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o]g-5lo] BT Azd vtog Ru|E-S AFHog i
A1Zich. =3 filamentous fungiv 394 §49 T AAA
27, 41) xFAL] AR oAl £ AAEC 2(3,15) alEte] A
EFeel S’ 9125 AA sta olvhE 1)

Filamentous fungi(Z-A}s SFola)e] 3=} wale] glol
21 54 AR e B9 oge) 3t

A A, yeaste} vl7IR| 2 AW 2 E7H 4l secretion
systemGEH A 2k 9127 (11), 4, Modification, cap-
formation, glycosylation, 78] 77 disulfide bridge formation -5-©]
o] olz} Ak whilgo} E4Ee) qhgAle] whg Eon,
Al#, transformation.©.&(32,33,35) 218} integration gene copy
number®] %7}2 geneamplicationo] (30) 41 4] o] Foix B2}
A 2719l Axg e homogeneous®)  hetero-
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Saccharomyces cerevisiae beer, wine, ethanol, humanprotein,
single cell protein

c-amylase, glucose oxidase, ca-
talase, glucoamylase, protease, po-
lygalacturonidase, citric acid, glu-
conic acid, oxalic acid 5
Penicilium, Cephalosporium B-lactam(3}23 )

Tricoderma. sp Cellulase

*F 2 glo] 2*o]i= strain 0. 24= A. niger, A. nidulans, A. oryzae,
A. soja, A. awamori, Tricoderma reesi, Penicillium chrysoge-

num Z-°] ot

Aspergillus sp.
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HENBIH

geneous¥t whalo] £o]3}3(1,2,7,13,24,28,36,37) YA, @&
filamentous fungi TFEo] U¥bH 232 “GRAS' (generally
regarded as safeyd2 3o} elalo)] shEF=r] ofol 8 o8]
¥ $lo] ol 8% 4 olu oA, Alxld oz dlakale de.
g} fermentationel] i3} dataz} Heo) UrH45).

22 SAMANAMS! filamentous
fungi?| =M

AAZ e ik Az A gakel gleixe]
fungi= o} 23 AT 9 giv}. FUE Ahe AE AR
4 EE 58 & ofF F WA 851 gic}. w3l o)F]
g ALEE o 7HA] dEet SAEE 2 e Aals
a2 olck ke g 80 FubZRA] A4 AR dhejgloh}
% - A ES o]43le ool sirt. zEp) TEv|Ee] U
2 AR 918 AR 23be) Selgtom AAlbgksl o
vhefAde] wo] spAt=ElgIvl. w 43183 71y whela]ole}
E5 Y Fgollle] AT EASE Fle] WAS o
% JEEEAgc weEole SR} wlEa PETY
(cycleyt -2 Zo] Aol HEte g §ujrl o] Foz)7|
x|t Awe} fungiollAlE &t whwbal Al (Glycoprotein) s
o} dEFate} 2l 2 o] Rojxict. A A o2 FgoldS
AAEE EAEE tlfA o B QlEle] o HyA o) gE
9lt}. Godfrey and Reicherte] 1990\ H.37.4 o)) 2]31A & Al A)
Aoz 2770 3AtellA 260572 T8 Aavt EAA
slem 1% 97707} fungioll Al 667071 Biwle]e}, 23707} A&
oA, 2507} FEell A, 9707} yeastoll A, 8] ar v 2] 7707}
actinomycetesof| 4] 9FEo{x] 3 gjr}.

American Type culture collectionS 53] 7158 2271 9l
= 462702] fungal cultureE AAsIEc}t. B3] 1% Asper-
gillus $F7) 71 oiokgk E4F AAts vz gl 97712
B2A2ZF 67} Aspergillus, B3] 1% 70%7} Aspergillus
nigerollA] A= G 9lch F - AE AlEzie 42w
o A4EE B4 testE UEAFNR] Zdhe 397t gl o
v} Fgolella] Aibd AL obFEl a7} gl altell
ulZ A48 $7} gl & 20| "GRAS™ Felg A3 gl




