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ABSTRACT

Development of Recombinant Protein Production System
using Mushroom

Kim, Seung
Advisor: Prof. Kim, Sung-Jun, Ph. D.
Department of Biotechnology,

Graduate School of Chosun University

The advent of recombinant protein production tedbgy has led to a
worldwide zeal for the development of protein phaceuticals in the past two
decades. These protein pharmaceuticals or phartealegandidates include
functional regulators and supplements, enzyme aichis and inhibitors,
polyclonal and monoclonal antibodies, and varioascines. In comparison with
small chemical drugs, protein pharmaceuticals hagle specificity and activity at
relatively low concentrations. These features hanagle protein pharmaceuticals
indispensable for combating human diseases. Humbah (8G5H) has been
available over 40 years for the treatment of ckiddwith GH deficiency. Human

growth hormone HGH) is mainly produced in the somatotrophic celfstie
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pituitary in brain and is the product of the GH-Bhg. The most prominent effects
of GH include promoting growth and having proteirabolic and lipolytic effects.
As unlimited supplies of recombinant GH became labée in 1985, it has been
possible to investigate the metabolic effects of @Gther than just its well
characterized growth-promoting effects. Recombiramhan growth hormone is
anabolic and enhances immune functions. Aside framgrowth stimulation
effects,hGH has been considered as a possible therapew@tnt &y the treatment
of the frailty associated with aging, osteoporosierbid obesity, cardiac failure,
major thermal injury, and a variety of other acaie chronic catabolic conditions.
IL-32, originally named NK cell transcript 4 (NK4)s the latest described
inflammatory cytokine. Its transcripts are highkpeessed in immune tissues. It is
produced mainly by mitogen-activated lymphocytéd\-i activated eCs, IL-12,
IL-18 and IL-32-activated NK cells, and IL-18 gemeansfected cells. IL-32
promotes a number of proinflammatory cytokineshsas TNFe, IL-8, and MIP-

2 in different cells. Human recombinant IL-32 indsiade production of large
amounts of several proinflammatory cytokines andenobkines, even in
macrophage cell lines by activation of MB-and MAPK. The ability of IL-32 to
potentiate inflammation is not the sole action luk tcytokine. IL-32 stimulates
prostaglandin (PG)E2 in human PBMCs, which are faivim inflammation. This

indicates that 1L-32 contributes to the mediatidrcartiiage and bone destruction

Xi1



in Rheumatoid Arthritis (RA). Therefore, IL-32 ambtidy may be effective to
treat these diseases by virtue of its anti-inflanoma and probably analgesic
properties. Among the edible mushrooms, the kingterymushroomR]eurotus
eryngii) is one of the most popular mushrooms in Asiapiarand North America.
The increasing popularity dP. eryngii among consumers is due to its flavor,
texture and shelf life. Commercial production oftepecies began in Italy in the
mid 1970s and is produced in over a dozen othentoes. Mushrooms have been
used for the diet in many countries due to theiodytaste and nutritive value.
Bioactive molecules have been isolated from mushsoancluding lectin,
nucleases, proteases, ribosome-inactivating pmteibiquitin-like protein,
polysaccharides and polysaccharide-peptide andsaotharide protein complexes.
Agrobacterium tumefaciens mediated transformation of fungi was first repdrie
1995. Further developments inAgrobacterium tumefaciens mediated
transformation of fungi have taken place and séstuaies continued to optimize
the technology. This study suggests a modifieAgrobacterium-mediated
method for the efficient transformation of hGH2 and hIL32 in
Pleurotus eryngii. The binary vector, pCambial304 was used ftbe
initial transformation and transformants wereestdd by expression of
selectable markers, such as hygromycin phosplrsiaase gene (hygromycin

resistance),p-glucuronidase(GUS) and Green Fluorescent Protein (GFP).
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Infiltrated samples transformed with pCambial30dovedd a wider GUS
response than the co-cultivated in thexg@l hygromycin and cefotaxim
selection medium. Transformants appeared at thginsaof the tissue pieces after
9 to 14 days on selection medium. Particle bombardroffered another approach
to improve Agrobacterium tumefaciens mediated transformation through the
causing of micro wounds and the deliveryAgirobacterium deep into the target
tissue. Also particle bombardment method had adgnto obtain transformants
without use of antibiotics, cefotaxim. In partidembardment, DNA was bound to
0.6um gold particle on the tip of microcarriers. The mwmarrier is accelerated
through a barrel towards the target tissue by hellgas shock of 1,300 psi
pressure. And then, the transformants were selegtdte medium containing 50
g/l hygromycin. Transformants appeared at the marginghe tissue pieces
after 7 to 10 days on selection medium. From baifitration and particle
bombardment methods, 13 putative transformants wereened. Transformants
PCR analyses confirmed that th€H2 andhIL32 gene was into the genome of
Pleurotus eryngii. Expression of the transgenes was confirmed by Gldiing,
Southern hybridization, Northern hybridization avstern blot analysis. Both
transformation techniques described herein proeideactical method for using
transgenic technology in the genetic improvemenhi commercially important

mushroom and represents an important tool for tbéecnlar genetic analysis of

X1V



biological processes in this species. Also, throtighdevelopment of mushroom-
contained recombinant protein health foods, fumetidoods and pharmaceutical
raw materials, this study final aims to make grayvaontributions to life science,

focusing on cures for disease and maintenance ramagtion of good health.

