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Membrane suspensions prepared from Micrococcus luteus (sodonensis) in
both the exponential and stationary phases of growth contained a transglycosi-
dase activity capable of synthesizing linear peptidoglycan. Exponential-phase
membranes also contained an N-acetylmuramyl-L-alanine amidase activity
which degraded the peptidoglycan as it was formed. The product of this amidase
was purified and found to be free pentapeptide. The amidase was specific for
peptidoglycan and could not attack lower-molecular-weight substrates even
though the susceptible bond was present. Crude cell wall preparations isolated
from exponential-phase cells also contained high levels of amidase. This cell
wall-bound amidase would preferentially degrade in vitro-synthesized peptido-
glycan over its own cell wall. Amidase activity could be solubilized from both cell
walls and membranes by Triton X-100 treatment, butanol extraction, or LiCl
extraction. Both membrane- and cell wall-derived amidases, solubilized by LiCl
extraction, appeared to be of high molecular weight (greater than 150,000). Once
solubilized, these wall- and membrane-derived amidases could attack the cross-
bridged peptidoglycan of purified native cell walls, whereas bound amidases
could not.

Peptidoglycan biosynthesis has been studied
in cell-free systems from Micrococcus luteus
(lysodeikticus) where isolated membranes
serve as a source of enzymes (1, 3). M. luteus
(sodonensis) has a peptidoglycan structure
with many of the same structural features as
that of M. luteus (lysodeikticus) albeit a
marked difference in lysozyme susceptibility (6,
11). N-acetylmuramyl-L-alanine amidase activ-
ity has been postulated to be part of the biosyn-
thetic pathway of the peptidoglycan, since the
pathway contains cross-bridging peptides made
up of substituent peptides linked "head to tail"
(6, 19). Amidase activity was not detected in
membrane preparations from M. luteus
(lysodeikticus), but Mirelman et al. (14, 15) did
obtain indirect evidence of amidase activity in
synthetic systems using cell walls or whole cells
as a source of enzymes.
One or more transpeptidases are also impli-

cated in cross bridge formation in these orga-
nisms, but transpeptidation has also never
been achieved in vitro, except where cell walls
replaced membranes as a source of enzymes
(13, 14, 17).
This paper reports the detection of a mem-

brane- and cell wall-associated N-acetylmura-
I Present address: Department of Microbiology, Univer-

sity of British Columbia, Vancouver, British Columbia,
Canada V6T 1W5.

myl-L-alanine amidase from M. luteus (sodo-
nensis). This amidase functions in the absence
of any detectable transpeptidase activity. Some
evidence is presented to suggest that the en-
zyme may represent the amidase involved in
peptidoglycan cross bridge formation.

MATERIALS AND METHODS
UDP-MurNAc-P4C]pentapeptide. Uridine diphos-

phate-N- acetylmuramyl - L - alanyl - D - isoglutamyl-
L-lysyl-D-alanyl-D-alanine (UDP-MurNAc- [14C]-
pentapeptide) was prepared as previously described
(10). Radioactivity was distributed among the three
alanine residues of the peptide, and the purified
material had a specific activity of 694 dpm/nmol.
Analysis showed soluble N-acetylhexosamine, ala-
nine, lysine, and glutamic acid to be present in
a molar ratio of 1.0:3.2:1.04:0.99.

In vitro-synthesized peptidoglycan. In vitro-syn-
thesized peptidoglycan was prepared and partially
purified as previously described (10).

Membranes. Membranes were prepared from M.
luteus (sodonensis) (ATCC 11880) grown in Trypti-
case soy broth (BBL, Cockeysville, Md.), pH 7.3, to
the midexponential or stationary phase of growth.
Cells were disrupted by short-term, high-speed mix-
ing with plastic beads as previously described (10).
Membrane fragments were collected by centrifuga-
tion, washed twice in 50 mM Tris-hydrochloride (pH
7.5) containing 1 mM f8-mercaptoethanol (TME
buffer), and resuspended to 7 mg of protein per ml
for use.
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Crude cell walls. Whole cells were disrupted for
cell wall isolation by short-term (2 min), high-speed
mixing with plastic beads. Plastic beads and whole
cells were removed by centrifugation at 1,000 x g.

