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19y (18664E) o G. J. MendelBRx v Fo 2 EKBMBELLTERNER
BPEFOLIRSLIZ2ES>S HFIBEINI EF LI, gAY, TORFR
(HET] EWEABESLRED, SO HELEEI O, CORETORNE
BrEBELBABESR L ->-TWVWBFA+ Y B (DNA) THD, ZTOEHENH
EHB0T7 I/ BENEEORBCLERERER S CLRENRLLEHSI N
T&tho BEFRESCIVFIFREEBCALC OB ERASONID., RALERP
BEHEBIBECIVEPELB I END L, COZEBEYOELLO—F
RThdEtEALOATVWD, AVFLOoIS LE-ARIMEMEANALTERY
BohE2F RBIEcbil#E254, A, RALEEREZFALLBEY O
EREcEn, RUFBARBL OO BERCET >V, £, DIIER2SBEHL
TELHBADNMABEHRICE - T, AR ZTOMAEYCREELRIVEIEZAES E
HoEDREEERD, RBIEQRIRALREMEEATY %,
MAMBEBCBLWIRRIAEYOERTFEREASE, TOKRELTRERH
A ARBEEIS S, COLXI>NERNZHI T LD, BELHVWLHMAENE
¢®%E¥%ﬁ%ﬁ%%&\%A?%EE%K%G%E?%E%%%%KouT
BE+2CLREETH S, AlARE. REAVAETEDRICREIASIE 5.
EWEEBEEE L0 T e~ —OBRPLETHD, RUIZAVORETED
PEIEBOLAETEMET I L3> ThhE, REFHI UKL Tt -5 -2 &
BCEVBEHTHES D Fo. BATIEETFHFA Y v vy 280 60TH NI,
FHIzx T34y /BRIABEELZESD, VI RAnRNACHR T 5 cDNA
AEALBTAEROSB VL, cOXIic,. BEFRRACHETIEWMTAMAE I,
FTRATEMETIEOEOAEERNELTHAIABEIRREL > TETW S,
ST, AVREEFREDA TCVWIERER A BEHECRBASIERINS, —F
THEEFARMBRANEEBEZIHVTITL, LIAL, TXRTOBEERFEEICH
HagTwasbyTtiRrI, BELA{L VR ZOREBBRIEL T, AEFO
RBEATTWIEADHLTCVE EBHESAIRA > TWAB, Jacobd MonodiZ 19615 i
KBHEOS 7 b —28{LicBE T2 8RTORBAH BB~V T A~ Vi
(50) 2BH LI, EHAGIESII F—RBFEELBTVWHEGRCR. B-F537 b v
f—ﬁéﬁﬁt?53a@ﬁ&?#éaéﬁﬁﬁmmﬁgﬁﬁﬁﬁuvivv#
—EHEREETAERLE T, 3HAKFOEELZABIOHMLTVE LWV
ZAThH b, DK, COA R YHERELWIEHEZIL, BEERFOEEH
HMEKCAGEAESEST 2 LicEd, ERTFTORBABFHEINSZ L WS F
AHIR, BEFOREADBELZAILTCORARLL -TVWE, SHRBAET
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H., EEBRRURCOEAETRABHCOVWTOBANEATY 3,
EELEYLBYIARTFRACOHAGRBCHETIMAR, GxFre—=rv7
REOHMBADNABNOES Y, CIHFETCHFELIERLTER, L2L. £
BRELTUHZOHERA» ORTHRERANE 25 5. —F. BERFH, £t
FEHBTMENZERELTVIHHABEEAEY ©H 5Saccharonyces cerevisiaelds
(EEEMIcBT 2 RBE] (142) LEbh, EBREVOEBRRELTCHATS
BIEBECHBSA. HTFEVFNFHELES, BEHEHMTZOHRARKRE
B E BT o 8. cerevisise B 2 EGFRFAOFHBREcE T 2RI
“tHHEFrOHBEINTEY, BETI/ BERO—BHERERT. EATY
BT 3EERT. Yoo —AacHlifsF. FRT7 s —ERERF. 57—
2R EOBPBRAPZCHETIHAGFREORBRFAHEE ST RSO TV I, W h
ORAFAHATCLIRAGEACTEY P BEERARFOHBABCE ST 2 ENLE
ThHd., LT ToREEETEYOEHRR, E0E - EHHEMoMAEEHK
o THBEANT VB EMNEZ WL (38) o T DS. cerevisiaelIHEEE L /¢ v Bl
TR, MEBRADMBNIKIIRBEOHAEOBELLTOERAEINATL 5,
P> T, S. cerevisiae COBEETREFAGHRBORPRIREILENICOIZTOEE
BB LTWE, 22T, GHHNESETETHIIBEBLIT 7V A U HEFRZ T >
s—YiREHL, TOo@EEFREAGEBEZWAR TSI & ICL Lo

S. cerevisiaeld. HIMMZRB I BHOBMERR 7> 9 ~EZHF->TW5S (95) o
ZO1>R3EHMPOEBY VvECX->THHE2ZHIMBIMEBRETRTY > 5 — ¥
(rACPase) T. ZOABH OB HRIGH RPHOSHEKE FICHRLTWVWS (129) o &
SIETAVYHALLEEFELT2 >OEMKETF (PHOLOEPHOLY) HBREEEINTW S
(65, 102, 139) o fhd 1 2R F7 3 YEGEZEL, Bitdhor7 I vtk
M E2ZTHsMUEFRRT7 > — €T (91) ., TOBEERTRPISICHEEL T
2PHO3EMRFTH S (132) o PHOSER FORB RPHOSELRFORI I L b, WH
ANB3TELHMONTWVWS (126) o TACPaseDAEAEREERB cCHE2ZICH
b (17, 18, 70) . HEXRO LI REFABEF Vv BRBENA T VWS (148,150) o
EEEHARFELTCOPIMBEFEMEFRNRF L L TOPHOZERTENH
rACPaself @B R FORBRERCLETHY., §Y YREGTREEAEHIAE FPIO
SOBIETFEY EPHOSSERTEMIC L » T PHUMEEFERILR FALERR LT D,
rACPase BT OEESIMF &N 3, L L, BY YEEZMHF KB & AR FPHO
MERTFEYVOEA LI, BEEREHIALEFHEARERR LA - TraACPase# &z F
DEENEI 3,

—F. AR 2BHOT AV A VTR 72 5 —EBFEEL TS (4, 36,
131) o O 1oRWEBILEZEEZON, HEODEIA2>ODATLEHR (p-=




P 722 V) VBBEL-AF AN UYRYUT2YNVY VB RL2AZ0FERNED
SHhTWHRWp-= bR 7 2=V FRT 745 —+H (pNPPase) EMFENTWEIFHHET
55 (5, 6, 82) 0o HTFEHIIME0,000THALEEFEEINTVS (5)e 2121
EtdhofBE) vERc Xz oEESTH & (131)  BEHFRENLC 4,
36, 131) . WBIEHELTWS (27, 1440 MEH7r I HERIRT 77— ¥
(rALPase) Td %o, COBWHWEOonishisicLBHIIhTED, 53 FE66,000
OHTaz= .y bHhORZ_BEBRT. RTEONIBEN-7Y 2 v FEEHTS
BB oTWVWS (94) o T TIiToh-ed (131) I & - TrALPaseifGtE o A %
K { pho8 (LIRT Dy & idpholl) ZE AN NBEEI L TWE, BEBY VEIC K 3 4E
HEAEZFTWBEOIErALPaseTH 3 M. S Y YERIMAE ToHrACPasel BRI D
BEWLRATEBINTVWE I EBP SR INTWV S, rAlPaseD HBHEIHF
COWVWTRERENBHICEL D, rACPased A EFE L LI cHEMSlc 3AH &=
FPHOAL PROSIOEM S BE T H b, i I H i 1L PHOSO & PHOBSE R FEM A B E
THBEBbM->TWVWS (95 110, 131, 132, 136) o F 7. rACPased N
Hlic N ETHSPH02EY W rAlPasei W L TR BB TR VWY, pholZBEHKTR
rALPase D MG B H AR ERTRVWEE»SE IS CEBHSN TV
(127) o B » T. rALPaseld rACPaseP ER Y vHOSHAM B LR L —HLED
HEBSETHOCERHCEI DV ZORBEBFABRBINTVIEIFR 777 ~E7 7 3 Y —
D—BThb, BEITCRASATVWEF:R7 79 —ERAETFEHI-ILR T,
A X ik, Saccharomyces cerevisiaelCEHET 2 2BEOTAHI Y XxR T »
4 — ¥ (rALPase& pNPPase) BEARFEOVWTOMESEN. SFAMEORE
TR B2F LD dbDTHO. UTosBEILDLITTERT %0

FEerETEH., BEERZMHpho8ERERGK LS L. TOXRLERGEOLEET S
rALPase DRLEEUMETLTCVWS &, o HAMERTFIARTHREEDE
ZRETCEEHEL, PHOSEEF MW rALlPase DB ELETF TH B 2WHohic L
2o TSI, Pho8BEFEEENREBHEARICREL 1o

BI3ETIR. FIL OrAlPaseEE RIBphodEZERER KT B L. mf%?ﬁ‘\”“

ZREEOBTERSTHRES RIMEKBEBES 2Rz TcHEET 2 & 2R
bt MEEERIC X VPHOOOERFHRERBY B LA AR, PHOJIZPHOS &
o, EETHEBYRITEIADL e 51, COFEERFMHBAMKSSF
BROAREURNEEEERRECERTEZ T 074 F—€ADEEEETPEPLE
BLThadEEHSMITLU T

HaBETR, BEBARTFSIA 75 Y —-%2{/ER L, HEREIC X DPHSERFD 7
O —= Y ETote BOMNTPHS DMAE T —T L/ ryrTey PiEITE
TH LI LD, PHOAEY &L PHOBOBEYI MHPHOSO B 2 Hi4 5 & &, % 7<PHOYE
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1-1. §. cerevisiae®*®k 277 9 —ERBEFEETOEE

FHET 3
Ei=F Gt ik BERToHERRIZOEY
BEsETE8
PHOS i F7rIvMEIMEBEERRT >y — €2
PHOS 11 rACPase; p60
PHOS v rALPase
PHO10 VIl rACPase; pb58
PHO11 1 rACPase; pbb
PHO13 v pNPPase
PHO84 X I EHMEERY vEEEE
PHERTE
PHO2® I\ rACPase CPHOSAR R L ERHENEF
PHO4 VI rACPase. rALPase. PHO8!. PHOS4E B D/ DD
EEEELETF
PHOS PHOSR B ic LB R E R T
PHOT PHOSR B I L ERERETF
PHOBQ® XV rACPase. rALPase. PHO81. PHOS4R B D/ D
EEAGEEMART
PHOS1 VI rACPase. rALPase. PHOS4FH K o i HF
PHOSS X VI EOHY vEeICEEFR (PHOSOE O Y ~ B1L)
z ofl
PHO9? X VI T FAF—HA (rALPaseRi & D iGE#H (L)
PHO4Ce VI PHOSOEH LA TR LEZALTWVBPHUMAEHD F #
4.V
PHO8S i PHOS 7 & € — 2 —fHIK~ D TyEEF| D # A

DRiRBRARBEEZLTCVWE LEEILONTVRY, Nosakadb iR D F7 ¥ v iC
L2MBIFHEE2ZTICTCEY, ISRFTIVEAENGLIIENHSIMIRAN
TWwW3 (91).

BAS2: B LT T, BERGFIERBZEIATW S,

TUPTERE LERTFTH 5.

PEP4 (PRAL) ¢RIUEMRFTH 5.

BHLR LRI PH0S2EIF A T W,
V2ABHOEMKEERTE Y, BAUSEALTWRWEZTOXREUSED
7w,



MREBLEORFEARBKLE TS S L2 D 1,

B5ETIR. PHSHELZEFODINMBEEN EEEMEBEMNEERE LKL, o IiEHE
Lo EsNLE7 I/ BENEAVT, RKBEEerOT7TAH YHFRT
s —CEoHEEERA~N. FHBUEHE L. . CREMT I /7 BRENN
T UfrALPaseEEHE M. PHIEY K L 3 EHLEZ BB E LA WVWI LE2B D 1o

6 E T, pNPPaseDHE B ETFPHISD 7 o —= v 7 E2ITV, T ODNAERR
Fl % E Lo pNPPaseD EEMEEEEHET s Hic, 22— Y{EDNMAZERAWT
PHOISHE EFE2WIB L A, MTFERELBRBEBMIIREESLLNEL T, &
b, BEEAECEID, PIOBEEFEEZBEVAGEKAR HOEEFEO 7 2 4
T RE L o

EnicErEcl. DEoBEREZBIEL, rAlPase0 A EFAHRB LV TEE
L., 3o CPHSRBAFH RO AR FLENITHIC W TR R, ‘



F2E Sacchafomyces cerevisiaeoill#EHE7TLHY
Fr2T7 > - EBEEEZTFORE

18 #E

Saccharomyces cerevisiaePHIEBHRETIcRp-= b 7=y VEEEZRE
ELT2RBEOT7TIVATHEFIRA Ty s —E¥BREEINBZ (4, 36, 131) o 123
SFRBHN0,0000BEN p-= e 7 x=20FRX7 7 27—+ (pNPPase) T (5) .
331 SRBEEHEROEVWSFERYI0,0000FEHENTAIVERRT » & —
¥ (rALPase) THY, BB ETIBEEAME TS 3 (25, 89, 136) o &5
Ky COEBRERATAAIHEEFTZ 7> -~ FREMDTOEBRY YEBEIC X >TZ2D
EESMHEIATVEZ I EHBAMSATED (110, 131, 132) « TOEERAG RN
FlEBtE+® R 7 7 2 — % (rACPase) DHEFHHEE L —HkFBchzLeELON
TW3 (95) o Toh-eS it & » THBHREN T LA VBRI 772 - EFEHRDODLER
{ pho8 (LIHj D % idpholl) RALREBDHEL, vV vBc L 24ESHEZ
BTOVW20oREBEN TV VEEFXRR T s 4 —-—¥ThacEBPohricadhTw
5 (131) o UBRCOFEBEN TV IKRFTI 7> -2 WME®TAD U F 2
7 7 % —%¥ (rAlPase) &MER T LI B, rAlLPaseld &V YEENHKZRET b
rACPaseE RBLBRVBEVWIL RV TEEINTED., PIBELETABEEEFTH 3
tHEFEARLTWVS (131)

AETREBERZIMHPhoSRALZRAEZDBE L. £ OrAlPaseD ML EH N T AR
HKOoObDXIDEL(ELS L >TVWEIE, BERPIBEEZEFLEZTFRSEEDR S
RETCEZHSHIC L, PHOBEE T AW 1ALPase DB ELEFTH 2 EEHEL 1,
T, BIVREELICPHOSERFEEZRE L 72,

F2H ERMHRUOEREE

3 ) 3 B & 4l T 3% b

AERBRCHERLAEKRZEZRI- IR Lk, TV VR 7 7 59 —EXRER K
ODOEECHEMALAAMI-SCRARRELYIBBRELIE¥HRKIBHAZOREHR AXS-
7D (MATa pho3-1 leul-ELF52) %2FI6Cic 2 AR LR L CERL #2o MHuIMERER
AL APIS26-AARE A ZEREEK DO AX3-6B (MATa pho3-1 lysl) & AL13-
1B (MATa pho8-1 phoB-6) DO REEITWV., fEMR L 7,

TR (YPD) B/ va— 2208 KYXRT Py (BRBHE) 20 g0 B+
2 (HABIH) 10 g2BRA4 YK 1 1cBE»PLTHBL 2, YPDICO0.4 g/1D T F

-10-



= VEMALYPADOEREMELTHEALL, Y vEBEBELOEMIERFLLT
2 /1D 7 AN FrO0A3EMA - ZEBurkholderfEith (132) ZH W, KU v
BMEROEHMIS) vEREDE M OKHP0BE 230 ng/lic TIf, 2o Rb v iKCl
1.5 /LIB335 LTHHELL, B YBTLEM dRudbindFiE (105) %
—HBUELTROEIIRLTHAB L 2o Bacto-yeast extract (Difco) 10 g.

Bacto-peptone (Difco) 20 gZZE®AK 1 1IEH» L, I M MgS04 10 ml, 7 ¥ &

F2-1. R LS. cerevisiaekk.

E<R 7S EEFER i %

P-28-24¢ MATa pho3-1 RIBHAEZEREKR®
F16C MATa pho3-1 KIBHREZRFEHKR®
AX43-1C MATa pho3-1 leul-ELF52

P142-24 MATa pho3-1 pho5-1 argh KIBHRLEREKR®
P1326-4A MAT@ pho3-1 pho8-6 lysl AX3-6Bx AL13-1B
ALI-9C MATa pho3-1 pho? phos-1 RIBHREREFK.®
AL20-2A MATa pho3-1 pho8-2 RIEHRERFEHR®
AL20-3C MATa pho3-1 pho8-2 (131)

AL51-1D MATa pho3-1 pho8-18

ALS1-6B MATa phold-1 pho8-18

X963-18C MATa met2 his8 ade8 C.C. Lindegren
1164 MATa arolD petld rnal ade8 R.B. Wickner

trpd SUPZ mal

1165 MATa arolD petld rnad ade$8 R.B. Wickner
p4 SUP2 adel

tr
MATa phod3-1 :
DH1 P-28-24CX F16C
MATa phod-1

MATa pho3-! pho8-18
DH2 ALS1-1DX F16C
ATa pho3-1 PHOS
a

pho3-! pho8-18
DH3 AL51-1DX AL51-6B
MATa pho3-1 pho8-18

i S 2 Broach (22) WIRIET 2 MAFE I » 1.
b KR AT FHMEBR LTEH KBWREEORERK

_11_



=7k 10 mi%MEEMA L BBL, SRTIOSLUERET 3. £ LRER (Mg
-NH4-P0s) %Whatman No. I TR &, BEBCEROpIZS.8 ALY S, 7
-2 20 g&TF =V 0.4 g MABBET 5 GRTEBHB IV -2 20 g,
Yeast Nitrogen Base w/o amino acids (Difco) 6.7 g. 7F =¥ 0.4 ¢g. T3
JE-Y 3 VEESHK S0 mlEEYAK M0l E2BEERELALE. -1+ v
—JTHE L% P ATV Sal. 2% TRaASFUVRIEK S alEMACHBEL
fro T3IJE-95 v AVEEGHEIR 950 0.4g, MY T 75 0.4, BZR
FOUY 0.4g, TAF=v 0.4g. A FF=2V 0.4g, F2ry 0.6 g 24 ¥
v 0.6g. 4AvaeL vy 0.6g. UV 0.6g. YUY 3 g, Z7=2=2NT3IF =V
1.2 g2 Z®AK 1 leBE» LABELL, XBEERUERECRIRETSIERME (O
EBRVWIASRTELEM (B-X) 2 Vh, ABF Y v LA-2 7/ - VEDEMI
FAa—20RbYICIEF PY YA 15 g/l EMALEY vErRDEMCHEE
%e 95% =7/ — %30 nl/1MATHEI LA (39) . BFHERER . 5% Frig
HY O AEER VR, FPIREHMEERT S & &0k IyMHD20 goEREM
Alio BEEHRICTITY., HEBRIEE moBAEZREL TEBERD
W& (0Dsse) & L TXKR®D 7o

EREFE L
EREBRMEBRFinkOHE (34) K-> TiT»70 5 nIOYPADT—HITHEL
BHoMBEMBEKTIEE>72%. 3 n1OPKB (0. 1M Y VB H Y v A8EHIE,
pHE.0) ICHEBW Lo COMBI 2 nl%k8 nlOPKBB A HEBE~4 ¥+ —735 22
(100 m1Z) KMA. ethyl methanesulfonate (EMS. Sigma) % 0.3 miikim L.
30CTW - D ERBLAE, EHERMN0~30%DE AT, EEHL, BEHKkTL~
SEBEV. EMSEM OB W T Hh SEEKICER LA, COBABLERBFLHLL S
DEMDELI, COBRBRERETGBELAGFLEY S, BHEHAZCHRL T, =X
RERKOD BTV o

mER
BRAESEIBPHBNIRBEREZF > TV 2R3 BEXBARENER X »
T T THRVWHAREFARSERE X VEAS S, VMBRNBC_Ehmlaty
BELZ (114) o ZfEGERFEREREM TI0C. I~3HEHEL, AMBEBET
MFEREERALLE, KETHRBLAF— AT S2HTH S v o) HILBERR
ERHOWTTFERE2EML LI, TOBBEEESI~2 mOo@YRRKES Y »2YPD
EREM R, SMBUBECTEERILAL (110 .

_lz_



M {% &k o fE Bk

(i) ZiE#koNE: RUusEa 2>~ 28HREERRIVES ST,
AR T Sk ESBEL ., (11 =G0 ZEESREERR
EROBARCRIAEHBNAIARBERE LB —BEHh LoBEINESGERIC X -
TEEEENBE L, MEZE2 0l YPADTC—HESEZLUHEEKT B - &,
0.1 mIEBE/KICBBL, T ERDEREM LT oo 5~THMIOCTHEL.
WB Liaorn=—2#{tLTCEZ@&AkBRAEE L, ZEAIERXREEAOBH & ICA,
Gunge S i< X B2 RD auxotroph mating &% (39) R -~ T=F&FEx8EL. ZEEEH
50pg/mOB{LEF Yo AADYPADCHELTCHRRIBEZESE L, KicC 0FRK
RIBZEREEBERELE>—EEHE22 nlOYPADTI~IHESGER L., £H
%, BEKT1IHE>TO L nlOEREKCBEBE LA, COBRBRETABRFI Y Y
L-xy ) —VEBEDFEREHMICIT T0CTS~TEHMERL, HHR 22 = — 251l
LTEZfEkz2B8k, (i) BOoMAZEZARIEAXBARLCR->-TVWEOT, HiEO
RD auxotroph mating HER X » THBEERU2H>—EhiEss e, WEHK%E

8 1o

TAHAVEFRZRT7 s —EiEHEOME

TAHA YRR T > s —¥EE R TorrianioFE (135) sz kSl
TiF oo 0.5 mIDTMEHE (1 M Tris-HC1, 50 mM MgSO., pH9.0) o, BEHK K
0.2 ml~0.01 nl & EHKELEN0.I nlicBW B EDECMA, 0.1 nlDp-=t
T 2=NY CEEZF MY D AEIE (6.4 ng/ml) EMACEHAERGERB I o
SCTIONMRIGE® 2%, 10% FY 7o ofE@El allMAREEZELES R,
RicBIfOpREEF b Y v AuEiE (20 g2 BRI nlicE A LTHE) 22 0lMAT
FEaxg, #HLip-=bu 7=/ - VEE2FEEL mOBEECLIDFEL o
EABMNBLABAGRERRRE LTHVWABSRIMMEERT Y v 4 BRENR.
2000 rpm THARIRMOOB L CHEERRE, LBRBROREEZRMEL 2o 1M
lumole®p-=bu 7 =2/ —NEHHIEIBHERE B & L, a-F7F 0
Yy vEAERBHELTCHOABICREET ZMBY YBAE ZChens D FHE (26) i
PE>THE L. 15Miciyumoled WY Y2 RIS IHARE L B &L
1o

TAHYVEFZT > s - EiEHRMEOLD OISR
BEtWHreFerTrrtEx2 7> s —E¥E®RZRET 2 A&, Serranod

OFHE (113) CRR->-TEROEICHEOBEBUEEIT » 720 BEZ0.0IXTMER

#0.85 ml& bz -z 7/ — 0 (1:4) R0 05 nlOBRSGHIHBEL, I &4
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S THARIM U B L%, 0. 0IXTMEHK T2 HEVENED0. 01 x THE H &
CEEL. ChAEBERE L CHEAL T

VigiztcorTvhvlExrZX 7y s —EiEHOKRHT

Herman& Halvorson® F ik (46) 2R ELTRKD LS iCiT»fo 7V — b ZTEK
LiEBE, E0hic7eaxvafls nl2 B ALEB TR~ IBHBRELEKD
BBNEAETF ot RiCp-= b7 =2=0Y Y 2.56 ng/nlZECIMBHR & %
NEZEROW BEXBREBEADERBREL, v =—icEELA, L —F
M0 nlORBEEFEH L, B INEHEELALp-= b 72/ -1 0D
fevbao=—BWHEBEL RT3,

HMEH oMK

5 ml YPADT25°C, |IHIREBE B LEH LA BHAEETEBEKTIEE > %, 5 nlD
MEKCHBELL WvoRY YERDPEMOA-/42 1ERO7 52 3 C#EEL,
DCTIREBIMEUL 720 0DesoMIFTIECTHEBL., BEINEFHIEX (25 oM Tris-HCI,
1 nM MgSO4, pH8.5) TlIEIBE >k, 10 mlOEBETMEHKICHBE L7 (0Dsso=
100) o COMERBIES mIB 72D HF0.45~0.55 mmOF 5 A E—-X20 g MA. 7
SYYRENKETSFAY - (EFANSK) CLHHMEIELEBELHABEZBERL 2. U
BOBERBICEUTTIT > o 12000 rpmTC O ROS B L TERBEBRMPEIT ED
ABEYMEMOVRE, 2PV P24 vy 215MATISHBBEL o BRBHR. &
BALLAHEEZ12000 rpnTIOSMROSBLThELEBRREZE 2. ZEHHEB
ER3EoME7TNT $ v 2EBEHELL TLlowrybOHE (12) K> THREL 2,

TAAVHERT7 75— EORINH

ACUTIRBE- B RBE ML EIORRMBEFEICRSL5CMATERTEIT-
foo 3043 L EBCE L 728, 15000 rpn 203 B0 A8 L CIb B2 £, EETNE
Bk 20 micEAD» Lo, EEMBEHREMLTLCT—BBER LR, EEIMES
HCTEHIL L 72DEAE- v 2 — X # 5 A (2% 30 cm. Whatman DE32) & iF. 40
BT o100 BMEBEHESDRC BRI CHEEMEHR CHEB LK, NaClBEY
BEhitrteo BHEES nl T >ED, TLH VHFRT7 7 5 — EilEEE TN
RAEHEL2OZEHHEBRERIKRZ280 mmOBREEICL-> TRHEL, NaClIEEFRER
CHFS>TREEE (FRCD-35MI., T 242 2HBR) K-> THIEL TR 120
rALPaseiEHE 0 2 E S 2% . BAEFERZEWZ TV, 15000 rpnT2045 M
BODBLCHhBREED L, BOoNAUBEL nlOBEINMEGRICE» LT, B
EIMEH I TER/IL L /2Sephadex G-100 # 3 & (2X 50 em. Pharmacia) (i,
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BHEEHN2 nl/hCiERE e BHEZS n1TF>ED, TLA VLT 7 4
—EiEtEoEVESEERIH VR,

