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F-test R, 45 PR 38 X6 Ji A T A T 65 140 5 10 R B AR K Sy AT % > 0 B TR VAR B2 > TG A U 182 > Tl 7% B [ ( PG46) |, T
4 > it i T (1) > e T B > VA BE R R JE (PG 79) o 2% Uil W B AS [l 3 28 5 A B R o ey Do A Jo A o) % 2%
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Abstract: In order to obtain the optimal conditions for the protoplast preparation of Pleurotus giganteus, two strains,
PG46 and PG79, with different temperature types, were selected as materials to study the effects of five factors
(mycelial age, osmotic stabilizer type, lywallzyme concentration, enzymatic hydrolysis duration and enzymatic hydrolysis
temperature ) based on single factor and orthogonal experimental methods. The results were as follows: (1) In the single
factor test, the optimal conditions for the protoplast preparation of P. giganteus were mycelial culture for 5 d, using 2.5%
lywallzyme with 0.6 mol + L' mannitol, incubated for 4 h at 32 °C (PG46) or 27-35 °C (PG79). (2) Orthogonal
experiment verified and optimized the single factor test results. Combination 2 ( mycelial age 5 d, lywallzyme
concentration 2.5%, 0.6 mol + L' mannitol, incubated for 4 h at 32 °C') could be used as the optimal condition for the
protoplast preparation of PG46 and PG79 at the same time, and the protoplast yields were 11.22 x 10° CFU » mL" and
7.28 x 10° CFU - mL", respectively. (3) For F-test, the influence degree of various factor on the protoplast preparation
were mycelial age>lywallzyme concentration>enzymatic hydrolysis temperature>enzymatic hydrolysis duration (PG46) ,
and mycelial age>enzymatic hydrolysis duration>enzymatic hydrolysis temperature >lywallzyme concentration (PG79) ,
respectively. In conclusion, the protoplast preparation conditions of the two P. giganteus strains with different
temperature types were basically the same, and the effects of mycelial age on the protoplasts yield of the two strains were

the most significant. The results can lay a foundation for further cross-breeding, genetic transformation, whole genome

sequencing and promote the molecular genetics development of P. giganteus.

Key words: Pleurotus giganteus, different temperature types, tropics, protoplast yield, preparation condition

E KA H- ( Pleurotus giganteus ) , 5& FEl N I & Ky
— RS TR, 1 SRR XUBR Ry A8 T )
T8I, BRI R R 4 s (GEUERTAE 2010
Karunarathna et al., 2012), B KM BE-EH#EF,
EoLh EAR MAESEREY R, IFHER
PUAR PO BUE T ORI RS 2R 25 DA,
2 %% # 3 % (Phan et al., 2014 ; Paravamsivam
etal., 2016) , Ti#EIESF(2021) A5 & B, B R
HLPREE R B s AR ) 2 e A R, OF Hod B IR
R v ) S 2R A B, PR Y B A T A AR N A
TR R B D T AR 7 R R S
B A AR T AR Y AN BT O B H- Y 35 1% 7 A
TAEJC R EE (REF,2020) . JFAE BRI ¢
N B A0 ML BE IS, R R I — > B A BT
REAY BBRAA  T5oA BE e 5 B, JF H R AR
Y A= BEGE 1, R B R > T s AR S T ST Y B4
A48} ( Muralidhar & Panda, 2000) ), ¥T4E%, Ji4
F A SRR AR © T 0 FH 3 B A B A AL
[ERCR N v 2 2 A i = R | e PR A R DS
TAE " (Dai et al., 2017; Sugano et al., 2017;
Raman et al., 2021 ; X145 ,2021) B R HfEdE T
BHE T IR R ATE I, B, X B R 5 AR
T 5 JEAT RGNS, A BT kD HEE R R
M55 4% B Ah TAEM TR

