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Abstract

Mushroom molecular farming recently attracts tremendous attention because of its
application pontentials and the advantages over plant molecular farming. Agrobacterium
tumefaciens-mediated transformation (ATMT) is commonly used in mushroom
transformation but its application was limited due to the low heterologous gene
expression. In this study, Hypsizygus marumoreus was chosen as the expression host
and was transformed by multiple ATMT in order to enhance heterologous protein
expression. For the first step of multiple ATMT, A. tumefaciens harboring
p0390-Cbx-Hiegfp, a Ti-plasmid contains carboxin resistance gene (chx") and enhanced
green fluorescent protein (egfp), was used for transformation. The single transformants
were re-transformed by A. tumefaciens harboring p0390-AH-Aiegfp, which contains
hygromycin phosphotransferase (hph) and egfp, or re-transformed by A. tumefaciens
harboring p0390-Cbx-Hiegfp. Finally, EGFP was analyzed by ELISA and the copy
number of egfp was determined by real-time PCR. This study demonstrated that the
heterologous gene expression was enhanced by multiple ATMT in H. marumoreus. The
highest EGFP production in two-vector double transformants was 418.83 ng/g TSP
(total soluble protein), which increased up to 5.5 folds in comparison with its parental
single transformant. In one-vector double transformants, the highest EGFP production
was 319.58 ng/g TSP, which raised to 4.25 folds and the transgene copy number
accordingly increased, too. Multiple ATMT described in this study provides a new

approach in improvement of the heterologous gene expression.

Key words: molecular farming, Agrobacterium tumefaciens-mediated transformation,

Hypsizygus marumoreus, multiple transformation
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o AFILARPIES L2 GPFABOMERN AF1IRT A2 B A
FIHEA A A T4 o ] DNA € e ftirtime ot PR FIHEA A0
R S B AL P AR F LR RATIL AT - BA6H
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(Hymenomycetes) » I 3%+ & &7 % (Homobasidiomycetes) * 4 7] P (Agaricales) » © ji
#*(Tricholomataceae) ~ * ¥ i (Hypsizygus) - @& 2. & & % H. marmoreus » P
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1.1 fcd =
2T TR 2 fhF USRE T EMRATOLIR > 6 fak S+ B
DR TFI AR S BRAE LT R Y 3L R
(glyceraldehyde-3-phosphate dehydrogenase * gpd) 2k Flergcds + K Sgds ¢k 2L F1 4 R »
e B g F R Sk EOF[42,43,44] o o b pE-3-RRA L G PR E 4 P pEfR (T
(glycolysis) it 2 p& B A74 {¥* (gluconeogenesis)? eNE & ¥ % > X P2 2T
B o Gl SR Foh 0 fE-3-pE L & ¥ mRNA & L E ik 0%¢ ¢ poly (A)° RNA
e 1~5% [45] > B or H o FE-3-FRfi " & ekt = it = £ Jd T 5 A T A R
te b ELH S G H e A TR R FP AR LR R R dad o
RSB RA T § 0 SR ks e AT AR o
ﬂﬁ%ﬁﬂﬁﬁ&%&ﬁiﬁﬁﬁiﬁﬁm?uﬁ WS R DA
£ &G AN B A A E AT 2R (Suillus bovinus) % £ [46, 47, 48] 0 ¥
FEHA %#ﬁ%Wm%mﬁw’@%ﬁéﬁ3%mhlﬁﬁﬁ+{f@%
FE o

1.2 sp 83 7]

3 % 7k F(reporter gene) L. 4p 7 % MRl R L - [ Hhd FEFAFT S
PR RSB A FLRFRARIRGN A c PR T R B I F kG
7 2 Fl(green fluorescent protein gene, gfp)~B-§ % #& H f% 2 F] (B-glucuronidase gene,
gusA) ~ 4 % fs 2k Fl(luciferase gene, luc) % > H ¢ hkd F X Fo FLipAEHATF K
ok e ok d F R Foo ok £ o5 395 22 475 nmo B+ feg k£ £.508 nm o
Jlr Rk B2 RpE T A4 % Fko 2 AF[49]0 B H K Fo Fep
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g E ) * k£ R i £ # 8 (fluorescence resonance energy transfer, FRET)#. %
O FRDLIT B o FR%I FEI 0 TAFRIB iz P NEDREL F
Bioap A% F Gk Feo ?ff (enhanced green fluorescent protein gene, egfp) * # = 1 |

®ACcR[50] -

1.3 & fE3e
AT R FE kB AR RS AR B — TG
* F % 4 Kbk (auxotroph) 1% 5 £ i A o F &4 KAtk &2 2T A A3 % i (minimal

ﬂ

medium)# & > %’%’E’ THETAFIRAEIFALAAFTF RS 3 Aot {7
i iE AR o gL 3E 2 2 IR Y & 44 1Eik-o (auxotrophic marker) o 2R @ F & 4 etk
PR R YRS FHEAEF LA A g R R0 T

P ¥ - ggdiE 2 o % il # Bl L Fl(antibiotic-resistant marker)
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5 e Ml AR ATE A LR FAAL TR AL AL FE DR
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IR R4 EFET § @ % P kA (hygromycin B)iT 5 & iE e P ikE v I
FlRfrA B A e B ] L b R 2 8 (T (translocation) 1 % i3
= 45 34 ;¥ (mistranslation) @ B2 582 F 882 Fov B & [51,52] o H ik E L FE AT
(hygromycin B phosphotransferase > iph) ¢ i 2 & TR B A ERE L 2 # %
REVGREL AT PREZIEBLL o ",f TP E 0 % 4 % (carboxin)Fult A T
» TITE R RLAEIFE ] R c X4 F I~ ﬁ_“fﬁ ﬁ’jﬂj » ¥R E’]”ﬁ %
W e B4 5 ek 73 @yi4ar gh1a i3 & e (succinate dehydrogenase)

e

fe#f 5 Q (ubiquinone)z B ey + B:f > R B F F Bifsdm iz - F AR
2 4 s ¥ A -0 F =t B < (iron-sulfur protein subunit complex II)# T 5 71| i& 7

H- el plRE (VRIS F2 ¥ [53]-pwne 4)3 FIRHELRY A SR
PUM AR L FiE R bl A A E R A F A GE £ 0 3 H[54,55,56,57]
B EHFIEMATTL SRR AN U AT R IR AT T
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Wreh 2 XT3 a2 R RhiEDLERE > e WP HRAFm A P 7

+ (intron) g% > P & A Fl {8 240 O B g R F 3 4 92 K (endoplasmic reticulum
retention signal peptides) 7 7 % I3t P &4 F] aw:r?’r,/] e 7 4 ¥ M43 4e mRNA 69
AF WA AFLA  JAWRE 9 F AL F(Phanerochaete chysosporium)<ik?
TPRTHERP FF 2 mEY B FE L T R[5S, 59, 60]

PRAFSH A N FRRFegLei piihy FEFLERT AN TR
(endoplasmic reticulum, ER) =% % & < £ (Golgi body)® » & p & F-v F = i 184y &
@E A A R P RS Bt ? T g R[61] -

2. A %
AFEA D EV L LA i\ A #2572 (vector-free gene transfer) &% q\i\
i/ 48 5% (vector-mediated gene transfer) o ¥ * T iFiFig A8 7 m;b;k R4
%% & #7734 % (electroporation) ~ Polyethylene glycol (PEG)4k 1/ #3572 £2 "4 s
¥4 F& » Z (restriction enzyme-mediated integration, REMI);2 ; % * >t igag s a,/7 1
SRR A A0 R AR 1R U 47 48402 (Agrobacterium tumefaciens-mediated

transformation) °

TFIPREERY BT R THR e A3k o HRA TGS I A
»EEFALFTHEW A BT v BARATIRT AmE N o A
R T INTRZ R ERER oI RT I R APRERPTTIEER .
RHFIGEF RIS e > F P fEAcm ] SR E F 2 SR G Y
THFIEA XA b F o RA T F IS A ek B R TR R
B

2.2 PEG 41/ #2352

PEG £1& 2 M-k 4 eh4 3 » F k& PEG 7 R & & 4 F i (protoplast) ¥ & 2_
Lo e e A 2 e AR iEH Jer DNA- < S 8 cPEG4- #2358 R AF
Wi tgfpahd THATELTHE 2L L2 REEFHN - FpF