H3HE ERHER

BERZHEpho8ERERKkO S

AX43-1C (MATa pho3-1 leul) %R EMSALEE L. YPADSER ¥EHh i 3L4f. 35°C. 2H
iR L, Elhaoow—tof v riEMitBY) vEREDFEIRE LY A
LC3sC—M¥ERLL, i Licavw=-D7A Y Ex2 775 - FEEHREH
Ry 2xi0tams—th, BOTAN U RZRT7 7 5 —EERERSERER
K2 Lo BAERBKFIOC (MATa phol3-1) U ADbDETEAETLhI~12HD
FELCODVWTHAFARZT o TORR, ¢ RXTT7AVHIHEEFTZI7 75—
EBEHIEODWT2+: -0 BZ2 R L, CRHODORARLTRRIB —BHEERLERTH 5 &
Ebhoteo THVAUEFZRT > —HIRBEULTHERTH 2P142-44 (MAT @
pho3-1 phob-1 argh) ¢ABLAXRRZRAF Lo ZHZEEE2EXBEABNREIL X »
CHEBEL. BHERRBET fe T RTOERRTAA YR KR T 7 5 — &
FEHZERL, EUHERTHE L Bbholk, RSB AN TW BraLPase KA
FARERpho8 s OB EIT > /2. P1326-4A (MATa pho3-1 pho8-6 lysD)
O EEERXEERBRETHERL. Tryr 0 s2 772 —€@BHET T
TANTOZ(EEREEEZRS T, HEUEBSI oMo ke T THSOE
RERBZT NTpho8RAERTH B EBbh -l

SDE L4k OphodZERERGFodicisCerrr I Exo7r s —EEHE
RTHBMIBERWEEhi, CHAZEFISCRH LR LR Z2E#E KR L, ALS1I-1D
(MATa pho3-1 pho8-18) %2 2o ALSI-1DD25CRUSSCTOTFT AL UMK FTZX 7
77 —EIEMHERI-2IRR L 2o ALSI-IDIR25C TH AR KRP-28-24CORL/2D 7
AU FRZT 79— EE®ERL. 35CTRpho8 AL REALI-ICEF L v
DIEH®TH » 2o

NERETAHIIEERZXT7 79 —FEOBAEW

L Vv EY YERBLOEM CEBELALATFENK P-28-24Ch o HBRKEHH L,
DEAE- VB —RAH S5 A7 0T P37 4 —%fFTofe p-=tur7x2=0) %
HELLT7AVAYHEEFRRT7 79~ ¥iEWEUET S ENaClBEGE T TH
SONEIC2>0FER Y- BRBENL (Ki-1) o BEO Y — 2 MBraLPaseT
HBHIEBMEIATVS (4, 36, 94, 131) OT. TOE—~7 Ol EHED,
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£2-2. phol EALZREOT AN VHEHRRT 7 & — €HEH:e

BHRENE (BAL/n1/0Dsea®)

2573 ErTH 25° ¢ 35°C
P-28-24C B AR 0.09 0.07 .
ALS1-1D pho8-18 0.04 0.01
AL1-9C pho8-1 pho2-1 0.01 0.01

* REBIZISCLEISCTRY YEEDVDEMTREBEE2T-~. EHEL-HEKEE2E
A%z 5 /7 —N-1% b VT VREBETISHABAEBL, TAHIVHEFTRT 25 —-¥E
MoREREHR LAL BHELTp-=bu =20y YEERAWL,

b 0Dssald 660 nmnT D WKL EE,

WEEREZTVERICL, 4 nlOEETNEFH R ICE » L TSephadex G-100 # 5 A
2T bS5 42Tt T IHFRAT» s -—€EiFEHRR1IDOE -7 &
o, EHEOEY -7 b3 E—FL T (K2-2), CoBaEslci-Tl
GBI L2 st

BERSHpho8EREREALNI-IDIE 2V T HEBICI AT A IR 57 4 —
EiT 70 oL, HARKHBRARCT - ARVOWMTEN I LR HBER K
THRBREFEOCETEASN DO TE VK, DEAE-# 3 L6702 V357 4—TR
P-28-24COBs L EMICNaClBENE 2 >3 ThoTra YRR 7 7 7 — EiGHE.
DE—2HB2-2B8517 (K2-3) o LdL. rAlPased ¥ — 7 BBIFIKEL., &
REROLYPBAEHELY L VOFEUESETLTVS I EMREENRIL, COF
— 2 W4 % Sephadex G=100 # S A7 w2 b 57 4 —CHET 3 EP-28-24CDH
BLBREELCHBrY— BBk (K2-4) . T, ThivEiicb/hER
E—-sBHilidht, BHEOEL—-27 RS FRM/NE VD TpNPPaseTH D T &EMBHE
Aoht, FIZEOY— B eUBROERIHEML 7

BEESZEphos X RERKkONBR TAI VTR T 7 s —FORLEHR
FFAERIGEP-28-24CE BE R Zthpho8 RAL RKALSI-1DZ1 Vo v (&Y ¥ E&ED
Eihc25C, 20 MRBER L, HBERBEZE, DEAE-E Ve -2 7 F L2727}
2% 7 4 — K USephadex G-100 # 3 A2 a<w b 57 4 —i&kDrALPaseD {43
HEl2iToto CORIBUBLRBELAVTIOCTOREE.ELp-=-+r T 2=
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1.0

Enzyme activity (units)
NaCl (M)

0.0 $

Fractions

BO2-1. FFAERIHEP-28-24COT A A VX R T » 7 — EDDEAE-2 V2 —Z A 5 A
se2 bS5 7 —iRKBHE. KY VERRERDER, 25°CTHEBELAP-218-24CH
Ja oS LB R EIEAE- ¥ v — R A S5 AsaT b IS 70 —RhiTT.
BEHiET (@) Bp-=bte 7= YEEEEBEELLTHMEL, 5 nl@liadkd
OFE®RTRLAE. EHEEBEREEL moBREE (O) TRLUA. NaClEESL
RMREBTRLTWVS.
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> L -~10.08
“ 0.08
=
>
> 0.06F 10.086
-
= . /o _
- =0
- L - Sa, -0.04 =
@ 0.04 °\°-o of S o
N/ o /o =

; ‘o'o—o’o\z/o N \O\f 96\]
N 0.02r . ) -0.02
(£}

0.00" A ' L 0.00

10 20 30 40 50
Fractions

X 2-2. DEAE-k /v o — 24 5 ATHEL -HARKEP-28-24CoMEIET 7 U
*R7 74— €HEDIOF VIER. DEAE-kt VO —R A F LI UT TS5 T 4 —T
B o frAlPaseE — 7 H 4 (M2-1) 2R HTHEHLE L /2%, Sephadex G-100
H At BREE (@) Bp-=tuv7=1Y yBREBHELTHIEL,
Sl b oiEHTRLE. EHEBERKE20 mmoBEE (O) TRL
1o
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1.0~ 1.0

& 10.4
=
=
ey 40.3
? 40.2 >
v S
= i
Z =
P 40.1
(€3]

: 40.0

25 50 75 100 125
Fractions

X 2-3. BE RS phodZERE REALI-1DOT AL YMF X7 7 5 — € ODEAE-+&
Are—RA STl T7 4 —EBSHE. KV CRREDEM, 25°CTH
#FLAALSI-IDMI A S MU A BRI EDEAE-'* VR -2 A 5 A2 T35
T4 -l it BRER (@) Rp-=tov=a) yBEBHSLTCAEL,
S alES s oFEHTRLAE. EHEBERERI moBEE (O) TRL
7. NaClBERAERIEHTRLTW S,
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0.10— 10.2
~~
]
-~
=
=
A g
> =
+ =
> o
— ©
- 0 .1 ~
(&) [=
o2 o
D)
=
>
~
=
[

<
.
.
<

M 2-4. DEAE-2 V2 — X4 5 ATCHELABRERZHpholTAREEEALILI-1DOW
FlETAVH IVUFRRT 79— €EBESOXF VIEB. DEAE-kEAVBR -2 b F LI B
P57 4 —THE oSN rALPase — 7 B (K2-3) 28D THRELB L LK,
Sephadex G-100% 7 sl hiF o, BERGEH (@) Bp-=bv 7 =2=20Y vyEiE2HE
HELTHRIEL, s nlERdcvoFEtcRrli. EHHEBERKEEL nnoR
EXE (O) TRL .

VY vEEEREBEELTHAN, K2-5ARR T &I, FAEBDrALPaseld 60°CT
IS MBLARTONINOERFERZR LAY, BERZIHphodRARERAKOA
ETIMAROCSHUBTHINE CREEENIBD LI, £/, 22085
AR ETREISERBTF>DEA LAMAKEZO0OCTHLET 2L, 30T CREFLERE
FIDBAKRBEBLEFEEHERHVAE TR Lo SHRUEHFABLIFELHEETE
Lo Chool &, BERZEPhoSERLEREKOLEE ST 2rALPaseD B K
EFERHRFAMIDVDETLTCWBR I ESEOhLIRB -t BREREZL LA TISCT
BREEZRA D, Lineveaver-Burk7 2 » F 2 & 0, Knfi %2R o P-28-24CTI3
1.3 mM, AL51-1DTI30.74 aM& 72 - foo
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N IOOsat—c—n o 5 o

(%)
{L‘/ﬁ

l P4
T T

] oy 1wl

50 e .

1
i

10

Remaining activity

T
AN
|

[ Iy e
>

1
I

<
1]
——
<

Minutes at 60°C

K2-5. HAENKEEERZHphoSRAZRGKOERETIMEET LA VEFRZ 7
72~ ¥OREEME. (4) E?Eﬂﬂzp—zs-uc&ﬁ&@%ﬁm%%%iﬁmm
-1D%E25°C, BV vERRADEM CoRMREEREL, HELZHBLTCRIBHET
o torAlPase:2 BEZHFE ELTHVE., FNFhofoiEalirAlPasei Mz RES
I >WTHOCTRIBRKEMBMLELZITY, XbhTc&B LA p-=tr 7
2N Y VBEEBE LT CTERFRREGEHELZRELL. O, P-28-24C; A, W
FOBAEBRETRIEIFEET>~BELAHAN; @, AL51-1D.

(B) DH1 (PHO8*/PHO8*) , DH2 (pho8-18/PHO8*) , DH3 (pho8-18/pho8-18) @ =
BHhZI5C, BY) YERTE2EMTISHBEER L CHELAHBRERE T CoR R
ek HDROCTMBUE L TCERGERLEHETRAELL. BEHRa-77F 1Y Vil
AL, 25°CTRIELA. O, DHI (PHO8*/PHO8*) ; A, DH2 (pho8-18/PHO8®)
; @, DH3 (pho8-18/pho8-18) .

DH! (% {z F%! PHO8/PHO8) . DH2 (pho8-18/PH08) . DH3 (pho8-18/pho8-18)
OZfEEEERL. 100 nloEY “BERFHMDOA - 7500 nlBEKOI75 22T
WBCTIREBEBZELHBRBREZG o COMMRBEZEZMA WV TE0CITBIF 5raLPased
BRREOEHZF 1o pNPPaseiEUROREERC LD, a-F7F 1Y YEER
BELTHVWEBELTS2ER) vEER2EBLCERE KD 72, R2-5BICRT
L OIDHIDAEET 2rALPaselB 60CTISHMNHELAKRTHIHNNNOEREEEEZRL
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fe —F. DESOAE T IMRROCTISHMET 32 Lick . BREEE N
105 CHRAD Ui, D2 SHBLABEEZ0CTMANEST B L, 0% TREFE
MErpBLEEL. TOBRRHFEBLELL VORI TREGE LR, COT & &X
D, GHEUMEETFIFSHENKCH 2O rb oS¢, rAlPase3d HFARBHREERE
BRZUHERBRELERHLECHT: 30FESGTEELTVWE I LEDE - 1o

PHOSE I F o= THERB R

— BB EEEARTF CREARTRERYRERSHEGETE S (60, 153), £ CT
PHOS* & pho8-2iEEFR LDV TI~HOME L 2 H > WEEEKEZERL Tl fz T #
EBYEEZ AR, MEEEKERKITIZ. P-28-24C (MATa PHOB™) . FI16C (MATa
PHO8*) . AL20-3C (MATa pho8-2) . AL20-2A (MATa pho8-2) . KYCT3 (MATa
PHO8* argb) - AL211-12B (MATa pho8-2 arg) %A L. RD auxotroph
mating#k (39) ZHHEAL TIT » 7o

.05

<

<

<
NN —

Specific activity
[} D
p
[ |
RNy ]
SR ]
ot S (TR
N SN | S
| |

Gene dosage

K2-6. PHOSEEZFORSRBYPE. BV vEBELEM TI0C, SHMBELAMNE
M EA%T 2 /) —V-13 VT Y BEEBRTEBLBELL. TAAVHEEFTRT 77
—EHEHERCORBLBEEEEZBARLELL, p-=te ==V YBREEHLL
THIFELRL., HEH IR0 mmOoBRAEES LD OB /nITRLEL. o+ & -1
EFNEFNHAEMERARALERERTFEEZRT.
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5 mIDYPADT —HpIRIBIEE L 2 R EME(A %2100 ntoE Y YEETER2EH (500 niE
WO7 5 23) ic0Desa?0. 10 B3 &3 ICHE L. 30CTIREBIBRL oo BRI
% (0Desp=1.2~1.5) DHGEL*BZBNELBABKEL AV, p-= b7 2=
MY VEREABBELTTAI YR ERT > 4 —EESRETREL o HEEEKE
vtk idpNPPasec L CTH —EENEREF~¢EL N30T, MESNS
FAAYEFRT 75— EEHEDOEICBYV TpNPPaseD BB IR MBE T E 5, K2-6
CRTEORHARERTFE A hCclhEk LM UBHANGRREFRE
HiEtoMic 3LPIBEESSE SN, B> T, PHSEETRHEIBTERTHER
B ARTOENDH D, PHOSHrALPaseDMEBRF THL I LEFHELIA W,

pho8iifa FHED = v ¥ ¥ T

pholEEFHED v » EV 7 O Hphod8RAEREF L VWAL VWHRRARLRAK LD
M FRARERBT. BLOREERDOS> B, FEVHEBHEADadedErnal~— 7 —
o X963-18C., 1164165 EORE» BSOS ZEFolMSFoH (M
#(pD) FER B (NPD): 7 + S EI(T) D] #5. pho8& adeBic DWW Tid3218:13:157
T %D, pho8&rnadic DWW TI3213:1:35TH » fco T D57 pho8 & ade8 Hid
rna3l OMoEEERLTEBY, Cho@EETHOEREZPerkins®X (38) T &
D EAE T 3 &, pho8kadeSDRiZ 30.3 v FENALH ¥ (M) &7 D. phodl
rna3D 38,2 MEAE -7 BEFHRETiade8E rnalfif O R X30 cMiT X
s TWVWEN, FEHOF— 2 5116.7 cMOfEILH -7y T SDI EMS. 3 &
ZF OMH NEF it ade8-rna3-pho8 & i S5 M, pholEEFRENVREBERGH Lo
rna3h Sy b e AT LTAH 8.2 cMitfIE D 5 i

Tam EE

S. cerevisiaedrAlPaseEERE Y YEAFTcMEl & TV 35, WHET
bEVWLRADEERAEZLNS (131) o EBY YEREG TR CORREERRD
glan, MEHBOI~4EI1IC 3, rALPaseiE# %2 R { pho8 AL R KX ME o
EHbLE-TBY, Br<roMBEl B LEE2RIET 2phodRRERK L
phoSl1ZEARLERK (131, 132) LWRREL->-TWE, 5D EHSPHISR
rALPasceD BB R FCH DI EMNRMEx N,

BERZHphSEARLERENTERET CEE T 2ralPase D REERZH o H
BLUCHARNKLER H4EMKobotErTBVR A EZRL, 7. pho8-18/
PHOB* “ fE kDA 4 2 rALPase D BMRE OB H R AN L BERZUHT OWMBR
BIERLETHTIIOHETHEELTVWA I EE2R LI, > T, pho8RARE R IC &
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PRRTHOBTHERLMEORNRB RIERCMEOLRECL 3 bOTRA
(. BEHGEOEELbc L3 EEXoh, PHBMKHEEEET THE L ETHE
Lidv, BEERFR—BEERFHEEDRERT I EBAMSOL TV S (60,
158) o PHOBIC P W T HAMBETF 20~ 1EAK>MHEEEERLT. SEEEO K
Y vEEMIc B AT AN U KRR T s s —EABEERRBELALE A, HEAE
EFHREBDBESAONfce COEBIIPHOSHrALPased BEBEERTTHZ &%
XTS5, DEDZ & 5. PHOSHrALPaseD B ELEFTH 5 L5k L 1.
pho8ififr F M itade8 tran3 t OB FAIROKER., FVLEBELGH L oOrandii
EFELSE a2 7RRHLTHAMMODS 2 cMittd ot COMBRRIEE
DEEFRBESsAhT0EW (87), BMEFRRT7 7 - €¥OEEMRMKTFPIOIE
PHOSRE TN RBEEERH Iy ¥ Yy FENTWVDS (132) o S. cerevisiaeTiR KB
BERUTD-—BHERAHOBERTCOEBAECABMLTERELTVWE O &
WEW (8T) o F X7 77— EZRBEFRO2VTHIDIEBYTREZ LT
» B,

BH5HE EH

S. cerevisiaeO M TNV I Y XX 7 » ¥ — ¥ (rALPase) O EEKETE
BET DD, 5CTREUENSZMB5CTRERODVWEERZHT VL YV H
FR7 75— ERARERGEDB LI, ERBFOBER. CORRLERRT T
ABEENTOAph8ERFEORARERTHI LI EBbh -t COEBERZH
Pho8RARLERGAKOEET 2rALPascDRLERRIHFAUBALLIVELI(ETLTS
D, BARBRTFEO~AT oAb TCRBERN L EFERZIUHBOBEILEL T
Wiho ¥/, HARERFZOI~4EFDUFEE THEEE LPHSE R T O & fx T #
BEEGRBIONK, CHhoDI EXDPHISE R T HraLlPaseD BB EFTH 3
EHEM U, PHOSHEETRBNVRAEBEABRICHELE T 2ade8 & rnad & i EHBH M
o, HR2FRHOER, malBRFE,PSEY e A TIRHELTAMDS. 2
MOGBBEIRERFESRD 5 i
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3% S, cerevisiaeHFLOIMAHKE T VA IERIZIT >y —EH
EERHEARLERE (phod) OB EEEST

F1m HE

S. cerevisiaeDMEE T L A Yk X7 » ¥ — 4 (rAlPase) HEREH P O
MY VEIIR L > THEEZUYTVWS (131), ZoFE#HEHEY vyvEBEMT oW
BeldEimElshcesy, BY yEEtdomiacRrBENH SN Z, < DrALP
aseD MEH & BWINE B RIMWA Y X7 » 2 — ¥ (rACPase) OFHHERE T O
ERLERIL L > CHEERF 3 EAMONTWVS (110, 132) o rACPase® B il
FIDPHE 5TV phod B RER Lpho8 Il RAL R TidrALPase b MG & v g'. M F
HEHERZR 77 79— EHBHRNCEE SN Spho80RAREL R Lpho8SRAEZRETR
rALPase b HERR I A ER 2R T . rACPaseDBHIMHEHMNE I S Vpho2 AL
B TldrAlPaseBIMNGREC AV FARMICHERTE(E S (127) o 5D
HED SrALPaseD A EFAHBEEO -—BRIMHEBRERR 7 » 7 - EOTHEHKE &
kBTHBEELZOSNTWVS (95) o pDho2ALERIC L ZrAlPaseEE /Y — v D
REEpha2RAZRic kv AN Y VEBROAAROBEMHBINEC 5. M
NOEBY vEBEESTCRETTLADTHEEELASNTVS (121)
KETR. rALPase A EB RN L AHBERTOFECHEREZRA T 5.0,
pho8 AR L R ELIA O ralPase 2 R KRERKhONEHEZ RS, pho8RAZER Z M
e sH LVWRRERGE2B L, COBERTE2phode MELEZOUK ST ZITH-
7o phodFRZT R IIrACPaseAE R REEILRL, EaxTFHRERBYRZRELH
> to phodk TS _EAHRIIMFEREERE . rAlPaseiGE & AFHEKRED
RIBEWS ZBRBOHUMEL S, WHRAMKIBFHEROEHE(LICHIATSD %pepd
BEFEOTLVYXLHEBREIT L&A, BA—BEHEBEBTTHAIENHHIIKK

- 1o

B2H EBRMERUERFE

i :
AEBRICHEHLUABEBEZES-LIC/RL oo YAT2153 rACPasei Rk M B 2 R T

L L LI CTHBTER L, COMBEBERZH IphossicFELLERTFICE
LRERERICEDZCEBDbhoTWE (HIAMEE, #{E) .
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£ 3-1. HH LS. cerevisiae

B EzTEe B sk
P-28-24C MATa pho3-1 KIBH R E(RE kY
F16C MATa pho3-1 RGBT REBRFK®
AX4-44A MATa pho3-1 trp§ KIBREZREF S
AX45-214 MATa pho3-1 leul-ELF52 AX43-7CX F16C
AX45-294 MATa pho3-1 leul-ELF52 AX43-7Cx F16C
P126-1C MATa pho3-1 pho2-4 KB EREKE®
P131-2B MATa pho3-1 pho2-5 RNIBTIFERGEKR®
P132-2A MATa pho3-1 pho4-2 RIEBMAEREKR®
P133-2A MATa pho3-1 phod4-3 KB FTERF RS
P134-6B MATa pho3-1 phod-4 KIBH RN ERE K
P64-3D MATa pho3-1 pho8l-1 KBt X ZERE K
050-M8B MATa pho3-1 pho81-2 RNIBHAERFHE®
P212-4C MATa pho3-1 pho80-2 KIBTH KX ZERGEKE®
P185-1A MATa@ pho3-1 PHO4C KB E R EKS
YAT215 MATa pho3-1 pho85-ts HIMEE
P142-2A MATa pho3-1 pho5-1 argh RNIBHRERFHR®
ALT-3A MATa pho3-1 pho8-3 KIBH ARG R
AL9-2A MATa pho3-1 pho8-4 RIBH R E (R ER
AL14-1C MATa pho3-1 pho8-5 KIBHARNERGE .
AL20~2A MATa pho3-1 pho8-2 KIBT R E(RF R
AL101-1D MATa pho3-1 pho9-1 trp$d
AL101-2A MATa pho3-1 pho%-1 trp5
AL203-94 MATo@ pho3-1 phof-1 trp$ AL101-2AX P-28-24C
AL203-9D MATa pho3-1 pho9-1 trpb AL101-2AX P-28-24C
AL211-12B MATa pho3-1 pho8-2 argh APT2-4B X P-28-24C
AL212-4D MATa pho3-1 pho9-1 adel0 AX54-10Cx AL203-9D
AL218-11A MATa pho3-1 phoS-1 AX49-4B X AL203-9D
AL224-4A MATa pho3-1 leul-ELF52 AL218-11A X AX45-21A
AL224-4D MATa pho3-1 pho%-1 leul-ELF52 AL218-11AX AX45~214
AL225-2D MATa pho3-1 pho%-1 leul-SA54  AL218-11AX SA54
AL225-44 MATa pho3-1 leul-SAS54 AL218-11AX SA54
APT2-4B MAT@ pho3-1 pho8-2 argé FKIETF T E (R
KYCT3 MATa pho3-1 argé APT2-4B X P-28-24C
MATa pho3-1 PHO9+ leul-ELF52
DIl AL224-4AX AL225-4A
MATa pho3-1 PHO9+ leul-SA54
MATa pho3-1 pho9-1 leul-ELF52
D12 AL224-4DX AL225-4A
MATa pho3-1 PHO9+ leul-SAS4
MATa pho3-1 phod9-1 leul-ELF52
DI3 AL224-4DX AL225-2D
MATa pho3-1 pho9-1 leul-SA54

® BE{xFEL S @Broach (22) MM T s BEEZMEAL .

