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EFEHFECLD L, BRPFETHASI A TOSHEERPenicillunis

YOTEMNICE heH, HEEEREFLALVLED, THC X
LBERBAATALVIERPHEALRITHL{RTFLEHTHDH,
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VREHELED
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AVORGEFOFROXEOEREZ XML L T, 1979 N crassa
( Case et al. ). 19834 IZ A. nidulans( Ballance et al., Tilbur
netal ORMEARRRFEEL NI LH, HFETHI98TFITA
oryzaeCOWBERNSTHETH S T & % linurab (1987) & Gomi 5 (
198N ICEhHKVWTHEEI WL, ThR &N A oryzaeD RIZETF DY
O—=—YVRMINAEEICAL Y., a-anylase( Tada et al. 1989 )%
glucoamylase( Hata et a/.1991a,b )<alkali-protease( Tatsumi
et al. 1989 )®acid-protease( Gomi et al.1993 )ZR L L T5
BEOREGEFUEBINBETHRESHITSATEZ TV D,

BEWic, "CORBEERFECO VTR, BEALLTHEYLM

fEEREECHLETa b TS 2L, TO b TSI 2 LREHSE

ZABKCINAEBCHERACEASELLOTHS. RAKKRKH

WHhAEEELTR, REAERGOREYITRLI#EFI—H —
BHEEATVWELENDY, TCERBEEREY—I—DAVLH
TW3, T¥HEFAAEINTVIERAHL TR, REERELLOD
Y- h—EHETEHLEHDOERABE, TRTOBEFELTLIHE
BhEMEXBAZOIIENSEL, A FELL AV, FZC, EEOD
T—h—L L TEAOAY CEEERSEERELTERE TIC, EA
MR ETFAHAINEZ LS k> TET WD, A oryzaedH
. TOLInEFCHTIMENE LD, ERWERETZ
FRTA2CRTUE—F—ORERLIRETILEN DD,
Ko, EHERICMOAEN RN KREIE, FahDNAKKH

HrEN, BHORETHFETDIILRIHFTTHD. HLTIR—HBH
. HEWMAABEE EFHRBMABRIOVTATOREEADH
BABVRI BN, NI —DINABF I —=DI YT LZOLD > T
HMARENDZ ENRB V., REFENOHARAAL L D HERRBE
FEL 258, R AR ENLDNAZ, FHRIBREEHEL
THERELE T, PHERKOHEHAFIBHD TRETHDLLVIRFD
Hb, TOZLR, BHEAOI I BEABKEMOTHELLEDELES
TIOBAECE, EHFORVWKEERMZHEATILENEZVDT, =
D&DHIEBROAFGETTHERELTD, BASEELTVWSAI L
BREERZETH D,

19905 KIZ% D, AVOMBHTECHERIOEELAALN,
A.nidulansi» 5 AMAI( Autonomously Maintained in Aspergillus )
PEa==IEh,. F2A3 FHORITY—E LT, @HAHE
DEFENICEX, B0EOHEERHED LANBH S5h i ( Gens et
al.1991), Z OBFIE. A oryzae A nigerTd ERRICH HERERN
TI7)—ORETHEEL, PEERBEEZ RBEC LA L, R,
ZDANAIR S| % FIB L TA oryzaed argBRIZF ( 485 1992 ), A
niger® nicB®{zF ( Verdoes et al.1994 )02 u—=r T ¥ O#
ER LI NDLICho ., T, SEHEARGBTOY 2y bH
You—— v, COAAITSAI FRARAENDZbDEERDL
hd.

DEDEIk, W CORGCFRERFORBRICLD, RETEHEA




BAEEIC L BIC# 5> T A nidulansii3 T/ < A niger®® A. oryzaely Yy—HNEOBEOTOE— Y —EH+2EL, TORBERICHONT

REUY VN IVDEEDOBEEL L THE TETW3, RS >N HEL, RES ORI EREOEREEE S (B—%) . kic, 4
S, B, RS, B BRABBORI 5 —OHER, BHEHERED S ODNAD BRI E ST

-EAELTEI VI REVWOT, SEFANKVEEZX SN AMITITAI K&,

DHELRREY VNV EEDE PHOMHABRKPSGTIAIFEMBECERTS2HER2VTH

WL 228> TWwa( Saunders et a/.1989 ) HeEmzr (B_FE) . FLT. AMAIRW%#FIA L T. A nigerk A.

VRREBOY YR 2BGHEHC BT A END, SBEE oryzaeD R b6, anyB7uE—4% - LB O Tos—%—
Z D A. oryzae( Barbesgaard et al. 1992 ). EHEOHAWNAMKA EBRELLE. MBLATOE—% —i3, HilhitE
5

A.niger, A. awamoriz¥it, RLHEBMECHVLLR TREI LRE, WERL LR anyBTOE— 4 -t h b BESVWTOUE— ¥ —iEH %

BEL LTORLHFBHOLATVS, o, BEIPERWHN L ~L. WALEOFEEEETL (B=%) ., BRI, BEEHOD

YOTurAKHMTIHREOEHSA S, AREELEFELTD MBCBATRTHEIVEERIECODWVWT, XBHTHELTR

B, REY VA EERDIHCLELCDLHRR, ¥V 0 LTwashT, MECHKEERTESHECOVTHEELL
F0f B LBEHOHME L OBREOEMY, AXO LN L [ nigeroHE, TONTIA N ERBTEE L AL

KAbN2ZLAERETHS, R, KBEPHRLH ELEE TLZboRlb—Yavitih, BEINAEZEATES
NEDEEHHICEODOT, ARHWEROTALSY V) 2 iEH L% (®pm#)
HEIBMTHRTDHIELFUFTESD
AHEIR., U ERREEREEC Aspergil lusBTHRET S TOE
— Y —FREBL, REY YR IEBEOBNETOE-F—D—2T
»5. A oryzae® a -anylase®® 7O E—% — (anyB) & O L Z T4,
BB LETOE—F—TREY VS 2O4AECFRATHIIEEHB
Kifohb0Thd, RME, 4 oryzaed ETMEENBRO N, 4

RBEKATRTHD) KRS L7 —+ (RNase) T /EFOTOE—




1. EHEHK
B—EOHMEKLEREGBT AT —HARBAKE L TA oryzae
RIBAOBEZ @A L 7, EAFEBICEH ML L TA nidulans 1F02006%k

FERALE, BSBE0TUE— S —REAOREKSA TSI —

A. oryzae 1F04290% & A. niger 1F06428%k &R L 7=,

B—EDA oryzacO W HERODBEL L T, A oryzae M-2-3(arg
B; ANW=F Y ANNREANITI VAT = T—EREHK: Goni et
al.198) % Ak, B_HUT DA oryzaeD WHEBRODBEER, A
oryzae 1F05240» SERABI X h M LargB BhEFEAL 2. 4
nidulansy KT A nigerO WHER OB EL, A nidulans G034 (arg
B . FGSC89). A.niger van Tieghem ATCC20739(argB ) % Eh ¥ h{E
ALE

HAamz 523 FOMBIZIE, KIBE Escherichia coli HB10]

H L 7XIM109(Yanisch-Perron et al.1985) % At 7=, E. coli Q359

(Maniatis et a/.1982)i3, E—ED A7 7—-YIFA4TF) —DEE

yLT. BLUEcoli Di5i2, F=FEOTux—y - REAORE

#3473V LTRVLE,

2. BAFSAI P

B—HEOTIAIFXRIH—E& L TplUC118(Vieira and Messing
1987) £ pUC119& pSal23(Gomi et al.198T) %, A T 7 —IR2 H—
L L TEMBL3(Frishauf et a/.1983)# ik, B_ELBRO TS R
IRy —& L TpUCI8ELpUCI9L Bluescriptl SK ZH Wi, ZF
fz Aspergillusi® D < —h —®{EF & L T. A nidulansdi 3k @ argB#
{ F % ¥ >pDG3 (Buxton et a/.1985)# MLL THAW., T53RA3I FR
» % — & LT, A nidulansth 30 AMAIBEF) % £ > ARp1 & pDHG25 (Dr.
Clutterbuck: GlasgowKF X DA, Gens et al.1991) % FhEh
mMTLTAVE LR — iR {=F ¢ . EcolioB-7 WV
O=¥%—¥ (GUS)i#t{zF (uidd: Jefferson et al.1987) % ¥ —-pBIl12

1&pBIIOI CREM) ZMT L TRV,

3. (EREH

Aspergil lusE D@ HERICII TELEOEREZR O,
Czapek-Dox(CD) 53 ; 2% EH, 0.3%NaN0a, 0.2%KC1, 0. 1%KH2POa,
0. 05%MgS04+7H20, 0.002%FeS04-7H20, pH5. 5,
Dextrin-Peptone(DP)3&t; 2%FF A kY ¥, ISKUXT b, 0.5
%¥KH2P02, 0. 1%NaNOa, 0. 05%MgS04-7H20,

A oryzae® B ¥ . FH 5 (1979) D HEICHEL, TORE XK %

Aovakzifmik, ERERSTTRKEEZARL L,




4. A niger® 3 ¥ R0 W E
RERUEAOERIDTOLOEA VL,

DP3E ;B af

1/2DPH5 M ;. DPES Mo o) K 9y 0 8 BE O 8% 3t

MYGHEHb : 1%ZFEZFIXR, 0. 4%B¥ REIXA, 2%7° Wa-A

MYBSHb: 0. 3% FIXR, 0. 3%B¥FEI%R, 1%2°W3-3, 0.5%\°

MY20%5 3 ; 0.3%Z ZF1¥2, 0. 3%BEFFIXR, 20%7°Wa1-R, 0.5%
LA niger(argB )T %R L, 25°C T I5WFRI S |k,

FRIFEELOBTHEBEL, 018V 1 — 20T MKk, BEMHT

TRFBRIFBEMNEL &,

5. WHAEBRKORE

A.oryzae, A. nigerOWBEEHRIT, BH O T b 75 X bk (Gomi
et al.1BNKLUTOLIIKSELVPOHREMATH - k.

