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55 1 B Eamm

REAREIABN O oLV ESPALEELTCOWIMIAEYTHY, BEDLBRREN
TTERTEELRMFZLHTNS, CORMIECS T IEAERNIRGETTRL,
BK, CEZETEOFTCLEELENTH S, Pasteur KL o T7NI-INEBOBHRLD
AN REAEBECEELHS R LTI LANPELShIch, ZTOMBSERENRE BV
T. EREKROSHE, 48, TL T, RRERKOSESCLILIFENTROA TV S,
—7%. MendeliC & > T NAETF) OWMSHFHEAEH, TOEEKNNA THEZ L, &,
TSAIRPNRIFURT7-VCBTE# A DNAEWNRORELE, BETICHNTHH
LOARPRIFAENHESMCEN DS LEN > THFREFEFE T L, £YFICRER
ERELELUE, RELFEZCBUAERFEIMICEVTH ., M TREFNLTRTE
BERELMVZ EHD LD, MAPHERLREOMEN L, —HRCET 2RRHD
B, 2ROMWEEKE —BICDMIEIZENTEIEDOHNED S, REFOHEMEILLT
L OEBAOMRICHB SN, Fic, KBE Fscherichia coli L BE Saccharomyces
cerevisiae LB W TR, TNELWEREDS S VAKREDOETIVARE L THAONIC
HANMTTHLHNT WS, TLT, ABVARDE VO RBEEICHL TELAYMES
cerevisiae i3, BHEBOEYTHYRIDREL —FR L &R E2HES ., BE¥
OHFRICEMTHHEMY TRL, £ coli TRELEVHEGREOIFREENERS
EFELALEDEE, HE2VWRTAALOERNEA DR AL D, EREYEOHRIC
bEAZhTHS,

RMECE>TERYHERAET I, TOVHEN R YN IETHIHER, Thia
—RLUTwWa it ET. £, KBEW TS558, ToRBCELIBROBER
EFOREN., MEORNASLIUTHHERICL 2oTEDL I RBELXITLONN, REE
RUERETDLCHETHD. COLILBERETO/U—- L DNAZELZ L3I
HICEET, Thid. DNA CEHBLEFEYTHOINRTFRO7 I ) BEFNI-RFEZHT
WaEMY T <, messenger RNA (mRNA) DERERAK LS, FLTTokvy >V 7%
XT38, HEAM SEREATELES2RITNY, BEEOFHES JUMGI 2T
BORFSNATI-FENTHY, ThHORERBRERFEL, OS> EHBEICKET
2N, RETEEYICEIEIEDCLETHINDTHS, ChALOERDIL, &



BEORENEL —RICZ 05 LHICHEET 2 MBRNOES 2 2 IS BEEHEGIEIE,
BRIEFORBEEZFHI 2 LTRHLBEETHY, ZOHROBEEHELMICT I L, BRIZETF
RREOBBRO L &Y, HHEOABNRIENTRICRS LIFTES, Bic, AREDT
$»2S. cerevisiae DEEHIHAKRTFRPEEHEHEROBRE FOBE LB, b
SOESENHBOEERICE L BHEANDH 5 (Buratowski et al. 1989; Kakidani and
Ptashne 1988; Webster et al. 1988)Z &d 5, b NBEFOEFHMBHEDL 2 Wil
HORRPICLEEEAZDLATND,

BEFIRELMRENORRICIE U TRAFAM A e EMEDHCLETHD. £
NENOBRETR, TLCHRFLERAGBEEZELTHY, 3056, BELARLT
REORBATRDOATWS, S cerevisiae I8 T, RNA polymeraseliC & - TEE
ENZBETFORFEFMRAIZEOL FEEHRRICHEEL, BERABICLEL SHHTATA
Ay 7 X (Corden et al. 1980) L EEHBEL 2 ED T ACE TUE— R —LFIEH
DHEEREERL T2, EEFASBHICHTIFTFURLTCORRE. KBEORHR
FHATHEELVWERNES =D (Gottesman 1984; Raibaud and Schwartz 1984),
BERICEWTH, upstream activating sequence (UAS) & FRIEN 2 HIEFHEA%S < ORIR
FIEOWTRHEAT WD, FiC, 73 JBAEERMSR (Henry et al. 1984; Hinnebusch #
1988; Jones and Fink 1982)., rA 7 7 & —F 4 EHMR(Oshima 1982; Yoshida et al.
1987), #7377 b — 2@ R (Johnston 1987; Oshima 1982), F b7 0 —1 c REHMH
F(Grivell 198 FETHELBIAN LRI hTWS,

S. cerevisiae D7 I JBMEGEAICK, HBF7I/BFIRZILELEIC, TOEGKR
BROBFBERETFEROM T oE207 IV RCERMLHBE, RETETIR
PN D EERAM R EERE TR ARCROHT 2 —RHEFH 5, FIAE. PUTh
T7YDRZEHTT. TRP2 X TRP4 DI, ARG3. ARGS. HISS. HIS4, HIS5, LYSZ
ZOBRETFOREARN 26225 TFICERT S (Schirch et al. 1974; Struhl 1982;
Wolfner et al. 1975), Zh FhRE LRI BEFEBICI-FEhIBERETFORBEN—F
CHEImEAZ LS, HBOHHARFOFELZTOHARTFICL > TRBEINLHED
MENRREHAE ZTORIEFOS LHICHFET 2 LAIEABND., HARTFEZI-F
TABEFOERIE. HISI BEFica—RaLs8Einidazoleglycerol-phosphate
dehydratase @7+ 0% 3-aminotriazole® A THMEE Nz, 3-aminotriazoleld
COBEOEEERAMICEE T I LICE>T, EZAF I VASREBEEL, Mgzt
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Figure 1. Model of regulatory system for the general control of amino acid
biosynthesis (Hinnebusch 1988; Roussou et al. 1988; Wek et al. 1989; 1990).
Roussou et al. (1988) reported that expression of GCNZ gene was regulated by
GCN4, but Wek et al. (1990) showed that GCNZ constituvely expressed in
repressible or derepressible condition. Wek et al. (1989) suggested that
C-terminal domain of GCNZ, which had similarity to amino acid sequence of
histidy!-tRNA synthetase, might monitor the charging levels of tRNAs.

2AF T UNMBIRIEICT B, T D 3-aminotriazolelsitd B BRZHEMRIE, —RREIBIC X B
HAHAFAEZ SR B> TBY, gon R (general control nonderepressible) & 4 ftit
ShE, £k, EXFIYOFFOYTHBL,2 4-triazole-3-alanine & HHICEHL |

T4 =Ry JHBCHTIMELS 22D, his] BETEREIS]L, 2, 4-triazole-3
—alaninef{tE A REKEHET B LICK Y, 7I VBRESRARBRIHBRIICEREELD



ged TR (general control derepressible)B¥&EShTwWd (Wolfner et al. 1975), =2
DEICUTESETCRENBZINEGCN BLUCD) BRIETEDMOIEHEF 2R 1 ICRYT., &
SEHMICHERETCEE ST, BT EET 50008 28y SRMT 5 HROME
. HIS3 b HISY BIEFTEBHLHRNRENE. in vitro TRETFOLS LR
IEREEHAL, BELETSZAI RERAEKICHEA, O-RFEhTHWIEBEROEED,

3. £ coli 8kD lacZ MIEFLOMEREFIRRT 5 B-galactosidaselEtE %
BEHEEPEENORGFREEATUELT, FHIHFARROBRENRASIE, TORKR,

—REHRDOEZTE2RXT2EHIC 5 -TGACT-3" » B4 55 base pair (bp) DEEFIAHBHT
$HdZ AN nEhk (Donahue et al. 1983; Lucchini et al. 1984; Silverman et al.

1982; Struhl 1982; 1983).

HEEI, B2 8EFEOREFAINFISORBICICCT—HICREFDE2ZT 58
BEHSHCTIEDIC, ZO—RHAROZERE T HIBIZFOV LD AISS BIEFOD
HELRERACHT 2 FREXNBTE TR o, 2BERIIO®REL Sl nuclease
TYEYTEICL DEEHMBAORE, ThicETWETOE— S —FHBRORKEY VA
—HALRIC& B HIS5-lacZ BEBETFORBEOEMLOBREN S, HISSHOTOE—-H—
LB 35 bpBEFIOBEEICDOVWTHE2ETRL S,

7 I ) BEARAREEICS T 2RMEILIEEY 2525 SETES, BEAEEICH
AT 22ATHHNTR 2L, SRZETR, MREATOESEEABOMARREMLL T,
S. cerevisize DHRAT 7 A —VAEBBRELFRLCVD. ZOROZETICH 5 MH
Rt X7 7 2 —+t (rAPase; EC 3.1.3.2; p60 %) #BIET PHO5 (Toh-e et al.
19T ORBR, E) YBEETT, BY VBREETOMN 500 OBLMH %7 L (Toh-e
and Oshima 1974) . EBICZ 0BG FOIOE—F — BN, TENYWEEEICEL
THATEDZ L AREN T3 (Kramer et al. 1984; Miyanohara et al. 1983), T
CYRAETHR 7 7 A —EOBEREFS L TRHAGBETFOLTZ70-{ELTWD
ZEMS, RICTOE—2—F OB ToHERFLOMEFREHRAT MR L
LT, RRAT 78— EEEFMREZRRLUE,

S. cerevisize ORAT 7 R —¥id, PHOS BIEF I — K Eh T BrAPasedfic,
PHOI0 & PHOLI \=3— K&EhT W5 { VEE%K (058 & & U pS6H%Y; Lemire et al. 1985
; Rogers et al. 1982; Thill et al. 1983), PHOZ ica— R&EH. thiaminelC &> TH
BAME SN 28ERA T 7 8 —F (T-rAPase; Nosaka et al. 1989; Schweingruber -et
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Figure 2. Model of regulatory system for the phosphatase synthesis (Oshima
1982; Yoshida et al. 1987; 198%a; b).

al. 1986; Toh-e et al. 1975). PHOS icHEIE7 I A UMER R 7 7 & — B (rALPase;
EC 3.1.3.1; Kaneko et al. 1982) Aa— R&hTWwb, T-rAPase DSDEZAT 74—
THREBZTFORBICEERS LTI ON, PHM BEFICI—-FRENTWIERFT
$»% (X2; Oshima 1982; Yoshida et al. 1987), PHO5. PHOIO . PHOII OO REBICIE,
PHO4 BUn T IEY & R IC PHOZ BIETEPPLETH SN, T OPHZEFIE PHOS @
REICETLBETH 5 (Tanai et al. 1985; Toh-e et al. 1976). PHOZ BInTFEWIL,
HIS4, CYCIMYnFoHMREBIcE &L (Arndt et al. 1987; Sengstag et al. 1983),
EBIE, TR I E— 2L RETBHEFT (Braus et al. 1989), BIZTF4% % GRFI0



(general regulatory factor) icgk® S hi= (Yoshida et al. 1989b), FA T 7 & —Fig
BREFOS ERICHFETILEALADY VEBESICL 2 M2 21T 2 BERT %S
DS B, PHM BEFEDCOBMEEL THEZ A AHUEP LA VERIT 7 &
— Y OREREGET PHOS HELEHEMTH S,

EI3ETIH, yu—V{tlE DNAIKDWT PHOS BIETFOBEEMBERZREL., 205
LFHARICOWTREEREN TRV, P8 JUE— 2 —fHRICB 2 DOFEICE S &
WERL . BRICH L CHENCE RN 1 DRET 52 L ERT, 551, 200F
CELHIEERE Zh ENEL LI L DNAR %2, EOWRTHEL EHIS5-lacZ BER
EFOLRICEELT. COMARETOREANY YREEICL>THH2ZIT2ZL:
R LEMER, BIREBEI FVICEWED OISR (proxinal regulatory region) % &
LWTA A, BY VBEHTTORRERCLETHY, BHTY VBES 2T k%
BEoThwaZeMAbhotk, BIFRHEKBI RIS EWED (distal regulatory region)id
ZTOHERETTIBEYT, PSS OLHICHD L EICORBET I LNDI L,

B|ABET, B-galactosidase® C KA & PHOAD NKUSERA7 (+8 bpfir) &2 H#E
lacZ-PHOd BEREFE2FDOTIAI FE KBEMIICEHA L, B-galactosidase: :PHO4
(B-Gal::PHO4) WA ANV EZEES Y, ToMBHEMEEEAVTRESI YV E
PHOS HIBIFHE E O S E SIS 7 METBZE Lz, Proximal regulatory region
¥ & DNAWTH TPHO4AR YNV OEANBETE =M, distal regulatory regionZ &
DNA BT IS S 2B IIHETELR o, PHIS TOE—Z —~TBESILEPHAZ VX
I ESHEBRTEBICELET S 5 -CACGT-3' B4 35 bpDELF|AS, proximal regulatory
regionlC B FEL . T ORT%Z ST A DNAPS bpdFEFHICEY Y ¥ h— DNAZHEA
LEHDICHT BPH0AR YN DREEERM D, 5 -CACGTG-3" BECFI DFFLEAT, PHO4AZ X
IORKEEL) VBRESAOMGICHRAT, FFIC, tOEHFOEELIE) VRESER
H2BICEETHIZ LD o E,

BRICESHEREERT, JTUE—A—ICHEETI2HBOFHEAEEN, ThZThERD
BEZHFOBHKP, HlH4 R OBRERBICHEL RO L ZoHEE VN7 O
BHOBFICOWTEREL. BECHARFERICEOEEENOPLETIL, TOEHOH
BECOWTHEHR AR EBIZLOBERICOVWTERT D,
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S. cerevisiae N7 I ) BAEGK —BHEARICHITIHIEIZ. BEELARLTITRbO
%2 L TRP5 (Zalkin and Yanofsky 1982), #IS/ (Hinnebusch and Fink 1983) . HIS4
(Donahue et al. 1983) TEEIHEENTWS, CALOBBERETOITIE—X —
2, EOHMHETFONLA Y NI PREST 2 HBRIINGFET DI LN PHEEN, 5 -TCAC
T-3 25 R RFIAE A &AL (Donahue et al. 1983). Z (& > 7% REEFI ORI
BRIETDEHICIE, FUSLKOBREFTONAGZER TSI LIBETHD., $£, 7
OE—R—pIcHBFET DHARTIMOBRENHEROHEEFRACOVWTHLMNCT S S
L% BAIE LT, &2 Harashima® (18D Ick ot ru—ribadhk HISS BinFoigik
BEFIZHSMILU, RERMOBRRCODOWTORKTEITR - -,

-1t Uk2.1 kbod HISS ERMTH OB 2 B L., 1152 bph > % 2 EHERET
A FEL., COBRBEBEN IS5 OBEGEFEYHEZI-RFLTWDIZE2HLML
. £, 81 nucleasew v BV ik NorthernfBHTic & o T, 1.4 kb DEEEYIZEIR
SEEA 5 -37 bpk-34 bpD AN BT Y, —BHEIC L ZRMEPEELRNVTEZSZ
LERLE., CORMGESE F-TCGACT-3’ 222 L 0MEEHESIICTIED
io, HIS5-lacZ MEBEBETRIEYL. HIS) TOE—R—FUICRER Y v A—-FHAICK
% B-galactosidasefEHEDORBEEOEILEZFEHITL, -202 bpDHLEICDH 55 bpECHI A i
B HATH DA, BRTHEBELRVWILERLE, ZoZedD, AUREERFOH®
BEFA, BMICTOE—R—hTRYBBL T3 TRAL, BEANLERTS 24, #
RORRIMUOFEL, TALHFHEICIERAT IREN TR L,



BoE EBRMBBLURRA®

B1H HRAEKREAT X —DNA

AERTI, 7a—{bUZHAISS WAOHBREEFNRD =HIC, S. cerevisiae k¥ L
T. XG46-5B (MATa his5-2 trpl adeZ-1 leul gal7-2; Harashima et al. 1981), HIS5
-lacZ BEBEGFORBEOREIC DKD-5D (H47a leu2-3,112 his3 trpl ; Harashima
et al. 1984) . mRNAZ B 2 E#kE U T DI3-1A (MATa his3 trpl ; Harashima et
al. 1802wk, 7SAIFOBELED NMFAROESORBHEEKE LT,
{2JA221 (Clarke and Carbon 1978) % Fivv, HIFREER Bcl/l T T 5= DDNA HH
IZ4XGH33 (dam-3 ; Marinus and Morris 1975)% B\/=. HIS5-lacZ & BIEFOIES
I35 2 3 RpSH130 (X 3; Harashima et al. 1981)& pHMC1587 (B3; Casadaban et
al. 1983) 2ERAL. ToOMFEOFHEN IR LE, BEEKL LU TIENCL065 (A
lac ; Casadaban et al. 1983)% AU E, HIS5 DNAOHMEEFRDERICIZ. YRp7
(Struhl et al. 1979)% X7 A —L UTERHLE, URAS BIEFE2EDYIpS (Rose et
al. 1984) (INorthernffHT> 7O —JDNA ORBICH WA, Y-k EERTIR
ETHWE—ZXHE DMOFBICIE, M13np8 (Messing 1983) # X7 2 -5 A I Ric, *
OFEREICIE JM101 (Messing 1983) %# ik,

F2IH (RS BERA®

B R DRSS H IC I YPADIEHE (1 liter %74 Yeast Extract (Difco Laboratories,
Detroit, Mi, USA) 10 g, RUNRT Y (KEKE) 20 g, 77 =V (MAMEKRRSZ
) 400 mg, V)V a—2 20 gl VL. BRARVERIZ, 1 literb2Y 7/ Va—-2
20 g& Yeast Nitrogen Base w/o amino acids (Difco) 6.7 g% & &, LBEICKUTFS
IBBLUBMER [N T T77Y, RAFIY, PAXZY, XAFA=Y, UTDN
(BHRBE & 20mg/l) , Fusy, uf>y, Avafdr, VY (RRRE
£30 mg/1), XU > (150 mg/1) , 7x=)75=> (60 mg/ml) BLTT7FT=> (400
mg/DIEMAE, PI)BMBECIIMBO HISS BETFORANORELRIET D
EDICHWEEIE YPAD s, HT i (1 liter 324U ) a—2 20 g LYeast
Nitrogen Base w/o amino acids (Difco) 6.7 g 8LV, U TbT7Y, EAFIV
% 20 mg/1) « LT, Htiit (MO MY TR T7 7 %2 ng/leLED D) TH S,
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Figure 3. Construction of plasmids. Plasmid pSH135 prepared from pSH130
(Harashima et al. 1981) carries a 3.6 kb fragment of the S cerevisiae
chromosome bearing the HIS5 gene. An HimdIII-Avall fragment was prepared from
the yeast DNA of pSH135 as illustrated. The HrmdIII and 4vall cohesive ends
of the fragment were filled in using Klenow fragment and ligated to 8§ bp BasHI
linkers. This fragment is 749 bp in size and consists of the DNA fragment
extending from position -616 to +121 (relative to the adenine site of the
initiation codon ATG taken as +1) of the HIS5 gene (i.e. ORF-A: Figs. 4 and 5)
with BasHl linkers at both ends. Plasmid pSH530 was constructed by insertion
of this 749 bp fragment into the BasHl site of pMC1587, a YEp-type plasmid for
the yeast host, which carries the structural region of the Jac operon of £
coli truncated by 21 bp at its N-terminal end (Casadaban et al. 1983). The
pSH530 DNA was propagated in a transformant of £ col/sf strain MC1065. A
Yip-type plasmid, pSN616, was constructed by ligating the 7.8 kb Bg/II-Sall

fragment bearing the HIS5-JacZ fusion gene of pSH530 to the 6.3 kb AasHI -Sa/l

fragment bearing the LEUZ gene prepared from YIp33 (Botstein et al. 1979).
pSHEL6AB was constructed from pSH616 by eliminating the 749 bp HIS5 DNA by
digestion with AasHI, self-ligation and selection of a transformant showing
the Lac™ phenotype on £ coli strain MC1065. Thick lines indicate DNA derived
from the S. cerevisiae chromosome; dotted boxes are DNA derived from 2 uxm DNA;
double lincs are DNA of the £ coli Lac’ZVA gene; thin lines are DNA
originating from pBR322. The region marked amp™ encodes a gene for
ampicillin resistance, and those marked Jac’Z, lacl, and lacA are the
approximate positions of these genes. The DNA fragment with TRPI and ARSI
corresponds to the 1.4 kb S cerevisiae chromosomal DNA fragment of YRp7
(Struhl et al. 1979). The arrows within HIS5 and the region marked AHISS
represent, respectively, ORF-A and the region of HIS5 from position -616 to
+121, Abbreviations for restriction sites are: A, Avall (on 3 site in the
HIS5 DNA is shown); B, BaaMl; C, Bcfl; E, FKeoRI; G, Bglll; H, HiddIlI; K,
Kpnl; P, Pstl; S, Sall; X, Xhol; and G/B, hybrid site of Be/lII and BasHI.
EMB indicates the polycloning site with FcoRI, Smal, and BasHl sites in that
order.



E coli OFRAEME UTHEYIHE Luria-BertanisFiy [LBiZH; 1 liter HEY
Bactotryptone (Difco) 10 g, Yeast Extract (Difco) 5 g NaCl 5 g (pH 7.0)] %,
JH101 BRicH U T2 x YTiSH [1 liter %Y Bactotryptone (Diféo) 16 g | Yeast
Extract 10 g, NaCl 5 g] 2wz, KBERPEFHONIETHIZ, 1 litericNa,HPO,

6 g . KH,POs 3 g, NaCl 0.5 g, NHJCl 1 g2 S OBEHEEREE. MCBRFELE 10 nl
D20% (w/v) ZWa—2, 1 mlol M Mg,50, £0.1 M CaCl, 2FHEMLEBDTH B, =
oOgic, 43I Y Bl (Nacalai Tesque) 3ZMEBEL mg/l. AFIJVERES /1 . bY
Tho7 v 40 ng/1 2 BECIECTHAZ, MB3T77—-Y0T5 -7 BRAVIRE# L
LC BiZHE [1 liter &7V, Bacto-tryptone 10g, NaCl 8 g, E & 3 Bl 10 mg, EX
20 g] ER, EREMICIAER 6 g EALE. £, BECHRLTTFISHA IV
> (Sigma Chemical Company, St Louise, Mo., USA), 7Y E> U v (HiESIE#KAS
#) S0pg/ml, yOZL7x=a—)b (Fif) 100 ug/ml, 5-bromo-4-chloro-3-indoyl-
B -D-galactopyranoside (X-gal;f13¢) 40k g/ml, B L. isopropyl- 8-D-thiogalacto
pyranoside (IPTG; Nacalai Tesque) 0.3 mM % fnA 7=, ViR 2[NS 3 & =1L, B
HoRWREY, 1 literh 2 YBEBAICIZ20 g KBHAICIXIS sg0EXEMA L, BEH
i 1 kg/em? TSRkt - b L—-TRE LU, BEHZNTC, RBERITCTH
B E 2R DOEREZTE,

BIH MEEHBIULFHREFNFE

KBE O ER  Morrison (197D FHEICHE -7, LBEMTITC—BIEE L 2E%R
¥ 10 ml% 1 literdIBISHIICHIET L. 3FHD600 nmic BT 2 BHEE (0Dsoo ) AF 0.5~
0.6 L2 CIRBEERLE, BREEKBTHALESEL, 0CTHRHEG, 000 rpm, 5 2
; ALRH Model KR-2004, RA-6T1—&—) U, B#k#%250 nld0.1 M MgCl, KEBEB T
#. 250 nl0D0.1 ¥ CaCl, ABHCSEEL, KebCNHRBELE, (CTRER, BkE
42.5 ml M0.1 M CaCl, ¢T.5 nld /U tu—-VEARICREL, avEF Y MNERRE L
E. 2oayEry bifRd, -80CTHAARFARETS S, HERERKI.2 nlic DNA
BH (0.1~1 pg)inx, KPTIHMKEL 28, 37CT S2MMMALE. 1 nldLB
e Ak, 3TCTO0MIMERZR LK, BYREZ BIUICBALE.