P KIRARFI¥ B IFEHRERAZO REFEHEK.
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& f 3%

SEREIH (YPAD) . &Y vERDEH. BY vEELEH, BY yERELEH,
NEERUEREOCLDPOESKREM., WEKEROLDDODARF PY T L-2 5/ —
MBI, BFEREc>VWTRE2E TR, BRLEKREH! (SD) &
Yeast Nitrogen Base w/o amino acids 6.7 g& Z v a— 2 20 g% 1 JsMvDEE
KiEs LTHE L, BWiboTVWRDIFERRICTIT » 7,

RRERVHE FiEZ#Hr
ERERNBRUVMSTFAFTRBELZETENAL LS KT » %o

P {% ¢k © fF B
MNE&?Gmm¥¢EEM%%ﬂ«%tb@@@ﬁﬁ%2ETr«txou
LTPfERR L 7o

F*R7 7y —EHEHEOME

TANYHEFRT 7y s —EERBEZETE AR HETRHEL . BEF X7
4 —EEHORE X TorrianiD B (135) 2—HXEL. HEABBBRETHHK
ELTHWUTOE > RiTotho BEHLAEAKEEREKT—ERYL, BHEOH
BAKHEHSEBELTHER®RE LAk, 0.5 n100. 1 MEFEEE &I (pH 4.0) L 0.2 nl
DLk, 0.1 nlOEHEKEBEESDLE, 0.2 nlDp-= b 7220 Yy lr
PU Y AJKER (3.2 ng/nl) EMATCRIEEME LICCTLOAMRIEEZIT » o
10%r Y 7o fEEl al MARIGEELEL, Ric, AMKE> FY Y LABHEE
2 MIACHBELp-= bt 7=/ —AERBIELEZ BLOQMCTEHEZRY
72 EBE 0420 mTORNMEZRE Lo | BUEOBHERRISHEITInoled
p-= bw 7/ —NEBHEIEIBREEL IS

EEBERECcORRT7 77— Fiktko KR
PAABYUFRR T » 2 —EOBARBE2ECERALFETIT » 7o BEEFRRT7
> 4 — ¥ DOBARDorndHE (30) KEVWIT-Te a-F7F VY YEZF F Y
w A 1 mg/ml. Fast Blue Salt B (Merck) 10 mg/mlZ &L 0.1 M FrBt & i
(pH 4.0) L EXABRZAERT>RALRBREL, 30 =—RERBL o
EdreshiE, YTV A T Yy IRBREDV I —PRBFRBEICRE %,

THAHYVHEERXT 4 —EDSH
5 nIOYPADCIHRBESRE UEBHLAHALEAKTCIEE > &, 5 nlDHEEH

_27_



KicBEBL, 1 WhoEY vEBEREMOA-22 1FZEO7 523 @B LIRES
BEEZIT> 7o ODecaMWI~20MTHEBAL, EHEMEHIBXTIEE > 2%, 10 nl
DEETMEHRCHEB Lo CHUBOBERICUT TH 70 COBBiE
ZJVvYyFTVvyve—l (KEBER) TL00~600 kg/en®MEMNE L THIE%:
W Lo 1T0OXgTIORHRLOAH L TCRERBERELZEOREMEM KR .,

ZPLF b4 EISMATKRKBRISAEBEL 2o ME®R. TEBLLLLER
Z17000x gTI0 I BL OB L clEL. HBREE2E . hiEHERkD2 L&
PEABERBERFOMBETAV T I v ERBEEL Tlowryb dHE (72) c &k » TH
F Lt HBRBICHELLIOMITIEEICRBELSICMA THEIRET - 2o 30532
LEHELAZ, 17000XgTUOSHELO L THEBRER D, FETMEEHIKR 20 nl
KEP L, BETMEHRICH L TLCT—HBIHR LAHKR. 0.1 M NaClEH A K IE
HIME & ik TFE#&IL L 72 DEAE-Sephadex A-50 # > & (2% 30 em. Pharmacia) i
P THEEIT>~o BHEAEBDLRLEETTO.1 M NaClZ AL EEINE
HRTHEBLAEB, aClBEAIREPURBSBREE T BAHEES nlFo
EH, TAIVEFRT7 77 —CEEWEETAN, THEREIREE280 o R
Bk TRIEL, NaClRERIEBESCEELERAEHEET (EACD-35M0, = 4 x
ABBIcL > TRIEL TR 7, '

phod X RERUh O

AX4-4A (MATa pho3-1 trp$5) ZEMSALEE L. YPADER M TISC2HRIEE L.
ELlkao=—%}PY T b7 2MALEY VEREVDFEREICV T Y 2 LT
3 C—HERL, B LA =2—-DT7 A Y27 75 —EE-EREB L 20
5102 aw=—dt, BHOT7TA AV HFTRRT 7> 7~ FIEUERSERTEENE
Shte, BERZUERZEABEBE SN ESLER T LD CTOTARD
YHFRT7 s —EERSTARLY, EETEETAIRRIIL >, BERLER
REFI6CEB I EDLE, t~MBEOTELRIL TG FANET 72 & 2 A,
TAHIVHFRT7 79 —ERLHETINBRTANTL2+:2-THD., CThSOERER
BH-BUHRRERTHI I EBbh -7, RIT, AX45-294 (MATa pho3-1
leul) & APT2-4B (MATa pho3-1 pho8-2 argé) 2H W TEME M KR K Fphos
RRERLOMHHHERBRLEIT - fo TOHRE, 2850 5 52TH I FH WL R Cphos
RAREZRLIHEBE S, phodRARERBEKTHI WMo BOOIKIEZS
LR TH 5. pho8ERLRLHBE L., WoBMEFOLERTH B I LAHREX
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Nt COIEEREIDILD, BRLZ2 7LV AESEFDophodERERE [ALT-
34 (pho8-3). AL9-2A (pho8-4). AL14-1C (pho8-5). AL20-2A (pho8-2)] & oM
BFDXFERIT>To TOER, T VHERRT7 77— EHEERITODVT 2+:2-
MU 1+:3=-H1T, 0+:4-BIE VWIS FRHEZRLI -T, CORRERR
pho8 bt BWRARIBRFORRLERTH2 I EWHEREEINI, COFLLVEREZT%:
phog & dp & L 7o

PhodERERGKO TNV A YRR T » 5 —F

PhoSZE AL Rk EEBIKEY vREREM ECT AN Yts27 7 2 — EiEH
IR A WVphodZERER K I rALPaselEHEZRIBLTCWR EEILON B, TD I &
AHERT B0, FF. phodFEARLEFE(KAAL203-9A. pho8Z AL E{kAaL2l11-12B. %
ERIP-28-24CO T A A UM R R T 7 5 - EFEEERFEL R (£F3-2) o phodFEAR
ZRERF) vBEBLIUVEY V@%f*’@gﬂgﬁ%%%ﬁﬁi&lﬁ]lﬁiﬁ?g@Twﬁ PR
FRT7 79— EEFE R LRI 27t 2O ERphodTEREREMraALPaselE
DAHAZEZRIBLTVS I EERET 5, WIS, m_xﬁ'kﬁ;eﬁmmm 1D%1 Y9bvod
By vEEC2EM Tl CREERL, HEBZKRLHFAB L, DEAE-Sephadex A-50 #
SAIBT TS5 4 —THEEIT> ke pNPPaselZIEMEE 0.1 MFETHEHR &
. rAlPaseiz 0.2 M{TIE T W &N 3 (4, 36, 94, 131) o AL10I-IDO AR £
S HE T 5 &, pNPPasediEHE B — 7 BB & oA, rAlPase®d G E—~ 7 T
a7 (K3-14) o SOOI &M 5, phodTARE R B pho8TRER LEH
ICrALPaselEHE T2 RS CEBHS ML » oo

#£3-2. phoB&phoS3ZEREREKO TN AV FRT » 4 —EHES®

TN YWEFRRAT 75— EiEW (B /nl/0Dse0®)

Btk R FE &Y v &Y vk
P-28-24C EfAEZR 0.027 0.081
AL211-12B pho8-2 0.009 0.011
AL203-9A4  phod-1 0.008 0.011

T EFRIOCTITY, YV vyBITEEM, KY vBIEKY vE@RTELBM TS 3.
BEzZitrzrv-29 -V RETMNELAZLGOEMHRBEELCHERAL, HEE
Bp-= b 720 YEEERWE

b O0Decoid 660 nnT O WAL,
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Fractions

B3-1. phoSERLERE (A) R UpepdRALERE (B) o7 A U HFRAT 77—
¥ @ Sephadex A-50 # S5 A7 a2 b5 74—, KY vEEELEMTI0C, —K
JRBIEH L 72AL101-1D (pho9-1) & 20B-12 (pepd-3) DEE» SHEBHREZ IR
L, »5462uv=2 0574 —%T-t. BHSOBLEER (@) Rp-=ta 7
z =AY vEEERBEELTHEL, Bii/niTRLAL. HHRE (O) 3280 nn
OBXEETRLA., EHERINCIEFEAREERLTWVS.
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Specific activity

v lop

0.

00880 nm
|

1

T
Lol

0 2 4 6 8 10

Time (hours)

K 3-2. HFAEMKEpho )AL REOEY vEETABMTOMBBERER T T LA
YRR > s —EHEEORBE(L. BHARLBRAEUHLZAET 2D ICENE
OEZHR BB CENL, BEr2 77 —€EEHQ O&LAYREHFEK

A, TAAYMEFRIT s — EiEHA @LARIXT Y S — A1k VRS

e X 2B BNEEEKEETNFTABRZRKEL, p-=bue 7= YEBEERHAL

LCllE L. MEZohEHides0 nmoREFES D OB /mITRL K.

(4) O, @, AL212-4D (pho9-1) ; A, A, P-28-24C (FFAE) .

(B) phodZEARLT Rk (@) L FHFAHK (A) OHMMEBERRXO660 nmOBKET
HE RNy Al
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PhoSHRERKORRT 7 ¥ — ¥EEDXKH

phod R E R A DrALPase&k UrACPaseORIMHB O B H %2 J ~ 720 phoSERLR
RAL212-4D& B A RUBKP-28-24C% 5 nlDOXE LM T C—HMIEEER L, £H# L
THEBHKTIEE>HE. S nlOEHEKICHEL . 100 n10EY yEELEH
(500 nIBEROT7 5 23) IK0DseaWfN0. 1T B LI CHEL. 0CTIREBEE
LSS 2BEBECEBREBEMNL. BHER (0Dese) EMABHZRMEL 1o
rACPaseild A RBI R S phodFRL R &L bic. s M0 2F L SBEMHE ST, %
ODEFHICRENA SN o ko rALPaselc D W TR EFFET K T0Desad0. 2% 8 ¥
ZHEPSBEMH SIS, phodRARLEREkcRENMHEEC ST, REEHO L
Raoshiiho7 (K3-2) o COC L SphodFTRERIBrACPaseFE Iz £
HEARITET, rALPase X F 2R EARERTHE LI EVBE»D S N1

phod@E I FEMBHBE ST 7 » 5y —¥FHHAHMETFEOT VY X4 KK

TALPase D AEEFEH IC X rACPase D M ER FH—HAFBREBL TS (95
B, phodR AL R DOrACPase DEFEREF TH > I & H 5. phodid BEH @ &
BEFLERERBBIEEZELIONDG, COIEEZBEFNICHRE T 322 HHMO T HE
EFEo7v Y XARBET > 7o rACPasefAEHOHRRBE RS AMEETE
k75 Rk (pho2. phod. pho81) R U rACPasel KM EFEHOXRRA 2 R4+ HHE
ZFEARERE (pho8d. PHO4C. pho85) & pholERER KL O “ &k % fER L.
HAFAHET->ER, R3-3CRT LI Kphod3 VW FNORFEBERT & bIhIL
e L, BRR2BARFTHEDIENBbh >t % 7. pho?2 phol. phod phold.
PHO4® pho3. pho80 phod. pho81 phod. pho8h phod " HERARE Rk DrALPaseL B
BT 3 EFHABRphIFEARLRAEKEB LTS »72 2 & 5, phodARE R X phol.
phod. PHO4®. pho80. pho8l. pho8SsEAZRIH{LTLATHZ I ENbM 1o

PHOSI = F O M {m T It 5 Gt %h It

P-28-24C (MATa PHOY) . F16C (MATa PHO9) . AL101-1D (MATa phod trp5) .
AL101-2A (MATa phod trp5) . AL212-4D (MATa phod adelO) . KYC73 (MATa
PHO9 argh) « AX45-21A (MATa PHOY leul) 2H W, UTFTo kS L Tl{GEHEk%
PERR L 7o %9, P28-24CX F16C. AL101-1DX AL101-2A0D {5k 2 it &k T 4%
B L 7o IRIZTRD auxotroph mating # (39) IZf » T, P-28-24CX FI6CZ %k
SHERRIEHKZFEL. TORRKIBEZEEELKYCTIIS 5 WIEAL2I2-4DP 512 5 =
EHEZ2HBF PV YL-2 5/ —VEDEREMECTERLL, COXIERL
LEEG» O BURRIEHREFHEL. TOMRRIB=Z(SK EAX45-21Ab 3 VWi
AL212-4D% B ITRD auxotroph mating i & » THES & &, PI{E{ATET3S (PHOYE
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#3-3. phodBifRF &phoWEERFLOT LY XA HEK®

Pa 453 F 4375 °

2B & =T x PD  NPD T
AL101~-1DX P126-1C pho8-1 - pho2-4 2 2 11
AL101-1DX P131-2B pho8-1 - pho2-5 1 0 4
= 3 2 15

AL101-1DX P182-24 phod-1 - pho4-2 1 0 2
AL101-1DX P133-2A phod-1 - pho4-3 0 1 3
AL101-1DX P134-6B pho%-1 - pho4-4 2 2 3
AL203-9AX P185-1A pho9-1 - PHO4C 0 2 4
&3 3 5 12

AL101-1DX P64-3D pho9-1 - pho8l-1 0 2 4
AL101-1DX 050-M8B pho§-1 - pho81-2 1 0 7
&5 1 2 11

AL101-1DX P212-4C pho9-1 - pho80-2 1 2 2
AL203-9AX YAT215 phod~1 - pho85-ts 3 1 6

P FAN UK FRT ) —EFERUVEEFAR 7 r s —EEHREB o —BEmERRE
b~

b 2hEFhoEA&8DOphoERkFOoORHEILL-T, RTFTELHBE (PD), FHH
BO(NPD) , F FSHE (T) LML L.

fmTF i 2w T+/+/+/+8) ( TET21 (+/+/+/pho3) . TET26 (+/+/phod/pho9) % ¥
BX L 7zo AL101-1DX AL101-2AZf5{k & AL212-4D%* BAER L. EXREBEHARBNRE
FO=EEEBER LIz, REZEFE»SFRREHKZEZFEL. TOoOFRRE=(E
fk & AX45-21A% 5 W12 AL212-4D%RD auxotroph mating FHICH » T, EH S H,
PU {Z K TET23 (+/pho%/pho9/pho8) . TET24 (pho3/pho3/phod/phod) H{ESL L 7o
100 mID{E Y YERSEEER (500 ml1BERMO 7 5 2 3) KWRMEKRZ0Desa?s0.1
BRI CBELT, 30CTIREBESEL /oo R SHM® (0Dsso=1. 155
1.5) OBG*BBNBLBREELTCHOY., 7Ty Vs 27 75— ¥iEHREAH
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L7 (K3-3) o TETS5. TET2l. TET26. TET23RWFH bEEEOHEHEERL
& s, PHOBEFREZTHEEURERIB VI EERSI i, O
C & iiphod S rAlPase D EBERTFTRAL,. REFHLZ Cohoitz R o8 =
FTHBHIEERBLTWY S,

0.05 - |
0.00 ———
4

/

S

Gene dosage

Specific activity
[}
P
T
[ T N Y| L
RNPRN e
! |

R
A S

M 3-3. PHOEEFoMEEHR. EY vETELZM ©30°C, sHEEMBEEL ALME
A%y s —A-15 bV T Y EEBRTEBLB LA, TAAYEEERRT 2 5
—EFEHRCoOBBNBHEEEBRKELL, pr=tue =) YEEEHEEL
THIEL /. HEH 60 nmOBEES L DOBM/MITRLAL. Bio+ & -1
EFNZFHPHOERFIRODOVTHAN L ERERERFELZIRT.

phod c EEAM _FHRIPFERREZEZXRIALTW S

AL101-1DX AL101-2A. AL203-9DX AL203-9AD phod* T AR ZE AR UP-28-
UMCHF DO e X F ¥ v ERWUEKRANLI-4B (MATa hisd) ZiZAX51-3C (MATa hisT)
& AL203-9D (MATa phod trp5) OPKREH» S5E SN phoIRAREREK I v — YT,
MECRELTEH phodd A _FholRFEXREZ. FY T P77 (20
geg/nl) 2ECEFERERMTCANALEIE, WFhbBETERBISLE L -
7o £ TC. PhIRARZRER LB FERAEOHB L OMEETH S »IT T 5700,
AL203-9D & P-28-24CHR D E R F Y v H 207 F = v EREKANS-2C (MATa
adel0) . AX49-4B (MATa his4) « AX51-3C (MATa his7) . AX54-10C (MATa
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adel0) E%2RE LT, phod~F o HEEH EHEZEKL. M FoH %17 - 7
rALPase BB H OB ORF EEITL T, BB F 7 v — ¥ Lphodth & O T {E KL AE
BRL., ThEFhoBEFEREEFA RN L. BRI 2DWTI~NFERF KL E I 5,
rALPase AR EBFERERTLECHEBE L TV LI EBPLLET >, DL
ED SphodEARLTRAIRrALPaseiEH AR LAKBCHATFEKELRI (LB bhL

- 2o

£3-4., ~FOTLY v 2leul ERER%EHFSPH0I /PHOSY, pho9-1/PHOY*,
pho9-1/phod-1 " fE kD FEREMTOE BRI L Sler* 7 v — v OB IR

WeHEER D D REHIC
Bifdlen*' s v— ¥

B B EETE 0 h 10.5h 72 h
DI1  leul-ELF52 PHOY9*/leul-SA54 PHO9*' 8.5 720 NT®
DIZ2 leul-ELF52 pho9-1/leul-SA54 PHO9* 10 860 NT®
DI3  leul-ELF52 pho9-1/leul-SA54 phod-1 22 21 8.9

* YPADEIREM TICIEER LAAZEAMBERFEKE/m B L, 30CTHEE
L. BIT®H, 0, 10.5, NEBHcHEBEZRTIERZEM» SN EE D, HEEKI
BB L, MBESEAZEAMCERLC, Lt/ o —viRHB T 2D ICED
PRI, BeAMBEREREARS 2D IYPADEREHICIEY, 30°CT3HME
&L

P NT, BARDH - fe.

FFRERBETE. FRESEMNMEKRSE IS LAIKCEENHAKRAIAES L
RAescedmoirTcnd (32, 103) o 22T, pho¥dF EHABRZEKola+F
BRI EEAFBESEINMAKRE OBELEFA NS 2Hic, P-28-24CH R D leuli&IEF
NORBBIBERERT7T VAR >0 v VERERAREZRGEZAVWT, BTFEK
BETOBEFHHEBAFEE 2 RD 2o DII(PH0Y9 leul-ELF52/PHO9" leul-SA54),
DI12(phoY leul-ELF52/PH0O9*leul-SA54). DI3(pho9 leul-ELF52/pho9 leul-SA54)
O/ Stk E, YPADFERIEM T3 0C—H®BREL, BFEREREMCEIZBED
it 30CTRBZE T2, 0BM%. 10 SBM%. BXUIHRICEGKZHEEK
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KB L, EETFHRNHABRIAOEBALIERXRBGLERB T 240, SDEREM
Jhiffzo $HEEBERD S D, BEKTHEI AR L &, YPADFERIEH
b T 2EMCTERBLAR, ERLioo=—-HE2HA, SETFHHEKAL
BEERD . (R3-4) o DL, DIDTRBFEABMICB L T 510, 58k’
ERTFAERASEEOLES S o), DISTRIBRTOAEZTHMBAHE
DERBEONNB Lol COBRID, pho¥F eEAGBM _EhcoRFEKE
ERHNBMEIEUMERS 3 VR ZANUETHEL TV T EHRES N,

#3-5. phod& pho8Sd Al Ra M RIR?

B B Acp® Alp~ Acp® Alp® XoH (%)
M33 317 17 69
NATS 21 11 64

) =k 58 28 67

d R K E? nlOYPADT —BRIEEZ L, 1/2500ic M@K CTHIR L TYPADERE
i e, BABRBHEI~1BMIT-2% 2HHERBL T = - %2k
X¥f, Jos-—REHECIVBEFIRTY > s —EERERT I 2R,
MiLLAR, 7V ERRT7r s —€E Lo —REBETHAL. R
LEZEhRoREEZUTRRT.

KYC169 (MATa pho3-1 pho85-ts pho9-1 leul arg6)

AX55-2B (MATa pho3-1 trpl his6)

YAT189 (MATa leu2-3,112 hisd4)

NAT6-1B (MATa pho85-ts phol9-1 hisd leu2)

M33 =

NATS

gﬁgﬂi&fﬁ?FEE‘D‘? v BT

EHRMERDT MY FAHET — 7 BERE L. phodS&phodd iz w 3 Wl §B (% %
RET EF—s BB cOoTCINEHET I LB, HBSPHRMEKBKA <y
7 %17 > 7o phod pho8S —_EHRARLRAKLHARK LD ~F o A T {5k (M33
ENATB)ZMERR L. BABRBH I AMBMKRAZERS S, YPADERE I B
xR 7 75— €¥ERERT I =-%2FRL, 207V WV HFRT7 75 —¥
EHEREANRR, TOHBR. BT 775 - EHREIICHE > 726 DIIMIITO. 7%,
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#3-6. phod. pho85H K& Vgaldd & $4BI (%

phod - pho85 phod - gald
R PD NPD T PD NPD T
M31 6 0 29 - - -
M33 1t 10 30 - - -
M34 5 6 21 4 2 31
M35 - - - 40 14 113
M43 27 13 93 33 13 85

"""""""""""""" &3 49 29 179 11 28 228
EEERE® 69 cM 60 cM

P FELUACE®REL TIERT.
KYC145 (MATa pho8-1 pho85-ts argé leul)

Mst = AL203-9A (MATa pho3-1 pho9-1 trp5)

KYC169 (MATa pho3-1 pho85-ts pho9-1 leul argh)
Mss = AX55-2B (MATa pho3-1 hisb trpl)
V34 - P612B (MATa pho3-1 gald)

KYC170 (MATa pho3-1 pho9-1 pho85-ts argé leul)
M35 - AX26-4A (MATa pho3-1 gald leul his)

AL203-9A (MATa pho3-1 pho9-1 trph)
Vi3 - KYC185 (MATa pho3-1 phol-1 gald4 trp5 his)

KYC146 (MATa pho3-1 pho85-ts argf leul)
b Perkins® R (98) X vEHHEL L.

NATSTO.6%DHE THEL., RI-SKART LI ICEEFTR 7 7 —EHRECK -
DDA LOISMERRTAI VERRT 7 5 —EEBHEREILLIE - T W1,
M33Tpho8S - BB 2RBHFECHED, ~FoREHMLFETIXBERE - —
BHELALDODREM -7 DI &5, pholidpho8SOFEET ZHEX VIFEIKE
EBMIEBEET B EHDD - 12,

phodid £ ¥ b o x 7HPERIL VDT, phodsE D EKMMicH 3 EE XL SN 3,
2T, pho8Sk D RIGHICH sgalliBIfc FELOEBEBEETH /o TOHERERX
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3-6ic K30 phodidgaldd bW 3 VAP ZR L f2o Perkins® R (98) Tl iz T

JEBEZ R % L phodidpho85h 569 cM. galdi> 560 cMOREICH 5 T LK X 3 H,
Perkins® A Ti335 MU LR 2 EEBOEEIDIFTNIRELRS (87) DT,
COEBEHEENEY,

phoditpepd ¢t HI—EEREFTH 5

E. W. Jonesic k- THBMINALTer 7T —ERIBERLERNE (54) 05 b5,
pepARAZRGRZEMNURERL, BRREBET S w54+ —HEA (Pra)
o5 4+ —+¥B (PrB) . # AV EF v RTF S —EY (CPY) . X URNaseDE
HETFAREOS~10%CETLTBY, A YRR T7 72 —€iEHH25~30
$ITETLT WS (43, 55, 56, 154) o HiC, pepdF EEEH T EFEH I IEFREK
He MW (152) o TAAYUHFRT7 7y —EEHOBETLERFERREBORE
PMphodERERELERBULUTHE Do, HEVPE-EETFERTHSL I LD
3 -5 N sl

pepdZE AR X R (K 20B-120 # Ja 9 I} i %= DEAE-Sephadex A-50% 5 Ao, 7
HYVHEFRA 7 s —FE®REZRHE LA, p=be =0y YEEERBEELT,
E1I-o>OERY— 7 BB ENS (K3-1B) o COE—Z7EDDa-+7F 1Y
YEBIENTAEEERARLY. RUET B3 CEBTERL»Fe LEF-T. 2O
EW Y — 7 3pNPPaseD b DT H V. pepd AL RKEphodEARERKE LEHERIC
pNPPaselc P& 7% { rALPaseZ RIBLTWA I &b bh » f,

20B-12& AL10L-1D3 % WIX AL224-4DE DA IC X » Tpepd/phod "X EZERK L.
HE MR R 2T > 720 pepd/phod T fE{k ik rALPaseEH 2R & 3. AFER b B &
AERI LW oo RI-TICYPADEREM c—BBREL K ZRFEKRERE

#3-7. phod/pepd “fE kD8 FRRIE

i F RS L
R BmEETE FEL /BRMEE %
AX51-3CX AX45-21A t /4 43/210 16
AL224-4DX 20B-12 phod/pepd 4/665 0.6
AL224-4DX AL101-1D pho8/phod 0/594 <0. 2
AL262-6DX 20B-12 pep4/pepd 3/810 0.4
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B L, 30°CTAHMBRBLIBTERBPEEZHANLEREZT T, 20B-12L AL
101-1D% 2 Wit AL224-4DE OB TR B o h A FENHMic~vWT MY F5 i
BT oo R, rAlPaseEHE R THBAARBON Bt ChoDERD S,
phodififz Fidpepd t E—EImFTH 3 & L 7o

F4H EBE

EMSZEARZRMEIC kD, pho8RARAAEREK L BRT BralPaselEHEEZXKAL 2
PhodERE R EHEM Lo T DOphodXALR(AIXrACPasedEEIE L TRIE
BTHO, T TRDBINTVIFATERT LTV I X2 RABROER» S b
rALPaseR B BT AHFLVWEGRF THE I ENbh ol HUEEKERICL 23R
FHEBUREA AL LA, BEERTPIBERIER Y, #ETFHERDRR
HEINED >4 DT, rALPase0RBCHE T 28 ET TH 2 Z EBRE S o
phodk TEAM A THRBFEREZES CLBHEIN, BEA R OER
FHEBRIAHEELZANL LIS, HFAR _EHhe~7 o ZEGR HHLIARTD,
Z2DMEOLREBALNLED 7o - T, phodF EESB _EE TolaF K
PHEERAEE D EDINMERE» T LG TE I »TWVWE I EBNRREN T,

E. W. Jonesic & 0 A B & 11 72 CPYR{Bpepd AL RIK (54) @RCPYK F TR
B BETI2MASBRBLOAR L ERERZTF THE2IEBb D (43, 55,
56, 154) « XS5 lcpepd v TEAM _EFHARIBIFEXRELERIT VI EBRESN
TW5 (152) o rALPaseitE LA TR KM CHM T 2 RBM U P phodRARERELEL
THEZIEDS, A—BEFTHIIAEREEELIALLOT. TV X&2EEBZ
Foteo TOHER, THEWRrALPasel BTERCHEL CHBRESA AT, BiCE
SN FEOBT»L E—EBERFTHD I LVHERE NI, Woolfords i pepd

