The L-3 enzyme of Styepto?"yces sp. , isolated

from a soil specimen by the authors (A{ori at
a1. , 1960; Mori and Kotani, 1962) specifically
splits D-alanyl-meso-A, pm linkages in cell \\, all
peptidoglycans, in \\, hich the principal dibasic
amino acid Is A, pm, from bacteria such as
Ldct"bat, This PIn, !to, ",,, ATCC 8014 (Matsud,
et a1. , 1968a), My cobacteri",,, hours, BCG Takeo
(Kotani at a1. , 1968a, 1968b), Co, y"ebactei. I'", 11
drphthei. Irre Park-\\11/11ams No. 8 (Kato at al. ,
1968), ,\{y, ,bart, ,',',,," t"b, ,,"/,,,:, H37R, (K, -
tani et a1. , 1970) and Lis/ei. ia I, 10nocytoge, re$
:*;CTC 7973 (Kotani, Yanagida and Kato,
unpublished). The L-3 enzyme seemed to
have unique substrate specificity, although
there are reports of the presence of D-alanyl-
711eso-A2pm endopGptidase in autolyzates of
ESCherichid coli (Pelzer, 1963a, 1963b ; \\reidel
and Pelzer, 1964) and in the culture filtrate
of Sirepto, ityces albus G grown in the medium
supplemented \\, ith autoclaved cells of Buci'/h, $
liregdtei. IN, ,I KM (Bricas at a1. , 1967). Ghuysen
and co\^orkers have studied the DD carboxy-

peptidase (KM endopeptidase) of 811'coto, ,ryces
nthws G \\, hich hydrolyzes D-alanyl-meso-A2pm
linkages extensively over the past five years
(Ghuyscn at a1. , 1969; Ghuysen at a1. , 1970;
Leyh-Bouille at a1. , 1970; Ghuysen at al. ,
1972; Ghuysen and Shockman, 1973)

Pure enzymes with clearly defined speci-
ficities are required for studies on peptido-
glvcans. Contaminating proteases in parti-
CUIar, may, cause erroneous results in studies
on bacterial cell surface layers, becuase the\,
degrade protein components \\, ith special bio-
logical or jinmunological functions, such as the
antiphagocytic AT protein which is chief viru-
Ience factor and is essential to the cell walls

of group A Sti. eptococcus pyoge"es (Namba et
a1. , 1974,1975).

Besides the D-alanyl-?, Ieso-A, pm endopepti-
dase the L-3 enzyme preparation contains an
A'-acetylmuramyl-L-alanine amidase \\, hich
cleaves the linkages between glycan and pep-
tide moleties and a non-Iytic amidase, which
hydrolvzes amides on carboxyl groups of

A, pm residues (^, Iatsuda at a1. , 1968a; Kato
at a1. , 1968; Kotani at a1. , 1970). Protease

casein has also been detected inactivity on

crude preparations of the L-3 enzyme. Sepa-
ration of the L-3 endopeptidase by zone elec-
trophoresis on a starch block has been de-
scribed (::\Tatsuda er a1. , 1968c). This paper

the Isolation of D-alanyl-meso-A, pm
endopeptidase in homogeneous form from a
culture filtrate of Sirepto, Myces sp. L-3 bacte-
rium by 101T eXchange chromatography and
isoelectric focusing in a density gradient.

Is on

\IATERIALS AND I\IETHODS

I. PIOd, ,fir'o11 of n cri!de L-3 ,, 13y, ,Ie prepttitill o11

St, ept0, ,11, res sp. L-3 bacterium was ntaintained b\'
serial subculture on 0.1 96 Bacto peptone (Difco)
slants supplemented with 0.025 q, \, IgS0, - 7H, O
and 0.025, , K*HPO, , and stored at + C. A seed
culture was grown for 7 to 10 days at 28 C, and
three loopfuls of the culture \\, ere inoculated into a
Roux's bottle containing about 400 in I of modified
NICCart},'s medium. The L-3 bacteriun\ \\as growlt
as a surface pellicle at 28 C for about one week
(Mori at a1. , 1960)

About 30 liters of the L-3 bacterium culture were

centrifuged at 10,000 xg using a continuous flow
rotor and tl. e cells were discarded. All subsequent

procedures were carried out at approximate11' + C.
The dark-brow. n supernatant wars adjusted to 30Q,
saturation of ammonium sulfate with solid salt and

left overnight. The mixture was centrifuged and
the supernatant was adjusted to 809, saturation of
ammonium sulfate witlt constant stirring and stood
overnight. Then the precipitate was collected b\
filtration through filter paper \\. Ith 2 cm of Cellte
503 (John-\. Ianville ProdLicts, NY. , USA. ) as a
filter aid. The resulting filter cal<e wits suspended
in cold \\, ater and filtered through a coarse sintered
alass filter and the filter \\. as washed \\, ith \\. ater

The darkbrov'n filtrate and washing fluid \\'ere coin-
bined and dial\ zed against 0.01 M sodium phosphate
buffer, pH 7.8. Insoluble material formed during
dialysis was removed by centrifugation at 10,000xg
for 15 min. The resulting solution contained about
70n of the 11. tic activity of the crude enz}, me and
showed 15-fold increase in specific activit} per ing
protein, as estimated to C. diphtherine whole cells

76 BIKEX JOURNAL V01. 19 No. 3 1976



About 31iters of this concentrated fluid \\'ere obtained
from 150 liters of culture

Cell roan litr, e, 13y, ,I'S o1her than Ihe L-3 ,, ICJ, Mr
'The following enzymes were Lised to isolate the

soluble substrates required in assay. of L-3 enzyme
CTLide L-11 eitz\. me (Lot +5) from the culture super-
nittnnt of F1n"obnt!e, ', 1,111 sp. gro\\'n in 21-1, glucose-
hrotl. \\, ith acrntioiT \\. as obtained b\. 1001. , saturn-
1101, of aminoniLin\ sulfate and generousl\' supplied
from Full Pilot Plant, 1<\'0\va Ferment"tioit In-
dustries, Tok\. 0. It was partially pLiriiied b\ DEAE-
cellulose and C\I-cellulose columit chromatogr"-
phies, as \\. 111 be reported else\\hure. 'The elm/n-
lopsis enzyme (3688C-51-16) \\'as a gift from Dr
P. A. Miller (Lederlc Laboratories, Alttcric"it
C\'uriamide Co. , \'. Y. , U. S. A. )

2

3. 1,110/e cells, tell ECU//$ (,"of fell run// firk, $1$ r's
$1,631, tiles in L-3 ,, 13J, mr i'ss, ,J,

C. of, >hthei, 'nc \\. hole cells rind cell \\. tills : Strain
Palrk-\\Iilliams No. 8 was grown at 35 C \\. itit shall<-
ing in modified Tavlor's medium for 48 hr. Titeit

the cells were Itarvested b\, centrifugation, \\fished
thoroughly witl\ saline and deionized waiter and
1:0philized. Cell \\, alls were prepared b}. sonicatioii
of the cells \\Ith glass beads, rind then digestion
\\'Itit pronase, as described pre\. IOUsl\ (itin tsubar, I,
1965).