XV



0

Kl
)

ok

=

= Jls=Hgs

AHH =2 0ROl A

=,

iod

Ul

ol

—_

<]

ol
Jijs

oF

=t

HAM,

-

363 ellt ZA,

t=

€5

188 €ef0lA 200101 2 HHO

I

A
()

=
.-

=2

g0l ol A

1,100

=
—

H&otd 201101

(=
g48=

ol
—

-

EalrS
= =

=z 0 &0

By

Tl

S
KH

AL
e

I_T|=
a

4 BH Ot

HHEM 201180l =

s2 A=

u]

on
fo
o0

t Xl oF 04

<

ol
<0

Ol & &H 2l 40% Ol

10

ur

Kl

M MARSZ 1004 Ol &

MHOZ

JUJ
i

ol

et al., 2004; +, et al.,

UALCH,

SN0 DN

)

iy

2005; &tXHR 210 A., 2006; AKX E10A., 2005).

=
D

—_

ol
Ul

==
1o

=DEKe

J

o

KU
5

—_

ol
0{0

y

ol

ol

P

<

ol
%0
7

ol
ol

<l

oD

KA

JU
H

Kk
<

Ju
0%

3+

ioll
<

<

ol
Rr
=)

iod

ol
Kl

J

Kl

ol
00
30

RO
[0

Ul
™

o

ok

JijS

X0

ol

ol
KN
5

—_

ol

Tl

<]
20

7

—_

<J

U

Al

Ol A OH

[l
KIr

%

BIZot, I

=2
=

& & (Escherichia coll)

sx2E

3

g

gH x|
=

F

C
[t

U

u

el

Ml Z (insect cell)

(yeast),

1995; Georgiou,

1999; Seo, et a/.,

| MIZ S0l UALCHBaneyx, et al.,

1=9

Iy

-

KO

U

et al., 1995; Hockney, et al., 1994).



1000

5
S 800
=]
c
s
E
3 600
g
2
=z
= 400
w
o
5
=
200
0

OMedical protein
Hindustrial protein

1997 2001 2006

Fig. 1. Global market of protein products.

2011

(Year)



Table 1. Comparison of expression systems for recombinant protein products.

Characteristics £. colf Yeast Insect cells Mammalian
cells

Cell growth Rapid(30 min) Rapid(90 min) Slow(18-24 h) Slow(24 h)
Complexity of rinimum minimum complex complex
growth medium
Cost of growth |owy |owy high high

medium
Expression high L_ow-=high Low=-high Low-moderate
lewvel

Extracellular
expression

FPaosttranslation
al modifications
Protein falding

N-linked
alvcosyvlation

Secretion to
periplasm

refolding

none

Secretion to
medium

Praoper folding

High mannose

Secretion to
medium

Praper folding

simple,

n inlic

Secretion to
medium

Proper folding

complex




Highest Quality

Easy to use, High yield And Function

Bacteria

Lowest Cost

Fig. 2. Comparison of various expression systems.
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pos—translation modificationO| Jtsst & &0l JACH. dHLE OlHs H2

NS 2R6t] S22 0188 AUMSME RUALAHS cmmo 5

HSA(Human Serum Albumin) &< =g/L =&F0| 24l ity
AlL(Human Interleukin)2 32 A2 2Hl AR 2es A2 LAH
ULY.
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EteltH A ot (Pleurotaceae), = EtelH A & (Pleurotus)ll Sols A EH A 0]
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g FHE 2 E2XN=Z2 AL AN I S=220|CH(Raben, 1962;
Rosen, et al., 1990; Toogood, et al.,, 1996) 8& s =229 =FH 2 ¢
A0l et X0IE 2oled KO0 e =240l =X 2L LI0IJt
SN X AW H=H Z2HIE0l SItotAH =0 AF=EIIN Ol2 M

i
[

=]

o

FOl ZICHXION OIECH XM &0 F=AH ZHE JHe Xol= U

AL

SLt OO 30HE NLUEAN dEEz=2=2 =2HE2 MAMol ZA6HH o

O

—

O

H
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2% 4% s2=22 =2HlE0l Mol Zaotd &M e

a0l &=0|
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=

= CHRudman, et al,, 1991). £&t &AW &2
AN MAFOl T X &LAHLE O Mar2E0] =238 H8HE Qlinterleukin—32(1L32)

= (Makrides, et al., 1996; Walsh, et a/., 2000) TNFa (Tumor Necrosis

ot al

[==

Factor)2l 282 |R&Eot= A72H MOIEINCSZA

09
0o

XHope
S EE N8 M = Mo BAe=Z 2 Md U, EFMMIMA J|lst
22 AHE2Z HS KA LAXE [L-32= ZZ0Ol OetAM IL-32aq,
IL-32B, IL-32y ¥ [L-3262 4Z20=2 &AL D JA20 IL-32a, IL-328,
2 |L-3262 B oA NK (Natural killer) cell2%E RT-PCR (Reverse
Transcription Polymerase Chain Reaction) € Sof 2c2lD U220 [L-32y
o A2 00l NK4Q HAMM=Z A 2aEd JCH IL-32= PMA (Phorbol
12-myristate 13-acetate)-differentiiated THP-1 celll M S04 &0l et
TNFa 2t interleukin2l €& = ZItAIZl= TNFa2l inducing factor 2 A 2

)

orr
o
o

Ct. &8t raw macrephage celll M TNFa2+t MIP (Macrophage



Inflammatory Protein)-22 S &M HE£ st A2z 20 ZJyCH
(Soo-Hyun, et al., 2005; Joosten, et al., 2006; Novick, et al., 2006;
Netea, et al., 2005; Lanzilli, et al, 2005: Castellani, et al., 2006;
Castellani, et al., 2006; Emporiadou, et al., 2005; Olmos, et al., 2006).