EEXVILEELEHICS 2galdEh oy ba X 740 MORIER~ »y B 7L
TW3 (146) o FE3-60ERICRTphodiERTF L gald KR Upho8s& O MR E S
. PEP4LPHOOM B F MR —TH B I LI3HETH %, PrA. PrB. CPYR AT
HEFEREE LTaKE N, PEPGERTEM XY EREMACERINDL L
BB EAhTWS (17, 84, 85, 104, 118) o rALPaseT b peps (=phod) AR
BIRIDEEBETSZED S, rALlPaseDAESRICB VT O REHEBFI WK &
LTAREN7-%. BEHEBRZCERIATVWELEEZI SN S, ZoFEk{LoB
BRPINERFEYSBHOVT VBRI LEILRE, sLIANELFLE. phoIR
REBGBTCREFBKPIBOEEMNTbhTWa &Ry, ChB3se—=v7
LEPHOSEEFAMA LA, EEVORFTICIVHEI DI ENTELIRTTH
3, MFERBicR 7> 7 —€iEH. RNaselEHEDO LR B A 50 (59, 152)
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gegmﬁ%@mmmﬁ@ﬁﬁﬁsnéﬁ\mw¢%§éﬂ:%WTncn5@@
BRELT 2 clBTERPETLIVWEEL SR 3,

BHo5HEHI ER

MEE TV VSR T7 75— (rALPase) AEH RN CHEE T 2 hoERET
ODEEZRET LD, pho8RARLEREBEUN OrAlPase2 R ERER GO
2R BN TOER, raCPaseFERCREEORNVHLVWEREREFAX B o, %
D& FZphod& @& Lo phodi#ifn FEE RphodSB X UVpaldilifc FEIcw 5 { #
WL, BEXVIRBEEBMICERET S EBbd >7o photdk TSR (FHikE
FERtEERS T, BFERNBOBETFHHABRIAEEO LR NS S ARV &N
bhote T, PHOIREETHEBWMR LRI, - foo rALPaselitE & R8T 12
REORBEVWIZBEABOEMUE» S, BEAMKIBFBFROERLLCHKLATS
BPEPLEEF ELOT VY XA RABET >/ TR, PIOJELPEP4ARE —E KR F
ThHbdEEMUI Lich» T, PHOIEY I rALPase D NEMH B AT R Ao E k(b i
BuwTWwWBEFHENDE, COIERZODEOWHE (61) TIELWI EBHEMD
5Nt
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¥4% S. cerevisiaeoMMBETrAVHEFRRAT s -EHEER
F(PHOS8) D7 uo—=v 7 LREHAH

B1H HE

S. cerevisiaed M@ 7L I Y F R 7 7 2 — € (rALPase) Z3EHhch o W
Y vEBlc ko TxoEESMA SN (110, 131, 132) . TOAEFRHREREN
B oM+t 27> 2 — ¥ (rACPase) OAEFHIRE L KX BFTH 2
LEILLNTWS (95) o rACPaseD & L FHFkIC, PHO4 & PHOSLIE = FEM I E
U yEE BT COrALPased BEINSIIc L ETH D, PHOSO & PHOBSERFEM IR & U
VEBEHE T TOrALPaseD B KL ETH D, rACPaseDEEFRFH TR, T h 50D
HEHERTEYVIEERB CHEBEEKRT (PHS) ORFAEZHML TWVWDE I L AR
HENLTWD (17, 18, 70) o #» T, rAlPasedFH L b NS OFHERTF I’
BEERBTHOVTVWARI LB FHINI, FiticPBE S hcrAlPaseDRBF M5
T HPHOLEMR T (B3 E) B, RIRILEET 5rAlPase2 EH PR Ed520
MK EBHRORBR CHEIC LEBPEPLEME T (43, 56, 154) EEALTH » 1o
ANFEF T FF—-EY (CPY) T 2PEPACEFRA R ANERRAI R AL EHEE
CERTBIETHBEM S (154) . PHOSEETFEN (> % 0 PEPLEETFEM)
rALPase D RBTHHRBRA VT VWE EE L SN B,
ABECHEBRERFIA 75 Y —%2{ER L. rAlPase DM EE KR FPHOSD 7 w —
=v72RXA. BoNcpH0s DNABTR ZHVWT /¥y T oy PN EIT- 7o %
DR, PHOSO KB FH I3rACPaset X FOFHALZEF L L - TEEFEERB TiTbA,
PHOOEEFREEERBUBICLAE LI NI L E2HAL fo

FoH ERMHRUCERSE

Mk ETSRIF
AEBRBHALULBEERERI-IICR Y. JA221 (28) it Escherichia coli®k T\
HMBAT7S5 2 I FOEREFOIDNMTAHROAHOFEEKRE LTHEHL Lo EnUA
DEEILS. cerevisiaelkTdH 2. MBELRFIAI TS5 Y —fFkOdDDO~I 5 —
73R 3 F&LTYEPLS (87) %, M ADNAIRMEIC X & 5 1CpBR322 (7, 16, 124)

& YEp6 (96) AL 720

i H] 35 4
BEBEREOLOOTREM, HY yEEOEH, KEY vEREDEM. BY VB
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A, BOSKRER (SD) . RBEERUREOL DO ASREM. BFEKE
MREoELEIBTHRRALEICLTERLA, EHEHEGBROKL D 0ERER I
ARELEMP S BRTEY— A —ORBEERYMERS, LL2M Y VE -1 %
MATHS Lik,. BE. BEBORERINCTIHT » 7o

KEBEOEZIE., UToEmAE /AL, LBiZBacto-tryptone (Difco) 10
g. Bacto-yeast extract 5 g. NaCl 5 g% 1 YyMvD ZEPFKIEM» L. 1 M NaOHT
pH 7.0 38 L /2, NBiXBacto-nutrient broth (Difco) 8 g% 1 YsMOEE K
b Lo LBRUNBREAREME LCHEAL, RERIBLUINRNEME [Ty EY
Vv (50pg/ml) RIRF PS54 A4 20y (10pg/nl) ] 2MA o BRDERIEH
IEMOEEHE (80) A AW, BB Ysbvd o D Na2llPOs 6 g, KH2POs 3 gi NaCl
0.5 g. NH4Cl 1 g, ¥EF7 3 v 1 g2 8L &3 LUTHREL EKILS nlicF
BREL10 n1d20% (w/v) /43— 2 &1 M MgS04&0.1 M CaClaZ 1 ml¥>MA
CEHB Uto BERIELTT $ /B (50 gg/nl) &AF L /8 (5 ng/nl) EM
AT RBEOERRITCTIT» o

x 4-1. EHEAKR

Btk EETFH

P-28-24C MATa pho3-1

NATS-10C MATa pho8-2 leu2 his3 trpl canl
K7-6B MATa phof9-1 leu2-3,112 trpl canl
AL212-4D MATa pho3-1 pho9-1 adel0
P144-2D% MATa phod3-1 phod4-1 argé
P146-8B2 MATa pho3-1 pho80-1 argh

k32-2¢C MATa pho4-1 pho8-2 leul

K33-7B® MATa pho80-22 pho8-2 leu?
K34-7C° MATa pho85-22 pho8-2 leu?
M49-5D MATa pho8-2 leu? ade8 rnal
JAzZ21° F~ leuB6 A trpE5 lacY recAl hsdM® hsdR

d RIRA¥ITH¥HERI¥HARKBRARZED RFK.
b K33-TBEKSA-TCIR B A RS HERHAM AR I VDG &/t AH22(48) D pho80fk
U'pho85ZE RZ Rk & pho8HRZ Rk (NATI-10C) & DOREIT & » TR L .
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R R
RERCESFARBE 2 Z TR LS ITT - 7o

*R7 75— EiEHEONE

PAHUEFRT 7 s —EFEURE2ECRRALFETMEL 2o FRZM L
TrALPaseE OB 2 RET I HARFE2HETA ’\7173‘(%@2%?5’5:9——5‘37;“
VY vEBEORDbDDICa-F7F VY VB (BRBRIBEOS ng/nl) ZHEML. &5
Fast Red TR salt (Sigma) %5 mg/mlic Bk HIKMA o T DEF. mﬁﬁ*@k?&@
EXABZEEABELBESGL LB, FEsRlitsRVwIENE DT, DL
BRLTHS>SLEND 2, BB I Taw = —-MHRBILRF b,

TIBLAE LR

@GR LS B IEBRL. EHE, = v E Vv P -V osMALL, RICA&EHHE
RBAROHKEBGTHS AV ETABE®R (38 oM F Y X -FrEREH®E (pHT.9) .
66 mM BEEE# Y 9 A, 10 aM FEAE < 2 % ¥ 9 A, 0.5 nM dithiothreitol (DTT) ]
(92) 2B Vo KIS Taqgl®6SCLIS, 3TCT1HHT- o BADBHROBE
BRGEEEEYcEC L. 65°CTIsAMMELT, BREREBESIE

TADNAY K — ¥ XADNAMF oS

Tanakad Weisblum® B (128) K~ to AT AINAMA EZELEN® 501
210 1D 50 M MgCles 104 1@O0.1 M DTT. 10z 1D 10 mM ATP, 1T 1O EHEEH
Ke 2~3u 1DT4 DNAY #— ¥ (KRAZTE¥TBBI¥HRBHAZTHSHH
LRl EAEs sy Ry y—vEl) A, £LCT—BRICS E 7o

T4 DNAK Y 2 5 —Hic X 2DNARIIF ROEL SR

0 Farrell® B HE (92) KESWVWTH ke COFHERZDORF v THSRD,
H1IBEBTUEY A5 — €03 2 +Y X7 L7 —EiEtickd ZERHINAZZ
o —ABINAIC L, Fo2BBETHEY 25— EiERIID AP LHE L L TE
EARERT o 0.2~0. 5 gD DINA% 202 1O TARE R P THBEEFRMNEL &,
TADNAE U A5 —¥ (EHEME) g Z2MATHYBHERDIES REr6 X7 L
+F FEPB LI, Kic. 2 nM dGTP-dCTP-dTTPRE AW Iz 12 MA, Hitla-
B2p14ATP (400 Ci/m mole) 1lu 1%2MA T 37°C. IMRIGEE/Ae 1p1D2 oM
ATPAMA CHERISAMRIG & ek, HIRBFATEZTVL, £V 77 Y173
FrAUBZRKEIC X OZERINAAF 2RI L 7o
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Erkik

AKBEOTBEEH I Morrison® H i (86) KFE» TiT»7to LBC—BIERELL
HHE (10 n1) %21 YsvOLBICHEE L. O0Deoe®50.6iC78 2 3 THIBMIRBEE
Lo BEHBBEZEZXKPFTEK L%, 4°CTB8000 rpn, SAMBELOSEE L THEL
Foo BRZ250 n1dDJKKO0.1 M MgClaTHEHE Lok, 250 mldJKKO0.1 M CaClalc
WMEB L., KB 0B EBE LR, Y e~ 7.5 n1&0.1 M CaCle 42.5nl10 8
AHECEELABEEEBEL,. 1 olFo2X 2 Va—F v 7NA 7R EHELT
T bPYy—FS54T7TA2BTCREFHEEIE, -80CTHRELfco BEEBREICBE
BEZ KD CRACHMBIE, 0.3 nloEEBERICXY L TINABHE (50 2 1F T)
EMATKPIRUSBKEL /2%, 3TCT3IDMMEALL, 2.7 nlOLBEMAT
3T CTILRIHERERL, BREMIERY., 31TCTEBELEHEEEERE 15

BEOFEEERIZBeggsOHHE (8) 2—HRELTIT > 7o § nlIDYPADT — B
HELAEIERA2EEL, 1.2 M VAEF—VTHRER. 2 nloEBHEEAL
1.2 M Vv ¥ b —-25 nM EDTA-50 oM DITHARICRE L T CTILOSRMAER L 7o
l.2M VY NVEF—VTHELER, BEBMELA0.1 g/n1DIynolyase 60000 (4
{L¥ETH) 28812 M VA E P —-10 oM EDTA-0.1 M 7 = v ERE &K (pl
5.8) 2 nlic AR BE L, S0CI1BHRARBL. Yo r 752 2BREE L,
1.2M Y v E b —-10 oM CaClT2E&ZEH LA 70 b 752 F%0.1 nld1.2 M
YNVEF—N-10 nM CaClolic BB L. 1y g DNAEMA. 25°CTLISAIGRE L o
2 mlD20%K Y = F L7 Y3~ 4000-10 nM CaClze-10 aM Tris-HCI (pH 7.5)
BHEEMNA. S5I5CISSMARRL co BEK. 0.3 1ld1.2 M V¥V VE F—N
-10 nM CaCl 2 & L YPADICHE L. 30°CL00RMBREBLALE. 1.2 M Vv VE F—n
AEUBREREMICZAE Y P L, ASCRFBABLTBVART nlD1.2 M ¥V VE
— - -3% Bacto-agar (Difco) 28 ESDEER L 7o 0CTI~SHERLTERK
Bthar=—%K 1,

73523 FDNADFH

KE#E»SD 73 X FDNAOT &I X Clewell & Helinskid H i (29) i~ T
RDODEIIITo>Te Y52 FREBZEALYBUNAEYEEZETS nlOLBT — B
BL, COEREZ0.15 g0 A H I 278, 3 ng® bY T P77 v, 150 gDIRER
FTIVEEUI nlOMIEHICHE L. 2.5~3RMBRLAKR (BREO
0Dsae B $90.8) . =2/ —niciEh L/ A7 =2=23— VA (150 ng/nl)
0.1 mlA THIC16~ 2085 IR % $c 13 /2o 4°C TB000 rpm. S5/ FIELZBEL
THEEEHD, 3 nlD25% (v/v) sucrose® Z L 50 oM Tris-HCIE &K (pH 8.0)
KB LR, BEHERCTHABLZ10 ng/nl0BAY VF — AEE (Signa) %

1
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0.3 mINA THKPIZI0HEIMEL #20 RIS, 0.3 mld0.5 M EDTA (pH 8.0) %M
A THKPICSOMBEE L%, 2.25 nloEEK [2% (v/v) Triton X-100, 62.5
nM EDTA, 50 mM Tris-HCl1 (pH8.0) ] 2MATW K D LBEEYEGDLEARI &,
B 5IC0°CT27000 rpm, 2B¥RIBO 458 (HILSSP-TEHLO MK, RPESE — 5 —) %17
o fie BT 4 nlicXLT.2 gDCsClES mg/ml1DE{Lx F Y v & (EtBr) K&
i 0.8 mIZMA. HAKCSCIZHE»LTHELE (HILLWPA) AHFEL. 18CT
35000 rpm. 40BRMIMLOABEL £ (HILS5P-TE L. RPEST — 5 —) o HLHTHE
B, BLECEABEEZ ST, HAXERT I 2Ky FO S35, TS
Fosy FEFEHB (FALE LY Y I268) THERY, PAFA Y705
vTeyv Yy a v {tMEB LACOREXELERBLL, COBRRKFRDOSL Y T o/ —n
EPMACBESREADLDE LR, "B ESE, LEOEBIBEEZM OB VA, C
OREL2EFVRLAE,. 2EEOHRBEAERKEMA CTCsCLIRE 2 T 2@ I
BRICZTOI/10BD3 M BFEEF Y v A (pH 5.2) EMA e E5KZTD2HER
DYS%T F / —NEMA. -20CTCLEMMEA L 2%, 10000 rpm T 1043 ful 8.0 53 B
LT (Sorval | @Lv#E, SS34v — 5 —) tEBEE o TEE%Z0.5 n1D0.3 M FERE
FYU S AREB»L, L5 BTy RYFAZFa—TBLTHEZY , — NIk
BAEiT>70o LB LADNAZTIONZ 2/ — A THBLALB., BRETTER Y. &
WME (0.1~1 ml) ®1 oM EDTAZ & & 10 mM Tris-HCIER B (pH 7.4) iEH» L.
A CTIRFEL . DNABEREE260 nnOWEE 1.0%50 pg/mis LTEHBL %

5 R 3

TaAhYERERLEE TS5 ZX I FIDNAOFTH

Birnboim& Doly@ F & (14) K-> TiToto BIREREWMTEBT SR ALKEB
BHov=—2MBETHhiss, 1001kl [50 nM 73— R, 25 nM
Tris-HC1 (pH 8.0), 10 mM EDTA, 2 mg/ml SRV V' F — 4] ZANFL1.5 nlE =
y RY PV 7 Fa—T BB LA, KPTIHBMEBEL 2HE. 200 1OBEE2
[0.2 M NaOH, 1% (w/v) SDS] 2/MA. W< D EREL, KPISHHEBEL %o
Wiz, 150 103 M BFfg - b Y o A5 (pl 4.8) ZMATXKPIRIBHEREL &
$#%. 12000 rpm TSI BELS AT > 72 (Microfuge CM-301I, F I —H1T) ., &
N EBHEEFLVUI o RYFAVTFa—TBL. L alDdks /s —1EMN
A TCT-20CTI0RMBEIL /2%, 12000 rpm TSR RIBLOBEL 2o BohctLEE
100 1O S [50 oM Tris-HC1 (pH 8.0), 0.1 M BEfE> +F Y v &) WEDL
20010 x 2 /7 — A EMATLSMEA LK, FOoHL . BERURME
LK. BonhhBERBREEZRL., 29/ —VvETE2ECREL L, HIREXR
MBEZT>BACIHRBRARECAZHRLE» L, T OA OB EICIITERH
i [10 oM Tris-HC1 (pH 8.0), 1 mM EDTA] iiEH» L 72,
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BB DNAD S

B DNAD T8 id Hereford> O H i (45) 2 —HREL TIT-fe 5 nlDiE Kk
EHc—BREELAEEZ20. nl0X 72073 vASABERBREHIE (1.2 0 v
b=, 14 aM2-AnNVH T b2y /) —N, 0.2 mg/ml Zymolyase 60000, 50 mM
YV UREAY Y LABEEHK (pH 1.5)] BB L, 30CTINMMARBL, BLSHET
BEHELAR7=208735 2 %05 nlOREZEHR [5% (v/v) SDS, 0.2 M NaCl,
0.1 M EDTA, 50 mM Tris-HCl (pH 8.85), 10gg/ml Yo+ —¥ E (BHB{LE)]
ME L., 0CTINTRELTHRASER, COBHEABRCKERD 7 =/ — V-7
mE LA (1:1, ERHRETHASLELL0) 2MA. REAHOBREL 2EADY
E Lo BohttBRC2EROI Y/ — AV EMA, Wo< b EREEEDYE, &
LAHVWALCTOELIREBER TCRVWESILEBHEEBR VI, 0%/ — 1T
B E2HGE >R, BRI, 0.1~0.3 nlOTEEHBRICED L 1

F Y (A)"RNAD F &L

JensenS> D H i (52) KR > TERNAZ T B L. Schleif & Wensink® H ik (109)
Kig-TA YT AN~V —R 7T 4=2F4—NhhS5hsa2bsys574—~TH
Y (A)TRNAZ R BI L 725 ODeso M1 0 ELABRR»POHALERL, REZEY
KCokE®, 2 nlOBEBESEE® (0.5 M NaCl, 0.2 M Tris-HC1 (pH 7.5), 10 nM
EDTA, 1% SDS] KB L 7o 4 gD H 5 26— X (BHE0.25~0.3 nn) &2 nld 7
2/ —N-r2auERNA-4Y T INTHIT— (25:24:1) X TVortex ¥ +
Y —TLSORMMULCHEBEL, EAEEEBRLA. L3 nloBHEH®RES nlo
T2l —N-2 00 FAVA-4A VT IANTAI—-AEMA, BLLEELL. KE
HaZRIPRLTHY 7 2/ — Vil %2iT-> %, 0.05% diethylpyrocarbonate®
SEU2LMEBOKB IS/ — A EMA, -20CTIAMULBEBEL T SB LS H %
TV, ERET0%2 7/ — AV THBLTEHBEERNLL. HEEALBEHIK
[10 mM Tris-HC1 (pH 7.6), 1 mM EDTA, 0.1% SDS] It EEM5~10 ng/nlic X 3
EHICEDML, 5CTINMLEHIE., BXhEk. SROIXEBEAGRER [I1IxEaE
Hiki210 nM Tris-HC1 (pH 7.6), 1 mM EDTA, 0.8 M NaCl, 0.1% SDS) %% T
IXEGBEHHRCEHALLLY Vv ERL nlo A Yy T (dT)-E v e — X (Type 7. PL
Biochemicals) # 5 Alchitfeo # 5 L%5~8 nlDIXEABHIK T - £ 4.,
BHEHETEY (A)'RNARBEH I, B3 nlBESEHEH, 0.3 nlo3 M E
MFrrUDLEINDTS ) =V EMATEY (A)'RNAZ LB E LTEHNRL £,
RNAVEBEE X K260 nmCORERE 1.0% 40 g/nld& LTHEHE L o & 7. RNARH
DRERSBERHC DL/ —VEMALKRETIT > HERH S 232~
3 mld0.1 N KOHT B » o, Fic0.02% (w/V)TPILF PV O AZEUHERE

_46_



HES~T R L CEEBTCTREL L0

DNMAD ¥ v BR % H

BEOINAOEITIKR T e ~AX VEREKBEUTO XS T - 7o KBAE
Bk E LTl nM EDTAZ S L 40 nM b U X -FFEEEEE (pH 7.5) 2FH LA 7
# o —2 (Typell. Sigma) %1% (w/v) KB B3 L5 AkBHEHR AL, K
PRRIEENOX S 7Y VEER Lo DNABEESOz it L T10p 1D "—71 —
# %% [10 nM EDTA, 0.05% bromophenol blue, 60% (w/v) sucrose] EMA. ¥
Vic BB, 100~120 VT2I~3B5ld 502 25~40 VC16~ 20 EBERG T
BEAkB AT o%0 | kKbATODNMAMF ORIT LA R LY T2 I VT I FT N
BEIkE (37) 2fF o720 MEISYSDKY T2 UALT I FRF T (15X18X
0.3 cn) AL, KO X3 KR LT, 305727 Y A7 I F-0.8%AF L YR
7o YNT Y PRSI 25 ol 10f5BEE P Y - o BB AREEHRE (890 nM
Tris base, 890 mM = % &, 25 mM EDTA, pHS8.3) 10 nml. 10%BEHET v T =9 4
Kk 0.5 mlichiA4 vk EMALBEEZI00nIE L, BETTRAL oo A%,
50 ION NN N =F FSAFAIFLYYTIVEMAFVEESSEE 2o kY
3120 VCOHIABS R, 1235 VTIGEERIIT » 7co  PkEIE. 7 LV ZEtBrKEH (0.5
gg/ml) TISHAMBEBEL, P53 YR A4y x—5— (C-628, Ultra Violet) i
EDDNANY FERBRE L7, B/ s —vOBEEIIFIVZ 2 V5 — (Kenko SL-39)
RUFET 4 V% — (Kenko R-60) 22U ES3aA FhH A5 (M-4) THEIm
4 K9 476677 4 VvAAEALTEBE L. 2TV 1 XOHEI AL 5DNAK
E44 XL T. ADNAOHIndI I ( 23.1, 9.4, 6.6, 4.4, 2.3, 2.0,
0.56, 0.1 kb) . pBR322 DNADSaulAI3 MM &H % W ikRsals W% A Wi

KEBR7He—x 5 ODNAKK ©H I

KRl 7% o — X (Bethesda Reserch Laboratories) W T7H e -7
EBEAB ATV, EBrB®., P73 vy2A4 12 —THELABSEHNET S
DNATE 2Ny FHBAEV DM - 7co AR LAYV ERLEIRAN, 65CTH
BLTFYVEE2R2 @R EE, 258 00.5 nM EDTAZ & L 50 nM Tris-HCI4R
Bk (pH 8.0) 2MAT3ICB LI, TEEHR MM LA =/ —VTHEZ
(BT V. THe—22WMoBVwiaE%, BNLAZKEOL/I0BD3 M FFEES F U Y
AEMATY 7 — VB EIT~To HEENST S /7 —VTHRELALE. BRER
BL. AYBOTERGHRICE» L fo
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4¥rrToy FREE

(1) 7Ha—25Frvhbds=boero—27 g Ny —~ODNAKTH O 1T
Southern® B (117) K > CiToto THu —RAF VEK kB %, EtBrifaic
LODNAN Y FEBEL., LEBSZVOM /o VIDM > %215 M NaCl-
0.5 M NaOHA M P it 200 IR L. B2 BCHEBLABS TAA VEREFTV, K
{20.5 M Tris-HC1 (pH7.0)-3 M NaCliF#K 203 R L. BB Lo
FIBIELET 7o # 7 AR E 20X SSC (1xSSCIZ0.15 M NaCl-0.015 M 7 = v g+
FYwA)Y ANy PO EIREL, 20XSSCTE S/ EH (Fhatman 3IMM)
2HFSAKOLEBVWT, WIEMB20XSSC RS LI L TOLicMEL
FLiEBE, 20X 1oLt oh UDIXSSCTRESERLTFVY A XD= b ®
bwa—RT7 4y — (S& BA85, 0.45um, Schleicher & Schull GmbH) % & W7,
74V —DLEEELRKESOEREZINEN, SS5EEI TV EHLI cnfES L
FH s RREEE, £500 g0 BLEB VR, ~BRELLE. 7405 %S L
POSFH L, IXSSCHTT7 4+ vy —~REEXZBLITOMMBELAEYVRTFEREL &
¥ NVIETEHUMBrRABEITV. DAY FOBFEHE LK, F474 70k 7 4
Ny —EBEKDSEBRE. E—FS YT TTSHMERL K. 80°CTLRRMHDINAD
T AN —~OBFIRBEEET o 74V —BEATIEITCFv Yy —5—
THREL

(2) 72— 7DNADEEH: RigbysdF&E (101) R -T=w 2 +JF AV —
YaviRED T o —TINNOEBREIT-7%o &5, L ¥, DNase | (Boehringer
Mannheim) %0.01 M HCliC1 mg/mlic T 3 kS5 IRAEHM L. S0u 19> FEL T-80°C
THRE L7, A0, 1D DNase | IFHKIC0.45 mlDDNaseZH WA (10 nM
Tris-HCl (pH 7.5), 5 mM MgCla, 1 mg/ml MmME 7 V7 ¥~ (BSA)] ZMMA.
0CT2BRREH L L. CO10u 12 DNaseHm AW 3.75 mlicMATESIEHRL
oo 31 1DCold mix##k [15 nM dTTP 104 1, 15 mM dATP 10z 1, 15 mM dGTP
101, 15 oM dCTP 1041, HEZA®K 60 1%20.5 nldl M VU YEBAY Y LEH
& (pH 7.4) wMA 7 dD] ., 1~10p 1OEHL LS & 2INEE (L1528
410 [a -32P] dATP (3000 Ci/m mole, Amersham PB.10204) . 36u IO BMEEH
Ke 2.5 1D0.1 M MgClay B iEHALFR L2100 1D DNase IAKEZIBIRES L.
FZETIHMBBREL o RIC, DNAE Y 2 5 — ¥ [DNAK Y £ 5 — £ 1 (grade
1. Boehringer Mannhein) %2 50% (v/V)Z UV o~ A %2&EL0.1 M U YERA Y DA
BEH®E (ph 7.4) TIEFRLALOD] 22 IMA. S5~TRMBILCTRICS ¥ 1o
MEEORVALRROII > CLTRAELR DNAF Y 2 53— ¥ THRMERK ERIG
BORIGE Lp1%20.1 n1OF 4 KARDNAG K [90F), 2R EEFH ML TL0 nM
Tris-HC1(pH 7.5) K& M L. 1 mg/nlic LA d D] KMA. 52 nloER Y ¥
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Bevcig [1 N HCL, 1% (w/v) NaHzPOa4, 1% (w/v) NazPe07] %2 X 7o, 0°CTIS
SEBEBE Lk, LB EY Y VERBK TR >/ 7 ¢ V5 — (Millipore AP
Y b, HS nloEo Y YEIEKEHS nloskz s s — AT RENIEGR
stiif. Ta4Ny—FE—F 3T TIRHEREE, BV YFL-Yas VY
v % — (Beckman SL250) T7 4+ V¥ —ORMHEEEEZME L Lo RPEHEOMD 2
HAEREB LS, KIGHIC40, 100.25 M EDTA (pH 8.0) Z M A, 65°CT54 M
B LURIEEEE & ¥, KRGO [a-32P] dATPEBR K 2. KILH % Sephadex
G-504 5 & [10 nlOH FRAARERy PO LEHEVIB L, KK 52 Y -1 %
. 5% (CHa)2SiCle2 ab M LRFZBHR Ty Y a2 v{ELibDic10 nM NaCl
&2 nM EDTA%Z & & 10 nM Tris-HC1 (pH 8.0) TEH{L L 7= Sephadex G-50% 97
nlF#E L. 1% Blue dextran (Pharmacia) Tvoid volume%#fllE L/ & D] THH
Le A X —Dovs—THEBEHORBFEREEREL 2o void volunetk O A&
BomVESEES T, o — FDNAREIR L 7o 48 By 1o 36 Bk o T 553 B 0 A
%, k&I LTHWR.