Aspergillus A& dFd & 29
F 2. Enzymes Permitted for Use in Food Products
strain form product
Aspergillus niger GRAS a-Amylase, Pectinase, Cellulase, Glucose Oxidase, Lactase, Lipase, Glucoamylase, Catalase
A. oryzae GRAS o-Amylase, Glucoamylase, Lactase, Lipase
Rhizopus oryzae CFR oa-Amylase, Glucoamylase, Pectinase
R. niveus CFR Glucoamylase
Morteirella vinaceae CFR o-Galactosidase
Endothia parasitica CFR Rennet
Mucor miehet CFR Rennet
M. pusillu GRASP Rennet
Abbreviations : CFR, Code of the Federal Register; GRAS(generally regarded as safe), GRASP, GRAS petition.
SR 2 A B0l x| 9lem "GRASE wEA|7|R] E 3. A oryzae o-Amylase promotore] essential elements
R8s AEE T testE WHAI A} et CAAT  GC CAAT GC  TATAAA
> - e .
Fungus2| expression vector JHgt “oh0 -450 510 lie0 S17s 125 90 @ o
—
A4 e15-83]Fo] filamentous fungi— 2}ejelol} &
2ol u]8l gene expressionel] gloiA] B} @& AHES
o)}, fungi expression systemo] Z gl o]2idt Ao H) E 4. A nidulans gpd promotor®] essential elements
o} t}2 expression system Bt} HEH L& w0} =8 o= fungi “pgk-box” *gpd-box” “CT-biock”
vansformation 7|0l RAl Aol HHT ER wans T 7 IR
“rmationA] F 83} selectionmarker2} A3 host cell 52 7} — T —
<bo] golalx] 3] w@olch slA WAlE sclection- 00 250 a0

marker@} host celle] o= Hx Apitg]eiglo] A FFT bz
3} fungiviiellA1 2] expressionel] thgh o371 #uls] AR T
ik

x5 fzle] 34l expressiond $5lo= F-olxr)
i Z-§F3 expression vectorZ} JtEe]of ol o] expre-
svion vectorloll= E. coliolA4{9] Al 2lAdol] H Q3 pro-
caryotic element2}(ampicillin resistence gene, replication 2.4
%-) foreign gen¥} regulation element7} Eof ¢} eucaryo-
tic expression cassette7} §h-f-5oilc}.

MF3FE Protein®] overexpression® TRe¥} 7-2 wig 2
z.of o] F 4 qlot.

1. 738} promotor2] o]-&-

2. Transformationel] 2}&} gene-amplification(gene copy4=2]

271
3. Signalpeptide & o] 8§ A E 1} 2] Z2] secretion

28t Promotor?| MA

A Z5 protein®] overexpressiond $15led= WA} trans-
cription leveld control3l= Zlo] 7H F8310] o] & $ishe
78+ promotor® XA, ARg3tedol Frl duiHow
promotor= o1 B (C-sourcer} 578 Oyl 2f3le] H =
% & inducible promotors} #Aell 3 Al A o=

constitutive promotor7} ¢Jt}.

Aspergillus expressionel|4]4= 738} inducible promotorZ A.
oryzae2| o-amylase(39)-} glucoamylase7} F2 AHE-Er}
(Van der Hondel, 1991, A. Lachmund, 1991). ®&} constitu-
tive promotor 24} glycolysis®] 34l &4:9) glycerolalde-
hyde-3 -phosphatedehydrogenase(gpd)2} pectinmethylesterase-
promotorZ} o] o] &xcl. 7 & gpdpromotory= constitutive
7] d el AR Bl o gl e B EHE
gl Uix|edol WHAF|7lH olF frg3ich dEEs
proteine] celle]] Q&-& FAEA) B = inducible
promotorg A& Zlo] Sl

o] A. oryzae o-amylase promotorol|:= promotor essential
element] consensus sequence TATA-box, 18]35 CAAT-
GC-box, “direct-, inverted repeat-sequence” o] So{g]t}.

o] TATA-, CAAT-box¥ Aspergillus®] glucoamylase®}
Phosphorglycerinkinaseol] Z&alj3l=7] 2.2 vebdoi(Gurr, S.J.,
1987). =3 GGGCGG-sequence & e} GC-box+= eucar-
yoteoll X transcription factorql SPIol| Ajtst= 7 o= viely}
tl(Wingender, E., 1988). 3} expressiono] 7alA] Uil
fungusoll A£$] "CT-block™©] transcription startpoint B} ko))
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T 5. S. cerevisiae MF o-factor®} A. oryzae o-amylase signal sequence2] ] 5L

&7

(Activity : unit/ml)

Promotor Signal sequence GOD,, GOD,, GODy Secretion (%)
ADH 1 o-factor from S. cerevisiae 0.2 0.05 0.25 78
ADH 1 a-amylase from A. oryzae 1.2 0.1 13 95
GAL 10 a-factor from Saccharomyces 3.0 04 34 89
GAL 10 o-amylase from A. oryzae 8.7 1.6 10.3 84