MI377— mp RTTAI K DNAKC & 3 KB O BRHEHA  Nessing (1983)DT5
BICfEo k., EDABEHOBHAERELFROAETHBLE MUloaye7 >

—18—



B0, 2 mlic, 0.1~1 pg OFSAIR DNAZMNA, XKPTI0AMIMEL =8, 42C
T 2MHImAA L. COWIC, BAELES nlo EBEXEH. 0.2 nlowENEMABE
JHL01 BRODIEHM, 5021 @2 (w/v) X-Gal2 B AFNVERNLT I RER, 1041 @
0.1 M IPTG: B&%. TREHRISHICERBLE, ChE3TCT—BIERLTTS— V%K
BEtr,

BROVEER [tod(183)ICL2ERY FILETIT 2. BERE %50 nl YPADE?
OB E TREDERLUT, £ (8,000 rpn . 55 AfRH Model KR-200A,
RA-6O0—&—) Uk, BEARTEEEHE (10 PURBROFIAFLT7II) ARy~
PARE K (Tris-HC1, pH 8.0), 1 MM FL Y73 v PeBER (EDTA, pH 8.0)]1C 2E%H
%, 5 mlOLAFHK [0.1 M BB U F UL (Ak) 2&0TEREHE] ICBEL T, 30CTI
BER L DM U, SE L. HEK%ES nlo LAGER [15% (v/v) VU ko—ILE&0IA
BH] CEBRLTRBFEELE, .3 nl0oREHE 1~10xg @ DNALO.7 nlod PEG/KE
¥ [50% (w/v) RUTFUYTUa—)u (PEG) 4,000 (F1k)]& 2 EALTICT 1K
BEH. 20> 50MY R EREMICETLE,

FAE ALFHFE

IR)—NELEBEROUR (=4 ) —VUR) HEEZEULERICEKRE 0.3 ML
BRREIICHMFT NI TLBREMA, E5IC 2€EERD 992 ) —VEMATES
U -20C203 %8 -80CISHBHL, BE MRS g2, HO28 (12,000 rpn, 5
4, Tomy MC15A Microfuged /2(310,000 rpm, 15%; Af#H Model KR-200A RA-3 w—4&
—) U, BBoRBEENUE, 8% 99X ) -V CHkELEE, BETCEEs ¢
=,

Tx) - NEER I ) yaakVIARIC LAY R IEORE BREEeh
BHIC, TEAEHTK (pH 8.0) TS HE T ) — VR SBRMATEILKBEELEE, BD
78 (12,000 rpm, 54; Tomy MCI5A Microfuge¥ 721310, 000 rpm, 15%r; AfFHModel
KR-200A RA-3T— 48 —) L., REORAYNIBE2BLTLERE (k) 2ENLE, B4
CIELCT, 7z ) —-ofkbiic7z)— - 7aodridh (ULDEAEZRHWE, £
L BEBRICLT, 7))V - 700mivh - L VYPINFILI-I (25:28: 1) BEHS
Hur,

KBEISDTFZAIF DNAOXRAY ABEHISOTF I N DNAOKRFMIE,



Clewell & Helinski (1969) % [CsCl- =TF S LT A K (EB) FR® K AL
NEEE] THok. HEMEL2 SUIBEH TITC—HiRE SR U LS nlOE(EE2 H Y
)M 5¢e/l. NUThT7Y 20 ng/1%SEMIEH150 mlICHE L TiRE S8E% L, 85
BB DODsoo A 0.8ICEBLELEK, BRBENL0 ng/le 23L& /O5 L7720
—JU (Fi3k) R&mmL., SDICI6RREREREITE, 4CTHEEG,000 rpn, 5 45 Al
H Model KR-200A, RA-60—&—) L. 25% (w/v)R7O—2X% &S50 mM Tris-HCLE&E
# (pH 8.0) 2 mlICBREBL =, FEEHKICL0 ng/nl0BETEILEY VF—L (Signa)
%#0.3 mlk, 0.5 4 EDTA (pH 8.0)IF#0.2 ml2MATRALESE, KECISHMKE
L. Zhic62.5 oM EDTA, 2% (v/v) Triton X-100 (Fu1%) % &¢50 mM Tris-HCIAEGE
W o(pH 8.0) 2.0 mlZ MU THBE S LE, 0CTHELSEE (27,000 rpm, 904; HIZ
Model 55P-7 | RT65T O—~4&—) U L@E ¥, EEHKAS nlicx L, CsCl 4.55 g,
0.5 ml5 mg/ml EB (Sigma) KIEHEEMA ., HEARLE (BPA S—NFa—7; HIH
BB — ) CCUEREB LT Y — b L, 18CTEOME (50,000 rpn. 1285
; HAL Model S5P-7, RPVESTO —4& —) L7, SO EEH, HEEIhETS X I K INARG
FENRG (FILED) VY, FUEERET) KL VHEEY ., Corex HEOLBICBLE,
fFohz DNARBHCH L T 25 FoREKEMA TR ) — LR EFTH, 2BOT7x 2
— VTR EBREL, E5IC 2EOT R ) — k% Fok. DNA Ok % #5400
]l OTERBEBICTERL, 0260 HEREL =%, DNA REIE L THELZOBIEECHVWE,

KBEMSDTFAI R DNAOREFAN VEOTFAIF DNAZHEEICHAMIT L=
=, Birnboim & Doly (197)ic& 27N VEHEXRWE, HADHZ SULBEHT
—BRIER U KGEEEE Ty Ry RV 7ROEICEY . 2 mg/mlU YV F—L (Sigma) %
&¢:0.1 nld& I # [50 M b3 —2, 10 nM EDTA, 25 mM Tris-HCIAEHH (pH 8.0)]
ICERELE, iR SHKER. 0.2 nloST# (0.2 N NaOH, 15 (w/v) RF 2 ILEBRS +
gL (SDS;FE) 1% ma, KET SHAMBEBEL THEESEE, 0.15 nl0BIHE (3 X
FEER b UYL (pH 4.8)12MATHBL, 15K FICHEL 28, #HOH5EE2, 000
rpm . 54%; Microfuge MCISA) LT, BB SL EBEHOT vy RY RV TELEICBL
e TR —IULBEITV, BE%2028/nl RNase A (Shigma) 2 U TEE&ERES0 .1
HRLU. DNARHBIE LTHEADBRIECERL =,

M137 77— DNAOZM Messing (1983) DA HICH -k, 2 x YIEFMICHERE JHL01
WEEE, 3TCTHIPNICIRE IR, 000 = 0.3 OIS M3T 7 - UK FH %



mo.i. (77—INTFH/ BTREK = 1~10CRd &DCMAE, EDBIC 4~5 B
=, FHREEBLLSRES, 000 rpn, 55, 0C) L, WBROHEEKDI SEFIBROAR
i AEAMEIC LY, replicative form (RF) DNARFBIL, J7—JHNFE2SLLE
BHS, UTHOHFET—KHENA 2F/MULE, EBHKIS0 nlick LT, 27% (w/v) PEG
6,000 (Fut) &4 3.3 ME{LF MUY LEK 20 n1%2 A, 4CTT IRHFEUEREL
T, 77— R TFEUBEEE, BEOSEE (10,000 rpn, 1054, 4C) LTLEHE%E &L
Rorft, THEHRIC 77 —SRTEEBL, 7x ) —VBETTz) - - yOokl
LEBMBICEW 77 -SSR R EBRELE, Bohk DNBRICHNLTIR ) -V
ATV, WR DNARBYROTEEERICHERL THH DNARBE LE,

BRItk DNAORM HerefordS (1979) D HEICE o7, 8 ml YPADIFHI CEILIE
THMSEEMREERESEEL, 0.2 § Tris/KEHKO. 5 nliICBEBH, Ty XY FILI7HED
BICBLE, 2hic25x1 o B -nercaptoethanol (Nacalai Tesque) #H1X T. 25C T30
DEELE, #06(3,000 rom, 54) U, E{&% 0.125g/ml Zymolyase 100T (4{kz#
IT¥) BLULON YLE =L (FE) 280 0.4 WY UyBA Y D LEEK(pH 6.8)
0.5 ml ICEEBL T, 0CTT IKHIKIGEETRA 70752 MEEEE, B BHE
(3,000 rpm, 5 %) L. E#K%0.5 nlOFHALER [0.2 M NaCl, 0.1 M EDTA, 50 mM
Tris-HCl (pH 8.5)TICBRE L., 30l D10 ng/nl7 7 F+—t¥ B (MBFEHRA L) BHH
iz, 60CT IRMRBLTHEHSEE, BERE7x /) -V - JOOKRLVLEET 2
ELLEME U, 280 —VBREITVWEBIEREGE, 2hE 30041 OTEEERIC
&RLU, 1 mg/ml RNase A 28T 10 nMEFEE S b U T LBHKI0 21 A TITTIH RIGE
B, EoiC, PU/FF—F EBE30L] MATITCTIRNRIGESEE, RIGHAR%
Tx )= JuafVARKT 2EMEL, T8 R ETV, BS5NE DNALR
EBYROTESREHICHERL T Radk DNARBE UL,

BEEE RNAO BB Jensen® (1983) D FEICiE- =, 200 nlo@ S 2% (B4 E HT £
H1) I, BERHINE %2 0Dsso AY 0. LIS D & D ICHEE LU T30 CTIREIEE L 0Deso = 0.8
ETHWMULZ S (BN o, REBEN 50 sg/mleRdEdc>ronxy
IR (Sigma)& i, EHKI0AMHERGEEEHLE, 10 nl OREKTEKE EEE,
2 nlBReRAR & (0.5 M NaCl, 1% (w/v) SDS, 0.2 M Tris-HCL (pH 7.5), 0.01 ¥
EDTA] \C#EIL T, ULk CorexiBOLFICBLE, 4 ghHSIAE—-X (7R
b No.006; ¢0.25~0.3 mm, BETEHITE) | ‘B&U\ 2nlo7x)—Jv- 700k



L-A4VF7INFILVI-ILVEEH [25:24:1, TE SEHBAM] A, VortexI ¥¥—
(Speed 10, 2.5 4; Scientific Industries, Vortex Genie, NY, USA) TRER:L %=,

2, 3 nloWRAEER L nloTx ) —J)V - JOOKRIVL - A VP INTINI—
NVEBEB L EMATEA LU TERLHEE (10,000 rpm, 5 45 ASH Model KR-200A RA-3

o—4%-) U, EB%EHD CorexEOEIBLE, $I1ETx) -V J00RIVL -
AVPINTPIa—NEEELFW, 0.05% (v/v) diethylpyrocarbonate (DEPC; Aldrich

Chemical Company, Inc., Milwaukee, Wi, USA) #&d 993 & ) —Jv% 2EBEMA
THRZTEREE, BohEEBERT#A4L RNIARBE U=, poly(A)* RNA id, Aviv
Lleder (1972) D HEICHE- =, 200 mliERH S DOBRL RNARR ., 1 nlo@S8EHR
[0.2 M NaCl, 10mM Tris-HC1 (pH 7.6), 1 mM EDTA, 0.1%(w/v) SDSJICZ&MRL . 65C 54
maok&#, Y FWT)—tJva—2 typeT (P-L Biochemicals Inc., Milwaukee, Wi,

USA)2FMUEATLICELE, 5~6 BERESETHILIC RNMAZRESHEE, 10
nlOBEEEHHEE AT LCELTHRELE, BHSHEHE[10 oM Tris-HC1 (pH7.6), 1 mM
EDTA, 0.1% (w/v) SDS] T poly(A)* RNA %iEHi&H, 300 ] ¥DOHEL, 260 nmDE
RENE—V LB EERLE, BREHCHL T, 0.05% (v/v) DEPCEEL TR )
— L THEBMERREE, GONERKBMILREEE poly(A)* RNA AR L LE,

BRIG GBIRMRIEEER, REFREIEZE= Ry O—-VWOSBALE, HIR
BE Sall, BaHIB U Xhol ORIGE. BEBES&HHK (50 nM Tris-HC1 (pH 17.5),
100 mM NaCl, 10 mM MgCl, , 1 mM dithiothreitol (DIT; Sigma)] TiTok. TOfHOD
HIRBERRIGE, TABEH(33 oM Tris-HC1 (pH 7.9), 66 mM EfEgH U WL, 10 mM EEER
IR A, 0.5 mM DIT, 100 xg/ml bovin serum albumin (BSA; Sigma)]Tfio i,
BbSBWRY, WFhb37TCT 2RHUEREE R, £, T4 ligase (EHHE) O
RIiGE, 8 lug © DNA2SES A5 -2 a /E&H (66 oM Tris-HC1 (pH 7.6), 1 nf
ATP, 1 mM spermidine (Sigma), 10 mM MgCl, , 15 mM DTT, 0.2 mg/ml BSA] Tl0HfHrm
T4 ligase %0x, 16CT 2BMI ERIGE ¥, Klenow fragmentic & % HIFREEFR LIHT
KMOFEEILIE, & 1rg DNA 245 Klenow fragment SIS E K50 mM Tris-HC1 (pH
7.2), 10 mM MgSO, , 0.1 mM DTT, 0.05 mg/ml BSA, 20 M dNTP (dATP, dGTP, dCTP,
dITP) ¢, 18I Klenow fragment (F##) %#MMA T, 37C IRHRIGE¥E, 7
NAUERZT 7 B—FIic & DNADS Kif) Y BREO YNGR, # 1ug DNA 230
50 mM Tris-HC! (pH 8.0) BT, 1 BEOPILA VKRR T 78 —F (calf intestine



g3, CIP; Boehringer Mannheim GmbH Biochemica, W. Germany) % ini. 37C304 Kit
Hk, SHIkicE 7 ) - - suoafva i EfTo k.

FHO— AN NVECKAEE Tanakad (1975) O FECHE Y, 3 mED 0.7~2% (w/v) 7 H
O — 2 [Agarose L03 ( &)V TV yBASTHILEFERAL. 10fFHRE OkE) g
EH(0.4 M Tris-FrERAEE I (pH 7.4), 200 mM BERES kU YL, 10 oM EDTA] % f FIS
KHERUCAWE, RER, DNERIC 1/5FROKSARER (608 (w/v) 2 /n
—, 10 mM EDTA, 0.25% (w/v) 7OE7x ) —Jb7)—BPB)I1Z MATHBL =, &%
BEEE (10 V/en AF) Tfiok, WkEh#, FIVEEBKER (5 rg/ml) THREL, b
5V A4 JIIx—H—(Ultra Violet C62)T DNAXY REBELE, BEIIIVT 1 L4 —
(Kenko SL-39) & #K#7 4 JVA —(Kenko R-60) %AV, RTT 4 RARXASMP-4)TT7 % b
57 PB3007 44 [BET4VLW] ICEoTRELE, N OSFROMEICE
AcI857S7T 77— DNA (Eiizs) o HimdYIMTHTH (23.1, 9.4, 6.6, 4.4, 2.3, 2.0
HLT 0.5 kb) ZEEREIC L .

FUFPHYNTIRFIVELKE Maniatis® (1975) D FHEICHEV, 4, 655 sy
W/VORIPHIUITIRRASITHFIV (KR 2EHALE, BYRO 308 w/v)7HY
WPIRBEB [FVIVNFPIR-AFLYEXP 7Y IIL7 IR0 : 0.8% (w/v)], 10
mlod10 x TBEAE®H# [890 mM Tris, 890 m¥ 7x77Eg, 25 mM EDTA] & & UF20 mg/mlod:@%
M7 e LKEBERS nlici4 A kema, £R%100 nlk L, CORBEGKER
ETFTelR&AU. 100 x1 @®N-N-N'-N’ -tetramethylethylene-diamine (TEMED; Nacalai
Tesque) %MMA., FILEESStE, REHI, DNA BRIC 1/SERORVFZ 7Y NLVFPIR
NIVBE k) g G 1 (405 (w/v) A7 T —2R, 10 nM EDTA, 0.25% (w/v) BPB, 0.25% (w/
VEFILYI7)- ROIEMATHBLE, 15 HEEO FHEIKEE. BBAROK
Bia EEIE (5 VenblF) Titok., BRBEOBRFE 7 A0 - AV VERKIOBELE
BiciTo=. DNAKTH O FROHSEICIZ, pBR3220D Hpall YIMTHT % EB¥EIC L 1=,

WA EAJIL =52 DNAST O e —EB DNAMTH (M Sug)%, 0pl 0ZE
o mE R [30% (w/v) dimethylsulfoxyde (DMSO;FI1¥), 1 mM EDTA, 0.05% (w/v)
BPB, 0.05% (w/v) XCHCHEMRL ., 90T 2RIMBBICKKICE > TRHE, BiExdE, &
HIZ 4~6AR U Z VYN FIRFIVECERREL, ZEHH INALYEBLATHREIZNS 2
KDWY K& DNAL UTEURU = (Maxam and Gilbert 1980),

R TY Y 7HO—ABESVICE S RIMOBXAKE  Kaneko 5 (1985) D H k% UT



NEICHELE, BAA K T4 alic, PHO—2 1.5 g, 100 nM) VEBF b U 7 148
#E (pH 7.0) 10 mlZpnA ., AL TV EEEHEL, 16 nloFIwy Y (AL 2mx
TREL, 3 mEOY T ) YEIKE SV EERLE. 5~201g @ poly(A)* RNA % &
CEHALS 1l | 10 xhBARERL £\ BAFLFILL7 IR (FIK) 3.5 21,
ATy v10pa] 2BEL, 65T SHmMAHE, KET&HLUE, KETHRERKE (v/v)
YY+€o—J, 1 oM EDTA, 0.4% (w/v) BPB, 0.4% (w/v) XC] 2 #] %A, 5 V/em B
TekEi 2ok, kB, rRNA (18S, 255)m/Ny REEBRATRIET BHBE. ¥ %
0.1 M BEBR7 Y E= D LBRIC—BER U E%, EBAH (5 ng/ml) THRELE,

RERVFZIYL7IRERETSIVICE S DIANELARE 6% (55 0Wik8%) KU P2V
7IRBEE, 77UNT7IR5.7g (1.6 g)y AFLYER77YILFPIR03 g (0.4
g) . FR¥ES50 g, 10 x TBEAEHH 10 nl2 Zh ThRBELEBOICHAI TV KENA,
LAEMNI0 nle B2 EDCHERLE, ZOERE YT A7 4 bA—(Glass Microfibre
Filters; Whatman, UK) CTHAL. BEALUE#, 105 w/V)BWHB7 YT LBHE%®]
ml R T20~50 21 > TEMEDZ A TEAEZ =, M, BIAKEHAAZ AKRIE, 200 x 400
x 0.35 mn (EWEH) OXE=0LOEAW, KENIHBREOTFHkE%K, BE (65
T) #FDEHICEEE (1,500 ~2,500 VEEEEES (F46 W) TiTok, wkEHE.,
FILE K (type 3MM; Whatman)icB L., ¥LORER*Y S V5 v 7 (BILEK) THEW,
FIWRZFA¥— (7 h—) TIS~B0CTIOHF U LEBx =, X8 T 4 VL (Kodak XOmat
RP; Estman Kodak Company, NY, USA %724 RXO-H; BL 74 VL) #B0T -30CTH
—hITFTTT4—RFTF, BBREEBIXBE T4 L Toty H— (Model FPM6O;
BLBEAT4VL) 2EHALE, B, 71 IVL0OARY FASKEINE— Y ZHBT L
.

BLAE T IVD SO DA O, ERE7 A0 —X 5 (SeaPlapue Agarose;FMC
BioProducts, Rockland, Me, USA) A5 ofhittid. BE L 3% DNANY RESTL T IVETH
EFTyRYRVTEOEICRY ., #8200 21 OTEEHHEZIMA T, 5COHBHTHRS
th, 7x) -Vt % SELERYEBEL TP HO— A2 BRELESE, T—-FIVHIHICE
Do7x)—VEREL, BSCICMBLTCT—FIVaRBEEE, BohE DNABEREEZLS
)= IVthR%ETo T, MxORECERLE, RUPZUN7IRFLDS oM, B
Me$5d INASY RESOGHFIVIFRGIY U E<BELES, 200 ] BEOT77YIL7Y
INFD DNAIEHHE (0.5 M BiBR7 > €= 4, 10 oM BEER~ /2> L, 1M EDTA, 0.1%



(w/v) SDS] ICBRUTITCT—MlMBELE, VAL LEATFAT-NVEEDER) S
ot vyF v (P1000; Gilson Medical Electronics, Gambetta, France)iZ A$L T3>
(3,000 ronfich) L. DNAWHAEM U, BSAEEEET =/ —b - 7 0OfL L
HUE#®, 28 ) - VUERET>TEXOBECERLE, BXKE IV 50 DNAKTH
Otk LT, BRETH2AMMECERT 2 HETH2RLBBLEBAVE, BRL
25 DNANY REEUCT VK 2EL0RBFa—7 (#0.45em BRIVRTPIE) KA
h, 100 z] BEOTEEERZMA TELD (9,000 rpm 104) L., DNAZHIHLE. B85
hEBBEE 7)) 700RVAHBLEE, =4 ) VTR %T> TELXDORIEC
ERLE.

