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Induction and its mechanism of a lytic enzyme acting on Bacillus subtilis with
fungal mycelia. Naxa H., T. Iwamoro¥*, and M. Inaoxa* (Imabari Mestoku Junior
College, Imabari-shi, Ehime ; *Department of Agricultural Chemistry, Ehime
University, Matsuyama-shi, Ehime 790) Hakkokogaku 58 : 71-77. 1980.

Streptomyces sp. L-13 strain produced a lytic enzyme against Bactllus subtilis
cells when grown on a medium containing mycelia of Aspergillus niger. The most
effective fraction for the lytic enzyme production among several mycelial fractions
prepared by means of Vibrongen cell mill disruption and centrifugation, was the
crude cell wall fraction. However, even in a medium containing this fraction, no
lytic activity was detected in the early period of growth, although chitinase and
protease were found from the beginning. The lytic enzyme and -1, 3-glucanase were
produced at a later period of growth.

It was found that the reason for this was that the production of this lytic
enzyme and f(3-1,3-glucanase was enhanced by N-acetylglucosamine and the soluble
digest from the crude cell wall fraction with protease which was produced from the
beginning of growth.

The degradative activity of protease produced at a later stage of growth had

unexpected lytic action against B. subtilis cells as well as A. niger mycelia.
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Mycelium of A. niger (M-1)
Autoclaved at 120°C for 25 min
Centrifuged at 1,500 Xg for 15 min

T -
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Broken in a Vibrogen cell mill
Centrifuged at 1,500 Xg for 15 min

I —1
Sup Ppt (M-2)
Centrifuged at 15,000 Xg for 30 min
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Fig. 1. Fractionation of mycelia of A. niger,
A. niger was cultured for 3 days at 37°C in
Czapek Dox medium, pH 5.0.
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Fig. 2. Induction of lytic enzyme by fractions
from A. niger mycelia.
L-13 strain was grown at 37°C on medium
containing KsHPO« 0.29%, MgS0+7H:0 0.1%
and A. niger mycelial fraction 0.2%, at pPH
6.0. Lytic activity in the culture filtrate was
determined with Bacillus subtilis cells.
@®: M-1, O: M-2, ®: M-3, ©:S-1, O:S-2
For the fractionation of mycelium, see Fig. 1.
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Fig. 3. Digestion of crude cell wall of A. niger
by crude enzyme in the culture filtrate.
The basal medium was composed of 0.2%
crude cell wall fraction (M-2 in Fig. 1), 0.2%
K2HPOs, and 0.1% MgS04:7H:0. Crude
enzyme was prepared from the culture filtrate
of L-13 strain grown in the basal medium
for 3 days. After a reaction mixture consist-
ing of 0.35% crude cell wall fraction and 2
mg of lyophilized preparation of the crude
enzyme in 15 ml of 0.05 M phosphate buffer,
pH 6.0, was incubated at 50°C, aliquots of the
mixture were subjected to determination of
turbidity (@), reducing sugar ((J) and amino
residues (O). Reducing sugar and amino
residues were expressed in terms of glucose

and glutamic acid, respectively.
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Fig. 4. Time course of production of enzymes

responsible for digestion of fungal cell wall.
Lytic activity (@), protease (Q), chitinase
(@) and S-1,3-glucanase (®) induced by
crude cell wall fraction were determined with
the culture filtrate of L-13 strain.
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Fig. 5. Chromatographic pattern of the enzymes on a DEAE-cellulose column.

Fifty mg of a lyophilized preparation of the crude enzyme was dissolved in 4 ml
of 0.01 M phosphate buffer, pH 7.0, and placed on a DEAE-cellulose column
(3 xX45 cm) equilibrated with the same buffer. Enzymes were eluted with the
following elution system : elution 1; 0.01 M phosphate buffer (pH 7.0), elution
23 0.05 M phosphate buffer (pH 6.0), elution 3; linear gradient of NaCl from
0 to 1.0 M in 0.01 M phosphate buffer (pH 6.0). The volume of each fraction
was 10 ml.

@ : Lytic activity, O : Protease, (P : Chitinase, ® : 8-1, 3-Glucanase.
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G0l 20 l50T  RERO A, miger MUIREHCH Y B IFRARICRT.
2 |2 L{ ’:; ) 1) chitinase ¥ XU B-1, 3-glucanase DIEF  #&
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05 10 15 20 25 30
Fraction number (10 ml/tube)

Fig. 6. Chromatographic pattern of the enzymes
on Biogel P-60.
Twenty mg of the enzyme dissolved in 1.5
ml of 0.01 M phosphate buffer, pH 6.0, was
placed on a Biogel P60 column ( 3 X45cm)
and eluted with the same buffer. Fractions
of 10 ml were collected.
@ : Lytic activity, O : Protease,
(D : Chitinase, ® : #8-1, 3-Glucanase.
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Fig. 7. Decomposition of crude cell wall by
chitinase and (-1, 3-glucanase.
The reaction mixture, composed of 5.0 ml of
a 0.35% suspension of crude cell wall, 10 ml
of 0.1 M phosphate buffer, pH 6.0, and 5.0
ml of purified chitinase or 8-1, 3-glucanase
solution, was incubated at 50°C and reducing
sugars liberated into the mixture were
determined at appropriate intervals.
(D : Chitinase, ® : B-1, 3-Glucanase.
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Fig. 8. Decomposition of crude cell wall of A.
niger by two sorts of proteases.
The mixture consisted of 0.35% crude cell
wall fraction, 10 ml of 0.1 M buffer, pH 6.0,
and 5.0 ml of either protease I or protease II
solution. After incubation at 50°C for 24 hr,
the reaction was stopped by heating at 100°C
for 15 min and then protease I or protease II
was added to the other protease system,
followed by incubation. At indicated intervals,
each supernatant was subjected to amino
residues assay.
@ : Protease I, O : Protease II.
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Fig. 9. Effect of protease digest of crude cell
wall on the enzyme production.
After the crude cell wall preparation was
digested by protease II at 50°C for 24 hr, the
suspension was centrifuged. L-13 strain was
grown on the basal medium plus supernatant
from the digest or a medium consisting of
centrifuged pellet and inorganic salts, shown
in Fig. 2. Lytic enzyme, protease, chitinase
and B-1, 3-glucanase produced in the culture
liquid were determined as a function of time.
@ : Basal medium, O : Basal medium plus
supernatant, (P : Pellet plus inorganic salts.
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Fig. 10. Effects of glucose and N-acetylglucosa-
mine on the enzyme production.
L-13 strain was cultured in the basal medium

- plus either 0.4%. glucose or 0.4% N-acetyl-

glucosamine.. At the indicated intervals,
culture filtrate was removed and subjected
to enzyme. assays.
@ : Basal medium, (D : Addition of glucose,
‘O Addition_of N-acetylglucosamine.
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Bl & & bic protease, P-1,3-glucanase, chiti-
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B9 protease TH BT EAFLIz. £ THRICAE
BEXN % protease (IBBIEM: DILU> protease TH
5.

BRI EE I N D chitinase %, 2 L 7oEAT
BRI fER &5 &, BT B N-acetylglu-
cosamine MK A KT 2. L-13El3 exo Bl 8-
N-acetylglucosaminidase =4 L, BEXBICREES
LTWVW3Y OT, ZOEsEE chitinase A33 R L CHI
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