ZAske o2 odedd gJrh(Gum, 1987). 1 A® A
nidulans®] gpd-promotorell £ transcription startpoint B} 2. }ej]
“CT-Block”¢] &2)3}= 3t TATA-, CAAT-box7} Zojxle]
gjc}. o] “CT-block & AA3HE S 7% promotor activity7}
2F 80% Z¢]E-31 transcription startpoint?} Zg el 7L
2 vepgel. o] gpd-promotorviell “pgk” 2} “gpd”-box7} A4
sl=dl o] 2 boxoll&= “direct repeat sequence’ £ 8
promotor element”} 511 gpd expressionel] 43§ o3 32
713 el punt, 1990). A. nidulans$} A. niger2] gpd-promotor
plasi s S} “gpd-box’ 7} 509l o] promotors} lacZ-
GeneS ZA3}o] expressiond A|AE 23} “gpd-box 7} 8
gk A4 sl Al oE el

o
o o

M

FHXB} protein®} secretion

%2 filamentous fungi(TAts F3o )L AR} W 4]
245 Wel] of-$- E3pH el secretion system(FH] A A S 2k
glo] W E proteing A9 glo g EFsIA Bu] Al
giet. R protein®] Axe} vlo 2 Il Bule oy
7W2 FHe Zagled AA), £H]= proteine] vl Q1A
shar, £4, AxTE g4 A7 et ¢iv] wEe)] 2el A
Al A yieldE A 7} 3, AR, el AA AL s
2 QAo Azkg 7h et

Protein& &J¥bd © @ N-terminal =5}t 22l hydrophobic
%} 15~25 amino acid, A~$) signal sequenceo] 2]} secretion
o] = o] signal sequencet signalpeptidaseol]l <{sf 237}
. 19834 Heijnex= 7872 eucaryote signal sequenceE £
Asted N3, -1 -ruleg AAEEEH -191ele Ala, Ser,
Gly, Thr, Glage] S99l 32 aromatic amino acid¢) Phe, His,
Tyr, Trpo| v} A3 W33l Asp, Glu, Lys, Arg5o] 912w
39)A)el= E SA4¢] Asnolut Glno] &gk A= uh
H2, 19834 perman¥} Harvorson® ¥ %3t #41 A2 3
a3t 91o] A#E B EAlgch.

Aspergilluso| A19]  secretion& UWFA 02 extracellular
protein®] signal sequence-8 ARL3H= Zio] ¥t} o] &AHx{e]
o} AAEZE A niger|e] glucose oxidase(GOD)®] over
expression?} secretion-S 913} A. nidulans2) A. niger?) gpd-
promotor, 18] 7L A. oryzae2)] o-amylase signal sequenced} A.
niger2] GOD-signalsequence(26)2 AM-31siS 7% GOD<]

BEAY

Z protein®2 wild typerlal]l 7wiAxe] FAMS xighar
wild type2] GODex”} 0.3 unit/miql HbHel] recombinant
protein®] GODex:= ¢k 150v]3 % -2 48 unit/ml7} secretion
o] F &3 50~70% olAte] secretionEHAE AL 5 ¢t
3} fungus? promotorE-S 5HX] fungusal] A gt A48 4= 9]
A"t o] signal sequencetr= yeastolfA] £ E-§3 98 3= A
2.2 vepgdr} o] A oryzae®] o-amylase signal sequenceE
Saccharomyces cerevisiaed| 3-53}o] glucose oxidaseE 23l
AA B A3 E Sellx] B upel zdo] A oryzae o-amylase
signal sequence”} Saccharomyces cerevisiae Z}A| 9] 53}
signal sequenced! o-factor signal sequence 2.t} 2H3 protein-&
Brh o] 53p 0 2 (9F 3~4uR) secretionA| 7S o 4 9lgich
gk o] Hatg vlFo] B o signal sequence”} protein?]
AL A 3ES 7 & AR FEF

odubd o g Fajgko] E thlA S secretione] 7o
A H32] e Ao JARET QAT BAlEke] 170 KDagl
GOD*] secretion®] A deofili= 23& 7hqhal 2 of secretion
3} galeke] =)ol AdiAql gAYl Adkddyes &
9 ©A] EAlEpe] & wwjale ahg iAol wls)
secretionE 57 i Zeg Az Ec) AARE o] GODE
expression 24417} Wol] A]AFERjqt A2 secretion T
AL wfof F 3de] Auba{of wioFey Yol A detection® e}