(3) "4 7Yy F4€4var: Jeffley& Flavell® H & (51) 2HEL TR
D HiciFoto DNAZBEE LA 7 445 — %300 nld3XxSSCIZ 3043 MR L 7 &,
I X Denhardti&i® [0.02% (w/v) Ficoll 400 (Pharmacia), 0.02% (w/v) &4 IM#&E 7
V7 3 v (FractionV. Sigma), 0.02% (w/v) polyvinylpyrolidone (Sigma)] %
23300 m1D3X SSCHH TH5°C. SBEFIMME L /20 & 510300 nlD A T Y 5 A XU
# (1X Denhardti& i, 0.1% SDS, 50x g/ml{F 4 HaBRDNA%Z & & 3X $SC) T657C.
B RAMIE L i, 7405 —2EFORYTFLYRICAN, 7 445 —100 cn?
H7-04 n1D106~107 cpn/nlD 7w —7DNAZEELNA TV 54 XBEHREMAT
MBEH Lk, sokHFLVWEYZF Ly R TEEHL, 2057 405
R —BRABECB2LIBLIT -~ E, 65CTlo~UBHRELA~A1 T Y v
PR St 74V —2MOHL. ~4 7Y 54 XERTEST, 0BT
Lfco CRZCBEIEDE LK, 3XSSCTT 4 —% b ) —FH W, KIERE.
E— PS5 YT TEBREIRT, BRIV ETANI—FEY 5T 7TAE. XK
7 ¢+ v & (Kodak XRP-1) & HE#E (Kodak X-Omatic regular) %A L T-80°C
TA— b+ I3CFT 57 4 —%1T» To

JFvyTay bR

(1) * AV ATAFE FE®RT He -2 VBLKk®:  BA A+ kT4 nlic] g0
7PHE—2E10 nlO10X KEAEEHIE (10 nM EDTAZEEO0. 1 MY YERF F U Y
AEEH i, pH 6.8) ZMA. A— P2 Vv — 7 THEIEL, HEOCETHE LK.
16 midF L AT AFEF (12.3 M) 2MA. 7<) YEBIKH Y vEEHL
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oo F Y (A)'RNARK Z 20 1050% (v/v) TV AT I F-6% (v/v) VAT AF
EF-10 nMY B+ F U O AEHIK (pH 6.8) A, L. 65°CTSRIME L 2 .
2L, spiloBmEi® (0.2% Bromophenol blue, 0.2% Xylene cyanole FF, 50%
ryyYykwm—n) EMATEBIKRGEIT > o

(2) =+l =7 47 —~ODORNADHIT: HHF 7o BTl
72 Southern® A& (117) TO T A A VEHR,REPIMBEEZEVCCREBIRT » 720
(3) "4 TV F4ELvav: Thomas® Ak (130) it » 7o RNAZEE L
o7 4N —=%100 1D~ A T Y 54 XER [50% [v/vl B4 &+ v{bx v 47 8
F, 1XDenhardt/& i, 100 /m1DfF 4 HgBRDNAL 0.1% SDS. 50 nM U Y @A U
LABEE (PH 6.8)EEUSXSSC] B L, 12CTSHMMBELE, 7405 —%
EFofyzFrv vy B AN, 7405 —100 cn?2H 7204 nld107 cpn/mnld 7 o
—TDIAEREUNA TV A XBEREMATMBEH LL, s HLVWEY = F
VYR TEEHL, FOLSS T 4N BB BEECBILIBL T -
o, 42CTI~UBMERLAL T Y » FERIEHe 7407 — 2B b HL,
100 mlD0.1% SDSE B U IXSSCRR LEBR TIHM. AA®REZHOEL L, &5
Iy 100 nlD0.1% SDSEF L 0. 1XSSCIc@ LSO C TS5 M. 2mBEF LI 7 14 2
S —DKFERE, b—- S VYT TERIE, 535 9 TaAA XBEE7 40
4 (Kodak XRP-1) & HEE#L (Kodak X-Omatic regular) 2 AL T-80°CT A —
FSOX TS5 T 4 —%FT o T

MBEETFIAT57Y — DK
Olsons DA (93) iCff» THATKP-28-24CO S F REEDINAEFE L 72
8 L. Zymolyase 5000& Beckman SW27w — % — Db D T Iynolyase 60000& H 3L
RPS40Tw — 5 — ZfER L fco P-28-24COWMKIR2 nlOTAMIAEZ®LEZL Vvb
VOTEEEMITEE L, ~BERERETAM L, Boh 000 EN FHE
hDNAZ B BB DRI 5 RE D SausAl (HEFEH 0.5, 1. 21T B3 &5l f)
TEHUIMBRE Y A XHHI10 kbic W2 L5 WAL EL 2o SauSAIMEL - B
2HE B, HIRPSITe — % — % W T HaniatisS D HE (14) it » TEEEE
HEBLICEDSE L H0.7T sl T2 EDLBZESO—HET He -2 X L1E
K[UkB i b, ADNAQOHIndITIVIMBi R 29 4 X v —7 — & LTDONABR A9 4 X %
HNL 6~20 kbDOE S (F14pg) ZEIML oo BER L 72Sau3AIH S DL EE
DNA (0.9 g) LBamHITUIM LAKBE TV YMEERRT7 72— (Type 11-R.
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Sigma) AL L /2 (74) YEpl3 DNA (0.3ug) 2T4 DNAVF —ETHEEL., TOX
Bk (100x1) ZKBEIAIOFEESREICH Wi YEpIS 1ugdh 20 200~1000
D7 vEYY st (AnpR) BHERENE A, 205 B10~60%MF b 54
42 Y vyREFME (TetS) TH » 7o 20000 AnpRTet’ a3 0 = —%2500¢FH>7 v E ¥
Y ryEREcEF s, BEEZRBIN L. Nasnyth& ReedD B (90) TREL 20
BT NVORKBE»S7 35X 3 FDMERAEHLT, ERxF /e~ 7 @ERL .

PO IO 20 —=r 7

RO EEFIATI V-7 3523 FINAZRWT, BEENATI-10CHKk %2
BEH LU, rAlPasefEAEE R T 72— > (rAlp*) 2EH L7 Hl.6x10'Dw
4 v YHEBERE (Lev*) RHEGRELZHAN, 26HOrAlp" BHERENE S i
20550 DrAlp R EE A, SHerefords OB (45) it » TONAE &
L. KBEAIoREERBRICA VL, BonrcsloamptEHEERERT T
FErFEI94 7Y vRESHTHED., TLE-SBTFROTIXIFE LT, O
D75 R FEpALIOIEGAZ L. HULeu rAlp ¥R TH 5 RNATI-10COEH
Bicfnwi, Bonftlew BEERKDI B, FERISZ e —-YE2EATEO
rALPaseEEREEZ TR/ E T AL TRTrAlp*TH oo F o pALIOLE K » o #f
(Leu™) WBHEIBRICTAlp &M » fo > Ty pALIOLIC WX PHOBHE (T % & L DNAKT K
BEAISNTVWEEEZONT, & L. PHBB S I N TV B 5IE, pALI0LIEE &
ODNAMHEI M IC & » THREEEOPHSEBICHARATINE I ENEL LN, HHE
BRAOLZERABOR I, pALIOIXRBEERICHIRAELLEEASNE /) 0~V
BEINALDOT, WHFA/FEETV, AT BEEREL 2o PHOSHE R
VBB Dade8EM» 530 Y FEAH ¥V (M) « rnal3fm» 58 cMOKBEICH
%o pALIOIAMHMARA TN AT HERE 2 k2 M49-5D (MATa pho8-2 leu2 ade8
rna3) EXEL. A THAWOHER, pALIOIOFDLEU2 & ade8 D W HI AL : JEM Bl
El: 5+ 58 (PD:NPD:T) @I ix30:0:9% /R L. mw&@m@nmwaLto
C DD S5Perkins® R, (98) EH OV TpALICIOMARAET N AMNEERITHET
ade8JE 512 cM. rna3f 54 cMORIBEICIE »Fce LA T, pALlOllipm_oféE
H323VREFOELICHBATNTED, pALIOLICIRPHOSH 7 v —vibEdh T3S
EHmL T

7a—{DNAR o W R BER M EPHOSHmF DL RE

pALIOLIC 7 m — YL E - DNAMT R o HIFRAE R Z R L 22 (K4-1) o 7 =
— L& N/9 kbOFEBDINAKT A L OPHOSERFOMEZFARSZ LD, W 2D D
REFH TS 23 FEER L. NATS-10CERHEHR L., ThFhnEoshflen B
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Bk I0BEEEBRICEA CrAlPaseEEREZ W X 7o pALI09 & pAL118IZ pALIOID
Hindl [ IBHABYWOHCEE AT X > TIERL 720 pAL11912 pAL101 D EcoRIFR 53
SERYMOHOCEHESICL > THEKL 2o pAL123& pAL125B K4-1IKR 3 DNAMT A %
YEpbic 4 72 v —=v 7 LTHERLL, SFZ 752X 1 FophodtlFitE e K4-1ic
Flto COEREMS, PHOBREMO <7 5 — L HADNAMF O &AL » 5Eco
RIBA E cni2.8 kb (AL &) OMAFCEET Z LB bD - To

Plasmid Complementation
B/Sa
HEH|S HBgX X E HE H E Bg H BgX E 5Sa/B
pAL101 - 5 ; 4
pAL10S -———_- —--—— +
pAL118 ——_ ——  _
pAL119 ——— -
pAL123 — E—— +
pAL125 R — —
: S HBgX XH E
pAL201 -

0 1 2 3 4 5 6 7 8 9 kb

1 H 1 i)

K 4-1. YEpi3ic 2 v — v{b & N #S. cerevisiae DNAOHIFRF H MK & £ Ophos-
QEARLE RIS SAEMEEE. W IXYEPLS DA %R, HEKESHEKEEL KRR 7
o—v{b&ah7S. cerevisiae DNAMIH 2/R L TV 3. HIK XA PHOSERE T %
a— F3EREMBEERL, FTOTORBERAIPHOSOEE B ZRY . HRAEE
#ZUIW & Az 12 B, BamHl; Bg, Bglll; E, EcoRl; H, HindIII; S, Sall:; Sa, Sau3
Al; X, XholT& 3. B/Sak Sa/BidBanHl & SaulAlDEERK OB EHMAZRT.

e tB (kPHOSHAK DO H F >~ T a o F M

PHOS % & & & /NDNAMT i % pBR3221C % 7 2 mw — = » 7/ L fcpAL201 DNA ([X4-1)
270 —7lc LT P-28-4CORBEDNAICDVWTHF v T uy PEIFZIT - o
#S5pgDDNAZ 6 BEOH BB ECHNBLARIKYY Y5 YR 77— &V,
PAL201 DNAE ~NA T Y » FRKT ADNAMA ZRBE Lo ~A4 7Y » FREKRIZIX
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SSC. 5 COBMLVWEHETIT » oo MBE N ZDNAMA 94 X (£4-2) B7 2 — >
fesntWALoTFHENZH A XEFFELA Ve PROST & — 7 HD0. 4 kb Kho
IBAFRESEORITT TR 4+ vy —2fFRTZ2BIEBRVTLEIV, RS TUR
Vo F . T.1 kb HindIIIMTAREIDIWMEMEEL SN 5, - T, PHOSHER
FRY /Bl aC—FETBEIEBDN 1,

FE4-2. PHOS T v —T i EB¥ /a9 I o, bR

IR B % B &N DNABT @ % 4 X (kb)
EcoRl 5.5

Pstl 15. 6

BamH1 >23

Sall 15.6

Xhol 5.8, 3.4

HindI11 7.1, 2.4, 1.1

a 32pjm=t a1 90] DNA (3.6% 10% cpm) 27w —7 & L T,
§5°CTISEERINA 7 U » FEREIT - 2.

7 v — v {LPHOBH £ T i & 5 rALPasetE B

75 2 3 FpALI01EK {3 pAL109% 5 Dpho8 RAE Rk L phod XK RERGKOT VA
YHFR7 75— EEEEA N (£4-3) o pho8RALZR{K (NATI-10C) TR
PALIOIER it pALI0OiIc k o Cp-= b 7 2=V Y YEEE a-F7F 1Y YERIEHT B
EHEBIE ST 5, pALIOSTRpALIOIEH L CHIEFHVEERER T, pALI0IDH
MpALI01E D o E—¥H»E L, BAEFHEEYHROLD LS LBV, THEK
LC. phodZEARLERE (K7-6B) TH 72 X ¥ Fic X 2rALPaseiEtk o mIEMN S 5
io LI L. phodZRZR O OXRBRETH IR FEXRAEEL AL ESF v =T
FH—EYFBEBRRBESDVWTR, 752 Ve 3RERASNAD >, f
> Ty PALI0IEK I3 pALIOSIC B PHOGERE FAEE N TVWB EREFA SN T, phod®
ML RIKTDOrALPaseEHEE IR, 70— Y{LOBICPHOIEMOEA 2L ELLR
(THLVPHOGER T IR » L & & X 1o,
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#4-3. PHOSERTFE2EL 77 R

s

Flcts B EHBiEREOo7TAA UHERR T » 4 —

¥ i
BrREME (Bifr/mg HHHE)®

B EFHR® EHE: pNPP a NP

P-28-24C eyl 0.32 0.18
NAT9-10C pho8-2 0.07 0.00
K7-6B phod-1 0.08 0.00
NA7T9-10C/pAL101  pho8-2 [pAL101] 0.16 0.07
NA79-10C/pAL109  pho8-2 [pAL109] 0.53 0.24
K7-6B/pAL101 pho9-1 [pAL101] 0.08 0.04
K7-6B/pAL109 pho9-1 [pAL109] 0.43 0.19

* HFEoHZERFRHOARLTWS,

P BRBERLERREMEMA LB YEEDBEM 15~ 1860 CTRIEE R
LTBcfE» o FELE. BHEGEHEONFERIOCTCp-=tue 72201 ViR
(pNPP) BRiZa-+7F VY YE (alP) BB &L TIT - 7.

7 a— {LPHOST f= FIc & B rALPasek B i R X 4 phoMMliifz FE R O LW
rALPaseD R, ERY VBROFBEILLI-TEERB cHSMiahTtwa &E X
SNTWDS (95) o 70— Y{EULAPHOSBRSELNT T vE -2 -2 FATHNRE,
HABERFERCI-TTOLEPEEEZZ T IR TH b, £ Ty pALI0I%E
¥ D NAT9-10C & K32-2C (phod phoB). K33-7B (pho80 pho8) B IiiK34-7C(pho85
pho8) & OXXE = X O, pAL109% # Dpho4 pho8. pho80 pho8. pho85 pho§ — &
EREREEMER L, rALPaselEH 2R E L 720 FA-4ITRT & 51, phodTRE

*%QORE&WW?MﬁUV@R#T?MMﬂﬁECBf\ﬁmmw pho8$
RERZRBRSDIEBEGRBRAETHREY vBEKETTNHBEI ST » oo L

> T. pALIOYDPHORE R F i & BrAlPaseEFE R, UV VB X » CHEZZH TH
D, 70— {tPHOSERFRFAMCLEBER S v E—s —fAEEEATVWE LN
bb)’)f:o
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#4-3. 75 R ¥ FpAL109% ¥ > phod. pho80. phod8SEHERED 7 V4 Y H &
277y —EiEHE?

BRIt (HMGL/nl per ODeso®)

Bk HEFE RIS By vk
P-28-24C B AR 0.03 0.12
K38-84A pho8-2 phod-1 [pAL109] 0.08 0.08
K38-8B pho8-2 PHO4* [pAL109] 0.08 0.14
K39-34A pho8-2 pho80-22 [pAL109] 0.12 0.23
K39-3B pho8-2 PHO80" [pAL109] 0.06 0.15
K40-1D pho8-2 pho85-22 [pAL109] 0.290 0.20
K40-14A pho8-2 PHO85* [pAL109] 0.08 0.17

* REHREWug/mIOERF Py EMYT I 7 v ESUS nlOEY YEREKEE
T REAIEREL, F00.2 nlBERF Y LERYT T rERMLAS
MoEY YEEIEY vEAKREMICEMLICCTISIHMBRLAL. ZE80H
LB EREBREEL, p-=be 7220 YEERTEEL CrALPaseid % A
EF L.

b K38-8A& K38-8B, K39-3A& K39-3B, K40-1A& K40-1Did &= 11 £ npAL109% -
NAT9-10C& K32-2C, K33-7B, K34-TCOXEH» 5B SN pAll0sZzH>BF 7w
-y,

© 0Deeo, HIAMEMARROMEZLE0 nnd BLE.

ARG S X CphoFlflifi i T ESRTCOPIBKEFREY

rACPase D R ) vEIC X A2 AEFARREFERK TITOATVWE I EBHE»D S
LTWwW3 (17, 18, 70) o rALPase® A FEFEI T IIPHO2% R { rACPase® FHiifi &
FREBIESLTVWAE I ENS, PHBORBREERB TCITObhTWVWE & E X
S5HNTWVWS (95) o #CT. PHOSOEE X 2EKY vEERUFAGERTFER
OEBEI ~Fo AT B P-28-24C. phodZKE Rk AL212-4D, phodEAZL R
{5 P144-2D. phoB0ZEARLR{K PI46-8BE T2 LE Y YEITABMTEEL,
Jensen®d DA (52) THRNMAZFAE LA, d5kKA YT (dD)- V2 —-RT 7 4
=F 44— w257 4 —TS BELUALFY A'RNMAZHBL, PHSERFEE
75 2 1 FpAL201 DNABRIZ = OPHOSEZF A D 1.1 kbDSall-Xholli % 7 =

g
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—TELT /¥y T oy FRBFE2T->7e K42k kT LI, $1.8 kb EFE
MBBRE IR, phodZERLE R{KAL2I2-4DT IR, FARKP-28-24CEF L &£ 5 i
EY vEBXETEZELAEBE» B oMLK TLEEYASRE &, PHOGER
FEYR., FEHBOEEDUZROBRBTCHWVWT WS I B bd -7t rALPased il
HHE ST VphdRARERGE TR, BY) vEZHFECTEELLEE» SR T
bEY VBABEOBAEEEILEIIRBEIDO Y FL2EB SN, rALPased il §l A5
BCS5RBVWpho8IRARERGE TR, FY vEEGTEY YvERZGELESOREY Y
B anike M- T. rACPaseAEZEHERBE CTHIM L T % HHE &KX FPHO4E
PHO80IZ. PHOBO RE GEERBTHEI L TWVWA I LM AR E N, Kb
2> O WE&ETF (PHOBLE PHOSS) DPHOBE T 2>\ T O BI 5 I3 5 ~ T W 7 W A,
ERETFREOBIE (95) £ 0. PHOAB X UPHOBOER L XS i EBRBETHVWT WS
EEZoh B,

WT  phoS WT phod pho8O
kb 4P -P 4P -P +P-P+P-P+P-P

3.36 »
?J? = - [
1’57 - ! ” “
ase- @
A B

K4-2. FFAERE . phod. phodB X Upho80XARLREASHFHB L/EY (A)"RNA
DPHOSZ A UDNAMTR 2 v —-T ¢ L/ ¥y T ey bR, Te—-71R=y7
PS5 vy2UL—v a3 vk T32PER L 72pAL201 DNA (A) K itpAL201d 1.1 kb Sall-
Xhol DNAMRH (B) %M L /. WT, FFABIHEP-28-24C; phod, AL212-4D; phod,
P144-2D; pho80, P146-8B; +P, ELEM TEBRLAEGE» SHABLALEXY (A)7
RNA; -P, BV/EiE2BEMTERLABEG»STHABLAEXY (A)"RNA. EfliT/RL
725 F ¥ 14 X2 pBR3I22DORsal i D% 4 XTH 5.

_56_



2 v — v{LDNAKT i £ ©®PHOS D ¥z B Jj [

PHOSEEFOEBEHFMERET 570, DNABEBRENAIPERT e — 7 EMEK L.
JF v T ey FRFAEIT > 7o pAL201% EcoRI-Sal IE¥ fEDNAMT 9 ic & % Bgl I
HTYM LEHKIC L, T4 DNAE Y 2 5 — € & [P2PIdATPEAVWTHHEEZ Z L T h
KD SIEB Lo EHBMLZDNAZSall &L Xhol TRIBICAMBEL, XY 72917
I P VBRI ATV, 0.95 kbdSall-BgllIMi/ &£ 0.4 kbD Xhol-Xholli i %
B Lo & L. PHOSAK4-1icRT WML, EcoRIPSERAIOAFEMIcEESAT
Wz EdhiE, 0.95 kb Sall-Bgl BT iE%8251.8 kbDOPHOBEBEME N4 T Y
vy FERT2RYTH 3. dL. BEEFEABZTORMTHAE. 0.4 kb Xhol-
Xhol Wi FIZB B EBEME AT Y » FERT 2R T TH 2%, K vHELE
M THEELAFAERKP-28-24COMBE» STAE L £ R Y (A)RNAK K i 2 W THI B
Lit2BHOTe—72HWT /¥ ry7Tey bBIFE2IT->7e TOHR., K4-3iC
AT LD, Sall-Bglll 7w — 7Tk PHOS(iBEEY M} & L7 A, Xhol-Xhol
Tuo—7TcRBHEIAEL> ke H- T, PHSEERERTFREL4-ICRT LIRES
MIREEENhTWE I ENb I T

K4-3. DNABSBEMER 7o - 72 HVWAPHBEENO /¥ ¥ 7 2 » b EF.
EY vt e LA FARGP-28-24CHh SR LA E Y (A)RNAZ{EA L
T, pAL201ODDNASY4S R e932Pi=i%sSall-BgllIMr A (49 5x 107 cpm/px g DNA) &
Xhol-XholWFi K (#34x 107 cpn/p g DNA) 2HWT/ HF oy nA4 T Y54 €4 vav
2T - 1.

