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Abstract

Aspergillus oryzae is a filamentous fungus classified in the group Aspergillaceae
Ascomycetes. It is an important microorganism for industrial production of enzymes and
fermented food productions. It secrets large quantities of proteins or enzymes into the culture
medium which makes this organism appealing for the production of heterologous proteins.
Recently Electric field-mediated transformation method, electroporation, has been applied to
fungal transformation. In this study, fungal transformation was carried out by bypassing the
protoplast isolation step, decreasing the culturing time and non-protoplast transformation for
the increment of transformation efficiency. Transformants were obtained with electroporation in
optimal condition 2,500 voltage, 1,540 ohm and 0.50 capacitance. More than 1,000 transformants
were obtained with 6-10 hrs cultured mycelia without enzyme treatment, called non-protoplast

transformation.
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AgS HIPF 4 ot oFe =2 electroporationd]l 2% FAAFL  PEG-mediated
transformation®2.th A X AA&o] Eried FHo] Yok o]JAL FTHY WEH{ M F8
zte]H © 2 transformants®) <A AL high-voltage electroporation®] ¢3¢ repair systemo] &
A= dHstn 3lvt (Delorme, 1988). Electric-field-mediated transformationoA] 3 A
g 582 o8 7bx 8o 93FE wEY. Electro-competant cellse electroporation® ¢t 0C
= T°r }’6}"10? 3ttt DNA® A2 Ry B8 ¥¥3l=t o] AL ionic strengthE H4LZ 3§}7]

3} E E g2 8AEEE field strength$t pulsesolth. o]
&4 E giHoly pulsestE AFE AR
transformation #HBEc A &
A o)Xk welA  electric  field-mediated
transformation®] 4 &F& "X A 8AEd diFd AT AFde 47 g8 "ﬂ¥°ﬂ 7‘4%’\]7]7]
AT AA ARG 2109 ggdo T8, obF7A 2 &89 HHUt AgHT Y vE F
Bo] FofollAz B} tdstn, wE FAAH PHE P F J& Ao “Jra}*i &l
Me B d7HoA &Y Al oryzaed] electroporatlo ™z 2500 voltage, 1540 ohm 281
050 capacitance® Ah&3te] FAHT H&o] 52 AFAA Azx 549 47 dYAANE A
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As 2Py,
microorganism, media and plasmid

B AP M= Aspergillus oryzae YTH-1 strain(argB™ mutant)®} ZE8t&v|=+ pIL]-16(argB
gene)e AHEEAT WMFES AT mediaZH A oryzae WY complex mediaZE YPD
medium(2% peptone, 2% glucose, 1% yeast extract)E AFE39 2™ minimal mediumS &
Czapek-Dox broth(3% Bacto-saccharose, 0.3% NaNC)a, 0.1% KH2POs, 0.05% MgSO4-7H:20,
005% KCl, 0.001% FeSOs7H:0)E AH&3t%ch Transformant® 918 selection mediaZ&
minimal medium®] osmotic stabilizer2# 1M sucroseE A}&3}H T}

Plasmid DNA Preparation
5ml LB/amp (25ug/ml) brotholl /\1 37C, overnight Y%Al 21 E. coliE eppendorf tubeo] &4 €
AE2 (12,000 Xg, 30sec)dted cell pellet collectiondt<] 05ml STE buffer (0.1M NaCl, 10mM
Tris-Cl, pH 80, 0.lmM EDTA)d cell pelletS A&7z AR (12,000 Xg, 30sec)std] A
59 AASL pelletS ice-coldd 100ul® Sol'n I (50mM glucose, 25mM Tris-Cl, pH 8.0,
0.ImM EDTA)E& #7lstel dgA7l &, o7)9 ice-coldd 200ul®] Sol'n II (0.2N Naoh, 1%
SDS)E H7bsld ZRAA2HA tubeE invertingd® 4o} FUTh icedl A 10837 wH3 A7) m
ice-cold¥t Sol'n IIl (3M Potassium and 5M Acetate) 150ulE 718t ZHAHA HoF H
iced) M 5%¥7F WA G F, 4T, 12000pmel 4 527 ARl ste] FE AL fresh tubeo] $71Th
RNase (25mg/ml) 5ulE #H7}sted 37ColA 30&2E WHE-3sle] RNAE A AR whgo] YW