I, . '10/11nr, ,,,, cell walls: Cells of L. plant, 1111/11
ATCC 8014 were disrtipted Lisiiig a Braui. cell
itomogenizer. Tite CTtide cell wall fraction obtiiincd

b\ differential centriFugatioi, \\. as digested witlt cry-
stalline trypsii, as described pre\, ionsl\ (A, In tsuda
et a1. , 1968a). Then the \\tills \\ere treated \\itit
weak alkali to remove the alitnli-Inbile D-"kinine re-
SIdue ester-linked to tite telcltoic acid lit the walls
For this, Ivophilized \\tills \\. ere suspended in 01 M
sodium pyrophosphatc, pH 9.3 at a concentration
of 10 ingjml, and stirred for 3 hr at 37 C. This
treatment reino\. ed the teichoic acid D-alanine coin-

pierel},, as sho\\It b\' estimating released allaitine b\.
thin layer silica gel chromatography (Ghuvseit at al. ,
1966)

Digest of L. pin"!all, "I cell walls \\'ith the elm/n-

,'ops, s enzyme as starting material for preparatioiT of
chemically defined substrates : Trypsinized cell
\\'tills (5 g) of L. pin, Iran, ,, I\\'ere digested with 2.5 ing
of the Gild/", o, 313 enzymein a flita1\, o1ume of 100 inI
of 0.01 xi acetate buffer, pH 4.7 at 37C for 7 hr. This

treatment digested the cell \\'alls almost completely'

Then the mixture was centrifuged. The resulting
supernamnt contained about 1.4 ntoles of free reduc-

ing groups per mole of total glutamic acid residues
Hydrox} methylation of tite free amino groups of

SOILible, chemically' defined SLibstrates : Free amino
groups \\ cre h\, drox\'meth\'lated to redLice the back-

ground in estimatioi. of the terminal groups liberated
b\ the enz\ me. H\ drox\. metl, \. intion \\ as carried
out as described b}' GhLi\sen at a1. (1966)

4. Eirey, ,If nssnj. *

Cell \\. all or \\hole cell I\. tic ticti\it\ : L\tic ac-
ti\. it}' \\"s riteasured at 37 C b\ determining the rate
of reduction of tLirbidit\' (optical density. at 550 rim.
OD. ,") of a SLispensioit of 11'0philized cell walls or
whole cells of C. ,tip/1/1/'11'fir. For' this, 1.6 n, I of
suspensions of cell walls an^d \\ITole cells (containing
1.6 ing or walls aind 1.28 rug of cells, in dry. \\. t. )
\\ere incubated \\Ith 0.8 inI of 0.02 xi sodium phos-
phatc buffer, pH 7.8, containiitg an approprintc

anTo unt of the sample of eitz\. inc lit a final volume
of 3.2 inI and final ntol"Tity of 0.02 A1 in a 12 \
100 ntin test tube ill an ice batlt. Turbidit\. was
recordcd at 5-milt intervals us intr Shimadzu Bauscl\
& Loinb Spectronic 20 Colorimeter (ShimndzLi Sei-
srikLish0,1<\ 0to). One unit of I\ tic activit\. \\. as de-
fined ars tlTc amount causing 35, -, redLiction in tur-
bidit\. of the cell \\. tills and 500, reduction in that
of \\, hole cells in one hour 11nder these conditions
Controls \\'IthoLit substrate or \\'ithout enzvme \\ere
also set up

H\, drol}'tic actioi, on soluble SLibstrates : }Ivdrol\'-

SIS of soluble peptidogl}. cart subLinits from L. phili-
Idyll, ,I cell\\alls \\'as assa\ed b\' estimating liberatioii
of timino groLips from hydrox\'methylated substrates
For tl, is a sample of substrate cont"ining 12 to 16
11mole equivalents of total gilltamic acid residues \\'as
Incubated \\itIt the sample of enzvme lit 0.02 xi

sodiLinT phDsplT"te buffer, pH 7.8 at 37 C. Samples
of the mixture \\. eru taken at intervals, dried in
vncuo and ii, cubated \\itIt 80 ,,, I of a 0.8q, (\\Iv)
sodium bornte solution and 10 ,, I of 0.1 xi
2, +-dinitroHuorobenzene (FDXB) at 60 C for 30

The it their absorb"nc\ \\ as riteasured at 420
The amount of free amino groups liberated

was expressed in moles per mole of total glutamic
acid residues in the test substrate

Caseinase acti\. ity : Caseinase activit\' \\as deter-
mined b\. the casein-Folin ritethod, based on the
description of Hagihara and Yonetani (1956). Alt
appropriate amount of test sample was diluted \\ith

min

itin

KATAYA*IA, T. at al. Pi, rillcoti'0, I of D-o10,13.1-me so-", PMr endopept, 'dose

,

77



water to 150 111, and incubated \\, ith 300 111 of I Qb case-
in solution (Hammarsten, E. IVierck, \\;est Germany)
adjusted to pH 7.8 and 150 111 of 0.02 M phosphate
buffer, pH 7.8 at 37 C for exactly 20 min. Then
500 ill of 0.11 xi trichloroacetic acid containing 0.22
M sodium acetate and 0.33 xi acetic acid were added

to precipitate undigested casein. The mixture was
centrifLiged at 650 x " for 10 min and 200 111 of the
supernatant \\. as mixed \\. itlT 500 111 of 0.05 xi sodium
carbonate and 100 111 of Foiln reagent, diluted \\, ith
2 volumes of water and incubated at 37C for 30 min
Then its absorbancy at 660 rim was measured with
a Hitachi Perkin-Elmer Spectrophotometer (NIOdel
139 UV-VIS, Hitachi Ltd. , Tokyo). As a .ont, o1,
casein solution \\. as Incubated \\ithout enzyme. One
unit of caseinase activity \\, as defined as the amount
causing 010 increase in OD, "u. Using this procedLire
the absorbancv \\. as linearly proportional to the
activity o\, er a range of 0.1 to 0.7 tinits