H AT, 56T A= BT AR 0 1 28 75 B B ) - ( Peng

et al., 1993) M- H:( Obatake et al., 2003) %
1 EL ( Mizoguchi et al., 2006) | 7 2 ( 2= 45 Hi 45 |
2016) AH- (£ E 545, 2019) FI XA BE 7% (2 R
55 ,2020) FF 2 A& HE YR A5 22 T
FEERTEAE (2019) W 52 2 B, D A oA 1 1 45 )8 T
N AR =8 A oS e s - S N N
PR 28 ] — B R AN [A) AR RS, LR A Joi 1 ol
B RAPAR AN, 95 U4 (2020) K IR I 2
JEAE T A i) o 1 T B PR R, R K B TR AR AR S [R) BR
W R A B & R AR R E R, 2
AE4E(2000) T 5 — A8 8 0, XF 1 BREFAE R
5 TR R ) J AR BT A o B R AR AT AR O, R R
A B i 23 52 B A T R8N TR IR R pH 1Y
S | FF 0 B 3 “E 0% T AR R AR A 1, A H:
P RANFAE RADAT AR AB E JT (2020) |
PME R AE (2022 ) F T 1F 38 328 56 A S T ik, F—
AT BRI R EE R 3 BT T WA H R OR
A A il 28 00 S A A5k, Al R b 4R 8 T R AR
Fit R A A, T UL AR TR & 2 Bl 2
AR B sZm , H 45 2K 8] 09 22 B AE L+ 4 &
B BRI, OC T R R J AR A ) 4% 1 B 5 A
2% DRG] T A Jo A 5 s 1Y) R e R R R A TR
] 452 HAE A o S B, — AR BRI T
B R B35t 1% B b TAE T & e

PRI, A AIF 53 LA RT3 975 36 28] 108 T R A [] Jit Y



1310 |1 I G/

43 %

P 15 DR B Tk g s, R P P DR 3R R O 5 A
F 773 , X L R B i 2 B4R ) 6 o 0 TR 22 AR T
Wy A BERRC . RSB RN S | Il L R ]2 5
A SRR T HEAT T ST, LAY BA Al 9 Ak AS ] I
TR 5 RN B B P 114 i A o A o o 2 B 22 S B
X B e B R B J A B Aol g 3R ASBIE SR A
] Oy — A I R R M B 2 58/ Al 42k A
L0 P Rt o A R4 B R R AL T A kA
2 R FR g A B A TARR TR ATTRE,

1 #HHEF®

1.1 #

PR A ] i 50 A L R B Bk, 3 50 R v il
BITE R PG46 FIH IR BITE Pk PGT9(3R 1) . T Fh K
PRAF T o [ At Al B 22 Be A 5% 5 40 ) AR 40 5
JIT TR Ao LR O

&1 FAKREXMEEKRNER

Table 1  Information of two Pleurotus giganteus strains
) H 2 TR
kS eI E3IA| Production ITS &4 5
Strain Source Type temperature ITS serial No.
()

PG46  EMA e 28~30  NMDCN000175M
Hainan Cultivated
Province

PG79 WA Fe 22~24  NMDCNO00175L
Hainan Cultivated
Province

MYG WARKE IR . 42 2005 10 o, FA0E 5 o, %
B S o, MKIRAIG ,ERZE 1 L,

PRA G IR AL 20 10 o, A HE 5 o, IERER
¥ 5 g, B 20 £,0.6 mol - L' H & B, /KRS
JG,ERXZE 1L,

1.2 Ak

1.2.1 RARAEH & BIEL W E 2R EA
MYG AR EE T, T3 150 v+ min” 26 C1H
TGRSR 7 d, W &M T, o IE T 24K, Ik )R
FHEHE K FEEE 7] (0.6 mol - L H FEEE) 4 vhik
2, B ZKRE T4 LT, IR FREL 300 mg
AT 1.5 mL B0 A 3 A5 R 2.0%
e JBE ¥ V75 BE Tl TR R (0.02 g VR BEE, 1 mL 9 0.6
mol « L H &) . BRSO 30 C Ay fE R
SR W R 4 b A5 R0 AR, HJCTE

JI BE AR 1 € 5,3 000 ¢+ min” B0 5 min, B [
W, H 0.6 mol - LAY H 75 B 55 42 wh Pk 45 BE 2
W, BB Z AR, A 1 mL #9 0.6 mol - L H
e T L) T DLVE , i B AR AR R

