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=Abstract=
Improvement of Transformation System in Filamentous Fungus Aspergillus oryzae
Jae Won Lee, Chan Do Yun and Young Tae Hahm
Departments of Biotechnology, Chung-Ang University, Ahn-Sung, Korea

Aspergillus oryzae is a filamentous fungus classified in the group Aspergillaceae Ascomycetes. A.
oryzae is an important microorganism for industrial production of enzymes and fermented food
products. 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. It is fast, simple to
handle, and avoids the use of some chemicals. The optimum conditions for A. oryzae were determined
with pILJ-16 and ~0.2 x 10° protoplast cell at various field strength. The survived population of
protoplasts in the electric field were ~80% of nonprotoplast cell population at 1.3 KV/cm to ~50% at
6.3 KV/cm. The electrotransformation efficiency, expressed as transformants/ug of input DNA/population
of protoplast cells, increased with the increment of the field strength up to 6.3 KV/cm. The highest
value, 14.35%, was obtained at 6.3 KV/cm and 1540Q. Some antibiotics for the dominant selectable
makers were applied to A. oryzae and Tolypocladium inflatum. Whereas phleomycin was very effective
on T. inflatum, hygromycin B and phleomycin were not effective on A. oryzae. Protoplasts were obtained
with hemicellulase and celluclast, instead of novozyme234. More than 10* transformants/ug of DNA
with hemicellulase-treated protoplasts were obtained by using electroporation at the condition of 2,500
voltage, 1,540 ohm and 0.50 capacitance. Less than 107 transformants/ug of DNA were obtained with
Novozyme234— and celluclast-treated protoplasts. [Kor J Med Mycol 6(1): 1-8]
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H 2 &8 FE HErka e
mediated transformation method, < electroporation®]
M=]7] A7 mAE A= PEG/CaCl, method,
B2&9] A|E A= calcium phosphate/DNA copre-

it

electric field-

cipitation W0l F& o] &% v} 12y o] HHE
& U v BET} fibroblasts' SolME 1 mfo] &

A wk, AR W AED A= 1 489 M7t
AgrE] 3L gt} ofel Wl 714 °o]-§3h=
electroporation= o1 39| AxE

£9] 3]aL Ut} Electric Field-mediated trans-
formation-> cell membrane®l] =7+ © 2 high voltage
electric fieldE Ao]FH AET]| poreE FAsle] 1L
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Fig. 1. The restriction map of pILJ16. Abbreviations:
E, EcoRI; B, BamHI; S. Sall; H, HindIII; P, Pst; ori, E.
coli origin; Amp®, E. coli beta-lactamase gene; argB, A.
nidulans orinithine carbamoyl trasnferase gene. Sym-
bols; =, pUC8 DNA; , A. nidulans argB
gene. (Modified from Johnstone et al., 1985)
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Microorganism, media and plasmid

B Aqto| A= Aspergillus oryzae YTH-1 strain¥}
Tolypocladium inflatum NRRL 8044 strainS AF2-3}53
t}. Strain stock-> 30% =A™ 8o Yol 70Tl
R, spore stock= 4Coll B33}t Plasmide
pILJ-16 (argB gene)= AHE-3F Y} (Fig. 1).

WA 2= A oryzae W42 complex mediaZF YPD

medium (2% peptone, 2% glucose, 1% yeast extract)S
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AHE-3E11 2™, minimal medium© 2% Czapek-Dox
broth (3% Bacto-saccharose, 0.3% NaNO;, 0.1% KH,PO,,
0.05% MgSO,4-7H,0, 0.05% KCl, 0.001% FeSO,-7H,0)
£ ARESISITE T inflatum Bl complex mediaZ&
modified YPD medium (2% peptone, 2% glucose, 1%
yeast extract, 0.5% KH,PO,, 0.25% KCI)S AH&35131 0,
minimal medium-= MSH medium (3% glucose, 0.075%
(NH4),S0y4, 0.5% NaNOs, 0.1% KH,PO,, 0.05% MgSO,-
7H,0, 0.05% KCl, 0.001% FeSO,-7TH,0)Z A3ttt
ProtoplastE- ¢ vl 2]olli= osmotic stabilizer= 1 M
sucrose S AFESIITE AlYFE2 #4150 2 Sigma Co.