To b TS5 A MOBEBEFIZ, Yatalase (E#EE) #HAV, 7
OhTS2MOKEEOLDOREBIR, 0punDF AT YAy v
Wieo A nidulans® T EHESRE, Kelly& Hynes(1985) @ A& IC # -
7z (cotransformation).

A-nigerox LV 7 baRbv—2a vikld, REFRFEILV 2 bof
V=Y a YARER THERKR, Rz FHRALRE (BRUNEFR) 28
W, FaNy bICNAEEBAEL, Vb boRfL—vavEfF-t,

LEDBEERLT, DNMOBAL I 7 UVF_vERESHEH S AL

HhE, CDERNEW ECRARRKE L ToML, HEOMAME %

T2 e

e KBEOREERIZ, Hanahan(1983) D HEK R L TH- 12

6. Aspergillusi& 7 & O DNAME % @ %
Aspergillusi&#% 100l D DPEH T, 30°C, 3HMBE H>EEE TV,
HIAT7 1+ s —BCHTEER, ZEKTHELL. KEBRVE
HHhE, BAZETOASHTHRL o, TERE® (10nM Tris-HC!
pHT.5, 1nM EDTA) KM B EHABBL, RO 7=/ -/ s oun
RIWAK/ AV T INT =)V (25/24/1) %z |iRE%, ELoEIC
Fhkiz®EDi, COEFZ2EEDEL, =5 /- VHERBRICLD
DNAEE 43 % B L 2. DNAZTEREMRICEMR L. VERX I LT —¥AL
AT, HUODNAZEWR L, TEMAEH®RICEBL L
IMAIT 5 R I K& FOBEERED, S 00 5INAD B
VA YF a—TH, 10nlDCDHEH T HE
kACT2HMEE TR, LEaomlkE, 2EREOBEMER
(1% Yatalase, 1.6M NaCl, 50mM!) »EE#Z 7, pH6.0) 5Sml% A0,
0CTIMTO FhTFAMRIER T e BLHSECEY 7O b

TS A zEHsH, 50nM Tris-HCI#R# #pHT7.5, 50mM EDTA, 0.5%SDS

B L., 3TCT30mHAEL, DNAEMtiE, REoT=/) -/

0Ok A TONAES ZFTAML 2, ELFRERE, BKY

ICPEGIEIZ K HDNAZ KSR L 72, DNAIREE(Z. 260nmODBRFEDL 5.




Azeo=lD & 250ug/nlk L TEHRELL

7. A oryzaeh & ORNABE 4B X FaRNAO A H
A oryzaet» 5 ORNAE 9 O WL, Cathalab (1983) D HEXHE
LTfiotr. 100mIOCDISHTHERL REFEFEERSR, HAEER

FOASBTH®RL, 6olD10% 2-ANAT b S ) —V%E aLNT T
ZUVFFIVT UBERICBRL Zni30nlAMEL) F7 A
B EMA S, 4CIK—KE, EFE0 58 G000rp) IC & H A
BEOEGRES QB L A, LN % HEE O 2 8 (15000rpm) L, %
BERNABE S L L CHBL., B ohBEMEd) FULBRICE
ST LA, WBED 1XSDSESUTEREHRICEBL, ¥ROT =
J—/bank i/ 4V T INT VI VEML, EOERIFK
FhokMAESEL, T4 —VEHBICEDRNAES FERL, HEK
IR L .

% 7-nRNAG F@% 2, poly(U)-Sepharose 4B(7 7 W ¥ 7) & BV
T ->7. RNAIBEE (X, 260nmDBIEEHD 5, Azeo=10D & E33u8/nl

ELTHELR

8. AspergillusBOEEAHBED M

Aspergil lusBOEBHEMBEEOMMER, £, KR LLEHER

GEETOAKTHHRL., TH%I10nM EDTA, 0.1%Triton X-100,

0.1%Sarkosyl, 10aM 2-A)W AT hT ¥ ) — & E$r50nM") >8R

BEIT.OKEBEL., FLo0E, LE*EEMEBRELL
9. BFEFEHOME
(1)YHFERXZ L7 —+E (RNase) T iE ¥

Sato5 (1966) D HEC R L TH- . KIG# (2.501) . 0.25M%
I VEE-NaOH#E @ #% (pH6.0):0.25m1 &, 7)Y V2 3’ BRY) VEOD
ing/nl B 0.25m 2 &4, BEERIOnLIZHFEMLL L Z2D0D22sDEE
BELEZRELL. TOARDS, Aez2:5=1.0x10°E L THME

AR, I9MICIzmoled XA+ 9 MTHERE IR L L1,

(2)B-Zwrua=¥—+ (GUS)EH

GUSHEME D ERKEM ETOEEM L REEKE, 0.005% 5-bromo-4-
chloro-3-indolyl glucuronide(X-gluc) &% &$eCDiM LT, WED
HMEICLOHEL L.

ERMZEMREE, Jeffersond (1986) D HEKHEL Tir-74. 100
M p-nitropheny! glucuronide? #0. Inl#% 0. 8nl ) i& ¥ M & FA § & #&
(50mM ") VEEFE®T®pHT. 0, 10aM 2-ANWAT by )=, 0.1%Tri
ton X-100) X ®FIL , BFEMEKO. InlZ ML, ITCTRES €,
2.5M 2-amino-2-methyl propanediol 0.4mlZMAXRIEZ &L, #
B3 Hp-nitrophenol Z 415nuORXECHEL 2. CORKERT,
0.010 ODix, p-nitrophenol® 4 FH& ¥ RH14000T InmoleERL L |

18 (7 (X —4 M Innole®p-nitrophenol Z 4K T8 FER L L .
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A1) TDNAD B K 4. T 2—=F XY\

.oryzaeD k5

DNAD & BLE 17 - oo

HL &

LFo&#Eo N4, T

Polymerase Chain Reaction (PCR) ¥ X % DNAMT B @ 318 6x SSC, 5xDenh

GeneAmp DNA Amplification Reagent Kit (E#EH&E) #HEHL T i1 TN A XBWT,

U7 vFeyATS43—, $#KDNA, 2.5units Tag DNA polymera al.1982),
sex#RA&E., #I{ETFMIGHERM (Perkin Elmer Cetus DNA Thermal
Cycler) # AWV T, B L T HDNAKTH #M8E L 2. RICKHITE -3

i, DNAOBZEHE:, 9C, 19, T34 7—ELD7 >,

B A5 —EBHERIG, 72C, 32E L. DRI % 30E# Y

1 3. DNAMAH O i §f REFR 3R

4 1) TDNADS K 3 o Gt 6EBR#R 2. Harrisonk Zimmerman (1986) (3 1 5 BE B 3%

OFEicEL. [ 7-2%P] -ATP L MEGALABEL Kit (E#&E) ZHAWVWT ¥L4E— 3

-7, ALY

#-. El®. Reaction buffer, 200mM dNTPs mix, ImMO ¥ > AB X SSC., 55°C, 304 M,

¥ Vogelstein(1983) ® AiEIC

mer DNA Labeling Kit (£

0. 1%SDS, 100 g/nlZE#: 4 7 DNAD N A

16BN, TN ¥ A4 XLk, BPIE, 2X

x SSC, 55°C, 1BfRIfT - &= (Maniatis et

% ¥t
DNAE 43 #Hybond-N" 4 QY AT 5
¥ rTasF+ 73, DNAEZ %27
Ly vsrs, BEOAY TSI VRT
nced chemiluminesce

- ¥ —EEEL ZDNABEI 5y, F

LZDNAWT A2 T a—T L LT, UTORGEDONAT

Y ETV,

X@EEIE

HEBIODNAZRRE L %,

TS—2 A2 —=VvT7OBOBE#EE




1685INA T ¥ A XL, %BIX2XxSSCEO0. 1XSDST, BRI TNV B:

VERKBIC LY SEL L
7Iv v h) RTAT 4 B

e

Hybond-NFA 4 a > A>T 5> (

=3 L DNAB A # 7o —TELTALTRELE

7. BEEMESORE

A oryzaeD T BEREOIRNAZ AV T, BI(987) DM ICHL

Tu—Tik, EEHEEPEENEL LT

-ATPCHE#R L . mRNA & DNAMR

HMENBINABH 05 Kim%x [r-"°P]