2 %9 phenol:chloroformiisoamylalcohol (25:24:1)& #7tste] vortexdti 4T, 12,000rpmel A
5—:% 7 A RSt Asde #A5n 299 ice-coldd@ 100% ethanole H7bate] ~70TeA I
AlZl 47T, 12,000rpmeol A 1083 fA &8sttt 459 & AAST ice-cold$t 70% ethanol
2 29 washd & pellet® air dryAlZHth dryAlZ] pellet& TE buffer (ImM EDTA, 10mM
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Tris-Cl, pH 8.0)° = -20TCe] ®#3}sTh

Preparation of spore stock.
single colony® A. oryzae YTH-1& 20ml9 YPD agar medium <2 7lol HEA1Z & 30T
A 797 wigsal spore’t HAIHW 5mlel dH20E ¥z ZtZ Fojwth o] spore solution
cheeseclothZ I AIZI £ 8000rpmol A 1587+ YA EE ) spore pelletS 20mle] dH0E
o] & vortex¥ ¥ 8000rpmolA 1523 Y& I} spore pellets dH08 °l§ 3+ ¢ 9%
Zo] HrE& . % spore pellet2 10mle] 199 Triton X-100 %o =<l F ciir] A EF 3
t}. spore pellet& 3-5mle} 2 &odd =9 F 4T R#ASH ALL3AT

Electroporation

LEAAE o] 83 FAHATM = YFAAE W7 93 E42H Novozyme 234 (20mg/g of
mycelia), Hemicellulase (50mg/g of mycelia), Celluclast (50ul/g of mycelia)& - AF-&31 T}
10-10° sporeS 200mg/l DL-arginine®] £¥¥ minimal media®l JEA1Z) ¥, A orvzaeE 30T
ol 6A17HE< aeration(180rpm) A1 71 ™ vl F@ch. Hol® mycelia® 9000rpmol A 10%7+ A4 &

g 3o $£HI TS osmotically stabilized® osmotic buffer(1.2M MgSO4, pH 5.8, 5mM
2-mercaptoethanol) 5mlo] & 4=t} myceliag STC buffer(1.2M sorbitol, 10mM Tris-HCl pH
75, 10mM CaCl?) 2mlE /& % vortexd: 9000rpmollA 1083t 5 M AAste Fof. 0¥
Al 22 myceliag STC buffer 800ulell ¥ €5 &o &I 10ug® plasmid DNAE 25ulé)
STC bufferd] =< ¥ 800ul¥] non-protoplastd] ¥i o|AE A3FHe Zo)7l dmmE £ cuvette
of Y& I electro-mediated field transformation(EASYJECT PLUS, EquipBio. co)3t}. A

oryzae°l A electroporation®] 7 ZA-& 2500voltage, 0.5capecitance, 15400hmo.2 8 3 6057t
dE o ¥oEh mixtureE STC buffer2 F ¥ A FH3I & STC buffer 0.2mio] =AU}
cell& 1.0M sucrose’} 49 minimal media plated] HFE 3 F 30CoA 3-597F v I3t
Transformant&°] A&t €82 %A complex agar plated] &7 ©-& spore stockS 471 Y3l 30T