12



43 hRATIEENTG B ok 2o % (7 PEG 4L 70 G E A E £ 1
#1 e
2.3 FUFIFELLAFE O~ iE

S| AF 5 46 ~ 02 dndk (F22 PEG 4L/ #2502 8g 0 0 e 571 "UFI B g & A
s T e R FHlowie > HLEgigd HermEy  5laidfp

F MY G e LMPHWETALE o 2 PEG A B2 400 UFIps 4

AFEr»ZVHRAEFI0B2L 5 > PEs L3 &g RAEFFET[62] -

24 BAE FE-A A5

R B A% F(A. tumefaciens)E_~ 8% 3t 2 P hE fF <A F(Gram
negative) » ¥ %‘%’d B o R At o B E 4 A 2 Tk MR (crown gall tumor) o FhE;
R FE PRFRr SRR GRS M I R R AR FRA A R A T
»LiEfa Wﬁﬁﬁm TR R R PP Ry
TE KBRS B SR E A D e R R R A A e
B FILE[63,64,65]0 B A e § 3 5 R EALA EAE Sl S A2 b
TR B A ks RS FA- A2 2 BB T A R TR EITH
B @A 2 b A TR o B R AR FECA A2 N ) ) s g

BEA o Bl R ERET R EER R 2 B TR .

Ra o BRI EAE B G R RAFIARE G Rl FAE R R R0

PR ONEFRLIIAEFGLARRLIEFTIH IS F LI TR

G
s

(S
>¥8F 7% 4239 F (total soluble protein, TSP)eiavt ] i€ %> 0.01% [66] » ¥ ic £_F] & B
 F T-DNA + % 8 2 8 - £ fic(copy number) g #3& » - ML FIHE it 7
GO ARE WM o P DM M TDNASE 0 B/ - T2 B2
o B - FE R S[67] 0 dor N BiR G FARE LD HHE L AL R
Es

13



AR F A
1. Ti 5888 4
R B 45 pﬂﬂ ® ﬁp‘ﬁﬁi 3 & d fh R 31 48 (Tumor-inducing plasmid, Ti
plasmid)#734 437 #8513 B4 5 — Tk X DNA & 5 » 7 $£4 5 :Transferred DNA
(T-DNA) % 32 12 2 & 13-4 B A& F]#¥ (vir genes) © T-DNA F 3 d & FL 6 25 bp A
71| Right border (RB)#2 Left border (LB)#7 % & » 3% B 7| g R FR A A PR
HALAIR RAAHEZIFFHE TDNA RSP L3 PR ESFGLA 2 K
A ¥ ied g B A B3 2 R [68, 69] o

ta&w

F e FE

FIZ 5 B IR B % 2 4L o L3 £ § 28 0§ 0 coRATE  § PR
PR PR A RS £ G A ape st & 5051 B F VitA/VirGe
VirA/VirG % = =~ 3 & % ¥i(two-component signal-transduction system) § VirA £ fis
KL L £ R VItA 3 4 p WeEps © (autophosphorylation) » I i — # (8
VirG % 2 Bifis b s i o0 VirG #-1% 5 #4575 1© 5 (transcriptional activator)#} 32 2
AR FAFIZ AR o F 439 FARE > £ 5 p s (endonuclease)is 140
VirD1 %2 VirD2 #%:2 RB &2 LB & 7| & *» T T-DNA » 4 *» T e7 T-DNA B £ VirD2
A5 5 A = 3 T-DNA 4F & 2 (immature T-complex) » ™ #F & 4 & f2[70] °

3. T-DNA & :ix

B % A ViIrB/D4 4F £ Rt p L2 X B L e 2 P25 % w 3] 408k 5y(Type
IV secretion system, T4SS) 12 i@ 1% T-DNA » 752 2_ % w 3| 458 % 57 #-A 20 R
T-DNA 4§ £ 487 VirE2 ™ %2 VirF £ 3 {4 kv F-HE rgieee Aglwmie?
A = 3 T-DNA 4F & 4822 VirE2 % & = % = 3% T-DNA 4§ & §2[68, 71] -

4. T-DNA E}',{ »

T-DNA 4§ & 8+ ch VirD2 £ VirE2 ¥ 3 7 & LA Ji(nuclear localization
signal, NLS)E 7| » % T-DNA 4F & #8:& » 7 4 ‘w?2 {5 » VirD2 £ VirE2 ¥ & “vl]%ﬁ“v_f
& & J-v F(importin-a family)™ % VirE2 % 3 ¥ % F-v F 1 % 2 (VirE2 interacting

14



protein 1, VIP1 and 2, VIP2)<:§[ 2% » iZ i@ T-DNA i& » w2 $%[72] - B 4% 5 T-DNA
B e P BT SR AR o e T S W R 6
R AT 4 8 %81 287 (Double-strand break) 2 st » o & FFE* h Rk 5
BAEAET 0 #FILT-DNAF %ﬁ d e /& £ 2 (homologous recombination, HR) 2 &_
2L e R & =84 & (nonhomologous end joining, NHEJ)q,\ oo B o Iﬁ,ﬁ,\ » e B
ANFF G RN o FRLE R RL LTS ?J"ﬁ P ER FE R AR IR A
gt TDNA » £ 2 7 #8[63] » & fetide ins 40 T-DNA 2 & £02 2h e e & 2

L
v
e i@ﬁq”fl% ° B 3eiR] T-DNA 48 &£ 1 ¢ 1% 51 & L ehjd [ §2* T-DNA 4
NA 4F & 48 ¢ o VirD2 & VIrE2 # * ¥ iy 551 4p B 3o FF 3 /R Lf >y
B E

&[73]

15



AR B 2 e A S BB R L LM AR A

T AR - A IR R A
EXL AR S Gl LT L SRS F L LR 2 08 S N S
ENESEEY HUE RASS SR EFRRLE L) G RERRY TAR
B2 RN AR AT £ K2 kAR FRR ) e LA
S A e E A A RATIH L B A BB BRES FARE 0 S i

B P g n A D RS dE

I 2426 GRALRLH
AL G E 0 A PE-3-EEROR & s (gpd)ka it~ A R ABE A T 2 SR
EA T egfp ohE MARY

2. it {7 B FHL A A
2.1 - R~ B R E
22 7 E 9 HFSEIE DA REF R AR AR A
2.3 EFEEAK o
2.4 HEARE R T R AR FECT

3. BASHRA AT
3.1 I B &5 4 F (PCRFE:L RATFIFE 813 o
3.2 f1* & = % 8% (western blotting)fwf% % & % 4 472 (enzyme-linked
immunoassay, ELISA)i& {7 3= B 228 T & & {7 o
3.3 mrpE 2 g R 8 prsasd & (real-time PCR):R| = ¢k 28 F14 P #ic -
3.4 kR A LS & I EGFP 2 #A54k o

S G E L

16



$od HEec

1y

- R AR
L % % Fk
1.1 26

AFF AT Y 2 R A # 9 G (Hypsizygus marumoreus) > ¥t 5 A TE4E T HopE
o A B SRR TR A o £ 0 4 FE 17 ¥ Potato dextrose agar (PDA)AL & 32 & A
EEERERL 14°C- - &1 % A FHE MYGPA T 4 12 % £ (1% malt extract, 1% yeast
extract, 0.5% glucose, 0.3% peptone, 1.5% agar)i* MYGP jZ fe 32 % A » B &8 & 2
23°C o

12
~ % 4% 7] Escherichia coli DH50. 1% 5 A F1 A2 A 7| 52 1w > - 435
% 3 B AL T 7 12 % A Luria-Bertani (LB) & %% i 32 % 2 LB broth % 37°C ™ 2 250
mpmiEFTHEE o LY FF AR * Z 15%4 % 2 LB broth » *t -80°C & %35 °
B 1% 7] Agrobacterium tumefaciens LBA4404 4o GV-3101- ¥ 5 J 4% F#A 451 »
~ A A EE TR A A LB #0252 4 & LB broth & 28°C 250 rpm #& iF 12
% o EHEGFRRY Z 25%4 4 2 LB broth » »* -80°C T {15 o

2. Y

TR H R A pCAMBIA0390 5 # % 32 FaE 42 B 45 F4L i #2502 -
p0390-AH-Aiegfp ~ pHi-hyg-egfpS ~ p0390-sdil-ORFM ~ % » 9 5 % # 4 [57, 66]%1
24 > p0390-Cbx-Hiegfp ¥+ 27 7 5 & o FREFEm N 5 40T !