FONALTNVFAZLTORWIKHEESIRI VT —EToML AR

DRNA-DNAD NA TV o R 29 FRY—H— L ERCERKDH T

Bl BHELE, NMTVFAE—Y a YORER, Tn=22+

0.5% (G+€)-500/n (n:NA TN ¥ A X T2 _EHORL)DFRAAL

aey -
5T - 1o

& H50C T 168%F

18. 9Ty VEWH

Laemmli(1970) D S H L T, 10-2080 7S5+ ¥ bWV (B

It¥) TSIS-RYTZYNTIRYVERKBETVY XN I %

FEL. T2 WIVTOLIRIATOT+ ¥ YATALLY,




RNaseTz2i, Sato! ami (1957) kK & .oryzaeD ¥EER P
hI7AY—¥) TRREEH, Naoib (1959) 2 & R R R (A
%\ T Uchidak Egami (1967) 3 & U¥Rushizky & Sober (1963) D — 7 v
—TREWFhEFRMICHER S, ¥ N IHCH—LELFE

=

SN, RNaseTzid, P AVT7AY—¥HOERIBEL, HEFRY

HIEHRWTY FR3I6000L b 45 RiRNase (T, No, Ui, U2) &k

BARE-TWD, Y8208 HE LTI, B O pHE X

CTORETHH. MABKCHLTHLLRETH S (Uchida 1966), /AR
NaseT. b R by N2 THDH.,
WA HED £

y —Ehp 5B ET D RNaseT: & Br 2 H&RD

Kawata® (1988) iZ & - TRNaseT 0 ¥ ¥ )37 @
F 4 Rhizopus niveus®E U ¥ RiRNaseRhp 7 o — =Y YO8 E
(Horiuchi et a/.1988), B & UF1990% (=X U Aspergillusi®& T A
saitoiDIEBHERWRNaseND 7 I /BRI OHBE D H 5 (Fatanabe et

A oryzaeD & ME B/ MK D BEED I b, BRETFORBRITAR

19894 i

= (Tada et al.

— B OEXRT L L 3y i )T, A. oryzae®RNaseT:#f{x
DrIra—=yk— v g T2, 7=RNaseT: #{z Fo 7o
E-S—HEEAMALT, Ui BEFELTKBEDB -7V
7y =% —+¥ (GUS) ®{=F (uidd, Jefferson et al.1987) Z & L T
ispergil lusSB D BHEBRKETCOCSOLEERI S, a-7I5—¥H#

F (Tada et al.1991a) DT U E— % —EH®EEBE L. £ C
OGUSDAEERDP S, RNABREDOEHOHRMTOUSEHEROFHEIC OV T

RHL. HETOMMHATORERK DVTOREEF -1

(DUHERSZ LT —+ (RNase) T ®{EF (ratB) O B %
A.oryzae®RNaseT: % YR I2 D—KWBEDT I ) BET D HE (Ka
vata et al.1988) k., a-73I 5 —¥RIEF(aayB)O=FEEHDIF >

DERFEDOHSL (Tada et al.1989)Z2SF L L T. NEKw29mer, I




gEoXodi v HER sr. CRM30nero =FEHO 70—

)

Pro-Ser-Cys-Pro-Lys-Asp-lle-Pro

> CCN WSN TGT CCN AAR GAY ATH CC

To—72 ; hE#SE 29ner

Glu'®®-Phe-Trp-Glu-His-Glu-Trp-Asn-Lys-His"'?
Fig.1-1 Restriction map and sequencing strategy of the genomic DNA encoding RNase Te.
GAR TTC TGG GAR CAY GAR TGG AAC AAR CA Arrows show the DNA sequencing strategy. The coding sequence is indicated by the solid
(exons) and open (introns) boxes. Abbreviations: £, EcaRl: H, HimdIl: K, Kpnl: N, Nhel:
Ne, Neol: P, Pstl; S, Sphl: and X, Xhol

Fua—73 : CK¥%m 30mer

[1e23°

Lys-Tyr-Leu-Pro-Lys-Lys-Ser-Glu-Asn®**®
ATH AAR TAY YTN CCN AAR AAR WSN GAR AAC
RIZA or G: NiZA, C, G or T: WixA or T; SiXG or C: YiC or T: (2) rotB& 1z F O EEBT
HiZA, Cor T # = PART- 10> Nhel B J+ 3. 3kb% pUC1 1942 4 7 & & — = ¥ &7 L (pART
-2), V=PI RERELL. TOWROPZER, FEKRLTA

A. oryzae RIBAOBR DEMBL3D R th 54 75 V) — 1000075 — 7 & ho 7aRyBROVELET, ERCKIRE ST Neol B 1. 5kbdD > —

5., NEBLEBOTO—TTRENATYF A XFE20—>12 ryx v A%E®REL K (Fig. 1-2)

BEBr, TORNIBEO 70— Y E—T, Hindll 4.8kbA=FMHO
To—TTHICBHEOWH THNH, pUCIIBK ST 2O — L & (pAR
-1). Z208BRBEHR LY -~V AEFTILDOT V-2 a Y

) —X#&MERL L (Fig. 1-1),




Ge C AAC
r Cys Cys Phe Asn

200
GAT TCC T
Ser Asp Ser

tetag G CCT GAT AAT
P Pro Asp Asn

350
C ATT CTT CAG GAG CAG
Ala Ile Leu Gln Glu Gln

Glu Gly Asp Asp Glu Glu Phe
500

agcgccactataaggetcgtggatigolaactegt

TAC ARG GAT TAC TCC CCG CAG AAG GAA GTG GGT GAT TAT TTG CAG AAG ACT
Tyr Lys Asp Tyr Ser Pro Gln Lys Glu Val Gly Asp Tyr Leu Gin Lys Thr

650
T AGC TAC AAGgLttgtcatatclcactcaatcagasacccCatcgeata
Ser Tyr Lys
750
gGCT CTC GCC AAA GCC GGT ATC GTC
Ala Leu Ala Lys le val

800
CGC AGT GAG ATC GAA TCC GCT CTT GCC GCG ATC CAT GAC GGC AAG
Arg Ser Glu Ile Glu Ser Ala Leu Ala Ala Ile His Asp G =
180
500
GGT GCA CTG AAC GAG ATT TSG TAT TTC TAT AAC ATC AAG G
Gly Ala Leu Asn Glu Ile Trp Tyr Phe Tyr Asn Ile Lys Gly Asn
200

GTA GAC CTT
val Asp Leu

ccC GAT
Pro Asp S

ARG cce
e

6o
Ala

CAG CCA ATC GAC ACT Cgtaagtgtctccagtccatgogtta gttgtcaagtoagciast

Gln Pro Ile Asp Thr L

1050
CCT GGA TGT TCC ACC ATT MAG TAC CTG CCC AAG ARG AGT GAG AAC
Pro Gly Cys Ser Gly Ser Gly Ile Lys Tyr Leu Pro Lys Lys Ser Glu Asn
239

1

TCC ACT
Ser Thr Ala Ser Al
200

CST AGT GAC CAG TCT GTT OGC TTC AAC TGAGAATGTTCAGTATAAAGGCTGATGAAGATGGS

he Arg Ser Asp Lys Als Ser Gin val Arg Phe Asn Stop
259

200
AGCTGTATGTTCT) TGTATGTCTATGGTGCGTTAGGTTTTGCARTGATGT? TATTATTAGGATATTTTGL
1300

GAGCTATGTGTACATGTCACAAAGTCCTTGCGATAGTTTAACTACAGTGTGTGT CGOGCCGTACAAAT

Fig.1-2 Nucleotide sequence and deduced amino acid sequence of the RNase T: gene from A
oryzae. Amino acid residues -17 to -1 represent the presumed signal peptide sequence, and
240 to 259 represent the C-terminal processing region. The transcription start points,
determined by S1 nuclease protection, are double underlined (A: -55, -47) relative to the
translation start point (+1). The putative CAAT and TATA-like sequences are overlined:
sequences homologous to the internal consensus sequence, RCTRAY, found near the 3’

terminus of the fungal intervening sequence, are underlined.

SNTWHWAET R BL % (Kawata et al.1988) L ¥+ 5 L.
KBy R0 1BREBOY

kO LHITHRBEBIC O VTR TF FOEDE TFHEENDATCHHF

T/ (Kreil 1981, von Heijne 1983)s BEX > —J T Y 2D

JEEENDH2A7 I/ HEBEFELTE D, RNaseT=% ~

59bp

5'-GTPuNGT:--PyAG-3'& %) (Lerner al. 1980, Mount
KIRICEVWAHIZ, AT534RA&h

Mg EEKT A2 HD5 -PuCTPulPy-3' A2 %! (Ranb

osek and Leach 1987) 4% i2IEFRHFE L T4 (Table 1-1),




Table 1-1 Splice signals within the introns of the rntB gene

Intron* Sequence” Intron
length

5'-splice Internal 3" -splice (nt)

site site site

GTTAGT AACTGACA-TAG
GTAAGC+~TGCTAACTAAG
GTTTGT TACTAACC-CAG
GTAAGT AGCTAATT~CAG

Consensus GTRNGT RCTRAY-YAG
sequence
in Filamentous fungi®

a The locations of the introns are shown in Fig.1-2
b R, purine: Y, pyrimidine: N, any of the four nt
¢ Rambosek and Leach (1987)

EgAEHOTOE—F —HETE, CAATEF—-IFBERTFO—

D2THATFIDDEEEBLEZ LGN TVATATAEF — T L Wb kil

WGBS 5% (Gurr et al.1987). rotBREEFOTuE—%—0HE

LERETC, CAATECFIEHFAEL T, HEMATATARTI B FELE
. TATABRORZIAE B b, Ly —IF—F—HEKIZ, K

YAMEHE Y 7 F IV T HHATAMB SR 5 heh - T,

M, EEHRESE . BL R niveusORNaseRh& 8T H L, 4
YINZDEED Y —1342% % 8 (Horiuchi et al.1988)Eh TV 3
B, A b YVEBROWEERRY VN2 %3 —RFT3849 DDNAD K €

V—iX, 5I¥E B NBVREQIY —Thot, A YO YOKREE

L4DTh- o', TOHABAB LU K2

BIERI RO E 5 V@i
rntBE{EFOMEM 2 K> L F L A oryzae?® a -amylase (Taka-
amylase) @ ¥ {z F (amyB, Tada et al.1988) & R. niveus® RNaseRh (

Horiuchi et al.1988) #EZFD I F DB % 17 - /= (Table 1-2)

rotBL anyBTiE, =FHOMERA I F Y DCE L ECOEIAL, £h
FNn65%(180/2777 I J B) £ 66%(328/500) £ GCICRAERARBRH 5
;s -FiRNaseRhiZB W TIZ, =FBHOIF > OERBEEZ, U2
55%(131/239) L £ B o, BHICLS2HREEZFZSN S,

H4#TH DA oryzae RIBODOREEICHFET D rotB&{n+ O 4

VRN & 4T > o (Fig. 1-3).




