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Optimization of protoplast isolation and PEG-mediated
transformation in Agaricus bisporus

Minseek Kim, Kab-yeul Jang, Yun-Sang Lee, Min Ji Oh, Ji-Hoon Im, and Youn-Lee Oh*

Mushroom Science Division, National Institute of Horticultural and Herbal Science, RDA, Eumseong 27709, Korea

ABSTRACT: Currently, button mushroom, Agaricus bisporus is one of the most consumed mushroom in the world. However,
despite of its importance in food market, molecular genetic modification method for breeding of A. bisporus is not well
established. In this study, we optimized yield of A. bisporus protoplast with Lysing enzyme, Chimax-N and cellulase. With this
composition, 1.0 X 10%/mL of protoplasts were obtained reliably. PEG-mediated transformation with spermidine showed almost

100-fold higher yield than non-spermidine method.
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2 Qlaf] o]dHALY] wggle] LA E olF F AU
15 918 Bio] H& TalldF2] Aol 5%4Tel
rol RE R 7 ofgfr}. B A AAA 7L gl
27he] wnl Fol|E Wi o R-E ERle] e #AE
ot olygk ZAE sAsh] flet] b fFHEE
HE o838t AMER F5E st e =90l

A AR, WEHSE  Agrobacterium tumefaciens-
mediated transformation(ATMT)E- ©]-&3le] 54 24}
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(Homologous recombination, HR)Z ©]&3 PEG JZ#
2} (Polyethylene glycol-mediated transformation, PEG)2]
3¢ drollA= DNAS] o]F7te =4 mjAYFo] A
Azl wls]  H)dE LA (Non-homologous  end
joining, NHEJ)oll S©8 08 2]-9-27] 317] wj&el th&
ol vl L &&o] wjg- Holxitt. o]y3 ZAER ¢
3l HIZ7A] wAleA FEASR ] o FEUNEe
7¢] o|HAA Fstal AT

e H2 5o A 7R 2 d#xl CRISPR/
Cas9 A|="lg o] &3 F44F Ay 7ol 7ol weh
WA = FAARY F5ES st e A7t 2]
718 =] 32 IT}. CRISPR/Cas9 A28l 54 17t Al
M Ak oA FAA AES friesk=dl, ATMTSE &
g PH8AEC] 9¥E =2 RNPs(Ribonucleoprotein
particles)®] FEHE AFYE7] wizol] A& FAel A=
A B3 GAHZRE GRS 7L A AT Fole
AAEGA FalH o] ARRAA HEE o] JA] Be
Aol ok, vtk o] Al="lE AREE] flsiMe 24
E #79] APAEA ot PEG F248 7]so] 44
ojtt. & AFoME MEE FHol FF9 /s sl
CRISPR/Cas9 A =8S 25 &-83817] 98] B2Ql &
Folo] APAA ot PEG FAAS 7&9 HAsE

QLT E
B AP mEoE $2AEY WAHelN Bas
2 A= FEo] KMCC00591 #F5  ARESIN,

CDA(Compost dextrose agar, Compost extract 40 g/L,
Dextrose 10 g/L, malt extract 7 g/L, Agar 16 g/L) HJA]|
2 4= stoll 24°ColM 257 wgSIATH(Oh et al,
2021). wiFE #5F= ©Al DT80(Glucose 30 g/L,
MgSO,-7H,0 0.4 g/L, CaCl,-2H,0 0.02 g/L, FeCl;-6H,0
0.01 g/L, MnCl,4H,0 0.0072 g/L, ZnSO,-7H,0 0.0088
g/L, CuSO,:5H,0 0.00126 g/L, Thiamine-HCI 0.0004 g/
L, Tween80 0.5 mL/L, K,HPO,3H,0 0.8559 g/L,
NaH,PO,-H20 0.345 g/L, L-asparagine 3.23 g/L, L-
phenylalanine 0.62 g/L, L-histidine 0.13 g/L, L-valine

Table 1. Yield of protoplasts according to enzyme composition.
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0.44 g/L, DL-methionine 0.15 g/L, pH6.8) 200 mLZ &
7151 kxSt 24°CellM 2577 A wf kit

v ke A} vl k-2 Miracloth(Merk, Germany)® 4l
22 AABIIL 0.6 M sorbitol 2 A A 3IHTE Aojzl okdo)
TAIERE APEA 2EE 3 Lysing enzyme(Sigma-
Aldrich, USA)E 7222 3} Cellulase(Sigma-Aldrich,
USA), Chimax-N(Amicogen, Korea), Yatalase(Takara,
Japan) 845 TS 2o g At AFAEA AL
S AR o, 7 E4e] 242 Table 13 2t} &
2]¥ FAR= 20 ml2] 0.6 M Sorbitolol] Table 1014 #|A]
=0 49 1.5 mg/mLe] BSAE FH7iste] &35
=7 stell 24°CollA] 4A17F 303 <t WHE-SFATE.
1 % tA] Miracloth® #AFS AZ3L 0.6 M sorbitol
£ 20 mLE AHT &, 233 &5 x1000 g, 4°Col
Al 1587 DAl stal S AE=HA AAG
S Hrlete] dEE
Y 27oE oA YA s AAT
0.6 M sorbitolS 1mL H7}sle] deErslsitt. derale
Hemocytometer(Marienfeld Superior, Germany)E ©]-&35}
of Au|Fo R 7 mi AYHE dFAA 75 s
t}. 2 A3 Lysing enzyme, Yatalase, cellulase, Chimax-
NS 25 H7IS o 7P =2 9344 78 91
T UATH(Table 1). HE3F Lysing enzymes A 9|3}al
Chimax-Ne|] 9&2A| &g a8 7P & &= HA
3L, Yatalase®F 2 2]30-& o]l vlste] oF 10v) =2 & &
< H3H. Cellulase®] 45 @=o2 AH2e e I
ol wmlgk Aog IRILAUAIR, thE 848} T A
S W FAF A7 GA8] Fol=e a2 AN
th(Fig. 1). o]& EUE o]F9 dFHA w2 d4F>
Table 12] 3 %< YatalaseS #12]3F Lysing enzyme,
Chimax-N, Cellulase2] &0 2 X335}