ol A Hl skt

Chromosomal DNA €]
A. oryzae©| 4 2] chromosomal DNAE Davis et al (1980)2] W& +AHTFoZH ALt o
2 106-1082] A. oryzae sporeE 100mle] YPD dAuj]o] HEE F 30CAA o]&E7F 571X A
sl ket At mycelia® Whatman filter paperg ©l€3te] A7l $ -70CA REdo &
d F AAZA49 010 - 0.12mm glass beadE o] &3t GrRALE Al Z9kth mycelia powder&
50ml polypropylene tubed] &3 % mg9% 7ml9 extract buffer (1% sarkosyl, 50mM Tris-HCI,
pH 80, 150mM EDTA)Z =%ttt MixtureZ 2083 icedll A ®l%3dlz 12,000rpmel A 10E3H
centrifuge tF. AZR-2 Al 50ml polypropylene tubed] €71 % 50ul RNaseA (10mg/ml)E A7}
star 37Col A 303t incubation ok 4F WS FY F 99 phenols FH7HAIZ1 ¥ 12,000rpmel
A 10%7F centrifuge® th. Extraction®] phenl: chloroform: isoamylalcohol(25: 24: 1)& #H7}sld
12,000rpmol A 1023t centrifugedith. &3 5U¥ H39] chloroform: isoamylalcohol(24:1)& 3
7Vy3ted 12,000rpmoll A 208-7F centrifugedt S . Extraction®] 3M-NaOAc (pH 5.2 : 1/10 sample

volumn)# 28} volumn®] ice-coldgt ethanol& 7HAI7] AL invertlystAl mix¥® ¥ mixtureE 10%
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7F oicedl EOFFRY 12000rpme 2 20%3t centrifugedti 1.6mlel dH202 %9 ¥ PEG
8000(2096)-NaCl(2.5M) (1/2 volumn of dH:0)E #7}eti 6087t iceo) EolFA ok 12,000rpmol
A 2082t centrifugedt @ 70% ethanolZ F W AA3 1 12,000pme 2 10¥3t centrifuged ¥
eppendorf tube® 7] TE buffero} ¢ -20ToA B33}

Southern blot hybridization
random primer$t 32P-alpha-dATPE ©]&3F prove DNATE Hodgson# Fisk(1987)e M<&€ 9

A
& A€tk 200nge] template DNASF 60ng?] random hexamer oligonucleotide primer& 3%
7t boilingd ¥ icedl 1¥7+ AR 8tH T mixtured] 2ul®) 10X klenow buffer, 10mM AQINTP 2zt
1ul, 100uCl®] [alpha-32PIdATP 1lul, 5unit®} klenow enzyme lulE& ¥ 1 £ F3E 20ulg %3
Atk w2 37C water batholl A 1A13F #8391 DNAE Sephadex G-50 column& ©]§3}4
32P-alpha-dATPS} ZA 3R] &2 provedt £85I th Agarose gelS T H7|ZHoz E&3)
¥ DNA fragmentsE Nytran filter(DuPont Co.) 2 &7]1& WY < Southern(1975)2] ®iof 93|
F3ystAth. 02M HCIZ2 FE3H o2 depurination A% % 1583F A2l A shakingd F 0.5M
NaOH, 15M NaClZ A L&A 30237 #Yglol shaking®|F™ DNAE denatureAlZ1Tth gel
05M Tris-Cl, pH 80, 15M NaClZ shakingdlF™ 4 &olA neutralization?|Z1t}. DNAE
nytran filter2 &7]17] 9814 10X SSC buffer(1.5M NaCl and 0.15M sodium citrate, pH7.0)=
overnight3t}. nytran filter2 crossing¥ ¥ prehybridization solution(50% formamide, 5X SSC,
5X Denhardt’'s solution, 0.1% SDS, 100ug/ml denatured salmon sper DNA)o| ¥ 3 2A)7Fs<9t
shaking® At W2 0.5ml9] 32-PE labeling® probeE 107t boiling® ¥ 10237t iceoll ¥ot&
t}. Hybridization& 42ColA 16A12H5<¢ 3438tk nytran filter& 0.1X SSC, 0.1% SDSZ 30
B AFstn 70T A x-ray filamol =2 A7tk AL filterS T} E probeS o] 838te] thA
rehybridization® # o= 0.01X SSC, 0.01% SDSZ 2084 5 W boiling3ls probeE AAAZ
% AL839 filter?] prehybridization® hybridizatione $19 & WH o=z FaFc)

Result and Discussion.