Cell walls were sedimented at 8,000 x g, washed
twice in TME buffer, and resuspended to 1 mg of
protein per ml for use.

Purified cell walls. Extensively purified cell
walls, isolated from M. luteus (sodonensis) in the
stationary phase of growth, were a gift from K. G.
Johnson, National Research Council, Ottawa, Can-
ada.
Enzyme assays. Transglycosidase assays were

performed as described elsewhere (10). N-acetylmu-
ramyl-L-alanine amidase activity was assayed by
two methods.

(1) A standard transglycosidase assay was set up
using stationary-phase membranes, incubated 3 h
at 30 C, and boiled 1 min to stop the reaction. The
amidase preparation to be tested was then added to
the completed assay system. This amidase-contain-
ing mixture was incubated an additional 3 h at 30 C
and again boiled 1 min. The stopped reaction mix-
ture was streaked on a strip of Whatman 3 MM
paper and chromatographed 16 h in solvent A. The
dried strip was cut into 1-cm sections, and radioac-
tivity was measured in a Nuclear-Chicago Mark I
scintillation counter (Nuclear-Chicago Corp., Des
Plaines, Ill.).

(2) This assay was similar to (1), except that
partially purified in vitro-synthesized peptidoglycan
replaced the transglycosidase mixture as a source of
substrate. The assay mixture also contained: 0.875
M Tris-hydrochloride, pH 8.6, 20 ,ul; 0.1 M MgCl2, 10
,ul. Final volume was 140 ,ul unless otherwise indi-
cated, and the assay was incubated and developed in
the same way as assay (1).

Analytical methods. Protein content of mem-

brane suspensions and solubilized amidase prepara-
tions was measured by the method of Lowry et al.
(12) after removal of f-mercaptoethanol by dialysis
or dilution. Protein content of the cell wall suspen-
sions was measured by a modification of the normal
protein assay (16). Total hexosamines were deter-
mined by the modified Morgan-Elson technique (7)
and soluble N-acetylhexosamines by the method of
Strominger (20). Total amino acids were measured
as their dinitrophenyl derivatives (7). N-terminal
amino acids were measured by the technique de-
scribed by Ghuysen et al. (7).

Chromatographic solvents. The chromatographic
solvents were: solvent A, isobutyric acid-0.5 N
aqueous ammonia (5:3, vol/vol) (3); solvent B,
ethanol-i M ammonium acetate (5:2, vol/vol) (3);
solvent C, 1% aqueous ammonia-saturated butanol
(7); and solvent D, chloroform-methanol-glacial
acetic acid (85:14:1, vol/vol) (7).

RESULTS

Amidase activity of membranes from expo-

nential-phase cells. Membrane suspensions
prepared from M. luteus (sodonensis) cells in
both the stationary and exponential phases of
growth were compared for transglycosidase ac-

