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Agrobacterium-Mediated Transformation of Flammulina velutipes with NaOH Treatment
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ABSTRACT : Agrobacterium harboring vector pCHBs with hygromycin phosphotransferase(iph) and hepatitis B
virus surface antigen(HBsAg)gene was transformed into the mycelial culture of Flammulina velutipes. In particular,
mild NaOH solution was treated to the mycelia before Agrobacterium infection step. This was purposed to generate
putative surface wounds in the mycelial cell walls. The results showed that hygromycin-resistant(hyg") mycelia could
be obtained only from NaOH-treated mycelia but not from intact mycelia. The integration of hyg" gene in fungal
genome was confirmed by PCR. In addition, a single transgene integration and heterologous protein expression in
E velutipes could be verified by Southern blot hybridization and western blot analysis, respectively. This study demonstrated
an efficient tool for the Agrobacterium-mediated transformation of F velutipes mycelia.
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HolHAL 7]t A A =R v E det 7s
e AYE Aoz Z deix] o™ (Wasser and Weis,
1999) @A HAu) WA o= thtte] 7hssitt. e,
sjolm Ao thdt biofactory =E EAF §F5 A= BX
> Ho=A o]of tigh A82 FAHS Fke] /S 7}
A7t A& Ao}, WolHAlS 2FSH AMdt(filamentous
fungi)2] FAXES = electroporation, polyethylene glycol,
biolistic bombardment WHES 53 AFZA, dAK, 22+
U=22] DNAEYe e]&star dnt. 2efu o] Wi Ad
A3 G284 WA o3-38] BlE3stH(Meyer, 2008). $HA,
Agrobacterium S 083 A= 8&7% FAASS
flted oheFgt 1914 8.4as0] AlE v e AHEx
HEA (Uze et al.,, 1997), 7AZ(Cheng ef al., 2003), A|A A7)
(Cheng et al., 1997), 7}%1F (Bechtold and Pelletier,
2000), A2 (Enriquez-Obregon et al., 1998; Olhoft and
Somers 2001), £2]4 733l (Singh and Chawla 1999; Flores
Sols et al., 2003; Kim et al., 2007), phenol 3}3}=(Pan
et al., 1993) 52] 227} L dojt}. A, 318k A=
270 vl ) ek(Shin and Park, 2008).
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3O (Flammulina velutipes; KACC 50024) ¥
AL BA B ZHE] 2RO potato  dextrose
agar(PDA)IA Bl (25°C, L=71)sttt. B3 vector
= pCAMBIA13002 Xbal, Klenow fill-in 2 Hindlll <=
X& 2]k $ o]= pBIHBs(Shin and Park, 2008)2 EcoRI,
Klenow fill-in, Hindlll <=Ath2 %]2]31e] 48 2.0 kb DNAS}
Aesle] WHAWE (pCHBs)E A2 th(Fig. 10). ©1&
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Fig. 1. Transformation of F velutipes mycelia by NaOH-assisted
Agrobacterium infection.
A. Mycelial growth for 7 days after the treatment of
0.4% NaOH for 0~9 min.
B. Appearance of hyg" mycelia (arrows) after
Agrobacterium-mediated transformation using intact
mycelia (left) or NaOH-treated mycelia (right).
C. Schematic view of T-DNA region of pCHBs.
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A tumefaciens LBA4440491 =15}] 23l o]2351%
pCHBst= CaMVS35 promoter : hygromycin phosphotransferase
(hph) 572 2 CaMVS35 promoter : hepatitis B virus surface
antigen(HBsAg) A5 UL ST},