DNase IiC L B {EE OGN E~DY v h— DNADIEA  Heffron® (1978)ic & 5 Hikic
Bor, W2 ug ORBLETSAIF DNAR80£]1 @ 20 nM Tris-HC1 (pH 7.5), 1.5
mM MgCl, . 0.1 mg/ml BSAICY¥SML . DNase I (Millipore Corp. Bedford, Ma, USA)#%
22°C204 M, WY LBRAETREETRV, 0.5 ¥ EDIATRIGRIESHE, ThASED
iC7x)—)v- 700V LHEETR ) —)VRBRICE > T DNAREIRL, 7HO—24
IWBRGKHT 15yrAEFHMEhELEIOH IR 2BERU =, KHE FHLT 3
=HICEUX L 7= DNA% Klenow fragmentUIGAE@# [0.05 M Tris-HCl (pH7.2), 0.01 M
MgS0s , 0.1 mM DTT, 0.05 mg/ml BSA] ICHEMRL T37C SHKUGL ., EHIC2 mMDdATP,
dGTP, dTTP, dCTPIE® %2 xl WML T, TSRS, RISH. T& ) — )Lk
T DNARER L, WYL v h—-kRESHE,

DNAD??P BEE NATVHAE—-2avERICBITDTO—7 DNAD?P IC & 38H
. Rigby® (19T #>TH %ok, 10 RIGAEE R [0.5 ¥ Tris-HCl (pHT.2), 0.1
M MgS0. , 1 mM DIT, 0.5 mg/ml BSAJ%5 ul &, X7 LAF FEEHRK [V VBREEHK
(pH 7.4) (CdATP, dGTP, dTTP%Z &2 mME&A TS, 1 1.5 ¢l &, EHTHINA 1
rg %33.5¢1 &, 1 ng/ml DNase I#¥ [0.5mM NaCl, 50% ZU-to—J] %10* &%
RehpkdCHmL, 25CT 2RSS, [a-2?P]dATP (10 mCi/ml; ICH) %4
#1 & DNA polymerase (S#A7/mI)%1 xl AT, 14TT 3~5 BHRIGEHE, 0.5
M EDTA%2 p] MATEGEEIEL, *2P TIRNENEBHTF NAZT R ) — Vklis
CEoTERLT, ShETEEFRKED LESDE TO—TL LTANE,

32p |c k5 DNAODS KEEER 5 KRV YBEEHRE UL DNABTA (W lug). [v
-32pJATP (3,000 Ci/mmol) 504Cid XU 10BAZDT4 polynucleotide kinase (Eili#)



&% RIGW (10 mM MgCl, , 5 mM DTT, 0.1 mM spermidine, 0.1 mM EDTA, 50 mM Tris
-HCl (pH 7.6)TicMmA TS0 1 & U, 3TC 1RGS2, 0.2 nlo) 2.5 WEEEAP ¥ E
SULEMATRIGEELELVEE, 2B ELS ) — R E&YEL T, B8 DNA
REl % Maxam& Gilbert (1980)ic & 2HEERFIREHE L S1 nucleasee v K VICHW
=,

BB ATV 74 INWA—AD DNIAB LU RNAOEB  Southern (1975) A EIC
Lok, INARWKEILEZAHO—ASIIV%0.25 M HCIBAKICIHOHEZRTRLUEE, ZIUA
U ZEMER[1.5 M NaCl, 0.5 M NaOHIC3053HI® L T DNAR EHE &, A 0.5 M Tris-
HCL (pH 7.5), 1.5 M NaCl] T4 NVEBLU THME#E, 20 x SSCAEK (1 x SSC
{ 0.15 M NaCl, 0.01S M J—BFbUDL) 2BYRENY MCAh, ZOBELY £
WKASAREZEEZ (BEEEENY POKRICHELICLT) | 20 x SSCABKIKRLESK
(3 mm chr, Whatman) 245 XM LiC 2REWT, MWA20 x SSCERICEDMD XD ICL
2o BTETIIVEBE, WIHICT 7 VIVREBENWT, 20 x SSCICRULEXYTL Y740
4 — (Biodyne A Nylon Membranes; Pall Bio-Support Division, Glen Cove, NY, USA)%
FUVECEWE, 74 V3 —-ECEBERLKREEDS#HE MBED, R-N-FF V%5
cEEMATHOHIAREDOE, # 500 gpELEBEVWT—BRELE, TO#H, 74
WE—%FIUABHL, 80CT 2FHIESIA —T U THREMTFE, FVTY Y 7HT—2R
FIho RIAGEBOBRE, PIVAVERS L UHRALEEZENTIToE,

NATIVHL¥E—->a>y SouthernNA TUHAE—2arTid, DNMEEELET A
WE—ENAT)HALE—=>a 8T (0.9 M NaCl, 50 mM U YERF kYU LEEH (oH
8.3), 5 mM EDTA, 0.1% (w/v) Ficoll (4F& 400,000; Pharmacia Fine Chemicals AB
Uppsal, Sweden), 0.1% (w/v) polyvinylpyrolidone (PVP, #+F& 360,000; A1), 0.1
% (w/v) BSA (Sigma), 0.2% (w/v) SDS, 100 zg/ml Calf Thymus (CT) DNA (Sigma)]ic#
LT, 65C SRR LRBLTFRNA TV HAE—>avefiokE, 0%, E=—)
RO TDBMZTANE— NATVHLE—->a VBRI BLUP TERLETO—-T
DNA (100CT SHTMEE, KPFTRHL TEEZEE) LEANL, SCT—HRREREL
T, 7408 —FLo DNALTa—T NAFONL TV HLE—-Sa v RIGEfTo k. £h
Mo, TANE—EMYHL, tERAEER [5 o) VBT MUV LREREH 7.0), 1
wd EDTA, 0.2% (w/v) SDS] TCEEH®HFL, 455y SIcBAEHE, Aty MCEEL
XB74 VL% Ah -80CTEEE ®=, Northernng TU XA ¥—SaryTRNATY



HAE—Ya B IoRODYVENSITYHLE—>a KT [5 x SSC, 50 MU VB k
D LAEEH (pH 6.5), 0.02% (w/v) Ficoll, 0.02% (w/v) PVP, 0.02% (w/v) BSA, 0.1
% (w/v) SDS, 100 xg/ml CT DNA, 50% (v/v)BiA A VLAV LT I R] 2V, BEZ42
CTirok, tiiid, TTHBET [2 x SSC, 0.1% (w/v) SDSIT 2, 3ETFTWEHK,
FRT SHMBER T, EHIC, BEH®DT [0.1 x SSC, 0.1% (w/v) SDS]%& A T50
CIsAMIEHE L., chz 2EEYELE. Tk, BEICKELC T, Southernng T X4 E
—SavitbZohEEAVE, BHREESFEI AW TS TS ONEEHERYIEL
=,

DNAEA O PE  DNMERERTIOREICIZ, Maxamk Gilbert (1980)ick 3 KL
MI3 77—Yick a7 u—= v JE#i(Messing 1983) & 4 > 4 —# (Sanger 1981) 2 &
b, N3 Sequencing kit (F#HE) #FHLZ. Maxank Gilbert (1980)ic &k 5 Fik
. £, 5K E P TEMULLE DNATA 2@ 4L HIRBR CYNE, RU7 7007
IRFLERKBIL. BEL DNMTF2SQ T IVEYVH L, —H D5 KIBOAI2P 2
#ahrz DNAMTH 2Hiti 32, 2o DNABFA AR %230 it 3 Y KICERL T, KD
AROBEE RN 2T, G: R DNABHS w1, CT DNAYEH (6.75 mg/ml) 1
«l . DMSHIAR®TH [50 mM A ZILEES MU, 1 oM EDTA] 20041 2EAL., &5
i= dimethylsulfate (DMS)%1 xl ZMA T23C SHMRIISS LS, DMSRIGEILK
[1.5 MEF®e+ b U U L (pH 7.0), 1 M B-mercaptoethanol] 50 #1 &MA T, KiG% &I
Etf, G+ A : RF DNAEH 101 . CT DNAEH (6.75 mg/ml) 1 ml, Bi4 A > 7K34
wl, 1M ERRL ]l 2#BE LT, 4STCISHMRIGE Y2, £ RSP Y RIGEIEHRK(0.3
M BEB MU DL, 0.1 MEDTA] 200 1l #mA T, RG2S EE. C+T: R
FIDNA #E#10 .1, CT DNAZH (6.75 mg/ml) 1 a1 | A VK 9ul , BKE RS Y
v (Kodak) 301 #BEL T, 3C THMEGEEEE, B RIS YRIGEIER 200 #1
EMATRIGREEREEE, C: AKX DNABEMS 11 . CT DNAYAH (6.75 mg/ml) 1
£l . 5 M NaCl&151 2REUTC TGS EEE, E RS Y YRIGEIEE 200
el 2MAT, UGEEIEZEE, QL0 4R %2, 3EFROTA)—T26EHUET
B —WBhRERYEL, BOAERRZ100 21 Ol 0 EXRY T (Anersham) ICiER
U, 90C304 ML TILEEMLE, COREEISERY IV 2 BET CERBEL
E#, 20u] ORA4AVKCERLTBERET CEBRZE, ZofFz 28U EEYE
Lk, Goh/z DNARKHI SBUHERICE Y, BYROYERK[80F w/VIFILLT IR,



10 mM NaOH, 1 mM EDTA, 0.1% (w/v) BPB, 0.1% (w/v) XC] ML, 90°C 14RImasL
TR, $k®m L, RERV 77 U7 I R VBRKEIC L > TRITLE.

Sanger H (1977){c & B AR TR EH (EM13 Sequencing kit (FBLE) 2HWTHL -
2. 8.5 pl oM M377—UHE DNABK (W1 prol%2&88) , 2 2l TS5 4
— DNA (0.25 pmol/p)BET 151 @ 10 x ¥—2 x>y 7EEHK (70 oM Tris
-HC1 (pH 7.5), 200 mM NaCl, 70 mM MgCl, , 1 mM EDTA]& #E& L. 65C 155 HIMmE
LE#, SRICHBELTREXCHALNES S, MEEEICHET 28R [#0.5
nMa>dGTP, dATP, & & TFdTTP, #UL T, 1.0 nMDddNTP (ddGTP, ddATP, ddTTP, %1 i,
ddCTP)] | B4 A Y K OBHUYN ARICO#HE20:1:20:15:20:45, CRIGOHA 15:15
115:15:15:45, GRIGD¥HE1:20:20:10:20:50, THEIGDHE20:20:1:30:20:30ic T
b0 EHWE, AROZYRY RV IFa—TiC, AEOELEEZThFN2 11 4
ELTHL., HERGHIC, [-*2P]dCTP (600 Ci/mmol, ICN) 2 1 & Klenow frag
ment 1pl (QBr) Z2MATRBELEE., Fx A RBEHK [ANTPE 1nM] %21 1 ¥ 2om
A, EDCITCCUNFRSEEE, 6 p] RIGEEH [958 (V/V) RVLPILTFEER, O
1% (W/V) XC . 0.1% (W/V) BPB] #MMATEEL, 95CT 3 MALEHE, KPTREL
., BGonE AEORIGK2 wl $OZRBEHERY Z77VIV7 I RFIVEKKEICEY
REHLE,
81 nucleasew vy ¥'>%  Berk& Sharp (1977) DR, Losson® (1985) ic & 2 & HIC
forz. M1 g OEP DNALLOug ~100 £g O poly(A)* R¥A LEBRAL., T&)—
VRS 8%, WRlR%E30x] OSINATYH AL E—-> 3 V&K [100 nM piperazine-
N, N’'-bis (2-ethanesulfonic acid) (PIPES; RM{={t.2#F7tF7) (pH 7.8), 10 mM EDTA,
800 mM NaClJicEFMR L . 85CL04fHImBAE:, 65CIcB L, 16RHIC DREICREFL TH
% DNAL RNAL #%f& €7, 20 DNA-RNMAZESEZ SOERIC, 100~12008467 81
nuclease (EHM) #SUSIFGHK [30 nM BeBg bV v L8 &% (pH4.6), 250 mM
NaCl, 4 mM ZnS0, ] 220 x1 %0k, ISCHEAMEEERE, RBEEBICKBLT,
750 £l @ 9% ) —EMATHREEE, BOhERABEFRO Maxan-Gilberték
(1980) THOW A RkBRBAREGHICER L, 90C 145MmasKPcanl, RERY 7
JUNTPIRFIVBRUBTRALE, Tk, v—Hh—t U THEAR NAKT /@ Maxan
-Gilbert#(1980)ic & 2 MERIIS 2 — Y& i,

B -GalactosidaselE#EME BBAMRMEKOTRIZ. Rosed (1B FEEZHREL T



fiok., MREREEZRNUTEEL, EERESMEEHHK [85 nM NaCl, 1 mMd MgS0, , 20
mM Tris-HCl (pH 7.4)] 1 ml TE®HLE. ZOEEK:, BMERPASEK[0.1 ¥ Tris-
HC1 (pH 8.0), 20% (v/v) ZVU+ut—Ju, 1 oM DTT, 1 mM PMSF] 0.5 ml iICEBL. 2 ¢
DHZAE—=X (FIAL Y No.008 ) 2MAT, KBLEICAREEZRFHFL, VortexI ¥
H#— (Speed 10) IC& o T308 6EMRL =, BEIRRHLHERK0.5 nl % A TELO M
(3,000 rpm, 5 %) U, EBEBEE2TYyARY RILT7ELEICBL TESICHELSEE2, 000
rpm, 10 4) L. CoOLBH=#EIMARMHEKE LE,

Tk o B -galactosidaselEtEid, Niller (1972) @ FHEICHEW, ATk i
WELE. ZAEEE (0.1 8 U VEEE&H (pH 7.0), 10 oM KC1, 1m¥ MgSO, , 0.05 M
B -mercaptoethanol] 0.9 mlic, 4 mg/ml® o-nitrophenyl- 8 -D-galactoside (Sigma)#
B0 0.1 MY REHEH (H 7.0)%0.2 nliiA T, 28°TTFHMPMAE, MiAl 0.1 nl
¥MAT8CTCREEMGEEEE, RICEAES HBICBETWELZIAT, 1 ¥ Nax(0,
HHO.5 mlZ A CRISEFIEEEE, RIGHEN420 nmic B 2BHEE (00420 ) & FIE
REMAWEL TEEEESB LA, 1 BLRI8T Tl HHIcl zmol @onitrophenol %
PERT HERfMEL L. 1 znol @ onitrophenold0Dazo & 4.5 L -

YRR OME Bradford® (1976) DHKICieo . AV NI ERHOGREHRE (
Protein Assay Kit; Bio-Rad Laboratory, Ca, USA) %JiA A VKT SEFICHFRL =%,
EEU 2N I nliIcHRmEE %220, MATRAEL, ZRTIOFHEGE EE., KIGHK
D595 mTOWHEEREL ., BSA K& Y fERL R ER (0.1 ~0.5 mg/mD)D2B XN
BEERELE.

3 EBRER

5130 HIS5 DNADIEFLET)

HIS5 DNAWX, YRpT% RY 8 — L ¥ 58} gene bankd 5 BERIEI#k XG46-5Bhis5™ % 4
#9 55.3 kb DNABTH & L T Harashima® (1981)ic ko T/ o—>{tEh (pSHI30;
X 3) ., E5iZ, 20 DNAKTR D) Bell & Bglic & 52.2 kb Wi H % YRpTD BasllH
A MCHTra—bLETSAI KN hiss 2BTE22LHhD, ZOHEBEET Hin
dlIAMS Tagl o> 1882 bpDIEHEERFIZRELE (R 44), RELEBRERTI %2R 5ICR
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Figure 4. Restriction map of the 2.1 kb DNA fragment complementing the Ais5
mutation, the strategy for base sequencing and the open reading frames found.
(A) Principal restriction sites on the 2.4 kb A/mdIII-Bg/I1 fragment. Arrows
under the restriction map indicate the direction and region of the fragments
sequenced by the method of Maxam and Gilbert (1980); broken arrows indicate
those sequenced by the dideoxy termination method (Sanger et al. 1977). The
arrows pointing to the right were sequenced from the top strand and those
pointing to the left from the bottom strand. Restriction fragments are
labeled at their 5  terminus. {B) Open reading frames of more than 100 bp
with the start codon ATG or GIG are shown by open arrows. Abbrevations for
restriction sites are: Ba, Banl; He, HinclI; Hf, Hinfl; Hp, Hpall; R, Rsal;
Sa, SauBA; T, Tagl; other sites are as described in the legend to Fig. 3.

¥. COBRIHRICIE SODERAESR AL B, CAHY. £hFh 1152 bp, 117 bp,
120 bpdRE 25> (X 4B), ERAHER Cid. GG RUALKBEBZEHETHY, £
=y Ak BEORICNHERFO TV £ >4 XEF] 5 -GTATGT- - -+ -TACTAACA- =+~ TAG
-8’ (Langford et al. 1984)ixZBHHNIL WV, FIRFATHERK AOBMKBI NV DEEHE L
UT +181 bpfiiicd B EcRIY 4 M % Klenow fragment TEWALT 32 LIk o T4 bpi
AZITR2EEZ A, 20 DNAMTH (Zhiss 2 TERM ok, T, BIRATRESER A
MOHESND 7 I ) BESIE., HIS5 BEETEWHEL R UBE histidinol-phosphate
aminotransferase (EC 2.6.1.9) 23— K3 3 KIBE hisC BIEF (Grisolia et al.
1985) o7 I ) BEFICH LT 30HRAKNBHONS, Lo LdD, HIS5 Bi
FEYE, BRATEER AICa—REATWB LERLE,

HISS BRI OS5 B LU flico A3 Ea— FERKICIK, EWRELRTIFEHE
ho6EL MHs (W5 . £0D5H5 EHHEMT. Donahue (1983) DIRET 2 5°-TG
ACT-3’ OERFIEZEFEL TV 2D}, B 5ICBNT, dCRLE 220BBELES L -568



-616
5'~AGCTTTAGCTGGCAAT
HindII1I
. -550 . -500
TCTTGTACTGTCTTTCGCCC.«\MCCTCTTTCATCACTAC'ITCATCAATITTTTTTTTTTCTCCCGCA’ITCCAAAGCTCATMCTTTGCAAAMTAAAGGGTAAATGCTTAAAAATTCTTA
a b b

. =450 -400
TCATAAATMCGTGACCGCTTATATTGAGACCTTTCCTGGACCGTMCTAATACAGAACCCA'I'TGCTAATCCAATAAmATTTGATCATGTGACCACGATCCCGCTGAGACTATTCAM
= Bcll SaulA
. -350 ~300 Hinfl . -250
AAAGGAGTCMCCATTCAAATMTWATCCCAAGTI‘AATTGT'I‘AGCAGTCAA’ITG’lTI'I‘TTCCAATGAATGGAAT_WAACTACCMTTTTCMTAGTTCATCG
—_— d e o ~ORF-B Ddel d e
=200 -150 .TATA .
TATAGTGACGTATTAGTGC'l'l'T'I'[‘T’[TC’rTC mcTTCAATTGATGTTTCTTACCCTGACATCACATACTTGATATTTTATCTCTCACGTTATATMCTT(‘MAAGCAT
Saul3A HAincll T ORF-B+ - = X
. -100 -50 .
GCACACAG'I'I‘CTGTTCAATATACCCTCCAAT.»\TCTAAMACAGT‘I‘TTTCCATTGATI'ACGCTTAATI‘TGTTTCCTGCTAAACCAGCACTACGTGTGTGTCCTATATATTAAAATTACACT
ey ST TTST Rsal
1 . . . . 50 . . . .
"ATG GTT TTT GAT TTC AAA AGA ATT GTT AGA CCA AAA ATT TAT AAC TTG GAA CCT TAT CGC TGT GCA ACA GAT GAT TTC ACC CAG GGT ATA
Met Val Phe Asp Leu Lys Arg lle Val Arg Pro Lys [le Tyr Asn Leu Glu Pro Tyr Arg Cys Ala Arg Asp Asp Phe Thr Glu Gly Ile

a

100 . . . . 150 . . .

TTG CTA GAC GCC AAT GAA AAT GCC CAT GGT CCT ACT CCA GTT GAA TTG AGC AAG ACC AAT TTA CAT CGT-TAC CCA GAT CCT CAC CAA TIG

Leu Leu Asp Ala Asn Glu Asn Ala His Gly Pro Thr Pro Val Glu Leu Ser Lys Thr Asn Leu His Arg Tyr Pro Asp Pro His Gln Leu
Ncol Avall

. 200 . . . ) . 250 . .

GAA TTC AAG ACC GCA ATG ACG AAA TAC AGG AAC AAA ACA AGC AGT TAT GCC AAT GAC CCA GAG GTA AAA CCT TTA ACT GCT GAC AAT CTG

Glu Phe Lys Thr Ala Met Thr Lys Tyr Arg Asn Lys Thr Set Ser Tyr Ala Asn Asp Pro Glu Val Lys Pro Leu Thr Ala Asp Asn Leu

EcoR1

. . 300 . . . . 350
TGC CTA GGT GTG GGA TCT GAT GAG AGT ATT GAT GCT ATT ATT AGA GCA TGC TGT GTC CGG GAA GAA AAG ATT CTC GTT CTT CCA CCA ACA
Cys Leu Gly Val Gly Ser Asp Glu Ser Ile Asp Ala Ile Ile Arg Ala Cys Cys Val Arg Glu Glu Lys Ile Leu Val Leu Pro Pro Thr

~ORF-C :

. . . 400 . . . . 450
TAT TCT ATG TCT TCT GTT TGT GCA AAT ATT AAT GAT ATA GAA GTC GTC CAA TGT CCT TTA ATT GTT TCC GAC GGT TCT TTT CAA ATG GAT
Tyr Ser Met Ser Ser Val Cys Ala Asn Ile Asn Asp Ile Glu Val Val Gln Cys Pro Leu lle Val Ser Asp Gly Ser Phe Gln Met Asp

ORF-C+

. . . . 500 . . . .
ACC GAA GCT GTA TTA ACC ATT TTG AAA AAC GAC TCG CTA ATT AAG TTG ATG TTC GTT ACT TCA CCA GGT AAT CCA ACC GGA GCC AAA ATT
Thr Glu Ala Val Leu Thr Ile Leu Lys Asn Asp Ser Leu lle Lys Leu Met Phe Val Thr Ser Pro Gly Asn Pro Thr Gly Ala Lys Ile

550 . . . . 600 . . .

AAGC ACC AGT TTA ATC GAA AAG GTC TTA CAG AAT TCG GAC AAT GGG TTA GTC GTT GTT GAT GAA GCT TAC GTA GAT TTT TGT GGT GGC TCT

Lys Thr Ser Leu Ile Glu Lys Val Leu Gln Asn Trp Asp Asn Gly Leu Val Val Val Asp Glu Ala Tyr Val Asp Phe Cys Gly Gly Ser
. HindIII

. 650 . . . . 700 . .

ACA GCT CCA CTA GTC ACC AAG TAT CCT AAC TTG GTT ACT TTG CAA ACT CTA TCC AAG TCA TTC GGT TTA GCC GGG ATT AGG TIC GGT ATG

Thr Ala Pro Leu Val Thr Lys Tyr Pro Asn Leu Val Thr Leu Gln Thr Leu Ser Lys Ser Phe Gly Leu Ala Gly lle Arg Leu Gly Mec

. . 750 . . . . 800 .
ACA TAT GCA ACA GCA GAG TTIG GCC ACA ATT TTA AAT GCA ATC AAG GCG CCT TAT AAT ATT TCC TCC CTA GCC TCT GAA TAT GCA CTA AAA
Thr Tyr Ala Thr Ala Glu Leu Ala Arg Ile Leu Asn Ala Met Lys Ala Pro Tyr Asn Ile Ser Ser Leu Ala Ser Glu Tyr Ala Lleu Lys

. . . 850 . . . . 900
GCT GTT CAA GAC AGT AAT CTA AAGC AAG ATG GAA GCC ACT TCGC AAA ATA ATC AAT GAA CAC AAA ATG CTC CTC TTA AAG GAA TTA ACT GCT
Ala Val Gln Asp Ser Asn Leu Lys Lys Met Glu Ala Thr Ser Lys Ile Ile Asn Glu Glu Lys Met Leu Leu Leu Lys Glu Leu Thr Ala

. . . . 950 . . . .
TTG GAT TAC CTT GAT GAC CAA TAT GTT GGT GGA TTA GAT GCT AAT TTT CTT TTA ATA CGG ATC AAC GGG GGT GAC AAT GTC TTG GCA AAG
Leu Asp Tyr Val Asp Asp Gla Tyr Val Gly Gly Leu Asp Ala Asn Phe Leu Leu Ile Arg Ile Asn Gly Gly Asp Asn Val Leu Ala Lys

1000 . . . . 1050 . . .
AAG TTA TAT TAC CAA TTG GCT ACT CAA TCT GGG GTT GTC GTC AGA TTT AGA GGT AAC GAA TTA GGC TGT TCC GGA TGT TTG AGA ATT ACC
Lys Leu Tyr Tyr Gln Leu Ala Thr Gln Ser Gly Val Val Val Arg Phe Arg Gly Asn Glu Leu Gly Cys Ser Gly Cys Leu Arg Ile Thr

. 1100 . . . . 1150
GTT GGA ACC CAT GAG GAG AAC ACA CAT TTG ATA AAG TAC TTC AAG GAG ACG TTA TAT AAG CTG GCC AAT GAA TAA ATACA'['I‘MTT’I‘AMCAGTA
Val Gly Thr His Glu Glu Asn Thr His Leu Ile Lys Tyr Phe Lys Glu Thr Leu Tyr Lys Leu Ala Asn Glu Stop °°

1200 . 1250

TATGTACAGT'!TTATATATATATATACATATATAAAGAAACCTGTGCGTTTI'TTGTATTI‘TCAAATACAT[TAG'n'TTGCCTCCTCTTCTATAMACGCTCATCTATATTGTTACAGTTT
| memmleea ____5__, eee
1300 1350 1400
TTCTTCCTTTCTCATCCCCTCTTTCTATGATAGAGGATCCATCTATTATTAACCGCACTAACAACCTACATATACCTAAATATCACTATTTTCCCATCTTCAAATTTTTCAAFAAATCAC
8 h
1450 1500 8

CMT'I'rGC‘rmTCGTATTCATCPCCMCCCMCT‘rCTACTACTTTAAATCCTTTCATCTCCTTTGTTATTGAA(‘* GGATGTATCC-3'

L i h z‘aq 1



bofif & -205 bplzic 2EFI. LT, cTRLE 2DOEFIOBEE D 5 -TGACT-3' %
FFoTBY, At 602 eAFbhoE, adIC, ZhB DD BHinnebusche Fink
(1983) DE2ME S 59 bpd 5 -A(A/T)GTGACTC-3" K LT, 66YLAEMEREL L D% Ly
THRTHATRLUE(-336 bp, -275 bp, -205 bp{iz) . TATAR v 7 Z (Corden et al.
1980) I {IAC %, -102 bpk -139 bpicHF#ET B, -139 bpDTATAR v 7 R cE R -
T, YAEREVEIFIVFET D, CORBOBRICOVWTRAHTH S, 3 THEKIC
RRY 7 FoI{LD T vk V4 AR5 -AATAAA-3’ (Fitzgerald and Shenk 1981) & —E
TORFFEFILEIRY TMMEREBLTEET S, A) 77 2{Lid#, BRIIERE cF
ThbhdDT, BOELINLOBRFIOBEEIIBEMICHERVWEEI LD, BERED
Eﬂﬁ‘hmt&%amnO%DE&%%@MFWFT;%MMHk%wnﬂ%ané
LORZEHTHRTRLE,

F21H  HISS MEEMOHEL BH

Y. HISS BITFEEEDOHMES BROMBEZHELHICT 5EHIC S1 nuclease
TYEY Y %fTR ok, poly(A)* RNA IJHT S /= (ZHt K #E TR U 7= BERIDL3-1AKED 5 3
¥, FO—T DNAIL, pSHI35 (R 3) AHF/MU L HIS5 © Himdll (-617 bp fir)-
Ncol (+114 bphi) Wik %, DMSOFZE T COOCTMBMME L THBL 2T — D5 K
. (+118 bphz) I=T4 polynucleotide kinaseT32P IRNLELDEHVWE, SFRv—H
—&UTR, AUAEESXWVLE Bell(-397 bolir) -Neol WA @ Maxam& Gilbert
(180)IC L 2 BERENTLILBAREAVE, ChASORGERBERERYZIULY

Figure 5. Nucleotide sequence of the HIS5 fragment. The nucleotide sequence of
the 2.1 kb HimdI11-Taql fragment (Fig. 4) was determined. The amino acid
sequence deduced from the nucleotide sequence of ORF-A (Fig. 4) is printed
under the base sequence. Boxed sequences are those homologous to the § bp
consensus sequence for general amino acid control proposed by Hinnebusch and
Fink (1983). Arrows marked a to i indicate pairs of direct repeats with
homologies of 9 or 10 bp. Broken lines with arrowheads, x and x’, y and y’,
and z and z’ are pairs of inverted repeats with homologies of more than 8 bp.
TATA represents the presumptive Goldberg-Hogness box. The regions marked
ORF-B and ORF-C are the short open reading frames (Fig. 4). .The sequences
with dots underneath or with double underlines are those homologous with
sequences suggested to be transcription termination signals (Henikoff and
Cohen 1984; Zaret and Sherman 1982). Two vertical arrowheads represent the
transcription initiation sites at positions -37 and -34.
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Figure 6. Sl nuclease mapping of the 5 end of AIS5 mRNA. Aliquote of 20xg
of poly(A)* RNAs from yeast strain D13-1A grown in Ht and HT media were
hybridized with about 10 ng of 5 end labeled single strand DNA probe [-611
(8’ end) to +118 (5" end)] with specific activity of 5.4 x 10° Cerenkov cpm/
rg and digested with 327 units of Sl nuclease at 37C for 45 min. Samples
were loaded on a 6% polyacrylamide squencing gel. Lane 1, mRNA prepared from
cells cultivated Ht medium; lane 2, mRNA from cells cultivated in HT medium;
G, G+A, T+C, C are the Maxam and Gilbert sequencing ladders of the DNA
fragment from the Bg/II (position -397) to ANcol (+114) labeled at the 5’ end
of the Ncol site. Only the relevant area of the autoradiograph is shown.