5. ISOe/ectiic forI'Si, ,g 1'11 a dells, ty grrrd, hit

ISOelectric focusing in a density gradient \\, as car-
Tied out in an LKB column (LKB-Produkter AB,
BTOma, S\\eden) of 110 inI capacity, as described
by \Jestervetg and Svensson (1966) and \, esterberg
(1971). An almost linear gradient was prepared with
50'6 (\^Iv) sucrose and carrier ampholites (Ampho-
line pH 7.0 to 10.0, LKB-P, odukte" AB). Th" test
sample (containing 1.8 to 10 ing protein) \\as placed
on the column, and a potential of 700 v \\as applied
for 43 hr at I C. TheIt fractions of 1.5 inI \VCre
collected from the bottom of the column and their

pH value \\. as rapidly determined at I C \\Ith a pH
meter (NIOdel pHi\I 26, Radiometer, Denmark)
The enzyme activity of each fraction \\'as estimated
with C. d, nintheJiue \\, hole cells and the protein con-
centration was estimated in terms of absorbanc^ at
280 rim

injections were given at weekly intervals for 2 weeks
and one \\. eek after the third injection, the Tab-
bits \\, ere injected intravenously with one in I of
the same L-3 enzyme solution without the adjuvant.
They \\, ere bled one \\, eek later. Immune serum
specimens were added with 0.19, sodium azide as
a preservative, and stored at + C

Immunoelectrophorcsis : This \\, as performed as
described by Ouchterlony (1968). Two wells (about
5 innt diameter) were cut out, as shown in Fig. 12,
and filled \\, ith different test antigens. A potential
of 6 vjcm was applied in barbital buffer ("-0.05
and pH 6.8) at + C for 120 min. Then a trough
(3 x 55 mm) \\, as cut out bet\\, een the two antigen
wells and anti-L-3 crude enzyme immune rabbit
scrum was placed in it and jinmunodiffLision was
allo\^ed to proceed for 72 hr at room temperature
in a moist chamber

6. 11/11/1111iO/og, 'to I 111ethOds

Preparation of anti-L-3 enzyme serum : A sample
of 1.2 inI of the concentrated crude L-3 enzyme,
containing + ing of protein and 381ytic units o1t C
diphtheii'tie cell \\, alls, \\, as n\ixed with 0.8 in I of a
solution of 100 ing of dehydrostreptom\cin and
10,000 Linits of penicillin G in deionized \\'ater. The
mixture was \, igorously sonicated with + in I of Bacto-
complete Freund adjuvant to make a water~in-o11
type emulsion and I in I volumes were Injected In-
tramuscularly into t\^o sites in back of Japanese
domestic adult rabbits \\, eighing 2 to 2.5 kg. Similar

7. alla/yt, 'cal A ocedi, yes

Free, total, N- and C. terminal amino acid : These
were estimated b}' the method of Ghuysen at al.
(1966). Total amino groups were determined after
hydrolyzingin 4N hydrochloric acid at 100C for 8 hr.

N-terminal and C-terminal amino acids \\. ere me as-

ured by thin layer chromatography b}, a slight inodi-
fication of the method of Ghuysen at a1. (1966)
The mono-DNP-A, pm specimen Lised as a reference
in estimation of mono-amino-A, pm was prepared as
described by Jusi6 at a1. (1963). To test the purity,
of a test mono-A, pm-specimen, a sample was ap-
plied to Toyo Roshi filter paper (No. SIA) and
chromatographed for 16 hr at room temperature b\'
the descending technique in methanol-water-10 N
hydrochloric acid-p\. ridine (80: 17.5: 2.5: 10, by
vol). Then the paper \\'as sprayed witlT ninhydrin
reagent

Amino acids and amino sugars : These were deter-
mined after hydrolysis with 6 N hydrochloric acid
at 100 C for 12 to 14 hr, using a Hitachi Amino
Acid Analyzer (Model KLA-3B). The .o1umn
temperature was set at +5C to obtain good sepal'a-
tion of nturamic acid and glutamic acid. N-Ter-
minal amino acids and amino sugars at the reducing
end were determined by the dinitrophenylation tech-
nique (GhLiysen at a1. , 1966) and borohydride re-
duction method (Tipper and Strominger, 1966),

respectively
Ammonia : The ammonia content of hydrolyzates

of test specimens \\, as determined by the in odinca-
tion by Okuda and Fujii (1966) of the method of

78 BIKEN JOURNAL V01. 19 No. 3 1976



Fawcett and Scott (1960). The microdiffLisioit
method was Lised to determine ammonia in Edman

degradation products 1'0r the Teasoi, described before
(Kot"ni at "I. , 1970)

Edman degradation : The ritethod of Tipper at al
(1967) \\'as Lised to deterntine the amino acid se-
quence of N-terminal parts of test peptides

Others : Total amino SLigars \\ere estimated by the
method of Ghu}sen at all. (1966) witl, AT-acetylgluco-
samine as a standard. Free reducing groups were
determined b\. the ferricvanide method of Park aind

Johnson (1949). Flexose and proteiit colttents were
estimated by the methods of Asch\^e11 (1957) and
Lowfj, at a1. (1951), respectiveI\,. Protein was also
measured as absorbnnc\ at 280 rim

RESULTS

I. Prepaidti'o11 of chewii'cally of 411"ed $1, bstrntes
for assay of the L-. 3 elf. sJ, mes
I) L. Naritartt"I bisdisaccharide-peptide sub-
unit dimer

a) Digestion of L. PIn, Jim^1,111 cell \\, alls
with the Chuldi. opsis enz}, me and fraction at ion

amino acids, \\. ere combined and filtered suc-
CGssively through columns of Sephadex G-
50, G-50 and G-25 (1.9 x 97 cm, 1.9 \ 97 cm
and 2.5 I 97 cm, respectively) connected in
series b\. capillary polyethylene tubes. The
columns were eluted \\. It IT \\, ater, and fractions
of eluate were assayed for total hoxoses, free
amino groups and reducing groups.

The fractions eluted immediately after the
void volume contained almost all the hexose

ill the specimen applied and a small amount
of amino sugars, and \\, ere essentially free
from free amino and reducing groups (Fig. I).
Free amino and reducing groups \\, ere Gluted
in the medium and lower molecular \\, eight
fractions (TB-I and IC-I, respectively). These
t\\, o fractions \\, ere purified further by chroma-
tography on a Do\^ex-I (Coo~ form) column
(0.9 I 3.5 cm) and eluted with a linear gradient
of O to 1.0 M acetic acid to remove acidic con-

taminants

b) Chemical characterizatioiT of glycopep-
tides isolated from the Chn/n, opsi's digest : The

of the digest: Trypsinized cell
incubatedwall, (5 g) \\, erc

with 100 inI of 0.01 M acetate

buffcr, pH 4.7 containing 2.5
ing of the C/, alnroj>$13 enzyme
(endo-A'-acetyl- or endo-AT,
6-0-diacetylmuramidase) for
7hr at 37C. During this
treatment the cell \\, alls be-