Table 1-2 Comparison of the codon usage between the RNase T: (rnt8), the Taka-amylase A
(amyB) gene from A. oryzae and the RNase Rh gene from 2. niveus

Aminc Codons RNase T: Taka RNase Rh Amino Codons RNase Tz Taka RNase Rh
acid amylase acid amylase

Phe U Ala G 12
GCG 10
UAU

oo -

2
1
0
0
1
3
!
8

Fig.1-3 Southern blot analysis of A. oryzae RIB 40 genomic DNA. DNA was digested with
FedRl, Pstl, HimdIl, Nhel, Ncol, Sphl and Kpnl, and separated by 0.7% agarose gel
electrophoresis. The separated fragments were transferred onto a Hybond-N' nylon membrane
and hybridized with the 4.8 kb HindIll fragment using the ECL gene detection system (
Amersham Corp.) (Knight 1990). Arrows indicate the A/Himdll digested size markers. Lane
Kpnl; lane 2, Sphl: lane 3, Neoli lane 4, Nhel: lane 5, Himdlll: lane 6, Pstl; lane 7,
EcaRl

=
- o

Fa—7r L T4 8kbD Hind M BF v % 65/ L

HIREERECRT &5 2 &R

A. oryzae® ¥ f (& |

5
1
0
0
3
0
3
2
8
5
7
3
11
5
6
2
5
5
5
2
1
0
0
1
0
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(4) & H & #& ¥ D RNaseT: & #&

WA TS A 3 FpSal23(Goni et al.1987) L pART-1& %, T4 O
RNaseT & #2370 & FA & f1 5 A nidulans GO34iZ cotransforma
tionlL 7z, 185 n 7= HERMK OB R ORNaseTEEZWET B &,
rotBE R R WRZ Y —FE OB EERELERD L, HIEETLS

fEEEo LAMED S i (Table 1-3)

Table 1-3 RNase T2 activity produced by transformants

Strain Plasmid Spec. act.* Ratio®
U/mg protein

A. oryzae pSal23 36
H-2-3 pSRT-1 100

" 89
A. nidulans pSal23 1
G034 pSal23+pART-1 464

Fig.1-4 The structure of plasmids pART-1 and pSRT-1. The 4.8 kb HimdIll fragment containing
the entire RNase T2 gene was subcloned into plasmid pUC118 to construct pART-1. The DNA
was digested with Aimdlll and the fragment was blunt-ended with T4 DNA polymerase, ligated
to Basil linkers, and inserted into the Badll site of pSal23 to construct pSRT-1.
Abbreviations: B, Baalli E, Ecdil; H, HimdlI; N, Nhel: Nc, Ncol: P, Pstli S, Sphl: and Sa,
Sall

a Specific activity (umole/min/mg protein)
b Specific activity of H-2-3 transformed with pSal23 is taken as 1

A.nidulansO B HERGOEEHK O BRE R DSDS-PAGET X (Fig. 1

5), A oryzae®RNaseT:% ¥ /323, > FEA36kDaTRES WABKT

%7, Fig. 1-4C R T pSRT-1% fER L T. A. oryzae(argB’) M-2-3 H5HE#EE (Kavata et a/. 1988) TN TV A, A nidulansTRBE

BEMEERT S L, 4 OREKCEXHRERETIE, HEET BTHLHTFREFRET, BWHAHME N TSR AT — A RNase
2.8 LA L RBS AN, Tod YN EEELE, THHEDOT EIRED, rotBRIETBiEHED

HRNaseT# 2 —F L TWA I WAL NE o T,




& (1991a) L & A. oryzae RIBA0¥K D aayBT O € —

V-5 —RBIETF EoB-ZNvru=¥—+¥ (Gl

S)i#t{xF (uidd) # pSal23i & L =pTAGIZ B> TR VWL, 2O

pTAGID anyB S U E— % —DEDH ICrntBRIEF O T U E— ¥ — K

%z 503 Pstl & Neol (Fig. 1-1, 2: ATG# Mung bean nuclease
D)DK TOE—F—RITHBEAIALRI IV —ZWEL

> (pRNG)

Rk EHLE L

# L 7= (Table

Table 1-4 Comparison of GUS activity in the rntB8 and amyB promoter transformants
Fig.1-5 The SDS gel electrophoresis pattern of A. nidulans G034 cotransformants. Cultures

of the cotransformants with pSal23 and pSal23+pART-1 were concentrated and then subjected
to SDS polyacrylamide gel electrophoresis. Lane I, transformant with pSal23 (40ug
protein); Jane 2, transformant with pSal23 and pART-1 (40ug protein); /anme 3, molecular
size markers. The arrow indicates the position of native A. oryzae RNase T» (36 kDa).

Transformant®  CD* GUS Protein Specific activity

nmole/min/ml ne/ml nmole/min/mg protein

pSal23 glucose N.D.€ 2.3 N.D.
pRNG (rntB) glucese 21.7 1.7 12.9
pTAG® (amy®) glucose 128 2.6 50
G) rntBREFOTIE—H — 8 i pTAGL (amy®) dextrin 2900 2.3 1280

EEESEESIT o VY ook |7l 8 ] Two independent A. orvzae transformants with pSal23, pRNG, and pTAGl were
tested for GUS activity
Each transformant was cultivated in CD medium containing 2% glucose
or 2% dextrin
M-2-3DRNaseTE OB W EERKDOIRNAZ IV TRET Not detected
Tada et al.(1991a)

oryzae RIBAOOmRNAT (X, B

ZOTEIRED, rotBRIETFORBBEN VW EFHET

BHARBHAR S DATGOD L. -4T& -G5bpD i 7 7 = ¥ D (L [T,

PROLNEEME R EHEE L & (Fig. 1-2),




GUSOHiEMEHET S E, mtB7aE—4 —F, anyB7Ou€—%

—ORFEBLINVI-ABETOHFFERMELINOHEL, 1/4BEL

b, FEEUTHETFAN) VEROI/IBEL, FHEHSH

WTOE—F —{EHETH 2

B)rotBR{izFOTOE— ¥ — DR,

A. oryzae M-2-3% @ rntB7TuE—4% —O R BEHEHKEZ AL, GUSHE
MEEEL LT, FEETLRVBESELEILNDRNA, X Z VA F
B, 2 LAY F, BBOGNCLZ2REBROFHEIIOVTRE L

(Table 1-5)

Table 1-5 Effect of medium condition on GUS expression

Transformant Liqud GUS (intercellular)

medium nmole/min/mg protein

pSal23d CD(2X glucose) N.D.*
PRNG CD 14.3
+0.2% RNA 8.5
+0.2% Nucleotides 8.6
+0.2% Nucleosides 13.4
+0.2% (A+U+G+C) 14.8

Solid GUS (koji extract)®
medium nmole/min/mg protein

pSal23 70% Polished Rice N.D.
PRNG Rice 15.6
+0.2% RNA 15.3
+0.2% Nucleotides 15.0
+0.2% Nucleosides 14.3
+0.2% (A+U+G+C) 16.0

a Not detected
b The rice-koji was frozen in liquid nitrogen and then ground with

glass beads for rice-koji disruption

BAEEBIVEFEECBVT, TALOBERLHLERNBS
MEOGMICLY, GUSIERED EREED SNl ok, #- T, A
oryzaeDRNaseT.% ¥ )37 3. BHNOBBE LI L > THEHELLGL
W4, £0fbod a-anylase(Tada et al.1991a), glucoamylase
(Hata et a/.1992) k¥ DY WEEHE L B REZ BB EEKCHS =

E. HDVIEIRNaseT R o WBECR AW LA CIHHERETZ S,




BNE TE
{. oryzae RIB40R D ') K X 7 L 7 —+ (RNase) T B & T %
EERT 2R
TWB5% 1370
2/. 1988)
= O rotBR(E T3 z, RNaseTz LTS T EAH DEIRITHEIODTYTFTVRTFFEHR . A.niger®
e T y  3E 45 | glucoamylase(Boel et al.1984). A.oryzaed a ase (Tac -]
RNaseTs i e A E LS 5B A nid ! %, »amy lase(Boel & 1 )ryzaed -amy lase(Tada et

D)

R EERRSRBTEE al.1989). A.oryzae®RNaseT: (L& 1991 FhEh, 24, 21,

JBETHHLBEIATVWAOR/LT, RPREVI T TN
(3) rotBFaE—% —kanyB7 0% % A. oryzae® T H 2 R £k A TH5 Fi. XABREIELFERHTH D, R
o CUSO 4 BE R TH L 2o ratBTOE b — X anyBT O E— niveus®RNaseRh7%, (ZIFEBEDI6T I J@MEeBES L TS (Ho
— ’,J /. P - LY > p

o — DEEEDI/L, B 9% 0k ) 1 /10072 BE SO E— & — i riuchi et al.1988)

T=WARKN-Z) 2y FREAEH

r or Ser) B&FHEL

k3~4o0D~v v/

Y V82 OCKMDAsn** b 12D F VA I VHBREEL

N T\ 5 (Kawata et a/.1988), EHERFZRET S &,
Asn®*®-Ser®*°-Thr**' L LK) I VL —¥ ¥4 bELHEZ
N3y, Aby TaARYRBEHLHAT, &KH2N7 I JEATMEH

THh. post-translationalz 7oy Y 72X TWHEERDH

N3, oL Tuv Y YR INETOM. A oryzaeCRBEN




&<, N crassa®pro a].1988) ¥ pro-tyrosin

ase(Kupper et al.1989) %%, 73 ) EBOCEKEA .