tivity using the standard transglycosidase as-
say system. Unexpectedly, exponential-phase
membranes appeared to have a much lower
level of transglycosidase activity than station-
ary-phase membranes (only one-third as much
radioactive peptidoglycan synthesized at the or-
igin) (Fig. 1). Since peptidoglycan biosynthesis
occurs most rapidly during cell growth and divi-
sion, exponential-phase membranes were ex-
pected to contain higher levels of transglycosi-
dase activity. As well as residual substrate
(peak II, retardation factor [R1] = 0.3) present
in both systems, exponential phase-membrane
chromatograms showed a new peak of radioac-
tivity (peak III), the amidase product. This ma-
terial was demonstrated by paper chromatogra-
phy not to be free alanine or MurNAc-
['4C]pentapeptide and therefore was not the
result of either transpeptidase, DD-carboxypep-
tidase, or phosphodiesterase activity (10). To
investigate the possibility that the new mate-
rial was the result of peptidoglycan breakdown,
a type 1 amidase assay was performed. Expo-
sure to exponential-phase membranes resulted
in conversion of about 25% of the in vitro-syn-
thesized peptidoglycan to the amidase product
seen previously (Fig. 2). The apparently low
level of transglycosidase activity observed in
exponential-phase membranes was presumably
due to the presence of this amidase, which was
only present or active in exponential-phase
membranes. Assuming that ['4C]pentapeptide
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FIG. 1. Transglycosidase and amidase activities in
vitro in exponential- and stationary-phase membrane
suspensions ofM. luteus (sodonensis). The appropri-
ate transglycosidase reaction mixtures were chromat-
ographed on paper strips for 16 h in solvent A. Distri-
bution of radioactive products was determined by
cutting the strips into 1-cm sections and counting
each section. Symbols: ( ) Stationary-phase mem-
branes; (- -) exponential-phase membranes. Peak I,
In vitro-synthesized peptidoglycan; peak II, residual
substrate (UDP-MurNac-[14C]pentapeptide); peak
III, amidase product (['4C]pentapeptide); and peak
IV, lipid precursors.
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FIG. 2. Measurement ofamidase activity in mem-
branes prepared from exponential-phase cells of M.
luteus (sodonensis). In vitro-synthesized peptidogly-
can was incubated with membranes prepared from
exponential-phase cells. Reaction mixture was chro-
matographed and counted as for Fig. 1. Symbols:
(-) Peptidoglycan control; (- -) peptidoglycan
plus amidase containing exponential-phase mem-
brane suspension. Peak I, In vitro-synthesized pep-

tidoglycan; peak II, residual substrate (UDP-
MurNac-['4C]pentapeptide); peak III, amidase prod-
uct (P14C]pentapeptide); and peak IV, lipid precur-

sors.

can only arise from amidase digestion of in
vitro-synthesized peptidoglycan, it became ap-

parent that the rate of peptidoglycan synthesis
was approximately equal for both exponential-
and stationary-phase membrane preparations,
but in the former case the peptidoglycan was
subsequently being degraded by the amidase.
The sum of radioactivity present as

['4C]pentapeptide and ['4C]peptidoglycan was,
in fact, slightly greater for exponential-phase
than for stationary-phase membrane prepara-
tions.

Identification of the amidase product. The
product of this amidase activity was prepared
for purification and analysis by scaling up a
type 1 amidase assay 50-fold. After sedimenting
out the membranes, the supernatant was ap-
plied to a Sephadex G-25 column (2.5 by 90 cm)
and eluted with water. Radioactive fractions
were pooled, lyophilized, and chromatographed
on paper strips in solvent A. The amidase prod-
uct (Rf = 0.65) was eluted and rechromato-
graphed in solvent B. The active material was
eluted, desalted again on the Sephadex G-25
column, and lyophilized. The purified amidase
product was then assayed for soluble N-acetyl-
hexosamine and total amino acids and shown to
be free ['4C]pentapeptide (Table 1). The pres-
ence of glycine in the product indicated that
some of the peptides had arisen due to amidase
attack on preexisting cell wall peptidoglycan
carried over by the membrane fragments. The

UDP-MurNAc-['4Clpentapeptide used in the in
vitro synthesis of peptidoglycan did not contain
glycine, but native cell wall peptidoglycan has
glycine substituted on the a-carboxyl groups of
glutamic acid in a mole-for-mole ratio (11). The
presence of unlabeled peptides was also appar-
ent from the decreased specific activity of the
product peptide (500 dpm/nmol) when com-
pared to the original substrate (694 dpm/nmol).
The drop in the molar ratio of alanine, from 3.2
to 2.43, could also be explained if the unlabeled
peptides arising from native peptidoglycan had
only one C-terminal D-alanine residue rather
than the D-alanyl-D>alanine dipeptide present
in in vitro-synthesized peptidoglycan. The data
suggest that the amidase product is a mixture
oftwo peptides. Ofthe total 316 nmol of peptide,
226 nmol was derived from the in vitro-synthe-
sized peptidoglycan and had a structure of
[14C]ala-glu-lys-['4C]ala-['4C]ala, whereas 90
nmol was derived from preexisting wall pepti-
doglycan with a structure of ala-isoglu(-gly)-
lys-ala.
Hexosamine assays of in vitro-synthesized