2.1 pCAMBIA-0390
pCAMBIA-0390 4+ | 5 6.8kb» i & fiu# > B % F4L4 7} 4 4o £ - 46
B 1% 3 “ 4 (binary vector) > # 5 NOS 3’UTR poly A # 5+ - left border (LB) ~ right

17



border (RB) & 71| ~ pUC9 ?’- £ U pEer 2 F PRGRE % 4 AL F)(kanamycin

resistance gene) °

2.2 pHi-hyg-egfpS

pHi-hyg-egfpS 4 ~ | & 7.1kb-* T4 yT&A FHE 1T 5 F & FHA F
egfp ¥ ¥ # % +utt & Fl(hygromycin phosphotransferase, iph) » 7 & & 72 % ¢ & gpd
fade e o

2.3 p0390-AH-Aiegfp

p0390-AH-Aiegfp F# < /| 5 9.4kb > #* # 42 pCAMBIA-0390 fi 5 # % i&
(T2 0 egfp AT WFERFIE Iiph 5 FE 3 0 A F ¥ LY gpd Fobs g
5 o

2.4 p0390-sdil-ORFM
p0390-sdil-ORFM %8 < /| 5 8.8 kb » p* 48 12 pCAMBIA-0390 a5 # 2% i&

&4 % 4 % #ol4 2k Fl(carboxin resistance gene , ¢bx’) & & iE Hhiz o h AR F]L 6

i sdil e+ e o

2.5 p0390-Cbx-Hiegfp

p0390-Cbx-Hiegfp & 48 = -] & 11.1 kb » p* 5 48 14 pCAMBIA-0390 i 5 # 7 i&
TN egfp AT AR EA TS cbx G B EARTe 0 egfp AT E 6 3F gpd fads
Febe 0 Z G AU T E O By sdil fade F fade o

Gt A oM o

-

3. 51 %

AT TR 313 S A F 0P 8 A GRITE A S i S| BT 4

o

18



S RE R

L Zmfiagz 24

1.1 54840 B~

-3k ¥ 74 p0390-sdil-ORFM 53+ % & [ /1R 2 F 50 pg/ml kanamycin 2. 3
mLLB # 37°C I§ e¥: % {4 » & * Miniprep plasmid extraction kit (Genemark > = %)
JE TR

1.2 B &pesasy 7

RAFE I ¥ kR 2 T8 pHi-hyg-egfpS 175 fi » ¥ 2 8 * 515
(Asel-HiGPD-F / Xmal-Nos-R)#k 3 11 p 1% 5 < (4sel-HiGPD-egfp-NOS- Xmal) » PCR
2 F e 5 02uM &% 3l+-02uM F %313 ~0.1 uM dNTP~1.5 pL 10x Pfu
buffer ~ 0.075 pL Pfu DNA polymerase (5 U/uL) ~ 7.225 pL ddH,O > 3% %84 % 15 puL o

FRFELLE o F g2 A @ ¥ EFRMEE T AmRAy ~ ]

1.3 £EBET A

#-DNA 7 6x i BEA AR & 15 0 1 1%F F 8 7 T 4 » % 0.5x TAE buffer
(40 mM Tris-acetate, ImM EDTA, pH8.0) 4 § B 140 RAFE {7 T 4 20 & 48 o 35
ethidium bromide *F % 10~ 15 2455 » 2 UVbox ! BBAp ~ LR 2 %

1.4 "4 g
#5784 p0390-sdil-ORFM £ PCR & 4+ Asel-HiGPD-egfp-NOS- Xmal A ®] i¢ *
FUFIEF Asel 2 Xmal % 37°C F fos -] % o F J5i2i3 % @ * DNA clean up kit

(Genemark > 5 )& {780 o

1.5 FRARE 2 @A)

FEni it 15 DNA R R & - -] » 5 3§t vector @ insert=3 @ 1 enif i 5 4o
> TuL T4 Ep% ~ 10x F 7k A~ 10x $mr B(F 24 > S8 E Bk Bk
A5 0L > »> 4°C F JBle & o F {75k & * heat-shock #7};2 #- DNA i# »

19



~ % 4% 7] DH5a 2% i fm? @ > % 3 50 pg/ml kanamycin 2. LB Ff& T 435 % A&}

<

16~ 18 /| FF o & RS HEin Az 4ol 77 -

6 = %% Ak E

17 EPB L - I A B FETE s B o 83 AR T R RE
fsid 4% &(Colony PCR)>'PCR £ Jsif i L A w o F = & t5 X F BT A A 49>
FERR B ARA P & ) Bt o PR 7 U e 2 AR T KD R AR AR T Pk
TR (RN B S -

2. B EAL 4

2.1 A% B T e L5
PeB-B 4% A H - 7% 2 3 mL LB broth> & 28°C>250 rpm T 4= F 35 % 48 /] PF >
f¢ ODgoo ™ % B2 7| 1.0-1.5 2 {4 » #F Fi% 100 & 2 100 mL LB broth + £ 33 %
18 /| ¥ » 1 ODgop ™ % 3% F] 1.5-2.0 « #-f#ie 14 4°C » 3000 g g - A 45 > 4 7%
FiR e R R kLR F KRR Y Aot AP T 0 E i - =001 400 L
PR 10% & FH o #-FMRE » M E A0l AT B e F 0 B -80°C

;\}'_ o

22 MR FIERHLRTHEY R

#-2ulL ¢ ﬁ%@ﬁ%i AR~ A0 pL R AR FE T dmie 0 393 R £ Xk
WE2AEB A rRTICERE Y R B2 RS RS 1 125kV (T
%@ 7 3t (Chamber gap : BTX disposable cuvette P/N 610 (1 mm gap) - field strength :
12.5 kV/cm » capacitance : 25 uF - resistance : 200 ohms - pulse Length : 5.0 msec) °
B lem 2830 E FH (T 5 ) 4~ 400 pL LB broth» i 3 & > o Fllc B grw F @

TEEFRR A 2S5 ) FB25~50uL FiRE3 B4 7 F 50 ug /mL kanamycin
2 IBHETHFERAEY > 128 CrED X o

23 B A EEA R E

20



7P - B2 BAR FREE ot B M BRREFHEREPE
W4 F (Colony PCR) » F if 2 B 4w o F R A5 EFRMT AL AR
PHEAL <] o

24 P ER

#-B A% #7543 3mL 2 50 pg/ml kanamycin 2. LB broth » 12 28°C ~ 250 rpm
TR A A8 P FP 50 ul Fik T 50mL 7 50 pug/ml kanamycin 2. LB broth »
1 28°C ~ 250 rpm AR T & 12~ 16 /) FF o 12 4°C > 4,000 g 2. 15 i 3w - 4o 45 18
FR 7§ 200 pM 3% ¥4 acetosyringone (AS)2. IM broth f& /%323 i fi% ODgoo =
l’iﬁﬁﬁié%ﬁﬁﬁ%%%dM%%&@%Eﬁ@ﬁﬁo

S EFCREERERAE
114TIt A £ MYGpA 2 £ 0 GES O 4T B E AT 0.5 mm DR EF
s5 ¥.(Modified mycelial pellets, MMP)> 7 55 5. 4c » 12 IM broth & /{5 2 B 1% F 7%
FA4~6 P BEFRASKEN I I AESr ASZ IM TERAAL

HESE

b2

N

=
=

o

\\\

u\')«

26 BEFZ2 “ﬁ%
LB AR 117 F 200 uM cefotaxime 3 F K kiFT = TR R

.,
s e

F

<R G R R FRF S g

2.7 EA

MR FE G L FGAE R E AR & AT HE 0 7 5 200 M
cefotaxime 14 %2 7.5 pg/ml hygromycin B cn MYGP # % A rrin & P k& Futt A 7]
2. p0390-AH-Aiegfp #4k 5 & * 7 5 200 uM cefotaxime ' 2 3 pg/ml carboxin
MYGP £ % fAreii 4 B E 4 & It K 712 p0390-Cbx-Hiegfp ##254k o 12+ 3t
23°CH#E & -