= JF0AMs NSMX A58 88 s2=4 &7 M MOIEItS
HAANASES JHEStDN ME2 H4=22EH2Z 0/2Its4d0 =2 HA

£ 0| EdIU2H, AlE S0l 0l M0l SE2MSLHS HAH XA 2

0t
Qi
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o
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Q'j
£
[m)
0Q
I
»
I
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A HCZ = Agrobacterium tumetaciens 2l
Ti plasmidE OHJHZ 3&tAHLH(Bundock, et al., 1999; Bundock, et al.,
2002; Piers, et al., 1996; Abuodeh, et al., 2000; Dunn—-Coleman, et al.,
1998; Gouka, et al., 1999; . Hanif, et a/., 2002; Malonek, et al., 2001;
Mikosch, et a/., 2001; Mullins, et al., 2001; Pardo, et al., 2002) BHHA =

Dol A REK

i

£ & dt= Particle bombardment 2 (Sanford, et al.,
1987; Heiser, 1994; Boileau, et a/l., 1999; Wakita, et al., 1998; Zeef, et
al., 2000; Schillberg, et al., 2000; Bills, et al.,, 1995; Fungaro, et al.,
1995; Moor, et al., 1995)S0| AIE2& 1D UCH. FE MO HdLEX KA
XZ2= neomycin  phosphotransferase (NPT I1),  hygromycin
phosphotransferase (hpt), aminoglycoside adenyltransferase (aadA),
phosphinothricin acetyltransferase S01 €2l AE&Z 1 UACH(Jefferson,
et al., 1987; Zoubenko, et al., 1994; Bayer, et al., 1972). &tH HI S H
X2 & B-glucuronidase (GUS) | & X+, GFP (Green fluorescent protein)

S0l ol U=sd GUSKEEX= JI&0l AF2E chloramphenicol
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n-1. @ ¥ |RIEXL

2 9320M MEBE 2F== £ col/i DHba2k Agrobacterium
tumaftaciens GV3101 £ AIZ5IJA 20, 2F2 A s 2ot AASE ol
XZ2= LB i Xl (1% Bacto tryptone, 0.5% Bacto yeast extract, 1% NaCl)
E AMNEGICH E£8 HuAds AAENEES /o AISE 2LEelHA
(Pleurotus eryngil2 NaMe 8= ZHOH LTS S0ls&M222EH M
S 20t ALESHACH. MBS Aol AISE KA AGH2 2 AlL32
= F3sAHARR 21C Frontier Human Gene Bank OlA 2 dtN
AZ3tR 20, pCambial304 HE = BioForge EREH P Lot AIESHIA

J

-2. Alef & Primer M

Sodium dodecyl sulfate (SDS), Isopropanol, Chloroform, Ethanol,
Kanamycin & Sigma (U.S.A) HME2 AS5tA20H, DNA ligase,
RNase 2t Hind Ill, EcoR1, Smal &1l &2 HNst=2A= Promega
(U.S.A) HMEZZ, Trizol™& Invitrogen (U.S.A) HZg, Plasmid DNA
isolation kit, DNA gel elution kit= Qiagen (U.S.A) M E&&, Acrylamide,
Sodium chloride= Amresco (U.S.AJHZE 7St ALE5HACEH. cDNA
gd & PCRE ofJl fIotd A% MMLV, dNTPs, Tag polymerase,

ol

DNA size marker2 primer= Bioneer (Korea) ME2 AIEotF 204, DIEt
ANES E2S MEoIQULU. BHEHIZE 2 HAEEMEHY LA
g EE HOIolJ|l fotd A Alst PCRO A8t AGH2, AlL32 &

pCambial304 2 primer= MZ=20A HESIH AIZ25IACHTable 2).

13



Table 2. List of primers used for PCR.

Genes Primer sequences Nucleotides PCR Gene
Position product reference
pCambia 1304 Forward :.CCCAGGCTTTACACTTTAGT 11453-11814 362 bp AF234300
Reverse :CATAACTGAAGGCGGGAAAC
hGH2 Forward :ATTCCAACACCTTCCAACAG 312-625 314 bp BC020760
Reverse :AGCCCGTAGTTCTTGAGCAG
hiL32 Forward :GAAAGAGATGGATTACGGTG 284-507 224 bp BC018782

Reverse : GACAGAGAGCAGCAGAAAC

14



Il -3. Vector construction
HANAM QA SMIE LSAIII| |6t A2HEME HH
2 20l AMEE= pCambial304 #HE O0lEotULCH. F+2 8 pDN
vectorOff &2 EIHUE AGH2= Hind Il 2 EcoR1 22 HHTIH FHI
4 BIE Lot 22 HetsAZ Heloto ligation £, £
col/i DH5a 0l E & &M&3t0 kanamycim 50g/mt ==° HIXINAM E@HE

colony € HHZ = DNAE =cZIot MEtEax Ml = S84 & HF

2toldtI| fIot kanamycin

| & £ coli 8 HE8t0 kanamycim 504/ M =

Il -4. Agrobacterium S&EEE M RN =

Freeze-thaw® (An, et al, 1988)0l S&td  Agrobacterium
tumataciens GV3101 Ol £. coli OIM ZEEHE 229 HEHE T Al
ZCH 50me LB HHXION Agrobacteriums &Z&0t0 28T, 120rpm =AH 2

2 ODeoo 2t0l 0.5~1.0 0] & MMX XY HHYS = IS0 €0 52
2t H2EAIZ1 1D, 3,200rpmOl M 1522 A EZcIotH EXE celll 20Mm
CaCl, 1= Jtotd & Eotd, 642100 Ol2l Qiagen minipreps kitZ2 =cZl
of =2 2212 DNAE &Jtotd X EA0 20 =dAI2I TS 37T
BHZDIO0IA 522 BHSotACH. BtE = 400442 LB HIXIE JIIotH

28COIA 4AI2b BHLSIALCEH BHLYHES 100 4g/m kanamycinOl &R &
LB DHMEHXIO S50 28COH M HHLGHRACH. HHY = 48A12t01 X
H LB DMK €4 & colonyE 100 #g/m kanamycin &5 LB H X
BHXIA  SAAHA HA SEHEES2 MHHMZ AMESHJAC. &HHE,