1.2.2 RARAKAEA 0.6 mol - L' IFaBH| ¥
Ji A SO I 9 A g AN () 3% %, I 76 it sk 3 Bod
THEC, 239 B 200 L 45 A B A B i I A R A
VW, Y5 T An B AR R R 0k b DO TR DK AR B 1
HERARAE XS R RS20 2 A X BRZH 349 B F 26 C
fE IR R 45 3% | A RO V5 AR DL

123 2R Z %% HHRERK(3.5.7.9.11
d) Vs BERE M BE (1.0%.1.5%.2.0%.2.5% .
3.0%) FRB RIAN S CH 5 s | 1L A | R BE | B IR
B AR ) IR Y (25.27.30.32.35.38 °C)
FIEE AR ] (2.3 4.5 .6 h) 3t 5 S AbBH R 2 (8 H
A 2019 73 0P 2020) , DI E 5 X
HAE, Geit 25 2% AN [ T Y R B R i AR
J A = R R T

1.2.4 E3KE 7RSI EL A b, 4300 %k B
AT T Tt A R T Ik R R o s ) > %5 % A
2, DU A = o B {E, 2R 4 PR 3 KOF
() IE 2R 56 (2 2) , LA B IO B I A o 44 il
1) el 2

x2 EXHBEHTERSKE
Table 2 Factors and levels of orthogonal

experimental design

KF-

% = Level
Factor Code ——

1 2 3
1 A5 7T 9
Mycelial age (d)
VA RE R B 20 25 3.0
Lywallzyme concentration (% )
it i il 12 ¢ 3 32 35
Enzymatic hydrolysis temperature ( °C )
i i £ i) D 3 4 5

Enzymatic hydrolysis duration (h)

2 HEREH A

2.1 BRAEREHRER
B R BRI TR 22 K 8 T IR BRI O, R
HIRE T AT, AR /AN — )R BT
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MLER OB P, 76 5 60 F SR A TR AR B B R T D 40 TR 2 A R e 2 DA AR A

oL, SRR, BRI E B9 J5 AR AR i o
3B B (1) AT, A T A TR N B 22 AR R

A

JO

-~
3 \7A

© um

A BT, SRR B P MUBERE G, C. SR, AR

B

TR 22 AU TRTRE C ; I 391, I A ol e 1 () 9 S | 22
SOURRT 22 VA A O BE A SR, R AR SROACRE I Ok

C

17 pm 17 pm

A. Early stage, tip release; B. Middle stage, side release; C. Later stage, a large amount of release.

B 1
Fig. 1

2.2 BEREXELE
2211 ééﬁia&kﬁﬁiﬁw% | & wi%m MK
2. A AR, BN SR AR R B A T A Y
o, 2 LI TR EE, £S5 d B, PG46
M PGT79 1y I A= A4 7= it 359 35 B I &, 4 i ok
4.82x10° CFU - mL™ 1 2.74x10° CFU - mL™, H 5
HABTE - 22 5 B & Wk 5 d 5, A
A P R R R R 11 d B A A R A
HARF &I 3 d B977 &, 50 5120 0.62x10° CFU -
mL "1 0.86x10° CFU - mL™", £& ol 200, W3 B ik ol
28 A TR ) TR 22 AR B i Y Ry 5
222 BHEFNA LR AERAEFEHHn K
2.B A, R E RGBS H, PG46 1Y DR AR i A 7
H e EIRAK Y R H 58 B > 1 B > B > B R B >
SALHER RN 2.74x10° CFU - mL™, Hip H
R LAY R AR — b i SRR AR G
FHxS AW TR M &L ; PGTY 1Y
Jir A= AR 7 i F s B AR U A B > T 5% > 1L A
@?>%1&%ﬁ*>@%ﬁ?ﬁ§%ﬁ,ﬁ%%?ﬁiﬂg 1.88x10° CFU -
L' i =# R EER, BHEES THR
%“%%H%WC%@ AL FRB 200 X PG46 Fil PGT9
4 Ji A BT A 7 S e S 2 A LRSS AR B R
R L 1L R st R OB 4 SRy o A B R R A i A