came almost completelv solu-
billzed and turbidity de-
creased to nearly zero \\. ith
liberation of 1.4 moles of re-

ducing groups per mole of
total glutamic acid residues
in the walls. A sample of the
digest, equivalent to 1.5 g of
the walls, was applied to an
ECTEOLA-cellulose (CT~)
.. Iumn (2.5 x 45 .in). Th.
neutral and basic fractions

eluted with water, consisting
mainly of amino sugars and
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contents of amino sugars and amino acids in
fractions IB-I and IC-I, before and after dini-
trophenylation or reduction with sodium
borohydride are shown in Table I as molar
ratios to total glutamic acid residues. Fraction
IB-I contained glucosamine, inuramic acid,
alanine, glutamic acid and A, pm in a molar
ratio of about I : I : 1.5 : I : I. Half the A pm
residue remained after dinitrophenylation, in-
dicating that the peptide portion was a dimeric
form linked through one of the amino groups
of the A, pm residue in one peptide subunit.
The inuramic acid disappeared on borohydride
reduction, Indicating the existence of a disac-
charide unit \\, ith inuramic acid at the reduc-

end. Thus fraction IB-I was a bisdi-Ing

saccharide-peptide subunit dimer, consisting of
one disaccharide terrapeptide N"-(13-1.4-A1-
acetylglucosaminyl-A'-acetylmuramyl-L-alanyl-
D-ISOglutamin), I)-", eso-A2pm-D-alanine and one
disaccharide tripeptide A7"-(13-1.4-N-acetyl-
glucosaminyl-N-acetylmuramyl-L-alanyl-D-iso-
glutsminyl)-mom-A, pm (Fig. 2). Tw, in, Its
of ammonia \\, ere obtained mole ofper

glutamic acid indicating that four of the five
carboxyl groups of the glutamic acid and A, pm
residues \\, ere amidated.

Fraction IC-I consisted of glucosamine,
inuramic acid, alanine, glutamic acid, A2pm

and ammonia in a molar ratio of about I : I :

I : I : I : 2. The A pm residue in this frac-
tion, unlike that in fraction TB-I, disappeared
almost completely on dinitrophenylation. All
the inuramic acid was reduced to inuramicitol

by treatment with borohydride showing that
the glycan portion \\ as a disaccharide with the

- -Ale-;I-Giu-cooH'
GlcNAc. .-~-Mu, NAC I

a ',! N'~' I 'co, ,,
CooH'

"e, ,-A, pm -^-.- A1,

Jilt4I
G!cNAc. :^; MurN AC

TABLE I. AMIz'"o sugni' and amaho acz'd coinposz'tabns of g/ycopeptz'des Isolated 11'0"a the Chain-
1'0psz's errsj!"re dz'gest of L. plantorum cell 2,011s before a"d of tel' danz'11.0phe"y/atton or boyohydrzde
I'edi, ctzo"

in

Fraction

IB-I

J1*4^
GlcNAc-:^-Mu, NAc

-A1a~ '-G!u-cooH'

'Foul CooH 810.0s IJe, e amidaled

IQ

Treatment"

IC-I

" I : untreated, 2 : dinitrophenylated, 3 : reduced \\, ith sodium boronydride
' Determined by tlTe method of Okuda and Fujii
' Not determined.

it Values are expressed as moles per mole of total glutamic acid residues. No corrections were made for
loss during 11ydrolysis

2

3

I

2

3

CooH'

FIGURE 2. Proposed structures of glycopeptides
isolated from the end/ai opsi's enz}, me digest of L.
plantori, ,,, cell \\, alls. GlcNAc : N-Acetylgluco-
samine, A, IUTNAc : A1-Acetylmuramic acid, A, pm :
2.6-Diaminopimelic acid

GlcN

CooH'

'T, .un -CooH groups weie amidaled
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093

0.90

0.80

0.80

,

it 'H."e, ,- A -, in -cooH

Mur

80

o . 84.1

0.75

o

0.86
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o
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I. 53
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I. 16

I. 12

I. 20

Glu

I. 00

I. 00

1.00

1.00

1.00

I. 00

A*Pm

I 04d

0.57

I. 11

I. 03

0.13

1.05

NH "

I. 93'

ND"

ND
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reducing inuramic acid. Thus IC-I is a disac-
,"_(, s-1.4-A1_charidc tripeptide monomer

acetylglucosaminyl-A1-acetylmuramyl-L-alanvl-
D-ISOglutaminyl)-,, reso-A2pm in which t\\, o of
the three carboxyl groups of the A, pm and
glutamic acid residues are amidated (Fig. 2)
The structures proposed in the preceding
and folio\^ing paragraphs were deduced with
reference to previous findings (\'Iatsuda at
al. , 1968a, 1968b).
2) L. PId"I'll'win peptide subunit monomers
and dimer

a) Digestion of the L. PIn"Idi'wJ, I Cliff/a, 'opsi's
enzyme Iysate \\. ith the L-11 enz\, me and frac-
tionation of the digest : The Glintwrops, '$ cn-
zyme Iysate obtained from 3.5 g of L. pin, liari4"!
cell \\. alls was incubated with 350 U (estimated
with L. pin"tai. MMI cell \\ alls) of the L-11 en-
z}, me in 70 inI of 0025 M barbital buffer, pH
8.5 for 721Tr at 37 C. During the digestion,
about one mole of N-terminal alanine per

mole of glutamic acid residues was liberated,

indicating almost complete cleavage of the A;-
acetylmurmyl-L-alanine linkages bet\\ een glv-
can and peptide portions.

Then the mixture was applied to a CI\I-
cellulose (H' form) column (1.0 x 40 cm). The
column was washed \\, ith water and then eluted

with 0.5 M ammonia. The basic peptides eluted
\\ ere chromatographed on an Amberlite CG-
120 column (0.9 x 72 cm), as reported previ-
.usIy (Musud, at a1. , 1968"). Fire p. ,k fro. -
tions (11B-I, 2,3,4 and 5) \\, ere obtained on
elution with allnear gradient of 0.2 M pyridine-
acetate buffer, pH 3.1 to 2.0 M pyridine-
acetate, pH 50, as shown in Fig. 3. The
homogeneity of each fraction \\, as examined
by paper electrophoresis with 0.1 M pyridine-
acetate buffer, pH 5.0 as solvent. Three frac-
tion^ (11B-3, + and 5) inIg"at, d t, ward* th,
cathode as single spots (Fig. 4). The others,
^, hich \\, ere mixtures of ITeutral peptides, \\'ere
not studied fLITther.

b) Chemical characterization of PCptides,
11B-3.11B-4 and 11B-5 : Table 2 summarizes
the analytical results on the total, N-terminal
and C-terminal amino acids and ammonia in

the test peptides. No amino sugars \\ CTe
detected.