RTPFF¥—ERLLhTaky Y rxnBcWENDH. BOORS Y

KEEFEEZLND ZoHEHMCO VTR, SBRRHD

HENBHTH D,

19904 & & i 7z  RNased* B U 1 < ntash, Bz iXFEEORNa
seAld. 1960 KB 4ELFHEDP LI L TWEBETHIH
(Anfinsen 1973), ¥ B oOME (7 ¥¥4+5=> i 755 1M 5 AL

B F. Strydom et al.1985, Kurachi et al. 1985) > # £% f B 0 FE 4

(Gleich et al.1986. Price et al.198T)7c ¥, 4 HFH oI CRE

#mOHRN Y v = X hTharIthrHLMER
T2 TWVDH, CORICLBH X DHRNaser LT, RnaseTz% ¥ /3 7%
G f-, #I33 Nicotiana alatad{EREC HETDH. 7 F&320000
so-zyasus4 v (AEFFEGHE (self-incompartibility)#{z
F (S:&{=F. Anderson et al.1986)) WKIEH I EVWHE®AFOH
BARBXN (¥ Y82 OKRTTY—40% DNADFED T —AT%) .
- mS2-71) a7 a T4 ~ikRNasel EE A - T
725 TXTWA (McClure et al. 1989, Kawata et
B E® & 3 % AXDRNased ) & 721
Tix. 9 WwEEFE T DHRNaseT, AT

RNaseT:AS$i /- i B EE & O T HEHE D +

Fh. CREATOLYYZEZPITVASI k. W

FORNEEDHBTHEENE D 5 h it BELTHN TS L.
RNaseTBXEH#EA I 2 E D ¥ I35 Tl A. oryzae®d ¥ B3 &
BVWRERY TS X L HEANDY )55
sl EEHEA T+ 5

nTsHE
HAENDOD D WBEERTHDHE - AR CWWsZkihd
B bohaeHEXATHS (BENYFT v 2 p.488, 1982)

/. A oryzaeDRNaseT 8 ZF (rntB)DTOuE— % —iEE#%,
A== 20CUSORBB» S T2, BLAoryzaed a
anylasei®t{z F (amyB) 7O E— ¥ — DI BEBOI/ABE L B0 iE#
Thole TOT LI, AoryzaeD EEMMBBETHHIYHIT A
Y —Ech@RNaseT0 % 87 & fk5%0. 25 {E < (Uchida 1966). *
DY IEIA-FLTOVAREFOTOE—Y —FEHD, HEE
DEVWRREE®RLTVS. LA2L, TOHMHCUSOEERD,
rntB7aE— Y —SZRTTRIALTOWIPEVIRMEDSZ, 20O
Tt YAV TARAY—EDOSISOERKE IS, 56kDad @ -amyla
seDy 2 eED20~30¥TH 5 () TeBIUIAY
¥ — ¥, RNaseT:/a-amylase®DfFEHIZ, 1/100~1/150B8E D&
BTHYH, Table 1-4X HCUSO LLiFEHED KA, anyBD FEHEFOD
1/100TH 2 X ¥ THE, miB7TuE—9 B ERNKBEL

D ERRTIDIIENTEZEELEEALND

Yy RO wRLEDLE




Aspergil lusSBRT; RERBEO S OB REME T 5 R 3

ryzaeT & Wi
{spergillusi&
N
FREDH
BRBOLICHTFHME
Toon

SFDOLI REGLENC, HCHEEDHHINAAFROVHENT

THMHTORABRIE, R

HERAEZIEVDLDTH - 12,

HATHCHETZIRY
y—Mebh, REABRBESA HIZERLA. BECBLTYH,

o |

ARSE: L T < DNAMF H £ BE T AR AL E N TE TV DA, BT L

.nidulansO Ptk 5, anslk

HDNABTH 2 L | BRAKRBORI ¥ - HERETD

Ttickh, REERBESI00EU EERL S (Ballance

Turner, 1985)5°$» % 7%, TDRZ ONABi A B EELFIAEh TV 3

DI T4 (Cullen et a/.1987),




TOHE LRI, A nidulansd P TARSE L TE R b

[>;1/ [\
B2%. A nidulans®)BIEFIF4 T35 —06EES hi (Johnstone,
1985), Fo . Z D AMAI(aut mously maintained in Aspergill

& HEHODNAE HWT, A nidulansOFBEREZT-ET S,

BONXY & —ICHRBEAEHN250fE LR L. A nidulansii3 T

.oryzae, A.nigerT% 7 DTSRI KEl FIE V= —BfE T SBOA 72T 53 A FEO~NR2Z %5 —ARpl & pDHG

L L 7= (Gems et a/.199 FThfk, TOAMAIRTIZFAL 5, % T2 rEONRY Y —THBpB

T A. oryzae® argB#t (& 15 5 . A.niger® nicB&{zF (Ver Xba2 (pDG3® Xbal Wk /v (argB) % esc SK @ Xbal ¥ 4 hICHE

does et al.199) 2 Y OBEEDRBEEREMMTO, >3 v bH Y AL7ZDNA) #RHOWTIHHEER%* 7> /2 (Table 2-1)

rO—= v X ORENBLBEHTET VWS, 5%, ZOANAITS
23 K& b, ARSA %I % FI B L 7= Aspergil lusBDE A BRETFD Table 2-1 Comparison of transformation efficiencies

with different vectors
=} YL ENMTAbOEMBETED

Vector AMAI length A. niger A. oryzae

HEOHE, RETHARAOEBRHULFESHLIVRTI=v 7
(kb) transformants

TR AEER PV, FCT, LROL I BAMAITS AI FOF (/ g DNA)
BERK»HERKIE, EHizZdTOENT S AMAI plasmid ARpl . 5 93
pDHG25
FEMBCERT 2HELCODVTRHEEZNAL Integration pBXba2 0.7

Transformation was done using the protoplast-forming method.

%, ARpl X pDHG25 D AMAIREZI D K Z E X, FhFh6. 1kb& 5. 1kb

Td 5 (Fig. 2-1, Gems et al.1991)




AMA T8 51 5% F1| B

B = unique BamH

(2) 7 B & bk 0 DNAE 4 0 fh i 75 i

BEOLEARINAZ BN TS HEL, REZETCHGEAKS T
Fig.2-1 Restriction site maps of plasmid ARpl and pDHG25.

¥RT 5 HELXHS (Tada et al.1991a)EhT0aH, L DEHK
The open boxes, shaded boxes, and single lines represent the A. midulans argB sequences,

the AMAI sequences, and the bacterial sequences (plC8), respectively. WEDEHOH S AMBE, ASL Y OBREE N

.niger® it

S SR BR (ARpL) D B FE (4 # A

SR DDNAE S EFHEL 2.

. HEL LK E Yata
WEERFEZHE TS L, AMAIRT;

- Fo -
180

1kbiE £ 5 7 I 3 E 1 £ W T rTS ME L. 50mM EDTAZ 0.5
WikbEL LTS AIF : = :

i S Edrdt. Avorvzas. 4 %SDS#% &d:50mM Tris-HCIEE W # (pH 7.5)P T, FHLAEZTV,

BR7H—TH, KEXuH

Lk TS V= hBOXI S —L b, 2i< EDH100fEL E 7= )—N/Zaukv L, RNaseA, PEGLAE %17 - T,
nigersi A » 7 =Ip DD =L G C D R

AE S AR L .
DHEED ERHNBH SN, i, A oryzaek 4. nigerCTHET D L., DNAE 73 % F B4 L

0 e 2 a e AVWTEABK T N TS AMEL, HTAE—X#%*
WY& —EbIT, A oryzaek Hb A niger® D B A SE B K& (B)Yatalase# i\ TRk

Mz T7obTS5 R bEHHRE, FBRCNEZEZRRELL




O E#REZOEEHTAY — X THRE, FHECINAES #HRL % TYatalase® \\T, 73 & %5 A niger(argh ) & A. oryzae

Fep (argB)ORBERTT R TT A FOBREAC SO TREEMA L

(Table 2-2).
Znb(A~(C)DFHET, MM (CD) M L CM (DP) K THEEL &

Table 2-2 Comparison of the protoplast producing
L nigerO W HE R K, HDNAE 7 EHKL 2 (Fig.2-2), conditions with A. niger and A. oryzae

Yatalase Stabilizer Incubation time(h)
® 1.0 15 20 25 3.0

% 10°protoplasts/10ml
m123456 L
A. niger 0.5 1M(NHs) 250

)i
2,
0. 0.8MNaCl
1:
2
0.