Filamentose fungi+= High-level protein secretiong 22 )
&3 A @S, 2A4F) A glolH EF3 expression
host2 <IAWT e AAelet Fungie] °l=|d 5%
secretion A olE  E-7-8}aL secretion processt}  cellular
mechanismel] #3F 77} o}A n|-F&E AR o]}

A3t ShAlY) secretiono] Wate] & v AA|B] o)okr]
3 Bo)Z skx}b. djREe] Bu] A4EL glycoproteino] ™
proteinE-2] §HAde] Alabx|w Bu|r} A|zb¥ic}, Mammalian
cello] secondary mechanism-g Z}319]& Wbl fungioll= ¢l
= A0 2 oA gl

Az YA secretion 2] 7Ex] QA4F A o
3 e Aeg e qlrt. FungiolAle) Afzg Do)
secretion& A4 © 2 hyphal tip growthol] 2}3) #o}xEl=g) A
A2 A. nigerol|412] glucoamylase 23 A] hyphal tip growth
o] wa} secretiono] 7}l 7102 el (Woersten, H.

A., 1991). =&} specific organell®] %3], &3] endoplasmic



Aspergillus 31§ FFALH &8 31

reticulum®fo] Z7}8ho]] g} secretione] F7 S+ HOFE v}
eltrh. Vesicle activityol] 2} cell growths} secretion#}2] A
AB/A T o] FHdot. AAE Trickoderma reeseiol ]2}
invertase B& A] carbon catabolic-depressed straint= %!
cisternae7} 3415l ER ko] Z713}oll whe} secretione] 27}
= 8ba, wild type- & cisternae”} 3 4J %] 51 secretione]] o}
22 odzke] ¢l ez vlepgdtl =3V Phanerochaete
chrysosporiumol| A% o] & Ayt Jepded vl B
lipid substrateefA] wieF A] ERoFo] =iyl ulelr
secretione] ZE7HHE= & 2 4 gledvt. olelgl vesicle
activity7} secretions]] 3 3k &= -9 filamentous fungiol]
uh 23k 7-& ol 32 mammalian cell®} A7 A F & o]y
o] process7} &gk}, Secretory vesicleo] microtubulese} 72
g3lo] ATP-dependent processol] 2Jal] o]-Edkc}. o] AR
cytoplasmic microtubules®] 3H-g wiwlld] Mdude) Fi=v) o
g £} Fusarium acumunatumol 4] MBC (methylbenzimida-
zole carbamate), B-tubulin inhibitor, 5¢] 4] hyphae?] #4jo]
Z£ol5 7, 71 ey} W3l vesicles?] izt & vl g
xj7] wjiol] secretiono] A Wolvix] o=l A. nidulansol Al
£ MBCr} %% fungicide %4 A] hyphal apexeijA]
cytoplasmic microtubules”} Ab ¥-8 &ako] Elo] invertase2]
secretion®) FAEH-8& o 4 qlvh. 81X W Newrospora crassaol]
e ol i effectd Jehdch A2 02 inhibitor&E Al s}el)
fungii= stress response® Liehdich,

Vaculoe® secretiono]] °8k& nixje Zog &5
Trichoderma reeseiol| ] Bovine chymosin®] active form©.2
2u) gi=d] o}71& Prochymosin®] acid catalysisz} o
sageof| 4] Uo{rt vaculoesol] 2]3f periplasma membrane-2 £
5l hyphal tipel] 2=+ 72 S35}

outd oz Bulsly] A XE proteind ERANA A}2rs}lo]
Colgi apparaturel] o] 27712 ofe] 24338 7|31}, o) m}A] <
4} secretionell 2 388 7] R]‘=post-transcriptional
rodificatione] ©]2o{ xlrl. Signal sequence®} propeptide
soquence signalpeptidaseol] 23] 3L Arte] o]Feoix]
proteingtAlo] A& o 7 Jeldr}, w3k disulphide bonds3
4 5 folding processZ 13}o] 1] proteinEo] kAl sl ©
ti. ERZ%E2] Protein®] &34l 942 7] proteing] &
#3545 foldingoll 2eigirt. Unfolded proteinE2 A2
S-2)o] secretion system-& Hksl|8}A| Hri.