3. Bt FAa- £ AR
p0390-Cbx-Hiegfp # /R 51 T ° = =v i {2 $3% A L S8 7 B 4% A4

21



AR THRITREFGEAEAAEZ AL LR - AFEA 55 K%
- A2 K v (two-vector transformation) > ¥ — fAfL 5 H B HE A Wk

(one-vector transformation) °

3.0 BB R

B 0 B A 5 A& R p0390-AH-Aldegfp 2 B 1% F ¥
p0390-Cbx-Hiegfp # 2/ £ =0 & {7 R % F4- 1 #2) > A8 % * 75 200 uM
cefotaxime~3 pg/ml carboxin 12 % 3 ug/ml hygromycin B coMYGP 1 % £ & {7 &7 :F »
SERCHE S SLF JURREEY LIRS

32 B g R

H R ok B0 F § & RAAE p0390-Chx-Hiegfp 2 £ 15 £ = %
p0390-Cbx-Hiegfp #7/tx £ 8 7 R F4-A H A2 {77 H - a2 - =
#AHR o FEBAAG 7 F 200 pM cefotaxime £ 3 pg/ml carboxin (7 MYGP # %
i% o

4. A RA F7

4.1 4 ¢ %2 DNA # B~

i v GEAREREN ISmLMYGP R i A7 20 23°C# B 1% o 2 1
JeP R B3 & S 0 B2 L R R R F FESE R 0 20mg FAE &
st » 500 pL CTAB buffer> 12 e f= f #5277 o 77 B 18 4v » 3 L 2-mercaptoethanol -
R L35G {830 65°C Al 30 A 404 F 4v » 500 pL CI (chloroform : isoamylalcohol =
24 1) ek 1 TOREGR & 0 11 4°C 5 12,000 g i g 10 A 4o Bl F
% & 4v » 500 uL PCI (phenol : chloroform : isoamylalcohol =25 :24 : 1) f fos= + T
AR £ F 12 4°C > 12,000 g i A 10 A 4o B2 b AR e 2 0.6 6 A
2_ isopropanol > B fri F TR & {53t 20°C ekl o & F 1 4°C 0 12,000 g
ik 2 A 10 4 480 5] ik e 4o » 500 pl wash buffer silcts & (6 # 8 2 4 48 >
#F M A4C 12,000 g i 3 2 4480053 PR TN § AR5 R g o

22



B {& 4v » 100 pL ddH,O #-H w3 o CTAB buffer £ wash buffer 4-% = fe & -

42 B LA F R

el 7 ph e BT 4 phend § A8 DNA fHB 2 4 @ 8> B~ Sl § WOk > PCR
ZFEREpELE 02uM E #5313+ ~02uM & % 313 ~0.1 uM dNTP ~ 1.5 pL 10x Taq
buffer ~ 0.075 uL Taq DNA polymerase (5 U/uL) ~ 7.225 pL ddH,O > 3884 % 15 uL -

IR R RIER LA o F A @ YR T T ARRAS A ] o

43 F e Rcs

i * ¥ % B cst Eclipse E600 (Nikon, Kanagawa, Japan)g % .55 » ™1 § % (395
nm)EcE THCE N F (509 nm)2Z FSE T L A H AR ¥k Fu Tk e
ORI T fp P RERFT Y L 44

44 F5 T 5

JeP R B3 R E S > B S R Ge e R Y REF RSB R 0 #F 50mg
FAs 4o > 1 mL 3-9 F % B~j% (300 mM NaCl, 50 mM sodium phosphate, I mM PMSF,
0.1% Triton X-100, pH 7.4)> i * 42 F /& #(Sonics & Materials Inc., USA)i& {7325 it >
Wk R — ol TS 0 1 4°C 5 13,000 g SEE R 30 Ak B Fr o BEF
£ APl iE s - I B R 0 3 -80°C TR e

45 Fv FTE

i * bicinchoninic acid (BCA)/% & {7 ¥ B 339 F =& - & * bovine serum
albumin (Sigma, Germany)fz ¥ 0 ~ 0.03125 ~ 0.0625 ~ 0.125~0.25 ~ 0.5 ~ I ~ 2 mg/ml
£ ANfEER 2 ARE o K10 nL AR &2 FR e B R PR A T 963V R F T
£ 4v > 200 uL BCA working reagent (Pierce, Rockford, IL, Reagent A:B, 50:1, v/v)**
37°C sk & & 30 A 4818 1] 562 nm 2. v & & o B8 8 5ip) 18 2 w3k & ] 17 Fev
FZEREVR NFEERZTROATFEEFY T E

4. Jﬁ%‘—? gl.aﬂr ’l”\_%trlz'

f% % & & & 47:2 (enzyme-linked immunosorbent assay, ELISA) iz p 4 5 5 f&
23



BAD Ay BEAFEE L £ 4 172 (Indirect sandwich ELISA) T & # ) ¥k 2. %
¢ ¥ % F-v F o L4 coating buffer #- mouse anti-GFP ¥ k4748 (ab1218, Abcam,
UK)JﬁH& 6,000 & > 4r 100 pL ** ELISA % * 96 3'jigc & jF =% ¢ > *t 23°C# % 16
/| pF {8 11 200 uL PBST buffer ‘)’E“J;JE»:: =% {4 » 4¢ » 300 pL gelatin-NET »t 37°C © # &
2 FFiS 2 ",/]E 54k % * o 12 EGFP (BioVision, USA)§ (%1% 5.5 17 gelatin-NET
AP 6554232150572 Ong/ml & ~ kR 5 # 100 uL B3 5
B e e BB 4D 06 IV ARE AR A 30 37°C#F R 1 £ 12 PBST
Few {8 0 4ex 100 uL 14 gelatin-NET f# 5,000 & 2 rabbit anti-GFP % thi24d
(ab6556, Abcam, UK)** 37°C ## % 1 -] F¥ » 12 PBST '}%“}3&1 = {8 > 4v 100 ul 12
gelatin-NET ### 5,000 & 2 goat anti-rabbit IgG HRP conjugate (PerkinElmer, USA)
*37°C# & 1/ F o2 PBST &= =X {52 4 » 100 pL 3,3”,5’5-tetramethylbenzidine
5 577% 7% (TMB One Component HRP Microwell Substrate, BioFX, USA)#¥ sk & ¢ 30
kg is o 0 2N HpSOy % 0k & s o 18R] 450 nm 2. v% 26 (B o B4R M 2 (] 2 ex Sk B
TR R RGBS F ok n TR o R AR A TR
2 RA| L Aok = o

47 & LELE

Mt At 2 Fed T F B e » Sx SDS 54 R iR £ 495 03 99°C e #t
10 ~ 48154 4r 2 & * o % 12% SDS B /<R ERTR AR LR &
e r BRSO A R R B0 RFE R I Fv %“rﬁ;ﬁ% - EEOL RS IS0
RESEFIO TG 1 SRR Ergingy? - gon Lk
Polyvinylidendifluroid (PVDF) membrane /%72 ** 100%® f& ¢ 10 4~ 45 » £ 12 X 7 5¢
T i 4 & #, (Genmedika Biotechnology * 5 ##) » & B 3c ¥ 123 & 4 677 /% 1R 2. A
B s T ARE SPVDF s RS IR ERZ AR B o # % 60mA 0 30 4 48

2 iE -G B e 2 PVDF Wb o B~ A1 Br {8 PVDF %002 gelatin-NET % 8 4%

?]w

% 1.5/ FF > 54 gelatin-NET 73 4c » 12 gelatin-NET #f¥ 6,000 % 2. mouse
anti-GFP - =t 348 (Living colors A.v. Monoclonal [JL-8], USA)z 4= F =% 1 /| p5>
# 12 PBST buffer /i = = »# =t 10 4 4&°4c » 1/ gelatin-NET ﬁrﬁ 5,000 & 2. goat
anti-mouse IgG AP conjugate = =% i (PerkinElmer, USA) 2 B ¥ =ik 1 /] P> £

24



2 PBST buffer jiew =t » & = 10 4 48 - £ 15 & * NBT/BCIP AFiR@ki s -

EIR EF MM o kiRRE L F o P 2 RS Aok N o

4.8 T B R E AL S G
fI* wpF g g K & frddgd & (real-time PCR)P| €~ = &7tk * 4822 - =t 42
iR AR FIFE R B PR TS egfp T ¥ 2513 $ 5 egfp362-F £7 egfp468-R -