11B-3 : This peptide contained alanine,

50

.~

" 40
"

.
=

13 30
.
.

co
..

^; 20

183

,
.

L.

IB -4

10

800

inI Effluent

FIGURE 3. Fractionation of the L-11 enzyme digest
of the elm/n, ops, 's enzyme Iysate of L. pithitn, 111"
cell walls on an Amberlite CG-120 coltimn. The

column was eluted with 0.2 xi pyridine-acetate buffer,
pH 3.1 and a linear gradient of 0.2 to 20 xi pyridine
and of pH 3.1 to 5.0. Fractions of 10 inI were
collected
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o
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Lys

.
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.
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A1a

UB-4
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O rig!n

FIGURE 4. Paper electropherogram of peptide
fractions isolated b\. Amberlite CG-120 column

chromatograph}, of the L-11 enzyme digest of the
Chn/ni'opsi\ enzyme I} sate of L. PIn, ,torii, ,I cell \\ alls.
Electrophoresis was carried out in 0.1 xi pyridine
acetate buffer, pH 5.0 for 150 min at a potential of
14 vlcm
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TABLE 2. Total, N-termt'"al and C-termz'"o1 omano aca'ofs and a?""tonz'a of peptz'de subu"It 7110"0-
mers and dimer Isolated from the L-I I errsy"Ie dz^est of the Cho/dropsz's 11, sale of L. plantari, "I
cell tooth

Fraction

11B-3

11B-4

11B-5

Amino acid coin-

positiontt

" By amino acid analyzer, " by thin layer chromatography and " by the method of Okuda and Fujii. Values
are expressed as moles per mole of total glutamic acid residues

A1a

207

1.18

1.60

glutamic acid, A, pm and ammonia in a molar
ratio of about 2: I: I : 3. One mole of either

alanine or A, pm residue was found to be
I\:-terminal. Hydrazinolysis of the peptide
showed that one mole alanine was the C-

terminal amino acid. These data are coin-

patible with the structure proposed in Fig. 5.
11B-4 : Approximately equimolar amounts

of alanine, glutamic acid and A2pm \\, ere found
with one mole each of N-terminal alanine and

mono-amino-A, pm. NO C-terminal amino
acid \\, as detected. The sequence of amino
acids in this tripeptide \\, as determined by
Edman degradation. In the first c}, cle of
degradation, N-terminal alanine disappeared
and about one mole of glutamic acid was ex-
posed as the ne\\, N-terminal amino acid with
loss of mono-amino-A, pm. The N-terminal
glutamic acid disappeared during the second
c), cle of degradation, and a significant amount
of ammonia was detected by microdifTusion.
This suggests that the orcarboxyl group of the
glutamic acid is combined with ammonia. A
structure for peptide 11B-4 compatible with
the analytic data Is shown in Fig. 5.

11B-5 : The constituent amino acids of this

peptide were alanine, glutamic acid and A2pm
in a molar ratio of about 1.5: I: I. About 2

moles of ammonia were present per mole of
total glutamic acid. One mole of alanine and
about 0.5 mole of A, pm were located in the
N-terminal. NO C-terminal was detected.

Glu

100

1.00

1.00

A, pm

0.89

0.90

1.12

N-terminal
amino acid"

A1a

1.00

1.00

116

amino-Agpm
ino no -

0.92

0.87

0.61

C-terminal
amino acid"

A1a

075

o

o

AePm

These analytical findings can be most reason-
ably explained by supposing that fraction
11B-5 is a peptide subunit dimer in which one
terrapeptide, L-alanyl-D-ISOglutamin}'I-meso-
A2pm-D-alanine and one tripeptide, L-alanyl-
D-isoglutaminyl-?, Ieso-A, pm are Joined by a
direct bond involving the C-terminal D-alanine
residue of the tetrapeptide and the free amino

o

o

o

Ammonia

2.48" (2.95")

1.97 (1.74 )

2.00 (2.10 )

I^

-Ale^ --G!u-CONH
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NH -

"e, ,-A, pm- -A1a

*

F1 I CooH'me, , A_pm<cooH'

I -A1a^ '-OrcOOH'

'1 I CooH', re, ,-A. pm<
-A1a^ -Giu-cooH' CooH'

NHI

me, , -A, pm ^' -A1a

-A1a- -Glu-CONH

60NH-

,

rea

'One -CooH group 1.1as amidale.

,OOH'
'Four -CooH groups \. Iere amida;eC

FIGURE 5. Proposed structures of peptide subunits
isolated from the L-11 enzyme digest of the C/1010-
1.0ps, 's Iysate of L. plain, 111" cell walls. GlcNAc:
N-Acetylglucosamine, MurNAc : N-Acetylmuramic
acid, A, pm: 2.6-Diaminopimelic acid.
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group of the A, pm residue of the tripeptide,
as sho\^rim Fig. 5. The absence of C-terminal
A, pm and the presence of 2 moles of ammonia
per mole of total glutamic acid residues In-
dicate that at least one carboxyl group of the
A, pm residue in the tripeptide was amidated.

2. Pnrtz'a/ puniicatz'o11 of the crwde L-3 errsyme
I) Negative adsorption on a DEAE-cellulose
column

A crude L-3 enzyme preparation a liter) \\, as
concentrated by dialysis against 2016 (wjv)
polyvinylpyrrolidone (ino1 \vt 7,000,000 dalton,
Nakarai Chemicals, Kyoto) for 96 hr. Then
it was dialyzed against 0.05 M phosphate buffer,
pH 8.0 at 4 C. A precipitate formed during
dialysis was removed by centrifugation at 6,000
Kg for 20 min and \\ ashed. The supernatnat
and washing fluid \\. ere combined (total volume,
350 inI). This procedureincreased the specific
Iytic activity per ing protein against C. d, '-
phtha'lire cell walls 1.5 fold \\, ithout any ap-
preciable loss of enzyme activity.

A 2 inI sample of the concentrated enzyme
(31.5 Ulml ,galnst C. diphth, ,i"" wall^) un^
applied to a DEAE-cellulose column (2.0 x 4.0
cm) equilibrated \\, ith 0.05 M phosphate buffer,
pH 8.0. The column \\, as \\, ashed with 150 inI

of 0.05 M phosphate buffer, pH 8.0, and theIT
eluted step^. ise \\. itIT 550 inI \, o1umes of the
same buffer containing 0.2 itI, 0.4 itI, 0.6 M and
0.8 M sodium chloride, respecti\, ely.