Agrobacterium tumefaciens GV31010 & & & & DNAS L HEE =

OII

15



ol

OI5tD| B0l EHHXIOIA SAE GV31019 DNAS =2I5t0 2429

o =8 SdAHEF

r

primerE AIE8t PCR 2 & Al

Qﬂ
Pl
]
fval
O

fo

o
Qﬂ
2
[ml

II =5. Mushroom transformation by vacuum infiltration

Mg DONAJbL =& Agrobacteriums LBHIXIO &3EotH 28T,
120rpm ZHS 2 48A12F HH 2GS ODgoo 1.8~2.00tK SAAIZI =
4600rpm OIlA 3022t & Z2c2lot =oAL EdlE Agrobacterium
celldf &2 10Mm MgCl, € Jtotd &8 = CtAl 4600 rom Ol A 30
2t FaZ2lotct. FAZelE cellff ¥E&2 10Mm MgCl, € Jtat
H ZEBEHSZ ODgp 1.022 ZHGNH FUHIGHALH. S0lsd2=22H A
S22 ZLEHA2 NEHMEES D22 0.5x0.5em 2 IAJ=2
& =

ODgoo 1.022 X&HOIHW &=HI&t

foh

Agrobacterium & H0 €10 vacuum desiccator Ol A AlSI & Z2AHEH
2 s =AM Agrobacterium SE X0 HA X2 =20 E&CT
£ 2% 15222 XNIHEHE KRAABC. A3AEHI HHE = SHENM

-

A0 O JAY HAZZHO L2z dietee A2 ZASHALCHFIg. 3).

Il -6. Mushroom transformation by particle bombardment
S0lsdC=2RH ME3g2 ZLEeldsS fF2H22 0.2x0.2en 3
JIZ2 ZH Zct LB LHHIA SLR0 H=ZXHZF 2.5cm WUl 20-254 X
&St E=HI =  bombardment® M=Z22 AMEotACHFiIg. 4).
Bombardment & DNA S Al Agrobacterium vacuum infiltration 2t &
2 DNAE AZ23t*ULCE. Particle bombardment J|JIZ= Bio Rad AbS
‘PDS-1000"(Fig. 5)2 Aot 70cmHgll XZAEHOAMN EEIAE 0l
835t0d bombarding &t Ct(Heiser, 1992; Hilber, et al., 1994; Johnston,
et al., 1988; Klein, et al., 1988; Moore, et al., 1995). Sanford S
(Sanford, 1987)2 Z& 0l et 60mg2 gold particle(2& @ 0.6um)0

o

ol

16



Fig. 3. Vacuum infiltration process for A. tumefaciens—mediated transformation.

17



Fig. 4. Fruiting body tissue of Pleurotus eryngii for particle bombardment.
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Fig. 5. Particle bombardment system.
A, The external appearances of Gene Gun.

the PDS-1000/He system.
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DNAE b5Hug/uwt 2 === 3.5M CaCl, € 0.1M spermidine2 0/235I(d

s =, 64 LA SHE microcarrier MHN ZEot0 Axs =
1300psi &AL 2522 HAZHWMS HelE 9gmz XFet =

bombarding ot i Ct.

I-7. 28&M d&

ol
o

Agrobacterium vacuum infiltration2 &! Al &t
U= Agrobacterium SBEHXEZ HHOHI| ot ZAE 33X SFF=2

3l M&ES s €72 % whatman No.2 filter paper ® 0l 1522t & X| 6t

HAXZAE Petri dish O parafim@=2 28 = 25T

2 HBHYotACH 5~72t2l 2 HHZO0l £ = HAXZAE hygromycin

50ug/mé 1t cefotaxim 50ug/me O] &=EOMH U= selection medium Ol

£H 102 SO HHY 8t & IXl EHRAZ ZAMIN §4EH0HE EEA

KLt Particle bombardment = DNAJE bombarding & H

o= BEAZE AE0HW hygromycin 50ug/mb O] &RENH U=
gA 7

2 et g & = 2AMI EHEHHA E

I1-8. GUS &4 XAjsty ZA
GUS &4d9o X2 242 Jfferson S(Jefferson, et al., 1987)
S0l met MASHACH 5~7YSQ 25T OA 1X 2 Higs @

Agrobacterium infection HA XXl L2 E o2 HESIH 5-bromo-

-

4-chloro-3-indoleglucuronide (X-Gluc, Duchefa, Netherland)Jt Z& &
EHNH L0 I37CTUHAM 24A128 BESAI2I G2, =& LiELe HAQ
M2z GUS Z28 HREE 2EotAl. L8t 272 AAEE HEg2HE

ct GUS 42 XAseE 24

=
ZLEcHAS &L 22 2ol O

nio

& Aot LH.

20



I-9. daNdEN MEs
Agrobacterium vacuum infiltration 28 1t particle bombardment &

HozZ HAEME AA F 229 selection medium A A& E&EA

R

0

8t ZAFMIE hygromycin 50ug/mé 0] &R LB DMBIXIN M &35t
FZEHOZ SHANMEBIWE HESIOH, =228 HEANMEBHZE PDA

(potato extract 20%, dextrose 2%, agar 1.5%) HBHXIO 2260 A=Z05}
F.