2
%+ R T 5 GAPDH> #t* 2_51 3 %t 5% HmGPD-F 22 HmGPD-R- 2~ 5 pl 445+ DNA

SHOR o B4R et d S 02uM I
10 ul GM SYBR qPCR Mix (Genemark > /i) > &84 5 20 ul» £ i # 5 94°C »

w5+ ~02uM K w513 ~42ul ddH,0 &

T 35 =% flﬁm94 C>15sec 2 60°C»31sece 3-8 & ;& & #* WL s
Ct i3 GAPDH z_ Ct i& » AACt
AR #c -

3min s ¥ ¥ i&
Ct ;# (Comparative Ct method) > ACt ¥ % egfp 2.
NA - VR NACL RS - RN ACE B fs 1 280 4 =

25



ko

i
St
i
o

AR
l. —é: E"F‘gr'gﬁ E-p,\;

1.1 p0390-Cbx-Hiegfp

- 48 p0390-sdil-ORFM £ PCR 2 4 Asel-HiGPD-egfp-NOS- Xmal it 7 # &
F ORI #-F fts cnF R E » < 545 7] DHSa % i W ¥e 2 45 % 11 51 5 ¥ egfp-Flegfp-R
{7 colony PCR» $¢ P~ 5 P & F M chjFz » #-F 8P 2 18 U4 px Bglll & Asel
iEFR > FEI12kb~22kb 1212 7.6kb HIEH B 0 Ao Bl - o BFRE
p0390-Cbx-Hiegfp & {7 T_5 M ALiR A 7| & 35 > 4o ~ o

D -Si ﬁ:]‘k#‘f A5k
Lo 2R 8 » B 45 5
-4 48 p0390-Cbx-Hiegfp £ p0390-AH-Aiegfp # & 74 & 5 3t * B3

7 GV3101 2% iz ke » 3% 1451 F ¥ egfp-F/egfp-R & {7 colony PCR > J"Eﬁl]ﬁ%—%z
FOEEFRMITAL > FI0T7kb P K deBl 4 o & RV p0390-Cbx-Hiegfp
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TETFE > FHRATRE BT LS ?’rs'g‘af%T % eh R 4 ¢ (heterochromatin) %
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3. 2@ @
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T A F A MR 0 GEEEAET T A B R[T76,77] - F & EA R TR L

29



$o s e RA TR L B AR R R ARG R RFITT i L
RAFIEFXP) T ARB B ERAFILRL FIFH] o

AR
AR TR AP S RS SR PR el e AR TS R R
BA& o L H G TRk AR E_E 2 P S 32 % (pure culture) o F S5 B IR R
A E A A A o FI R *¥—ﬁﬁ%iﬁ@5ﬁ%’
AL AR FIRAATIANA L L SR FI A ARG SR FEZ A
A H - dmre o F] R T P R D S

A8\
)_\
#
k
A
¥
i
W
T
s
B
Bt

BV I A FIF SR A B o et A SR R R R o d 3T A T hE SR

3 et F o WA A FRATES B F]A R 0 2 T LSRR

R BA PRI R AR - X B TN - B R
2

XA o gl AR 4G 0 R &:&%%i@ﬁ;‘qwﬁi%# 7

+

5

EEE Y

[e=2
<%

&
it}

4
T
54
BR A

fFen— B3 E o

P - S

o A A
1. B A&

AP EREADGEETT 5 P45 FLBA4404 2 2 AGL-1:E 17 B 4% F4-
A2 > A e F 2 a8 XX EaP LR o MY LT ARG B R AGEE
B ¢ EBRI0 FTLmME -7 E " 1 LBA4404 2 GV3101 5 85 % -GV3101
FR*SHEFPFT A ARRLFREE ORI L RN RATI I BA S
o Flad g R RAFEIRE - 2FHEEHT 0 AEITIF L F GV3101
TA A g Adk 0 LBA4404 A 4 itk E B4 ¥ k38 T VRS o 5 7
GG A FXEPALR > FP A E Y A k2 TR Y R4 F LBA4404 §

Bt g 3 -

2. HEEIEE
%%ﬁ ]"ﬂ'ﬁ—/\-ﬁq//é l"\;ﬁ*‘g%w m%f&’ﬁgj ‘;fﬁ-f‘?i}:i—g% , J'l;k%—%f& fﬁ;"f’lﬂ
Tk FUEE D S ek R R AW E RS S S R RGN & B

30



g ARy 3 OF b R AR FUCE SO 2 aziE o Flh i f kg & iR g
WRBEDF o AFHRLLEFABRATSOMILB P R EB A * IMbroth
PRAMRBEFT I AFERARER AW AL ODgo=1" 2 @FRkR? HAL
ODgoo = 0.5 £ Z_ODgpo =2 % )1 P AT D }1:-];]” LR i A) A B R

Tk Henh it e

v~ EA
AT AEAFEA S - A 5 p0390-Chbx-Hiegfp #7451k » % 21
p0390-AH-Alegfp #7)4k (5 # M 7% - @2 enis > € 3/ (T3 5 chp 4L R
F18_p0390-AH-Aiegfp # 2 thcnp st fffon 8 B L 3 R B FF * LFS
M AEE o en BREBE TS LEBEFETHG PEL T ok B
p0390-AH-Aiegfp #7187 £ AT ) » F & & AT B B A% F4- 1 #2575 hiF

o4

“ o

AR R s ST s EFREA ol B E R TR
ERPHEFEFED  BERR Y P AMPHEFLAFED) - FTHED
R e R ALS O EP LA 0T TR fIF A 53 i E e A
BEFRERFLEIE o @ URARNS Aid i TRY LR
o H ?ﬁo‘}‘é"ﬁﬁﬂ/ﬁ\v A BLE B R A - A @R A 2R
NG ERE{VRABRAEIRE > F A BTEFEAHET o RS AR
‘A BRI FAREON A o FFMED LG AR 7 R RE Fhhd F
B 7547 ng/g TSP # & 3 418.83 ng/g TSP » @ ¥ FagsEa) {ok pl A 4% 2 5
319.58 ng/g TSP » d b &% ¥ B A F M) {0k § fdF v % > J2p 717 a0 A
BER2 ZOHEERS ERAVFAFICFHFF Y A B0 20 o B L FFHE R
VR GEEA N EERA A RME A A L EREARE L8N -

APy R R R AR F RPN RATIIEL B B Y - A EAR
HEBRBRLE S L - S @RS B a2 RBA 3R SBRAFRSHED
S A r@ AR R o 0o FIS AR S8R0 B A ARk 0 Fla Rl R
B R AT B2 B 0 R EFRSSF MO 2 BiE o £AF RS
BABRFD FLARE LA AL rFRE AR EAEAHK ITI~01-05 2 4

31



R FIHEEL BF A thil o B R TV A L3274k T-DNA $B5 0 4 £ 4 b el 7]
FREIRL LR FRR o @ T LA FLRL 0 GRD 0 FRRES AT B

0O ARE R A RATFIFEL BN R R R

32



$T% RHHAKEY

AFEEAR P ORI R AR EATE R BE) B R AR

B0 R ET AT 5%

Lo, s e F AR @R 2 - A RT Nt R E R
BAEKLAE BT SEGKRT LARA BRER > 2 FF LAFEA A

2. R¥ppER LA~ IThe % > BIFHED K2 - @ hansd § L34 3
Eh B VRS 55 RH MM RG22 Ak ¥Ry T ERD
E g 425 8 o

3T AR R LAY F e % > - @R HRA TR Bk § ot
B AT DR G 2 2 AT 0 A T R T SRR
ﬁﬂ66%’ﬁﬁ?@ﬁ%ﬁ%i:iﬁ%ﬁiﬁ”%%ﬂﬁﬂﬁmifiﬁ%
e 152 2 BT eI T UL T MR ATE N BIL W

1L AT B R EAF R R VR NG kR T A

b

BT R H W A3 Rk o GlAep RS chgpd gads 0 B 8- R R RAT

IR e
%%’?%ﬁi%ﬁﬁmﬁfﬁwﬁ@k’ipifgﬁﬂﬁ;ﬁﬁ%,i
svie-HHE ’Fﬁfﬁﬁ’l/ﬁ\uixaﬁr} SRk G N g ?Eﬁqilﬁgﬂl)ﬁﬁ\ﬂ