oA Tyt AREFATE
Antibiotics

&4 hygromycin B2} phleomycinS Sigma Co.
oA 918ke] 10 mg/ml stock solutionS WHES] 045
pum membrane filter= 2HF3F & 20T H 313
ARSI B el k= A SR (5~200 pg
of antibiotic/ml of media)= Bl ¥-& petri disholl &
7] AH Edate] ARg-8I3ith

A&

Preparation of spore stock

Single colony®] A. oryzae YTH-1S- 20 ml®] YPD
agar WAl HFAIZ] F, 30ClA 743t w3kt
FA7Y P 5 mle] dH,0E 9aL 247} Fofuid
t} o] ¥} -89S cheesecloth® A1 T 8,000
pmel|A] 1587 AAEE] 3FAth Spore pelletS 20 ml
9] dH,0E ©]-& vortex$t F 8,000 rpmellA] 1581+ €
ARElshe daks ¥ WESISith A% 2=
10 ml] 1%9] Triton X-100 &0 2 ¢4 %5a]a},
3~5 mle] 22 fHe] 591 5 4T Wt AMS-
33Tt

Protoplast formation and isolation

10~10% sporeZ 200 mg/l D,L-arginine®] ESte
minimal media®l HEAIZ1 3, A oryzaeE 30Tl A
18A17F 591 180 rpmol| 4] aerationA]7]™ B La}AT
dolEl myceliaS 9,000 rpmollA] 108-7F A1H-2]51]
THBATE 22 pelletol] 0.6 M MgSO,Z Y] Vortex
% 50 ml centrifuge tube®l] %71 9,000 rpmolA] 104

A E B8tk S WE L osmotically
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stabilized buffer 5 miell <1 -, &4 2]2]= 30C, 100
rpmOl| A 2A17F EF W wFsieivh diAlEs B
oA 7]129] novozyme234 (20 mg/g of mycelia)9}
TE-9] hemicellulase (50 mg/g of mycelia)9} celluclast
(50 ul/g of mycelia)yE AF&-510] H|aBFAT]. Protoplast
9] E2Joll:= ST buffer (0.6 M sorbitol, 100 mM Tris-Cl,
pH 7.00& AFE-31SIT}. =A% protoplastel] 2 X volume
9] STE buffer (0.1 M NaCl, 10 mM Tris-Cl, pH 8.0, 0.1
mM EDTA)E Y1, 4°C, 9,000 rppm 1037+ A 5-2)
& si9lom, A5-9S M2]al STC buffer 2 mlE Wil

oo 1=
=9,
Transformation with Electroporation

A. oryzae protoplastE STC buffer (1.2 M sorbitol, 10
mM Tris-Cl, pH 7.5, 10 mM CaCl,)2 = electropor-
ator (EasyjecT PLUS, USA)E o]-&3}o] ARSI A
Zich 2500 VH-E] 500 ©H917 500 V714 A-8-85ick
Cuvette®] 27} 4 ng2] DNA (pILI-16)5 ¥ 1L, 20% 5
St iceoll A wFBict BlREZS AMgst] Ada) A
7R 7] TS 7FeE $ 204 B2t iceollA] i
31T Eppendorf tube©]l YGS media (0.5% yeast
extract, 2% D-glucose, 1.2 M sorbitol)E 800 ul& Y7,
7] F4L 713 protoplastE A TH (34 H[E9]
1/5). 30°C, 180 rpm, 2 hrs, Shaking3}3L L}A], Aj 2
Eppendorf tube®ll STC buffer (1.2 M sorbitol, 10 mM
Tris-Cl, pH 7.5, 10 mM CaCl,) 900 pl2} Sample (viabi-

At (3]
23 \]E-o] 1/50). Transformant cuvette 571:= MMS agar
media®ll viability cuvette 571= YPD agar media®ll, 1
2] 3L protoplast®] FT5 271 Y3l control = 7]
S 718FA] 22 protoplastZ YPD agar media®l Z}
Z} 100 pl spreading}Ath (8141 H]&-©] 1/500). L F-
104 E<F 30T viFste] 21813AT) Selectable mar-
ker B3 tiA)| &4 Al 2,500 voltage, 1,540

ohm, 0.50 capacitance®l| 4] 2A|&}IT]

lity cuvette, transformant cuvette) 100 pl-S-

Isolation of Chromosomal DNA

A. oryzae©l| A2} chromosomal DNAE Davis 5]
WS Ao 24 ARE-SFSIT) Random primer®}t
32P.alpha-dATPZ: ©]-8-3} probe DNAS AHE-319] dot
blot hybridizationa 2 A5}t