1M (NH4) 2804 47 110 200 180

A. oryzae

The protoplast producing conditions for A. niger were
incubation in 0.5-2% Yatalase in IM(NH:)2S0« or 0.8 NaCl
for 1-3h at 30°C with shaking at 50rpm. A. oryzae was
protoplasted by incubation in 0.5% Yatalase in 1M(NHa) 280
for 1-3h at 30'C with shaking at 50rpm.

Fig.2-2 Comparison of A. niger total DNA extraction methods [ Method(A), (B), and (C) ] .

Columns number 1-3 are total DNAs extracted after growth on MM medium. Columns number
46 are total DNAs extracted after growth on CM medium. The sizes of the molecular

weight markers () are given in kb. A. niger was incubated in 2% Yatalase and 1M(NHe) 250« A oryzaeTid, AIREOMBEEEMEEE TH DYatalaseT, i
e L e AL G ST ERRCEIT, TURTIA FENET TR, WEOBEEE
BoEbTEL LS (FEHS 1992), #-T. FOEARRS AL

YatalaseTF O R 735 A MELAlh, BHARZET - LDNAE S T R (0. 5%: Takara 1994-1995), L »* L A nigerTid. Yatalase4:
(FHEA) DSMM, CMESH A 5 OE A3, EBSHE LT T W # i (Corynebacteriumd) OB 3 A E b, A nigerOEEEZ MW TR

DNAEi y #BMTE ST L0 ¥ - s WO T, Anigeric® L TR TO M T IR PDERBRIRDRS %




3 - 11 = Zsh B2 A. orvzaelE B\ T n = o =1 progrs =
RBET. BEERAEAMLLT. NREZAHL R d.oryzaell B\ TARPI TS 2 3 F i, EOMRBETR, @

ERLF. (RiCREACHILEZND 14, 7V—0OT5Z3I FORRKD
% ; JDAS>TRE)I—RBRODF¥AI—, Z9vZ2DA>

AT S EE RO BRERE DS W AYAY—OTNFNOUBECHEEL Tz, LAL, (MERED
ARpIT 5 R 3 K TGS L 1 A. oryzaeo) i BURR B bk % S Ak 5% ONERDO DR TONA T VT4 X5 570 FORSHBH
WeEENEL., MUEH L CNERTI~3AMEELAEEDS WDDT ATHofee FET, FYY MA—S—FANT, FLONARE 3
o At Lo, e T B THRRODE/Y—OTFAI KTHETHNOHEEREL £~

4 Y WA £ 17 o 72 (Fig. 2 LrablenZzo)s

1 234 56 T8 9101112
uE-w ® =

Table 2-3 The proportion of cccARpl monomer compared to

2.6
19.7 10.3 1.9
42.6 3.3 12.8
56.0 2.2 2.5
38.6 2.8 13.8
41.1 2.6 15.8

. A. oryzae genomic DNA from cells grown on CD
D_ - or DP medium
M‘ - - 1
. Transformants Time(day) CD(area) DP(area) CD/DP
' = =
:

Fig.2-3 Southern blot analysis of the total DNAs from A. oryzae transformants.

The blot was hybridized with a 1.7kb Sa/l fragment encoding the arg gene. The lanes The developed film (supercoiled ARpl monomer portion) was
contain total DNA (1ug) from A. oryzae transformants as follows: 1, grown in CD for analyzed by densitometry at 633nm.

lday at 30°C; 2 and 3, grown in CD for 2days at 30°C; 4 and 5, grown in CD for 3days

at 30C; 6, size marker; 7 and 8, grown in DP for 1day at 30°C; 9 and 10, grown in DP

for 2days at 30°C; 11 and 12, grown in DP for 3days at 30°C. The bands corresponding

in size to supercoiled ARpl monomer(M) and dimer(D) are marked. The sizes of the

molecular weight markers are given in kb.




RROEI)Z—DTFAIFE. “HEEOTEERE L D N RROTSAIFLLTHETREHEDH L, DK LBHEDLS
#C % % Czapek-Dox T M K F D F A%, CMEH T3 % Dextrin-Pepton BAVEERKEONINAES L, T/ v—ELTHBLABETITAI Y
CTHRBLh G, I~BEBEZOFENENRE Lok, &Ko S BBYEATH >, —H, PR LDEEE RBIMGT S K- T,
<. INV—0TITAI FOBE, MM, MeBREDD B 5HE ¥4 —LLTEBLNETSAIFDEENSEL hot, £-C0DB
TokEl HEEREO SN, plhwC EREENER s, T SUDPSIC, HELAWHATIE, ARPITSAI FOHAE, ¥4 X
O L. Anigere BLTHRIEEREEREN, SERETAD HEOVEHBRERSA PR LATIAIFRES AL 7,
B L. FEKECARITIZI KR, REFCASIIZATY PONGZT 5 2 3 KO, CDDRMRIEETIE, ARDL & BRI
Rk EmRLE, BTH-7t’, PORMMBEICZEL, BRENETIAI FI

VTF7VYIAYREZFTODETIAI RS, 204 2EFEL T
(4) AMAIT 5 A 3 R O EIRTTE fz (ME & BanH 1 CHiF DA ZZ R4 h, IEIZEcRITAZINR
BROE)I—TIAI FOGEEHEFSL, A.oryzaek A. 2% Fig.2-4) o

niger® ARpl O EE S ODNAE S £ AV T, KIBED 5 RERICE
BEN2TT RS KINAK DO TRHFEMA & (Table 2-4). 123456 7891011121314151617

Table 2-4 Comparison of types of ARpl plasmid rescued
from Aspergillus transformants

()] DP

Time (days) monomer dimer total monomer dimer total

1
2
3

Fig.2-4 Analysis of the pDHG25 plasmids re-isolation from 4. nmiger transformants.
A. niger transformants were grown in DP medium for 3days at 30°C. Lanes: 1, 5, 10, 14

Aspergillus transformants were cultivated in CD or DP
plasmid DNA; 2, 6, 11, 15, DNA digested with Bamiil: 3, 7, 12, 16, DNA digested with Pstl;

mediun for 1-3 days at 30°C with gentle shaking. Aspergillus

total DNAs were used to transform E. coli HB101, Three 4, 8, 13, 17, DNA digested with EcRl; 9, size marker. The sizes of the molecular weight

transformation experiments were totaled. narkers are given in kb.
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Fig.3-1 Construction of promoter probe vector in Aspergillus. Al-A.niger’*26000, pBGAR-A. oryzaeh* 24000, pBGAR-A. nigersds200
Plasmid pBXGl was constructed by insertion of the 2.1-kb EcoRl fragment of pBII121,

containing the E. coli uidd coding region and the nopaline synthetase polyadenylation 0a0=—THhH, ZRHFNTFTZIFINAL L THRL e

site (NOS term.), into the EcoRl site of pBXba2. A 5.6-kb Smal fragment containing the

A. nidulans AWAI region was cloned into the pBXG1 Notl site. Plasmid pBGUS was constructed
by insertion of the 2.1-kb Pstl-EcaRl fragment of pBI101, containing the coding region of
uidA and NOS term., into the Pstl-EcaRl site of BluescriptIl SK™. A 6.4-kb partially
digested EcoRl-Hindlll fragment containing the 3.7-kb AMAI region and 2.7-kb A. nidulans
argB gene was cloned into pBGUS between the Ecoll-#imIll sites. Both pBXGAl and pBGAR

contained a unique Basll site. MEEZHEERL, X-gluc2 & REENZ VI -2 L B¥Moth

(2)GUSIE M # FF D A. oryzaen T 8 ¥ ik

(D)THBL 72 WM DINA% A. oryzae(argB ) & A. niger(argB )

TNOMER T, Fas Rt REGRKERELLLEZD—Hi% T
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FopDG3(Buxton et al.1985) D XbalMipr &, LK— % —BEIEFEL

TKRIBE O uidA# (5T % 5B 1210 EcoR 1M A & . F I 4. nidulans Acryzae| Gucose S Aoryae] st B

B3R D AMAIRL S % F5 D ARPIX 2 & — (Gens et al.1991) @ Not1#fi i %
HEEL 72—, PBGARD B &IX. uwidd®(EF % HopBL1010) Pstl-
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BaHI 1 =— 2% 4 b oTW B,

W, A oryzae 1F04290& 4. niger 1F06428 D % = {5 D DNA % 7 B
L, WEEZHOTIREBERETH 5 SaudAl TH 4 S HEL 720,52 5 2kb
Fig.3-2 A. oryzae transformants with pBXGAl-A. oryzae.
DB K % pBXGA1 & pBGARD FIX 7 % — @ Banh 19 4 b i= WAL, KB The transformants were grown on CD plates, containing 2% glucose or 2% starch as a
carbon source, supplemented with 50 wg/ml X-gluc for 10 days at 30°C.