_5"_



BaHi ER

BEBBEETFIAT5Y - LVpho8RAREROMEFHEHEZFR AL CRHBERF D7
O — =Y S EIToT, PHOSEZFI22.8 kbDODNAMIH LIt BEET B E B b D,
s YT ey PBITCEDPHBOERFEYIINLE kbOY 41 XTHBZ3I &b
oo DY A4 XFrALPaseDEH S ED LD FTRM66,000CH 5 & (94) EFF
L7V, ¥SICPHOSERTORBRIAET X, EMBEY v BIC L DrACPases B O WA
HEEFEY (PHO4LEPHOSO) 0@ 2BLTEERB CITILATVWAE I ENbh -
7z (4-2) o rACPaseDEEEZFPHOSTHER Y vIRICIIEERBTORE
HEiBTTIRELPDOSATED (17, 18, 70) . PHOSEGEF O T v € — 5 — D fF
WHBEATYS, PHOSO LR R REFRAH L BELHEBEE SN TEB L. HH
HEFEVSERT I EELShTWS (12, 89, 106, 112) o #£ > T. PHOSD
TRt -5 —bPHS T wE—F —ERUAEEER > TSI EMNYFsH, DNAKE
HEFNOBEFE2ITOELERIVEENTEIR T TH %,

ANVFEF v RTFSF—EY (CPY) Tli., PHOIELF UERT TH BPEPADE IR
FEMIcE o, CPYRIREAONKM AT F FRBERATCYIMEh, EHod 2 KA
CPYIREH T B3I EBMONT WD (43, 118, 154) o SO &P 5, rALPased
BeabEFREREELTCERINAERENPI0Y (= PEPY) EWVic L UM T
EHE rALPaseC BEREW D LHEBEENG, 7/ F vy 7oy FEEFICE D, phodFEH
FRETOLPIBESEEYSREBANAIERIORRMEFHELL V., (PYOHE &
EZFPRCOIZ B I € — Ry & — cHlEE LCPYOBRAEELTS &, RIEKIACPYASHNE
ZBILHEZE-THOWENTIEREZ I, pepdBFETOH HEUELRE TN S (119)
2, PHOSOBA THRE UL phodEETHEMESRIBEN S (F4-3) o LMo T,
PHOSE Y X rALPase D B AT HHRLUROBECH VW TV R L EbhH 3,

PHOSO HIF B PHOSOBA LR D LER D, MHKZETCLERLALVORE MR
W O(127, 181) o XL BENA v RV —FOHEBEBRETSICLORETH
BEShTWS (25) o 7V a—2MHETTRSUIC2OETY &L TL.8 kb 4 X
OboLlhrREINBVYE, 13- EFEETORMMEI N IcEHETIZL.8 kb
H+ 4 XDzt kbOEFEEMLREEIN S, ColEhs, SUIC2OEFR 7L
I-2055RB L LIBEBRRABLIVESHENESXELLTZEZL o5 TL
3, 2FED, 1.8 kb A XOEEHR, EBHEBAMEIATORWHARAAL v <
g —€¥%2a2-FLTED, BROREBESLTOVEMN, 1.9 kb4 XOEKEEEY
. B#EBftMEhALBBE S Vs —EEa—-FL, Fra—2{flEZ3
5biFTH B, PHOSDIBE., /¥ v 7wy PERTRNHEHETERMMEHET
THEH—%4A XoEFEEY RBEINZ (K4-2) 0T, SUC2D X S, BRIMHFI&EMH
TCOoOREMMERZETOZ N ERULIABIORBIA EEEZ IR VW, Chid
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B BEOEEMEAOBFICIVELLIREATY 3,

BH5HI EH

S. cerevisiaeDIMEIME 7T v H Yk X7 » ¥ — ¥ (rALPase) Hi7& 8 {x FPHOS
ESUINAMHE 2. BBBINAS 4 75 Y — X Dpho8XRLTR T 2HEMH A
LTk BoN/PHOSDNAR TR — T E LA/ F 7w FEFIRED, PHOSEK
EEVIZAL.8 KbOKESTHD, OBREY vEBEAETTREY vBELHKET
EDBVWIEBELD ONI, F 7, rALPaseRINHIMNE C 52 VW phodEAE R
ko, BV vBEETLHE Y YEBEHETEEAREOPIBEEEY LR a0
. BRI rALPaseEEIC X Spho80RAERAE TR, BV vERZHETHRMH
VAR AL DPHOSE BEEY SR SN & 5, rAlPase/EE R MBI HREERZ 7 »
y—EEEBIc., EBY v BREAHERTEY (PHO4. PHOSO. PHOSL. PHOSS) I
- TEERBTHGTFEINTVWE I ENbMh>7fte —H. rAlPaseiEHEERE R
WphodZE AL RAE TR, PHSEREEMLIHAMKLEHRICRBINZ I ED 5,
PHOIEEFEYMREERB CRLE, GELURBRICH VTV I I LBER I NI,
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HE5&®E S. cerevisiaenMEBTAIVEFIZR7 >y —EHERR
F(PHOS8) OPDNABEENEZOHH

Bl #E

S. cerevisiaedMHFE TV H VSR T » ¥ — € (rALPase) . Hiidh o
By vrBickoTcroEEsiliflshTtvwacsdPmshTsd (110, 131,
132) . oA EFGRINEHERERX 7 » 7 -+« (rACPase) OEFEFEI B L
—#WEETH B (95) o rACPaseD B & L EHIC. PHOALPHOSLERFEMIBIE Y
VEERBE T TOrALPaseD MBI IC L ETH D, PHOSOL PHOBSEERFEYMRST Y ¥
B&EFTOrALPased NS ic B ETH %o rAlPaseTR Ch b ORAEREFEN
BHEEEET (PHOS) oRB2HEERBECHBLTWS (17, 18, 70) . H4E
DHRELOVrALPase DB ARG INSOBHERTREE R TPISOER H #«
HouTWwWa I EBHShIRENT, ES5RBIMIEEET 2rAlPasex G DL
L5 o OMAKNMBROTHRIA KB Ic LELPEPLE R T (43, 56, 154) &
B LTd3PHONLERETF IR, PHOSOERELBRCHVWTVWE LB ER I, £0
#%. PEPAEETFR o srA4 > —EA (Prh) OBEBRBERFTHHIEBDLMY
(2, 146) . BHEHEH., o574+ —¥B (PrB) . 7NV EFVRTFF—-FY
(CPY) OARFEHBFRELFHEBICEHRLTWS (55, 154) CEBHEHL LIRS
Nitmc&d o, PHOIERTFEY (2 DPEMLEEFEY) BrAlPaselc 2 W T H
REHBFRAZEERCERLTIVWEEELLGN D,

AZE T rALPase D ERETF THHPHSODINABERIEREL. TOoKEHR
MR BOREET>to $Hhe 70— —HBO—REZELZODVTRHEITZT V.
rACPasel A EZFPHOSTRIBANTVE Y VMK L ZRFAFAHICLERET OF
MAERZLEL. s ok, HESNZT7TIVEBENLL., RKBERTE DT AR
Y+ 775 -—ELOHEBHEBEDOKRE LT - 1o

Fom EBRMBLIERFE

ARk ESS X IF
WEOS 5 A FINAORB IR KBEHIA2L2I (F4ETEL) 2RV, V7
Ad v (107) K XADNMEEEFIRECHVWADINAOFS ., KBEIMI0S (718
EMIST7 7 — ¥ (M13mpl8&M18mply; 147) 2 WVWTIT -7 HHBREKE TS
Z Y FRES-LERT,
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xs5-1. FHABBEKETIZIF

SRR TS 2 F AR TFEHRISH

S. cerevisjae

P-28-24C MATa phol-1

0201-M12 MATa phod-1 uras

K77-6D MATa pho3-1 ura3-1,2 leu2-3,112
trp! canl

AL211-12B MATa pho3-1 pho8-2 argh

K118-1A MATa pho3-1 pho8-2 phold::pPH13® urad-1,2
leu2-3,112 trpl

K118-34 MATa pho3-1 pho8-2 phod-1 phol3::pPH13?
ura3-1,2 leu2-3,112 trpl

K143-1C MATa pho3-1 phol3::pPH13® ura3-1.2 lysl
leu2-3,112

75 A IF

pBR322 AmpR Tet®, 4.3 kb

YIp5 URA3, pBR322, 5.5 kb

YEp13 LEU2, 2. DNA, pBR322, 10.7 kb

YCp13 TRP1, URA3, ARS1, CEN4, pBR322, 10.6 kb

aﬂﬂ@%ﬁwummwo-%%ﬁkbtiaxstwmw(%SE§M)%
PHOLSE It A AT B THETFERELTVWS.

i gl
BEREEOLHORSLER. By vyERRLEN. B vBEOEM, EY VB
=, REERUEREOLDOAREN. RLOARZM (SD) . BFBRRA
Mg Bt E3BThA~RALICLTHERLL, FHEGRO LD ORRBMR
é&%é%ﬂ#ééﬁ?%v~ﬂ—®%%QXM%%ut%§§*ﬁmﬁotb
OAREMEMALRL, BB OEERICTIT» o '
KIBEEE DS OLBEM, NBIEH, MO A H 4w TR K D2 LTIER
Lo MIS7 7 — U RBHAT 2 RKBREOEHICIZ2x YT (10 g/1 Bacto-yeast
extract. 16 g/l Bacto-tryptone. 5 g/1 NaCl) Z{EM L 7o HMPBEAMISYZ » — &
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BRHEDOIHOILERERIZ10 gD Bacto-tryptone. 8 gD NaCl, 12 gDEX %1 Uy
MvoEHKICAEP LTHAHL oo EBRERXRBIRREMORREZRZs gic L THAA
Lo REBHOEZERITCTIT-

R
BEBORERUVESFARNERFE2E TR,

EEEER

KBEIMNOFHEERERFA4ETER e RBEIMOBOBEHEEZRIIRO X
B3I LCiFoto MIEHREM TAEBFTLUARIMOIES nlO2x YT ICHE L — %37
CTIRBEHR Lo 0.1 nlOEBEZHFL VI nlo2x YT HEE L, 371CT
EREIREBERE LB, BE U7, BEHELZS nlo@E L 2Kk®E50 nM CaClaic BBiE
Le K 2038 E L HOAHLUTERLAEELEZEHEL nlDOXG50 oM
CaClolc R L., 1~ 2Bk KBL o ERBICEMA LA, 0.3 nlo0E
EHEBEBRCIOMEZREEEZMNA, Kb HFEL o T OB, 42°CT2H
MmanmL, 75— 7 ERBELBE2E TCHEKDPIRKE L 7o

BROTHEERB oS OB Y Fv ol (49) 2UTOL3RHEL TIT - 7o
S misEA M T — BRI E LA A ETET2RIGEA Lo, 0.5 nlOLAEIE (0.1 M
et Y # 9 4, 10 nM Tris-HC1 (pH 8.0), 1 mM EDTA] IR L 30°C ¢ 1B HIRE
Lo Ric. BEUABEMKEL nlOLAGKR (0.1 M FAY 9 4, 100M Tris-
HC1 (pH8.0), | mM EDTA, 15% Y ko — ] REBEBL. ChEZEHEL I
0.3 nlDZTEBICX LT, 10 IODNAVAM (0.1~10p g DNA) Z/0A. 0.7 ml®D
PEG/E#E (50% polyethylene glycol 4000) ZHEIMATEHLESG LI 28CT
IBMERE L%, EFEHL, SYBOHERTKCEE L, BRGNS, 28°C
T2~SHEEZEEL 7o

MI3Z7 7 -2 75— 2 DK

IXYTTHBLUAGSKMEMEB OAXBEIMIO3OREZIE 200 14 102 10100 nM
IPTG, S0p 1D2% X-galP A F Ak L I7 3 FRBEZRAEL., &5 CEHEZRUE
MBI A 100~300 1A, CHhZICTHRELTBVWAIRRKEMICE I 2. &
ORRXEMFCBEBTAE» L CHOCIRFBLTWARS nloILBEXREZERL TH
— ki, EETEHIILEE LB, Yr—VEHBLCIICTEREEIT» o £
BB TTY S — 70 ERBPBEEEINEBDEIN, T v-—75 -7 BB RIGHIREL
BREhEHR LA b7, ME—BEEEIT> o MKRAKNIZ 7 - YRBEHRI
75— %2R T B LT L > THIL 20
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M137 7 — ¥ — A FDNAD T &L

— R RHE LA RBEIMIOIOEREK. 4 n1 %40 nlD2X YTICHE L. 1.5 n1d >
BERABRBERLSELL chieMBETHVWETLTS -2 2EEL T, 31CT
SEIRBREEE T/ BEBE@EEI »RYFAVIZIFa-—TBL, BERELE
T12000 rpmy IOFRIMOSNBE LA, LBEEFLVWF2—TRBLED, £hic
200 1D2.5 M NaClZ2 &4 20% FUZFL ¥y oy a— 6000l EMATELR
B L. 159MKREL 7o 12000 rpen TSR MEL L. LEHER S, B2 Eal
LB ® YT FLYy Y I —VEREERA 72 EXy PTETRTRO, TE
L@ (10 mM Tris-HCl, pH 8.0, 1 mM EDTA) 100 p I & TEEEH@R TRAML 727
=/ —NS50p1%EMA, 15~200 B LA®B, S2MBREL. BUISPRHEEL
oo SHBBOL. FEOoOKBZEZHLOVWZ oy RYFAVIZFa—TREL, 7=/ —
N/ raaENA 4TI AT AT — (25:24:1) 50 1EMA T, BEME
BT ot B U Fo7kfEics MBEERF P U D Al0plE s/ — 1250 1%2MAT
BaA&L, -20Cic—BBREL, DNAEZHLRERIE L, 04RO LEBREZED. 105
Y- N THhBELTERI G, ARLUALLE:202 1OTEBHRLEBE» L. V7
A F vHEICIIEREFRERLFHT I2ET-200CTREL 7o

M AMIIZ 7 — SDNADRE R DIGEHE (78) T, MHE#HM I/ v —= v 7OHEKR
3C-5 2 b (18) %4T » 7o DIGEERKRD LI ICLTIT»7o RIBOMII—AKEH
DMASHOBIEEAE LN AEELIBRO—F (10pl) 22 vV FAT7Fa2—T7K
B, 1pld2% SDSE3u 1o BPB# [0.05% bromophenol blue, §0% glycerol,
0.2 M EDTA (pH 8.0)] ZMATEAG LALE, 0.1 7H e -2 Y LVERKI 2T
s toe CTOHETIZ200 bpll EOFADNAOMBANIZY » — VA BREBEH B, C-
FAMRROIIRLTIT-7o ANRZMALONI7 » —VRBLERBEZ102 ]
FODIGEE LB L L > @B L, 12 102% SDSE3u 1OBPBEEMA T, 65°CTH
B EHIBMEALAE. 0.1%7 e - X VEKXRH 2T - foo HHEHEHDNAS
s —= VY TENTVRHAETRBHENEL R oy FRBEESIN S,

FTAB YRR T > s - EHIMRBEOTRREEENME

I8°CT—HREERELALS nlOBBREI MIER Yy v — A BELERBL, &
S8 (2000 rpm, 543F]) THEEEZEDL, HEHUAEEKEL nlo kG EETHR
Bk [25 oM Tris-HCl (pHS8.5), 1 nM MgSO4] T 1 EZEHHE. 0.5 nlDKEGHRE
IMEFHRICHBEBE L, COBEBBBHIC?2 gD 5 AE—-X (HE0.4~0.5 nm) %
MA. KTl LBEMNS I $4— T30/, 6B LIBABPLAKREZWRRL 70
L5 alBET vy RYFA7Fa—TRBEBEEBL. 28y Ve - VBLEOHK
Ftoio 0.5 mlOKATMEMAMBLAR, BTy Y FATFa— T ICHBE

o
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EWwto 7 F s MBEOEKR-1500 (RA-150AM® — # —) T15000 rpm. 105} F4
BOOBLERE>» SXABRBEEEIAETKI 2R &, HEBEHRKE L. EOHR
BF ik Bradford® Bk (19) KESWAET 74 YT w4 %y b (Bio-Rad) 2 H
WTHEMETNT S /%Eﬁ&tfﬁﬁbto@iéﬁ@MEuy—bm7;~
»vzﬁ§ﬁgttfﬁzsf R BHETE » T

DNAMT B @ 43 ¥t
75 R 3 FDNAOHEL., 7H e —R X AVEBRAEY. #IBBRANBRERIE4L4ET
J‘ZE ~ s

EYVTFT29073IFX¥adhs oD oB K

Maxam& Gilbert® Hik (16) K-> T ~Fo HHETADNAMA N Y FEXST
b'“zla"’ﬁﬁ}%’ammz*o\ sy a bl s 2BOLE (COREX) AN, ¥V a vt
Lt saBeryrriz@d» WHLMK 5~10 n1ODNAEHIK [0.5 M BEEE T ~ %
=% &, 10 oM BEBE~ 27 % ¥ % &, 1 nM EDTA, 0.1% (w/v) SDS] ZM&A. ¢35 7
4 VATHEL, 3TCT—BKREL 2o 12000 rpa. 15 HEBLYBELTLEBRE
Bl L. 7405 — (Millipore Milex filter, 0.45um) THEBLAE., =%/
—~ VB ET 27 BohEBREINxXS /A THELEREZEL, #4380
TERHRICADP Lo VIDW XA BphS0EBER, vYavfbliehs29
—AMEODTHRBEAMB Y~V LT y RYFALT7F o 7 (100~1000x 1HEHF
v 7)) CENOINAMKE 2EU Y Vv EAN. T o XY FATF 7 (2~100p 1H
HBF o T) EHEVWTH»SYVER LK, 2000 IODNABHBTHEF » it 1t
FNEEW, 5200 IODNABHECEF » 7THBELR R - R, FF » 7HO
a5 7 4 VATHLE, JTCT—BRELE, Fv 7O0RBEDHL, = » <
YREATFa—Tiky ML T200 rpnT2oMBELOSB L. BHEZENL o
HEF 750 IODNABHEEMA TCHLSB L, AHEE2ERL, SidoH
WiklemA o BIRULABHIEICI nl0%x2 7 2/~ %2MA. =2 /7 -~ VER
2V, BonkBEE200100.3 M EBEEEF Y 9 AKREBMLKL, HENOILI
DI TS/ —VAEWMAIT, 25/ A HEBEEITO, BN EE] nlOT0%x
5, —=—nTY ry2LE®, BEXLEL o Maxan-GilbertiZic K 2 BB EFIRE
Bz 1OBBEERKE» LTHERAL 1.

DNAME KL HI © RE

(1) Maxam-Gilberti: Maxam& Gilbert® A (716) K » TIT » foo KB
BrArh VAR T7 >y — ¥ (EBEE) LEBELTY RKIKEO Y YEERVADNAHA
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($31pg) &50uCio [y -22PIATP (3000 Ci/m mole. Amersham PB.10168) R U
0BG OTLE RYUR I vAdF P+~ (EFWE) 250 1ORKIEHE (5 oM DIT,
10 mM MgCle, 0.1 mM spermidine, 0.1 mM EDTA, 50 mM Tris-HCI, pH7.8) =
Z. 3TCTIHERIG S €, DNAMTA O MR E32PEM Lo 0.2 nlD 2. 50 B
B7vE9AEMATRIEGREEL, 0.7 1l s/~ A ESSIEMAT
T8 N BET T 25/ —VEBRFS A TA R-2 5 7 — VN R TS
BwH L, MEEOHK T12000 rpn, SO RBIEODEE L TIT» 7o 2004 10, 3M BE
B by A BRELICALL. 00 1080%x 2, — M EMATHAD L DI
BEZS/, ~LVIEBEE T BONTHBEEINZy / -~V THELTHRERZE
Furk, HBEPBPRCLIIZRUIBZT > HIBRBERLELALNMABZRY T
S YATIFFABERS AT, LERINBA 28y V2D, —HDS
DEBIAZINAMAEZ2HMEBL 2. CODNMAREZBEZEFEKCENM L. L5-2IK7R
LEFIETLS alBET » Ry FU7Fa—~7HTHEHRENUHEZT O, KE-F
YT UAT Y FERFLVBEARBRL - THEFREN OB IR oSE 2T -
Too

(2) $FA4+ v Sangers D HE (107) RESVWAERHEOMIYy—7 x
vAEF o PAAVCTEREOFEE LR - T > 4ADLS nlFx 9y RV F
N7 Foa— T AR OINTP-dINTPR A 212 T hFhoidl e BEH—KH
DNA 9.5z 1, MI37 5 4 = —DNA (5 -AGTCACGACGTTGTA-3") 1z 1, 10X Xlenowi
BWLSu IZRAL, 60CTAMBEK, ERBITY L DEELTHAERIBET
o te HMARGECLBEDNA-T 54 v —BAMII[a-32P1dCTP (400 Ci/nmol.
Amersham) 2 g l&KlenowBlZ I IZMATCHLOLESALALH®, BEbfitoinidE
LTBOVRAEDOINTP-ddNTPIR G F a — 7322 1 F>MATREA L, ERT
WHARIBE R B F=4RBAK (INTP &1 nM) Z1p1F¥2MATE 512205
i X%t 6pl0RIGEEKE [95% (v/v) F VAT I F, 0.1% (w/v) ¥ 1L~
Y= (XC), 0.1% (w/v) 7@ &2 =/ =7 - (BPB)] 2MATESAL.
$5°CTINMA LB, Xt TtE&A L THEREREVNREHY VER KB, T o
(3) HERJFIREH Y VELKKRB: WoOokBHHY 5 AR (30x40x0.5 cm,
2 v KS-8431) o3 b—~HFoREE Y avibl, TORMBHNBIKEB LD
W AY — (E&0.3 nn, EHEE) 2BATH S 2RE2MAEGDERYV T U N
7 FBREEEALL, FY T2 UAT I FEROMRERS-ZJICIRT. T
I—-AREBEOEHEEOLO (BEX0.3 an) 2HEM LA, —BBRELYAVEE
SEEhtk, KRBHESB (Y v ) KW, FRkE %1000 VT1~ 28T
o i APKEHIZ1500~2000 VOEBRE TITV., 2055 VO & BPBY — A4 — ¥ 0
OHWI/IOEXETT, B3 VOIS BPBv— b —BF VORI T, ¥y VOB
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#z5-2. HWEHENVKOFIE

G G+ A T+ C C
200 1 DMSHER & 34p1 H20 Sul H20 151 NaCl
521 [®2P]DNA 1021 [32P]DNA 1041 [22P]IDNA 521 [32P]DNA

1wl carrier DNA 1u 1l carrier DNA 1x 1 carrier DNA 1px 1 carrier DNA
ThZTNREALT, 0CCHRET 3

) X! : 4 )
lg 1 DMS Tl IM BEER 30ul BRI Yy 30pl BRI Y
23°C, A RE 45°C, 154313 % 23°C, 143 {RE 23°C, T {EAE
FRhEFNWEMWMAT, FHLEFILhORETRET S
i ! } {

GRIGEICIZS50 1ODMSE %2, BoD3>»ORBIEIRIB200pz1OE F353 Py
BELrLEEFNZFPhfEMILREE2EEE 2%, 1504 10KEBI%T Y/ —1EES
KMAT, F34T74R-2% 77— 2B TI05BBBLTSY /7 —ViEBET

)
1
TEEA 250 100.3 M BERREF P U D AREML, T50u1DKAI%T 2 /7 — A%
ATHUOI Y, —VEBE2ITS
)
EEL nlo10%2 2/, — A TY Y Z2LT, BREEET 3
)
100 1ld1l M ERY S yicELLT, 90°C, 300MIMBLAK HERLET S
)
Wy lOFEHEEKEMATCHBREZAE»L, REXZET 3
)
WploFHEHEAGKEMATCHBZE» L, BREZEBET 5
)
S~10p 10OBERBRICLLSBMT
)
90°C, 1M, Rdican L, BEEVNREHS VEIXRB i3

DMSE & % 1350 mM 33y wBEFhU9A, pH 8.0-1 mM EDTA, DMSiXy AFWHiAE, DMS{Zik
WX 1.5 M BEEEFMU9A, pH T.0-1 M 2-ANB7 bxF/-k, R IV vEEEEI30.3 M FEAR
FhIYA-0.1 mM EDTA, carrier DNARTERBRIcHA» LTEBEHMABL L F 4L RER
DNA (6.75 mg/ml) 2R L 7o BHRBFEWIZL0 nM NaOH-80% (v/v) #WaTIF -1 nM
EDTA-0.1% (w/v) Bromphenol blue-0.1% (w/v) Xylene cyanole FFE @R L 7.

ATy B R o BE R B REER M (MODEL EC-10, M-¥I) EZMAL L.
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e~ —BHXLVORBET TR S Y, kBER., vVarv{kli s 2KDH
AEEECRVAL, YLroFEmEY I VI o7 (BIEK) TE -Ffo X874
& (Kodak X-Omat §8) 2FH T, #H3ARITEF NI — (Kodak XHEFTEXEK
F—, 14X 17T in) AR, -80°CTA— I VAT 537 4 —%1T» 7o

#£5-3. BEREFBEERY v O MK

oy e

HE 6% 8 % 20%
T2 U7 IF 5.7 g 7.6 g 19 g
bis-7 27 Y7 3K 0.3 g 0.4 g 1 g

FR % 50 g 50 g 50 g

10 x TBE 10 mi 10 ml 10 ml

P E K 100 miic B3 ELI>EFEALFNMA S
10 BFBETyE=9 A 0.7 nl 0.7 ml 0.7 ml
TEMED 301 0u 1 304 1

10X TBED #I A% 2 0.89 M Tris, 0.89 M sk 9 A%, 25 mM EDTA (pHB.3) T
2. REBHEHEEL CTIXTBEE#EHAL .