BRBETRERGERNSE A

Some pictures of protoplast release under microscope

)38 EAR B A

223 BEMRENRAERKE &G Y HE
2. C A, B A5 VS R Tl B A 384 0, PG46 F PGT9
(14 Ji A SR A 7 i S B NS BTG, 2V R il vk R
2.5%H, T TR IR 1) Jir A O R 5 a3 TR B e v A )
4 7.64x10° CFU + mL" 17.38x10° CFU - mL™"; 4
WEEH 3.0% 1, J5iA: Bk =i TR H S 2.5% W E
AR R AR EES, T, fl&E K
A0 B Jir A= T A P e Y B TV R 2.5%

2.2.4 BB TR A AR E &6 ¥ee K 2.D
AT, Bl AP () T, PG46 FI PGT9 1Y R A=
S A e S AR N AR A R B > i R
k32 CHF, PG46 19 Ji AR T AR 7= 3k B i, >
6.22x10° CFU - mL™", H 5 H b /i 2 6 % 25 5%
FPGT9 By JEA A R AR 32 °C B Ik B R
41 3.54 x10° CFU - mL" ,{H15 27 30 .35 C #yJi A=
Bk m I E 2, L8 LA UL, PG46 JEAE T iR
il #5145 O A TELJRE N 32 °C, PG79 T A= it A i
£ 1 BRI R T, 27 ~35 C

2.2.5 B fRET A 2T R A AR &0 Fra K 2.E
A1, PG46 Fll PGT9 1 JF A T4 7™ &, Bl it A Ao 1)
XGRS b IS FREM G 55 Ry 4
h B TR TR AR 1 2R BT A 7 i 24 R B s 43 ol



1312

70 MW

43 %

9.12x10° CFU + mL' 11 6.48x10° CFU - mL",{H
SRRl 5 h JC i E 2 5 MEERT K F 5 h

B, A B = i i 2 TR, Rk, 4~5 h il &
A T R A A 1) o 1]

EN)PG46 [ ]PGT9

A B
2 50l a 5 3.0] 5 =
> ?k = §a— a -+ =8 B
E- 40 \ g~ 25 | N. \ £ 2
[ [ \ [
25 30l B £E 20 A N\ N+ 2
o 3.0 N\ £2 sl i\ \ £5
HO ) WO \HH N\ O
< 2.0 N\ < N - <
Lo \ LS 1.0, B | N o
£% g BC \ c #X =N \ g
=~ LOR N 0.5 || b | o=
i \ A ﬁﬂﬁ LN N # N
1& 0 | & 0 S N NS & A\ | 3 )
3 2 BREREE AR TERE SO HERR L0 15 20 25 3.
T Mycehal age (d) MgSO, Sorbitol Sucrose KCI Mannitol Vi BB e
Fa 72 Osmotic stabilizer type Lywallzyme concentration (%)
= o
o 5
;.10 3 > 100/F 2
£ 6.0/ N <7 5
£E \ 9 8.04
2.5 5.0 EE © \
£o \ £S5 £
HO 4.07 N2 b a o 601 N\ £ N
L2 3.0] 2 \ PR c N TN
£y N RN e &5 4.0 N R
= 2.0- B cod || NN . BT 4N [N
E 10, N \ \\ \ N ¢ ﬂj 2.07 s N
N | R NN N g A \
0 A\ } ; 01 !
32 35 38 2 3 4
it it U Tt gt BT I
Enzymatic hydrolysis temperature (°C) Enzymatic hydrolysis duration (h)
A. Hl%; B BRBHIMIE; C. REERBWREE ; D. BBAFIREE ; E. BEMATE, AR/NEFRE KE SR 5I R8N PG46 PGT9 (1 A
ﬁﬁifﬁ;ﬁﬁz%ﬂko.os) .

A. Mycelial age; B. Osmotic stabilizer type; C. Lywallzyme concentration; D. Enzymatic hydrolysis temperature; E. Enzymatic hydrolysis

duration. Different lowercase letters and capital letters indicate significant differences for protoplast yield of PG46 and PG79, respectively

(P<0.05).

