-4 L [~ o G (3 @ .|
nsuenldslaNaNFAANNLEU LELRAUITNTINITUAZLUANILEN AN D
Protoplast Isolation from the Mycelium of Pleurotus ostreatus and Cordyceps militaris
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Abstract: This study aimed to investigate the optimal conditions for the protoplast isolation of Pleurotus
ostreatus and Cordyceps militaris. The factors that were optimized included mycelium age, formula
of mixed enzymes solution, mannitol concentration for osmotic stabilization, digestion temperature
and duration. The results demonstrated that the optimal conditions for P. ostreatus were 4-day-old
mycelium, digested for 6 hours at 25+2 °C with an enzyme solution consisting of 1.0% Cellulase
Onozuka R-10, 1.5% driselase 1.5% lysing enzyme, and 1.0% Macerozme R-10 dissolved in 0.6
M mannitol. These conditions yielded the highest number of protoplasts, with 6.25x10° cells/mL. For
C. militaris, a similar enzyme solution was suitable for the digestion of 5-day-old mycelium at 30 °C

for 3 hours, yielding the highest number of protoplasts at 6.25x105 cells/mL.
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Table 1 The effects of mycelium age, concentration of mannitol and digestion duration on number of isolated protoplasts
of Pleurotus ostreatus. The emzyme solution consisted of 1.0 % Cellulase Onozuka R-10 and 1.0 % Driselase.

Mycelium age  Concentration of mannitol Protoplasts yield (x10° cells/ml) of each digestion duration"

(days) (M) 3 hr 4 hr 5 hr 6 hr
0.6 1.20+0.00f-h 0.6320.10h-I 0.93+0.04k-| 0.63+0.04h-|
3 0.7 0.58+0.04h-| 0.33+0.04l 0.60%0.07h-I 0.4520.00j-|
0.8 0.80%0.35g-] 0.40+0.00k| 0.63+0.04h-I 1.18+0.10f-i
0.6 2.13+0.24cd 0.75+0.28g-| 5.00+0.35a 5.13+0.38a
4 0.7 1.08+0.10f-k 2.45+0.63c 3.150.63b 1.10+0.07f-k
0.8 0.85+0.49g-! 1.78+0.24de  0.88+0.17g-l 1.03+0.17g-I
0.6 0.73+0.17g-] 0.53+0.10i-| 2.48+0.31c 0.7520.14g-|
5 0.7 1.13+0.10f 0.40+0.14k| 1.90+0.21de  1.78+0.10de
0.8 1.50+0.07¢f 1.23+0.31fg 1.20+0.14f-h 1.50+0.00ef

F-test (AxBxC)

83.38

** significant difference (P < 0.01); A = mycelium age, B = concentration of mannitol, C = digestion duration
" Means followed by different letters represent a significant difference according to DMRT.

Table 2 The effects of mycelium age, concentration of mannitol and digestion duration on number of isolated protoplasts
of Cordyceps militaris. The emzyme solution consisted of 1.0 % Cellulase Onozuka R-10 and 1.0 % Driselase.

Mycelium age

Concentration of mannitol

Protoplasts vyield (x10° cells/ml) of each digestion duration”

(days) (M) 3 hr 4 hr 5 hr 6 hr
0.6 2.60%0.00bc 0.33+0.04l-n  0.28+0.04mn  0.88+0.17i-m
3 0.7 1.20+0.00fi 2.13+0.45cd  0.45+0.07j-n  0.38+0.10k-n
0.8 0.73+0.24i-n 0.30+0.07I-n  0.98+0.45h-I 0.30+0.00I-n
0.6 1.85¢0.28de  1.80+0.21def  0.70+0.21i-n 3.65+0.63a
4 0.7 1.03+0.10g-k 2.83+0.38b 0.83+0.04i-m  0.80+0.35i-m
0.8 0.58+0.24i-n 0.98+0.31h-I 1.23+0.31e-i 0.45+0.00j-n
0.6 3.80+0.35a 0.05+0.00n 2.68+0.53bc  0.330.04l-n
5 0.7 1.55+0.35d-h  0.28#0.17mn  1.13+0.17g-)  0.38+0.04k-n
0.8 165+0.56d-g  0.73+0.38i-n  0.93+0.31h-m  0.83x0.17i-m

F-test (AxBxC)

84.06

** significant difference (P < 0.01); A = mycelium age, B = concentration of mannitol, C = digestion duration
" Means followed by different letters represent a significant difference according to DMRT.
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Table 3 The effects of certain factors on number of isolated protoplast (x10° cells/mL) of Pleurotus ostreatus and
Cordyceps militaris. The emzyme solution consisted of 1.0 % Cellulase Onozuka R-10 and 1.0 % Driselase.