FAF R L e o o A PRT R AR EAT A B T E B G B
W RS RF hE B I R E AT B R G B E e
PEAEAFR LA R TR ALY AMANBAT GpA 25 RS L

FEY R

33



- Bt Lzt

Table 1. Comparison of heterologous expression system [78]

Characteristics E. coli Filamentous Yeast Insect cells Mammalian cells Plant cells culture

fungi

Cell Growth Hours to days Days to 1 week Days to 1 week Days to 1 week weeks Months

Cost of Growth Low to medium Low to medium Low to medium High High Medium to high

Medium

Secretion Secretion to Secretion to Secretion to Medium  Secretion to Medium Secretion to Medium Secretion to Medium

capability Periplasm medium

Post-translational modifications

Protein Folding Refolding Usually Refolding might Refolding might Proper Folding Proper Folding Proper Folding
Required be required be required

N-linked Glycosylation None Mammalian-type High mannose, no Complex, no sialic acid, =~ Complex, non-human Complex, no sialic

O-linked glycosylation, No
phosphorylation,
acetylation,

acylation

core, no sialic acid,
non-human sugars
added

Yes

sialic acid,
non-human sugars
added

Yes

non-human sugars added

Yes

sugars added, e.g. by
murine cells

Yes

acid, non-human
sugars added

Yes
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Table 2. Plant-derived pharmaceuticals in clinical stages of development or on market [79]

Product Disease Plant Clinical trial Company Source: URL/academic
status
Vaccines
Hepatitis B antigen Hepatitis B Lettuce Phase [ Thomas Jefferson University, Streatfield, 2006
(HBsAg) Potato Phase 11 USA
Arizona State University

Fusion proteins, Rabies Spinach Phase I Thomas Jefferson University, www.labome.org/expert/usa/.../
including epitopes from completed USA hilary-koprowski-233492.html
rabies
Cancer vaccine Non-Hodgkin's Tobacco Phase II Large Scale Biology, USA http://www.gmo-safety.eu/article

lymphoma /483.pharma-plants-status-report

.html

Vibrio cholerae Cholera Potato Phase I Arizona State University Tacket, 2005
Heat-labile toxin B Diarrhea Maize Phase I ProdiGene, USA Tacket, 2005
subunit Potato Phase I Arizona State University
of Escherichia coli
Capsid protein Diarrhea Potato, Phase I Arizona State University Khalsa et al., 2004
Norwalk virus Tomato
Antigen Feline parvovirus  Tobacco Advanced Large Scale Biology, USA http://www.lsbc.com

(Dogs)
Antigen Papilloma virus Tobacco Early Large Scale Biology, USA http://www.lsbc.com

(Rabbit)
HN protein of Newcastle disease Tobacco USDA Dow Agro Sciences, USA http://www.dowagro.com/animal
Newcastle disease virus (Poultry) suspension cells Approved health
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Table 2. (Continued) Plant-derived pharmaceuticals in clinical stages of development or on market

Viral vaccine mixture Diseases of Tobacco Phase I Dow Agro Sciences, USA http://www.dowagro.com/animal
horses, dogs, and  suspension cells health
birds
Poultry vaccine Coccidiosis Canola Phase 11 Guardian Biosciences, Basaran and Rodriguez-Cerezo
infection Canada (2008)
Gastroenteritis virus Piglet Maize Phase I ProdiGene, USA Basaran and Rodriguez-Cerezo
(TGEV) capsid protein  gastroenteritis (2008)
H5N1 vaccine H5N1 pandemic ~ Tobacco Phase I Medicago, USA http://www.medicago.com
candidate influenza
Antibodies
CaroRX Dental caries Tobacco EU approved  Planet Biotechnology, USA http://www.planetbiotechnology.
as medical com/
advice
DoxoRX Side-effects of Tobacco Phase I Planet Biotechnology, USA http://www.planetbiotechnology.
cancer therapy completed com/
RhinoRX Common cold Tobacco Phase I Planet Biotechnology, USA http://www.planetbiotechnology.
completed com/
Fv antibodies Non-Hodgkin's Tobacco Phase I Large Scale Biology, USA http://www.lsbc.com
lymphoma
IgG (ICAM1) Common cold Tobacco Phase [ Planet Biotechnology, USA http://www.planetbiotechnology.
com/
Antibody against Vaccine Tobacco On market CIGB, Cuba Kaiser, 2008
hepatitis B purification
Therapeutic human
proteins
Gastric lipase, Cystic fibrosis Maize On market Meristem Therapeutics http://www.meristem-therapeutic
Merispase® France s.com
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Table 2. (Continued) Plant-derived pharmaceuticals in clinical stages of development or on market

a-Galactosidase

Lactoferon™
(a-interferon)
Fibrinolytic drug
(thrombolytic drug)
Human
glucocerebrosidase
(prGCD)

Insulin
Apolipoprotein
Nutraceuticals
ISOkine™ |
DERMOKkine™
Human intrinsic factor,
Coban

Human lactoferrin

Human lysozyme

Immunosphere™

Fabry disease
Hepatitis B and C
Blood clot

Gaucher‘s disease

Diabetes
Cardiovascular

Human growth
factor

Vitamin B12
deficiency
Anti-infection,
anti-inflammatory
Anti-infection,
anti-inflammatory
Food additive for
shrimps

Tobacco
Duckweed
Duckweed

Carrot
suspension

Safflower
Safflower

Barley
Arabidopsis
Rice

Rice

Safflower

Phase [
Phase 11
Phase [

Awaiting
USDA's

approval
Phase III
Phase |

On market
On market

On market as
fine chemical
On market as
fine chemical
Marketing
expected for
2010

Planet Biotechnology, USA
Biolex, USA
Biolex, USA

Protalix Biotherapeutics,
Israel

SemBioSys, Canada
SemBioSys, Canada

ORF Genetics
Cobento Biotech AS
Ventria, USA
Ventria, USA

SemBioSys, Canada

http://www.planetbiotechnology.
com/

http://www.biolex.com/
http://www.biolex.com/

http://www.protalix.com/
glucocerebrosidase.html

http://www.sembiosys.com/
http://www.sembiosys.com/

http://www.orfgenetics.com/
http://www.cobento.dk/default.a
sp?id=76
http://www.ventriabio.com/

http://www.ventriabio.com/

http://www.sembiosys.com/
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Table 3. The primers used in this study

Name Sequence (5’ to 3°) Source
egfp-F CTG CAG TAT GGT GAG CAA GGG CG [57]
egfp-R ACT AGT CTT GTA CAG CTC GTC CAT GCC [57]
Asel-HiGPD-F CCATTAATC CCG TCG TCA GCG ATA CAT CC This study
Xmal-Nos-R TCC CCC CGG GCC TGT CAAACA CTG ATAGTT TAATTC CC This study
pCAMBIA-F ACT GAT GGG CTG CCT GTATC This study
pCAMBIA-R CCG ACG GAT GTT CGACTATT This study
HiGPD-mid-site CTA ACG AGG GGC ATT CAC AT This study
HmGPD-F ATT GGC AGC ACC TCG TCG TC This study
HmGPD-R GCA CAC ACG GCG GGA GTA TC This study
egfp362-F TGA ACC GCATCG AGC TGAAGG G This study
egfp468-R ACCTTGATG CCGTTCTTC TGC TTG This study
ApGPD-F GGAATT CTT AAG AGG TCC GCA AGC This study
hph-R CTG CAG ACAACT TAA TAA CAC ATT GCG This study

513 ¢ 2 P FE e B R Ak R 4R T 0 Asel ¢ ATTAAT » Pstl : CTGCAG ° Xmal : CCCGGG » EcoR1: GAATTC -
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Table 4. Primers and PCR conditions used in this study

