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This experiment was undertaken to investigate proper conditions for protoplast isolation and genetic transformation
of the white rot fungi, Polyporus brumalis. The protoplasts were formed from mycelia at a frequency of 1 x 10"/ml
with 0.5% Usukizyme. The transformation vector (pHY gpt) was constructed using hygromycin resistance gene (hph)
for the selectable maker. The yield was 100-160 transformants/ng DNA in a transformation mediated by 40%
polyethylene glycol solution with aurintricarboxylic acid, heparin and supermidine. The genomic integration of the
pHYgpt was confirmed by hph-specific PCR and the expected amplified band appeared only in the transformants.

These results could be an efficient tool in gene engineering of the genus polyporus.
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AR White Rot Fungi, WRF)-2 laccase @} lignin peroxidase
(LiP) 18] 3 manganese peroxidase (MnP)Q} -2 G 45 A&
Q)= Eulsto] At 7£29 2ladE BafstaA YHE £E
AlZ1tk(Becker et al., 1993; Hatakka, 1994). 2|14 Eajlait=
714 E0]do] ¥7] wZe] 2lad &of @Ry Yu|A Fol=2
T R FeEtEs el 5 glom, Eego] Al
oA o]Fo]Z|7] WjEe) ek FARIEL BEAASE
9] B3x= 755 th(Pasti-Grigsby et al., 1992; Barr and Aust,
1994; Pointing, 2001; Shin et al., 2007; Hwang et al., 2008). ‘&
L34 FasidE AESH Fote] AL3HE HalAe A4
Eafjgo] St nAAE L do] D asit FAATHL 9
AR = E= B AR AAE S8 dY= /43
25 B3 7| = O §-88 AR AT o] E o
B3t N2E u|ABE FF9| el o] 88 5= itk "Rl &
Sk WA RO Tk Az o2 Qs QEF S =Yl
o]Y7] wiZoll FA] NZH & AT dFHAE A2t
ARNE =Yt FAAE Wo] Fo| A=E It Peng 5
(1992)2 e}l2|WHAl(Pleurotus ostreatus)®] Al A|EH H
a4 Z Novozyme 2345 A 2|slo] AFAA S EE)51L hph
FRAAE A EA) 2 G-8-5to] FAHRl 3ttt Leem 5
(1999)2 HEWAl(Coprinus congregatus)®| Al Novozyme
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2345 Aot AFAAE st A7)l bar FARE A
22 FAAG sttt Kim 5(2007) 7|AIZH A (Irpex
lacteus)3} o}xLW A (Phlebia tremellosa)®] Aol Glucanex
200GE A9 Halaaz Aaste] dFAAE Eejstr A
HAZ bar FAAE -85t FAALAE Al&st4ct.