The Glution profile is shown in Fig. 6. The
cell \\, all Iytic and caseinase activities \\'ere not
adsorbed whereas much of inactive proteins
and the bulk of the colored materials were. In

this way nearly 90', of the Iytic activity on
C. dinhthe, lire \\, alls \\, as recovered and about
half the inactive proteins were removed.
2) Analyses of terminal amino acidsliberated
from L. PIn"tall, "I \\'alls b\, the L-3 enzyme
fraction from the DEAE-cellulose column

(DEAE-.. 11ul. ^* fro. ti. n)
Alkali-treat, d coll *, all^ (10 ing) of L. plan-

tart, "I \\, ere incubated at 37 C \\, ith 2 U (as-
sayed \\, ith C. diphthe, 'JRe \\, alls) of the enzyme
from DEAE-cellulosein one in10f 0.02 M phos-
phate buffer, pH 7.8. Samples of the reaction
mixture \\, ere takeit at intervals to measure

reduction in O055, and Increase in free amino
The I. ;-terminal and C-terminalgroups.

amino acids were also determined.

As shown lit Fig. 7, during the reaction the
turbidity decreased nearly 951, , with concomi-
tant release of about 2 moles of free amino
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FIGURE 6. Column chromatography of the L-3 crude enzyme on DBAE-
cellulose. Step\^Ise elution was performed by increasing concentrations
of sodium chloride in 0.05 A1 phosphate buffer, pH 8.0. Lytic activit},
against C. dipht/lei','ae whole cells (.^. ), caseinolytic activity'
(.--.), abso"bance at 280 rim (0--0)

o
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Fraction number (Nos I~169,5 in1/1ube
Nos. 170~300,10 inI^^ube;

groups. As shown in Fig. 8, roughly equi-
molar amounts (0.5 moles per
mole of glutamic acid residue)
of mono-amino-A, pm and C-
terminal alanine \\. ere libcra-

15 E ted, after incubation for 24 hr,
one of the amino groups of all
the A, pm residues had become

. free. This suggests that the
cross linkages between the C-
terminal D-alanine residue of

one peptide subunit and the
mono-amino-A, pm at the N-
terminal of another in the test

peptidoglycans \\, ere almost
completely hydrolyzed. The
liberations of about one mole
of 1'<-terminal alanine and 0.8

mole of C-terminal A, pm In-
dicated the cleavage of almost

o

20

.
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o
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05

.
o
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all of the linkages between glycan and peptide
moleties and the deamination of both carboxyl
groups of almost all A, pm residues. Thus
D-alanyl-meso-A, pnT endopeptidase, A1-acetyl-
inuramyl-L-alanine amidase and A, pm carbo-
xyamide amidase, were all present in the
enzvme from DEAE-cellulose.

,

o

20
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.
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.

o

40

,^

U
.

.

co 60
.
o
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3. Separatz'0" of the D-@/""yl-meso-, 42pm endo-
peptz'of ase fro"I ami'of ases by chro"ratogrnphy

The fractions of the L-3 enzyme from the
DEAE-cellulose column \\, ith Iytic activity (as-
sayed \\, ith C. diphthei7'ae \\, hole cells) were
combined and concentrated by precipitation
with 809', saturation of ammonium sulfate.
The concentrated material was dissolved in

water, and dialyzed first against water and then
against 0.01 M phosphate buffer pH 7.0. A
15 inI sample of the resulting partially purified
L-3 enzyme, containing 150 I), tic units against
C. dinhthe, .I'de cell walls and 6.35 ing of protein
per inI, was adsorbed on a CAT-cellulose column
(3.0 x 21 .in) .nullib"at*d with 001 M ph. ^-
phate buffer, pH 7.0. The column was washed
with the same buffer until the absorbance of

the effluent at 280 rim became negligible, and
then eluted with a linear gradient of O to 0.2 M
sodium chloride in the same buffer, pH 7.0
at a How rate of 60 inI per hr.

Figure 9 shows the Glution profiles of Iytic
activity against C. diphthe, .IQe whole cells,
caseinase activity and absorbance at 280 rim.
The fractions eluted with 0.01 M phosphate
buffer, pH 70 (CM-cellulose Fraction A, tubes
No. 5 to 20) had strong caseinolytic activity but
very weak Iytic activity. Two other fractions
with strong Iytic activit), on whole cells of C.
diphtheriae were separted by gradient elution
with sodium chloride. One of these (Frac-
tion B, tubes No. 60 to 80) had no significant
caseinolytic activity and the other (Fraction C,
tubes No. 86 to 120) had significant proteinase
activity as \\, ell as Iytic activity on whole cells.
I) Actions of each fraction from the CAT-
cellulose column on a peptide subunit dimer
and a disaccharide tripeptide monomer

For this, the hydroxymethylated peptide
subunit dimer (11B-5, 16 rimoles equiv. ) and
disaccharide tripeptide monomer (IC-I, 12
rimoles equiv. ) were Incubated with 20 PI
samples of each fraction in a total volume of
40 1:1 in 0.02 A. I phosphate buffer, pH 7.8.
Figure 10 shows that Fractions A, B and C
all released free amino groups from the peptide
subunit dimer, but that only Fraction A hy-

I
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I

A

A

80

4

100

Figure 7. Digestion of L. pin, 11n, ,,,, icell\\alls with
release of amino groups on Incubation \\, ith the L-3
enzyme from DEAE-cellulose. Free amino groups
(A^A), OD, ,, (,- D)
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walls \\, ith the L-3 enzyme from DEAE-cellulose.
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drolyzed the disaccharidc tripeptide monomer.
The disaccharidc tripeptide monomer in

whicli t\\, o of the carboxyl groups \\ere ami-
dated is a substrate for both A1-acetylmuramyl-
L-alanine amidase and A, pm carboxyamide
amidase. The peptide subunit dimer \\. ith
four carboxyamide groups can be cleaved b},
the A2pin carboxYamidc amidase, but not by
A;-acetylmuram\, I-L-alanine amidase. Thus the

15

001'---001 PB pH 71TNaC1 ;0-02'-';~
PB pH7

15

, 10
>.

^- A --I
C

>

o
o010

,

, 5
>.
.

"

.
o

above results sho\\, that Fraction A contained

all three enzyme activities present in the en-
zyme from DEAE-cellulose, whereas Fractions
B and C contained D-alanyl-flieso-A2pm endo-
peptidase, but not A, pm carboxyamidc ami-
dase.

2) Actions of the three fractions from the
CM-cellulose on L. pin"inIu"I cell \\, alls and a
bisdisaccharide-peptide subunit dimer

05

100 120 140806040

=lacticn 11umber115 millubei

FIGURE 9. Chromatogram of the L-3 enzyme front DEAE-celltilose on
a C:\, I-cellulose column. Lytic activity against C. off>/ithe, inc \\Jtole
cells (.- - -.), caseinolytic activity (.^.), absorbnnce at 280 rim
(0 -0)
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Fractions A, B and C \\ere
each dialyzed against 0.02 M
phosphate buffer, pH 7.8 and
concentrated by ultrafiltration
through a Diafilter G-10T
(Nippon \;acuum Technique
Co. , Tokyo).