Primer Condition Cycle
Asel-HiGPD-F / 94°C 2 min 1
Xmal-Nos-R 94°C 2 min — 57°C 45 sec — 72°C 2.5 min 35
72°C 10 min 1
egfp-F / egfp-R  94°C 5 min 1
94°C 1 min — 63°C 1 min — 72°C 1 min 35
72°C 10 min 1
ApGPD-F / 94°C 5 min 1
hph-R 94°C 1 min — 60°C 1 min — 72°C 1.5 min 35
72°C 10 min 1
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Table 5. The composition of IM medium for co-cultivation

g/L
K;HPO,4 2.05
KH,PO4 1.45
NaCl 0.15
MgS0,.7H,0 0.5
FeSO4 7H,O 0.0025
(NH4),SO4 0.5
MES (2-(N-morpholino)ethanesulfonic acid) 8.53
Glucose 1.8
Glycerol 5

*Final pH = 5.3
Note : IM T3 % & 2 Glucose 0.9 g/L » 1.5% agar

# = CTAB buffer fic % j*
Table 6. The composition of CTAB buffer

Compound Final concentration
CTAB buffer

CTAB (Hexadecyl trimethyl-ammonium bromide) 2%

EDTA (Ethylenediaminetetraacetic acid) 20 mM

NaCl 14M

Tris (tris(hydroxymethyl)aminomethane, pH = 8) 100 mM

PVP — 40 (polyvinylpyrrolidone, Mw 40000) 2%
Wash buffer

Ethanol 76%

Ammonium acetate 10 mM
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Table 7. The composition of ELISA reagent

Compound Final concentration
Coating buffer (pH = 9.5)

Carbonate 0.1M

Bicarbonate 0.1 M

PBST buffer (pH = 7.2)

Tween-20 0.05%
NaCl 0.13M
NaH,PO, 001 M
gelatin-NET (pH = 8)
Gelatin 0.25%
Tris Base 50 mM
NaCl 0.15M
EDTA - 2Na 5 mM
Tween-20 0.05%
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Table 8. The composition of SDS-PAGE reagent

Compound Final concentration
SDS R 7 fib"=A 4%
Acrylamide/Bis-acrylamide (29:1) 12%
Tris-HCI (pH = 8.8) 0.375M
SDS (Sodium dodecyl sulfate) 0.1%
APS (Ammonium persulfate) 0.1%
TEMED (Tetramethylethylenediamine) 0.04%
SDS . frek & %4
Acrylamide/Bis-acrylamide (29:1) 5%
Tris-HCI (pH = 6.8) 0.125M
SDS 0.1%
APS 0.1%
TEMED 0.1%
5X SDS # &% &% (pH = 6.8)
SDS 2%
Tris-HCI S0 (r)nM
Bromophenol blue 0. IOA’
Glycerol 10%
DTT (Dithiothreitol) 100 mM
SDS 7 7 ¥ tirig =8.
SD; X ek (pH = 8.4) 0.01%
2.5mM
EDTA 20 mM
qulc acid 90 mM
Tris
o N Ix
12 ﬁff’

42



L HARL G ¥ ks R A T L Rl T

Table 9. Production of EGFP and relative egfp copy number of transformants

EGFP/TSP (ng/g) Relative egfp copy number (fold)
P1 75.47 £ 18.57 1.00+£0.17
T1 418.83 £37.11 1.38 £0.08
T2 377.46 +36.05 1.86+0.15
T3 246.32 +27.89 1.71 £0.22
T4 120.37 +10.38 2.28 £0.40
01 319.58 £6.96 1.24 +0.11
02 280.78 £32.22 2.30+0.24
03 269.34 £ 41.30 1.46+£0.17
04 224.08 £ 59.94 1.56 +£0.17
P2 92.16 + 15.06 1.00 £0.22
T5 302.22 £22.72 1.43 £0.21
T6 243.16 +30.39 1.74 £0.19
T7 110.43 £ 6.62 1.20 £0.13
05 282.89 +5.73 0.94 £0.11
06 223.61 £6.95 1.70 £0.52
07 134.47 +£37.82 1.47 £0.19
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Figure 1. Life cycle of basidiomycetes.
(Source: http://kentsimmons.uwinnipeg.ca/16cm05/16labman05/1b2pg24.htm)
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Figure 2. Schematic overview of the experimental set-up of Agrobacterium-mediated

transformation of fungi. [80]
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Figure 3. A model for the Agrobacterium-mediated genetic transformation. [71]
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Figure 4. Schematic framework of this study.
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@ 6812 bp o
pBR322 ori [___pVS1STA
pBR322 bom site% /_/_)\
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Q His-tag_,%
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pV$1-REP egfp

NOS poly A
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T
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BlZ F % pCAMBIA0390 ~ pHi-hyg-egfpS ~ p0390-sdil-ORFM ~ p0390-AH-Aiegfp & p0390-Cbx-Hiegfp 2 B]:¥

Figure 5. Map of pCAMBIA0390, pHi-hyg-egfpS, p0390-sdil-ORFM, p0390-AH-Aiegfp and p0390-Cbx-Hiegfp.
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Figure 5. (continued) Map of pCAMBIA0390, pHi-hyg-egfpS, p0390-AH-Aiegfp, p0390-sdil-ORFM and p0390-Cbx-Hiegfp.
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Figure 6. Construction of the plasmid p0390-Cbx-Hiegfp.
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Figure 7. Confirm the size of p0390-Cbx-Hiegfp by restriction enzyme digestion. (A)

Map sites for restriction enzymes, expecting fragments including 1.2 kb, 2.2 kb and 7.6

kb after digestion by Bgl/lI, Asel. (B) Digestion of p0390-Cbx-Hiegfp by Bgl/ll, Asel.
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(A)

pHl-hyg-egfps COCGICGEICA GUGATACATC CITAARACTG CAAGTAGATG TCGCCGECAGT TTACTCCATG GOTTCEGATA 70
IRSETE = s.ssssasas wmsassames wEraEsaEdE GEEEEEESE sEEEETEEEE SErEEcaEEEE EEaEEaEaE 70

pHi-hyg-egfps GGEGCTATGIG ACCGTAGGAC TCCGATIGHGL ATCOGATGOC GROGGTGGAG GICTCGGGAG CATCTARGGR 140
Insart 00 L.sacsasea sarasrames smrasasEas srwarreEas ssssEsmrar mrasraseaw srasaasaas 140

pEi-hyg-egfpS TCCGAGCATA GTACTGOCGT GIGCCAICTC CAGARRCGCC CRCARCGATG GGGCTGITCC CAGAARCTAGS 210
T 210

pHi-hyg-agfpS GGAAGGTITC GGAGGTAGGE GGATTTCACC GCGATTICCT CGTIGICCAG ACGGRTGTAT ACTRAGCARIC 280
INSAEE ™= sscsssssss sssssseaEss SEESEESS48 SEESESSE4F IE4SESEESS SESSESESSE SESEEEEEEE 280

pHL-hyg-egfps CCAGARCECE GACGTACEAG ATARAGCATT GLOGCARIGCT ATIGIGIGCIG GAGACGICAG TATTACTIGTI 350
Insart = === 0 c.iisccasss sssassamas sEsssasEas SEMsEsEEAE AEAEEAELAE EEASEEEEAE EEEEEEE@ s 350

PHi-hyg-egfps GITIGGTTIC ACIGIGTIATG COGCCATGEG CATTGOIGIC ARTTATIGAC GAACGTTGGT CGARCCOCCCT 420
InSart =0 c.iiiesases smsassamas sEsssssmes sEsaEsEEAE dEdEEAEEAE EEsEEAEEAE AETEEAEEEAs 420

pHi-hyg-egfps CATGITCOGT CIGGGTCTGC CAGGTTIGOG TGTGTACCGT GETTCCCCAG ARGGACATAT GSICTIGACS 430
Insart 0 ..acrases sswasranes wsrarasEas smemremEas smssrssrar srwmrasear srasesEeae 430

pEi-hyg-egfpS TEATGTACST ACTITCAGCT TCTTAGAATT CCAGTITIGCT CIGEGGCAGG OGOGGGCAGA GARCSITCIT 560

INEEEL 0 i i asee smsaesamaas amsassanas ameasemsas seessescas asameamees meemeenens EED
pHi-hyg-agfpS GARCATTCGA TITCRGGRAT CAGGATCCCA GICGAGGEGEC TRACGAGGEE CATTCACATIT TGICCAGCCE 630
INSAEE ™= == s csssssss sssassasss SEEsESsEE4s SEEIEESE4E S ESSESEESS SESSESEESE EESEEEEEEE &30