A& A S (Polyporus brumalis)e: = Woll AHAYsh= A
REdo2A A WEHA FolEd =2 ERE0] et
o|H g e 0| E(DBP)%} 22 FESH EFS Bl &+ o
= 50| I ookt S4EH 0] EAsHe A A A
o] 7Fsste] BHAQl dofl AEet #= Bl Y th(Lee
et al., 2007). DBPE Z33dl= TEHo|EFE ZatAE AMY
of da] AREEH I FAJo] vl et AR g A Qo] A
o] #2 FH e dEH It AL Ol EdlasE
EH8A ozt ©F EAE BT = = Ao AdEy
(Lee et al., 2007; Ryu et al., 2008). B3+2 2] 7oA 2lad
Eolaag 715-& olsfista Eago] AR AAAY
+FE gHI] Y AT B3 flad Eaay
2 I 2do] Basitt T1ejut Polyporus 42 FAAS
of gt A= B3 d vyt glom HEHAL 22 g2 47
oA SHE FAATHLE AL Al Estglon) E2
HFAA A& FAAA O gk U ol 2 AL AP
ol At Tt 2 Aol A A A Y FAF A
HFAAE Eelste 241 B fARE S48 = U= 3
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FAFTE AHGEH ALLAANL FP4Isr oA 4
Asle] B3l 9= KFRI 20912 #3FE ]85}tk PDA
(potato dextrose agar, DIFCO) A|uljz]o|A] 77t 28°C of|A]
syste] A ARl AStET AAleE A A7 Ak o)
28 78 7L o]43te] 0.5 cm® ©]3l&2 24| ZekA PDB
(potato dextrose broth, DIFCO) HAJux] 100 mlo]] &= H=
3fo] 28 CollA] 200 rpm.©.2 Rkafo] wjepAl ). YA el
£ 9ol 1% 59 F vhivI2 vjokE A 124 53 okt
2 20 mlE #5te] |22 PDB 100 mlZ $AA 5471 ¢ =)
opsteict. wleket FAE THAl uhfated 20 miA ohA A
CKMM (Maltose, 5 g; KNOs, 1 g; Trace elements, 20 ml; Salt
solution, 12.5 ml; Thiamin HCI, 500 pl/ 500 ml) 8 %] 100 mloj|
B35 28 C oA s A vsct. el #AE
50 ml HEof Lo] Tl Ao A] 3,000 rpm o2 155 F<F
Q482 shlch Thelere FAE olAlA] RS 24T
Ao} WAl w23 Ao 2u) Rk B ool 0.6 M
sucrose & go] #APZ &3] Fojd wj7hA] X"+, 3,000
pmO R 108 Fok YA SRk ohAl ASeS welw 7}
2Hke ALl 0.6 M sucrose 2|5 & ¥ o Adsto] dARE
sjsahirt. Bl4at RARS] 2] 27k Bl ko] 0.6 M sucrose
o MZz8 Bl g4 2 Usukizyme (Kyowa Chemical Products)
2499 0.5% =9 498 THEQ]ch o]& 3,000 pm o2 5
27 QARelo] X7A7)S AT 045 m 27]9) FA}
7] BE|2 54NE A4 35H FAbel YL ol &
aojo] A7bE RALE BEE ALEeaDz 70 5 30T £
204 70 tpm E2 3412 o]4F kel Weje] 7 2
717} 0.2 um7} E+&= glass-wool filtration kit (Sigma)E 74t
Ao] AASIT AT A} TURE FIAA B ohe
A} A|EZ AA7|E A U SEE WA U 43R
FHE 4Cof A 9,000 rpm O 2 2087+ PAE|5te] PP HA|
= AN A5 M2 10 mle] | M STC 2351
M Sorbitol, 10 mM Tris-HCI, 10 mM CaCl,)2 Y1 13-& o]
gojo] AT AR AAES WA BoiRc. o Wl o PR
22 AN A AFARZ 700 ple] STC S5-gatol of
Al Aebstoh dnj7dE EHA hemocytometerZ2 YFAAE
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Fig. 1. Mycelium growth inhibition of P. brumalis by hygromycin
B. Values were expressed the concentration of hygromycin B from
0 pg/ml to 100 pg/ml.
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A3kl mig 1 x 10'749] 5=7} HEE STC 238 ¥
ZAskc) Mz B4 2 UsukizymeS A 2|3 T A|7HE
2 FAE 93 AA JEe} =5 WERT A} 2A7F o]t 2
Azt A 9FAA =7 mig 1 x 10°) o|3l2 Y& 27 3
AE AL 4AZE o) A RESAIZIH ME7} B E o] HAT &
o] HolA| 1 AFAAS eFYAdo] HolA| = S o 347k
vhgo] HAstgict. WAH S o] M| LH-S Bafjsts AL 7]
ZJ o) A= F2 Novozym 2342} Glucanex 200GE ARE-51%
ThPeng et al., 1992; Kim et al., 2007). &L} AAEA0]
Novozym 2342} Glucanex 200GE A 2|32 o] Hojx]= AFA
A mig 1 x 10774 o5tz FAMSol Bash o] AFAA
£ gEs5H7] o5tk