I REVBRAKIICE > THRITT 2 L, BRBGHED S-37 bpk-34 bpOILEIC HISS
EEENODS Kuns s eibbbok (R 6) . EREEHMGHME-37 bpT, -34 bp
AOEEBLORY 205THB, ZhDOEEHESR, HISS BREEOS LHOFT
— REICEH SN BTATAR Y 7 2AOHE(-102 bpk-139 bp) L FEE S, 51 nuclease
2y Y HORICHL MR- EEEF AL ERERO AL —KT D,



S1 nucleasev v EV 7 ERT, HTFHASFHRL = poly(A)* RNA 2RBE LERKER
EHUEHD L DB D LB HISS MIEFOBEEWVORNRRY, M) ThT77 UK
ZHRBTTOBEROMMAZDOND, Thid, HISS BaFd HISI ® HIS4 LR
IICEBEUVANT—REAEZITITVWEZLEBIRBRLTVD, ChE2BEZET2E
&, NorthernfR#&%& TS Z LiIC U7, poly(A)* RNA 3R¥HE, S1 nucleasewy ¥
Y THERALE DI3-1A BRZHT, MM THRLTHELE DL, KHEOSOE—4
—BHTCHW 2 HIS5-lacZ BERET2H DTS5 A3 FpSN6ls (X 3) % JeuZ BBIC1 2
E—#AL%E DKD-5D kA2 bndbn%EHRLE, Fo—TJik, pSHI3SA S HISS @ Bell
(-397 bp fiz) -HindIl (+602 bp fiZ) Wi L WE I b —JL & L TYIp5 (Rose et
al. 1984) 25 URA3 @ Pst1 (-22 bpfir) -Smal (+880 bphi) WiFr. HIS5-lacZ ¥&E
EMERET 2EHICIENLI3np8 DNAZFHK U TERALE, B TICB W T, 1.0 kb URAS
EEEWICHUT HISS 131.4 kbOBEENZH B =, HERTITES S h 2 BREERE

s <HIS 5-lac'Z

o <HIS 5(1.4kb)
‘ !‘ <URA3(1.0kb)

Figure 7. Northern hybridization of the A#/S5 mRNA. Poly(A)* RNAs were
isolated from yeast cells as described in Materials and methods and 40 g of
poly(A)* RNA was loaded on each lane. Lanes 1-4 were hybridized with
32p_labeled DNA fragment of HIS5 (from Bcll at position -397 to HimIIl at
+602) and URA3 (from Pstl at -22 to Smal at +880; Rose et al. 1984). The
probe activities for the HIS5 and URA3 DNAs were both 4.8 x 107 Cerenkov cpm/
g DNA. Lane 1, yeast poly(A)* RNA prepared from strain DI3-1A cultivated
in HT medium; lane 2, poly(A)* RNA from the same strain cultivated in Ht
medium; lane 3, poly(A)* RNA from strain DKD-5D integrated with plasmid
pSN616 and cultivated in HT medium; lane 4, poly(A)* RNA from the same
pSN616-integrated strain of DKD-5D cultivated in Ht medium.



1152 bp B2DT, BEINIEEEYOREZLFF LR, L—2 1& 20 HIS5 IS
YRDEER (A3 REECUTT Y MRS —THRKRT 2 LI TE VHUSB T
EERN3 B THhok, HIS5-lacZ OEEIZL kbk 2.5 kb KEZSDEENRHSHH, 4
kb EEE N B -galactosidasefE 2 RBETHILEADNDE, ZOEREEYLHUIZHTOR
MEHFBETED, ZORMESRETIR. HIS50D -616 bph S +121 bpDFEMM 2 K> D FE
ARETHIRVEDIL lacZ OLTICHERBELTEY, ZoHEBFC—BEHAOES 2R
FAMUAFET DI LABLITRENSD,

B3H  HISS TOE— R —WAL OB

B0 RREMBOLE, ECH<HDRUAS (Upstream Activating Sequence) & FETF,
Z ORTEREE, BERBA, TATARY 725U 65 ERflicH 5 Z L F—@Micm
SBhTund, HSSBEFTH-REECHERS bpBEY & HEMEDH 2EFIA6 1
E—. 5 ERFUICHEEST 5 2 L MEERIITHO MR o= (R 5) . UAS EFI%8HS
75‘&:'?’67":@0:;3“6//]55—1&02 BAMGFEHET2FREEN JITRLE, %£7. YRp7
O Bamfl-Sall ofdlic, HIS5 DNA% 71— {k L 7=pSH130 (Harashima et al. 1987)%
E’coRI'C‘ﬁSﬁﬁWEL_‘(ﬁ%b?‘ipSHlBSd)?W bp HimIl -EcRIBTFr %, EHIC 4vall T
HibLE, T 0734 bpod Himll -Avall iy D% % Klenow fragment TFHE{LL . 8 bp
BamMll) Y h— %A EH T, YEp BF 5 X3 K pMC1587 (Casadaban et al. 1983)®d
lacZ MEBEFO V UCHD Balll VA MCHAL, HIS5-lacZ BERIZF% &, pSHS30
L, ZOTIAIR%R Bglly Sall THERLUTHISS-lacZ BBERBETFAE->TWD
7.8 kbo> DNAMTH %YIp33 (Botstein et al. 1979)® BaI-Sal/I fElCHFHEA L TYIp Bo
pSN616 % i L=, £, PallTpSN616%Z LU T HISS TuE—4 Wik %skhk - B
BABR U 7=pSNBI6AB 2B U, HIS5-lacl BERETE2BETLEIR VAL LTHERLE

(= 3) .

5 bpitFRMAMOBELHOM T I EDIC, RELYVA-BAETOE—X —HEIIC
YBALE, REPYVA-FALEKKF 2B220IC, 735 bp? HimID -Avall B F O
%% Klenow fragment CHEW{LL, 8 bp PallV ¥ A —% & E ¥ T, pBR3220D BasHIY
4 MEHALETIAI NpSNIZERNEAICHEE L=, pSN382L pSN209iE, SawBAT
pSN1 % Bt U TEF L F 0505 bp, 332 bpifFr% REL T, pSN6I6AB O RaHIH A
MicfEALTHE (R 8b, d) . pSN2T7id. Ddel TpSN1% #HALL . YIMFE % Klenow
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Figure 8. Structure of various DNA fragments of H7S5 DNA inserted at the %’
end of the Jac’Z gene on pSH616AB. FEach modified HIS5 DNA fragment was
derived from the ArmdIII (position -617) -4vall (+118) fragment (illustrated on
the top) of HIS5 DNA and was inserted at the Rasll site of the EccRI -Smal-
BamH1 polycloning site on plasmid pSH616AB (Fig. 3). One of the termini of
all the HIS5 fragments is the 4vall site (at position +118) ligated to an 8
bp BasHl linker (dotted box) after filling in the Avall site with Klenow
fragment. The other end-points of the HIS5 fragments are; (a) pSN616, the
HimdIII site at position -61T7 (full length of the HimdIII-4vall fragment)
ligated to a Baml linker (5 -CGGATCCG-3’); (b) pSN382, restricted end of
SaBA at -382; (c) pSN277, the Ddel site at -278 ligated to a BamHI linker;
and (d) pSN209, restricted end of SauBA at -209. The four different modified
pSN616 molecules, each with a single JXhol linker insertion at the sites
indicated by open or closed triangles are shown on line (e). The Jhol linker
insertion was performed on the same AimdIII-Avall fragment of pSN616 after
subcloning it into the Basll site of pBR322. The resultant plasmid was
partially digested with DNase I, HinfI, (position -282), or HimcIl (position
-204), and an 8 bp Xhol linker, 5 -CCTCGAGG-3’, was inserted at the cleavage
site after filling in the both ends with Klenow fragment. TATA on the top
line represents the approximate position of the presumptive Goldberg-Hogness
box, ATG is that of the translation initiation site, and the two vertical
arrowheads are those of the transcription initiation sites at position -37 and
-34. The solid boxes on the HIS5 DNA indicate the 9 bp repeats.
Restriction sites; D, Ddel; A, H, Hc and Sa are as described in the legend to
Fig. 4.

fragment T¥H{L L, 8 bp BarlllU YA — % EE St %, PBall THALL T406 bpoif
Fr#z B, £h%pSN6I6AB @ BallH A MNCHEAL THE (K 8c). BMRRE L RICK
MEBESICHBUT Hicll, Hinfl, £713., DNase ITpSN1% 14 ArtliL. 8 bpd
Khol ) YA — %A L~ (Heffron et al. 1983), HIS5 FuE—A—8|iicU VA
~—OHALEBOEBERSBEL, BB Vv A-HAZERE2BE (B 8)., Hincl,



Hinfligb cFhFh 201 bp, -281 bpd{IEIC, DNase ITH -580 bp& #-30 bpfir
KUYV —%ALE 4T, ThTh% BallITHILLT HIS5 7Tuxs—X—WHK %4
L., pSN6IBAB @ BarHl¥ 4 MCHEALE, Zo&IICLTHELNE AISS Jut—4
—BEICRER ) Y H—FBAEZ YA ENEHIS5-lacZ MEBEFEEDTS A I R & LAUZ
DNAIC 3 % Kpnl ¥4 b TYRTL., BEDKD-SDEE2HERRLE, COTS5SII R
BRI CHMES 2 LT, I hiz LE2 INGES TRBRGE DS I Rk
leu? B O THEHEBRANEZY, JenZ BIZ2ZDTS5AI N NAFEHE CHHM
AFh3ZEAMETE B (0rr-Weaver et al. 1981), B hEHBEERIKD D Rk
DNARFBIL ., Be/ITHYMLT YIp33% 71— & L TSouthern@BH2T42->T. &
18 kb ONY FOHBRICE 2T 1aE—~DTFAI KA Jevw? BICEHARENATWEZ L
ERERLE (WRER) . 72, AIS5-lacZ BEREFOREMESIE. HIS5S &BEEY
OBREFLTH D% 81 nucleasew y KV FETHERLE (BRAHB) .
REQDIDICLTHEDNERED Y Y A—HALEREBAL EHISS-1acZ BERIGT %
IRk leu? BIC 1T E—FHDIKD-5DEkD T iciedkiz, 2 HHIYPADES M THij IS
#%. ODeso AY 0.1iC% 3 & 512200 mladYPAD, HT, Ht¥F#IC#IE L, B -galactosidaset®
MoOBRHELEMELE (R . NV T 7 RIEHET (HtigH) CEHRLTH
5 pSNB16 DT inifatkid . MEMEEBEHED S8 IEHIC T T B-galactosidasefBiEAN,
YPAD, HTISHE ISR L TV A ML Y B8 2~4 FoiEHERLE (B 9a), 2hi£<
FREOHImAS, pSN3B2OMEERGTRES N (B 9b), KBS LHICH A5 bpitEREF
it HIS5 7O E— R —OBEBICHELTwRWEEZ B NS, pSN2TTD HISS TOE—4
— i3 EMARTI % 23— (-272 bp fit& -202 bpfii) #OA, TOTSAI NICLBHE
ERED B -galactosidasefEHEE W ThOZHTEH ., pSNCIGICHT 28 208D 1EHICET
T35, LAL, HISHETORMEIOEE 52RHY . HTHEH TO B-galactosidaselE it it
T5HIE. pSNBI6DHELFETH S (R 9c). -202 bphid HEFEFH D % D pSN209
Tit. B-galactosidaseBEUAFNZLLETLTHAKEBEE AR oL (K ).,
By 400 Yol A—FBAEROI LRBEICELLERIELEZDE, -201 bpfZod Hin
cIYMREICIHALEE EETTHoE, SO Y A—EARBEDHISS-lacZ DRBIL,
M %4 FCpSN6I6D & = NERBE T, HUSHES TCORMNBIBRKAAD SR Aok
(R %), CHhALDOREREDD -202 bl DEBEFZ T CR—BRHHARDOESE2ZTD
NRWA, ZORFE HIS5 TOE—R—HEBSEITIEDICILATHZZ L 2RHM
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Figure 9. PB-Galactosidase activity in transformants bearing plasmids with
different HIS5-lacZ fusions. Yeast transformants generated by chromosomal
integration of a single copy of these plasmids were cultivated by gentle
shaking in HT (A), Ht (@), or YPAD (M) medium at 30°C, and assayed for
their B-galactosidase activity (upper panels; units/mg protein) and cell
growth (lower panels; optical densities at 860 nm) at appropriate intervals.
(a) Transformant with pSN616 (carrying the HIS5 DNA fragment illustrated in
Fig. 8a); (b) pSN382; (c) pSN277; (d) pSN209; (e) pSN616 having the Xhol
linker insertion at position -201 (HimII site) indicated by the closed
triangle in Fig. 8e.

4 EE

Harashima® (198IC& o T Y/ O —VLENFES. cerevisiae O hiss ER=HET 5
2.2 kb DNABRFiCid, 3D OEHERFTRESABRAH A5, 1152 bpA 5 2 2 & H RO BRI
A OHISS BEFEDEI—FLTWBERKHRLE, HISS BEEPOFMPS Rinnhi
B, COBREFBELURI o2, HISS O7OE—Z—HBRFICH 5 EVEREE B
(-285 bp~ -169 bpli) MEFLEIL. 4RG3 (Grabeel et al. 1985). HIS4 (Lucchini et

al. 1984) . 7TRP5 (Moye and Zalkin 1985) &5 L THRRAENTWVBEAN, Thbo

MEFORBICEBESELTWRY, IS5 BETFICEWTH, HREK BoZRABA > T
g2 HifflH 4 AU Y A—HEAR, -218 bplidd EHi % %Kok HIS5-lacZ BER



GFEHODTIAI NI IWEAGRKORARRNICKELELBIRA D2,

HIS5 TaE—&2—iclk 6aY—05 bpo FRFINELEL, TDIH SODORFERT]
250 -382 bphlE COMMKT, HISS 0T OE—R—L LTHILBEEFOZ LA,
HIS5-lacZ BEAMHETFOTOE -2 —REERBHFI ThA o7 (X 8, 9b), -382 bph
5 -278 bpE COMDREATEEENEFEHOETIX, S5o0HFEFIDIH 322KN
2 DORAEIFRZZIELFERLEAONS (B 8, %), TS, ERTHIES
TERINOBICI L TRIEFORRELARNMNENRT DI ki, HISE TUE—8—DHF
K —2RBEHETF GALI-GALI0 T OE— R —BITTHE S h TS (Lucchini et
al. 1984; Giniger and Ptashne 1988) ., pSN209() AIS5 T E— & —Tid -202 bphromd
EFRIIN 1TE—KRZICHADDDT, TOE—A—L LTOBEHZIFLAYESRICE
5. $f, HISS TUE—B—OhkBBoTH, -202 bpllOMBERICHT 5 ¥4
—HAT, BMEAREC SR <23, 5T, ZOMBRTIZ—RHEEIC L 2RAHICE
HETHDH, BB TCEBERBCTATELRY, COLIRBRICHTIEALL T,
(1) HIS3 70 —2—iCBnwTH, BLLBMHNICE 2o HkAET] (BEERELH
5 -142 bpk -99 bp {) FERKCHEILHFDBETHEIEABEZIATVEIEND
(Struhl and Hill 1987), HIS5 @ -202 bphi& -272 bp fidd 2D DIHBREFNKEE L=
GCNA & > R FLHI D B FAEAA RGN LETH S, (11) -202 bplzk@AECT| D BEE R
24k -277 bph s -210 bpfrodfl. HIAIEL, -221 bp ' -211 bpfiicHBFIVICEA
M (T-richfK) ABETHS, (iii) -202 bp MO HBETICIK, = OBFI & FEH
L PEBRTICHEET D AplA NI DL D RN E FHOEERFIEEL. Zhd
HISS 70— 8 —BEHICHAT, —RHEROES T -202 bpliz & B H o EBEHIC
HAELULEGNNZITHLD, $XFEASHN D (R 10), T-richfiid, Struhl (1985)ic
&2 T HISS MIEFOXBRBILATHL LN RENATNWS., -277 bp2 S -210 bp
PMOBFHROREERTOE- S -DRLAERLICRBERE KD DX, T OT-richfi
DBROEHELHETED, £, Apl &, HAHOMMICE VT, 12-tetradecanoyl
phorbol-13-acetateZE DRI R -V T AFIIIC L DRBIC & > TEEIMREZ L HET
#f(metallothionein, collagenase &) O7UE—4— /T IUNVY—HNICBLTH
Hhd 5 -T(T/G)AGTCA-3’ BLFICHKET IRANEERFL U THE S hi(Angel et al.
1987; Pictte and Yaniv 1987), B¢R}S, cerevisiae iICHBWTHZ OEFOEENREN
Twa (Harshman et al. 1988), Apl& &R DFEME 5 -TGACT(A/C)A-3 L —BT 5
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Figure 10. Possible interactions between regulatory factors bound with
regulatory elements of the AIS5 promoter, Triangle at nucleotide position -37
represents the major site for transcription initiation. Dotted circle in
panel ii represents a factor which is supposed to bind with the T-rich region.
Details for the three models are described in the text.

A,  HIS5 Tix -333 bp. -272 bp, -202 bpfricHFET 2. LML, -202 bp firopit
BACINE, Hill® (1986) DIRIBT 2GCNADRE S & BEERBICKR$H B U RS 5 -RRTGACTC

Mﬂ%’@u7UV§§%ﬁ?)&Amﬁkkaﬂ%wwﬁﬁ?émM%éﬁﬁﬁmﬁ

H B WBELHI5" -CATGCACAGTGACTCACGTTITIT-8 oW FhicH L TH., HIS5 TOE—H —ft
DD FET & AR TR HEHBEEAS W, -202 bpYORFIOBELXHESMIT 228
I, In vivo CERBICEASLTWA A YNNI ORIEDEELBRERE Y H> ML 8

RADRHEBALETHEEEXDID,



Eom BN

S. cerevisiae @ his§ BE*HHE T 52.1 kb DNAKTH iEERFIZHE L, 1152
bpd b % HEIRATRESAR B R L. Z OFRBERIC IS5 BEFEYHFI—-FZATHD
L#EHRUE, Sl nucleasewy BV JETHL M UEAREEYOS RKuddBIRME I R
v 5-37 bp, -34 bpfLicH Y. EERNEY A-37 bpfi TH o=, T, NUTIT 7
YRZEBGTT HISS ORFERNY MFHMT 22 Ld s, —BHEIC LS IS5 BB
FEHORAFIEEL AN THL2bhBZ L Xbh o, —RHHRDOESZERTIS
-TGACT-3’ DHERBHLMCT DEDIC, HISS5 TOE—F—HICRER Y VY A—FFAE
REBAULHISS-lacZ BEBEBEFERFOTSAINEHEL, FIRGEKD Jeu? BIC
BALE, 7OE— 8 —sBokd BREBRICGEY -202 bpoEFAY, BEGHS L THA
OBELXFON, BHMTIIBRELEVWZ LAbh ok, #>5T, HIS5 JuE—4—ET
&, HERIIMOEEERN—REHICL 2EERARO ERICHETH S Z L ARR S
nr,



55 3 B FPPHOIEII=T ooRESS & sl eEIEL

BLE HE

MEERR 77 A —FHERETFORER, B 2CRT LD SOOHMRETGRFIO
(PHO2), PHO4, PHO80 . PHO8I . PHO8S EEMic k> THEMEHTEHY., GRFld + PHO4,
PHOSL & v X7 2 KA EEECE<EF. PHOB0 . PHO8S X NNV ZAKEHIETFELT
FE xH7=(0shima 1982; Yoshida et al. 1987), Z > b, #H&HEFICEEEAL,
VDBESICL > THERETFORERR2FAMT 2013, EFFPHLTH 5., PHOLIC
Lo TRERFMINDBIETFIZ. PHOS. PHOS. PHOIO . PHOI1 . PHO8I . PHO84 @ 62
T (Kaneko et al. 1985; lLemire et al. 1985; Tamai et al. 1985; Thill et al. 1983
; Yoshida et al. 1989b) , CHdNI B, WHEF VA VML 7 7 8 —+F (rALPase)
E3—KULTW2 PHO8 %B< SODBEFORBICIE., PHL BV L FRFICGRFI0 BB
FEPFPLETH D, TOGCRFI)BIETFEWME. P4 EMERE BETFCEEFERT
S5 FT(Oshima 1982; Vogel et al. 1989), R T 7 & —ERBIEFOMICHISL, TRPL
BEFOLERICEEELEETOIZIENRENTH S (Arndt et al. 1987; Braus et al.
1889) . ThHOERFR, HFHAEOS ERERORFRVLREIICEZEELTIERT 22
ENEZZ BN, Nakao® (1986)., Bergman® (1986)., Rudolph& Hinnen (1987)ic & -
T, HHIERER X 7 7 2 —¥ (rAPase; Lemire et al. 1985; Toh-e et al. 1975)% 3
—R¥ 3 PHOS BIEFOTOUE—S-REEEBHITabhE, TOKER, Nakao 5
(1986) &£ Bergman® (1986) (25" -CTGCACAA(A/T)G----- A+T rich region-3’, Rudolph¥&
Hinnen (1987) & 5° -RYRYRYYRRNYYRRYRYRY-3' (Y iH¥U I T VEERRT) A PHOS
BEFOREHEACLETHIeRELE, TOEREFOHERIR, TAFThIE-HO
RRBR7E—%FEHLTVEILY, RAEKEOREFAEORVWICLDEZFADNS.,
EBIC, RBEZNEERFIAGCRFI 2NV OBEETHEFEOA, PHULAR Y RI DEET
SBLF(2 DM, GRFI0 LPHUOHAKNEET BT DA, PHOS TOE— & — IR
NEMERIERBFATRASAHACTEIILITER N, FIC. XETR P4 BI5TF
EMCE>TORRENFAME NS rAlPase O MERETF PHOS O 1RBEEZHASHIC
U REERBRFSOTOE— L —OREQRHTL SPHLEZ ¥ NI OfEHT 2HIEEHAS



Mol

B2 RBMHBEERGE
AETHWEEBMHHEBIUERFEDI S, FlIRECBVTERLEIUSOAED L

w1 HAEKRBLITITAIFR

KBRICHWES cerevisiae WilkE R LIKRUE., EeRID S Sall Y EF Th2.4
kb PHOS DNA BFFy % §¥o7= 775 A 3 K pAL201 (Kaneko et al. 1985)% YO E— & —DK
ST RBFTSIC VS PHOS DNATE L U =, exonuclease M WA REBAZFLOED
{ZpUC19 (Yanisch-Perron et al. 1985) %A L £, Sl nucleasewvy EVFBELTHY
H—EIC L 2HERTIRELCS TR E—KH INAOFBICIE, H3nplod & U Hl3mp
11 (Messing 1983) 2 RJ 4 —TF5 A I R, ZOEREICIZINI03 (Messing 1983) % F
Wiz,

Table 1. Saccharomyces cerevisiae strains used

Strain Genotype® Source or Reference
P-28-24C HNATA pho3-1 Toh-e and Oshima 1974
K3-5D MATA pho3-1 leu2-3 112 Yoshida et al. 1989b

K118-1A MATa pho3-1 pho8-2 phol3::pPHIS ® (ura3-1,2) Our stock
leu2-3, 112 trpl

K143-1C MATa pho3-1 phol3::pPH13 (ura3-1,2) lysl Qur stock
leu2-3, 112

* The genetic symbols are those described by Mortimer et al. (1989).
® The PHOIZ locus was disrupted by insertion of pPH13 plasmid bearing PHOIS DNA
deleted for the coding region of the N and C termini (Kaneko et al. 1989).