8
0

1-10. E&E&EE AN 24 bH 2*

2t2to] HAEME ZDAXM HXMEBHLE PDB (potato extract 20%,
dextrose 2%)BHXIE 250m ZctA 0 100mA Z=3t0 121TC, 1.57]
20 M 2022 JIge R F BHXE ZHOIJALCH z2BSHLe=Z2 =422 o
Ol2 0.7cmx0.7cn& 32 FS ZH O HXIGH X

Of 83t =, A HHSII0A 25£1C, 120 rpm2Z 10€ 2t BHE=S &

e
fn
&l
>
é
x
o
o

z
o

ML 220 HENMBMZREH genomic DNA 2 Z2l= CTAB
(Scott, et al, 1994)8HE HEGIH AAIGHAL. AMlE 0.1g & %X
EAZ2 SdAMZ = L2 S OF2HGHRACEH. G210 700 #£ 21 genomic
DNA extraction buffer [100mM Tris=HCI (pH 8.0), 1mM EDTA (pH 8.0),

10%SDS]E Jtotd & A2 = 65TOHAM 20 =22 EsSA2 =

13,000rpm OlA 15 22 | EZ

u

| SIRLCH A2 & A4SdHsS M2
tube Ol 8H S&2 isopropanal 2 Jiotd 10 & H X inverting ot11,

2550M 1 AIZESS

FXIGHRACEH. CHAl 13,000rom OlAl 10 =2t

[l

Anzels o

b, &

oin

o
=2
M
{0
o
=}
30
rr
©
@
]

= 70% EtOH =

ol



ANE6tH 238 MEGSHIUCH Clean bench GIA 15 22t pellet 24X &t

o

30 Mo TR SRAES IS0 =0 = AZE ASIHAC

genomic DNAE PCRE S &Alctd =elotdt. = a8u AMEsE
primer= Table 2. 2 Z0| KXot ASotA
PCR Thermal Cycler& AtEot3 1, PCR Bt
0f DNAE € B 4AIIID Y F 94TUH M 2&2 denaturing, 58.9C 0l A
&2+ annealing, 72COIA 30=2t extensiong BtS

st S 70COIM 722+ BFSAIZCH 012 20| gt

1.0% agarose gelll M &I =s2 & Aot =2QI5IALCH.

—_

B

—

mo Jit

1o

Il -13. Southern blot analysis
SEMEBRAMME THEE DNA &2
blot (Southern, 1975)& & AIGIRULCH. SEMEZALM 2 HIEE A ST AKX
©| genomic DNAE =22 Hind Il 2 EcoR |1, Smal It EcoR|1 22 EH
ot0d 1.0% agarose gelOlA &I|1E=sS & AlSHRCH. Southern blotE %
St0d gel2 100Mm HCIOI 1022+ & X8 S DNA HAEH(0.5M NaOH,
1.5M NaCl)Old 60=, DNA &3t Tris pH 7.5, 1.5M NaCl )0l M
602 S22 S UHS HE =, DNAE nitrocellulose filter paperz &
ZHAI2101 fIotd southern blotE& 8 HEXIE ot 10AI2t 3% A AlIGH
AL BrS0| Y F filter® gel22H 22I8t & 6x SSCUHAM Al = st
S 80TCS QEWAM 2AI2t S DFAIZCH. 02 &0l blotting® filter
= 0.5M NaClO| XZgt=l ECL detection system& hybridization buffer0fl
20 42TCH M 3022t prehybridizationdt A L. Prehybridization Al 2!
filterOl 222l probe DNASE E 10 42TH M 12AI2F Ol&4 S BFSAIR D

—_

:|:
—
—_
<
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BtS0l 24 filter= primary wash buffer (6M urea, 0.4% SDS, 0.5%
SSC)oll XISt 20=% 23] M ZHE C+E, secondary wash buffer (2x
SSC)Z2 &A=20AM 524 23 HHSIUCH. HHO 2L filterOfl ECL
detection solutionE JIotd A 20 A 122t BEEAI2l = X-ray filmoil

oot At

Il -14. Total RNA Ecl ¥ cDNA &4

Total RNAE = 2| ol 7| 2 ol ™4 8= Al € 1t NI REE=
diethylpyrocar-bonate (DEPC)2 HM2lat¥ D, RNA= Trizol™ reagentE
ol Zdt =ClolRCH HEAMES DA 2L HEEMESIAH 50mgE2 X}

12,000rom 22 4TCO0H M 1522 J&dZclotct. &
eppendorf tubelll 21 = 0.5m2| jsopropanolE& &5

228 BESAAL. BES = 12,000rom 22 4TCHAM 1022 & =clot
22 HEHE0 75% OE=S 1S FIIotW =8 = 7,500rom 2
2 & Z2I5t0d RNA pellet2 2 ACH. 0l RNA pelletS clean bench0il A
AXAR LM, RNase free-water®fl =0 purityS S8& = -20C0H 2
2ot cONA &40l Ol=EotALt. cONA 4= <o moloney murin
leukemia virus (M=MLV) & oligo dT primer= Bioneer AFZ22E F &35t

AUASH, MEAZRH HMSEHHE S0 et & 4ot

I1-15. PCR % northern blot analysis
SEANME AN HEENMESZAIANA 22|88 RNAE AI25H0

oo

&8 cONAE 0I5t genomic DNAOIA =& &g &els 2o Al
St Y8 SZotH PCRES +="otdl. Lt PCRZ el HFFEX
2122 dENMEME &elot)| ?ot northern blot& & Al ot CH =l

23



2t2+9| total RNA 30ugES 65COAM EHAEAIHA formaldehydedt &% &
1% agarose gelll 82| S = 20X SSC EHUM L2 E membrane
(Turboblotter, Schleicher & Schuell, U.S.A)0l 210 222 HEXE
DNA probeE O0IE35t0 northern blotE& & ot U LCt.

]

o

=
3lE HA ZAIHIN S22 2 JIotA ultrasonicator2 AIS
o 1022 M = 47T, 6,000rpm, 302 S KAZLAH AsHS
A
T

OtALCH 3 E ABHH -70C= MXMels 100% OE =2 AT

4T, 12,000rpm, 30= =2 &2
NaOH (pH 6.0)2=EH0 S EGHJAL. £& === HMIAHGHI RASHA
0

microcentrifugeE 0/E3dt 10,000rpm, 47T, 1

S0 HEHZ M2 Lowry (H. Lowry, et al., 1951)E2 &0l 2
st BCAGHHH A A 2k kit (Pierce, U.S.A)E AME3I0 =ZH5I¥SH B¢t

BH X 2 bovine serum albumin (BSA)S AIEZ36I A L.