peptidoglycan fractions indicated the presence
of large amounts of unlabeled peptidoglycan
such that, overall, about two-thirds of the iso-
lated peptidoglycan was not actually synthe-
sized in vitro but came from unlabeled wall
peptidoglycan (10). The composition of the ami-
dase product, however, indicated that less than
one-third of the peptides came from this unla-
beled peptidoglycan. The amidase, therefore,
preferentially degrades in in vitro-synthesized
peptidoglycan over wall peptidoglycan.

Substrate specificity. The substrate specific-
ity of the amidase indicated that it could only
attack peptidoglycan. UDP-MurNAc-pentapep-
tide could not serve as a substrate, even though
it contained the susceptible muramyl-L-alanine
linkage. MurNAc-pentapeptide was also not ac-
ceptable as a substrate, which indicated that
the nucleotide portion was not responsible for
the inability to use UDP-MurNAc-pentapep-
tide.

In an analogous experiment, the in vitro-
synthesized peptidoglycan was exposed to lyso-

TABLE 1. Composition of the product ofM. luteus
(sodonensis) amidase on autogenous in vitro-

synthesized peptidoglycan
Component Amounta Molar ratio

Soluble N-acetylhexosamine 0
Glutamic acid 322 1.00
Glycine 90 0.30
Alanine 784 2.43
Lysine 310 0.96

a Nanomoles per milliliter.
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zyme and completely degraded into disacchar-
ide- and tetrasaccharide-peptide fragments.
Amidase-containing, exponential-phase mem-
branes were then added to the lysozyme digest,
but they were unable to use either disacchar-
ide- or tetrasaccharide-peptide as substrate
(Fig. 3). A peak of residual UDP-MurNAc-
[14C]pentapeptide allows the exponential-phase
membranes to form some free pentapeptide
through transglycosidation and subsequent deg-
radation, but there is no change in the amount
of the two lysozyme digest products upon expo-
sure to exponential-phase membranes. The low-
molecular-weight species of the in vitro-synthe-
sized peptidoglycan (10) with an estimated
chain length of 20 disaccharide-peptide units
was degraded by amidase. This indicates that
the amidase has a requirement for peptidogly-
can chains of some minimum size, more than 2
disaccharide-peptide units (tetrasaccharide-
peptide) but less than 20 disaccharide-peptide
units.

Cellular location and function of the ami-
dase. Crude cell wall preparations isolated
from exponential-phase cells were found to
have high levels of amidase activity. Using a
type 1 amidase assay, exponential-phase cell

v

FIG. 3. Effect of lysozyme digestion on the suscep-
tibility of in vitro-synthesized peptidoglycan to ami-
dase activity of membranes prepared from exponen-
tial phase cells ofM. luteus (sodonensis). Peptidogly-
can was synthesized in vitro by stationary phase
membrane suspensions of M. luteus (sodonensis),
digested completely with lysozyme, and then exposed
to membrane-bound amidase. Reaction mixture was

chromatographed and counted as described for Fig.
1. Symbols: ( ) Peptidoglycan control; (- -) pep-
tidoglycan plus lysozyme; (-----) peptidoglycan plus
lysozyme plus amidase containing exponential phase
membrane suspension. Peak I, in vitro-synthesized
peptidoglycan; peak II, residual substrate (UDP-
MurNac-['4C]pentapeptide); peaks III and IV, tetra-
saccharide and disaccharide peptides, respectively
(lysozyme products); peak V, amidase product
(['4C]pentapeptide); and peak VI, lipid-associated
material.

