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Exploration of alternative cell wall lysing enzymes and
optimization of conditions for Ganoderma lucidum protoplast
isolation
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ABSTRACT: Recently, active research in Korea and worldwide has begun to focus on gene function and cultivar development
using gene editing tools. This research, in addition to studies on edible mushroom, aims to enhance the physical and biochemical
characteristics of mushrooms for applications in materials and substance production. For these studies, efficient isolation of
protoplasts from the target mushroom is critical. However, several commercial cell wall-lysing enzyme cocktails, including
Novozyme234, Glucanex, and Lysing enzymes, have recently been discontinued. In this study, we aimed to identify alternative
enzyme systems to replace the discontinued cell wall-lysing enzymes for stable isolation of protoplasts from Ganoderma lucidum.
To select an optimal osmotic buffer, enzyme function in 0.6 and 1.2 M Sorbitol, Sucrose, Mannitol, and KCl was assessed. The
effect of reaction time was also evaluated. Protoplast isolation efficiency of each alternative enzyme was tested using lysing
enzymes from Trichoderma harzianum, Chimax-N, and Yatalase, either individually or in combination. This matrix of studies
identified enzymes and optimal conditions that could replace the discontinued lysing enzymes.
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Table 1. Protoplast isolation efficiency depending on the type
and concentration of osmotic buffer

Osmotic buffer Conc. Number of Protoplast(x10’/mL)

0.6 M 26.7+3.3

Sorbitol
1.2M 6.7+0.9
0.6 M 173+ 1.1

Sucrose
1.2M 1.9+£0.1
0.6 M 0.07+0.01

Mannitol
1.2M 0.01+0.01
0.6 M 0

KCl

1.2M 0

FA AR EE AP A £2E 93l Lysing enzyme(Sigma-
Aldrich, USA) 10 g/L, Chimax-N(Amicogen, Korea) 5 g/L,
Yatalase(Takara, Japan) 5 g/L, Cellulase(Sigma-Aldrich, USA)
2 gLE ZF 24 A FSEY 20 mLoj =<1 £ 0.2um HH
(Merck, Germany)= Z2| A FH]s3 e} &€ A} 2+ 4F
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Table 2. Protoplast isolation efficiency depending on incubation
time

Incubation time (hr) Number of Protoplast(x10’/mL)

2 0.8+0.1
3 79+12
4 26.7+3.3
5 202+1.8
6 39+0.38

Table 3. Protoplast isolation efficiency depending on enzyme
composition

Enzyme composition(mg/mL) Number of
. Protoplast
e?zs;nmge Chimax-N  Yatalase ~Cellulase (1 07/p 'mL)
10 2 17.1+2.1
5 2 12.8 £ 1.6
2 2 6.3+1.1
10 2 23327
5 2 229+34
2 2 133£3.1
10 2 6.7+2.9
2 42+ 1.5
2 2 0.7+0.2
10 5 5 2 267433
10 5 2 237 +3.1
10 5 2 184 +3.3
5 5 2 237437
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Fig. 1. Protoplast yield based on osmotic buffers. (A) 0.6M
Sorbitol(26.7+3.3x10"/mL); (B) 0.6M Sucrose(26.7+3.3x107/
mL); (C) 0.6M Mannitol(0.07+0.01x10’/mL); (D) 1.2M
Sorbitol(6.7+0.9x10”/mL); (E) 1.2M Sucrose(1.9+0.1x10’/mL);
(F) 1.2M Mannitol(0.01+0.01x10”/mL).

A7 E e, 0.6Mof v|sl 1.2Mof| 4] 2zt oF 4u), 9
o) e 5o AP WAV B HFH o2 Y R >
Z]& 22l 0.6M SorbitolS 2|4 4FESH o2 HAstgct
(Table 1, Fig. 1).

B ZHE| Yt GA] FAS] BESAITE E AP AA B aE
= U Aol A= At B RS o) M =2 £
BLE BY, SAZHEYR IR & 9F 20.2x1077)/mL =39] ¥
FAA 7 aeS BRI T Q9] A7t A= F4 3] Rot
A& 252 5ol 4A|7F k3-8 At gl th(Table 2, Fig. 2)
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THAAZES HEoto] F 13719 B R4S TABHATH Table
3). AR A Fu7t 7 A2y &8 &4< Yatalase®}
endo-, exo-chitinase ZFe| 4 Q] Chimax-N& 7]|=0] 7}A @o|
ARR-E] 31 Q1= Lysing enzyme from Trichoderma harzianum:
H| 3 3}t Cellulase®] 3¢ 11, Ffolof A AHPL w
ANjzE Eafjo] 2 FFE FA = AT 2o & ol TS
H) 2= A& glste] BE 24 2 mg/lLY sEE A28t
THKim et al., 2021, 2023). 1 A3}, Lysing enzyme, Chimax-N,
YatalaseS Z}ZF A 2] 79 Chimax-N, Lysing enzyme,

Fig. 2. Protoplast yield based on incubation times. (A) 2 hr(0.8+0.1x10"/mL); (B) 3 hr(7.9+1.2x10’/mL); (C) 4 hr(26.7+3.8x10"/mL); (D)

5 hr(20.2+1.8x10’/mL); (E) 6 hr(3.9+0.8x107/mL).
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Fig. 3. Protoplast yield based on enzyme compositions. (A) Lysing enzyme 10 mg/L (17.1+2.1x10"/mL); (B) Chimax-N 10 mg/
L(23.3£2.7x10"/mL); (C) Yatalase 10 mg/L(6.7+2.9x10"/mL); (D) Lysing enzyme 10 mg/L, Chimax-N 5 mg/L, Yatalase 5 mg/
L(26.7+3.3x10’/mL); (E) Lysing enzyme 10 mg/L, Chimax-N 5 mg/L(23.7+3.1x10"/mL); (F) Lysing enzyme 10 mg/L, yatalase 5 mg/
L1(18.4+3.3x10"/mL); (G) Chimax-N 5 mg/L, Yatalase 5 mg/L(23.7+3.7x10"/mL).

Yatalase <=0 2 w2 JFPAA 28 5&& B, 53]
Chimax-N2| 79~ 10 mg/L, 5 mg/L9] F=oflA] 4%t Zpo]ut
< B¢} E35T Yatalase 2] ¢ 10 mg/LO 2 AP wj = o
£ aasdH|uste] Ha 13 29 82 Hol Adde
2 o S Heth ZF 45 T3 AaloA= BE
A5 TIPS W 7P 52 58S BAAT 7 A A
Chimax-Ngt # 24 A|Qstils 25 v|3t 883 U
Wit} 3] Chimax-No] Z3Hg 2/JofA= Chimax-NYhZ A}
L3 24T v 2 PE = 2 Zo| & HolA] grof Chimax-N
S HE0 2 ARG Aol SRS Fo dFEAAE =

Q18-S 218k 4~ Qi th.(Table 3, Fig. 3)
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26.7+3.3x107/mLE 7} =& 93 AR] B 582 3918}
%A} Ee AL AFRFNT} X FA1] ¥hS AHo] o}
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