B2 [N

BEROE") JMEPERIE, 1 literd2Y FIVa—220 g, PANSTXY 2 g, EXA
IVEER (BV kXYY, ZaF VB, F7IV, RV TV (% 200 ng/l), 1)
S h—Jb (10 g/1)  EXFY (20 ng/1)] 1 nl. HY YBESH [KH.P0, (6 g/1),



MgS0, - 7TH.0 (2 g/1), CaCl: -2H:0 (1.32 g/1), KI (0.4 mg/1), B, Cu, Mn, Mo,
(& 0.04 mglIXiE/1), Fe (0.2 mg FHYR/1), Zn (0.28 ngf M E/1)] 250 ml %&
. BY VEBR/NEHIEE, 1 literdEY JIVa—2X 20 g, PANTFEY 2 g, B4
VRAHL nl, Y VBREEK (B YBRESKICS T 5KH.P0. ofDYIC, KCL (6 ¢
/1) 28T] 250 nl, HY YBREAKS nlz2 80, LELEUTLEBREO7I VBB L
URBEEENALZ., £, BY VRTAEBIX Toh-e5 (QABDICH#>THBLE, 1
liter 7= 1) Yeast Extract (Difco) 10 g, Bacto-pepton 20 g% &R L. 1 M MgS0,
77K (Nacalai Tesque) ZhFh 10 mlfnx, 30~60#ET 5, Whatman
(UK) No.1 paper CHLBULZ#, HCITpH 5.81C% L, VI a—220 g, 7F=Y (R
Jt) 400 mgR MU T, B VBRRLFME LTHVWE, ZORY) VEEBICH T 2HY
VERREEE, KU UERIEH 1 litericDEKHP0. % 2 gL THEMLU =,

E3M E{LFHGE

Exonucleasell i &k 5 R&EMDHA  Exonucleasell (Exo II; Fif#E) & 24K#4 DNA%
L, KDDL DFANFAOFHEZHRLT, RO RERGREEL S H R
PERF-oTw3B, plUCI9D BasHl-Sall [Wic PHOS DNA% YT 7 1 — o U 7=pAL301 (X 11)
* Kpnl & BaHITH{LT 2. Exollids BHEKRED BaHIYIMT SN B3 DNAZ S RT B
M, S REKWRD Apnl GIEiEA S BARARBI SR WES, PHIS DNARHIEE 13 AN
72— DNAIZREBEE B, HEDFEMIE, Yanisch-Perron® (1985)icf o=, CsCl-EB F
WEEARREOLSEE R EOFETHBUE 5~102g OpAL301 DNA% Kpnl & BaHIT
MLLE®, 7x/)— VLB, J7x)—J)v- J0afVLREZ/HL. =8 ) —I)VikE%
2 @ﬁﬁbf@%%ﬁ DNAZ BB U=, =0 DNA% Exoll IS E#[50 mM Tris-HC1 (pH
8.0), 0.1M NaCl, 5mM MgCl, , 10 mM B -mercaptoethanol] ICEMRTS. Zhic, 160
Mhzo Exoll &ML, 25CTRIGSE, 1 SEIcd B, RIGHKIO«]1 %2, XBEICH
BUZ 100 oM EDTA% 1ul §OHBLEZYRYRILVIELEICBLTRICR2EILEL
zo Exoll RECE U D REKMEE FHRLTDEHIC, BEH INAFREZL exonucleaseVl
(Bethesda Research Laboratories Life Technologies, Inc., Gaitherburg, Ma, USA)
1.1 Bf7% RIGE &K [10 mM Tris-HC1 (pH 7.9), 30 mM KC1, 10 mM EDTA] 200 1 %
RAMLEDOSICHRMU =, 3TCA55 RUSH:, 65CLORmMML THREREEE, =2
—WUEE TR o, FR{LZEHICRLICT LI, dNTPEERVWZ Klenow fragment
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Figure 11. Constructions of the plasmids bearing the PHOS promoter with
various deletions., Plasmid pAL301 used to create sequential end deletions of
the PHOS promoter was constructed from plasmid pAL201 (Kaneko et al. 1985).
The pAL201 DNA was restricted with ZccRI, filled in, and ligated with an 8 bp
BapHI linker. This DNA fragment was then restricted with BasHI and Sa/l, and

a 2.4 kb fragment bearing the PHO8 DNA from position -989 to +1459 was
inserted 1uve Luc RasHI-Safl gap at the polycloning site of pUCl19. The
resultant plasmid, pAL301, was used to introduce the deletions with
exonuclease II1 as described in Materials and methods. On the other hand,
plasmid pAL229 was constructed by insertion of a 2.2 kb JXhol-Sall LEUZ
fragment of S. cerevisiae prepared from YEpl3 into the Sa/l site of pAL201.
Plasmid pAL229 was partially digested with AimcII, Hinfl, or with Asal to
obtain the truncated PHOS promoter. Then the blunt ends created by the HimcII

or Kfsal restriction were directly ligated with an 8 bp BasHI linker, or after
fill-in with Klenow fragment for the Ainfl restriction ends. The Baml-Sa/l

fragments of the PHOS DNA were prepared from such modified pAL301 DNAs having
various deletions and the similar fragments from the modified pAL229 having
the 8 bp BasHI linker insertions in the PHOS promoter region. The fragments
from position -989 to +1459 of the PHOS DNA with and without deletions in the
PHO8 promoter region were illustrated in Fig. 14. The open, closed, dotted
boxes, and thin lines represent yeast PHOS, LEUZ, pUCl9, and pBR322 DNAs,
respectively. The arrows along the PHO8 gene indicates approximate position
and reading direction of the open reading frames. Restriction sites are as
described in the legend to Fig. 3.



BUGHIC DNAZEM L. 1BLI0 Klenow fragment# A T37TC 24 RIGE H# T Bl *E
sE ML, EBIC25TICBULT 20 M I3 D ICANTPZFRML TY B FE % H#
o=, 65TI0H MBS, T8 ) —IVEET DNAREUR L., 8 bp BadHIY Y h—%
SOEERE, BRAY, ABEEREERLT, PIS TUE— X —HEIKREOBA
EhETSAIREERSBELE,

FPIVAVERA T 7 2 —EEHEME Toh-e »(19716) D FE2*HELTHE o=, BY
ROBER IS 2 O 58 (3,000 rpm, 54r; AfRH Model KN-80) U THE L., BiRRE
FrFIAE®¥ [25 mM Tris-HC1 (pH 8.5), 1 mM HgS0, ] BHT—EkH#&, EEICHF
=X (7Y ALY No.006) 1 g BEFFAIEE 0.2 ml 20X T, KB ETHREL LN
% 30 b 6@ VortexI ¥4 — (Speed 10) IC &k > THELHERT S, ZhiC0.5 nlOBER:
JRAE M % A TEL (3,000 rpm, 55%; ARHE Model KN-80) L. #S5AE—X &l
W ESTE, HBEE Ty RY RV 7ELBFICBL TEROSE (12000 rpn 104);
Tomy MC15A Microfuge) L. BAT MO RKELBI L AT AL —XE2 BV THRKL
U, RUGAEHETE [0.83 M Tris-HCL (pH 9.0), 41.6 mM MgS0,] 0.6 ml, p-=hE 7 =x
W) VBT MU YL B.2 mg/nl) 0.2 ml, BEFRHK 0.2 ml 2BAL. 8CIOSHRIG
X8, BAREF MY TLE0g/ T0nl) 2 nlMATRKESLTRGR2EILSYE, £
OB D0Daz0 HZRELE, 14N lumol Op—burx) - N2 EHESEIBER
1 unitk U, p-= b7z /) —LOENEEFEE%E 1.6 x10°2L LTHELE,

M3 EBER

F1H  PHOS BIZF O 1R#EE

Kaneko® (1985)ic & o T/ 0 — v {b & h = PHOS DNADIEEE SN2, AW REOET
(Bl BMHEARBRER) CioTREEAE (R 12), PHIS DEEHEIE EcRID
% Sall N FET(Kaneko et al. 1985), ZOFHEICHT 2 BERATHERIRIL, 184 bpi
N TEE 2405 bpdORFLE 1698 bpMORF2() 220 AEH BB, Zh b OFRFEROMIC
BNERI QI Y ARFGFEE T, £, ORFIFICH HHIRER Stwl (ORF20)
BHEG R > -424 bphf) OEIMFAEICS bpd Ball) VA — %A L TORFIO Fe s 4%
IS LEPHOS DNAR DTS A I REESL, :n&:J:'ZoS. cerevisiae K118-1A (pho8-



~989 EcoRl .
GAATTCMTGTTAGCACTACMCMTMC
-850

. -950 . =900
CCMCTACT{'GCGAATATCGATATCACTTCCAGTATTATAGATICATMMTGTAT

ccc;\ccrccc,\rcAcccmrcrmcmTcrancrmcwcmccccnccmcc,\cr
. -800 . -750
MACCMTTAMTCGCAMT\'ATCTCCTTTTCACACTCTTTCTTCACCMAmCT\'TTT‘n‘TTl‘CCTACT:\GAAGMGCCCTAGCACATMCAACAAMATTATATTMGCGTCCGCGT
. -700 . ~650 . -601
MAcccnccAAcurcuchmcgTT,w”\Ar CCACTATMc'rC‘l‘(‘GTATTATMTCTCTCTMTCCTMTTI‘(.ACCTCCACACMTACCA‘KTCGACCCTTMCAGCTACTCCATC
-550 . -500
ACCCTCCACTCATCTCGTACMCCCMTACCCCTCMCTCCCCMAAGGGTCATCTACCTCGCCCCACCTCCACCGATCACTTGCTACCMCMTAGGCGCAGACCACAGCCTACTCMC
|+0RF1 Starc 1—

=450 . stul . . 400
AGCACCCGCMCMCGACMMTCC(‘ ATCAMMCGCCACCCATCACAACCGMCCACCCCTCTTCCTCTCCACAMCAGATAGAGMTCATATCCAGAMCGTGAGAT[CMGTACMG
— -
-350 . -300
TCAGTCA(' CTACGCGACCG, ACT(‘ GAGG AGCAAGAAACCCTCTCCCM&:ACCA(‘ AT’I‘CACMGAAATCTCMCCCTI‘CACGGCAMACTCACCMCCAGTCGCN\GAAC:\CCAGCCCATCT
g |
. -200 HindIlII =150
CCTCTTTGTACACCCCTCCTM('CC(‘CGTCTMCCGMCACCACC:\TCCACATCAATAGCAGCATTGACCATAGCGATMCCTTCCCCCCTACAGCMMGTMACGCATTITAGTATAT
2 ORF1 Stop-l

. -100 WU o1
MAGAAACAAGTCTATCTMAC!‘TTTATATATTTI‘CCTCCTCCACATTTTCCCACCMGTGCCTACATAMCATTTACATACCAGCATTACGCGACATTATTTCMCCCGCATTAGCAGC
1 . . . . 50 xhol . B . 90
ATG ATG ACT CAC ACA TTA CCA ACC CAA CAC ACA CGT CTT GTT CCT GGA TCT GAC TCG AGC TCT CCT CCT AAA AAG AGA CCG ATC TCG AAG
Met Met Thr Kis Thr Leu Pro Ser Glu Gln Thr Arg Leu Val Pro Gly Ser Asp Ser Ser Ser Arg Pro Lys Lys Arg Arg 1le Ser Llys

100 . . . . 150 . . 180

ACA TCC AAC ATA ATA GTA TCC ACT GTC GTC TCT ATT CGT TIGC TTG CTC GTT TTA GTG CAA CTC GCA TTT CCA AGC AGT TTT GCA TTA CGT
Lys Ile Ile Val Ser Thr Val Val Cys Ile Gly Leu Leu Leu Val Leu Val Gln Leu Ala Phe Pro Ser Ser Phe Ala Leu Arg
. 200 . . . . 250 . 270

TCT CCA TCA CAC AAG AAL AAG AAT CTC ATA TTC TTC CTG ACC CAT GCA ATG GCA CCT GCC TCT TTG TCC ATG GCA AGA TCA TTC AAC CAG
Ser Ala Ser His Lys Lys Lys Asn Val lle Phe Phe Val Thr Asp Gly Met Gly Pro Ala Ser Leu Ser Met Ala Arg Ser Phe Asn Gin
. . 300 . . . . 350 360

CAC GTT AAT GAT CTA CCT ATA CAC CAC ATC CTG ACA CTT CAC GAG CAT TTT ATC GGG TCT TCG AGA ACA AGC TCC TCG GAC TCA CTA GTC
His Val Asn Asp Leu Pro Ile Asp Asp [le Leu Thr Leu Asp Glu His Phe Ile Gly Ser Ser Arg Thr Arg Ser Ser Aap Ser Leu Val

. . . . 400 . . . . 450
ACT CAC TCA GCT GCC GGC CCC ACC GCA TTT GCA TGT GCA TTA AAG AGC TAT AAT GGG GCC ATC GGC GTT GAT CCG CAT CAC AGA CCT TGT
Thr Asp Ser Ala Ala Gly Ala Thr Ala Phe Ala Cys Ala Leu Lys Ser Tyr Asn GCly Ala Ile Gly Val Asp Pro His His Arg Pro Cys

. Xhol . . . 500 . . . 540
GCT ACA CTC CTC GAG GCG GCT AAGC TTA GCA CGT TAT CTC ACT CGG CTT GTT CTT ACG ACA ACA ATC ACA GAT GCC ACT CCG GCT TCA TTC
Gly Thr Val Leu Clu Ala Ala Lys Leu Ala Gly Tyr Leu Thr Gly Leu Val Val Thr Thr Arg lle Thr Asp Ala Thr Pro Ala Ser Phe

550 . . Bglll . B 600 . . 630
AGT TCA CAT CTT GAT TAC ACA TCGC CAG GAA CAT CTT ATT GCT ACG CAC CAC TTA CCC GAA TAT CCT CTC GGG AGA GTA GTA GAC TTA CTC
Ser Ser His Val Asp Tyr Arg Ttp Gln Glu Asp Leu Ile Ala Thr His Gln Leu Cly Glu Tyr Pro Leu Gly Arg Val Val Asp Leu Leu

. 650 . . . . 700 . 720
ATG GGT CCC GGC ACG AGC CAT TTC TAC CCT CAA CGC GAA AAG GCT TCT CCA TAT GCT CAC CAC GGT GCT AGA AAA GAT CGA AGA GAT TTA
Met Cly Gly Cly Arg Ser His Phe Tyr Pro Gln Cly Glu Lys Ala Ser Pro Tyr Gly His His Cly Ala Arg Lys Asp Gly Arg Asp Leu

Clal . . 750 . . . . 800 8i0
ATC CAT GAG GCT CAA TCT AAT CGC TCC CAG TAC CTC GGT GAC CGT AAA AAT TTT GAT TCT TTG TTG AAA AGC CAC GGT GAA AAC GTT ACT
Tle Asp Glu Ala Cln Ser Asn Gly Trp Gln Tyr Val Gly Asp Arg Lys Asn Phe Asp Ser Leu Leu Lys Ser His Gly Glu Asn Val Thr

. . . 850 B . . . 900
TTT CCT TTC TTG GCT CTC TTT GCA CAT AAC CAC ATT CCT TTT GAA ATT GAC AGA GAT CAA AAG GAG TAT CCT TCT CTT AAG GAA CAA CTC
Phe Pro Phe Leu Cly Leu Phe Ala Asp Asn Asp lle Pro Phe Glu Ile Asp Arg Asp Glu Lys Glu Tyr Pro Ser Leu Lys Glu Gla Val

. . HindIIl . 950 . . . 990

AAG GTC CCT TTG GGT GCC TTC CAA AAA GCT TCC AAT CAG GAC AAA GAT TCT AAT CGG TTT TTC TTA ATG GTG GAA CGC TCC AGA ATT GAC
Lys Val Ala Leu Gly Ala Leu Glu Lys Ala Ser Asn Glu Asp Lys Asp Ser Asn Cly Phe Phe Leu Met Val Glu Gly Ser Arg Ile Asp
1000 . . . . 1050 . . 1080

CAC GCT GGT CAC CAA AAC GAT CCA GCT TCA CAG GTA AGG CAC GTG TTGC GCT TTC GAT CAA CCA TTC CAA TAC CTT TTC GAG TTT GCT GAA
His Ala Gly His Gln Asn Asp Pro Ala Ser Gln Val Arg Glu Val Leu Ala Phe Asp Glu Ala Phe Gin Tyr Val Leu Glu Phe Ala Glu
. 1100 B . . . 1150 . 1170

AAT TCC GAT ACG GAG ACT GTT TTG CTC TCT ACG TCC GAT CAT GAA ACG GGT GGT TTA GTC ACT TCA AGA CAA GTC ACT GCT AGC TAT CCT
Asn Ser Asp Thr Glu Thr Val Leu Val Ser Thr Ser Asp His Glu Thr Gly Gly Leu Val Thr Ser Arg Glo Val Thr Ala Ser Tyr Pro
. . 1200 . . . . . 1250 1260

CAC TAT GTC TGG TAT CCA CAG GTG CTT GCC AAC GCC ACC CAT TCA GGT GAG TTT TIC AAA ACA AAA CTA GTA GAT TTT GTT CAT GAA CAT
Cln Tyr Val Trp Tyr Pro Gln Val Leu Ala Asn Ala Thr His Ser Gly Glu Phe Leu Lys Arg Lys Leu Val Asp Phe Val His Glu His
. . . A 1300 . . © . . 1350

AAG CCC GCA AGC AGC AAA ATA CAA AAT TTC ATC AAA GAT GAG ATC CTG CAA AAG GAT TTC GCC ATT TAC GAT TAC ACG GAA AGT GAT TTA
Lys Gly Ala Ser Ser lLyn lle Clu Asn Phe lle Lys His Glu Ile Leu Glu Lys Asp Leu Gly lle Tyr Asp Tyr.Thr Glu Ser Asp Leu
. f . . 1400 . . . 1440

GAA ACA TTA ATT CAT TTG GAT CAC AAC GCA AAT GCT ATC CAA GAC AAA CTG AAT CAC ATG GTA TCA TTT AGG GCC CAA ATT GGC TGG ACC
Glu Thr Leu lle His Leu Asp Asp Asn Ala Asn Ala lle Gln Asp lLys Leu Asn Asp Met Val Ser Phe Arg Ala Gln lle Gly Trp Thr

Arg Ser




1450 . Sall 1500 1530
ACC CAT GGT CAC AGC GCA GTC GAC GTC A:\(. ATA TAT GCA T'\C GCC AAT AAG AAA CCT ACA TCG TCA TAT GTC TTG AAC MT TTA CAA GGC
Thr Kis Gly His Ser Ala Val Asp Val Asn Ile Tyr Ala Tyr Ala Asn Lys Lys Ala Thr Trp Ser Tyr Val Leu Asn Asn Leu Gla Gly

. 1550 Haelll . 1600 1620
AAT CAC CAA AAT ACC CGAA GTT GGC CAG TTC TTA GAA A\AC TTT TTA GAA TTC AAC CTG MC GCAA CTC ACT GAT TTG ATT AGG GAC ACC AAA
Asn His Glu Asn Thr Glu Val Gly Gln Phe Leu Glu Asn Phe Leu Glu Leu Asn Leu Asn Glu Val Thr Asp Leu Ile Arg Asp Thr Lys
G G .
Clu Ser

. : 1650 1700 saulA 1710
CAC ACA TCA GAT TTT GAT GLT ACA GAA ATA GCT AGT GAA CTA CAA CAT TAT CAC GAA TAC TAC CAT GAG TTC ACC AAC TGA TCCTATCTA
His Thr Ser Asp Phe Asp Ala Thr Glu [le Ala Ser Glu Val Gln His Tyr Asp Clu Tyr Tyr His GClu Leu Thr Asn Non

1750 . 1800 . 1830
ACTCTCCCTC TTTTTTCA(..\TA TTATTTAATACGTTATAA mATTTC:\r\T,\TAT:\TATAT:\TATATATATCTATATATACTAACCGC ATCACACGTACTGTATCCCATTTCGTTI‘CGGA

1850 1900 1950
CTFCACGCCAGTTTTACCTCCATTCT:\TA( LbT(‘r\:\CM( TLA:\ATCTCCTC'\TTTCTTC:\A(.TT,\TGCCATTCA(;TCCACATTCT‘ITCACATLCTTTCATATAGTCATTTTTGTCGTCG

2000 Saulda . . 2050 2070
CCMLTTCAM TTTCM:\:\C:\TCA l'CATACA(.ACA(u\TTTCTCC:\:\TAATFATCCTI'CTTCTCC’ITCTCATCATCCGCATCGTCCTTAAGTCAAGCCCCCTCACTTMTCMTTTTTCCT

2100 2150 Taql - SaulA 2190
GAC;\G,\CCATTCAATCTCTTCATLA( TCTTALTTATC:\TTGG( TCTCCCTT('TCCT(,TTTCC,\(.ACAAAGCTI'CTTTTTCTCGATGTCAAATCTTCCAACTCTCGTGATCTACCAGCCAA

2200 . Haelll 2300 2310
CTI'CTTCCTCTTTCCATCCT:\CTC"'('CTCGTATTATACCATTATTAT:\CAAL(‘GCCC('GCATA(.ATCCCCCAATAATAGCCTTCCTATCCGTCCCTTKCTCTTCGACT'[CMGMTATCG

2350 . Haelll. . 2400 . 2430
(‘TACCATCCTAC TGGTGGL. \CTCCACTATATGGATAA(..CCTA(,GTTCCTCTCATATATCAATTCCCC,\CTCMGGATCATM FCTTCATTCGTACCAGCCATCCTACCCATATATCTCAC

2450 . SaulA 2500 kpnl 2550
CCTAAGGCTATTTTTCTCC TCC(.CA:\ATCTTCTTAT('TTI'CGTGCACC!\CTTTTACATCC(\TCCAAATCACMCATCCTTCTATATCGGAMAATTTAGCGCTCCACCTACCCTTTTCCT

2600 .Sau3A . 2650 . 2670
CTTTAMLMTGATTC:\CCCACTT:\AA(:(‘CT:\CC(..TTTTCTCTCCTCGA( A.\CTCCTAATGCTACCAGGCTTACC.\CTATCATCTTCCTCTTTTTGCGACACCCTAGATATGACCCMTT

Tagl 1700 saula
mC.\TTmTTCCATATCCCTC GATTTTTTCATC

Figure 12. Nucleotide sequence of the PHOS DNA. The sequence of the DNA
fragment bearing the PHOS gene from the ZFccRlI site (position -989) to the
SauBA site (position +2705) and the amino acid sequences of rALPase deduced
from it are shown. The sequence was compiled from the sequence data of pAL127
and pAL138 with the aid of the overlapping region from the Sa/l site (position
+1459) to the SauBA site (position +1630). The arrowheads at the asparagine
-residues indicate the putative potential Aglycosylation sites. The arrows
marked 1 or 2 indicate the 11 bp direct repeats. The arrows pointing downward
at position -32 indicate the major start point of the PHOS (i.e., ORF2)
transcription and the small arrows at positions from -18 to -24 and at -7 and
-8 are the minor transcription start points. Three sequences homologous to
the UAS of the PHO5 gene (Nakao et al. 1986) are sandwiched between sigle
(homologous to UASI) or double (UASII) lines.