walls released 23.8 nmol of ['4C]pentapeptide
per h per mg of protein, whereas exponential-
phase membranes released 2.0 nmol of
['4C]pentapeptide per h per mg of protein. The
majority of protein in a crude cell wall prepara-
tion is due to the presence of membrane frag-
ments attached in some manner to the cell wall
structure. The large difference in specific activ-
ity of membrane- versus cell wall-bound ami-
dases indicates that the amidase activity of
crude cell wall preparations is somehow differ-
ent and not just due to the presence of mem-
brane fragments. In contrast, exponential-
phase membrane and cell wall preparations
had roughly equivalent amounts oftransglycos-
idase activity based on protein content.
Neither exponential-phase membranes nor

cell walls showed any evidence of transpepti-
dase activity when assayed in a standard trans-
glycosidase system. In an attempt to stimulate
transpeptidase activity, the assay system was
supplemented with adenosine 5'-triphosphate,
glycine, and NH4Cl and buffered to a pH of 7.8.
Using this reaction mixture, Mirelman had
demonstrated transpeptidase activity in cell
wall suspensions of M. luteus (lysodeikticus)
(14), but no such activity could be detected in
M. luteus (sodonensis) membranes or in cell
walls. Furthermore, variations in the method
of disrupting cells to obtain membrane and wall
preparations did not yield preparations with
demonstrable transpeptidase activity.
To determine whether the amidase of M. lu-

teus (sodonensis) functions as an autolysin, ex-
ponential- and stationary-phase whole cells
were harvested, washed in TME buffer at 4 C,
and then suspended in TME buffer to an ab-
sorbancy of 0.5 at 600 nm. The cell suspensions
were incubated at 30 C and changes in absorb-
ancy at 600 nm were followed. Both cell suspen-
sions were incubated at 30 C and changes in
absorbancy at 600 nm were followed. Both cell
suspensions were equally resistant to autolysis,
even though the exponential-phase cell prepa-
rations contain high levels of amidase, whereas
those of stationary-phase cells contain none.
This lack of correlation between presence of
amidase and autolysis seems to argue against
such a role for this enzyme in vivo.

Purification of amidase. Three methods of
solubilization involving extraction with Triton
X-100 (23), with butanol (2), and with LiCl (18)
were used to solubilize amidase activity from
membrane suspensions (7 mg of protein per ml)
and cell wall suspensions (1 mg of protein per
ml). Details of each solubilization were given
previously (10). The residual pellets of mem-
branes and cell walls from these three methods
were resuspended to their original volumes in
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TME buffer. The resuspended pellets and
aqueous extracts were all dialyzed 16 h against
TME buffer before amidase activity was mea-
sured. When protein content was to be mea-
sured, TME buffer lacking /3-mercaptoethanol
was used for dialysis. A 50-Al portion of each
amidase preparation was assayed for activity
in a type 1 amidase assay.

All three methods successfully solubilized
amidase activity from both membranes and cell
walls, and in every case total activity recovered
was more than 100% (Table 2). LiCl extraction
was the most successful method because of the
low levels of contaminating protein that were
solubilized. LiCl extracts were also functionally
pure since neither transglycosidase nor phos-
phodiesterase activities will withstand LiCl ex-
traction (10).
To compare the properties of cell wall- and

membrane-derived amidases, cell walls and
membranes were prepared from a 2.4-liter
batch of exponential-phase cells. Amidase ac-
tivity was solubilized from each of these prepa-
rations using LiCl extraction. The dialyzed ex-

