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Effect of Proteinases from Grifola frondosa on Gelling of Egg White
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Mushrooms have occasionally been used for cooking pot-steamed hotchpotch (tyawanmushi), but
solidification has not been possible following the addition of Grifola fromdosa. Therefore, proteinases in
Grifola frondosa may degrade egg white protein. Ovalbumin (OVA) was digested with an extract of G.
frondosa at acid, neutral or slightly alkaline pH, judging from SDS-PAGE patterns. After DEAE-cellulose
column chromatography and gel filtration on Sephadex G-75, three proteinases and an acid proteinase from
G. frondosa were identified. The molecular weight of proteinase A was about 18,000 and its enzymatic
properties were essentially the same as those of alkaline metal proteinase, reported by Hashimoto et al.
However, proteinase B appeared to be a new proteinase because of its high molecular weight of about 44,000,
and neutral optimum pH. Proteinase C was present in the smallest amount and could only be poorly
characterized. Acid proteinase was a carboxyl proteinase inhibited by pepstatin. Each proteinase digested
OVA, but the SDS-PAGE patterns of the digestion products indicated hydrolytic specificity towards OVA.
No proteinase alone could prevent OVA and egg white gelling, but a mixture of the three proteinases
prevented gelling. Proteinases present in G. frondosa would thus appear to degrade egg white protein and
prevent its gelling.
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Fig. 1. Effects of proteinases on gelling of egg
white and ovalbumin.

(A) Egg white solutions were incubated with
various proteinases for 2h at 37°C. The heating
and gelling was done at over 80°C for 20 min. (1)
chymotrypsin, (2) trypsin, (3) extract from G.
frondosa, (4) papain, (5) pronase.

(B) Ovalbumin was incubated with various
proteinases and then, heated for gelling as the
same manner. (1) ovalbumin, (2) chymotrypsin,
(3) trypsin, (4) extract from G. frondosa, (5)
papain, (6) pronase.
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Fig. 2. SDS-PAGE patterns of hydrolysis prod-
ucts of ovalbumin by various pro-
teinases.

Each enzyme concentration was determined by
the equal ability of hydrolysis towards casein.
Ovalbumin solutions were incubated with various
proteinases at 37°C for 2 h and SDS-PAGE was
done and stained with Coomassie Brilliant Blue.
(1) extract from G. frondosa, (2) trypsin, (3)
chymotrypsin, (4) papain, (5) pronase, (6) oval-
bumin without proteinases.
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Fig. 3. SDS-PAGE patterns of ovalbumin after
digested with extract from G. frondosa at
various pHs.

Ovalbumin solutions were incubated with the
extracts from G. frondosa at various pHs adjusted
with the mixtures of glycine, acetate, phosphate,
tris buffer and reaction mixtures were applied on
SDS-PAGE.
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Fig. 4. DEAE-cellulose chromatography of the
extract from G. frondosa.

Grifola frondosa was homogenized in 10 volumes
of 0.02M sodium phosphate buffer, pH 6.0 and
centrifuged at 12,000Xg for 1h and the super-
natant was obtained as the extract solution from
G. frondosa. The extract solution was applied on
a DEAE-cellulose column chromatography
preliminarily equilibrated with the same buffer.
O : Proteinase activity was assayed by using
casein as substrate at pH 7.0. @ : Proteinase
activity was assayed by using hemoglobin as
substrate at pH 3.0. Casein hydrolytic activities at
pH 7.0 were separated into three peaks and
designated them as proteinases A, B and C.
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Fig. 5. SDS-PAGE patterns of hydrolysis prod-

ucts of ovalbumin by proteinases A, B
and C.

Ovalbumin solution was incubated with pro-
teinases A, B and C and the reaction mixture was
applied on SDS-PAGE. (1) and (10) : ovalbumin
without proteinases. (2)-(9) : incubated with
proteinase A for 2h(2), or for 15h(3), with
proteinase B for 2h(4) or for 15h(5), with pro-
teinase C for 2 h(6) or for 15h(7), and with the
mixture of three proteinases A, B and C for 2 h(8)
or for 15 h(9).
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Fig. 6. Effect of proteinases A, B and C on
gelling of ovalbumin.

Ovalbumin solution was digested by proteinases
A, B and C and heated to form the gel. (1) pro-
teinase A, (2) proteinase B, (3) proteinase C, (4)
the mixture of proteinases A, B and C.
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Table 1. Enzymatic natures of proteinases obtained by gel filtration on Sephadex G-75.

Proteinase A

Proteinase B

Proteinase C Acid proteinase

Molecular weight about 20,000

about 45,000

about 45,000 about 44,000

Optimum pH about pH 8.0 about pH 7.0 about pH 6.0 about pH 3.0
pH-stability between 5-9 between 5-9 between 4-8 between 2.5-6
Optimum temp. about 60°C about 50°C about 50°C about 65°C
Thermo-stability to 60°C to 45°C to 35°C to 45°C

Experimental procedures were described in the Method and the Results.

Table 2. Effect of inhibitors on proteinase activities.

Remaining Activity (%)

Concentration

Proteinase A

Proteinase B Proteinase C  Acid Proteinase

PMSF 1mMm 100
TPCK 1 mm 100
TLCK 1 mm 100
Leupeptin 0.1 mM 90
Antipain 0.1 mMm 100
Pepstatin 0.1 mMm 100
Chymostatin 0.1 mMm 90
Phosphoramidon 0.1 mm 74
Monoiodoacetate 1 mm 85
Dithiothreitol 1 mm 92
PCMB 1 mMm 100
EDTA 1 mm 20
SBTI 2 mg/ml 60

100 100 100
100 100 100
100 100 100
95 100 100
100 100 100
100 28 12
100 85 92
25 60 100
90 100 100
75 100 100
61 100 100
3 60 100
90 66 100

Experimental procedures were described in the Method.
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