B2 AREEXNAREAMERREERE~EHM

Fig. 2 Effects of various factors on protoplast yield of two Pleurotus giganteus strains

23 ERREKXBEERASTER

RFRGE A TR 2R F D AR T AR A A 1 28 s
M, SR IE 22 iR B0 1 2k, i — R & B K
R 5 A BT AR Y R il A5 . B R 3 AT, 9 A IE
AR T PG4A6 (1) J5 A= Ji A i £ A0 14
Ho  JRAETRS R RS NAE 2(FER S d,
TEEVE E 2.5%,0.6 mol - LW H & EE,32 C
Mg i 4 h) |, JEAE oA 7= B ik 11.22x10° CFU -
mL" S T HALA G A A A R RS
B & 1 (IS5 d, IWRERG W JE 2.0%,0.6
ol - LA H & B2, 30 CHfR 3 h), FitE Rk
1.20% ., A] WL, PG46 J& A= i ik 12k 5 5 A= i 4k
Ml &M RIGE K AE - EXES, HER3IME4
A, 4 A FEE P E N PGA6 JBAE AR H % 1 5

M B R /NG TR R T S > A BE T Uk > T A TR
B >l f 5FB], BHL& T R 22 il i 3 (P<
0.001) .

S AL 9 FEsCH &R T PGT9 1Y
Ji A SR ) 4%, (ELR o 41 5 NG B G D A o R
A Ho  PGT79 JEA BRI iR = A AL 3 (R
W5 d, EBERGHEEE 3.0%,0.6 mol - LAY H B,
35 CHEME S h), J5 A B ik = 5 5 ik 7.28 x10°
CFU - mL" (H5 414 1 M4 2 R4 iR %
TwEZES, AR E AR NAHE 1(HE
W5 d, UBERGIR B 2.0%,0.6 mol - L H @&,
30 CHEME 3 h) , AR K 0.45%, B2, 75 AR
REGE I AT, A AR AR N0, HES
I 6 nl N, & P E X PGT9 5 A A i 45 1 5% Wi
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Table 3 Results of orthogonal experiment for PG46 strain

an e weeer QEE PR i S U
Combination Mycelial age Lywallzyme hydrolysis hydrolysis Protoplast yield regeneration
concentration temperature duration (x10° CFU - mL") rate (%)
1 1 1 1 1 3.78+0.97¢ 1.20
2 1 2 2 2 11.22+0.97a 1.15
3 1 3 3 3 8.24+0.63b 0.25
4 2 1 3 2 2.94+0.50cd 0.10
5 2 2 1 3 2.54+0.89cd 0.05
6 2 3 2 1 2.58+0.77cd 0.20
7 3 1 2 3 1.72+0.31d 0.50
8 3 2 3 1 3.920.99¢ 1.10
9 3 3 1 2 1.56+0.67d 0.60
K1 23.24 8.44 7.88 10.28
K2 8.06 17.68 15.52 15.72
K3 7.20 12.38 15.10 12.50
k1 7.73 2.81 2.63 3.43
k2 2.69 5.89 5.17 5.23
k3 2.40 413 5.03 4.17
R 5.33 3.08 2.54 1.80
N
ii{r}n\i";}\fjjnd secondary order A>B>C>D
ALl e A1B2C2D2

Optimal combination

T REFEEA B.C.D 35 27m TR 15 BE IR B Tl Aff U B8 PR AR IR 18] 4 AN ER  07 1.2.3 2000 FRom XTI L& Y 3 AR
INEF B a b o d FoR AR B B F 2R (P<0.05) , T,

Note: The capital letters A, B, C and D indicate four factors, mycelial age, lywallzyme concentration, enzymatic hydrolysis temperature

and enzymatic hydrolysis duration, respectively. The numbers 1, 2 and 3 indicate the three levels of corresponding factors, respectively. The

lowercase letters a, b, ¢, d indicate significant differences for protoplast yield ( P<0.05). The same below.

R 4 PGI6 FHRMTTEDHT
Table 4 Variance analysis of PG46 strain

1n %
H U IR

Sum of F P
Source

squares

of Type Il

% Mycelial age 271.363 2 224.804 0.000
5% R Tk e BF
A RE il 2 . 71.662 2 59.366 0.000
Lywallzyme concentration
it ik 1 2
Enzymatic hydrolysis 61.486 2 50.936 0.000
temperature
M%ﬁ@ . . 24.939 2 20.660 0.000
Enzymatic hydrolysis duration
B2 Error 21.728 36
BT Total 1274.650 45