tracts from each were concentrated to 2.5 ml by
lyophilization and applied to a Sephadex G-200
column (2.5 by 45 cm), which was equilibrated
and eluted with TME buffer (Fig. 4). Five-milli-
liter fractions were collected, and absorbancy at
280 nm was measured. A 100-,ul portion of each
positive fraction was then assayed for amidase
activity using a type 1 amidase assay. Disap-
pearance of radioactivity from the origin of the
chromatograms was used as a measure of activ-
ity. Both cell wall- and membrane-derived ami-
dase activities eluted in the void volume of the
column, indicating that the enzyme or enzyme-
containing complex solubilized was of a high
molecular weight (greater than 150,000). The
amidase-containing fractions from both Sepha-
dex G-200 columns were concentrated to 5 ml by
ultrafiltration using an Amicon PM-10 filter.
The membrane amidase concentrate contained
0.267 mg of protein per ml, and the cell wall
amidase concentrate contained 0.056 mg of pro-
tein per ml.

Amidase digestion of purified cell walls.
The partially purified cell wall- and membrane-
derived amidases were tested for their ability to
degrade purified cell walls of M. luteus
(sodonensis) (Table 3). By analysis, the 0.7-mg
amount of purified cell walls used as substrate
contained about 50 nmol of the susceptible N-
acetylmuramyl-L-alanine amidase linkage and
no detectable free N-terminal alanine (K. G.
Johnson, Ph.D. thesis, University of Alberta,
Edmonton, Alberta, 1971). The 1.0-ml amount
of each amidase preparation was chosen as an
amount capable of releasing in excess of 50
nmol of free ['4C]pentapeptide from the in vitro-
synthesized peptidoglycan, as measured in a
type 1 amidase assay. The membrane-derived,
partially purified amidase preparation was,
however, found to have lost activity upon freez-
ing at - 70 C. A 1.0-ml portion of this prepara-
tion was capable of causing the release of only
25 nmol of free ['4C]pentapeptide from in vitro-
synthesized peptidoglycan.
The observed release of 53.4 nmol of N-termi-

nal alanine by cell wall-derived amidase and
24.2 nmol of N-terminal alanine by membrane-
derived amidase indicated that solubilized ami-
dases can attack cross-linked cell wall peptido-
glycan in addition to the in vitro-synthesized
peptidoglycan. Membrane- and cell wall-bound
amidases caused no release of N-terminal ala-
nine above background.
Amidase digestion of in vitro-synthesized

peptidoglycan fractions. The ability of both
the soluble and bound forms of exponential-
phase membrane and cell wall amidase to at-
tack fractionated, in vitro-synthesized peptido-
glycan was examined (Table 4). The peptidogly-
can fractions were the high- and low-molecular-
weight species of "soluble" and "insoluble" pep-

tidoglycan, as separated by Sephadex G-200
chromatography (10). Each of the four types of
peptidoglycan was digested with both the solu-
bilized and bound forms of cell wall- and mem-
brane-derived amidase using a type 2 amidase
assay. A 900-dpm portion of each type of pep-
tidoglycan was used per assay. Initially, the

TABLE 2. Solubilization ofamidase from exponential-phase membrane and cell wall suspensions ofM. luteus
(sodonensis)

Membrane suspensions Cell wall suspensions

Solubilization techniques Amidase sol- Amidase re- Sp act of solu- Amidase so- Amidas re- Sp act of solu-
ubilizeda maining ble extractb lubilized maining ble extract"bound" bound"

Triton X-100 extraction 82.7 63.3 3.50 82.0 88.9 24.9
Butanol extraction 56.1 76.0 4.20 83.4 88.9 39.6
LiCl extraction 60.0 42.0 24.0 77.5 85.7 108.5

a Percentage of total original amidase activity.
b Nanomoles of [14C]pentapeptide produced per hour per milligram of protein.
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TABLE 3. Digestion ofpurified cell walls ofM. luteus
(sodonensis) by autogenous amidasea

N-termi- N-termi- N-termi-
nal ala- nal ala- nal ala-
nine re- nine nine spe-

Amidase source leased in leased in cinicallyAmidm sorce test (sub- cnrl released
strate (ntratub- by added
added) stadded amidase
(nmol) (andmd) (nmol)

