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groups. End group analysis of hydrolysed fragments indicated the
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cortical fragments indicated that IP acts only on peptidoglycan
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A sensitive fluorescamine assay was developed for spore-lytic enzyme. The substrate
was prepared by treatment of cortical fragments with fluorescamine which reacts with amino
terminal groups in the peptidoglycan which are not cross-linked, presumably
diaminopimelic acid. Treatment of the labelled substrate with lytic enzymes results in
the release of soluble fluorescent products which can be easily measured in a basic
fluorometer. The assay is very sensitive, inexpensive and reproducible. As little as 1 Ug

of lysozyme can be detected by this assay.

Peptidoglycan Hydrolas q

An intracellular spore-lytic enzyme (SLE) which causes the germination of spores of
Clostridium perfringens has been extracted, partially purified, and characterized.
Because intracellular SLE was found in vegetable cells as well as sporulating cells
and mutant cells blocked at sporulation state 0 of C. perfringens, this enzyme may not
be spore specific. An investigation was made of the effect of this enzyme on vegetative
cell walls and determined its mode of action.-
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3. Brief Statement of the Problem

r For many years there has been an active interest in the research

community on the mechanism by which bacterial spores germinate.
Although the chemical stimuli (e.g. nutrients) which stimulate this
process have been known for many years an understanding of the
biochemical process has been elusive. While most researchers by far
have used aerobic spores (Bacillus) we have chosen an anaerobic model
(Clostridium). This is because this (1) genus has been neglected (due
to difficulty in obtaining sufficient working amounts) and (2) one
species, C. perfringens, has an important role in food-borne illness
where large numbers of people are served a common meal as one
encounters in military feeding situations. We have been working with
this species.

The structure of the spore backbone requires that a Jytic enzyme be
activated during germination in order to allow the core protoplast to
be released and resume vegetative cell growth. The question we sought
to answer is what role do spore-lytic enzymes play in the germination
process of this organism. What is the nature of such enzymes, their
location, properties, modes of action, method of activation, etc.-. From
our previous work we were aware of the-existence of two such enzymes
from C. perfringens which could cause the germination of its own
spores. One (a) was associated with ther spore itself (spore-associated

spore-lytic enzymes). A second (b) was excreted by the vegetative cell
(Initiation Protein) a the third (c) was associated with the cell
(peptidoglycan hydrolase).
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4. Summary of Results

a. Spore-Associated Spore-Lytic Enzymes

Our work with this enzyme was completed and reported as part of a
previous ARO contract (DAAG 29-83-K-0064).

b. Initiation Protein (IP)

IP hydrolysed spore cortical fragments with the release of free amino
groups. End group analysis of hydrolysed fragments indicated the
presence of N-terminal alanine but no reducing sugars. Molecular
weight analysis of IP- and lysozyme-treated fluorescamine-labelled

cortical fragments indicated that IP acts only on peptidoglycan
chains containing cross-lined peptide subunits. IP failed to
hydrolyse a number of nitrophenyl-conjugated glucopyranosides and
galactopyranosides. The results indicate that IP is an

N-acetylmuramyl-L-alanine amidase.

As part of this work we developed a sensitive fluorescamine assay
for spore-lytic enzyme. The substrate was prepared by treatment of
cortical fragments with fluorescamine which reacts with amino
terminal groups in the peptidoglycan which are not cross-linked,
presumably diaminopimelic acid. Treatment of the labelled substrate
with lytic enzymes results in the release of soluble fluorescent
products which can be easily measured in a basic fluorometer The
assay is very sensitive, inexpensive and reproducible. As little as
I pg of lysozyme can be detected by this assay.

c. Peptidoglycan hydrolase

We have extracted, partially purified, and characterized an
intracellular spore-lytic enzyme (SLE) which causes the germination
of spores of Clostridium perfringens. Because intracellular SLE was
found in vegetative cells as well as sporulating cells and mutant
cells blocked at sporulation stage 0 of C. perfringens, this enzyme
may not be spore specific. Therefore, we investigated the effect of
this enzyme on vegetative cell walls and determined its mode of
action.

The cell walls were prepared from the organism. The effect of
SLE on vegetative cell walls was deterni--r- by observing loss in
absorbance when SLE was incubated with c- wall fragments at 45°C.
We found that SLE acted on the cell walls to release free amino
groups. Release of free amino groups were detected by
dinitrophenylation. The amount of amino groups released increased
with incubation time and correlated with a decrease in turbidity of
the cell wall fragments. However, no reducing sugars were detected.
Bccause this enzyme was affective against vegetative cell walls, the
enzyme should be termed a peptidoglycan hydrolase (PGH) instead of a
SLE (even though it also acts on spore cortex). Results also showed
that PGH is either a peptidase or amidase but not a N-acetyl-
-glucosaminidase or muramidase. We also found that cell walls
treated only with sodium dodecyl sulfate (SDS) were better sibstr3t'
than walls treated with SDS plus tricnioroacetic acid. The latter
supposedly removes teichoic acid from bacterial walls.



d. Other Work

As part of our overall research efforts we also made an important
observation, i.e., artifacts associated with Western blotting of
proteins. We found that when proteins are separated by sodium dodecyl
sulfate -polyacrylamide gel electrophoresis, electrophoretically
transferred to nitrocellulose membranes, and stained with colloidal

gold, artifact bands can appear. These have molecular weights of
53,000, 63,000 and 65,000. Their appearance is due to oxidized
dithiothreitol used to denature the proteins prior to
electrophoresis. The artifact bands could be avoided by the addition
of excess iodoacetamide to the denatured protein solution. Supplies
for this work were obtained in part from ARO contract funds.
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