Table 3 shows the maxi-

mum yields of I. ;-terminal and
C-terminal amino acids libcra-
ted from the cell \\, alls of L

11n"lain, ,I bv Fractions A, B
and C, and estimated by,
incubating the alkali-treated
coll *,, its (12 ing) with anp",-

of the frac-priatc amounts
tions in 2.4 inI of 0.02 M phDs-
phate buffer, pH 7.8. On
incubation at 37 C for 481tr
under these conditions the

turbidity of the cell wall
suspension decreased by 70 to
9 0I. ." .

a) Fraction A: An essen-
tially equimolecular net incre-
ase in mono-amino-A, pm and
C-terminal alanine (about 0.5
moles, per n\o1e of total glu-

observed,tamic acid) was

indicating almost complete
hydrolysis of the Inter peptide
D-alanyl-, lieso-A, pm bonds.
The increases in N-terminal

alanine (0.8 moles) and C-
terminal A, pm (0.3 moles), on
the other hand, showed that
Fraction A exerted IV'-acetyl-
inuramyl-L-alanine amidase

.
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FIGURE 10. Actions of the L-3 enzyme from CA, I-cellulose on chemically
defined, soluble substrates. Activities \\, ere determined in terms of libera-
tion of free amino groups from hydrox\metlTylated specimens of disac-
charide-peptide subunit monomer (di-carboxyamides) 11C-11 and peptide
subunits dimer (tetra-carboxyamides) 111B-51. Disaccharide peptide
subunit monomer (A---A), peptide subunit dimer (,-^.), absor-
b"rice at 280nm (0- -0)
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4. Fwrthei. furyicntz'o71 of the D-n/a?DJl-meso-
agp?" endopeptz'dase by JISoe/ectrz'CIOcu$1"g

A 20 in I sample of concentrated Fraction B
(containing 120 units of activity, against C.
dinhthei'ine cell walls and 1.8 ing of protein)
was submitted to ISOelectric focusing in a pH
gradient from 7 to 10 for 43 hr. As shown
in Fig. 11, two peaks of Iytic activit), on C.
of 1/1htherz'ae cells were obtained, with ISOelectric
points (PI) of 7.9 and 11.0, respectively. Stu-
dies with L. plaitt@rum cell \\, alls and casein
as substrates showed that the fraction of pi
7.9 had strong cell wall I}, tic activity but no
detectable caseinase activity and that of PI
11.0 had caseinase activity only.

Fraction C was also subjected to ISOelectric
focusing. As in the case of Fraction B, a frac-

TABLE 3. analyses for N-termz'rin/ and C-termz'"o1 am znO oct'ds 12berated 61, hydro/ysz's of L
plantaru"I cell 2001/3 2021h Ihe DBAE-cellulose and CM-cellulose lyrictz'ons of the L-3 errgj, me

and A2pm carboxyamide amidase actions on
L. PIn"toy""I cell walls.

by Fractions B and C : Concomitant and
practically equimolar liberations of
amino-A, pm and C-terminal alanine
observed \\, ithout release of either N-terminal

alanine or C-terminal A, pm (Table 3). Thus
these two fractions seemed to contain only D-
alanyl-mrso-A, pm endopeptidase. This con-
clusion Is supported by the fact that these
fractions liberated essentially equimolecular
amounts of mono-amino-A, pm and C-terminal
alanine from a bisdisaccharide-peptide subunit
dimer (TB-I), as shown in Table 4. Fraction
C, however, \\, as contaminated with caseinase(s)
as described before

mono-

\\, ere

Enzyme pre-
paration

DEAE-fraction

CA, I-fraction A

B

C

" The incubation time was 48 hr \\. ith the DEAE-cellulose fraction

' Determined by thin layer chromatography. Values are expressed as moles per mole of total o1utamic acid
residues except those for turbidity reduction.

,,

Liberation in 24 hr"

C-terminal"N-terminal"

Ajar A2Pm

0.78I. 00

0.300.83

oo

oo,,

,,

,,

TABI, E 4. actt'ons of Froctt'0"s B and C on a batdrsoccharz'de-peptzde subi, "z't dtiner (telra-corbo-
xy"inIch) 11B-11

mono-

amino-A, pm

0.47

0.43

0.43

0.3+

Enzyme pre-
paration

CM-fraction B

C

" Determined by thin layer chromatography. Values are expressed as moles per mole of total glutamic acid
residues.

A1a

,,

0.46

O. 46

0.33

0.33

,,
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amino-Agpm
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0.45
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A1a

040

0.36
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tion of PI7.9 was found to have cell wall Iytic
activity although this \\, as very low, and a more
basic fraction exhibited strong caseinase ac~
tivity but no cell wall Iytic activity.

it should be mentioned that the strong whole
cell Iytic activity of Fraction C and the more
basic fractions separated from Fractions B and
C is not due to Iysis of the cell walls but could
be due to digestion of cellular proteins.
I) Hydrolytic action of the PI7.9 fraction on
L. pin"tar""I cell \\, alls and a bisdisaccharide-
peptide subunit dimer

The fractions of PI7.9 (tubes No. 31 to 38
in Fig. 11) were combined and samples were
incubated with L. pin"tai. w, ,I cell walls and the
bisdisaccharide-peptide subunit dimerin0.02M
PITosphatc buffer, pH 7.8. Table 5 shows that

nearly Ilalf the A, pm and alanine residues of
both L. pin"tart, ,, I walls and the dimer \\, ere
liberated in parallel as N-terminal (as mono-
amino-A, pm) and C-terminal amino acids,
respectively by the D-alanyl-,, Ieso-A, pm endo-
peptidase action of the PI 7.9 fraction. No
appreciable release of either N-terminal alanine
or C~terminal A, pm due to hydrolysis of the
N-acetylmuramyl-L-alanine linkages or de-
amination of the A, pm carboxyamide was
observed.

2) Immunochcmical ITomogcneity of the PI
7.9 fraction

This was examined by jinmunoelectro-
phoretic analysis, using antiserum from rabbits
jinmunized with the crude L-3 enzyme pre-

paration used as a starting material in the
present study. As shown in Fig. 12, a crude
enzyme preparation (DEAE-cellulose fraction)
gave at least 9 precipitin arcs towards either
the cathode or anode, but the PI 7.9 fraction
gave only one precipitin Iinc towards the
cathode in barbital buffer, pH 8.6.