LiCl extract of 83.6 59.4 24.2
membranes

LiCl extract of cell 60.8 7.4 53.4
walls

Exponential-phase 46.3 46.9 0
membranes

Exponential-phase 111.6 109.7 1.9
cell walls

i4=< a Incubation mixtures were set up containing 0.7
l 0 mg of highly purified cell walls in 70 /AI of water;I a 0.875 M Tris-hydrochloride, pH 8.6, 0.4 ml; and 0.1

L\1 E M MgCl2, 0.2 ml. One-milliliter volumes of each ofE four types of amidase were assayed: partially puri-
fied cell wall-derived amidase (0.056 mg of protein
per ml), partially purified membrane-derived ami-

______________________________ - dase (0.267 mg of protein per ml), exponential-phase
0 .2 .4 .6 cell walls (1 mg of protein per ml), and exponential-

Kav phase membranes (7 mg of protein per ml). For each
4. Partial purification of solubilized mem- of the four types of amidase, a control incubation
and cell wall-derived amidase of M. luteus mixture was set up omitting the cell walls. The
ensis) by Sephadex G-200 filtration. (A) Mem- assays and controls were incubated 3 h at 30 and
derived amidase. (B) Cell wall-derived ami- then boiled for 1 min to stop the reaction. Assays
tmidase activity, solubilized from exponential- and controls were then centrifuged 45 min at 48,000
membranes and cell walls by LiCl extraction x g, and the supernatants were desalted on a cali-
-ribed in Materials and Methods, were applied brated Sephadex G-45 column (1.5 by 30 cm). All
tely to a Sephadex G-200 column (2.5 by 45 fractions from the void volume to the KAV (reference
Zuilibrated, and eluted with TME buffer. Pro- 10) of 0.85 (where the salt begins to elute) were
td amidase activity of effluent fractions were pooled and lyophilized. The dried material was re-
red by absorbancy at 280 nm and a type 1 suspended in 200 ul of distilled water and assayed
.o, I-s v roRnPrtioiv .vm-hnLe- (-) Pmt.$n- for N-terminal alanine.

(A285); (--) amidase activity (nanomoles ofpenta-
peptide released per milliliter of enzyme).

amounts of exponential-phase membranes, ex-
ponential-phase cell walls, partially purified
membrane-derived amidase, and partially pu-
rified cell wall-derived amidase required to
degrade from 50 to 60%o of high-molecular-
weight soluble peptidoglycan was determined.
A 50-/ portion of membrane suspension (3.5
mg of protein per ml), a 50-,ul portion of mem-
brane-derived amidase (0.089 mg of protein per
ml), a 50-pJ portion of cell wall suspension (0.04
mg ofprotein per ml), and a 50-,ul portion of cell
wall-derived amidase (0.007 mg of protein per
ml) were found to be the appropriate amounts
and dilutions. These amounts were then as-
sayed for their ability to degrade the other
three peptidoglycan types. The amount of
radioactivity released from the labeled pepti-

doglycan relative to a control was used as a
measure of amidase activity. The amidase
activity against high-molecular-weight soluble
peptidoglycan was arbitrarily assigned a value
of 100, and activity against the other three
peptidoglycan species was related to that value.
Membrane and cell wall amidases, both solu-
bilized and bound, differed in their abilities to
attach these different peptidoglycan types. The
high-molecular-weight soluble peptidoglycan
was the most acceptable substrate for all ami-
dase preparations. Cell wall-bound amidase
exhibited a significantly reduced affinity for
the low-molecular-weight peptidoglycan, es-

pecially the soluble variety (30% of maximum).
The amidase solubilized from membranes had a

somewhat more reduced affinity for the high-
molecular-weight insoluble peptidoglycan than
did its membrane-bound counterpart. Both
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TABLE 4. Digestion of fractionated in vitro-
synthesized peptidoglycan by amidase

