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SHORT COMMUNICATION

ISOLATION OF D-ALANYL-MESO-(I, of-D/AMINOPIAIELIC ACID ENDOPEPTl-
DASE FROl, I A CRUDE PREPARATION IN STREPTOIV{YCES " L-3 ENZYME "

TETSUO MATSUDA, SHOZ0 1<0TA:*;I, 1< EIJIR0 1< ATO and TsuYOSHl
KATAYA!\11A

Department of Allicrobiology, Osaka Uni\. ersity Dental School, Osaka

TAKAFUNll NIORIYAMA' and IVIASAHIKO YONEDA

Department of Tuberculosis Research I. Rusearclt Institute for A{ICrobial Diseases. Osaka
Uni\, CTSity, OSal<a
(Received Feb, u", y 20,1968)

Previous works on the mode of Iytic action of
the I, -3 enzyme from Sireploiiryces (KATo,
STROMiNCER and 1<0TANi, 1968 ; IVIATsuDA,
KOTANi and 1<AT0, 1968a, 1968b) ITave de-
monstrated that the crude enzyme preparation
catalyses the hydrolysis of the following link-
ages in the cell wall peptidoglycans of Gory"e-
bactei'I'M, 11 diphthei'lire (strain Park-\\;1111ams No.
8) and of Ldctobdc, '11ws PI"Ninju"I (ATCC
8014) : N-acetylmuramyl-L-alanine linkages,
D-alanyl-me so-7.7'-diaminopimelic acid (DAP)
cross b"Idg, s and the carbamyl (-CONH, )
groups of DAP amide residues. The present
invest IgatioiT was undertakei\ to see \\, he ther
separate enzyme entities are responsible for
these three activities.

Concentrated solution of L-3 enzyme \\'as

obtained by salting out with ammonium sulfate
(30-80 per cent saturation) from filtrates of
cultures of Stiepto"!yces sp. (I, -3 bacterium)
in modified NICCarty's medium, as described
previ. usIy (MORI at at. , 1960).

The Iytic activity of the enzyme against

I Present address : Department of A, Iicrobiology,
School of Dentistry, Hiroshima University,
Hiroshima
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dipl\then a cells or cell walls was determined
by measuring the decrease of optical density
of the cell- or cell \\, all-suspension when incu-
bated at 37'C witlt enzyme preparation. The
mixture contained 0.02 A-I phosphate buffer,
pH 7.8, in a total volume of 4.0 inI. The initial
optical density of the cell suspension on the
reaction mixture was adjusted to 0.5 at 550 in/z
in a Bausch and Loinb spectrometer. The
initial concentration of the cell wall suspension
was 0.5 ingjml.

Concentrated enzyme preparation was first
decolorized by negative adsorption on a DEAE-
cellulose column equilibrated witlt 0.5 M NaCl-
0005 M phosphate buffer, pH 6.0. The Iytic
activity was almost quantitativeby, recovered
in the uriadsorbed fractions. The fractions

\\, ith Iytic activity \\, ere combined and solid
ammonium sulfate \\, as added to 80 per cent
saturation. The precipitate was recovered by
centrifugation, dissolved in 0.05 M phosphate
buffer, pH 6.0, and dialyzed against the same
buffer. An allquot of the dialyzed sample
(900 whole cell Iytic units and 33.6 ing protein)
was subjected to zone electrophoresis in 0.05 M
phosphate buffer, pH 6.0, using starch as the
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supporting medium, as described by KUNKEL
(1954). A star. h bl. .k of 1.5xlOx30. in in
size was used. After electrophoresis at 2 inA1
cm2 for 18 hours in the cold, the block was cut
into I cm wide segments. These \\, ere each
extracted three times witlT a total of 20 in I of

0001 M phosphate buffer, pH 7.0. The Iytic
activities against whole cells and cell walls of
C. diphtherz'"e and the protein content (by the
method of LowRY at a1. , 1951) of the fractions
were measured.