2 phol3: :pPHIS) B OTAGHRIAD rAlPaseiBEHEN, FEB L ML Wz Edbd ok
(KREM) . TUT, RF2ICa—-REh2 73 )BEFIE, £ coli PIVAUHERZR
7 7% —+ (BAP; Bradshaw et al. 1981; Kikuchi et al. 1981) . F#IiX., b Miaig
FIVAYERZ 7 72—+ (PLAP; Millan 1986) & HE A2 ECFI %2 DEEA6 DEET D
(0 13). #FiC, region 2icid BAPOEMHFLOEY YERENSH Y, ZOFROFI B
REZNEE ) v RmA D BERTHRES O T AB5](Bradshaw et al. 1981) T, BEFrALP
ase . B FPLAPICBE W T HHEMHENE W, Onishi® (1979)ic k5T, S. cerevisiae @
rALPase (34> F & 66,000 ON-VU > fhzhi=iEs YT T, NBFRKILHTH S
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Figure 13. Comparison of the predicted amino acid sequence or pALPase with
that of £ col/ (Bradshaw et al. 1981: Kikuchi et al. 1981) and human PLAP
(Millan 1986). (A) The primary structures of the three phosphatases. The
negatively numbered areas of £. col/i and human PLAPs represent the signal
sequences for sccretion. Homologous regions between two of the three enzymes
are shown as numbered areas, and regions common to all three enzymes are
shaded. The dots indicate potential A#-glycosilation sites. (B) The
alignments of amino acid sequences in the homologous regions are shown. The
asterisks indicate identity with the rALPase sequence. The one-letter codes
are: A, alanine; C, cysteine; D, aspartic acid; E, glutamic acid; F,
phenylalanine; G, glycine; H, histidine; I, isoleucine; K, lysine; L, leucine;
M, methionine; N asparagine; P, proline; Q, glutamine; R, arginine; S, serine;
T, threonine; V, valine; W, tryptophan; and Y, tyrosine.

e HEENATWS, FhiICHLU, RE2MADHES NG FRIZ63,051T, V-
MLENBZ 7 AN Xy EEOI VS ARSI, Asn-X-ThrE 7 Asn-X-Ser (X &7
ANRTEURETOU D EBRLIAAL DT I ) BRRE; Lehle and Bause 1984) i, NXK
S S 268 AL AIFBHOP7 AN FUYRENNET S (R 12), ko2 s,
PHOS WHEFI:® rALPaseldORF2ICI—RZhTnWB EEHRUE,

ORF205" EHit=12-95 bpk -125 bphZICTATAR v 7 A4 H Y., 2%t 5 -AGCAG-3’ Bl
X EUHMEURNAHFLET S (F 12), 1Did 5 -AACAGCAGCGG-3" (-483 bp & -255 bp
) v £ 121k 5 'CGGAAGAGCAG-3' (-318 bp & -207 bpfiL) T3 5. Nakao® (1986)
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A+T rich region-3" ICRAICHBELET x4 <, ®BEFI0 bp ©HHT bpAHETH S
T, UASTIC® L T2 D(-799 bpk -412 bphr) . UASHICHL T 1D (-694 bp i)
HETHOREHE., —F. Rudolphk Hinnen (198T)AEET 2 PHOS BIGTF IR
715’ -RYRYRYYRRNYYRRYRYRY-3' & MH[REME%R FFDHIAT, -382 bpA & -364 bplii DfH]ICHF
£$3, . 3 FTHERKICIZ, Zaretk Sherman (1982) DR ¢ B EKR KR 5 -
(+1741 bp)TACG---(+1779 bp)TATGT------ (+1819 bp)TTT-3’ A'3’ FHERICEET 5.

B2 PHOS BEEYOHE

PHOS OEFERAL. BEiCKanekob (1985)ick o THE XA TH Y, 1.8 kbDERERE
YAEHEORD) YBEETCHRAET 2. ZORERBICE., PHI BETEWIES
LTHBT, P4 RLEL U, phod) BERHETHERMICERLTVWE, ZOBREEHOD
5 K% Sl nucleasew v K'Y JETIRE L, 478 bpd Stul - Xhol Wik % DMSOFFTE
TeaZHEL TEBEL., BRKS TmRNALBET IO ENEELE, BONEERH
DNA D5 KDY YRR R AT 7 2 —EMBETHEL. T4 polynucleotide kinasek
[v- 32PJATP %> TS KM EBHRUE. UL 10 ngd B DNALEY VBREEH
THEBLEMAED SO poly(A)* RNA % 40 pg . BY YBOBER 100pug 2707
EHiG &, Sl nucleaseflE LA, HFREY—A—L U T, ERUEEH INAZ Maxan
-Gilbert#ic & 2 HIGAR L #HICHKkEI L=, R HACZOBRABKBOERETRT. RBE
W5 FKuld-32 bpfTICHEIEL ., S BIC, -24 bpHH-18 bpliiDHICE 2075 A8 —%
BUTEETS, TYYRA—E—TZhSONYFOBEEZHEL, ERICAVWERS
RNA DERHSERUTEHET 2L, R VYBEHETTHY YROKOD 2.5F25 0%
BERERLTWBZERDAoE (K 14B) , ZhidfEY) YE%&H T TO rALPaseiEtEdD
Mt & —B U (Toh-e et al. 1976) . rALPasedBMEAEEL RN TITRobOEZ
LETRMLTWS, -8 bpk -7 bpfZicE L RNV THRMICREL TW35 RRAFEL
Tk, ZASOBZEIE. TATA Ry 7 A1 53 HHEIC 60 bpA 5120 bpod D FHE T
BHAREBEND LS 8% (Hahn et al. 1985; Nagawa and Fink 1985) & & —$ 5,
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Figure 14. Sl nuclease mapping of 5 ends (start points) of the PHOS
transcripts. (A) Autoradiograph obtained by wusing the 5 end-labeled
Stul-Xhol fragment as probe. Ten ng of single-stranded S1 probe was annealed
with poly(A)* RNAs prepared from the cells cultivated in high-Pi (100 xg RNA)
or low-Pi (40 ug) medium, respectively. DNA-RNA hybrids were digested with
100, 300, or 500 units of S1 nuclease for 45 min at 15°C, then run along the
sequence ladder of Maxam and Gilbert (1980); sequence reactions were performed
on the probe DNA in 6% polyacrylamide sequencing gel. (B) The position and
relative intensities of the hybridization bands. The 5 termini of the PHOS
transcripts arc shown by vertical bars at the corresponding nucleotide
position and the length of the ATG codon. The fragment generated by Sl
nuclease digestion might migrate 1.5 nucleotide slower than the corresponding
cleavage fragment produced by the Maxam and Gilbert (1980) reactions
(Sollner-Webb and Reeder 1979).

B3I PHOS TOE— R — DB
EEHGSDS EHRICEERHERNFETS L 2MELT, PHS 7uEt—42—H
BicErORIEEBALE, 5 LEH»STHICKREEZFHFDOD—EDZE E (sequential end

deletion; B4 15A) . B 11 I ~TFIETHELE, £, K 1Bk 420 FoE—
A —th— %2 KELUEZR (internal deletion)ld, 75 A I RpAL229% ZR4r 43R L



A. Sequential end deletion

1> I | IS— ) rALPase (mU/mgq)
E B TATA P - P ratio
%2 7 .

78 178 2.2
L4 172 3.9

15 81 5.4
18 90 5.0
27 94 3.5
20 85 4.3
19 60 3.2
26 74 2.8
35 27 0.8
42 40 1.0
31 4 4 1.4
16 30 1.9
19 24 1.3
7 7 1.0
14 23 18
70 83 1.2
50 54 1.1

55 58 11
28 45 1.6

B. Internal deletion

-705 -394

. o 61 52 0.9

-616 483
{ 47 180 3.8
sy ~382 {33 90 2.3

-366 _-23)

= 3 » o 68 160 2.3

E B _su -616 _-s01
oo T 3 { 43 192 4.5

' o 20 25 1.3
......... - i H == 27 26 1.0

Figure 15. Expression of the PHOS DNAs with or without deletion in the
promoter region. The transformants of S cerevisiae strain K143-1C by
integration of a single copy of the chimeric YIp plasmids bearingn the PHOS
DNA were precultivated in YPD medium at 30C for 2 days. The cells were
washed, and inoculated into 10 m! of low-Pi and high-Pi version of the Leu
test media to give an initial cell density of 0.1 by reading optical density
of the media at 660 nm (ODsso ). The cultures were shaken at 30°C and rALPase
activities were determined for the cells at the late logalithmic phase (0Dssq
=1.0). Values for rALPase activity represent averages of values in at least
three independent experiments on a number of different clones having the same
integlation of DNA construct. The standard deviations were less than 15% of
(Continued on following page)



PEAETHRLE (R 11), YD 3D (X 158) i, -841 bp, -660 bp, -628 bp
NETOBRFEHFEDTIAIR%E -616 bphZicPIMT S %2 ¥D Hpal THREL T8 bp A/l
Urh—%2fE&L,. Ballll Bg/TIHILTHESNIEWEF%Z -501 bpliZ TOBH % F
DFSAIRD BalllH 4 MCHALTEE,

UETEshl PHOS TOE—H —HBICRAEREZHBALETIZAIRE., PUOS D
EHERMEBL +570 bplilc$d Bel/UY A MTHIMTL, S cerevisiae K143-1C #k% K E nik
L., SO AIRBEBHRTTOMBMELS2FET, Urahr Bo/I YA NES
THEEBRA ZNM L TELREERD PHOS BICHAZSAD, ZOKRE, PHS BIC 1a¥
—DTF5AI KMIHAT B & PHOS DNAGRIRA 2a¥—~4£L 5, 1DRRELESOE—X
—% Lo TOBRER, £ 123FEROTOE~2—% EFICEHED+1459 bp
(7> SallH A b2 CRURMI%RALU T rAlPaselEtE* BRE L2 WHREKTH 2, =
DEIICHELETTIAIN DNAA 1aE—FHALEDED D2 BHERRE, S ek
DNA %@L, Pst] THMU TSouthernfRITHICE o THAL, Fu—Tik, PHIS DNA
M1.1 kb Himdll (-162 bp A5 +926 bpfr) Wi & Hwvk., 1aE—-fHALS 11 kb
4 kbONY RARILETE, 2IE-fiALS, EHI8 kb Y RARBEHS, UBED
EKRIZ, $RT PI0S BBIC 138 —FALEBHEREZ Hok, KI43-1CHKIX. PHOIS
DNA @ NK& CABIDMEE%Z R WEEH & URA3 DNAE D 75 X I K pPHISOFEAIIC & -
TPHOIS BRI ST E Y, p=bOTx =)V YBIBEIKRA 7 7 2 —EEHENED
NTHWBOT PIOS BRD rALPaselE#EEIT 2 ETE S,

B N EBIUGRKEYPADESETI0TC 2HMRBEIRL . £EHREEKTHREL T, €
VYBEREUY MO 10 ml Leu” SAUEHIC, 0Dsso AF 0.1CRD LD ICHE L .
NTTHRE D IHH L TNEMMSMOMBE SR L, rAlPaselEHERIZE L, -548 bp
AP S5 LA SHERETOE—E—TiIE, 2EHS SEOBMNEANABETE BN,

(Continued from preceding page) :

the means. The dotted, opened boxes, and thick lines represent pBR322, the
open reading frame, and the 5 -noncoding region of PHJS DNAs, respectively.
Numbers above the bars indicate nucleotide ©position relative to the
translation initiation codon. Each end of the nucleotide position -616 in the
three promoter (ragments listed at the bottom of panel B. +P and -P represent
that the cells were cultivated in high-Pi and low-Pi media, respectively.
Ratios listed on the right end column represent the activity ratio of rALPase
at low-Pi and high-Pi conditions.
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Figure 16. The regulatory regions of the PHOS promoter. Numbers above the
regions indicate nucleotide positions relative to the translation initiation
codon of PHOS. The arrowhead at position -32 represents the major site for
transcription initiation. The closed box indicates the open reading frame of
PHOS.

-502 bp (ZAD EFHEXRKLTWR/UE—X—CREY VBREETCOEDHIBEET
Ehdok (X 158) . &2 T, -548 bpA s -502 bpfiidfElic, Dy Y BRBED
BEEZIIEBILLLLE IDEETIZ LN TREENS (proxinal regulatory
region; I 16). LA U, proximal regulatory region% R&%k$ 2 -615 bp7b"§ -484 bp
Bz, -583 bpA > -365 bpfiDEOREERE, KU YMELET CORAKNIBETE
A, £y -T704 bpA D -395 bphiORETOE—~H -k, -660 bpHh5-616 bp £ T%
f$5 -615 bpH® -502 bpfiF TOMERKLETOE—2—Tlk, BOHIERz L
W (X 15B) o €T, -704 bph 5 -661 bpfiiF TD 44 bpitE 2 DHERAEET
LI NI END (distal regulatory region; X 16),

-422 bphIM D EFOREKIZIFL AL LT rALPaseiEfE# LD A, -289 bph o L
ERRLEBO® -704 bp2 5 -395 bpfiidHZ RELEBDIF, UZBOES22iE
WA, WLSSABWEREETRT (B 15), Zhid. -421 bpk -289 bplioflic PHOS @
RBEICHEMICBET 2RIINFET S LAEREAS (K 16),

B4 PHOS-HISS N4 TVUy RTOE—42—0ORH

REERBEFTRRENEY VROBE R T 2HBOBEL S SICEMCHARLED
=, proximal F #=ixdistal regulatory region% & . 5 i Bafl, 3" flic XhoI U >
H—%REE U= PHOS DNABTFr % #8075 A I RpAL44T & pAL458 (X 17)%EBIL T, pSN2



Figure 17. Structure of principal plasmids for construction of the PHOS-HISS
chimeric promoters. Plasmid pAL447 was constructed by following procedure: An
8 bp Bamll liker was inserted at position -616 in the PHO8 DNA of pAL229 after
partial digestion with Apal, and this plasmid DNA was restricted with ARasHI
and Sa/l. The resultant 2.1 kb ZBasHI-Sa/l fragment was inserted into a
Bami1 -Safl gap of YIp33, and an 8 bp AXhol linker was inserted at the

resultant chimeric plasmid after partial digestion with AimII at position
-484 of the PHOS DNA. Plasmid pAL458 was constructed by ligation of AXhol

linkers at the both ends of a 4.2 kb Apal fragment of the PHO8-pBR32Z-LEUZ of
the chimeric plasmid DNA with deletion of the upper region of PHOS from -841
(see the third row; Fig. 14, panel A). One of the two Hpal sites ligated with
the JXhol linkers is at position -616 on PHOS and the other FHpal site is at
position -369 in the LEUZ DNA. The 4.2 kb fragment was then circularized by
ligation at the Xhol ends. Thus, plasmid pAL458 has the 226 bp sequence of
the PHOS DNA from position -841 to -616. Plasmid pSNZ2 was constructed by an
Xhol linker insertion at the Hinfl site (position -282) in a 749 bp HIS5
HimdI11 (position -617)-Avall (+118) fragment connected with an 8 bp AasHI

linkers at both ends cloned at the BasHI site in pBR322 (Fig. 3). Plasmid
pSHE16AB (Fig. 3) was used to examine the promoter function of various DNA
constructs consisting of the PHOS, HIS5 and lacZ DNAs. The hatched box
represents /IS5, and others are as described in the legend to Fig. 10. The
arrows along the PHO8 and HIS5 genes indicate approximate position and reading
direction of the open reading frames. Restriction sites: Hp, Hpal; other
sites are as described in the legend to Figs. 3 and 4.

(B 1) HISS 7uEe—8—dicdd Yol PIlrs (-281 bp fi7) n5’ EFRNC PHOS
WIHERELE, COPHOS-HISS NA TV RIOE—R—EL D Jac BARIEFICES
B -galactosidasclEf D RB 2 HRZ L L, | 1S8AICHIEE U = PHOS-HISS-1acl Tb
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Figure 18. Responce to the Pi signals by the chimeric promoters. (A)
Construction and structures of PHOS-HIS5 chimeric promoters. A 3.6 kb
Pstl-Xhol fragment of pSN2 (Figs. 8¢ and 17) was connected with the smaller
Pstl-Xhol fragment of pAL447 (bearing the PHOS DNA of the -615 to -484
region: Fig. 17) or pAL458 (bearing the PHOS DNA from -841 to -616; Fig. 17).
For the control, pSN277 (Fig. 8c) was employed. These plasmid DNAs were
restricted with BasHI and the smaller Bamll fragments bearing composite
promoters were ligated at the Baall site of polycloning site of pSH616AB

(Continued on following page)



AREFOTOE—L—BOREERLE, ZhBDTFRXI R S cerevisiae K3-5D
B leu? BICHIAUE, HAULEREBEFEP V-, F1EFIHATERLERIC
SouthernAT i TR~ E, HERREKIZ, YPADEETI0C 20 HIREBERL., £HEE, 1
EEEACHFL Ty 200 nlOE) YEBEERE) Y BEHOTEEHIC0Dsso AF 0.1
RBESICHEL, 30CTRE DFHRLE, BYLRMMBEEZSTHREEEL. Hi
0 B -galactosidasefGtER BB LE, MBL L= T75 R I RpSN2TTD HIS5-1acZ Bb-&RIG
FoRBG, HhoRE) YBREL S TELL LMoL (K 188, N3l a) . L
»U. proximal regulatory region% €132 bpod> Hinc I ¥F (-615 bpAh D -484 bp
r) % HISE 7OE—R—0 -281 bphi®d Xhol 44 kA 55" LHMNICHA L = B& RIS
Fid, B YBEIETT 2EH5 4MEE Y B-galactosidasetEtE %R E (X 188, /1%
JU b) . Proximal regulatory region% &¥:132 bpo> DNAMFHAY, TH D AISS-lacZ DF
FEEY YA TCELLEZEDS, proxinal regulatory regiond®Y ZIC < B
HEHEFELTOBELZFE>TWAEZ EANbA S, Distal regulatory region% &3225
bp> DNAMT ST % L¥ICF#D HIS5-lacZ &R T 2 WA S hEHERRKGZ, €KY VBE
HETrolimusrmEceErhor (B 18B, /XxI c) . LML, B IBTRT LIS
proximal regulatory regionA"R&EL TH, -704 bp A5 -661 bpii OO FIRE KD
PHOS 7O E— R — 3K VBEHT TORMBIEERFEL Twd, Distal regulatory
regionid PH08 9-365 bp fL& U b THOMBANFEEHCH 5 L SICHETE A, HISS
TUE—F—DLHWICHEESEEROEIIC, TOHERETTRY YRIES 2T THE
Lanz kAR E D,

(Continued from preceding page)

(Fig. 3). The hatched boxes with oblique lines indicate the proximal
regulatory region of PHOS and the box with vertical lines indicates the distal
regulatory region, respectively. The dotted boxes at the end of each promoter
DNA indicate AusHI linker and the closed boxes are Xhol linkers, respectively.
Numbers above the PHOS and HIS5 DNAs represent nuleotide positions these DNAs
relative to ecach translation initiation codon. (B) Time courses of
B -galactosidase activity in transformants. The transformants of &,
cerevisiae strain K3-5D inserted with single copy of the above composite
plasmids at the feuZ locus were precultivated in YPAD medium at 30°C for 2
days. The cclls were harvested, washed with sterile water, and inoculated to
YPAD medium of high-Pi (O) or low-Pi (@) to give an initial OD eso of 0.1.
The cultures were shaken gently at 30C and assayed for B-galactosidase
activity at appropriate intervals. (C) Cell growth of strain K3-5D inserted
with the composite DNA with the proximal regulatory region. The other
transformants showed essentially the same cell growth.
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WE X iz PHOS DNADIEFERLFIC I ijﬂﬁﬁﬁgﬁﬁﬁi)‘ﬁ')\ %0)'35 1698 bpA 5
% BORF2UC PHOS SREEFEEMW rAlPasellI— KERTHB LERLE, RFZKT— REh
3273 )EECYIX, B coli @ BAP, b FPLAPICH L THEENZS S H, SEREHN7IL
AVHERRT 7 A —Fik, BEKEY,. TEAREY. BEAREYON THENREZ L
TW3, BFFR O rAlPaseldBRIBICEBET 2842 /7 TH 25 (Clark et al. 1982;
Onishi et al. 1979) . BAPiZ~XYU o5 XL (Chang et al. 1980). PLAPIZMIfSZEE
o, LELEmERPEEEBRTREZ A Millm et al. 1986), FhEFho#aTo
BECOWTRERSEFALHLE.,

PHOS B FOEBHEAR 3DDISAR—-0BRoTWEMN, ﬁ_tﬁd)—32 bpfir &
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FTHY, -8 bp £-7 bp AL OEFRE L NIVERICERLTHWS, Tokdic,
EEMHBEICL > THRAEFMEZ2ZT 20 LBURNVEBRNICER T b0 LIchbhN D
bk, URA3. HIS3 BTHEZH TS (Losson et al. 1985; Struhl et al. 1985),

PHO8 DT O E~A—thd 2D OHEHROMICEERY ETHREEERD O hiedh o
7=. Rudolph& Hinnen (1987)IC & 2 rAPasef# BRI T PHOS TuE—X2—0 3D DHIH
M D> B, -376 bpfit UASplE -254 bpfird UASp2icxf3 IEEFPHOAR X7 D&
EA°, Vogel s (198N Ik o THEZhE, DO THREREFIA 5 -CACGT-3" D5
bp T, T OBFIE PHOS Mproximal regulatory regionic b FEET D, PHOS Tux—A
—® UASpPLICDWTENA Ty RTOE— A —2HWERK T, UASpI%:2&T 31 bpod
BEF % Re DA AL DNABT T A, PHO4,  PHOZ WRIZFICIKFEL TY YROBS 2RI TRE
ZHMT D L ARE N7 (Sengstag and Hinnen 1988), Proximal regulatory region®
PHO5 @ UASPID & D ICEMT UASBEERFDIL AV M THDIEFEADN D, Distal
regulatory regionld, FNE Tid UASIREE®R RBEH S PHOS @ -365 bphik W H T
OHEBAFAFAFCHZLEICHETES, Z0LHIC, TOE-2—F0H5HBEHOEE
VERICE o T UASIEME % RIET 58113, 851 ETRITLU R HISS 202 bpfire -272 bpfidd
5 bpiLBECFIX . GALI-10 TOE—AR—0® UASc site 3&4 (Giniger and Ptashne 1988)
HHsd, LHL, 2hH0BE, WThBRENICHS 0 2EFHOBEFAICL S0
EEX SR, PH8 Mdistal regulatory regionk ) FHHHEK L OBEHA, ThicHS
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Figure 19. Comparison of the distal regulatory region of PHUS with some of
the 5’ upstream regulatory regions of PHO5 and PHO1I cited from Hinnen et al.
(1987). Numbers indicate nucleotide position from the relevant ATG codon.
lower case letters in the PHOS sequence indicate nucleotides out of the 44 bp
distal regulatory region of PH0S. The homologous nucleotides were boxed.