TSN ot A Foll ARSHH FE %12 ¥E pPBARGPE
+ @34 phosphinothricino] tigt A FHdE Fodt= bar H74
AE 7FR| 2 9Ith(Yeo et al., 2007; Kum et al., 2011). A4k
HALL 100 pug/ml 04 =& == 9] phosphinothricinof| A &= A}
7} 47t AR R bar X7 PSR skt ol &
A 4= Y= FAA R hygromycin BE FEEE2 CKMM 17
v o] H7kste] FAF 44 AR 28A] hygromycin
BE 10 pg/ml¥ Z71 A1A 10719 = AHEE THE9] 25-
28 C ol A 3047t A1 A 2 vl el E Eelate] -t
A FE=F ZARSHT. Hygromycin BE| 50 pg/ml ©]/<]
FEOAAME ASAAY FAE AE AR st (Fig.
1) pPBARGPE HE]7} 7}X| 1L Q)= bar F-21AE A| A3} hygromycin
Bol| AgHA]S HoJ31= hygromycin B phosphotransferase (hph)
S Aty ASAA FAAEE HE (pHY gpt) &
A5t ch(Fig. 2).

Sla" A3 A 100 plof 2 ple] 100 mM aurintricarboxylic
acid (ATA, Sigma), 1 pul2] 100 mM heparin(Sigma), 1 pl2] 250
mM spermidine (Sigma), 12|31 10 pl2] pHYgpt (1 pg/u)S
A7rete 2AHA2HA EF3HAT G20l 308 Bt BHSAI71 L
1 ml2] PEG -82%(40% polyethylene glycol 4000, 25 mM Tris-HCl,
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Fig. 2. Restriction map of the transforming plasmid pHYgpt. A
hygromycine resistance gene is indicated as sph, which is under the
control of the gpd promoter (gpdA).
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25 mM CaClo)& Tlstal 2AHAHA TS A-2004] 20:7F
A §h3-2 A1t} BEg-Ho]l 1 M sorbitolo] 347Hel CKMM Hj
A 1 ml& 7kt F 25-28'Cofl A ahz4k %] vjekstict.
%= NS 1 M sorbitol T} YA (hygromycin B 50 ug/ml,
ampicillin 50 pg/ml)7} H7HE CKMM A 2](3+4 0.8% )9
HAEFA]7] 32 CKMM TAERR| (8H 1.5% )0l = 3E3}e] 25C of| A
wfeeloic ARAARRE AR Aehs FAS FAH
A& 12} Adate] WA 22 0.5 cm” o]sl2 Zeba A B
=7} & vlj(hygromycin B 100 pg/ml2}ampicillin 100 pg/ml)2
Z7+e CKMM TAERR o] £:71 3 ThA] ulj sl /2 Q1 A
A& Hol FARE 24+ A8t Th(Fig. 3).

=3 HE7E FAATA| 9] GA4A DNA| A o= 4t
HERE=A FRlstr] Yote] FAAEA L} wild typee] DNAE
£2J5to] PCRE =3451ith ZF AR AAdAE dejA] 7
ZpApEte] A aFaEt ohe oF 100 mg& 1.5 ml HEo] T3l DNA
2% 945891 M Tris-HCI; pH 8, 5 M NaCl, 0.5 M EDTA;
pH 8, 20% SDS)< 300 ul 378t a5t A=2of 4] 3000
pmO 2 10 AHEstA A5dS N FEE 7|1 54T
<] phenol/chloroform< 7} g+ & Z1gh0 2 2+ 4o st th
Al gAEEstr A5dE A FEE &3tk 7] isopropanol
& AzJste] DNAE AHAIX] £ 70% ethanol® R ojF=ict.
upR|eto 2 30 ul9] £F9} 3 ul2] RNase (10 mg/mh)E A7}
slo] DNAE =%tk PCR BHS-2 213l 1 ugd] DNAE ¥E <
ZA51= hph S AR} BB A A)ZHE forward primer (ATGCC
TGAACTCACCGC)%} reverse primer (CAAAGCATCTCATCG)
2 Accupower PCR Premix (Bioneer)& ARE-3}o] PCR HI-3-5}
ot ¥ AL 1 step, 1 cycle; 94C, 28, 2 step, 25 cycle;
94°C, 30%; 60C, 30%; 727C, 30%, 3 step, 1 cycle; 72°C, 58
© 2 3lrh ASAAY wild type FAFIA= PCR 4HE
o glon] A WA AEE FAABA] AL
pHYgpt ¥Eje] Setiu] o4 @lo]7 PCR AHET} 918 2
7] AHES Wof RAbe] GAA] 2 YA wels}t =els)
A= FISHATHFig. 4).