BB OB

BEEEYMOS KiEEBerks OFH (13) 2HRE L lossonb D FHE (T1) Kk
S TSR I VT~ Ry BV I ET-oTHRE LR, 0.22 gD RGEEH LR
SHDNAE MM B O K Y (A)*RNAZ30 10100 nM ERF P vy-NN-ER(2-2 5 v X
V& vBR), pH 7.8-0.8 M NaCl-10 nM EDTAD & X 2 @ H ik ic /& L. 65°C 1604
BMEBE L. ACOSIX 7 L7 — EEHIK [30 aMEER > F U 9 4 (pH 4.6), 4 nM
ZnS0a, 0.25 M NaCl] %220 1A, SIXZ V7 —¥:2BYEREML. 15°C455
MTRIEZIT>7o ABRKBEBL, EPHLIR-20CDI%x s/ — NV EIS0p ]
MAT. 77 —VEBRETO, 99525/ - THhEFH. METTERBEL . &
DR K & Maxan-GilbertZE TH WA BRKICAERFL, I0CTISMEMBAL LR, X
i TE% L. Maxan-GilbertHE K X2 HEBEENREHORAB LM X THEBELTNRE
BArYrrvcBESERH Lk, kBB, 5944 - b 57 4 —-TNYFERHBL, %
DREOMANRLBERF Y v b A—5— (ZHEE TLC X+ + F — 5-910, B
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BEBIERR) 2HOTH 7o MEREIRL00 T, BEHEKEIZL00 mmiz L 7§
SNy FOMmEREZIE Electronic Planimeter (Model 1250, Numonics) T
BOoL, Z2o¥@EE~~y FREOMEYMHEE L %,

Hw3Em ERER

085 {= T ODNAME LR 5]
%4 TR NI pAL123D3 kbDEcoRIMT A % pBR322CEY 72/ v —=v S LItT 5
2 3 F pAL12TZ2ERK L. DNAMEEEFIRECHVSDNAEBHF L (K-,

Maxam-Gilbertik (76) & U F 4+ v (107) 2HM L THEHBEEF ZREL fo
FOEREX5-21TR Lo 2 D Dopen reading frame (ORF) R 2 » foo

1 213-5890 5 DATGH S F D, -184DTAGTH D B0RFITIST I /VZ2—F
L. 551 2l +IDATGH S A % 20RFLT S %, ORF20IEa F Y37 v —viLs
N EERDNAHE (2.8 kbdDEcoRI-Sau3Al) fric R o» 59, pBRIZZE AT A DA
ATWi, cOCEictd, CREMITHO 7 3 /BidpBRIVIOEFiIca—-FEh
DI > TWho COMABKTEEFPHGERT EXAT 57 HPH08-327
ol R VI A

P08 3" F # M DNARG Ji o [l IX & DNAJE 2E R 7 i &
RELTWDHORFIO3 TR Ml ZF AR KDINAD 58 52 ¥, evictionFk (145)
%7 > 7o ORFIHN D466 bpd Xhol-Hind I [IMfF ZYIpSic ¥ 77 v —= ¥ 7 L,
PALISAZFERR Lt ¥ 727 v —= v 7 LDNAMTR RICH 5 M — DBl 11 V]I & 6L
TpAL134% Bk ic L%, PHO8® uraltk (K77-6D) O HEBRICHA WL, Fon
fUra’ B EEREO S BEZICWEEATE OrALPase A EREZ I = —REBET
TR TORBE, $XTOUra* BEEERESAlD RX>TWBE I LBDY - T,
COFEE R IIPHOS EEICpALIS4ASH A5A £ N TPHOSE T A HRIE & iy pho8R
RERKIZE->TVWHETFHENBEOT, BEMRITICL>TTOIEEHRL T
FEaEiko 1 > (KT7-6D/pAL134) &0201-M12 (PHO8* urad) Z & & ¥ TIEK
Ltc sk idrAlp ZBEZ2R L, A~NAs@olUSF 4 ~<XT 2 Ura’rAlp:2
Ura rAlp* DR BER Lo ->T. HEEREORTrAlp BEURERTH D,
kD1 AFHICPALIMBHAAET A TWBE I EBDS» oo RIT. phoBRAZK
Sk (AL211-12B) &0 7LV U XA RBET -7, EAESETHALTMEE AP
ODEBRBERL, AXA2EOEF I/ o -y 3T NTrAlp  THoto COHRMD
5. K717-6D/pAL134 IR pALIA B VA BEA OPHBE M AR TN TWE I E ¥ DL
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st HH VYT Oy FEFICE D FAEBKEP-28-24CTIX 5.5 kbDEcoRIMT A i
PHOBA B ET B S ENbh > TW3 (HF4E) o T ITy K17-6D/pAL134D £ DNA
ZEcoRIME L%, T4 W/ —€THESG L. ABEUWLIIORARBRH V1.
BohteTrev ) yidMFEEEKE» S 77 X Y F (pAL138) DNAZHE L. #l
BRI EER L (K5-1) o ORFIOS S Z AL 1.4 kboSall-Pstili i %
pAL138% 5> FWE L. Kpnl. Sau3Al. Haelll. Taqlo HIfR £ 0HE TH S N2 DNAKT
BFAMS7 7 — Y~ & — (M3npls&Mi3aply) L7 mv—=v7 LT, Y74 +¥
Bl 2MEREEMEEFCH V. BonlEET 7 — 5 R5EICpALIZTDDNA
DOoRELAEZSGD EBETRS-2ICRAL o

1 0 1 2 3 kb
{ 1 | L 1 2 |
97
pAle Sa/B
B W E SLH X XGCH SHalT HE P B
| ! 111 | I (
O e W o T L
S > > «—

Sa Ha SaSa Sa

E p S/X G C H SHaSa SaT)|Ha [k Jode €
(- | i 1t
L L / —  ORF2 i

—_—> —> —_— >
T - <
—_— e

B5-1. PHOSEIEF A S UDNAKTH OB R MK S ERTI BRE O HBS.
pAL127& pAL138D & 12 = h Z U pBR322& YIpSODNAR A 2R 3. HIL&ERH %23
DB IIPH0SEETF 2 A US. cerevisiae DNABA T&H 5. ORFIEORF2EGEA L
B EHRBEREFHLPSE D> » 53 HFEDORFERLTVWS. BEOT
OEMIBINMERRIAREL DN ETRL, AP 2V KH I Maxan-Gilbert
(16) T, HOBVWEHB S FA+ v (107) TRELALIEEZRLTVWS.
[REssk o VI 30 A7 13 B, BamHI; G, Bglll; C, Clal; E, EcoRl; H, HindIIl; Ha,
Haelll; K, Kpnl; P, Pstl; S, Sall; Sa, Sau3Al; St, Stul; T, Taql: X,

Xhol; Sa/B, Sau3Al & BanHID & &AL S/X, Sall&Xhol DFEEHWATH 5.
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-989 EcoRl . .
A GMTTCMTCTTAGGAGTAGMCMTMC

. =950 ~900 B -850
CGCACCTGCGATGACCCTAMTC"‘CMCACTCTCTTACTCACAMCAGCGCCATCCTTTCCACTGCMCTACTTCC(‘ MTATGCATATCACTTCCACTATTATACATTCATMMTCTAT

. -800 . -150
MACCMTTMATCCCMATTATCTCCTTTTCAGAC TGTTTCTTCACCMATTTCTTTTTTTTTTCCTACTAGAAGAAGC CGTACCAGATMGAACAAMATTATATTMGCGTCCGGCT
. =700 ‘ . -650 . ~601
AMCCCMCCAACMTCMGTMGACS;TTAA(‘MTCGCACTATMCTCT(‘(‘ CTATTATAATCTG TGTMTCCTAATTT(.ACC TCCACACAATACCATTCGACCCTTMCACCTACTGCATC

-550 . -500
ACCCTCCAGTCAlTGTCCTACMCCGAATACGCCTCMGTCCCCAMAGCGTCATCTACCTCC(.GCCACCTGCACCGATCACTTGCTAGCMCMTACGCGCACACCACACCGTAGTCMC
+ORF1 Start 1=

. =450 . Stul . . =400
AGCACCCCCMCMCGACMAATGCCATCMAMCGCCACCCATCACMGGGMGCACCCCTCTTGCTGTGCAGAMC AGATAGAGMTCATATGCAGAMCGTGAGATTGMCTACAAG
————— —

-300

TCAGTGAGCTACGGGACCCACTGCGAGGAGGAAGAAACGC TCTCGGAACAGCAGATTGACAAGAAATCTGAAGCG TTCGAGGGCAAAACTGACGAACGAGTGGCAAGAACAGCAGCGGATGT
— i

. -200 Hind11I -150
CCTCTTTGTACACCCOTCO TAAGGCGCG TCTAACGGAAGAGCAGCATCGACATGAATAGCAGCATTGACGATAGCGATAAGC TTCGCGCOTAGAGGAAAAGTAAAGCGATTTTAGTATAT
2 e ORF1 Stop~

-100 -50 ‘ i (L
AAAGAAAGAACTGTATCTAAACGTTTATATATTTTCCTOC TCCACATITIGOCACCAAGTCGC TACATAAACATT TACATACCAGCATTACGGGACATTATTTGAACGCCCATTAGEAGE

1 . . . . 50 Xhol . . . 90
ATG ATG ACT CAC ACA TTA CCA AGC GAA CAG ACA CCT CTT GTT CCT GGA TCT GAC_TCG AGC TCT CGT CCT AAA AAG AGA CGG ATC TCG AAG
Met Met Thr His Thr Leu Pro Ser Glu Cln Thr Arg Leu Val Pro Gly Ser Asp Ser Ser Ser Arg Pro Lys Lys Arg Arg Ile Ser Lys

100 . . . . 150 . . 180
AGA TCG AAG ATA ATA GTA TCC ACT GTG GTC TGT ATT GGT TTG TTG CTG GTT TTA GTG CAA CTG GCA TTT CCA AGC AGT TTT GCA TTA CGT
Arg Ser Lys Ile lle Val Ser Thr Val Val Cys lle Gly Leu Leu Leu Val Leu Val Gln Leu Ala Phe Pro Ser Ser Phe Ala Leu Arg

. 200 . . . . 250 . 270
TCT GCA TCA CAC AAG AAG AAG AAT GTC ATA TTC TTC GTG ACC GAT GGA ATG GGA CCT GCG 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 Cly Pro Ala Ser Leu Ser Met Ala Arg Ser Phe Asn Gln

. . 300 . . B . 350 360
CAC GTT AAT GAT CTA CCT ATA GAC CAC ATC CTG ACA CTT GAC GAG CAT TTT ATC GGG TCT TCG AGA ACA AGG TCC TCG GAC TCA CTA GTC
His Val Asn Asp Leu Pro Ile Asp Asp Ile Leu Thr Leu Asp Glu His Phe Ile Gly Ser Ser Arg Thr Arg Ser Ser Asp Ser Leu Val

. . . - 400 . . . . 450
ACT GAC TCA GCT GCG GGC GCC 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 Gly Ala Ile Gly Val Asp Pro His His Arg Pro Cys

« Xhol - . ‘ 500 . . . 540
GGT ACA GTG CTC GAG GCG GCT AAG TTA GCA GGT TAT €TC ACT GGG CTT GTT GTT ACG ACA AGA ATC ACA GAT GCC ACT CCG GCT TCA TTC
Gly Thr Val Leu Glu Ala Ala Lys Leu Ala Gly Tyr Leu Thr Cly Leu Val Val Thr Thr Arg lle Thr Asp Ala Thr Pro Ala Ser Phe

550 - . Bglll . . 600 . . 630
AGT TCA CAT GTT GAT TAC AGA TGG CAG GAA GAT CTT ATT GCT ACG CAC CAG TTA GGC GAA TAT CCT CTG GGG AGA GTA GTA GAC TTA CTC
Ser Ser His Val Asp Tyr Arg Trp Cln Glu Asp Leu Ile Ala Thr His Cln Leu Gly Glu Tyr Pro Leu Gly Arg Val Val Asp Leu Leu

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

Clal . . 750 . . . . 800 810
ATC GAT GAG GCT CAA TCT AAT GGC TGG CAG TAC GTG GGT GAC CGT AAA AAT TTT CAT TCT TTG TTG AAA AGC CAC GGT GAA AAC GTT ACT
Ile Asp Glu Ala Gln Ser Asn Cly Trp Gla Tyr Val Gly Asp Arg Lys Asn Phe Asp Ser Leu Leu Lys Ser His Gly Glu Asa Val Thr

. . . 830 . . . . i 900
TTT CCT TTC TTG GGT CTC TTT GCA GAT AAC GAC ATT CCT TTT GAA ATT GAC AGA GAT GAA AAG GAG TAT CCT TCT CTT AAG GAA CAA CTC
Phe Pro Phe Leu Gly Leu Phe Ala Asp Asn Asp Ile Pro Phe Glu Ile Asp Arg Asp Glu Lys Glu Tyr Pro Ser Leu Lys Glu Gln Val

. . HindIIl . 950 . . “ 990
AAG GTG GCT TTG GGT GCC TTG GAA AAA GCT TCC AAT GAG GAC AAA GAT TCT AAT GGG TTT TTC TTA ATG GTG GAA GGC TCC AGA ATT GAC
Lys Val Ala Leu Gly Ala Leu Glu Lys Ala Ser Asn Glu Asp Lys Asp Ser Asn Gly 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 GAG GTG TTG GCT TTC GAT GAA GCA TTC CAA TAC GTT TTG 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 Gln Tyr Val Leu Glu Phe Ala Glu

. 1100 . . . . 1150 . 1170
AAT TCC GAT ACG GAG ACT GTT TTG GTC TCT ACG TCG 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 Gln Val Thr Ala Ser Tyr Pro

- . 1200 . . . . 1250 1260
CAC TAT GTC TGG TAT CCA CAG GTG CTT GCC AAC GGC ACC CAT TCA GGT GAG TTT TTG AAA ACA AAA CTA GTA GAT TTT GTT CAT GAA CAT
Gln Tyr Val Trp Tyr Pro Gln Val Leu Ala Asn Ala Thr His Ser Cly Glu Phe Leu Lys Arg Lys Leu Val Asp Phe Val His Glu His
. . . A 1300 . . . . 1350
AAG GGC GCA AGC AGC AAA ATA GAA AAT TTC ATC AAA CAT GAG ATC CTG GAA AAG GAT TTG GGC ATT TAC GAT TAC ACG GAA AGT GAT TTA
Lys Gly Ala Ser Ser Lys Ile Glu Asn Phe Tie Lys His Glu Ile Leu Glu Lys Asp Leu Gly !le Tyr Asp Tyr.Thr Glu Ser Asp Leu

. . . . 1400 . . . 1440
GAA ACA TTA ATT CAT TTG GAT GAC AAC GCA AAT GCT ATC CAA GAC AAA CTG AAT GAC ATG GTA TCA TTT AGG GCC CAA ATT GGC TGG ACC
Glu Thr Leu lle His Leu Asp Asp Asn Ala Asn Ala Ile Cln Asp Lys Leu Asn Asp Met Val Ser Phe Arg Ala Gln Ile Gly Trp Thr
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1450 . Sall . . . 1500 1530
ACG CAT GCT CAC AGC GCA GTC GAC GTC AAC ATA TAT GCA TAC GCC AAT AAG AAA GCT ACA TGC TCA TAT GTC TTG AAC MT TTA CAA GGC
Thr His Gly His Ser Ala Val Asp Val Asn Ule Tyr Ala Tyr Ala Asn Lys Lys Ala Thr Trp Ser Tyr Val Leu Asn Asn Leu Gin Gly

1550 Haelll . . . 1600 1620
AAT CAC CaA AAT ACG GAA CTT GCC CAG TTC TTA GAA AAC TTT TTA GAA TTG AAC CTC MC GAA GTC ACT GAT TTG ATT ACG GAC ACC AAA
Asn His Glu Asn Thr Glu Val Gly Gln Phe Leu Glu Asn Phe Leu Glu Leu Asn Leu Asn Clu Val Thr Asp Leu lle Arg Asp Thr Lys
c G
GClu Ser
1650 . 1700 sau3A 1710

CAC ACA TCA GAT TTT GAT GCT ACA GAA ATA GCT ACT GAA (‘TA CAA CAT TAT GAC GAA TAC TAC CAT CAG TTC ACC AAC TGA TCCTATCTA
His Thr Ser Asp’Phe Asp Ala Thr Glu Ile Ala Ser Glu Val Gln Hls Tyr Asp Glu Tyr Tyr His Glu Leu Thr Asn Non

1750 1800 . 1830
ACTCTCCC TCTTTTT‘I‘CACATATTATTTMTAC(.TTATM TTTATTTGMTI\'I ATATA I‘AT/\TA I‘ATATATCTATATATACTMCCCCATCACACGTACTGTATCCCA'I TTCGTTTCGGA

1850 . 1900 . 1950
GTGCAGGCCGAGTTTTAGG TCCATTCTATACC(.T(.MCMGTGAMTCTL(. TCATTTCTTCAAGTTATGCCATTCAG TCCACA TTIGTTT CACATCCTTTCATATAG TCATTTTIGTCGTCC

2000 Sau3A . 2050 . 2070
CGMCTTCAMTTTG:\AI\:\CATCA rCATACAbACALATTTCTLCAA'l AATGATCCTTC! fTCTLbTTCTCATCATLCLCA X‘Cb'l COTTAAG TGAAGCGCCCTCACTTAATGAATTTTTCGT

.
i 2150 Tagl . SaulA 2190
CACACAC(_ATTCMT(.TCTTCATCA(-TCTTALTTATCA‘H'CGGTCTCL(;TT(»T(.GTCT'I'TGCACACMAGCT‘I‘CTTTTTCTCCATCTCMAT(. K‘TCCAACTCTGGTCATCTACCAGCCM

2200 . Haelll . 2300 2310
CTTCTTCCTCTTTGCATCCTAGTCCCCTGCTATTATACCATTA'lTATACMGCGCCCGCCATACATLCCGGMTMTAuLL TTCCTATGCGTCCGTTTGTCTTGGAGTTCAAGAATATGG

Haelll. . 2400 . 2430
GTAGCATGCTACT(;CTCCCAGTCC/\CTATAT(.GATAACCCTA(;CTTCCT(‘TCATATATCAATTGCCCACTCAAGCATCATM l‘CTTGATTCCTI\CGAGCCATCCTACCCATATATCTCAC

2450 . . SaulA 2500 Kkpnl 2550
CCTM(‘GCTA TTTTTCTCCTGCCCAAATCTTOT lATCTT‘TCGTCCACCACTTTTACATCCATCCMATGACMGATGCT'( (.,TATATCGGAMMTTTAGCCCTGCACGTACCCTTI‘TCCT

. 2600 .Sau3A . 2650 . 2670
CTFTAAAGMTCATTCACCCACTTMA(‘GGTACC(.TTTI‘CTCTCCTCCA('AAGTCCTAATCGTAG(.AGCCTTACCACTATCATCTTCCTCTTTI‘TCCGACAGCCTAGATATCAGCCMTT

. Taql 2700 Saula
TTTCI\Tl'Tl‘TTTCCATATCCCTCGATTTTTTGATC

sauad 1650 raql., . 1700
PHO8-322 CAC ACA TCA GAT cca cag gac 288 tgl ggt cgc cat gat cgc gta gtc gat agt gge tcc aag tag CgRaagcgagCcaggactpgzgces
His Thr Ser Aspil’m Gln Asp Gly Cys Cly Arg His Asp Arg Val Val Asp Ser Gly Ser Lys Non
1750 . . . 1800 .
gcg«.:daagcgglcggacaglgctccgagadcgggtgcgcncagaaattg‘.atca.\cgcataLdbcgctagcagcaugccatagtgactggcgntgctgtcggaatggacgatatcucgc
1850 . . 1900 . .

aagdggcccggcagtaccggcaldaccaagcctatgcc!acdgcaLccabggtgacggtgccgaggatgacga(gagcgcattxttaga(ttca:acacggtgcc(gaclgcgttagcaa

. HindIll . 2000 EcoRl
u.Laactgtga:aaac:accgcatuaagcttaugazgataagctg(caaaca:gdxaa(tc

B 5-2. PHOSE(=F ODNAMEE A Y. PHOSEMR F 2 S U EcoRIVINT A (KBEEIEHE
ﬁi%—gw) D5 SauSATUIM A (ARG I E 2705) ODNATF O REKEY & T h
5FA X4 BrALPaseDd 7 3 VBRI Z o R VAR L . pALI38 & pALI2TA 5
@iﬁgﬁaﬁu?-—y%mlmwﬁﬂ (BRI AIE 1459) » S Sau3aAlVIMT M6 (B
BRI R AT 1630) 2 E R CESE LS. % 0 BidpAL127 (KI5-1) ©pBR322&S.
cerevisiae DNAD Sau3Al/BanHIE £ 3B (1 /> 5 pBR3I22DEcoRIVIMI ML £ TOEH A
FlTHB. % NAOPHS DNAOHEIER ML EL1633 (2> OEBERHTRYT) o
THOEBERENE X AVBTR/IXFETRLUAPBRINZOEREFCESESHRZ TWL
2. RRTCETTANSFUyBRBIN-7) oy FEEESESTEATMAERL
TW32., ORF2 ' LA TOoOXHIIHK B 23 1NIEEOREENARYT. FHBERELE
-320 FH & XHEPHOSO T EREMIEAERL, -18~-24&-83L-TO/NEUTF
& REIREIRMESMIEA TH 5. PHOSOUAS (88) LHflos->oEY % —&
(UAS T&HM) I T (VAS 1TEHE) oBEBRTHATWS.,
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PALI2TE pALIS A S B O N A BEREIOER T IMACHETI ORI B
EMdote 1518FH. 1589FH. 1633FBHTH %o CH 5 DEWVWIZPHOS DNAD
Je—=VY S RAVEEOBOVWRIBELEELTWS, pALI2TK 7 v —vibdh &
PHO8 DNAIZP-28-24CD & DT & % ». pAL138ic 7 v — »{L & 1L 72 PHO8 DNAILAN22
(48) . YNN140 (121) . FI16CO3K O ORERIC L >~ TH SN KTT-6DDDNAT B
36

HEZDLZPISEETEROT I/ BREH
DMAEEEFEZREFLAMBCRBES-2CRT LI 2 DORFBEREL T Wi,
1213405 bph S B/NEORFIT, &5 1 2121,698 bph 578 320RF2T H %,
D2 >O0RFORIIR184 bpLdBEELTVRVWY, BRBOA vy rtoryriffEaANT
W BEF (TACTAAC, 67) WRO» o4 o> ko PHOSMIEYMOKE &131.8 kKbTH
D, ORF2O —T&H 5 Xhol-Hind NI F Z R opALIMZ R EFICHIRAEE B &
PHOSH RiE(MLEN B T &M 5. ORFINMrALPaseBEHHE 22— FLTWEEEZ SN
%o

ORF2D SHFENZPHMEHER., 566807 IV B» o0 R 23D FRE3,0510%
HETH %, VKMo 7 I/ BEFNOBHIUEFE»SBFHHI»ITTHERT
I/VBASECHBAL ThieHVTHUEEL SOIFH R THAKET 3 /7 BH
ZHBRTIETH 2. BRNEB»PSNEHECii Yy y& 204 =12
BHEHLTWS, a FYyo@HBEFERBEAERD B M > 7o rALPaseldN-2 U 2
YPEBEABTHI O ENAMONTUVS (94) o BHOEATE L7 A5 F
.‘/?&E(iAsn-X—Thr.’eﬁtiAsn-X—Ser (XRB 7RSS EUVREETo Yy YEHADOT I 7B
O EZHE>bDTHBEEEDILTWVS (69) o HFSH HPH87 ¥ / ERET|
K EHEATRLE TR FUryBENIBBEHLOUFE R » - o,

HEXQIPIBEAREBOTAIYREER T 74— ELORE

AKBE7VA U RZ 7y s —E¥EBeovY YREMKSBEBETRERS
DY YEEMEOT7 I/ BEFIPIKFEFIRATHSE (20), £ FEHRT7T VD
YHFR 7 ~¥BEFO I/ —ovrah, DMERRBASPREIATLES
(19) o TN S EPHOBDHEE T { /BET EOLBERIT » 2o H5-3KFT L5112
Wl obDBEWELUEE RS HIE (41-85%) BHE-o»b, oS5 BHEAKLI. 2,
4R350 7 VA YHFRRT 7y s —FicHBLTHUENS - o KBEHEEE b
7 v VHFR7 7~ ¥OFERTL) VEBRAK 2 CFET 50T,
PHOSHEF EAHEDI123HFHO O Y v EEVEUERLLTH 3 ARSI F V.
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A -211 449

E. coli 13|

pho4

Veast 1 56?
eas I -

PHOD B[ Hils[el ]
T i
uman

PLAP ‘ \ E : J

Region 1 Region 2 Region 4

phOA 43 KNIELLIGDGMGDSEITRAR 99 UTDSAASATAWSTGUKTYNGALGUDIH 316 GFFLQUEGASIDK

ox = ses #®  wewmew ass . wkuw sre exan e e

PHO8 €7 kNUVIFFUTDGMGPASLSMAR 120 UTDSAAGATAFACALKSYNGAIGUDPH 319 GFFLMUEGSRIDH
4%

5 & & %8 Ll s A4 & sas & AAAK KES AAAX

PLAP 34 KNLIIFLGDGMGUSTUTAAR 89 UPDSGATATAYLCGUKGNFATIGLSAA 305 GFFLFYEGGRIDH

Region 3 Region 5 Region 6
phoA 254 PLLGLFADGNMP phoA 345 pEAUQRALEFR PHGB 371 tSDHETGGLUT
PH(8 272 PFLGLFADNDIP PHOB 343 DERFavULEFR PLAP 345 vseenTLSLUT

X 5-3. HE SN BrALlPase7 ¥ V HENEREERCE FERT VA YRR T
4 —X¥DOT7 I/ EBEFEOLE. (A) SEOTAVIIVHREFTRT 725 - EDO—KR
B KBRE7AVAYERZ T2y —F (20, 58) L bHEBET AR YHERRT
F 5 —% (19) O A4 FRESOHKR, SWorbovysrFrrENERLTY
3. Choo@MEodb, PR ELZETHUOEFINPR SN HBKEES %
Hitt., ZECHURFBRo» 3B S SEERI L. BrBN-77V 2 ¥
FRIEHOEATRRMLERYT. (B) BURFABR»2HE07 ¢/ BEH L
#®., EMRE—-7 I /VBBEARLTWE. T7TI/BO—-XFRILR, 77
viC YARFAv;D TANIFEUVEIE SNVIIVEF, 72207 5=
G FYYvryiH BExFISYsl, 4Avesdrryi K YPriL vAgyry
M, AF A=V N, TR~3FY;P, Tu)v;Qq ISy iv;R TIVF=V
2S, Y YT, RVA=vi VN, NYVY W, PYTETrrY, FuYUTH
5.