TEMEIDETHTH D, Distal regulatory region O—EA PHI5 @ Rudolphk
Hinnen (1987) ik 3 3D 0#BIEE D> 5 -376 bplizod UASpl& -194 bpli. L T,

PHO]JOS -430 bpic 3 3 5 -RYRYRYYRRNYYRRYRYRY-3' #EIECH| & HEIMARH B LD (B
19), -~194 bphLDHIBIFEIRIE. in vitro TOPHUMZ YNNI OFEANBEILLVICH

AhbH L F (Vogel et al. 1989), ZOMBOREE PHOS O REBLICHELNH 3 (Rudolph
and Hinnen 1987) , M 19 CRUEHEHREOBREES 70 F VBENRY Y8

HTTOBGEHEORFICERNTHZ LD, in vivo TOPHMUA Y N7 OBERFICEL
TWHFOMBAEALNLS,

EoM BY

pa— LUk S cerevisiae DEEIMT7 IV A YRR T 7 2 —+F (rALPase) Hi#RIE
F PHOS i3 1698 bph & & ZEIREHEHEL. TOF I MBI L coli 7N HER
2778 —EPE NEBFIVAUBEERI 77 2 —E L HEMIRD SN S, Sl nuclease
Ty JETRELE PH0S OEBHEAR 3DDV T AR —2BR2THS, RER
D -32 bp (LOIEERIBEAN S o L HETRAE L, -24 bph 5-18 bplinH 20&EEHH
By 28—-bikic, UVRICEBMHBZF T2 ENDbMoE, PHIS Tut—4
—-tny ‘/ﬁ&d){.?%’&ﬁﬁéﬁﬁiﬁ’&Eﬂ“oh\&:f{éf;&bt\ BrORKERE PHS TOE
— & — A LT rALPaselEEOZ{LEBEL, PHOS BIEZT O 2D ORBEHEAMERE R
ZLE, 1D -704 bph 5 -661 bpfiicddistal regulatory region, £ 123 -548



bpA > -502 bpfif Dproximal regulatory region, =L T, -421 bpAh 5 -289 bpliiic
BUCHEAICERET S RETAEEL T, Distal & proximal regulatory region® &
DNA BTE % F N ENHISS-lacZ BEBEFOEFICHEHEAL T PHOS-HISS N4 TV v R
OE—&—Ick 3 B-galactosidaseDBHEZBEEL . TOMFEER. proximal regulatory
regionF B TY VRESE R TET 2 RN T 2 BEE H O, distal regulatory
regioniz FNEG CHREFGEBEFLT. PHOS TuE—R—LTOREHNTHLIZ LN
bHA o7, Proximal regulatory regionicid. PHOS TOE— X — EOPHMAAR YNV #EE
M THOND 5 -CACGT-3' OBFIFELEL, distal regulatory regionicid PHO5 /11
E—4— ko -376 bphifd UASplE -194 bph7 O FIEIEER L HEHEN RSO i,
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- S. cerevisiae PHOS BIETORBICIX. PHM BIETFEWEINEEMST2ERTF
T, ZORYNTEN, U UBERSICIGL T PHS BIZGFOEERREFH LTI LE
A5hTn3d (Oshima 1982). & MPHOAR > X7 AVEEXC rAPase DG B{ETF PHOS T O
E— R —lCEETdLRBREHESMICEN TS Y (Ogawa and Oshima 1990; Vogel et
al. 1989) . ZOREEMHEE Wase 17y U Y MEICE 2T -373 bph -347 bpfiL
(UASpl) & -262 bpA® -239 bpfii (UASP2) D 2OFETZZ eAbAroTnd (Vogel
et al. 1989), LA L. Vogel (1989)i%, PHOZZ > /X7 A% -296 bpA D -277 bplL D%
Mofic, UASp2L EA 2 BICKAT 2L #"M L, Sengstag Hinnen (1988)4d,
UASpl % & 31 bpD &R DNAR 7O E— 4 —rhiCHiA U= CYCI-1acZ B & {EF A,
CREIOVCHKTFUERB 232 LEHELTWD, #KRE LT PHI5S OUASPAGRF10-PHO4
WEKICENR STV BAEEIREZA TS, BEERTFPHAZ. PHOS TUuE—8—
DNA o U THRRMICKES L, TOREEZRATH L EFEA LN, PHOAR YNNI N RICEEH
THEIEHASMCTHICIE. P8 TUE—4—ETOPHUAR VX ST 5B %
HOMTERILHADBETHD, BIETHLSMICLE -548 bph® -502 bphidproximal

regulatory region, -704 bpA» % -661 bpiirdddistal regulatory regioniZPHOAA S
T HEHEHENH D, Vogeld (1989) 1k, PHUUKSHIK TR VWEE S 5 ~CACGT-3’ A'PHO4 &
YNNI DARBST HHLEFATHDHZ L ETREL TA, proximal regulatory regiont
TH I ORIIMNFEL THE,

AETRSFIVBHMES 7 FEICk 5 T132 bpdproximal regulatory region’® &% DNA
B FrICPHOA R XN 7 AR BRIGICHE S L, 5 -CACGT-3 BLF % &T 12 bpd PHOS DNAREH %
ERLEHDOTHI32 bpOWTF L £< AP T INE -V ERT L ERLE, 5 -CA
COT-3' MHNICRiv DY Y H—%FHALTZORINCEREHAL, PHOAD in vitro TO
HEICIGZIORYINLET, DI, PH8 BIEFORBICIE., 5 -CACGTG-3" MECHIA L
ATHBIENbhoE,
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BEODVWTORRRS,

B1HE ELERNAE

B-Gal::PHOARRA 2 R BOFAM B -GalactosidaseL & L 7=PHOA A /8o % 288
T 37-0ic, Ogawak Oshima (1990)ic & » THESE X = JacZ-PHO4 BEEBIEF (Z-4
DN %D TS AIRT £ coli MOSKkEBEEmBLE, 7Z-4 DNAIX, pUR291 (RIther
and M71lar-Hill 1983)® JacZ a2— RKERD CKRMRICH D Bablly A k&, PHOAR XY
O +8 bpfiL®d RsalH A MiC 12 bp BarHIY v h —%3EA U TPHOAD NE#A S 4BHD
TIJBAS CRWETRFD DNALEBEEE, £ coli MIFINT lac TuE—4—IC
& o T B-galactosidase: :PHO4 (B -Gal::PH04) B A VNI AREETEEDICLEDD
T, IPIG THBZIhD, Bohr: MOOBOBEEREEZ., 10 pg/nlo7ES ) %
SGULBEFAIS0 mICHEL ., STCTIREAEELE, /B A 0600 =0.6~0.8 ICELEL
FiZ, 0.1xM IPTG%O0.1 mIfATE D IC 2MMIERLED L LB L L, SHEE A (200)
[25 mM Tris-HC1 (pH 7.5), 0.2 M KCl, 5 mM MgCl. , 0.1 mM EDTA, 1 mM PMSF, 10% (v
/vy JU+ta—)u, 5 oM B-mercaptoethanol, 1 mM PMSF; Bram and Kornberg 1985]T
Wk z e U2, 2 nlOEHBKA (200) KRB LT, BEEEF: (Model 4280, HIRiE
LEBX, 308, 4 B) LE. B ZHEEREEELTICHE U TEEO5r#(50,000
rpm (1 x 10° g), 4C, 1 B, HILHEERA/NEBEOBCPI00HE, 100AT o—2—)
LTEBEEERL, B-Gal::PHOARMA R Y ) 2 U KIGEEMMEIK L UT DNABER
IWWICHWE, $BEEZOBFZTNTKFTIRY, -CTHHRFLLEZOHEMEET
b DNAR GBS B LR Rd o=, HBHEFOA NV ERBEOREIRSE 2 E L FRRIC
fitot=,

4, DNAOF®  Phosphoramitidel® (Beaucage and Caruthers 1981; Caruthers et
al. 1982) Ic&k vy fTo7=. DNA &/ (model 3814, Applied Biosystems Co., Foster,
Ca, USA) #HHWCEH® DNAZHIE— AT LICARL., HEKICKEELTWS DNARE
FVEZPAKTCHHLTYYHELE (Caruthers et al. 1982), ZYE= 7 2BRELE
#, DNA {2 M E UL, Supg $O0 2KDHEHF DNARTERGRICER L, 90CTI0
NMBLEE L, MU EChEYBRICERICELE, MEUE DNABTAE., 153K
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DA S BUCHTu—THAE RERIGICHW2EE NAKTH % [a-*2P1dATP (3000
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WIVkEhS 7 btk Carthewd (1985)ICfEok, °2P EMLETO—T%40x] ORSE
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% Triton-X, 10 mM B -mercaptoethanol, 0.1 mg/ml CT DNA, 1 mM PMSFlicE& L. BE
D B-Gal::PIOMAEEE A Y X7 2 8L KIGEEMEEEENL T, KB ETUOSMRIGE &
F. RISHT <, 201 0 5037 VT —LEEMU, 154]1 2 A 2 VEEEHE
[6.7 mM Tris-HCI (pH 7.9), 3.3 nM BEME7 ~E="7 2L, 1 oM EDTA]% bkBhE&EH L L
RUPZUNTIRSI (85 x 80 x 1 mm) IC& W EBKkEICTHRITLE. M. Fiikdh %
5 V/em 105HHTR o 28, HIBREHREZXZBLTAHASAB RS2 TR >, COBR,. B
K[okIE kKT o ERB e AROKIEEREZELCHRIE LIS ERS VenTiTh-o
. UkEn#E, HE 10% (vVEEBKBRICIOAMBL TASEKES v Ficikea, 7
VRS A Y —CUBREE, A— STATT T4 —THAYFERELE,

FE3M KBER

B1IH PO HIMEBRICX T 2PRUAR YN DS

FIkW s 7 hgEOTo—T7 DNAZFHBT 529D T5 X I RpALIGA L pALALL 2 #ESEL
7= (X 20), pAL364i%. proximal regulatory regionk &% -615 bpAh > -484 bplii F T
D132 bp HircI¥fFr%& pUCIOD HiclI ¥4 MCHALEDHOT, pAl4llid, K 15AM
sequential end deletion @ 1D -841 bpfii X CHOEINEH DTS A I KD -616 bphiic
UIMT S % F§D Hpal THEU T8 bp Be/I Y Y h—%HE&UL. Ballle BglIHILTES



PAL364  pAL4IT

Figure 20. Structures of the plasmids for preparation of the probe DNA for
gel retardation assay. Plasmids pAL364 and pAL411 were constructed by
insertion of a 132 bp AHimcII fragment of ZHOS DNA from position -615 to -484
and a 226 bp Pall~Bg/1 fragment of that from position -841 (a digestion end
with exonuclease III and connected with an 8 bp BasHI linker) to -616 (a Hpal
restriction end connected with an 8 bp BglI1 linker) into the Hincll or Rall
site, respectively. The open and dotted boxes represent FHOS and pUC19 DNA,

respectively. Restriction sites: Pm, PraCl; others are as described in the
legend of Fig. 3.

hBdistal regulatory regionZ &$:233 bpDUFH % pUCI9D RadllH 4 MICHEAL THE
WlLE, CABTIRIFERY 70—V LBUORMD FeRlE Hindll THETL,
PHOS HVESER R B DM A 24U L, [o~*2P]dATP. dGTP, dCTP, dTTP& Klenow
fragment THT K M3 OREBW % FET A BICRIREZER L L, ERLEFO—TJDNA
0.2 pmol& B-Gal::PHOARRA A VN7 2 &0 10pg KBEHMEK 2401 BARKIGE
WHICHEMU TRERICEITR Y, BA 4 VREBER% E-> BRKEIC & > TRTL
=

Proximal regulatory regionk #0187 bp EcRI-H/imII¥Ffrid, B-Gal::PHOAEES &
YR7EFERMUELEIC SBEOS T MY RHFBEEHh (K 214 L—Y 3), PHML
ERELTRY lacZ B2 RBBEEZBEABEOEBERERMLEL ZICE, 27 M
Y RRBEE b ok (L— 2) . ERLTWRWALBAE T O —TIEX LT 50 %
BEOENRECTESICHICEMNL THEABEEMIZ L 7 bRV REBECERY
5 (L~ 5 #, pUCIOCRABOERELTHEERS T M AY FOBRIBBEE AL
W(L—=>4), 2oz kid, B-Gal::PHOARES & >3V D132 bp Hinc DB KIS %
KiEn, HERIICHERNTHBZLERT, UL, distal regulatory regionZz &&
290 bpOUFFICH L TRB|ERS 7 NV FOBRIBEE L2, ok (K 21B) , 20
KR, 853 BB AHDPHOS-HISS NA TV RTOE~ R —DRBEARFOBEL L<—
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Figure 21. Gel retardation assays of PHOS DNA fragment. Plasmid DNAs of
pAL364 (Fig. 20) and pAL411 (Fig. 20) were propagated in £ coli host, double
digested with FcaRI and A/mdIII, and filled in with [a-22P]dATP, dGTP,
dCTP, and dTTP. Each 0.2 pmol of the ®2P-labeled DNA fragments from pAL364
(A) bearing the proximal regulatory region (panel A) or those of pAL411 (B)
bearing the distal regulatory region of PHOS DNA (panel B) was incubated with
10 #g protein of the B-Gal::PHO4 preparation in 40x!l of binding mixture,
except for the reaction mixture of lane 1 of each panel, where no proteins
were added, and the binding mixtures were incubated for 40 min on an ice bath.
The proteins used for binding reaction were crude extracts from £ coli
harboring pUR290, designated Z, and Z-4 bearing the lacZ-PH04 fused gene,
respectively. Kach 10 pmol of wunlabeled DNA of pUC19 (panel A; lane 4) or
pAL364 (pancl A; lane 5) were added to the binding mixture as competitor DNA.
After addition of 2021 50% glycerol solution to the reaction mixture, 15 1
portion of the reaction mixture was charged in each slot of 4% polyacrylamide
gel and elcctrophoresed in low ionic strength buffer. The arrowheads on panel
A indicate the retarded bands.

B L, proximal regulatory regionM#HEIZPHO4AR VN7 DEHEDIEAICL 52 L A5

TERD,
Proximal regulatory regionicid., -535 bpfiZic Vogel® (1989) m=Me$ % 5 -CACGT-

SIS HPUNA YT DEESDOESORLEFANFELEL, PHUAZ YR DEEICEET



A

oligo-12 5-gatCCACGTGCAGCGtcga—3

oligo-16 3 -gatcCGCGGGCCACGTGCAGCGLega =3

oligo-20 5 -gateccACGTCGGGCCACGTGCAGCGtcga -3
54.4 -5-(.0 ~§3-S -52.5

B

oligo-12 oligo-16 oligo-20

r LR 1

- Z Z-4 - Z Z-4 - I Z-4

L T

Figure 22. Gel retardation assays with synthesized oligonucleotides bearing
the 6 bp 5 -CACGTG-3° motif and the flanking region of it in the PHOS DNA.
(A) The synthesized nucleotides used as probes having the RBasl and Sa/l
protruding ends, respectively, on the top and bottom strands. These
protruding ends of the probe DNAs used 1in the binding reaction were filled in
with [ -22P]dATP, dGTP, dCTP, and dTTP. The capital letters indicate the
synthetic 12 bp (oligo-12), 16 bp (oligo-16), or 20 bp (oligo-20) nucleotides
with the same sequences of the authentic PHOS DNA, and the lower case letters
represent the linker sequences. (B) Each 0.3 pmol of the synthetic fragments
were reacted with the cell extract of £ co/s harboring pUR290 (designated Z;
lanes 2, 5, and 8), B-Gal::PHO4 (Z-4; lanes 3, 6, and 9), or without addition
of cell extracts (lanes 1, 4, and 7), and the reaction mixtures were developed
on a 15% polyacrylamide gel.



BZEMNEEND, COZERSHICHRDEHIC, 205 bpoEEFI 2 EL12, 16, 20
base @ PHD8 T E— X —EF%#FHD15, 20, 25 base® DNA%R TN Fhicxd 3
HHLEIRCERL., a8 #%, [a-*?P]dATP, dGTP, dCTP, dTTP& Klenow frag
mentT, PAHLL KMEBRET Lo T, ZHEHED19, 24 29 bpoFT—7 DNARFBL
7=, FhFNI12, 16, 20 base® PHOS TUE— A —DEEF| % FD D Toligo-12, oligo-
16, oligo-20 & &HFE (R 224) , ZhdOEH DNAICK T 5 B-Gal::PHOARE S & >
Y DFEASEER Xproximal regulatory region® 24187 bpD HIEBRM A CTHELEL
= LER, SBBOSTIMNYRDBBENE (K 228; L—> 3, 6, 9) . ZORKRIZ
in vitro TOPHOAR > )87 OEEICIE5" -CCACGTGCAGCG-3" o 12 bpdREFIC+HTH 5
CEERLTWD, ZhbDER DNA%R HISS-lacZ A& BETFOLEFICKESE T, &R
DNA & HIS5 EDNA Ty RTOE-A—-DORBEEZBELTH, KY YBEHTTCOR
¥ B-galactosidaseDIEH LRBBE L b o (BREER) . ChooZEix, &
R U= -545 bpA -526 bpfLOEEFNIC A TE BICHIOERTIA, ML ERBE &
FHFD DNADETR I E SN ER FPHUDBERBICHETH LI L EREL T3,

$20 HENICNT Y A AL RRNT

Proximal regulatory regionti 5’ -CACGT-3’ B2¥|(-535 bpfi) (3HIREEE PuallDF
#BCHI5 -CACCTG-3" L EA o TWd, Prllit CACK GIGOMTHIMIL, Flme4 L
3, COYMEICEZOBRIIO) Y A—%2FAZET, § bpOHFLEFOBEEICDNT
METTAZkiC U, in vitro TOB-Gal::PHOMBE A Y7L 2848 in vivo T
O UASHEYEA BIZE T& 5132 bp Hic MK (=615 bp A -484 bpf) O PelI¥ A b
i<, 8 bp Aol (5°-CCTCGAGG-3’) . 6 bp Hpal (5'-GTTAAC-3') . 8 bp Ball (5 -GTG
GCCAC-3') U Vv h—%BALT, YIVBBS T MEICE > TPHHUR YRV IC L DS ER
FL, TUT, RECHINEREEE-E P8 TOT—2 —OLHICHAL, 20 PHOS
BEFHIE) Y BEHFTCORELRERELE,

BT WETS 23 FpAL36s (R 2000 PraClH A i, EICEITFE 380 v h—
ERIALTHY VIS 7 bR TR 2=, TORR. Lol Y Hh—-OBAZETIR 5 -
CACGT-3’ A& e ZEEFIA <Y (R 234) . WERBI O DNAMTFTAaABhE LI B Y
TRy REBga b ok (B 238; L—> 2) . Hpal Uy h—& Ball U vh—
OWATIE, FREFNS -CACCTT-3 AHH IS, 32 W id, 5 -CACGTG-3" AW 11 81K



-340 -330 -520 -310 B 1 2
. Wild Type 3 -ATCTACGTCGGGCCACGT(I;CAGCGATCACTTGCTAGCAACAATAGGC-3'
FnmaC
. Xhol linker 3 -ATCTACGTCGGGCCACcctcgaggGTGCAGCGATCACTTGCTAGCAACAATAGGC-3' )
Hpal linker 3" -ATCTACGTCGGGCCACgttaacGTGCAGCGATCACTTGCTAGCAACAATAGGC-3"

ball linker 3" -ATCTACGTCGGGCCACgtggecacGTGCAGCGATCACTTGCTAGCAACAATAGGC-3"

rALPase (mU/mg protein)

Boll/BamH] .P -P ratio
615 —LBLy, -4E3 PHO8p IATA
1. | |77 | 40+07 120+16 3.0
2. 721 L6217 53:17 1.2 '
: - 3
3. C Iz 18:1.1 30:19 1.7 - =
no '
L I 150¢E | 37:0.4 110:23 3.0
=600 %a 400 , =200 (bo) WT X Hp Ba

Figure 23. Effect of linker insertions on the PmaCl site in the proximal
regulatory region. (A) The sequences of the 47 bp proximal regulatory region
bearing various linker insertions. An Xhol, Hpal, or Ba/l linker (lower case
letters) was inserted at the PmaCl site of the 47 bp proximal regulatory
region of PHOS in the 187 bp EcRI-HimdIII fragment of pAL364 (Fig. 20). (B)
Gel retardation assays of the 187 bp fragments with or without insertion of
the AXhol, Hpal, and Ball linkers at the PmaCl site. Each binding mixture (40
1 1) contains 10 zg protein of the B-Gal::PHO4 preparation and 0.3 pmol of
the probe DNAs labeled with ®2P as described in Fig. 21. Probe DNA in the
reaction mixtures were the intact 187 bp ZcoRI-#imdIII fragment of pAL364
(lane 1), that with the AXhol linker (lane 2), Hpal linker (lane 3), and Ball
linker (lane 4) insertions. The arrowheads indicate the retarded bands. (C)
rALPase activities by the PHOS gene bearing the wild type or modified
promoters with various linker insertions. Enzyme activities were determined
as described in Fig. 15. Each figure represents the average of at least
three independent experiments on a number of different clones having the same
DNA insertions at the PHOS locus. The boxes hatched with oblique lines are
the proximal regulatory region with or without insertion of the Xhol (X), Hpal
(Hp), or BRa/l (Ba) linker (A). Numbers above the bar representing PHOS DNA
indicate the nucleotide postions relative to the translation initiation codon.