Fig. I shows that two fractions (F-I and F-2)
migrating toward the cathode exhibited cell
wall Iytic activity. F-2 Iyzed both whole
cells and cell walls efficiently. But, the \\, hole
celllytic activity of E-1 was too weak to measure
accurately without concentrating the solution.
An allquot of F-2 containing 3135 whole cell
Iytic units and 9 ing protein was further purl-
fled by column chromatography on CM-
cellulose equilibrated with 0005 M phosphate

buffer, pH 6.0. The sample was dialyzed
against 0005 M phosphate buffer, pH 6.0 be-
fore chromatography. Elution carriedwas

out with 0001 M phosphate buffer, pH 8.0
and then with a linear gradient of Increasing
N, Cl co to I M) and ph. ^phat, buffer (pH 8.0,
0001 M to 0005 M) concentrations (Fig. 2).
Fractions were collected at a rate of 20 inntubel
20 minutes, and assayed for whole cell Iytic
activity and protein content. The contents
of tubes from No. 13 to 18 were pooled (F-2'),
and concentrated by precipitation with am-
monium sulfate (80 per cent saturation).

Cell walls from C. dtl, htheri'"e and L. pin"-
tai. win, respectively, were Incubated at 37'C
with F-2' fraction exhibiting both cell wall
and whole cell Iytic activity. The F-2' frac-
tion was used at a ratio of 0.3 cell wall Iytic
units per ing of substrate. Decrease in optical
density and Increase in peptide terminal groups
during Iysis of the cell walls were determined
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FIGURE I Fractionation of L-3 enzyme preparation by starch blocl< electrophoresis
Buffer: 0.05 M phosphate buffer, pH 6.0; Current: 2inA1cm*; Time: 18 hours
Symbols : . protein concentration, x Iytic acti\, ity against whole cells, o Iytic activity against cell walls.
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by the methods described by GHUYSEN, TipPER
and STROMiNGER (1966). The results in Table
I shows that the F-2' fraction released or'-NH -

terminal DAP and CooH-terminal alanine

from both C. driphthei. I'de and L. pia, liar", 11 cell
walls but not NH, -terminal alanine or CooH-
terminal DAP. These data indicate that the

F-2' fraction catalyses only the hydrolysis of
D-alanyl-me so-DAP linkages. It is concluded
that the three enzymatic activities present in
crude I, ~3 enzyme preparation are not due to a
single enzyme, but that more than two enzyme
entitles are present in the crude preparation,
and that one of these, D-alanyl-me so-DAP
endopeptidasc, was separated and recovered in

the F-2' fraction. Similar analyses \\, ere at-
tempted for end groups liberated by digestion
of both cell wall preparations with the F-I
fraction. Results suggested that N-acetyl-
inuramyl-L-alanine amidase may be separated
in this fraction. However, this fractioiT may be
contaminated witlT D-alanyl-me so-DAP endo-
peptidase, since in addition to NH -terminal
alanine residues, a small, but significant amount
of or'-NH, -groups of DAP residues was re-
leased during digestion of L. pin, ,tall, ,, I cell
walls. Further work is neccesary on isolation
of N-acetylmuramyl-L-alanine amidase
separate enzyme entity.
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FIGURE 2 Column chromatograplty of F-2 fraction on Cit, I-cellulose.
Column size: 12x150 mm; Elution: (A) 0.001 xi phosphate buffer; pi{ 8.0, (B) linear gradient of in-
creasing NaCl (0-, I A1) and phosphate buffer (0.001 \i-o. 005 XI. pH 8.0) concentration.
Symbols : O Iytic activity against C. dipht/Ie, ','ae \\'hole cells, . optical density at 280 inp
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TABLE I analyses of peptz'ofe tel'mina/ gi. ONps
fiberated 61, d!^estz'o71 of C. dz^hthei. IQe and L
plantnru"I cell tealls 201'th F-2' 11. actt'on 11.0m
Styeptomyces L-3 boctei. ah

Determination

NH2-terminal groups

A1anine

,r'-NH, -DAP

CooH-terminal groups

A1anine

DAP

11ncrease (innmoles per ing)

I 'n 72 hours incubation
' C. dt>h-

they, @e

I Cell walls
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