BiPu} PDI(protein disulpide isomerase) 5 effective folding

o] 9§ 3FS F1= enzyme 5-& E3) protein modifications- ©]F
ol secretion®] A 7PHE vk BiPi=  secretory
proteine] ERE E3sled] =28 F¥ molecular chaperon
2] Q- 37 PDIx proteinfle]] disulphide bonds®] 34-&
ol 27 g}, PDIE mammalian cello]} plantoll &= 53 oF

o] ZAN3}IL yeastel & cellular proteing] °F 0.005% A= 41
g}

}3H(Glycosylation) = secretionol] 2 QL sh= 202 1}
Efgtid] AulbA 02 eucaryoteol Al Aspe] NA-Roff 2
mannose”} 237 Ser, Thr2] Ol &FA] mannoseqt A==
d], filamentous fungio 4] A} N-glycosylationo] A&
A o= dAAHLR dYdatar) FE5E AAolv}. =3I
dolichol phosphater}
precursor]l cholin$e] 2] fungiof4] enzyme secretiond &
A 7= ReZ eyt A2-H o2 O-linked glycosyla-
tion:= secretionol] P o] 1 N-linked glycosylations= protein
2 b At pHUVE 232 ¥ 3le]] efgl Qb of] Aol

Cell wall porosity= secretionol] 33FS- F== olF £23}
84 Fo ahjolvh. Inveratsex= Neurospora crassadix]
periplasma spaceol] & wlwlel AnigerolAlE 70%7} cell
Wil ol 30%7} secretion= ™, A. nidulanso) A+ 50%7}
cell WE-oll, 50%7} secretion=t}.

e o) gl&el| & Bsly filamentous fungiolA]2]
recombinant protein expressionol] o}2 % B2 FA7} 9l A
£ 4]E A 8}5} amino acid sequence?} W&o Fria bz}
% foldinge] A&8] dejvix] A} glycosylation site?} &
=] ob-& 79, 2] 3 proteolytic cleavager} AR dojrt
2 & 757} 7] W&ot

ole]gt FA| AL s H] Genencorrl(Rochester, NY, USA)
o] AgAql AE Eol¥Al. A niger and A. awamory<i| 4]
2] expressionol] 9114 Bovine chymosini= Aspergillopepsin

surfactant(Tween80), membrane

A(extracellular aspartyl protease)ell 2]8] proteolytic de-
dolrdrt.  GenencorAbe ol2{dd EAAE
conventional mutagenesis®} Aspergillopepsin A gene
disruption-g- E3}o] a4 st yieldE 1 glo]al AZA 0 2 o]
Fo 9 5 ek

gradationo]

Transformationd} S EFRSE selection
Fungi(Aspergillus sp)® transformation®}¥-2 19832
Tilburn(32)ol] oJal /L=t FAAZAE Fof HEia
expression vectorZ host F3ol] transformationS A|Z.eg
integration gene copy number®] F7}2 <13} gene-amplication
o] 474 o]Fo]x 5}l protein®] overexpression-g F3) 1.
o protein2] A4S 7)HE 4= o} =E3FF expression
plasmide7} 2 chromosom DNA®] integratiénﬂﬂ wjj -F-of]
A&F} DA o] ukd A o}719 4= 9l plasmide?] stability
o= A3 FA7E =R 2o} homogeneoust} heterogeneousdh
bl BA5e] W g Folabl AR 4 stk

Transformation
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Aspergillus®]  transformation2- selection markere} 7
cotransformation Bl © 2 2185l chg3} Zho] AR F
& & Q)r}

X7, protoplast®] A, EA, protoplast®] F-e]e}
purification, A&, PEG$} CaCl,E ©]-4-3F expression vector2}
selection marker®] protoplastt] £2] trasnformation’s- 3GA| 2
b 471 s

Aspergillus®] dubA <l trapsformationA] & 1% 191 e}

Wl

1. Spore suspension} Protoplast34]

(1) 3x CM-plates]] sporeE FIF streakingdt¥- 37°C3}ol|
2~3 wlF(-& XL FRF HA Holok j).

(2) 10 mi 0.01% Tween 8022 Al418t sporeE suspension
A

(3) Spore(3 plateys 500 ml CD/0.025% (w/v) caseinhy-
drolysates] &% % 2 liter Erlenmeyerflaskell (no
bapple) 30°C, 150 rpm .2 15~18A]7F nief.

(4) Nylonfiltere)l filteringdt ¥ 1x 200 ml MP-buffer 1.2
2e .