olgA Egl¥ 9¥ZAE= HygromycinB &4 42191
hph 727 F 28 pHAIC WOl Z2RE MES A
bisporus®]  glyceraldehyde-3-phosphate dehydrogenase(gpd)
AR ZERHE wAste] PEG FEAS A=)
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Enzyme composition(mg/mL)

No. Number of Protoplast(x 10’/mL)
Lysing enzyme Chimax-N Yatalase Cellulase
1 10 2.5 2.5 2.5 15.1
2 10 2.5 2.5 9.3
3 10 2.5 2.5 13.7
4 10 2.5 11.7
5 10 2.5 2.5 1.6
6 10 2.5 1.3
7 10 2.5 0.19
8 10 0.24
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Fig. 1. Protoplast of Agaricus bisporus. (a) Lysing enzyme, Chimax-N, Yatalase and cellulase; (b) Lysing enzyme, Chimax-N and
yatalase; (c) lysing enzyme, Chimax-N and cellulase; (d) lysing enzyme and Chimax-N; (e) lysing enzyme, yatalase and cellulase;
(f) lysing enzyme and yatalase; (g) lysing enzyme and cellulase; (g) lysing enzyme. Red arrows indicate protoplasts.

tH(Kim ef al., 2016). 53], DNAS} 93 @A 9] A Eutz}
Agste] dFZA UlFZe] DNA o5l 93 F=
Zo= 4#zl Spermidines AE el F71st PEG
PFAASe] B&E FASHU(LI ef al., 2006). A 160
uLe) ol A& ekl (10°/mL)3} pHALC HE] 10
pg, 50 mM spermidine 5 puL, PTC & (40% PEG3350,
100 mM CaCl,, 10 mM Tris-HCI, pH 7.4) 50 pLS HA
3] 43, deolA 4587 vESAAT. 2 F 1 mLe
STC €9 (0.6 M sorbitol, 100 mM CaCl, 10 mM Tris-
HCI, pH 8.0)2 H7Fstal A2ex 2587+ REGAIZ] &
x4150 g, 4°CellA] 57 A4lite] sielnh. I Ee] oA
w2 BEF Foste] FFHE AASAL, 500 uLo
STC Mo =2 thr] HESIAL x1620 g, 4°CllA] 527+

QRS FFAE AAGE FPS wESG 2 F
0.6 M sorbitol®] 37Fel CDB =] 1 mLell @Eslar 24
Collx] k71 afol] 24417 St Tt vk 484
AEL 0.6 M sorbitol®] 371 CDB ¥iA] 5 mLl| low-
melting point agaroseE 50 mg 718t AR A2 7}
Qslo] =l & 37°CE 43|32 30 mg/L hygromycin BS
A7¥ek i3 42 F 12} A8 wi] (Compost extract 40
g/L, Dextrose 10 g/L, malt extract 7 g/L, D-Sorbitol 109.3
g/L, Agar 16 g/L, hygromycinB 30 mg/L) $Jol Fo]x oF
A =X AFHAAES =X wiA s 24°ColA gx
2 sl Q7 M, Aehtor #AEe $1E
gl th(Fig. 2).
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Fig. 2. Regeneration of transformants on 1" selection media. (a) Protoplast that did not treated vector(control). No colony was
observed;(b) vector treated protoplast without spermidine. 1.3 x 10" of colonies were observed;(c) vector treated protoplast with
spermidine. 1.27 x 10” of colonies were observed.
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Fig. 3. Isolated transformants on 2™
without hygromycinB(down). No growth was observed on 2™

Folx)x] kgkxA|ut WEE Hrsl 7+ A
A ZFzUSS selsr 2= i)
spermidineS F7Fsk AE2] 79 134 &
3 °F 1008 7HF =& 2] ;qx}— 3ol 3 4= YTk
T3k 12F A wiR|e|A] AL Aol ER1E 7 #AF F

ZUYEL 23} A vl ] (Compost extract 40 g/L, Dextrose
10 g/L, malt extract 7 g/L, Agar 16 g/L, hygromycinB 50
mg/L)E Alhete] 257 wigsiar, 92 #5ok 2
HygromycinBoll A&8 712 3L lo] o7 A} A
A ok S EITE 5 AATHFig. 3).
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