Il =18. Western blot analysis

S A AZEOIMS AGH2, AIL320] ZERLE QIS 9I5H0
2t2t9]  antibody® MelGtel EAcUACH. 2alE CHES 2%

separating geldt stacking gel2 00 & SDS-PAGE gel &0lA
MG S ot A Ct. SDS-PAGE ol A IS SsE CteR A =

24



polyacrylamide gel2 £ H PVDF (Polyvinylidene difluoride)
membrane2 2 transferctJ| 216t PVDF membraneE methanol0il
&I shaker 210l 224 =1 30232 S50 FUALL 30=2242 EX =
transfer 2&&H(0.25 M Trizma base, 1.92 M glycine, 400m¢
methanol/L, pH 8.3)0IA 1582t B'S = Bio-rad transfer kitE
Ol Z5td 100VOHI A 9022t transfer& =&otULH. L& BSAE =<t
3%t ZHI&F TBSTEH (20mM Tris-HCI, pH 7.5, 137mM NaCl, 0.1%
Tween20)0l =01 blocking solution@ HM=3dt0 transferred PVDF
membraneES g1 & Al2t S92 shaker 0 =24 =1 ES
FULH. & A2t = TBST EHSZ 1524 43 AHEE = 1:1000
HEZ TBST EHUH 2 AE primary antibody2 4TOH M 12A128 Xl
2st dHoe=z 1524 43 AMHEE = 1:10002 HIE=2 TBST
| &l&8 secondary antibody 2 & 20 M 3AI2F XelotALCt.
Horseradish peroxidase conjugated (HRP) secondary antibodyOll 2| &t
e 4 WEST-zZOLZ2 Helgh = X-ray filmoil

5
ZZot HYE bandE EQlotUL.
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. 21

n-1. HxXg& AGH SE X 2segy H=
hGH2 S &EXE JHALD VA= pDNR-LIB vector& Hind |

I ’

FcoR I 2 ZHUGIH &2 AHGH2 SEXNE SLst 422 Hels
pCambial304 vertordil ligation (Fig. 6)AIA 5048/m¢ kanamycin &S
DHBIXMA A2 OS 22 %2 kanamycin &5 X 81X 0l A
BHSHACH. HHYSt HEXMEAMC DNAE 2celott Hind W, EcoR /2
HHSI Fig. 7 Dt 20l 1.1kb AFOIZX 3AD9 HE ZFWME L5 =
U_ALH, Metss MelZl U SEXS AOIE2I 2L A2k
gXIot= 1.1kb ALOIZE =olg = UULH. L8 |FHIS ZLHREESE
ZEGotH Eelot)l ot HZEE  primerE A&E0GSIM  cross primer
PCRES =#=dg Z1 Fig. 8 It &0l recombinant straings &g =+
UALTH

m-2. =g HL32 K& LEUH N
AlL32 |SEXNE N2 A= pOTB7 vectorS Smal, EcoRI =2
BHolH 22 K32 |KENE € & =42 Held pCambial304
vertorOfl ligation (Fig. 9)3t0 kanamycin &% selection mediumOil A
BH2AIA SEMSHE LEotALH. HE
Zclot Smal, EcoR/= EEHGHW HMIIFSS AAE ZW Fig. 10
2

o 20 FLYRENE HMelMs Mt LS 1.

J

ve

A
— A

26



|

—EcoR |
Sac|
Smal
BamH
Sail
Xba |
Pst |
Sph|

—Hind lll

Lac Z alph
CaMV35S promoter—_ S af;a;v%; promoter

hygromycein (R) o T ——MGFP 5
.,

CaMV358 polyA

-~ y .
RCAMBIA1304 Histidine tag
kanamycin {R)- 12361 bp \:1“ NOS polyA

/" T-BORDER (R)
3 ﬁ/
pBR322 ori /\ 4
PBR322 bom -~ X
’ pvs1 Sta
pVS1rep

Fig. 6. The plasmid map of the constructed pCambial304 expressing AGH2
gene.

pCambial304 is 12361bp in size and consists of a pCambial301 backbone
containing the kanamycin resistance (R) gene and the right border (R/B) and
left border (L/B) sequences of Agrobacterium T-DNA. The hygromycin

resistance, MGFP and GUS A genes are located between the border

sequences.
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Fig. 7. Identification of the constructed pCambia1304 containing AGH2 gene,
after transformation into £. coli.

Electrophoresis on 1% agarose of Hind/ll and EcoR / restriction enzyme
digests of DNA of £.co/i containing AGH2 gene. Lane 1. 100bp marker; Lane
2. Control (hGH2 digested by Hind//l and EcoR /); Lane 3. Transformed DNA
digested by Hind/ll and EcoR /; Lane 4. pCambial304 DNA digested by
Hindlll and EcoR /; Lane 5. 1kb marker
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431bp
oY S

pCambial304 bial304

i 3140p S 41bp

[ «—— 1206 bp

775 bp
s

<«—314 bp

Fig. 8. PCR detection of the AGH from transformed E£. co/i using the primer
combination.

Lane 1. 100bp Marker; Lane 2. control(AGH2) using primer F2, R2; Lane 3.
transformed DNA using primer F1, R2; Lane 4. transformed DNA using primer
F2, R2; Lane 5. transformed DNA using primer F2, R1; Lane 6. transformed

DNA using primer F1, R1

29



___—LacZalpha

CaMV355 promoter._ —CaMV35S promoter

hygromyein (R)

.

CaMV35S polyA.