Factors Protoplasts yield (x10° cells/mL)"

Pleurotus ostreatus Cordyceps militaris

Mycelium age (days)

3 0.69+0.28c 0.88+0.76¢C

4 2.11+1.55a 1.39+0.98a

5 1.26+0.61b 1.19+£1.10b
F-test - *

Concentration of mannitol (M)

0.60 1.74+1.64a 1.568+1.33a
0.70 1.24+0.90b 1.07£0.77a
0.80 1.08+0.42c 0.80+0.44b
F-test * >

Incubation time (hours)

3 1.11£0.48¢c 1.66+1.00a
4 0.94+0.74d 1.04+0.97b
5 1.86+1.44a 1.02+0.70b
6 1.50£1.38b 0.89+1.04b
F-test * *
CV (%) 83.38 84.06

** significant difference (P < 0.01)
""Means followed by different letters within a column of each factor represent a significant difference according to DMRT.

Pleurotus ostreatus Cordyceps militaris

Figure 1 Mycelium (A) and protoplast (B) characteristics of Pleurotus ostreatus and Cordyceps militaris observed with
binocular microscope using 40x objective lens.
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Table 4 The effects of Iytic enzymes mixture and digestion temperature on the protoplast yield (x10° cells/mL) of
Pleurotus ostreatus. The mycelium age of 4 days, mannitol concentration of 0.6 M and digestion time of 6 hours were

applied.
Enzymes mixture Temperature (°C)
Mean"
2542 30
1.0% cellulase +1.5% driselase +1.5% lysing enzyme+1.0% macerozyme 6.25+2.78 3.63£2.35 4.90+2.77a
1.0% cellulase +1.0% driselase 2.50+1.08  2.87+1.25  2.60+1.09b
0.8% cellulase +1.0% driselase 1.75£0.86 3.37£1.08  2.50+1.26b
0.8% cellulase +1.0% driselase +1.0% lysing enzyme+1.0% macerozyme 3.37+1.08 3.33£1.55  3.30%£1.25a
1.0% driselase + 1.0% lysing enzyme 1.62+0.25 5.0£1.22 3.30+1.98a
Mean 3.10+2.18 3.60+158
F-test (enzyme) *
F-test (temperature) ns
F-test (enzyme* temperature) *
CV (%) 56

ns = non-significant difference; * and ** = significant difference at P < 0.05 and P < 0.01 respectively
Means followed by different letters within a column represent a significant difference according to DMRT.

Table 5 The effects of Iytic enzyme mixture and digestion temperature on the protoplast yield (x10° cells/mL) of
Cordyceps militaris. The mycelium age of 5 days, mannitol concentration of 0.6 M and digestion time of 3 hours were

applied.
Enzymes mixture Temperature (°C)
Mean"
2512 30
1.0% cellulase +1.5% driselase +1.5% lysing enzyme+1.0% macerozyme 4.75+1.71 6.00+1.35  5.37+1.57a
1.0% cellulase +1.0% driselase 3.37+2.09 2.25x0.86  2.80+1.60b
0.8% cellulase +1.0% driselase 5.38+1.31 3.63£1.79  4.50£1.73a
0.8% cellulase +1.0% driselase +1.0% lysing enzyme+1.0% macerozyme 2.05+0.91 3.50+£1.22 3.00+£1.13b
1.0% driselase + 1.0% lysing enzyme 1.50 £0.71 4.00+0.91 2.70+£1.53b
Mean 3.50+1.93  3.80+1.68
F-test (enzyme) *
F-test (temperature) ns
F-test (enzyme* temperature) *
CV (%) 48

ns = non-significant difference; * and ** = significant difference at P < 0.05 and P < 0.01 respectively
" Means followed by different letters within a column represent a significant difference according to DMRT.
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