LT 2aE—9240C (X 238) . RO TNV REV B S S CHKBBEOENEY
ARV ENBEEAE (L= 3, 4), THhIFPHUAZ Y 7 DEET ERFINMA L
HEEALND, £, ThBOY VA—HBAMA CRFUHEE LY 0EERMMELFE
P, Hpal DA —FHAZRTRVBBEOVIELEZBEBELE, ChREETETHAD 20K
—ORTINFEFHEEL THELEEDICHEEHERITREEICR2EEDED, Vogel



5 (1989) AR T 5 & DIC, 5 -CACGTT-3’ A'5’ -CACGTG-3" & W HPHO4AZ Y R 7 Ik B &S
BAESENEHENEEL L THEALLS,

PHO8 @ -486 bpfir e pUCI9® Him T # A b THELUERMOEXRTNITHIREER
Sall ORB/MTNE—HT 2D T, pAL3BLL LD DY Y h—BATSTAIR%E Sal
I CYliL, 5 REKW% Klenow fragment TEH/ILL T, 228 bp BNV U h—%
AU, Bablll: BglTH{LIC X o T132 bpd Hime T WiF (-615 bpA > -484 bpli) %
E£0150 bpOWTHF &BE, ZhE PHOS @ -484 bplidh D LFH#RELETSAIN (K
15A; Sequential end deletion)® BaH1V > h—IC &k ZHIEIEBALIC, PHOS BIzTF O
BEHFEICHUTHEARICHEALE (K 23C) . COLIICLTHELETS I R,
WIEEIMPTHERLAEFKT, S cerevisiae K143-1CHR D 4 Yefa{k PHOS BBICHEA
U, rALPaseDEBZBBELE., TOBR, Tl U h-0BAZTRTIRIE<EY V&
ZUETCoORMEEASRROA, Rll U A—-—DHATRFHER L ZLICRSORERS
BARERLE, LAL, Hpal YU A—OFHATRY) YBES2ZT2 & RHAEIE-
THhBH, ZFLORBHEUVANILVORTHIHBEREZILS (K 23C) . chsnZedh s, 5-CAC
GTG-3' DECFIAPHOAR Y IR DA & in vivo TORERBRICEHHEL T2 Z &b
%,

Ham FHA

FIVPkIhs 7 b 82 & o Tproximal regulatory region®* &%'132 bpd B2 (-616 bpi
5 -484 bpfi) ICPHUAR NI HNEEREET D2 LAbA o2 M, distal regulatory
region% 4225 bpmELF (-841 bpA B -616 bplf) K BHELRPHMMNESIBETE
Bhok, TALOKRE, 200HEAEKREEL NAKFERWE HIS5 LN, T
Uy RIOE—-R— L BARKE (BIESE4H) KFBFLULEY, Distal regulatory
regionik, P08 @ -365 bpA S THMHEOL LHMICES LE L EICE T BB B8
ARTOC, COMBOBEEFRCHRDEHICE, in vivo TOZ OEBOE RS
EDWTOMBINLETHSS,

Proximal rcgulatory regioni o 12 bp®EEFI(-536 bph S -525 bpfir) A°, PHO4A & >
NI OEGICHITHEN, ORI &L 20 bpoEH(-544 bpA2 S -525 bpfiz) TH



in vivo TO UASTEMERRER W, L, VYA—FBALRBHTH, PHUAZ YNNI 0%
ANAHBILBICEIIMDH BT, 5 -CACCIT-3 OBLFIEEL L PHOS DREREETEHES
ZEFBEBEEhE, 2hBnZ M B, 5 -CACGTG-3" OBERFIAT PHO4A & VX7 DIBERE
KBATHBZ L L, PHOAR VNV IE, EOKERF O EDOEIERLT® INARKEED
BRERRAICHLETHDIILINTRREIND,

Z DOPHOA R V%Y 05?3-%'?‘66 bpBEFliE, PHOII T — & —IiC5’ -CACGTT-3 A% 1D,
) yBBUABE R O — K3 % PHOS4 T OE—4 —IZ135 -CACGTG-3" AF 3D, 5" -CACGIT-
SN OFEEL, MNEFEI-RTBPH8] 70— —IZERLBERTIERERE
AT, L2 L5 -CACCIC-3' A IDEETH I LARBREA TS (FEMIZ
H8) . ThLORETHY VBREICE>T P4 BEFEWICEKEL EREHEAN T
LhbhTsY (Lemire et al. 1985; Tamai et al. 1985; Yoshida et al. 1989b), kic
BRI ZNETAOTOE-S - LTHETHD LT HIREORREFELRYL,

BOM BH

RETRBHRICHREZS N PHOS Oproximal regulatory region®&132 bpdBeF
(-616 bpH»® -484 bphr) =, B -Gal::PHMRA X YNNI NEEKETIZ LD
=A%, distal regulatory region# &£225 bpDEC%|(-841 bpA S -616 bpfir) ICITFHZE
RPHMAD S RBETE b ok, T, ZORBRENHMEERN D, PHS DIEER
ot U THENTHD I L bbb o=, proximal regulatory regiondfd 12 bpd B
(5* -CCACGTGCAGCG-3" ; -536 bpA*® -525 bpfii) APHOAR Y X7 DEEHICTHTH S L
M, BRUE DNMETO—TELESVERBS 7 PERTHL MR ok, ZORFOF
ik PHOS 7OE— B2 — B OPHUAR Y N7 GV 4 b EBL TH BN BES] 5 -CACGT-
¥2HB., PHOS @ 5 -CACGT-3 BLFIIHIRBER PnaClod BIRAT (5° -CACGTG-3") £ H¥
LTW30T, 20YMEEFALTELAOY YA — &AL TPHUUR Y R\ Y ick o RiE
X in vivo TO UASEMERELELZ A, 5 -CACGT-3’ OBELFIA IS Xhol U >
h—OIMAZRIE, PHOMUC L 2 &8 D in vivo TO UASEHESKDbOE, LAL, 5 -CAC
CT6-3' BFIDREEND B2l U Y A—OFWAERI, HEY A FAWALEDICT IV
Bo7 NERT, ESSICHKBEOS T MUENRY RABREHED, UASEEIFAERLE



BAEOHEERUE, 5 -CACGIT-3 DAL S Hpal ) v A—DiFEAIZ. RllVVh—o
BABREESHEPHUA YRV LB REEXEZRLECHMADS T, in vivo T
UAS MR LKETLE, 2hABOZ LMD, In vitro OPHOAR VXU DFEEICIES
-CACGT-3’ ORFIBLFATH DA, in vivo TORBIFIHBRE %R IS5 -CACGTG-3" o
BRI LEHONBALETH 2 Z LB RBEE i,



B B X fEeEEs

AR TR, S cerevisiae DRI FRBEHIHBH OO B, HIHESOBET 2 RED
IVAY M THH2TOE— S —HETOHMAEEE, 73 ) BEGERR—RIHOZET
i2H B HISS BinF. AAT7 7 8 —VPEEFMROXETICH D PHIS BIZFICDODWTE
Frlilz. 70—{Lahi=HIS5 PHOS WBIZFEWOHREREREL., T OBRER
*EETOMERERELTIOE-— S —hOERNBRIVAY M THITATAR Y 7 R,
RERABROBEXETTHOMIUE, HISS5 ORBRHBAI, -37 bpk -34 bphiricd
Yo ZHhBISHT BTATAR Y 7 213 -139 bphzod 5° -TATATAA-3' & -102 bplLcd5’ -TATA-
FARFICET LN, WThd, FEZHEAFTATAR Y V2L UTHEELTH, ZhET
oM EERBTOE—2—-0BBLTFELEY, CORERESEEUEHORT]
(3. Hahn® (1985) DEEHISIEN I £ Y AFFINV £ D 5 -RRYRR-3’ & E&IC—H
U AISS CBT2EEMBNEORLEL L TIE 5 -RRYRR-FABEL TR LEXISHHN
S, PHOS OETBHELGAIE-37 bp. ~24 bpAh5H-18 bp, -8 bpk -7 bpfiid 3DD ISR
B—%RLTWT, ZHhBICXTHTATAR Y 7 it -125 bplrd 5  -TATATAA-3' & -95 bp
ML -TATATA-3' MEFICET O N D, PHOS OB&. VVBICIZ2EREFAHEZIT 56
rE R L AVBRMICRRT 3B A DI R TV E, HIS3 RETF TLEEMBEAC
SO TREKANREY, T, TATNREERANERL BB AICHIGT 5TATAR Y 7
AWM 2 IcFEEL Twd (Chen and Struhl 1988; Struhl et al. 1985), PHOS L Z D &
VBHFATREANFADEN TV DI ENEADND, £, Hahnd (1985) DB B AE
DAy Y AR ERR BN, EFOEERINICHAENSH Y, I DEFH (5 -RCATTA
-3 PHOS ICB VT REEMBICEETH M LARL,

TATAR v 7 AR EEHBSICH U TS ERAICHFET 2 BEHAHERE, TO0E—4—
B H D ZENEL RS h, HIS5 PIOS fBETFEBVWTLEERD O hE, Zh
LOIYL, HISS ORBUC LAY -202 bphi O HBEFIN, ZOTOE—2—HhDdH BHMH
MEDHEERICE > THIEMBEL RET I ZLANRREAE, ZOLIRIL AV M
ORIEVERI, GALI-10 7OE—R —0 UAS; site 3& 4k, HIS3 @ 22 DIFBEFIAH

& h T3 (Giniger and Ptashne 1988; Struhl and Hill 1987), —Fh. PHOS @
proximal regulatory region¥ %132 bpo> DNAMFH 2 (-615 bp » 5 -484 bpfir) &,
in vitro TPHOAR Y UG L, BHMTREFAMELRT. LHL. -544 bp 25

—87—



-525 bp (LOBCHI %D EM DNAX, in vivo TO UASTEMER RE 2 H - . Hinnebusch
5(1985) 6, BEERFORBRTIHEBREFT THHBATORERRICHA TR, &5
CEGORMNPLETH L EEREL TS,

BEERTFGONE O A S Y Sy N—BEE D, S cerevisiae 280 % < OEKMM
TROWESHEBRFEERT Aple) DNAEAHBLBEVHERESRH DA, BLALRL
DNA BEFYIC 56T % (Vogt et al. 1987), BERE® Apl & VN7 OBEIX, REFHTH
A, BEEAKEYT AplZ VR %23-FLTwdeyun BaTFRERGTFELTA
5N THY (Bohmann et al. 1987), —RHIHROERFCCNAOBEL TR R B LEXD
hd, £, PHOAR > /37 @ DNAKEAHIRIC IThelix-loop-hel ixizE % &b, BRETFD
VeDmpe . A L) 7OTIVYOIINYY—FEERVIRY B2k E47, U X muscle
creatine kinase TUYNYH—EEE R V)N MyoD, S. cerevisiae BV O APHRER Y
JN7CBRI% > DNAKE &SRR L BIEMAE o 5 h(Cai and Davis 1990; Ogawa and Oshima
1990) . TABDE YNV FIEHICHM UL EXRT 2R BRL THETS (£ 2) ., CBFL
(&, PHOA & [ERS' -CACGTG-3" ICHEB L AF A= VAGHRARETFORRELTML TS

Table 2. Binding Sequences for the Helix-Loop-Helix Proteins

Binding protein Element Sequence
PHO4 PHOS (proximal) CCACGTGCAGCG
PHO5 (UASpl)® TATTAAATTAGCACGTTTTCGCATAGA
(UASp2)°® TGGCACTCCACACGTGGGACTAGCA
MyoD MCK enhancer® GACATGTGGC
CACCTGC
E12, E47 k enhancer E2° CAGGCAGGTGGCCCA
El2, E47 ¢ enhancer E5° TGCAGGTG
CBF1 CDEI® RTCACRTG®
Consensus* NNCANNTGS

* Vogel et al, 1989

* Buskin and Hauschka 1989; Lassar et al. 19839

Murre et al. 1989

¢ Cai and Davis 1990

° R represents a purine nucleotide.

' N represents that any of four nucleotides conforms to the

consensus sequence.



CEEHEREMENATWBH (Bram and Kornberg 1987; Cai and Davis 1990; Thomas et
al. 1989) . TNB DR YNNI OBEBEIHOSHMCELRZEEADNS, £, YO/ RS
X+ Arabidopsis thaliana @ ribulose-bisphosphate-1,5-carboxylase small subunit
DOHEBERIG T rocS-14 OEBHEERY . BEBMREF T EEL2RETIRELFL, ¥
BHNIREH R AR IS € OB 06 -CCACCTAE-3 2 5 2 SEFICHRMICKEE T2 4 Y
RU7ERELE, LAL, ZOHEHERICE BB, BidoU Y BBEICE > TEL
Lz (Donald et al. 1990) . U b Z s, EOWEIEEXND S L5 HLEFE, &
EERFHIREETIRICHATHIAD, BELEERFAREZEETZAIED D, -
B, EOLDICBET IR, BELEHBOES% SH2 DNABKRKEED HIAMICH
foRFLOMEERATREIZLEADIS,

TOE-S —OBREERICEST 2EFHOMEEERORTY, EEREEh TS,
GCNA4& )87, £7/1%. RNA polymerasell largest subunitXZ VN7 %2t 7 70— Z|CH
BULETNVOASLEESDTRY NIV ERETZIERT, 20 220F YNNIV EVECE
BTHIENREN, GONARZ YN O DNAEGTHBAZDEBICLETHE I LAFADA o
7= (Brandl and Struhl 1989), 7, TATAR Y V7 X2 BREL., bW ICGONIKE EHEEE
TATAR Y 7 DN BICHAL THREFAIRRET2EEZN, S, GONEZ X7 ERNA poly
merasell ¢ DEEOHEFAIIZFEH S (Chen and Struhl 1989) , F7%&, GAL4ZR VN
7 OEEFEECHER (BREHEK) ICREEREHALTH, RVA polymerasell largest
subunit®d CRIRMHBICH L T7 I ) MEEUEFOEREST I -RKEHPTILICED
T, gald ZRRBBENPEZND Z L, CNAPPHOAZ 20 < OERFOEEBEEHL
HRTRDH SN DRI, B E 2 IIMEERNIC, RNA polymerasel L HEVEA Z KD
ZEERMLUTWS (Allison and Ingles 1989), HIS3 BILEFOTATAR Y 7 Xk, EL
RV RBE T2 00 L EEHHAOXRTICH 250D 2255 Z LA 5 (Chen and
Struhl 1988), TATAR Y 7 A &> THEAMEGROBRREFARL Y, GN4Z V37 DR
TEHCHERTH 2 BEHEB L OHEERHICEVWYH 2L EALN S, E5BIC, herpes
simplex virus® /87 VPIEDEREFEHALEE (BRIEHIR) AT TATARY J AICKET S
KRFOVEDTHEE NBIUMBHEDTFID AN LEETHLN, ASLGE
GLTHsMoEh, BEFBIITFID L EEHEFAT 2 £ EA 505 (Stringer et al.
1990), Zo& i, BEERTOMERBATATAR Y 7 ACHET 5EF L HEICIEA
T35ILAREh, BIHAERICEE T 5EEERNTFIZRNA polymerasell, TFID E& DE



BEORA N IMOMEFRZN L TEERELZHRL, BELTVWDIOTHS D,

PHOS LRIL AR AT 7 A —FAEEFRMBOZRLTICHD P05 TuEt—8—-Tlk, 71O
TF MG EERFAOBEAFMCETEATHS, RAHEZGETICH2 P05 Tax
— 2 — T, AINEGETORCBEEINS 20X 7L FY —LBHEFHERLTHS
(Almer et al. 1986) . EBic, B XA b VHL DNA% GALI TuE—2—OTHRICESL
T, HHPoBE V-2 LTEA MV HMORBE RS, X7 LAYV —-LEEEZA
BOICHIRT 2L PHOS OBENY VBBEOEFHECH DD S TREET 5 (Han et al.
1988) . CORBIEEEHHAFRUSAD)OXRELETOE—F —THRI 2, TATARY
2 23T 5 (Han and Grunstein 1988), Z v Z ki, TATAR w 7 AR EERES L
OEERFHEAKE., AHELHTTHoTHLI I LAY —LBBEOREICE > TEELT
BABZLETRMLTWS, £, PHMAZ Y7 2 iladuc KRICHGT 2 & PYOS J O
E—B—LDORI UV —LBENREE N, PHOSH BT 5 (Fascher et al. 1990),
ZhonZehs, BEERFHUOBENVLDE LT, YOE-2—HBROX I LA
V—LEORENS D LDNRBIFBRENS, LAL. CORKDN PHS &SR0
RAT77R—EROBEBEFTELEATHIAEIICHEL TR, B IERFLRITHIESR
Ly,

BROEEERFOV £ D6ALAR V871, b Ml T MMtk b RRIEHL
£ %< U (Kakidani and Ptashne 1988; Ma et al. 1988; Webster et al. 1988), k& ki
FEXoETZRT ATFE S BFMOLBEREERLUE (Lin et al. 1990; Carey et al.
1990) . £/, TATAR Y 7 2ACEET2HFHE MDD 0 L R T & (Cavallini et
al. 1988: Buratowski et al. 1989) . RNA polymerasell largest subunit® CXK¥sFHEK
HEIVADLDLMBOLOITHEAETHS (Allison et al. 1988), Tk HICEK
WLETRAOMLGE. TESEREYOMBLESARMBOM TERICEIREEILT
Wdkniksd, PFREEHLIARFECSVTENES cerevisiae 3, BEEERTF%
O—-KT5 DNAZDBEL T, BEOEMEBHIPE2OERLBE L 2BERBEOELD
RELENEHTHY, BEEREROTRERICESENIE, RENLTROERLED
BRTHDIEVWAD, TUE— S —BEBEOFMLRFE., CoLdLEEHEMCETs—
HOTROLIT, BREEANTEELBHOVEDTH S, ZITHLAIHMRR., B
BLEMCHLINICERT, £ETOREFEDYOI— KRB0 L% BMIEL THE
THZE, REEZXETZIVAY NORFINHSHTHIIE, FHICEHETHL, 7



OE—3 RO FEMENAROERN, TEHNLERICEBBVWCFLET L%
EL TV 5,

71



2E 59

HHAEMCES T2 RIETFRENHEROBE L BERZHOMITIEHIC, BBETEYN
CPMETHY . PTFEMFENFEORILL TWD Saccharomyces cerevisiae % MRS
FAFLAT? I ) BESR—BHERL KA 77 4~ EEFRMROBERBERIET HIS5
Y OPHOS DT OE—B —HBOBN TR ok, B T7IVBARILELECEFDOTS
I BUSNOEERFROEERBETLERBCRONTRHE * —REML T, Z 0f8R
DOMENEF DS EFICH 5 BT 5 -TCACT-3’ %)k § 2 HEAEE L NIV TOR
ISP ETHDIZENREBZOTHDS, £, FAT77 2 —EHEEREFEY VBRZ
&MU TFTTCEBEUVNRIVTORAFHEZRT I EAAOATHE N, HIHEFGREZATHE
W, 22T, ME—PHOAR Y NV ICL o TREAHHAS AT W2 AFETZ VAV EERZ T 7
2 —EOMEIHEF PHOS O RBBREIEFBIC OV TRITE TR o=,

HLRETR., METFORBHHHEROBELZASH LT IHRORMIXCE T IER
Zih R, PFRYEHM L LTS, cerevisiae 7 I )BMESHEAREFOV LD HIS5 . i
PEP AR 7 7 2 —EERIGT PHOS 2 @IRL ., BELZTCCHLSAHICAE DTS
ITNEhORBFAMAROEHETVICDOWTERLE,

M2 T, HISS DNAOHEE B MCL, TOTOE—A2 —HHkicH S5 60D 5 -T6
ACT-3' RS DBRBIC D WTREAER LY YA —HAZRRZAVERTEICE > TR 2 M
A, hist ZEREHHTIOLTNE HidIdS Tagl £TO 1882 bpdiEEERF| %
W@ L, 1152 bp OERFTHEFABUC HISS |MIETFEPHFI—-RZhATWIERERLE, &
BEEHOS KisERETDHE8IC, Sl nuclease vy EV FEICEY, BERHABa R UH
5-37 bpe-34 bpfrTH B L ERLE, £E, HISS 1B 2 —RHIERIC L 2 BME
BEBEZURVTITRbO, & EFESEE &0 734 bpo) Hindll -Avall MiFr % R THISS
-lac AN FEEEL, ASS5 Jux—4—%RiLE, 5 EHERICE 600 5 -
TGACT-3' B2FAH W . HISH BIEFORBRAMICREKETH D -202 bpl > IBECH A HA
THIN, TORFIETHIERS LI BRRERTOE— 4 —FREAFHERLICEI
A6, bl kd -202 bphid B & FIKFIC -209 bpA S -277 bpE TOMBA HIS5 i
EFOBRMNCBETHD I LIk,

MIMTIE, 7a— L nEERTIODA o= PHOS DNARXFIWT, F07/O0E—4—
FEWESMIUE. Sl nucleaseww BV THICE > TEHEEHEBAN 32075 & —



(-32 bp fif. -24 bpH H-18 bpfit, -8 bpk -7 bphzr) AR L THY, -32 bpfir, -24 bp
A5 -18 bpll DB AA S BB T 2 BEEY ., U VREECIEL TEERAIFEMHE LT
WBMN, -8 bp& -7 bpfI D DERBERELRVBERMTH o=, REERBHETHS
Mook 2o0HIHERD D B, proximal regulatory region (-548 bp A5 -502 bp
L) %84 -615 bpA D -484 bl X T Hi MW X, ZOWAETTY YBEEIC
U TREHEM TR Z A Tx 5N, distal regulatory region (-704 bp 5 -661
bp fiZ) Z&T -841 bpA D -616 bphiE T FaaHl -Hpal Wikrik, PHOS TOE—H —
DOLEBETOHBENTHOE,

EBIC, FARTOMKT T, proximal regulatory regionZ 88U M &, KBENTE
PEL7= B-Gal::PHOABEE A VX7 L OREENRH BN DAY, distal regulatory region®
SV TRADID LD >, B UE DNAE AHWEPHMAE YRV DEEERT, 12
bp? 5’ ~CCACGTGCAGCG-3" 2 722 S BEF(-536 bpA & -525 bpfir) AKEIC+HTH DA,
ZofFE & 20 bpdEEFI(-544 bpH S -525 bphi) TH in vivo TO UASHEHE%R RS
L, gk, UYA-ALERE T, PHUMZ NI 0B ORH BN 55 -CACCTIT-3’ 0
fCFlidE L PHOS DRBERERTEHZZLNBREhE, ThDHOZ A B, 5 -CACCT
G-3" DECTIATPHOL R > /37 DBEERBUHF £ L <, PHOAR XY X EDRHERIE ZDE
i EUMBOMED, BERBICLETH LI LARRENE,

BRBICHEOSRT, BEMBVERFOMEPEFRHEAILICRRDRERAICONVT
ERLUE, £k, HIS5 7OE—58—0-202 bp £-272 bp LD BRFIL OHEEERHD
FIREME. EUT, TOHBOMEL ZZICKETOERFHIOBEERICL 2RERS,
HEzBATRBEIATHWIEERTO NAESHROME L BRETIORK, yu<FYy
MENEEREICHST 2 AHESICOVWTHERELE,



B &

AFROETFICHE Y, BETIEE, ZEREIBY 2 Ur ARA ST LHANER K
COPSBHOELET, 3, ARLOERCHE Y HEL ZHE, THREBY £ L
ERRAFTHMA RO, \WENEHE, BFLRRR. TR—H%, THREH
B, LS I KRAZEZRFIRT i B3 E LET,

ATRICH L, RIETHFLIEY £ LEARASTYREEEREE, RB0REE, 7
Kbt MORKSEBERTITBAHBICBHELET, M55 REFOFRICEL
T, FEOEY, HECIRAVEES $ LEBEGRASREEALOHENT, BE
BT AR SR, AABSEALRERE RICBHOELET, BEREES LU
PHOS DNAD (5., BB TICBEY R ZHE s WEEEZ E UEMBEEABEMEREFRE
MECEHOELET, AFREFAICHEYRENE CHABLTIHEEVEES
F URKEA YRV FRES—7 U—BEEARET, BIERERtY 2 —BANT
B, IR, WA ST ICEH 0L L 2T, AL &I EE L
REchr ) FEE UTYREEL T2 5 Mk KR A LR EFRA = #F R
THELG, BULETFRFHERBRICBHL, BAOHROEELBFY LTHY £,
ATFRD 3R PHOS FUE— 8 —RETERFHIE, HAFEERAH EMELROG
TNZED2E0TT, LALEHROELET, £, ERORTECIBYWEEESZLET
— 4 WHHA S ERENE, RAESERSHABRERCBHOELET, HOE
ACHEHOPFRE E S AT ES > EXBBER, TERER, FEEZE, FOE—K
FRUHETEAMHFREOLEDE S ACBHNELET, B2 AOFRORBRE LD
LEFFYLTHBYET,

Btic, ATRSEATCELOR, THOSAREFH, HENEWICLEZ50THS
CEeENEERATHEET,
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