T M IR Ay T % > TG e I [i] > 6 i TR 32 > V7 B il vk
B H AR 2: 7 53 (P<0.05)

3 WihEHE®

AHIFGE R FH B R 28 50 50 R0 OE 38 3 5 ) i
X2 BRAS 7] i 280 %) R B A vk D A T AR o 5 1Y
KRR 2R (R 22 AR DAY B T Fh 2 I B il R 1
Tit i 15 52 AR ) ) AT DAk, LUIH B A LR
A o R ) A B IE B, AR, ALA 2
JE PG46 M A A, A 1.2.3 /& PGT9 ik H
KU A MALG 3 AT AN 0, B PGT9
M RE SRR A 1 Mg G 2, WL, 414G 2 7H
BHEN PG46 A1 PGT79 3G B 241, TRIES i B
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Table 5 Results of orthogonal experiment for PG79 strain
at P LI e gk ETER
Combination Mycelial age Lywallzyme hydrolysis hydrolysis Protoplast yield regeneration
concentration temperature duration (X107 CFU - mL™) rate (%)
1 1 1 1 1 6.98+0.79a 0.45
2 1 2 2 2 5.62+1.06ab 0.20
3 1 3 3 3 7.28+1.69a 0.00
4 2 1 3 2 3.52+0.95¢cd 0.10
5 2 2 1 3 4.46+1.10bcd 0.05
6 2 3 2 1 4.86+0.42bc 0.25
7 3 1 2 3 1.56x1.11e 0.00
8 3 2 3 1 4.68+0.81bc 0.00
9 3 3 1 2 2.68+0.82de 0.00
K1 19.88 12.06 14.12 16.52
K2 12.84 14.76 12.04 11.82
K3 8.92 14.82 15.48 13.30
k1 6.63 4.03 4.71 5.51
k2 4.28 4.92 4.01 3.94
k3 2.97 4.94 5.16 4.43
R 3.66 0.91 1.15 1.57
- vie I 122
ii{r}n\i";}\fjjnd secondary order A>D>C>B
iﬁ?ﬂﬂ;ﬁvel Al B3 3 D1
SR A1B3C3D1

Optimal combination

&® 6 PGTI HHKITEDN
Table 6 Variance analysis of PG79 strain

I #4
KU I e
g Sum of F P
Source d)
squares
of Type Il
% Mycelial age 102.805 2 48.898 0.000
R R Ve pE
i RE il . 8.284 2 3.940 0.028
Lywallzyme concentration
it i i BE
Enzymatic 10.005 2 4.759 0.015
hydrolysis temperature
WJWE#@ . . 19.249 2 9.156  0.001
Enzymatic hydrolysis duration
2 Error 37.844 36
B3t Total 1 141.460 45

B N 3R (B A7 AE — 2 WSS AR D, AE R AT 26 1F
RACES AT 200, F-test 43 BT W7 | TR 22 % T % Xof
PR U T e B L 2 Jo A e 2 ) 49 g A

LT RE R R | R AR T T A ) X 7 T R
(SRR BEAFAE 25 57, IR i T B R B A 3t
2 REVEF 5, PGA6 F1 PGT9 T KR A 7= 4 T 4%
4346 Dai et al., 2019) ,

R R A A R 25 R AN [) B Rl A 45 A, 2
PR DA TR 7= R T e 4 LA O [ R Y 5 )
(PMERSE,2022) , TEAHISE | T 2204 19 T ik
S5 BN B AR AR A R E R, A
[vi) 09 ) AT 22 4%, 40 R JEE 8 R A K 3R T S [,
Vs R il ) SRR L T A 22 5 (3K 2R 4R, 2003)
FE DA 22 A KR I , A0 0RE  HE T )  T R R B
itk , Bt 25 TAT I 140 20 52 1A, 200 R RE S T A0 R L7 R
(U AE W) o3 22 | 8 A 003 BRI, a0 T - 3850 A o
P77 5 TR (Kim et al., 2000) , ABF5EHT X E
KA EL B 22 AR 15 FR ik, R BLAR 5 K IE &R B KM H
R 22 AR K B 8 B0 Y I IS 40 B LR R B
S VRIS 7 34038 T, AT AR S D AR T AR i 4 Y 3 AR B
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