T-BORDER (L -N358-Q Glycosylation

Site mutation

pCAMBIA1304 istidine tag
kanamycin (R 12361 bp \:NOS polyA
T-BORDER [R)

/
pPBR322 ori- /
pBR322 bom—

pvs1 Sta
PVY31 rep

Fig. 9. Construction of AIL32 gene expressing pCambia1304 vector.

pCambial304 is 12361bp in size and consists of a pCambial301 backbone
containing the kanamycin resistance (R) gene and the right border (R/B) and
left border (L/B) sequences of Agrobacterium T-DNA. The hygromycin
resistance, MGFP and GUS A genes are located between the border

seqguences.
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1.2 kb
1.0 kb

1.2 kb

0.5 kb

Fig. 10. Identification of the constructed pCambia1304 containing AIL32 gene,
after transformation into £. coli.

Electrophoresis on 1% agarose of Sma /and EcoR / restriction enzyme
digests of DNA of E.col/ containing AlIL32 gene. Lane 1. 100bp marker; Lane
2. Control (#IL32 digested by Sma / and EcoR /); Lane 3. Transformed DNA
digested by Sma/ and EcoR/; Lane 4. pCambia1304 DNA digested by
Sma !/ and EcoR /; Lane 5. 1kb marker
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483bp i 224bp i G62be
Y 5

pCambial304

bial304

2000 bp —»g0 <+—— 1206 bp
<«+—775bp
1000 bp  —» -
- «—745bp
500 bp
300 bp
<+«——224 bp
200 bp

Fig. 11. PCR detection of the AlL32 from transformed £. col/i using the
primer combination.

Lane 1. 100bp Marker: Lane 2. control(AlL32) using primer F2, R2; Lane 3.
transformed DNA using primer F1, R2; Lane 4. transformed DNA using primer
F2, R2; Lane 5. transformed DNA using primer F2, R1; Lane 6. transformed

DNA using primer F1, R1
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1000 bp
700 bp
500 bp

::llbbp
745 bp

<«—314bp

200 bp

Fig. 12. PCR detection of the AGH from transformed A. fumefaciens using
the primer combination.

Lane 1. 100bp Marker; Lane 2. control(AGH2) using primer F2, R2; Lane 3.
transformed DNA using primer F1, R2; Lane 4. transformed DNA using primer
F2, R2; Lane 5. transformed DNA using primer F2, R1; Lane 6. transformed

DNA using primer F1, R1
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Fig. 13. PCR detection

primer combination.

afibial 304

2000bp  —»|
i b «—1208 bp

<+«—775bp
1000 bp

<«—715bp

«+—224bp

of the AIL32 from transformed A. fumefaciens using the

Lane 1. 100bp Marker: Lane 2. control(AlL32) using primer F2, R2; Lane 3.

transformed DNA using primer F1, R2; Lane 4. transformed DNA using primer

F2, R2; Lane 5. transformed DNA using primer F2, R1; Lane 6. transformed

ONA using primer F1, R1
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Fig. 14. Gus Histochemical result of transformation assay after vacuum

infiltration.
Wild-type(1), transformed tissues(2~4) with A. tumefaciens GV3101 bearing

the vector pCambial1304 containing GH2 gene.
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Fig. 15. Gus specific activity of Pleurotus eryngii tissues after vacuum

infiltration.
Wild-type(1), transformed tissues(2~4) with A. tumefaciens GV3101 bearing

the vector pCambial1304 containing IL32 gene.
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Fig. 16. Selection of putative hygromycin-resistant transformants of Pleurotus
eryngii.

Pieces of fruiting body tissue were co-cultivated with(1) and without(2) A.
tumefaciens strain GV3101 carrying the vector pCambial304 containing the
GH2 gene. Shown is the appearance of the cultures after 10 days on PDA with

hygromycin at 50 ug/mé.
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Fig. 17. Selection of putative hygromycin-resistant transformants of Pleurotus
eryngii.

Pieces of fruiting body tissue were co-cultivated with(1) and without(2) A.
tumetaciens strain GV3101 carrying the vector pCambial304 containing the
IL32 gene. Shown is the appearance of the cultures after 10 days on PDA with

hygromycin at 50 ug/me.
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Fig. 18. Selection of putative hygromycin-resistant transformants of Pleurotus
eryngii.

Pieces of fruiting body tissue were co-cultivated with(1) and without(2) A.
tumetaciens strain GV3101 carrying the vector pCambial304 containing the
GH2 gene. Shown is the appearance of the cultures after 10 days on PDA with

hygromycin at 50 ug/me.
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Fig. 19. Selection of putative hygromycin-resistant transformants of Pleurotus
eryngii.

Pieces of fruiting body tissue were co-cultivated with(1) and without(2) A.
tumetaciens strain GV3101 carrying the vector pCambial304 containing the
IL32 gene. Shown is the appearance of the cultures after 10 days on PDA with

hygromycin at 50 ug/me.
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500 bp —»
400 hp —»

300 bp —» +—311 bp

Fig. 20. PCR analysis of genomic DNA isolated from transformants (AGH2) of

Pleurotus eryngii.
1: 100bp ladder DNA marker, 2: Negative control (wild type), 3: Positive

control with AGH2 gene, 4 to 6: Genomic DNA isolated from putative

transformants mushroom.
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Fig. 21. PCR screening of genomic DNA samples from regenerated mushroom

(HIL32) after Agrobacterium—mediated transformation.
1: 100bp ladder DNA marker, 2: Negative control (wild type), 3: Positive

control with AlL32 gene, 4 to 7: Genomic DNA isolated from putative

transformants mushroom
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500 bp —»

400 bp —»

300 hp —» < 314 bp

Fig. 22. PCR analysis of genomic DNA isolated from transformants (AGH2) of

Pleurotus eryngii.
1: 100bp ladder DNA marker, 2: Negative control (wild type) , 3: Positive

control with AGH2 gene, 4 to 5: Genomic DNA isolated from putative

transformants mushroom.
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500 bp —»

300 bp —»
<+——224 bp

200 bp —»

Fig. 23. PCR screening of genomic DNA samples from regenerated mushroom

(HIL32) after particle bombardment transformation.
1: 100bp ladder DNA marker, 2: Negative control (wild type), 3: Positive

control with AlL32 gene, 4 to 7: Genomic DNA isolated from putative

transformants mushroom.
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Fig. 24. Southern blot analysis of transformants (#GH2) of Pleurotus eryngii
using Agrobacterium vacuum infiltration and particle bombardment.