B dFNXE A oryzaed] ARG 585 NAsaA d¥AA AXE 9 dAR
¥, Yol7t 98 AAE o] 83t @1 Lolsle FALRE elelctroporationd ©] &3t A
A7l BHE A=3Qa

A 5ase g4
71&0) ZFole] FAHSNAME helicase, glucanase(Beggs, 1978), zymolyase(Hsiao and Carbon
1979)¢F @A 713 BHHOZ ALdE= FAQ  fungus Trichoderma viridedlA F&3%
Novozyme 234(Beach and Nurse, 1981)2 Al&3lgov B Ao A= hemicellulae$} celluclast
2 dAstey 2 A3 282 Novozyme 234 Hlw B4 HtHTable 1). €324 Azs Iy
o2 18417 uigE ol FAAE AREdIG, B AP dA e MFATS 104171 8AIte s &5
Sttt E49 H YA e Novozyme 2345 7] S 2 Hemicellulase$} celluclastd] F 2 A% 58
A& 23 hemicellulaseE ©l-&§ FAAZA A Novozyme 2345 A& ZA{ETE 308 ©
A2 B2 FAAFANE AU 4 celluclastS o]-&38F AP A= Novozyme 2348+ =ol7b &
2Ath. Hemicellulasel 9] £& FAXAE E&L LFAAY 3B 7038 Aoz AL
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2
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Table 1.

Transformation efficiency with various enzymes for protoplast preparation.

Enzyme Culturing time(hrs) Transformation efficiency'
Novozyme 234 10 43 x 107
10 .83 x 10°
Hemicellulase -
8 1413 x 10°
10 43 x 10°
Celluclast -
8 1 x 10

1. Transformation efficiency = transformants / ug of input DNA

[*]

I 34388 5280] 43FA AR Ag&TYe Y2vde AS AAEY d¥AAs FAHAE 4
Al &7 A AAHE JMAEE 52 4¥FA Qo] 5 FIAE a&As vEHEA &
o} wetd B AFo)AM hemicellulased] AMEA] & AR v e 4384A Y
4HTt DNAE Wolgd & e AHZY Ay &io] L Az Moz ol &
LR AARG &9 steAdel FHen 2 IHRES

o ox rfr o

Non-protoplast transformation

Expe] ol F wig AIZHE 18A17FlAl 12A17F 10A17Y, 6A17Y 2 @3 A]7]1H electroporation®
A8 AT Figure 19X 8AIZE widgt Wol¥aE HoF3 §lth Electroporation ¥ A X 9
&L osmotic stabilizer’t EgEHo] U= HMS uA 9 minimal mediaolA] Hla E413 A
(Fig. 2), osmotic stabilizer’} #7}5o] gl HMS #ANAE 70-80% A= =S BRI,
minimal media®l A& 40-50% Fx9 AEEE BAth ol AZIZUA d¥ &4d AE7L
osmotic stabilizer7} F7}g wiA|o A EaHA] 1 ¥ U JESS Hole o= AlgHY.
Non-protoplast FdAE- 28] WFAIZHE 10-6A1702.2 £ 7} electroporationdt A%}
10A17F Wi e AEoMe FEHE Fgo] 14 x 10° o)den, A E 67 x 10°, 6X17¢9)
AME 83 x 10°02 EAM= 2 th(Table 2). ©]& Robinson® Sharon(1999)8} A& oA 2-34)7t u)
Fo2 ~ 109 FHAAEAES 4 AR o ¥ Jelydx i) ©]21§ non-protoplast FAA
3 WYL Saccharomyces. cerevisiae® calcium chloride® 2](Limura et al, 1983), lithium
acetatex] €] (Ito et al, 1983)%F°] ST+ abortive FAAEA 9 £4& zZ+ AgEa 9 &3
1004 7H8) Algel Asete A A7, 10% oIWHZE el Q.

Figure 1. Scanning Electron Micrograph of 8 hrs—cultured germinated spores.
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Figure 2. Cell viability on minimal media and HMS media after electroporation.

Table 2. Transformation efficiency of non-protoplast electroporation at different

culturing times with A. oryzae.

Culturing time | Transformation efficiency'
647+ 8.3 x 10°
8AI %t 6.7 x 10"
104} 2+ 14 x 10°

1. Transformation efficiency = transformants / ug of input DNA
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