pHL-hyg-egfps CEICITCCCE GICACTGAGE CRCEGAOGTC CGAGTCCGIT CIATGELCGA AMACGEEGEA CARACITGGET 700
Insart = === 0 c.iicccasss sssassssas sEsssssEas sEssEAEEAE AEAEEAELEE EEAEEEEESE EEEEEEEmES 700

pHi-hyg-egfps CIGCACTCAA GCTTGGCTGOC TAAGGAARAT ACTGCGCACC CTGGTAGTTIT TTGGACGTAT TATAATGHGG 770
Insart =0 c.iscecanas . sisssmsas ssssramsar srsssassas seassamass  FOQ

pHL=-hyg-egIfps ARAGEECETAT ATACIGICCT AGICTATTAG GATCCGAGAT GRATGEAAAC ACATCOGTIC GGEAGAATGEE 840
Insart = == 0 c.iisecasss sssassamss sEsssssEes SEsaEAEEAE SEMEEAELAE SNMEEEEEEE EEmEmaEaEw B40

pHi-hyg-egfps GGTAGATIIT GGTGCGTATT TTIGGAGARAT GTACTGAATT TGOGATGACG ACACCATCGA TTTCOGAATC §10
Insart =0 caciecanas tErasramas sEsmsssEes sEsaEssEss smssseassas swsseaseas sesssasess S10

pHi-hyg-egfps CGATGGATTG ATTATCTAGC CAGGGGOGTT ATAARACCCT CTCCOCCACCT TTTOCTTCCR ACRACCCACCR o280
Insart 00 s...arssea smrasrares wersmwaEas srearemEas sresresrar srasrareas srsseasaas 80

pHi-hyg-egfpS CCCCARACAA CACACATTTA CCATGOSTCAG TACTCCCTAT ACTTTCCTIT CTTCTGACTS ACTTGAGSTA 1050
INEETLE i it asaa sesamsmmas amsamsamas sememameas ameseameas shassaseen meassasans 1080

pHi-hyg-ogfpE RARATAGETCAA AGTCCCARCC TITGE 1075
In®art === sicsssssss sssassasss sssas 1075

Bl ~ B 48 p0390-Cbx-Hiegfp % A % %
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Figure 8. Sequencing results of p0390-Cbx-Hiegfp.

(A) Sequencing for GPD promoter of p0390-Cbx-Hiegfp; (B) Sequencing for egfp and
NOS terminator of p0390-Cbx-Hiegfp. The upper row represents correct sequence and
the lower row represents sequencing result of p0390-Cbx-Hiegfp. The dot in lower row
means alignment was matched. Arrow represents start codon of egfp. Asterisk represents

stop codon of egfp.
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Figure 8. (Continued) Sequencing results of p0390-Cbx-Hiegfp.
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(A)

kb N P M 1 2 3 4

LA

(B)

kh N P M1 2 3 4

LA

B4 B FGV3I0l Fis R sy F ik

® % 513 % egfp-F &7 egfp-R >t R 1% {354k i8 (7 PCR - (A)M & 5 3472 # » Y
p0390-Cbx-Hiegfp 2. & % 7 F 1k GV3101 5 (B) 14 & 7 3% % 4 » F 48
p0390-AH-Aiegfp 2. B 1% 7 F & GV3101

Figure 9. Identification of putative A. tumefaciens GV3101 transformants by PCR
using primers egfp-F and egfp-R.

Lanes: 1 to 5, putative A. tumefaciens GV3101 transformants harboring
p0390-Cbx-Hiegfp (A) or p0390-AH-Aiegfp (B); N, negative control without template;
P, positive control; M, 100 bp marker.
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kb NP M1 23 4 5

B B A: ¥ LBA4404 7% R & b &) F T

€% 515 #f egfp-F 22 egfp-R * % 4743 7 PCR = (A)2 T 5 3434 4 » g
p0390-Cbx-Hiegfp 2. B 1% 7 7]tk LBA4404 ; (B)™4 T 5 34 ;2 # »~ H 48
p0390-AH-Aiegfp 2. B 1% 7 ]tk LBA4404

Figure 10. Identification of putative 4. tumefaciens LBA4404 transformants by PCR
using primers egfp-F and egfp-R.

Lanes: 1 to 5, putative A. tumefaciens LBA4404 transformants harboring
p0390-Cbx-Hiegfp (A) or p0390-AH-Aiegfp (B); N, negative control without template;
P, positive control; M, 100 bp marker.
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Figure 11. Co-cultivation of A. tumefaciens transformants and H. marumoreus MMP.

(A) (B)

=

B+ = pO390-bx-Hiegfp &2k i iE HE AT
(A)f #4294 41 £ 6 5 5 (B) p0390-Cbx-Hiegfp #75+&

Figure 12. Screening of p0390-Cbx-Hiegfp transformants in selective medium. (A)
wild type H. marumoreus; (B) p0390-Cbx-Hiegfp transformants
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Bl = p0390-AH-Aiegfp # 2k & iF i 42
(A)f ¥4 205 4 41 £ 9 4 ; (B) p0390-AH-Aiegfp #/4

Figure 13. Screening of p0390-AH-Aiegfp transformants in selective medium. (A)

wild type H. marumoreus; (B) p0390-AH-Aiegfp transformants

(A)

Bl-Ltw @A E4EET
(A) p0390-Cbx-Hiegfp #3254k ; (B) p0390-AH-Aiegfp ## 25tk
Figure 14. Subculture of transformants into selective medium.

(A) p0390-Cbx-Hiegfp transformants; (B) p0390-AH-Aiegfp transformants.
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(A) f #3212 p0390-Cbx-Hiegfp # 1% 5 (B) { 521 .22 p0390-AH-Aiegfp #2k 5 (C)

R s 2 S S
Figure 15. Screening of double transformants from multiple ATMT in selective
medium. (A) negative control, p0390-Cbx-Hiegfp transformants; (B) negative control,

p0390-AH-Aiegfp transformants; (C) two-vector double transformants.
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(A)
kb NP M1 2 3 4

B~ = %74 DNA 2 R & v 4~ Rtk

(A) 231+ % egfp-F/egfp-R # ] p0390-Cbx-Hiegfp #354& 5 (B) 4515 ¥+
ApGPD-F/hph-R # ip] p0390-AH-Aiegfp #& )k o

Figure 16. PCR analysis for genomic DNA isolated from transformants. (A) PCR for
p0390-Cbx-Hiegfp transformants using primers egfp-F and egfp-R; (B) PCR for
p0390-AH-Aiegfp transformants using primers ApGPD-F/hph-R. Lane 1: wild type H.
marumoreus DNA; lane 2 to 4: transformants; N, negative control without template; P,

positive control; M, 100 bp marker.

kb N PM1 2 3 435

Bl = - #7544 ¢ 4 DNA 2 R & el 4 F e ipl
Figure 17. PCR analysis for genomic DNA isolated from double transformants. Lane
1: wild type H. marumoreus DNA; lane 2 to 5: two-vector double transformants; N,

negative control without template; P, positive control; M, 100 bp marker.
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Figure 18.
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The mycelia of transformants under fluorescent microscope.
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Figure 19. Production of EGFP. (A) Parental single transformant (P1 and P2) and
two-vector double transformants (T1 to T7); (B) parental single transformant (P1 and P2)

and one-vector double transformants (O1 to O7). P1, T1~T4 and O1~04 were
transformed by A. tumefaciens LBA4404; P2, T5~T7 and O5~0O7 were transformed by

A. tumefaciens GV3101.
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Single
Double transformant transformant

Bl F0o @Ak d > L 8E A4
Figure 20. Western blotting analysis of H. marumoreus transformants. 1~6: randomly

selected transformants; M, protein ladder; P, positive control; W, wild type H.

marumoreus.
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Figure 21. The egfp copy numbers of transformants. (A) Relative egfp copy number in
parental single transformant (P1 and P2) and two-vector double transformants (T1 to
T7). (B) Relative egfp copy number in parental single transformant (P1 and P2) and
one-vector double transformants (O1 to O7). P1, T1~T4 and O1~04 were transformed

by A4. tumefaciens LBA4404; P2, T5~T7 and O5~07 were transformed by A.
tumefaciens GV3101.
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