Relative amidase activitya

Solubi- Mem- Solubi- Cell
Substrate lized brane- lized cell wall-mem- bound wall bound

bram e amidase amidase amidaseami ase

High-molecular- 100l 100 looa 100
weight soluble pep-
tidoglycan

Low-molecular- 81 71 67 30
weight soluble pep-
tidoglycan

High-molecular- 51 83 80 75
weight insoluble
peptidoglycan

Low-molecular- 87 82 87 59
weight insoluble
peptidoglycan
a Amidase activity against a high-molecular-weight sol-

uble peptidoglycan was arbitrarily assigned a value of 100,
and activity against the other three peptidoglycan species
was expressed relative to that.

membrane-derived amidase preparations were
more capable of digesting the low-molecular-
weight peptidoglycan than their respective
wall-derived counterparts.

DISCUSSION
The amidase activity detected in exponential-

phase membranes and cell walls of M. luteus
(sodonensis) would appear to be a synthetic
enzyme involved in cross bridge formation.
Such a function would be consistent with its
presence in exponential-phase cells only, its
preference for in vitro-synthesized, uncross-
linked peptidoglycan, and its lack of autolytic
characteristics. Since transpeptidation does not
take place in the in vitro system used, the
release of free pentapeptide may be the result of
a normally synthetic amidase activity function-
ing in the absence of transpeptidase activity.
The substituent peptides, cleaved by the ami-
dase, are released into the medium rather than
being incorporated into bridge peptides. This is
consistent with a previous finding that free
pentapeptide is detectable in the spent culture
medium of M. luteus (sodonensis) when grow-
ing in the presence of penicillin (unpublished
observation). Penicillin would inhibit transpep-
tidation, whereas amidase activity would con-
tinue unabated.
Transglycosidase activity is a membrane-

bound enzyme system, and its detection in cell
wall preparations is due to the presence of
membrane material attached to the wall frag-
ments. Amidase activity, on the other hand, is

present in membrane preparations but predom-
inates in cell wall preparations. The enzyme
may be located at the wall-membrane interface
which, upon disruption, exhibits a stronger
tendency to associate with cell wall material.
Alternatively, there may be two separate forms
of amidase, one membrane-bound and one cell
wall-bound. Certainly, there is a major differ-
ence in specific activity between the mem-
brane- and cell wall-bound forms of amidase.
As well, the membrane- and cell wall-bound
forms of amidase differ in their ability to de-
grade the various fractions of the in vitro-syn-
thesized peptidoglycan. The low-molecular-
weight material, which makes up about 70% of
the total peptidoglycan, is only poorly degraded
by cell wall amidase, whereas membrane ami-
dase is better able to attack it. An amidase
functioning in cross bridge formation would
have to use this low-molecular-weight peptido-
glycan to incorporate it into pre-existing cell
walls. The ability of exponential-phase cell
walls to degrade the added in vitro-synthesized
peptidoglycan, even though the cell walls them-
selves contain large amounts of unlabeled pep-
tidoglycan, indicates that the amidase has a
preference for the highly soluble, uncross-
linked, in vitro-synthesized material.
Evidence of peptidoglycan lytic activity has

been reported in cell-free systems of Esche-
richia coli (9). E. coli is known to possess a wide
range of membrane-bound peptidoglycan-hy-
drolyzing enzymes, one of which is an N-acetyl-
muramyl-L-alanine amidase (8). The only ac-
tivity detected in the cell-free system was an N-
acetylmuramidase. Unlike E. coli, gram-posi-
tive microorganisms most frequently contain
autolysins in their cell walls rather than mem-
branes. Staphylococcus aureus contains sev-
eral types of cell wall-bound autolytic enzymes
including an N-acetylmuramyl-L-alanine ami-
dase (21), but no evidence of this activity has
been detected in cell-free peptidoglycan-synthe-
sizing systems (1). The amidase activity of M.
luteus (sodonensis), therefore, differs from
those of the above-mentioned organisms and
may represent a synthetic activity rather than
an autolytic one.
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