oA #AHAIE o]&g FHHSS fste] pCHBsE
B3 A tumefacienss LBBIA](kanamycin 50 pg/ml,
streptomycin 50 pg/ml AZgHelA W F28°C, 180 rpm)3}aL
MS HiA](Murashige and Skoog, 1962)% & ESI
(ODgyo = 1.0). Agrobacterium &Y 3 mlS PDA plate
(88 mm 2]7) o] o] FARAlel H7betar Aol A W
2] (30min)etict. S 23] AA F SAMIFR2°C,
2days)S AAIEFAC™ agar¥Ed A ZZHE mm BE
A7NSZ A 23] hygromycin(hyg) 2 cefotaxime 3}
@2 50 pg/ml 2 250 pg/ml) PDAE 7 hyg A4S
Hi sl $BA NaOH wARIAEe] €8k Agrobacterium
FAAES 9% A GALECE NaOH 55 A9
B8-S ZARIATE FAH dise(ca. 5mm 2 A)E FHISE &
NaOH &S 5% H(0.1~1.0%) A17F E(0~9 min) *]2] &}
A5 Al g FEeHA=T 04% NaOH®] 73-9- 1~5 min
Ag]ollA Qg ASAS 7F e ew o] vl 9 min A
2]9] 79 Alslsith(Fig. 1A). ©] A¥= 7]eF A2 v 2
71730l wlste] A& Asf wart A oE golsi=t)
0.4% NaOH 1 min 22| #AH| A5 4] 2 3}8h4 =)
i 27102 Hsto] PRl 283513t} PDAHIA]
o] ANl thsle] 0.4% NaOH -8-94-2- 13 A 2]sle] 3}&)
2 S 78l eH olojA 33]¢] W AlX 2 pH 5.7
o] MS HIAIZ 308 FA F olF AAL 2 FF2 vl
A AE=lo] U= Agrobacterium MAEE 718l FAA
3k A4S Tt AR AAEA NaOHE A ahA] e
Agrobacterium= ZYAAZ FAAE 24 7] SAIMIF
1007] A 27bE A ARl &4 108 H=
s vh hyg” #AK &3S Hs] dEER] edTt
(Fig. 1B). 34, 0.4 M NaOH=Z A 2|3}aL Agrobacteriums
AR A A9 100702] A 225 5 277H00A
hyg @AH7F 2838199 (Fig. 1B) ©]2% NaOHEZ ©|&
gk slskA] dsldAio] Agrobacterium™S 53t "ol FAMA
PAAS ] w9 TIHA Y-S AT ZF hyg' FAR
ZRE 7PgAlE] dE-E dise(S mm 7)) FE|E A
sto] A2 YA A wiRlol] fFlom HF 33 A
AL AXEF SFATE 2 5 hyg V| EF PDACIA AB5A]
7 FAZZE Aol o] &3t} Silicon carbide(Singh
and Chawla, 1999)4} aluminum oxide(Kim et al., 2007)
59 Al YA E= Z=F3K(Floros et al., 2003)5 ©|&
g AEA gk S83 A& 2 " olE B
Agrobacterium ©1& FAXASE FU7F B v} =t
a2 Axe g Zhdsioh 2y e S8s flske]
NaOH &9 & ARgstd=tl vMg Wo] FAR AjlzH
FHAM ] dEH AelidAoln Bk 2&2d ZoR 7]
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szl wiEelint. 73]l NaOHe 2=, A, &
&7, AAl 59 AdelA Ee Aol A4 shehH
vl = o] &=L 1ch(Floros et al., 1987).

Polof| thet FAASE FARIE o83t AP AN
(Maghara ef al., 2010) B! electroporationH (Kuo ef al., 2010)°]
Ry =EQlom sBA AgrobacteriumB el 73-F- T4 ol &
(Park et al., 2010)°] BE31E v} o} FAR o8- §lth.

FAXEAS] DNA HAHS 915t Genomic DNA +
2] 2AJ8}aL PCR}F Southern blot hybridizations A5}
ATt Genomic DNAR-E]E 93t PDAMIA] 7 HAHA
100mg FEE 2.0ml tbed]] 3L &17]ol 200 mg glass
bead(40 pm =7]) ¥ 500 pl extraction buffer(100 mM
Tris-HCI, pH 8.0; 20 mM EDTA; 0.5 M NaCl; 1% SDS]
= A7} % 3 A 29H250 rpm, 10 minyS- AAEATH AR
2](13,000 rpm, 10 min, 4°C) & A& gr& F=Ae F
A3l 4] phenol/chloroform/isoamyl alcohol F+&2 24|
skt A2 isopropanols 4101(1: 0.6, v/v) YA
2](13,000 rppm, 20 min, 4°C) 312 FHE-2 95% ethanol
A&, TE buffer 23] % RNase A *2](37°C 30 min) &
DNA 3o o]&-3}3itt.

PCREA-S hyg #%ARI hygromycin phosphostransferase
(hph)genes EA OS2 3t WHE[95°C, 5 min: 33 x (94°C,
30 sec; 68°C, 30 sec; 72°C, 1 min): 72°C, 5 min}& AA|3}2L
forward primer(5-GTCGAGAAGITTCTGATCGA-3'), reverse
primer (5-GCTGCATCATCGAAATTGCC-3"¢] PCR primer
2 hph 32 5 830bp DNA S3-2 7|tislith. PDA
HiR oA oA 0 2 AlSo] tid A A A9
St vl A ASo] st AEZHE genomic DNAS
=351 PCRS F=3Js199t). 2 A3, FZ A (Fig. 2A)
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Fig. 2. DNA integration and protein expression in the mycelial
transformants of F. velutipes.
A. 830 bp DNA products (arrow) amplified by PCR from
non-transformed (Nt) and transformed (T1-T7) mycelia.
M represents DNA size marker.
B. Hindlll-degested DNA fragments from Nt, T1 and
T2 genomic DNA hybridized with PCR-amplified 830 bp
DNA probe from pCAMBIA1300. M and P denote DNA
size marker and pCHBs cut with HindlIIl, respectivly.
C. A protein band of ca. 2.4 kD from T2 shows immuno-
reactivity with mAb against hepatitis B surface antigen
(HBsAg). Ag represents yeast-derived recombinant HBsAg.
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RFERY hph DNAR F4E= 830 bp DNA 7))
SEENCH H| FEHSA M= LA ettt o] &4
hyg" #o] #AH|Z2] pCHBs DNA 24528 gelst 4=
UATH. WA O 2 Agrobacterium™i-& ©1&-5 APHF &
A3 M= single copye] DNAZF A== Aoz 1
22 LPAAHY] A9 multi copy’t HYE= Aoz
g A AtHMeyer, 2008).