HDHSZ B L T, RS 4T3 — % UAE R L,

LEZATS) —DKBEORIL, pBXGAL-A. oryzaeh: 20000, pBXG




FhFOWHODA oryzaeD B AERKDE L Z AT (Table 3-1).

Table 3-1 Screening of blue colonies of A. oryzae transformants

Carbon Number of No. of blue

Vector Origin source transformants colonies

pBXGA1 A. glucose 3,500

starch

glucose
starch

glucose
starch

glucose
starch

A. oryzae (argB’) was transformed with each 100ug of pBXGAL-A. oryzae,
PBGAR-A. oryzae, pBXGAl-A. niger, or pBGAR-A. niger plasmid DNA.
Transformants were regenerated on MM plate, containing 2% glucose or
2% starch as a carbon source and 0.3% NaN0s as a nitrogen source,
supplemented with 50 sg/ml X-gluc for 10 days at 30°C.

P ORBGEBRUFREESZVI-—ATLERTLELE T
L. Z0OH T, FROREHFFEHRKAR, A nigerdikp 70 E—
Y — R ENo. 8ANL . A oryzae ¥ D T O E— & — 4k % No. 9A0 &
B LR, —H, AnigerOWBEROBRCHT - 20, BROVE
BREZ 2O/ 65N kd -1,

(3)GUSAEPEA. oryzaed HMMER S LUV S ERIC L2 HE
Czapek-Doxif i # A L L T, 0.3%D B EBE MBS h 1) Y A,

W&, 7RS¥, Y ZORFERZ IV —2

WE—=2, FFAM) VEZNZNELEE T, No. 8ANE No. 9A0%

HOWBEBREDOGSEENO BBV THK L& (Table 3-2),

Table 3-2 Comparison of GUS activity in the presence of a variety of C and N sources

Nitrogen Carbon No.8AN No.8A0
source source  GUS(nmole/min/mg protein) GUS(nmole/min/mg protein)

NaNOa glucose 4,295 2,007
mal tose 3,186 1,507
dextrin 4,859 1,686

(NHe)280s  glu 4,293 1,261
mal 5,744 1,744
dex 3,682 1,790

asparagine 2,513 1,534
2,737 1,649
dex 3,221 1,658

casamino glu 3,324 1,448
acids mal 3,585 1,598
dex 1,963 1,764

Both No.8AN and No.9AQ GUS-producing transformants carrying AMAI plasmid were
grown in liquid CD medium, containing NaNOs, (NHs)2S0s, asparagine, or casamino
acids as the 0.3% nitrogen source and glucose, maltose, or dextrin as the 2%
carbon source, with shaking for 3 days at 30°C. The cell-free extract from each
culture was assayed for GUS activity.
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EFFIa—LLT, ZOREHFEPCORBLALHBEZTT Y b

FEITIC & D 175 #= (Table 3-3)

Table 3-3 Determination of copy number and GUS activity
in A. oryzae transformants

Transformant GUS

nmole/min/mg protein

No.8A0-1 ,860 50
,929 60

8

60

average 2, average 45

No.BAN-1

average

amyB-GUS-1
-2

3
-4
5

average 1,274 average 16

No.9A0-1 to -4 and No.8AN-1 to -4 are transformants of A. oryzae (argB)
carrying the integrative plasmid. No.8AN AMAI is a No.8AN GUS-producing
transformant carrying the AMAI plasmid. AmyB-GUS-1 to -4 are transformants
of A. oryvzae (argB) carrying the integrative plasmid, which was constructed
by the £. coli uidA gene inserted between the A. oryzae amyB promoter region
(597 bp) and terminator region (189 bp) synthesized by PCR and this amy8
promoter-GUS- anyB terminator was inserted into pBXba2. The copy number of
the transformants was determined by dot blot analysis.
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Table 3-4 Comparison of the GUS activity in 4. oryzae and A. niger transformants

Transformant Average of A. oryzae Average of A. niger
8 transformants 6 transformants

GUS(nmole/min/mg protein) GUS(nmole/min/mg protein)

4,147 549
+ glucose C: glucose
i (NHe) 2504 N: (NHs) 2504

T 2.8 3.2

1,479 173
i dextrin C: dextrin
i NahOa Ni NaNOa
2.2

78
+ glucose : glucose
1 NaNOa : NaNOa

A. oryzae (arg#’) and A. niger (argB’) were transformed with No.8AN promoter-GUS
integrative plasmid. AmyB promoter-GUS plasmid was also transformed A. oryzae (aref)
and A. niger (argB’). Each GUS-producing transformant was grown in CD medium,
containing glucose or dextrin as the 2% carbon source and NaN0a or (NH:)2S0s as the
0.3% nitrogen base, with shaking for 3 days at 30°C. The cell-free extract from each
culture was assaved for GUS activity. 4. oryzae and A. niger transformants were
averaged GUS activity of 8 and 6 transformants, respectively. Arrows reveal the ratio
of high to low GUS activity.
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%, viddiRfEFE2Tu—TE LT, J—¥ VEIT&1T- 2 (Fig. 3-3).

Fig.3-3 Northern blot analysis of GUS gene transcription in 4. orvzae transformants.
Two A. oryzae No.8AN-GUS transformants (column number 5 and 6) and amvB promoter-GUS
transformants (column number 1=3, and 2-4) chosen at rondom were gromn in CD medium
containing: 1, 2, 5, and 6: 2% glucose, or 3, 4; 2% dextrin as a carbon source, and
1-6; 0.3% yeast nitrogen base as a nitrogen source, with shaking for 2 days at 30°C.
RNA was extracted from the mycelia and analyzed using the *?P-labelled 1.8-kb £. coli
uidA gene as a probe. (A) is an ethidiun bromide-stained gel of the total RNA. (B) is
the autoradiogram after 2 days exposure.
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Table 3-5 Comparison of GUS producing transformants grown on rice-koJji

Transformant GUS(nmole/min/mg protein)

1 control not detected

2 No.9A0-1
3 -2
4 3
5 -4

7 No.8AN-1
8 -2
9 3
10 -4

2

average 2,230

16 control not detected

The GUS activity of the A. oryzae GUS-producing transformants (two are8
complemented 4. oryzae transformants are control and the other transformants
are the same transformants used to determine the copy number) cultivated on
the steamed rice for 2 days at 30-40°C as described in Materials and Methods
was determined. Column number 1, 16 are control, 2 to 5 are No.9A0
transformants, 6 is No.8AN AMAI-transformant, 7 to 10 are No.8AN
transformants, 11 to 15 are amyB promoter transformants.

MBEL T, uidbBIETF %10 argBHaH 1 O B & bk ok
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Fig.3-4 Western blot analysis of the GUS protein isolated from rice-koji.
The rice-koJji extracts (1 mg protein) were analyzed by SDS-PAGE (A) and
Western blot analysis (B). The lane number corresponds to the sample number
of Table 3-5. Lane (a) is authentic GUS, and (m) is molecular size maker.
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RBLATOE— —OHBIZDTIE. No. BANAIT87bp, No. 9A0%Y

B4lbpDAZ X TH D, FICNo. BANZE Y I Y Y (CT) ) v F A FIEA,

EEMESO ERICIS0pREFEL TVD, T, BFOINAB X
PRI DF—F—R—ALDFEUY—REOER, AEFIL
LIRLLHHRLRBINTHS I L8 - 72

VWFRELTH, ThbDTOE—F—AENThOREOFT
f#I—FLTLWAREFL. BELEVEAROREY YN 72ED
BEAETZLONRARIFELNDAF SV, £, A nigerdi X0
TUE—F—DBBATHfedd, TOLI AT ZFIAL T,
Yaw b VIU—Z VTR EHEAETHY, ELELRODORA
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SaudAl
gatcgectecgactgcgageattttactctgaagacgtacgggatteccattegtetttt 60

gggacttcacatcctttcgcttctectcatcaagegceectcteggagecetegggcate 120

agcgactagcttgcggataggaggagctgegcgetagaagateggagtgacgaacegtegtt 180
A Y7E -4
tegaagaaatcatcccegtaseageattggeccatattegtaggageegatitttagtts 240

atggaactattattatgaccaagaataaggagcagtaaccaggaaatggegcaatgtaat 300

agtcagattagacccagacaatgcctaggatgctatccacaaaaccagcttttgeteaat 360
Sacl
aatgaatactactagcattccccgctgacegagctcacgtestcegttcgggcaaaacta 420

acgaaggaactgcatgttgagcttcteccgtecaccggagccccagectttcecaccaca 480

aaacctccgtegttecectttitaaaccttttetecttectecatettecettettctetette 540
ctcccacttccttgcccttceccceccecteccacctecctacccattgagcagatttttec 600
CT-rich (134bp/152bp: 88%)

ctectecttecectetecteccecctgtacctttcttttctatecttgcecetcaategceca 660
cactcccctgtcagcatggatatgaaccatttaataggetcagtet tctATGCCACTACT 720

MetProLeule 4

Hipal

GGTCTCAACCAGGGTTTGTGCGGCTAGGCGGGAGTTAACACCTGGCAGTCAGCGTTTCAA 780
uValSerThrArgValCysAlaAlaArgArgGluLeuThrProGlySerGlnArgPheAs 24