(5) Folatolell Myceliad st Az A F 1A &4
ZA(Yield 3 - 8g)

(6) 1 g Mycelia® 5 mi MP-buffer 15 ¥ 5 ml Gilson$
0]-4-, & suspension® 7.

(7) 1 g Myceliatd 20 mg Novozym®} 15,000 Unit Glu-
c:!vlroxiidasef;;L g-e % 5871 -8 incubationd 7.

(8) 1 g Mycelia® 3 mg BSAE {2 & 30°C, 120 ipm 2.2
2~3X17F wijek. o) 308 ulc} @nlFo® FE(mycelia
o] 9Jo] digestiono] o] myceliaZ}b 9] ¢loix|™
Protoplast o] &4 7))

2. Sorbitol gradient(Isolation and purification of protoplast)

(1) ProtoplastZ 30 ml Corex-glaso] %71 ¥ 53¢ ST-
buffer [& A2l Corex- glas¥& o1&, T413] ¥& 4.

(2) HB4-rotore]l 25°C, 6000 pm 2.2 1087} centrifugation
&k 71 (1! no brake !!)

(3) % %Al 420 Protoplasi(e] AL ME FHelA
Pastcurpipette Z- ©]-&-, Hopjic}.

4) A Corex-glasel] %% 3 10 ml ST-buffer HZ A sus-
pension® 7.

(5) 1087}, 4000 rpm . 2. centrifugation(!! with brake !!)

(6) 5813} FA&}7 2% 10 ml STC-buffer AH () 1037}
centrifugation® 7.)

(7) 284 A& centrifugation#] protoplast=2S A7 (Cyto-

meter S o]4&).

AERY

1

Shake culture

l

Cell wali digestion

30" C, 15-18hr, 150 rpmino baffie)

Novezyme 234 20 mg/ig mycelia

B-glucuronidase 15,000 unit/1g mycelia
l (BSA) 3 mg/tg mycelia

incubation 30° C, 2-3hr, 120 rpm

Sorbitol gradient

l

Transformation

x2 (08 M, 1.0 M)

(5-10 g plasmide) supercoil or linear DNA

<PTC-buffer> PEG 6000 60 %
Tris/HCI, pH 75 10 mM
CaClz 50 mM
Selection Antibioticthygromycin) or Complementation
1 (mutate gene) in selection medium

Gene expression Shake culture, fermentation

28] 1. Aspergillus®] transformation step.

(8) 29 centrifugation3- STC-buffer 2 suspensiondt 7.
(9) Protoplast®] FEZ 1~5x10"/2002 2% 7 (- 80°Cell
B3 7Fs).

3. Transformation

(1) Expressionvector?} selectionplasmide 10 pg-& 10 pi
H00 & A& 5

(2) 200 11 Protoplastel] @3 587} AF23}e] incubation®
2.

(3) 50l PTC-buffer® H7}g T 20 H7b Abgsol
incubation®t 7.

(4) 750 ul PTC-buffer& Z7}gt ¥ 20 ¥ A2z}
incubation® 7.

(5) 5%7F centrifuge® 7 (Microcentrifuge).

(6) 1 ml STC-buffer= A H-F 200 plZ suspensiond 7.

(7) Zt Transformationprobe 3 ml Toplayer2 7zt selection-
plate(100 pg HgyB 7ol Z315 vl 3-8 7.
(DNA$] & probe: regenerationplateel] )41 (10>-107)

(8) 3~547} 37°C2 incubation¥ 7] (Regenerationplate+=
220F 42 A A).

(9) 2 Transformant- QFQ & 7Nl & A7) ¢ CD/HgyB-
plateel] 2~3 X streaking & 7.

MP-buffer I: 06M MgS8O, - TH,0
10 mM Kalium phosphate buffer, pH 5.8



Aspergillus Y9-8 dFMNEH &8

MP-buffer II: 15M MgSO, - 7TH,0
10 mM  Kalium phosphate buffer, pH 5.8

Kalium phosphate buffer: 100 mM KH,PO,

(pH 5.8) 100 mM K,HPO, - 3H,0
KH,PO,°ll K,HPO, - 3H,0Z pH 5.8&
%7
ST-buffer I 0.6 M Sorbitol
0.1M  Tris/HCl, pH 7.5
ST-buffer II: M Sorbitol
10 mM Tris/HC], pH 7.5
STC-buffer: IM Sorbitol
10mM Tris/HC, pH 7.5
50mM CaCl,
*TC-buffer: 60% Polyethylenglycol 6000
10mM  Tris/HCI, pH 7.5
50 mM CaCl,
Regeneration plate : CD-Medium+1M Saccarose
(osmotiging)