Genomic DNA was isolated from broth cultures, digested with EcoR/ or Hind/ll.
Lane 1: nontransformant genomic DNA , Lane 2: nontransformant digested
with EcoR/, Lane 3: nontransformant digested with Hind/l//, Lane 4, 7, 10, 13:
Undigested genomic DNA from transformants , Lane 5, 8, 11, 14:
transformants digested with EcoR/, Lane 6, 9, 12, 15: transformants digested
with Hind /il

*AGH means transformation using Agrobacteriurm Vacuum filtration; BGH

means transformation using Particle Bombardment.
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Fig. 25. Southern blot analysis of transformant (AlIL32) of Pleurotus eryngii
using Agrobacterium vacuum infiltration and particle bombardment.

Genomic DNA was isolated from broth cultures, digested with EcoA/ or Sma /.
Lane 1: nontransformant genomic DNA , Lane 2: nontransformant digested
with EcofR/, Lane 3: nontransformant digested with Sma /, Lane 4, 7, 10, 13:
Undigested genomic DNA from transformants, Lane 5, 8, 11, 14:
transformants digested with EcoR/, Lane 6, 9, 12, 15: transformants digested
with Sma /.

*AlL means transformation using Agrobacterium Vacuum filtration; BIL means

transformation using Particle Bombardment.
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<+—— 314bp

Fig. 26. PCR detection of AGH2 in transformed Pleurotus eryngii.
1: 100bp ladder DNA marker, 2: Negative control (wild type), 3: Positive
control with AGH2 gene, 4 and 5: amplified cDNAs from putative

transformants mushroom.
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H00 bp

300 bp
200 bp

224 bp

Fig. 27. PCR detection of AlL32 in transformed Pleurotus eryngii.
1: 100bp ladder DNA marker, 2: Negative control (wild type), 3: Positive
control with AIL32 gene, 4 and 5: amplified cDNA from putative transformants

mushroom.
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500 bp —» !

400 bl’l — -

300bp —» «— 314 hp

Fig. 28. PCR detection of AGH2 in transformed Pleurotus eryngii.
1: 100bp ladder DNA marker, 2: Negative control (wild type), 3: Positive
control with AGH2 gene, 4 and 5: amplified cDNAs from putative

transformants mushroom.
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500 bp —»

300 bp —»

200 bp —» +—224 bp

Fig. 29. PCR detection of AlL32 in transformed Pleurotus eryngii.
1: 100bp ladder DNA marker, 2: Negative control (wild type), 3: Positive
control with AIL32 gene, 4 and 5: amplified cDNA from putative transformants

mushroom.
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Fig. 30. Northern blot analysis of transformant (AGH2) of Pleurotus eryngii
using Agrobacterium vacuum infiltration and particle bombardment.

The total RNA samples isolated from AGH-T1 (lane 1), AGH-T2 (lane 2),
BGH-T1(lane 3), BGH-T2(lane 4). AGH-T1 (lane 1), AGH-T2 (lane 2), BGH~-
Ti(lane 3), BGH-T2(lane 4), were electrophoresed, transferred to a nylon
membrane and hybridized to the 32P-labeled probe of AGH2 cDNA. The top
panel is the ethidium bromide staining of the electrophoresed RNA samples.
*AlL means transformation using Agrobacterium Vacuum filtration; BIL means

transformation using Particle Bombardment.
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Fig. 31. Northern blot analysis of transformant (#IL32) of Pleurotus eryngii
using Agrobacterium vacuum infiltration and particle bombardment.

The total RNA samples isolated from AIL-T1 (lane 1), AIL-T2 (lane 2), BIL-
Ti1(lane 3), BIL-T2(lane 4). AIL-T1 (lane 1), AIL-T2 (lane 2), BIL-T1(lane 3),
BIL-T2(lane 4), were electrophoresed, transferred to a nylon membrane and
hybridized to the 32P-labeled probe of AIL32 cDNA. The top panel is the
ethidium bromide staining of the electrophoresed RNA samples.

*AlL means transformation using Agrobacterium Vacuum filtration; BIL means

transformation using Particle Bombardment.
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20kDa —»
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Fig. 32. Western blot analysis of transformant (AGH2) of Pleurotus eryngii
using Agrobacterium vacuum infiltration.

(A) SDS-PAGE gel; Lanel : Protein size marker, Lane 2: nontransformant , 3
to 4 : transformants. (B) Western blot; Lane 1: nontransformant, Lane 2 to 3:

transformants.
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Fig. 33. Western blot analysis of transformant (/lL32) of Pleurotus eryngii
using Agrobacterium vacuum infiltration.

(A) SDS-PAGE gel; Lanel : Protein size marker, Lane 2: nontransformant , 3
to 4 : transformants. (B) Western blot; Lane 1: nontransformant, Lane 2 to 3:

transformants.
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Fig. 34. Western blot analysis of transformant (AGH2) of Pleurotus eryngii

using particle bombardment.
(A) SDS—-PAGE gel; Lanel : Protein size marker, Lane 2: nontransformant , 3

to 4 : transformants. (B) Western blot; Lane 1: nontransformant, Lane 2 to 3:

transformants.
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Fig. 35. Western blot analysis of transformant (#IL32) of Pleurotus eryngii
using particle bombardment.

(A) SDS-PAGE gel; Lanel : Protein size marker, Lane 2: nontransformant , 3
to 4 : transformants. (B) Western blot; Lane 1: nontransformant, Lane 2 to 3:

transformants.
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