T AdE FAASA = AE 1 ug F 100-160712] &=
HEH A9 A &(500-6007l/ug DNA) H} o} of

Fig. 3. Selection of transformants generated with pHYgpt. The
1¥selection medium contains 50 pg/ml hygromycin B (A) and the
2™ selection medium contains 100 png/ml hygromycin B (B). WT,
wild type strain; T1-T4, represent the transformants.

A (15-2570/ug DNA)T}F L5H A (25-507l/ug DNA)2] &
ARG &Rt =9thLeem et al., 1999; Yeo et al., 2007,
Kum et al., 2011). & A@o|A= FAAT &5 Fol7] sk
heparini} ATA 12|31 spermidine2 &7} +=1| heparine
HE] 9] EQo] YesteE AFAAT} S == AL WAISHH,
ATAE & |AAE E3A17]< nucleased] A|3iA| 2 F2AA
g Aol A WE] DNAZ} E3jj=l= AL 2 5= 9lom, ol
<& g+ spermidine2 20|22 Zt+= HE DNAE 982
#Ho g Zoj7] giiZo HEZE Al WE AYEE 88
Eol= Ao g AdHA h(Hallick ef al., 1977; Dickman 1988;
Li ef al, 2006). Li S(2006) “gl2]uAle] FA-Bt)A o]
2ot Aok Hrksto] 7129 W 400 o4 FUAN &
£ 0] 80-1807)/ug DNAS| 588 Agat] AL A4
B ]

2 Aol e ASHAAY g8 B 243t
FAAT UL Polyporus 0] ZRThE The FolE 44
9Le Holu] ol2iet FAME e =4 paRe 715
of Baly $1BEE 298 BHS B3 o 5 e AR
& 25 E0) $-8 T Ao AEh

44 > ot

£ AFtolA s WA Tl AL A AFAA e
213 A2 FARAS IS sttt A A A AL
of MEZ8 EaAZ 0.5% Usukizyme2 A T|3}e] mlg 1 x
10719 YFAAES SR 5= Yk FEASA Y AES 9
3 hygromycinol] tjgt A3 Zh= AR E A7
2 olgste] FAALE WE(pHYgp)E AZFSHRTh 40%
polyethylene glycol 87} aurintricarboxylic acid®} heparin,
supermidine 7}t FAMTHE 4=3) 3+ A7} HH 1 ug F
100-160719] &= FAASAE AUt =49 HE = hph
279 PCR F-E3 53 FAAAY FAAIHol AA=
25 Ik o2t Aik= polyporus &0 FANE E&
A 2E A5 Aol 583 7]&o] 2 Aot

ZAte) o

2 a7E FPAYshY A7TH(FPO600-2013-01)0] o]
3 =L

M12345673891011

<

Fig. 4. Confirmation of genomic integration of the vector into the
host chromosomal DNA by PCR in the wild type and transformants
of P. brumalis (M, molecular weight maker; 1, vector plasmid; 2,
wild-type strain; 3-11, transformant).
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