EARS T ‘?.;ﬂ‘ﬂ CaClL,/PEG ‘ﬂo} S electropora-
tion®o.Z tlAsle] 1 =719 HAsE desigia
dominant selectable marker] AF8-2- 913+ A3 A<
A A AT, 1Ea dFEAE FAAE O

oA a7t dofut 238]8 FAAF F80] vl
T AUtk 7P stell DNA7F S04 4= 3ls 49
Hao 4TS F 7 UE HAEAE Foln izt
=go] PAHE F= ARSI
A1 hemicellulase 9} celluclast (cellulase®] EE)E AL
|3to] FAAZ 88 v FAIT

 novozyme234 T

Optimal Electroporation Condition

u| e 4% e BRIV HE
8} Fofl| A F83t 7otk E. colit}t B. subtililsell
’9¢] CaCl,/PEG (polyethylene glycol) WH-2 A|¥E 2]
competence =

& A3l A= calcium phosphate/DNA coprecipita-
tion WS F& o]g3le] ghor} o] M-S fibrobla-
sts SOIAE 1 Z80] AT e §3Y AlEelA
= Agairlol ool ALY, Htoll EojomiA
ARk FAAZRE electricfield-mediated transforma-

tion method (electroporation)2] 7= FAELS &3

771 g om wso] gl

ectroporation 7174S o]-&3le] AE U2 FHE
2, £ DNAE ESA71e BEHE gRio=A 2t
AESHA ATtel] g F83T) Aol ol Al
high-strength electric fieldE 2o Fo24] T2
2 Alete] 25 WSAA poress AT 12
@73% poress Folo] AU EH I} oF-EH o

AF = agto] o] Fofxint. Eut AlaEmitt 1 A

IS ek B4l tEne 2 g 21
BlollMe L 589 Ajo]E B2l Elecetroporationol]
FAHge] 7Y & G T wRlo] Algsta
3, 7]¥52] PEG-mediated transformation 2T} A
AAHo] Frh=d] g7l Qltt o3 Fxe]
W 78 Q3 2x}o]H O 7 transformantsd] $HY
2] high-voltage electroporation®] 2]3}4] repair sys-
tem®] s Qlrkar Arstar iy

whehA B A3 A= electroporation®] &% 71
o] A= o] 2AEN Zol| A electrical para-
meters FA3to] FAHE &5 Folax} sk
700Q00 4 2] FAH3 57 protoplast] AEE H
o] M= protoplast®] FEZ 02X10°2, #7] A4S
700QC. 2 313kl 0.5 pFoll A voltageE thE7] %
geto] &8-S WAl 23 A7) 1.3 KViemel)
A 63 KViem7H 57k A8 382 0.0684
X 0.1295= A3 1 S7FslH, dddAle] AEES
A7170] 1.3 KViem¥ W 71%°]3, 6.3 KV/emoll A=
50%= H71go] S7FE oY wolAt) (Fig. 2-A).
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Fig. 2. Effect of the field strength on the electroporation efficiency and the survival rate of A. oryzae (A) at 700Q2 (B)
at 1,540Q (C) 2,310, —@— Electrotransformation efficiency, —W— viability
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Table 1. Protoplast population of A. oryzae YTH-1 and T. inflatum NRRL8044. The germinated spores (~10° conidia)
were treated with lysing enzymes and B-glucuronidase at 37°C for 90 min

Strain Media Protoplast population (cells/ml)

A. oryzae YTH-1 Minimal media 4.3~4.6x10*
Complex media 4.8x10°

T. inflatum NRRL8044 Minimal media 1.8~2.5x10?

input DNA /number of survival cell2 1T} 1540Q01]
Ao P a8y AFAA] AEEIAE 13
KV/emollA] 3.8 KViem7HA] S71ers g2 a&
L 0074455 0.11362 79 HFS FX51E7], 5 KV
em®} 6.3 KV/emAtololl A+ 0.1360014 0.1435% o}5
wA3s] Folth & 4 FAAS a8 A =
7L 63 KV/iemollA ek 98dAe] BE8-8 7]
7ol 13 KV/iemollA 5.0 KV/iemZHAE 74%14 56%
2 93] Woix|t} 63 KViemE Z7181S w) 49%
2 UERIT (Fig. 2-B). 2310Q0l4E= 27130 13 KV/

cmol| A 63 KViem7HA] S71ek=, d2 43 a8
0.0201°14] 00722 7]&717} &9ks| F71ehe AES

BT YA o] AEES B, 1.3 KViemS! 76%
ol A 6.3 KV/em?¢l 58%2 H At} (Fig. 2-C). ¥ 23
A3} A oryzaeoll o] HA HAHS 7L 2,500 vol-