Thus this preparation of the L-3 endopcp-
tidase of PI 7.9 which hydrolyzed the D-
alanyl-MCSo-A2pm interpeptide subunit cross-
links in the cell wall of L. pin, Itarw?" and C.
diphihei. ane was jinmunologically hornogene-
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Figure 11. Fraction ation of Fraction B of the L-3
enzyme by isoelectric focusing witlt Carrier Ampho-
lite (gradient of pH 7 to 10). Fractions of 1.5 inI
were collected. Lytic activity against C. dipht/feline
whole cells (.-----.), absorbance at 280 rim (0-,
O), pH (----)

o

.

pH 111

TABI, E 5. actz'ons o1 Ihe PI 7.9 11 octa'0" from Froctz'o72 B on L. plantnrum cell roans und a
batchsocchorzde-pepizde subi, nat damer (letrtt-carbon, dintde) 11B-/l

14

12

10

8r

6

4

?

o

a

Substrate

Cell \\ alls

IB-I

" Determined by thin layer chromatography. Values are expressed as moles per mole of total glutamic acid
residues

OUS.

DISCUSSION

There have beeiT many reports on enzymes
degrading peptidoglycans, as describcd in the
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Introduction, but only a few on the endo-
peptidase hydrolyzing D-alanyl-me$0-Agpm in-
terpeptide bonds in cell wall peptidolgycans:
D-Alanyl-meso-A2pmendopeptidase activity like

FIGURE 12. Immunological homogeneity of a D-
alanyl-me so-A, pm endopeptidase obtained from
Fraction B by isoelectric focusing (jinmunoelectro-
pherogram). Electrophoresis was carried out at
6 v cm in barbital buffer, pH 8.0 and " 0.05, for
120 min at 4 C. A, crude enzyme preparation; B,
PI7.9 fraction, D-alanyl-meso-Agpm endopeptidase.

able conditions with aeration (unpublished
observation).

Ghuysen at a1. (1970) found that in the
absence of an added inducer Styg?tomyces @16"s
G secreted an endopeptidase with activity on
cell walls \\'ith C-terminal D-alanyl-D-linkages
between peptidoglycan subunits such as the
walls of B. megatert'"in, Cory"eb@cterzt, " pozh-
settz'@e, Bye"36@cter, '"in pusa'11"in and B"lyra'-
b@cte, I'"in yettge, I'. This endopeptidase was
first identified as soluble DD carboxypeptidase
catalyzing hydrolysis of the C-terminal D-
alanyl-D-alanine linkage of the UDP-precursor
of peptidoglycan subunits. Later it was found
to be identical with the enzyme named KM
endopeptidase (Ghuysen at a1. , 1969), which
^PIits Co-NH bonus in N"-(D-Al")-D-Lys and
N"-(D-Ala)-D-Orn as well as N"'-(D-Ala)-meso-
A2pm (Ghuysen at a1. , 1970; Leyh-Bouille
at a1. 1970). A particulate DD carboxype-
ptidase of E. colt' exerts an endopeptidase
action catalyzing the hydrolysis of the C-
terminal D-alanyl-(D)-mrso-A2pm interpeptide
bond (B, gdan. ,^ky at a1. , 1969). More
recently, it was reported that D-alanine car-
boxypeptidase IB obtained from E. colt' mein-
brane by LiCl extraction, and carboxypep-
tidase IC obtained from the super natant of
disintegrated cells both catalyzed an endo-
peptidase reaction on a bisdisaccharide-tetra-
peptide dimer from E. colt' cell walls, as well
as showing carboxypeptidase activity (Ta-
inura at a1. , 1976). Further work is required
on whether the jinmunologically hornogene-

D-alanyl-meso-A2pm L-3 endopeptidase
obtained in this study has similar activities or
substrate specificities on C-terminal D-alanyl-
D-linkages to the DD carboxypeptidase of
Styeptomyces alb"$ G. In this connection, a
preliminary study has revealed that the above
L-3 endopeptidase exerted strong Iytic action
on the cell walls of Cory"eb@cterz'"in fitsz'atOS"in
NCPP 1110 and C. pornsettz'@e NCPP 177 (a
gift from Dr. H. R. Perkins, Department of
Microbiology, Universit}, of Liverpool) and
caused incomplete, but definite Iysis of the
walls of EUb@cteri"in nitos"in ATCC 10825

(1)

that in the Streptomyces L-3 enzyme had been
found only in autolyzates of E. coti and the CUI-
ture super natant of Styeptomyces atbus G
grown in the medium supplemented with auto-
claved cells of B. megate, twin.

The D-alanyl-mrso-A, pm endopeptidase of
Styeptomyces a!bus G, reported by Bricas at al.
(1967), was only produced on addition of B.
megate, twin cells as an inducing agent (in B.
megate, t'"in cell walls, peptidoglycan inter-
peptide bonds are involved in C-terminal D-
alanyl-muso-A2pm linkages) and its production
was variable. The L-3 endopeptidase reported
here, on the contrary, was produced in fairly
constant yield in the culture filtrate of the L-3
bacterium in the absence of inducing agents.
The crude enzyme preparation used in this
study was obtained from cultures of the L-3
bacterium grown as surface pellicles on the
medium described before (Mori at a1. , 1960).
However, we recently found that the L-3 en-
zyme was also produced when the L-3 bac-
terium was grown on a large scale under suit-
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(Bwtyribncteriu?, I yettgeri, given by Dr. 1<. H.
Schleifer, Institute of Botany, and Nilcrobi-
o10gy, Universit\, of AUInchen) and B. 711egq-
lei'iu, ,I (unpublished observation).

The purified L-3 endopeptidase obtained in
this work has recently been used in studies on
the chemical structures responsible for the Im-
in unoadlUVant activities of bacterial cell \\. alls
Results sho\\. ed that A'-acetvlmuramyl-L-alanyl
D-ISOglutaminyl-"Ieso-A, pm or A'-acetylmura-
in}'I-L-alan}, I-D-ISOglutaminyl-"Ie$0-Agpm-D-al-
an ine had definite adjuvanc},, stimulating both
increase in scrum antibod\, levels and Induction

of delayed-type by, persensitivity to ovalbumin
\^hen administered to guinea pigs as a \\, ater-
in-oil emulsion (Kotani at a1. , 1975). Recent
results also showed that a digest of L. planturu, ,I
cell walls by the L-3 endopeptidase exhibits

definite jinmunoadjuvancv, as described above,
and elICits severe adju\, ant arthritis In Le\\, Is
rats, unlike a digest of the same cell walls
prepared by hydrolysis of the gl\'can molet},
with A'Iutanolysin \\. hich lacked these two
activities. However, digests of L. plantnri, ?, I
cell walls \\. ith the L-3 endopeptidase and
A1utanolysin both sho\\ed definite adjuvant
acti\, it\ to stimulate I\urnoral and cellular Im-

in uric responses to ovalbunTin In guinea pigs
00 b. published).
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