Selection plate : Regeneration plate+100 g/ml
Hygromycin B
‘Top layer for Regeneration plate : Regeneration plate+0.25%
Agar

Top layer for Selection plate : Selection plate+0.25% Agar

Selection
Host cell*} transformation®] ©}§-¢1%] % transformant®] 41
32 selectionmarker& o]-4-3F 27}x] wlilo] o) &5 7 )},

1. Antibiotic selection

Antibiotic. 2. 2+= T2 Strepromyces hygroscopiusZ2€] wk
45¢]A]+= aminoglycoside antibiotict! Hygromycin B(hygB)7}
125l =0 o) hygBi= ribosomew] 2} peptidyl-tRNA ) Al
> pp-tRNAmRNA®] translocation2 H}3)|3}o] translation-&
inhibitiong}t}. Selection marker© 2% pAN7-1& AlL-3}=d]
o] pAN7-1olli= E. coli¢] Hygromycin B-Phosphotransferase
F38t1 hygBE&
inactivationA]Z] 2.2 cotransformationA] ©] selection marker7}
o7t transformantibe] hygB-selection wiz]oljx] z}e}sr
wildtypet= Zl2bx] ¢fo} £o]3}A] 2u}E  transformantE-
selectiond} 4= glt}, o] Wb F7 A nigeroll4] o]4-5)=v]
hygB 3% 100 pg/mio}sleljr] transformantZ 41 A selection
gt 4= ). A oryzae®} A. nidulans| A+ hygB 5% 1000
ny/mlel it 7Hs8tr] el AAR AR-ahr] olg]a ==

complementation®* © 2 selection®] o} Feialc},

geneel £33 phosphorylationg

33
I 6. Aspergillus®] host cell&} selection marker
Mutant host cell Selection marker AUXO?OP h
medium
A. oryzae AO4.1(pyrG1, pAO4-2(10 kbp, amp") Uridin
nial4)
A. nidulans G191 p19. pyrG(5.1 kbp, amp”)  Uridin
A. nidulans G191 pDIB2(pyrd-gene, amp)  Uridin

2. Complementation

©] Complementation M © & transformantE- selections}7]
A A, mutant host cell?} S5, transformation$
chromosome DNAo] integration®|¢] ©] mutant gene2 tT}A4]
repairdt = 9+ selection markerg, 277 AR 70| A3
Holof gl v} HA7EA] mutant host cell?} selection
markergo] Fo] 7fubElo] gliz Ao] W eko} o] W& o]
S3l7)elle e At 2 Ee] wEct R 6ell APt F2
ARS-3]El E 71R] complementationsH 58 vhed & Hofch.

3. Type of integration

Yeastr} fungioll 4] 2] transformationA] expression vector2]
chromosome DNAG¢] integration¥|+ )&= £+ I7A| &2 1}
ghdeh(, 12, 35).

(1) Integration type I(homologous single copy integration)

Expression vector”} chromosome geneol] single
crossing over @ homologe integration®] = 7-$-0]t}. o]
type-2 2 promotorg testd ol gho] 3= dHefoln]

transformation4] supercoil Brh= linear DNA AR&- 4]

o] HelZ integratione] B Fgo] Al =}
(transformant2] 60 %]A}).
(2) Integration type II(hetelogous random integration)

Expression vector7} chromosome DNAS] %ol
integration E|& Zlo| olE} 2] Fef| integration®+=
FeZ dykdeog weo] delu: el o]
random integration©. 2 <13}e] £ E over expressiono]
Hohdeh(7).
(3) Integration type III(Gene replacement)
Complementation WP A] F8 275+ dHgg
Expression vector2] homologous geneomic DNA
integrationA] double crossing-over 2.2 <13}e] host cell
3} insert DNA7} A1 & HLA1%]e] gene replacement”} &

odet.
FungiOfM2] gene expressiond} A% 22

Protein®] wjEFA)akol] gloiA] classicdr A4bH (UV-muta-
tion)ol| = AAbeFe] gA7) Q1] wlEel] AF- Ao fAA}
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o