[}

tage, 1,540 ohm, 0.50 capacitance % T}

Studies on antibiotic—resistancy of fungal
protoplasts

Aspergillusel| A= oJ2] £F-2] selectable markerE
o

S Ee)sto] ALgakar Qlek S. cerevisiaeol A #2]3k
ura3"} pyrG" gene2 A. nidulans®] mutantoll 4= A
2 AT HER] kol selectable marker® ARE-SHA]
3t} T2y N, crassacll A #2]3F pyrG genee A,
nidulansell & H.ke] ¥} Qlo] AL gl
w1 o] gened o]&-&}o] vector5°| WSOtk
1 ]9 %= nutritional selectable marker= A. nidulansel]
A & @ trpC gene ¥} argB gene 5-°] A. nidu-
lans'®, A. oryzae!”, A. niger'®2] transformationol] 2*¢]
AL AL A nigeroll A #2]a W pyrG gene'’o] 1
auxotroph?] strain®] FAZEe| ARE-H L 1o A
oryzaeol| M= AREEIATI, 3}x|0t o]2]3} nutritional
selectable marker®] AFg-olli= 1 Aol HelE =

o
o1

-5-

mutant host cell®] Q2 St} wEpa] 1 AFox=
A. oryzae®} Tolypocladium inflatume] wild-type host
o] 2% A8 753t dominant selectable markerS 2t
1A} A gk dFAA ] AdS HlaL 24
ak3ich

Bleomycin 5= phleomycin resistancy S 7}4|+= E.
coli Tn52] ble gene™} hygromycin Bl th3k A&
S YERNE= E coli hph gene®] ARS- 7S £4
stazA}t gHAE-4 phleomycin?} hygromycin BE- A8,
T2 (5 pg~200 pg of
antibiotic/ml of media)= Y&AA|2] AP dS v]ul &
23T} Lysing enzyme®} B-glucuronidaseS germi-
nated spore (~10%)°l] *]2]3}o] A. oryzaeoll A= 4.3~
4.8%10* protoplasts ¥ WA, T. inflatumoll A= 1.8~
2.5%10%2] protoplastS AT} (Table 1). A. oryzae]
hygromycin B 434S 5% 5 pg~200 pg of antibiotic/
ml of media®l|A] ZA}3E A3} hygromycin 200 pgoll
M 7 RS 1o 1AL (Table 2), T. inflatum
ol M= S F= 25 ug/mlollA 60%] AESF 7+
25 HolH, 75 ng/mlol s 90% o] Alxds A
2 1o] It} (Table 2). Phleomycin #13d0l] vk 2
FlollA:= A. oryzaeol| 4] phleomycin 50 pg/ml of media
oA 50% =] A S B T3 31.0H, 200 pg/
ml EEAE 85% MES A7 BEEHA
3L (Table 2), T. inflatumol] 4]+= phleomycin &%= 5 pg/
mio| A= g A% qAlgat vehs AE B
FUT} (Table 2). 272 02 A oryzael A& hygro-
mycin B (up to 200 pug/ml of media)} phleomycin (up
to 50 pg/ml of media)oll Tt A FHALE sele-
ctable marker2 AFE-517] T WHA T inflatumell A=
phleomycin resistant gene<! ble geneS dominant sele-
ctable marker=2A] AME-E 4= QI Ve AS Bl F

Atk

selectable conditions 2ralA}

Qo
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Table 2. Survival of protoplasts of A. oryzae and T. inflatum with hygromycin and phleomycin

Div A. oryzae YTH-1 T. inflatum
Antibiotic Conc! 1 2 Conc' 1 2
0 100.0 100.0 0 100.0 100.0
50 100.0 99.5 25 39.7 45.1
Hygormycin B
100 96.8 99.8 50 23.8 26.5
200 98.5 974 75 13.2 16.0
0 100.0 100.0 0 100.0 100.0
50 40.4 40.6 5 0.0 0.0
Phleomycin
100 333 52.8 10 0.0 0.0
200 11.6 153 20 0.0 0.0
'ng/ml of culture media
Table 3. Transformation efficiency with various enzy- 100
mes for protoplast preparation 90 T
Enzyme Culturing Time Transformat%on (jg
(hrs) efficiency 260 11
Novozyme234 10 4.3X10° 350
Hemicellulase 10 8.3X10° > gg
8 1.4x10* 20 -
10
Celluclast 10 43x10? 0
MM MIMs
8 1.010° Media