EcoRI linker(pBI121 Smal site)
CCTGATCCCCCGGGCTGCAGGAATTCCGGGTGGTCAGTCCCTTATGTTACGTCCTGTAGA 840
nLeulleProArgValAlaGlylleProGlyGlyGInSerLeuMetLeuArgProValGl 44
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A nigerti ¥No. SANTOE— ¥ —DOHMERETFORERIN B LU E
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nRNA% 8§ %1 - + B RT(Reverse Transcription)-PCREE %) o 5 KA 51| %

FEERIZ L LCER, 18ThpD T uE—4 —

(13. TKb@ pBXGAL @ Bami 14 4 M IZ Sau3AlDWi K THEA) i, 154
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49374 5644bpH F T 152bpRIC LY I T V) w F @ BLF A% 134bp,
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FTI00pHICIE, BHRBIMG S OATCHFEEL, 2673 /B L.
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FEAE, MEESE p.110) .
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1979, Ballance et a/.1983, limura et al.1987, Gomi et al.198
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and Wirth 1988, Miller et al. 1988)ICBVTLH X DR /4 X
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TIAMERE L TINAEZEZEAL T3 (Yard et al.1988, 1989, R
ichey et 8/.1989), &4, 7O M TS A MLOLED LWL, BROD

HHEERCRSAVWSLNS, TIAH) &REEN crassalc FIA L =




% (Dhawala et al.1984) R L DISN—F + 2V H V&% A nidulans
W FIE L 7 8% (Fungaro et al.1995) b »50%. Tu b TS5 A bE
IhoHEERGREILTLOENR TRV, —HikdE, Chakrabo
rty ¥ Kapoor (1990) (%, N.crassalc BT T bF 52 b E#ANLT
. AYY 2 P RETCHEERTZIILERELTLD

Wi, mErABdAOTO b T IAMEABER, FFF L,
FVAF—CEERYETHMBEEMBEROME, 5501
BEREHOME, BELLYXOZTNZAOAICIER T REARN %
RETILERDD, PEHOTFHRARELELTD, £, BE
EREFRBTEAETRE, TORNTITAMCINATRDAE R, X
FEERMELEAEMI N, BAEAL TRFIFELETDHIETRE, 5~T
BEMBELEL LD, TIT, RREICHER, KhMfELHEEL
Tzvrbafb—vayEEAV, fY¥ 7 b#AdnigerHAE
BTEZROREINERAR, TEREREREIHDODVEERAED

ERATEZHERDVTHRFZEMZ /.

B EBRER

(1) A. niger®d F& 3 B 0 &\ B3 5 4
A.niger(argB ) D5x 10*@ D+ % A\, Table 4-1K R3O
BT, 25°C, I5B%fH. 100rpnD L& H T, RERBOESVEH T

DWVWTHRE L &,

Table 4-1 Germination rate of A. niger(areB) in various culture media

Medium Rate

DP: 2% Dextrin, 1% Peptone, 0.5% KHzP0s, 0.1% NaNOs, 0.05% MgS0s 82.6%

172DP: 1% Dextrin, 0.5% Peptone, 0.25% KHzPO«, 0.05% NaNOa, 0.025% MgSO« 83.3%
MYG: 1X Malt extract, 0.4% Yeast extract, 2% Glucose 46.3%
MY: 0.3% Malt extract, 0.3% Yeast extract, 1% Glucose, 0.5% Peptone 56.9%

WY20: 0.3% Malt extract, 0.3% Yeast extract, 20% Glucose, 0.5% Peptone  60.5%

A. niger(argB) conidia (5% 10°cells) were grown in the above media for 15h at 25C
with shaking at 100 rpm. The germination rate of A. niger was measured after
dispersion of the germinating conidia by the addition of 0.1% Tween 20.

F DOk DDextrin-Peptone (DP) 85 th & £ D 4 @ il BE D 1/2DP% #o

TOER%EFig 4-1IKRT,




Fig.4-1 A. niger (argh) germination in 1/2DP (A) or DP (B) medium.
A. niger (arg#) conidia (5x10° cells) were in 1/2DP or DP medium for 15h at 25C
with shaking at 100rpm.

M.ORFBIHOMEIR. 0.1%DV A4 —Y20TRT* 98Kk, B
BT T -1, DPB LU 1/20PHEMA, EROEBREHFTHEVRF
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Fig.4-2 Effects of field strength (time constant: O 3 msec, A 8 msec, O 10 msec,

$ 12 msec) on germinated cell viability.

The suspension (1X107cells/0.4 ml, 1 nM HEPES containing 50 uMd mannitol buffer, pH 7.0
was electroporated at various voltages and time constants.
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Fig.4-3 Effects of field strength (time constant: O 3m sec, A 8m sec, < 12m sec) on
transformation efficiency.

Cell and DNA concentrations were set at 1X107/0.4 ml and 10 ug/0.4 ml, respectively.
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Fig.4-4 Effects of cell concentrations and vectors (O ARpl and A pBXba2) on
transfomation efficiency.

Field strength was set at 6 kV/cm and 8 msec. DNA concentration was set at 1 ug/0.4 ml
for ARpl and 10 ug/0.4 ml for pBXba2.




L ’ ) i i : i
I 107@/0. dnl D & T, T A3 FEDNAD T Hix i E 13100 Fig.4-5 Influence of treatment with cell wall lytic enzymes, non-treatment (VR
1 mg/ml B-Glucuronidase (B) and 2 mg/ml Yatalase (C).
A. niger (argB’) conidia (5x10°cells) were grown in 1/2DP medium for 15 h at 25C with
o shaking at 100 rpm. Dilute 8 -glucuronidase or Yatalase was added to the cult
e S AL Q() (B Ly G B L o Fiz, ANZI—ED : a5
TS5 A3 RBOANEEVHBELR L. F which was then incubated for 2 h at 30°C with shaking at 50 rpm.

B/ ugNATA ¥ 57 ¥ b— PRI, fiak & B LU 1.2/ ngDNAE 2 D,

CETREMMEED L, HES ERLLN, 2XI0TELEEED

LETREO7 7)Y~ 3 YORESBLL 2D, ROEED, NSOMBEEREETARTSI LY, REBRTFLIL

#IE L1X107M@/0. dnl DR FH TRV ERE L 72, DT7ITNVT =2 a3 flabn, BFErE DB TESD S LAH

> e
()M BEE MR LD RFRTFOOE I TYatalasell LB HILEZ&GH, TOL V¥ b LY b

Chakraborty & Kapoor (1990) D 4T, 4 ¥ % 2 k7% N. crassad BRV—=Ya Yk TObTFSAL-ZVy buBlb—vavik, 7

BEBEICBVWT, 1YY LAVHE¥OB-FVru=F¥—+¥ (GUS) TR O hT5 R M-PEGEIZ 20T, ARplL pBXba2d W~ ¥ ¥ —CHHiE

FRTFAMEBTE L HEN ERLTWE, 2IT, Anigerd RFH BB EEHLEL 7 (Table 4-2),

FCHEBE D Ing/nl GUSE 2ng/ml Yatalase® A T, HIZ2HF[H
Table 4-2 Comparison of the transformation efficiency of
DHRE % 7 - 72 (Fig. 4-5). intact-EP, protoplast-EP, and protoplast-PEG methods

ARpl pBXba2
transformants( /g DNA) transformants( /g DNA)

intact-EP (non) 120 1.8

intact-EP(Yatalase) 3.2

protoplast-EP 10 0.5

protoplast-PEG 500

EP, electroporation. Cell concentration was set at 1x107/0.4 ml,
DNA concentration was set at 1 x2g/0.4 ml for ARpl and 10 1g/0.4 ml for pBXba2.
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%
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rhprTENEOEE OUVATBRBECKV/cnk BEHSns) £H
LEBLEOAF ROV LIZHRL L, - T, YatalaseAROT U
pruflL—a vk, 6kV/enk3nsOLHETlHoL, £, Ok
FSAIDIV Y OBV —Y a YELZODWTOHED D7 < (Var
d et al.1988, 1989), R E AL RHERFAELTVWAV. ZTOLI i
KETTHBTDE, RKETHHTUMTITRAM-PEGELDLH
Ry LATAMEEREIBD SN o, EOFT, Yatalase
CHAE S A4 Y42 bV bORb—Y a YENRERKCE

WHRTH- .

(O EERED T R

TS AIRBRI Y —DARplEA YTV — MBS ¥ —DpBXd
a20DNAE RV, TOA YF I vV baBfV—Yarvike, 7
ObhTFI52M-PEGETHONIZVEGRRKOY Y VBT ET -1
Fu—7& LTk, A nidulans 1F020064% @ argBf{n T 08 Rt fh i
12V—-THHZL2FALT, 20REk LCOFENME, LD
FTONYFORILL->THIAIVE—HOHIBEDOHENLTZ S (

Fig.4-8),

Fig.4-6 Southern blot analysis of the genomic DNAs (A) and HimdII digested genomic
DNAs (B) of the A. niger transformants.
The blot was hybridized with a 3-kb Xbal fragment encoding the argB gene. In panels

() and (B), the lanes contain DNA (5ug) as follows: 1, A. miger wild type ATCC 46951;

2-5, ARpl-intact conidia electroporation transformants: 6-8, ARpl-Protoplast-PEG
transformants; 9, size marker; 10-13, pBXba2-intact conidia electroporation
transformants: 14-16, pBXba2-Protolast-PEG transformants; 17, A. midulans IFO 2006.
The sizes of the molecular weight markers are given in kb.
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