B 7. Aspergillusol| A} 2] AAF B3l

AN

4 A FEF =4
IL-6(1) A. nidulans (carriz, et. al. 1990) no glycosylation
Glucose oxidase A. niger N400 (witteven, et. al. 1990) 7.6 mg/protein
A. niger B60 (whittington, et. al. 1990) 2.5 unit/mg
A. niger NRRL3 (Jung, et. al. 1994) 0.9 g/l
Rhizomucor miehei Aspartic proteinase(2) A. oryzae (christensen, et. al. 1988) 12 g/l
Pectin methylesterase(15) A. niger (khagh, et. al. 1992) 200 wj
E. coli Aspartase(49) A. nidulans 16 multycopy
Lactoferrin(47) A.oryzae (Paulin P. Ward, et. al. 1992) 25 mg/l
A.oryzae (Paulin P. Ward, et. al. 1992) 2g1
Phytase(50) A. niger (Marisa K. Chelius, et. al. 1994) 3.3 4

#2243 23} recombinant-DNA 81 -8- 0]-88]0], & ofe] 7}7]
promotor$} terminator, structure gene®| 3H4d-& Es)e A
v oJe] s 34l Ak NS TS o Qo) 53
fungustell= 1,0007] ©]4k2] gene(#-dAhe] UL 2 5 53]
A33] 7}k promotorg 27 Sl geneEo| wWel &kl
o} o E S AHE B3] 849 o-amylase-promotor, E=
glycolyse®] F4 &Agl
ase-promotor5 transcriptionel] Ahs] B AL 7]x]=
promotor -8 ©]§3}] -2 protein®] A E9-F Z}3 &
% ok fungus 9] ez
fungus & ©]-83+ k& oz 7}X] proteing] expressione] (he-
terogeous expression) 8013} E i 12 <8 B A4
o} A9E JPxgcl. Ba] Al GAE AAiAel Inter-
leukin-60 |2} =] &AAQ] penicillium 2] B-lactam 52 %
2 &35 7hH skt

Geltr] dgFSel fungits thE Al vle) o} A7
secretion system2  zkiglrhk.  Yeastox]i= tHEE over-
glycosylatione] dejili= Hbdell fungiol| 42| Wale] Exe
glycosylationo] &3] dojdti= 7o} AaAld e g GOD
7} 8. cerevisizeol /] W FHE v FAlEke] 20 Ax Eo
Y AEZ  overglycosylationo] <elyt wbd, IL-69] A.
nidulans) o] 4] *381-% ¥ 51 glycosylationo] 333 dojrix] ¢
L AL B ot =3 ol AT 7S o8t
T3 A o) ool EF wA] 24, JE|m HE 2719 3]
3z A E392 29 971 vk £3) filamentous funginh
oA spores FAe EE TFEANAN E 5 Sle cell
wall growth7} dolvtrl. ol2idt 721§ Fol7] fla] A gol=
ST S 200 pmA 5k WA Al absted ambs) e o] ¥
t}. 3 A. nigeroll A+ pH 2~3¢)|4] citric acid, pH 5~ 8¢} 4]
gluconic acid, Z22] 1 pH 8 o]4ollA]= oxalic acid 5 B2 At
Bol e Asd] Aol 7Rt BASS 5] 4 g
23] A4 pHE-E 77 F o) 254 vljokg slefef 3
tl. GOD2} A |5 SR Art A niger MY FF

glycerolphosphate-3 -dehydrogen-

=3k transformation”| &2}

e

% GODAAEAL test(agarplate-test)S E3}o] B sl2f 9=
W55 A& F shake culture s Z3F GODAHEA & 5l
7V % A2 755 Akl ¢] GOD<= pH 3 ©]3}
o] A= degradationo] Yof}E 2 WA 2] 71A] buffer
system-2 o]-43s}o] wkF el GOD-activity2] Z& pH.5~5.5)
£ Adsicd. o) AA 9] pHLoA2] vk wild typerr}
2v1 2] GOD expression- 7}* 2 4 QIgl 3 w3 Ao Wi
Z23tell 4] wiz]2] optimization(Hinnenbergtif %] )}& E3}of
4ui o] AL BIE P& 4 AT protein gel-& E31e]
glycosylationo] A &3] ot A& ¢ 4= ot

E 7o) fungiol| A AAbE = olekFo|v EaEdl] e 3
3 7z Bgoh

o] fungi expression system< o] 8 1990+d 5] | 37 i
A Aol B A Fx1E stx gled 53 4 A
7} o] et Akl shel| 8853 gl AAelth
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