'Transformation efficiency = transformants/pig of input
DNA
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Fungal protoplastE e =
I}

AREEE 5= Q=] 2 o) & helicase HEE glucanase®
zymolyase®™ 5°] Ut} @A Aspergillus®] protoplast
Az 7P BAX o2 AMSS= E4F fungus Tric-
hoderma viridel A} &%k Novozyme234~o]t}. o] &
a7l aase] APAR T p-1.3-gly-

canases$} chitinaseS X3}l AT} TS protoplast
AZA| F7HA] o de] GA4F 4lo] 2 A5 BT

=I5
[s}

zyme2349} B-glucuronidase (type H2S; Sigma)S 471
2.2, Binninger 5 (1987)<= Coprinus cinereus®l] cel-
lulase®} chitinase& 7] AF8-3FATE

i o2 agolo] PR = Ay wliE

Yelton 5 A. nidulans®] protoplast 34| novo-

Fig. 3. Cell viability on minimal media (MM) and
MMS media after electroporation

o DNA7} E0j71A] 33l 878 a8o] vrta A
Ztsle] AEHS AAANZD = Y aLE ARSI

gkom, 2 AMESl= &4V novozyme2349} 3
olo] MxEHS o]F=
chitinase®]t}. ©]&]
d BB FETF F
Ayztsh=d] 7]
-2 AAR protoplast”} A=
AFAA o] &3] 75/l AR 23]
o] sro}d Zlolel= 714 sloll DNAZF 5ol
= Hao &4TE T 54E ), O giFHa
2= hemicellulase®} celluclastS AF&-8Fe] 718k

29319t} Hemicellu-
T3

chiting E3f|5h=

3k @ 49] X Elof| A= protopalst &

A5S Novozyme2349} H]ul

lase 2= A|Eo] Al XHS 31 9+ hemicel-
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o]z
luloseZ w351 cellulase2]
endo-, exo-B-1,4-glucanase2] activity =S 7F4| 1L
o] AlEEE sk 28-S gtk NovozymeZ34—EL
715 S 2 hemicellulase} celluclaste] FA 3 &
S 4% A3, vjFA)zre] 104131 Wl hemicellulase
oA 8.3x10°, Novozyme234° 4= 431079 tran-
sformantZ AL WA celluclastE ©]-8-3F 2 & A
= Novozyme2349} & =Fo|7} AUt HE3h vl kA7
< AR R ‘:}'*’\]Zivo— ]l hemicellulase AF&-A|
1.4x10%2] HAAgA= AU} (Table 3). Hemicell-
ulaseol|A19] =& FHAS T8 protoplaste] 35
71918k Ao R o= FAHS G859 protoplast A=
aEIE= = A& AAREIL 5 protoplast= &
Adgk A3 A 8= A RS HER lj?%
protoplast A8/3¢] ¥ FAHS 8= HHIE]X]
=T} Hemicellulase2] AFE-A] 52 478 §8-5 1
o= AL protoplaste] A HT= DNAE Wl
I U= Hao AlFEHE Ao g A3 proto-
plast2t} &39] 7FsAdo] Ao, H& IEES B
Ql AoR AlmEt) gt Hﬁob\]ﬁ—% Eiats
troporations ©|-8-3to] FAHEE 39S o ¢
HHAZ &8 Hole gelakoirt.
Transformants2] 18 A] U4 transformant= *]-5-
o= ol H3] At ke rirt ARt sectors
< PAsk= AEC] Utk ol2g transformantES
‘abortive'2} F-2H, F& 315 plasmid”} chromoso-
mal DNAYI| E°17}4] PAr|A o2 = ATt
g ol E3 thar AzkE] o] ZIt) o]l
'abortive' transformant & =3] YX-oA = plasmid7}t
chromosomal DNA9| Eo]7} AA# ¢l A4S sl

A% A} webA B Ago A AoH transformant

AREH Ol celluclasts=

3ol

1=

elec-

=Oo
T =

O

gl

21}

=2

m1o rzi

E
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