& AdolM= PCRO| ¢Jste] DNA =ge] 2=
AASIAE F 952 )OS =2 Southern hybridizationS
AASFATE Southern blot hybridizationS 915} 5pug DNA
Z HindllI£ A2 T 1% agarose 71955 A8
Nytran membraneZ©], probe DNA labelling Z2]3L
hybridization 23} £91-> Amersham Gene Images Alkphos
Direct Labelling and Detection system(GE Healthcare,
UK)°l 2]&t9t}t. pCAMBIA1300 plasmid DNAZS T4t
o7 QoM AFT primersS ©1-8-3F PCRE A5 em
o]24 AL 830bp DNA 2HE-2S- probe DNAZ ©]&-315]t}.
HindllIZ 293t genomic DNAS} hph probe DNAS}:
hybridizationS 5383t A3} 10kb F%-2] @ DNA band7t
o] #EE oM (Fig. 2B) Agrobacteriumi ol 213+ single
copy S Al g1 & AAt

e FAHZA oM 2] HBsAghE o ig A}
al7] flste] FEASA =R E Thild 252 AAE]
200 mg FAHIE 3 ml extraction buffer (100 mM Tris-HCl,
pH 7.0; SmM EDTA; 5 mM [B-mercaptoethanol; 1.5%
polyvinyl pyrrolidone; 100 uM phenylmethyl sulfonyl
fluoride) & 300 mg glass beade} 410] BRRAPIo| A 3]
ZolE & DAE2](13,000 rpm, 20 min, 4°C)Z A3t}
9o FEHLE ethanols} 419] (1:4 viv) ¥EAE](-20°C,
1 hr) & Q41E2](13,000 rpm, 30 min, 4°C)3lAom JAES
extraction bufferol] =T}, ©]Z membrane filter(0.45 pm)el]
SAIA SDS-PAGE % western blottingel] ©]-8-5191.2.H
ECL Amersham ECL Protein Biotinylation Module/System
(GE Healthcare, UK)ell ©]ale] Fajatict. whildl Aare
Bio-Rad protein assay®l] 2J3I3th T1 ¥ T22HH F&3
total protein®l] TSI Western blottingS 523§+ A3} T201 A
7o) 2.4 kD HBsAgHd gRlo] 7153k th(Fig. 2C). Tl
oA el mEE e wo] 54 Fraxte] Ab¢iwold wE
AA = Fgstal vk APdatellMe] oAt s
HlAX= IHPH 22 ascomycetest; basidiomycetesZ 5
Ej<] glyceraldehyde 3-phosphate dehydrogenase genes(gpd)
9] promoter’} F2 ©]€F T JtH(Kilaru and Kes, 2005).
U A= CaMV35S promoter ©]-&°] &7E v &=
H|(Sharma and Kuhad, 2010) & &A= pCHBs U
CaMV35S promoteret 2% HBsAg7} 33 oAl ol A
RS I & AATH

2 AFNME AREHQ AgrobacteriumiS -85}
FEHgo] o] Ho|sFAMA| o] thsle] NaOH -&¢] v

Aol SI5t sheta) ohe EYFOoRM FAAE wAMA)

Az7} M)A GolF -2 AT ol e Avke

g ek BAS o83 3311 Yshe) =9 @ FA

o] olgo] F3] 5L AL 9)

o] G Wo] Ay FAABANY Helge] Wl £8
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I

sjo|gAAle] FRAASS Ysle] dgrobacterium A EZ
A3}, E31, Agrobacterium M ES] ZFAGA] Aol okt
NaOHE& S 2 g|etglon o|2H FAM] A5 B9
el S ZIhsidnh. L A3, hygromycin #1378 (hyg)
TAH= NaOH A& Al Z-5ollAvt Z3dsisinh. 92
A% #AAY] hyg' F32 EY PCRE 1= o
TSk Southern blot hybridization®} western blotting 29 ]|
oste] & FHAL copy] A SlHfFAAe] HH S
1T & AATh & AF= HolFAR O gk B8
Q1 Agrobacterium ©1-% FAASFELS HoF gt}

HAle| 2
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