{

M

PIORD S U3 {THi S O DNAKE IR 7] 0 45 1
PHOSD BREREIILATG T F v o5 L D989 bplFIic it 2 > DTATA box LA 7
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B-95E-125DHBicEELTVS (K5-2) o 5 bp (AGCAG) OE—EMNEEL 2
M1l bpOBIOVRLEFMOELEL TW B, 1 D IXAACAGCAGCGCESY] (HS-2d1 DK
HI1) T% 5 1 22 CCGAAGAGCAGES Y] (RIs-2f D &KHI2) T& %o Nakao5 ldPHOS D
5 KB ICPHOSO REFEH T L EML 2 DDupstream activation site (UASIE
UASII) 2B WVWHLTWS (89) o & DOUASIZCTGCACAAA/T)GOHLET] & A+TEE
REF M S >TW3, PHOSOFBEIIPHOS & [E U FEi& =T (PHO4. PHOSO. PHO
81, PHO85) O XA Ficd % ® T. PHOBMDTATA box® LFfHIKIC C D UASE I B &
HELTWEHh EIDTANL, RLEL—HTI3EFE 2o VWAEDRLET 10
bpD 53 HBI bpD I R 7 » FEHFT LUASIEHEMU LRI 2 # A, UASITEEBIL
-EFINLAFEoD S (K5-2) o THSORFNERICPHOSOFEKBR T L TH
HHLTWEIHLPREBROARBLETSD 30

5 FRICEET AEVORFLIZ Z OB REBATC F » © 80 bpic TATA box <&
ZZoNARTIETAGEIE 2 F D TFTiKicZaret & ShernanMiRIB 4 2 Iz B FHE
(151) 2F->TW3, CIOORFIORFIH>VWTRHEREL TRV, LULHhL.
ORFIN D Stul#Ar (-4240 L&) 18 bpDBanHl Y ¥ — 2 AL TORFEHIEL
THPHOBOFEBR I REEBR VI LRASHhTVS (42) 6

PHOS® 3" F i fIK Ic idHenikof f S MIRIB T 2 REKEET (44) LHMUL LK
FIH1723& 171352 ficEET 3 (H5-2) o % fo. Zaret& Sherman®2IES 3
EEREEDE (151) ORKREoS> b0 2 >t HULAEF 1719&£ 18191 Ao
%o Bennetzenk HallOBIBT 2 HEEREHE (9) LHUTEbORRoH 5
L2 SR

PROSO B BB B R © R BT

SIRZ LT =¥y BV 2> CPHSERFOERBMIEREZREL o K Y
vERE E B Y yEEMTERL AP-18-UCOEHEM» S TR TN E Y (A)TRNAZH
Bl Lto 40pg (ERY YEREHE) RiZ100ug (BY YEEHE) OF Y (A)'RNAE T
p— 7DNAEERBALEA SR, SIXZ7 L7 —E¥MEEITO, Maxan-Gilbertiic
o TMBLEYe —7DNMRABEERTERIRTZIT > ke 7o — 7THHFEDINAR
Stul-XholWr B (-424D S +54, K5-2) %30% DMSOZ Al W7 HUGHDNASY Bk (T76)
THE L Xhol 5 KIMECPTEBRULCERLL, W22 DSIRXR I LT~ EFEE
A SRHBEh, 2oy - YRUHEZGETCOROBEZHETTOEALTH» L
(H5-38) o BRHEINABNN Y FPORXBEEAT v P A -y —THIEL. EH
LERNMABE2ZRLTE NN Y PR T 2mNA0 B2 7 5 7 THRIS-IBIZ KRR
Lo -2Hh00EENRELEL. LArAZRETHE:. BRNHEHECHHEGD
WLEBMLT WY 3, ~18» 5 -0HE» 0T S RMHEIEF T2 50 5 3FHEMN
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low Pi 1l
-41 | 4 ‘

:.”' 'I +1
iaccAccArrAccccacaifiirtcAAcccscaitancacc&:cazeacr
' U] ' ;

s

high Pi

K5-4. SIRZ VT —¥<2 9 B 7iIck 2PHO8ERIBAORIT. (A) 5 KIiE
BLUStul-Xholli F 27— LTHWTHOSA A -T2 57, 10
ng® —AEINAT v — T2 FHY YEEEME (1002 g RNA) BRBEY YEE&H (40u¢g
RNA) TEZHLAHGPSHB LARXY (A)'RNAEZH T L& EE L. DNA-RNAN
4 7Yy b %100, 300, BRIZSOOBMADOSIXZ LT —€TISC, HAMRIEEE 1L
%, HEERVNREHKEY 72 Y AVT I FFvTMaxan-GilbertiEic k3 v -7
DNMRIGHK E X BLKABH L. (B) Sl v Iy FOME & HMNELR
BE. PHOBEZEM oS X2 W IG T s MERMLBEcHMBTCRL, BOoRET Y
FOMHMOMEBELER L., +1&-41RZFNZTHATCaI FYyo1HFBHEZ O LG
MNBHOEEEXRLTWVWS., SIRZ2 Vv 7 —ERETHE LA REIE T % Maxan-
GilbertRIDICE » THLAMA X 1.5EEEBIBEHT 2 (116) .

LTW3, -1¢&-8250EEREMGO) YEBEEICK » TE{LL X W, PHISD
ORFH IR SN MR ERT NY FR2F Y X7V 7 —EVINEETRRE &
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N1 (F—2FEE oT. EEMBAPSRBA LKL, COHkiCPHISD
EERI-SDOHEIPSHEBENTBD, - 2ho0EENY VBICXZHAGHEXZTY
ZEREETCHBLIENDLD - T

PHO8-3221kphod X REREMET 3

HHREEETACPYOBEERFHES aE— 7 — AV THEMsE 3 L,
pepd (= pho$) ERLERAD TCHEMLEIET S (119) o FARTEARBF 4R
BRI D IrALPaselc P WVWT b Ea i, UL, B4 ETTHNIPHOSIXC K
27 I VEBBEET I - F4T 52RO MBpBRIVCEEALT. RARMERERS177 3
J Bl o TW3 (PHO8-322) o £ O T. pALI01Z X pALI0ITHIZE & 1 72phodR
RERONMEBRRPHRIIERTFHOEMIC L2 b0 PHOSHEHE O CKRH 0 &AL
L2 db0hEREL

27 I/ BENSTFEMOPHSER T 2B 5 o ic, PHOSEME F OORFO —&F &
z@5 LHEEEEE1.9 kb BanHI-Bgl Il % pAL127TA» ST B L. PHOSDCHK ]
ZHopALISSDBRIIIEAMIcH AL Bohric 75 R 3 FpALId2d 552 XPHO
SEIEFE2 A4 kbDEcoRI-PstIWT R ZEIIN L., WAMZTL DNAK Y # 53 —ETH
BRI E L%, 10 bpd Y v ER{LBamHIY ¥ # — (5 -CCGGATCCGG-3") %2 &S
L %o BamHlLEL?‘:?&\ YEp13DBanHIER A oA L. pALnstnLPHos:g{z:%@
HEtEEH > 75 2 3 FpALIAT2 B L 7z, PHOS-322%F-Fa K —-F 352 T F
pALustw%%oz: E— 735 Z 3 FpAL147%K118-1A (pho8 PHOY* pholl) &
K118-3A (phc8 phod phol3) KFBA L ks Bohfle' EEERELEY v# B
FUEY vERAKRBHcEZEL, THrHVHRR 777 —EERZAEL 2 (&
5-4) o MHEEE bpho8ERL R Lphol3XALTEERF-TWbDT, HEENS
BEREHR T2 I FHROPHOSERTRBAOERLEA TEL W, PHO8-322%FF
S pAL119T I3 7 £ ASK118-14 (PHO9*) T HK118-34 (phod™) THHE L v 1L D f¥
FEMEPSE SN, L L, T2BPHOSEF D pALI4TT i phod ™58 T PHOS ' TE
FIERTHIMOBEVWEREEEZR LA, COHREH» 5. PH0S-322DphoIARE
BENMERSRIBEEFHRoOMMIcts boTidBR, PHOSEHBE D CK B oL
bFEHELTWB I EMRBEI NI

ELRIDIEARHERTH D, Bavr—7 523 FEMEHL, FHEREO
FAHAYHEFXT >y —EEBLERE LR, Bav¥—~x2 2% —& L TCEN4A& ARSI
2 -oYCpl9 (97) % AW, pAL123DPHO8-322% &3 kbDEcoRIW A & pALLI4TD
PHOSZ & &4 kbOBanKIMT % £ N Z A YCplID EcoRIF AL & BanH I AL i A L T,
pAL126 &£ pAL151% #EBI L f2o 524 7APHOS8Z H o pAL15S1TI3K118-1A (PHOY*) B E
TREEHREENS SN, K118-34 (phod™) BETREESBRB EINE D, - 7

’,
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E5-4. PHOST: UPHOS-3227 5 X ¥ FiaRFoEHEGREOWMHET LI YRR T
7y ¥ — EHERE

B\E 73523 K2 rALPasefE {#®

B Bk BEi=TFE &Yy vER &Yy ~g

K118-1A pho8 phol3l YEp13 < 0.01 < 0.01
YEp13::PHO8-322 0.19 0.45
YEpl13::PHOB 0.10 0.50
YCp19 < 0.01 < 0.01
YCpl19::PHO8-322 0.01 0.04
YCpl19::PHOS 0.04 0.08

K118-3A pho8 pho$ pholl YEpl13 < 0.01 < 0.01
YEp13::PHO8-322 0.14 0.49
YEp13::PHOS 0.05 0.13
YCpl9 < 0.01 < 0.01
YCpl19::PHO8-322 < 0.01 0.03
YCpl9::PHOS < 0.01 < 0.01

K143-1C phol3 0.04 0.18

P-28-24C EF AR 0.09 0.37

a pAL119iX YEpl13::PHO8-322, pAL147!XYEp13::PHO8, pAL126iXYCpl19::PH0O8-322,
pAL151i2 YCpl9::PHOSE TN FHKXHL LTV S,

b BRS BT I/ MEMALL DlOFHY vEBELEMCHMERLAEEKEHE
KTIE#E» 7%, 2 nlOBEBEKCEELL. 0.5 nl0EEBBREERT 27T
IJBMEMA LS MlOEY vEELEMS S VIEY vREOEMICHEEAL,
28°CTIS~ 6B IIRBERE LA, BontHE» SMBRABELHATE Lp-= b=
T NY VEAERBELTT VS YRR T 75— ¥iEH (B ng EEHE
ARE LA, K118-1A, K118-3AKR U'K143-1CTRPHOEEFERWBELTWVWAS D
TpNPPaseiFH B EH T X 5.
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LA L. PHO8-322% 3 DpAL126T 3 phod BETHIE VAN S bHARTEHMNKRE &
Nt > Ty phodERZRRE K —-F 52 I FTOPHOSEHHOOBR AR
Lo TMEENZH, PHOS-INNEHHEOCKMOE/LR ZT W EKE T bphodRALRE
EMET B EBbd o o

Sa/B B/Sa
S P EPX E S P Hag SH XXH E Sa/B
pAL119 -
LEU2 < pPHO8-322
BS PEPX E S P HEHB S H XXH EB
pAL147 I B N e ———
LEU2 < PHGR
(E)P P SB H X X E HXXH SHEPH(E)
pAL12G 1 1 | li Lttt 1)_\1{{11 i
URA3 CENG —>PHOB-322
(E)P P SB S HXX HEB HX  XE PH(E)
pAL151 L e e
URASZ C———pHa8 CENY TRPI-ARSI
kb 0 1 2

X 5-5. pAL119. pAL126. pAL147. R TpALIS1IZ 5 X I FoME & HBREBERMK.

HEEBERIZFOTRRLAERTRIBEHAEB LIS, cerevisiae DNA%Z,
# 3 pBRIIFM D ODNAE, TSR BHFLIILDIDNA»SODINAERLTWS., KHR

PHOB T PHOB-322DORFO I E L FEHHERLT VS, HIBRBAVNBLOKE
HE5-1&BLTH 2. FUHDOECORIFLAEBYCPIMMEROBILHREEINALbDER
LTWw3,

Haf BK

WY v L AEEEMAEZH TVARETE LT, PIOBHIA K 6B &
bA4-oDEEFHEHAONT WS, MHUEMERRY 75 —EHEEFPHSE T DT
4V ¥4 sEEFPHOL0ELPHOLL (17, 102, 139) . Z L CHHEHERFOL 2 TH
ZPHO81T & 2 (148, 150) o CA SO EitfAlIcE, VvV vEIC X DFMITLE
REFBEANBEET S EHBE AN 5, Nakaod (89) & Bergmand (12) BEHUL
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I BEATL I PHOSD LR O REE BRI » 5. 5 -CTGCACAA(A/T)G-3 B % Y ¥
B2 EAGCLERENTHIBELELHELTWS, —F. Hinnend XPHOSD
9(9&’255‘%%@*}?&P_}{_Q_I_I_UJDNA*:EEEE@J&:@J:tﬁ#6\ Nakaod & Bergmanb & R EX
ZEH (5 -AYUTGYTAATTAUCAYUT-3 : U 7V v, YREY I Y v &/iR¥) &YV
i ls2EERAGCLERLEEF & LTRBLTWS (106, 111) o Nakaos &
Bergman s S IRI84 2B & 70 SO F MU0 » 5 P HPHO8D EH# -799. -694,
42k EohnBM, ChooBEEr>VWTRCA»SOMETH 50 HE. Ko
I X DPHOBD VB E— 5 —RITVHEA TV S, PHOBDEcoRI-HindIIl (-989~
-162) Wi K 2 UISS-laclBEFOLHCHAL, COBMABRTOIlen?ETORE
EFARIER, B-FS5 7 by S - EOFHNERY BRI TMHsNB L
Bhbhbh, PHOSORBAFEH c LELHEABIB. -162& 0 Lfiics 5 EBbh -7
(42) o o1t FLHRHEHORERZREOBI» 5. -104H 5-616F TL-5480 5
“502FE TO2oDEBBSPHSORBEFMc BV TWLWB EEXLSNTWVE (KEZ.
) o

PHOSO B ERMEARERBEAEL TVAN, WFH bCATTA» SR BEFFEFE N
W2, Hahnod REERIEA O v &4 2EF & L TTC(G/A)AERRYRR (RiZ 7
Dy, YREY T YY) RERIBLTWS (40) ¥, PHOBOBAEREBATRE 57X W
TATA box& OIEBE DB {% T i Nagava& FinkASTATA boxd & F 60~ 110 bpd iz
GEEBIE AN S B EIBIBL T WS (88) o PHOSTIZ-125& 950 (I E {CTATA boxH
PEFMBESND (K5-2) o &5 CEEMBAY - I~-TOfBCRENLC
Lo, CONFTOTATA box BB ERICEIEL T2 IHRRIENS 2,
rALPase B UK MBI BELE T ACPYTREIE—T 5 2 ¢ Fic X 2 B8 EET.
pepd (= phod) EAZRMBMESN S (119) o FEIRTHR M rALPasel D2V T b
Hwmant, LMoL, CK227 3 /VBEEE2 - FT 28 MPpBRIVIEFBALT
B 3177 3/ ICED - 1o EFPH08-322T k. T DCKT ¥/ BEOELEZ
NEET bphod EAZEREF[CMET 5 B bd > 1o PrAECPYOREKTH
PrA (PHOYEEM) OIEH I LV VIM SN Z3MUBNKRMTH 2L PBbDhr>THD
2. rALPaseDIE A CEOLIL I LV PrADERIALELEL LB BHDOT, Pralc
raummiackBlicb zob b L, B, KlionskyE EnridrALPased’ i
S AMEThD, VENZALCHBBELEELTBY., CRBORTF FH
BEBEATPAR LD VBRI I EEHMELTVS (61) o

BS5H O EH
MEE7T LA VR 7 > 7y —€OHEEEEFPHSE ST 3,694 bpDDNAKTH @
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EERS 2 RE L, PHOSO BHEREEH & L T1,698 bpDopen reading framed &
ELTBYD, 56607 I/ EPONRIATFRNAHITFTOEREZZ-FLTW 3
LHEESN:, HEENET I/ BRENPCRABERCE FiaTrH Y HEE
27 79— EEHARBNER SHESEEL TV, i, N-27Y 2 v FEHE
BOHEEGLIBTANSFUVEREN2ZOBEEL TV, SIRYy EV I RIDEE
s 2 AT LAER, BREBA» O LHE-PFELEERBEATS . 4
EoBMEBRIECEHNbhroTte BEFHREEUREHANLZ I LR LD,
pBR322E B A LT, CKLMEOT7 I /VEBHBIMTHORL ST I /7BREFKELLL
PHOB-322BEF TR, 774 F—¥ARIZFRANTODARL TS, FUWiE
WAERTTAIIVEFRRT 7 9 —EILR>TWBEIENRRE NI,
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¥e & i.cerevisiae@%img—:bn7x:w$x779—ﬁ
BE&EZF (PHO13) ODDNAKERIREL~y ¥V T

F1E OH
S. cerevisiaed MBI R P Ep-= b7 ==Y YEEAEE LR, 2
BHOTAMVI YRR T7 72 —EBBREEASE (4, 36, 131) o —2@FTRL
NTCELEEBREOE VWA TR H130,0000&E7 A Y EFRRT 75 — €

(rALPase) T. 9 —2lA2FE 60, 000 EMNp-= b2 7 2=V FRXT 7
% — # (pNPPase) T& %o pNPPaselR MO BB Y vEOFEE DL > T HK
MiuckEanTtesy (131) . BREEFTRALSATVWAEERp-= b7 ==
Vi (5. 06, 36) EA-AF AU IRYT2YNY Y (82) DB TH D BRFE
i Mgt it X D IEHES LB T 5 M, Ca®'. In?', BePtic k- THFINS I L
(5) « MY vEE CATPHSREHBEEHNE LTEHHN, Eay YEBEAMPBEELR
W EBbhoTWD (6)0 LML, COpNPPased AR XLALAMWTSH
2, FINEEBEERERE > TV I IR Ty 9 —ER VY FOHDI 7Y
— 4 (35) . B FEMER (100) . Streptococcus mutans (62) THRIEIN TV 5,
CHh S DOpNPPase IO A A vt KMEELTWE EEX SH TV %,

A TIIpNPPasel A EETF (PHOISEMAB) 27w —=v /L, ZTODNAERK
FIZREL, SO ARFEEZUSTFARLRERSBECL > TRE Lo &
fo. REEFOPIOISEEFEEZHE L CHRBYEERCRFER T2 EEEZHA
Nz, BEREERAOSNLD - 15

e

E2H EBRMBEIERSE

FRE%kESTSZXIF

ER LB EERIE-1IC R T, SHIG2&SHIs4D 2Bk R KRR FILFHBET
SHEEBEREL LV W, SHIMOEVIREBERIRADIETHH I L2 >0RHE
MR ICE > T W3 (141 YPHIAIEEISE) . BEODO TS5 2 3 FINAOFE TR K
BEEIA2 (BamcRR) 2HAWE, BEINASA 75 Y —idlin B. Hicks K
(Research Institute of Scripps Clinic, San Diego, CA, USA) » o35 a&h
oD AEBA LI COINAS 475 Y —id S. cerevisiae X10-1B (MATa HO
his5 ade5 urad metd) DO DNA%EMbol TE4I4 ML T, YEpL3D BanHIF AL A 3A
ATHEBRLEBDTH b0 ¥ 770 -2 i0ldbdR25—-7T52IFELT
YEp13 & Yip5®., HBIVRBEBEOD/WOLDDOT 52 I FEERT 572D ITVCF3L
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YCFA (EBHEKIDAE) 2 @A L. YCF3i3pBR322& % £ ©URAS. SUPIL. Y #&
Pl (7o 2 7HRECHRVPELEN) 578575 X3 FT, YCFARYCFIDSallif
GTICBERCENAZ S L 1.6 kb Xhol T A ZHALAT S X I FTH B (141) 6

Fo-1. EAHLABIEK

B bk mEETE
NAT4-34A MATa pho9-1 leu2-3,112 his4 canl
NATS5-2A MATa pho8-2 leu2 his4 trpl canl
K143-1C MATa pho3-1 phol3::pPH13 urad leu2 lysl
MATa pho8-2 ura3-1,2 leu? trpl canl! his4
5016AC
MATa pho8-2 ura3-1,2 leu? trp! canl +
MATa HO ura3-52 pho2-8 his}
M107-5B -
MATa HO ura3-52 pho2-8 hisd
MATa HO ura3 pho?2-8
M119-7B
MATa HO ural pho2-8
MATa ura3-52 ade2-101 trpl-41 lys2-801
SH962° ‘
MATa ura3-52 ade2-101 trpi-A41 1lys2-801
SH964° MATa ura3-52 adel ade? trpi-41 lys2-80! his?

Johns Hopkins University School of Medicine®Philip HieterEK ® Rk L %«
B2 RRAXKELFEFTRE IXHEEBEERIOAFL .

4 ] 3% 3o
BBokLbOTLEM, BAOEM BTERBHRIFEF2ETCRAALLIRLT
FELfee KBEOAHONB, LB, MM R F4E TR ELI L THEL 7

WARF 0 F %

R, FBFREER. FERE, -7 —-—0ORE. BRBRUVCKBHEOEEKRR
RIETIRABREFETIT » 120
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DNAMT F © 43 ¥
7352 FDNAOFEL, 7H v -2 VvBEXKE. FIRBEROLE, DNMEERY]
REREREAEELESBEETCRRALEIILTIT » o

*R7 7y —EHBEORIKRTUE
TAANVEFRRT » 5 — ¥ EROREL I = —RBELIIBUERTT VALY
x27 7 —HYOBFEURBRIF2ELHEITTANALICL T » 70

VKT 4 — N FXFVBKKE (PFGE)

e ADNAK Bl o 88l Carle& 0lsonD 7 H v — X E (24) K-> T » 726
S nloT M c—BERELAABEEEZEBAL, 2 nldJK/H50 nM EDTA (pHT7.5) T
2EBE V. 0.3 mlD50 nM EDTA (pHT7.5) ICHEE L 72 37°C 0.3 nld B & B 1& i,
0.1 mlDEW® T [1 M sorbitol, 0.1 M sodium citrate, 60 mM EDTA (pHT7.0).
5% (v/v) 2-mercaptoethanol, 1 mg/m! Zymolyase 60000] . 0.5 mld1% {£& S
7H e — 2% [Low melting point agarose (BRL)% IS T 0.125 M EDTA (pH
7.5)iE» L THEL, 3TCCcRE] 2L BAELALE. 0.1 nlF>27 m .y 74
A% 3% (Pharmacia-LKB) €@ LCXKLETEL&E®f, ELATHe -7
vy 7 %10 nlBEOF v+ » THABRECHOHB L, I nlOBE@EDT [0.45 M EDTA (pH
9), 10 mM Tris-HC! (pH 8), 7.5% (v/v) 2-mercaptoethanol] &K # L T37TCT—
HREE LA REBHEIZICHOBE, | nlOE®EM [0.45 M EDTA (pH 9),
10 mM Tris-HCl (pH 8). 1% sodium N-lauroylsarcosinate] &350 g 107w 54
F —+ K (20 mg/ml, Merck) 2MA T, 50CT—HRE Lo WM EXLCED
BR&. 1 mlo50 mM EDTA (pH 9) KB LT, k¥T5& TICTHREL %o

BRKEBIE~FH T F VEBMDOPulsarphor system (Pharmacia-LKB) % F W T,
WOEHETIT >t BBV IRIOXI0X0.5 cnd 4 XDIETH -5 N (7TH
o — % 1600; FOSBALEE) <. KEBHMLIL0.5X TBE (45 nM Tris base, 45 nM
koo @, 1.25 nM EDTA) 2@ A Ltce 7SN R 9 4 A 120F. EBELTOVT 4085 [
KB Lo kBB, YA EOSpg/nlOF Y aTo: FREBGTREBEBL, BE
i3 O

4 rTa.y PR ,
NWVRTZ 4=V FFYLVERKHR, BELTEEHBE LAY VZ20.25 M HET
W0 MEBBTHUBE L, Southern2 B (111 RWEISWARK—LVHOT 2 b a—-a
IZ9E » TDNAX Biodyne A7 A1 v v 2 v 75 v (FL% 4 X1. 2y, Pall Biosupport)
I Lo 7o — 7DNAWZFeinberg& Vogelstein (33) o HFERE IS v AF TS5
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4 ADNAS NY v+ b (Anershan) ZHOVWTHS LA, BKHEEHI®EREY v ¥
V= avhw vy — (FTah LSC-1000) A\ TCerenkovit F 2 °HF + ¥ 2 0
THIE L TKRD o

Ea3m ERER

PHOI3SEEEF O I v —= v S

PHOISEEF 2 S UINAMF 3. PHOSERTF O/ v —= v S ER DKL, pNPPaseil
MEIEREEIFSINAMAE ELTABEL 7, 1.B. Hicks KR S5 35 sV BERDNAS
4735 Y —®ODKA% A\ TNATA-3A (leu? phod-1) 2FHE&EHKE L, H1l.6X 10D
4 v vHERE (Lev') FPEGEHBGEOTAD YRR 7 75 —¥iEHEZp-= b =
T 2= Y vEEARBELTHNK, 52070 VxR T 7y —EHFEHOR
ML (Alp*) av=—HBELHL, FRLEFNARLSPVWTT S X I FREEREIT-
2o RAEFREM CERIB a2 - %2FEIC20~25EA T, TOAIDKRE
EleuXBEERHA N, TOHR, AP RBRB B Ler RRAV AL 120 - T,
TAHIYVHEEFRR T 2 —EFEROEERTIRIFREBEELOSND, £ I T,
BohiBPHERGE» SIINMAEFHL, KBEIAZ2ZIOFEHEERERIKERAL, 75 %
I FORIRERA I, TYyEY ) YIMEEEERES» ST 7 23 FINAEHFB L.
THe—-RF VBRERABTHRLALECA, RFRBOENRZ2EEOS S X L F
BEONI, NEWVWEH (3278 —v) BE UEcoRIVIKi/¢#s —vZ/RL. K&aWwH
(27v9—v) ALY A XOBanllIlf R B/B St NEDOT S5 X 3 FZpALL.
ABDT S5 R FEpALSEGB Lo FHMBRHMRBRAMREZILE L AER, pAL2
EpALSic 7 v — vk dhDDNA R k@B IR E S . mME IR SDNA
MEBse—vbahT0waleEHbhorfo BEHRNMIL-AEAID KT ST IR
I FELTRo3IEBoa g REL SN B, (i) PHOV' ERERTE2HL 75 2.1 F,
(ii) PHOB*&EF 2L 75 2 ¥ F. (iii) pNPPaseliBHERTFEEL V5 2 3
Fo  (ii) & (iil) oBARBETHERYROLDIRAIP KRB BZEFZ SN
2, L L, B4Z TR~/ PHOSE IR FONAWIH L pAL2R UpALSic 7 v — v {L & h
ZDNAMT R o SRR EVWRER »TWwWE 0T, (i) odfEliRBRATE
%,

pAL2i3 #95.3 KbD DNAMT H S YEpISICf A & 7216 kb 775 2 ¥ FT (K6-1) |
BAINTWVABDINAMH BanHITRYVIDH LARARTH » 720 pALZZ ¥ D phodR
RERG EphodERLERKDpNPPaselEW 2 HET 2 &, BEHOHNIB{OENL %
RLE (FE-D . LhL, Bi2kRT LR a-F7F4) vEHT 2ERG
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HEHKEBELCT, BELTVER >, B, phdXRLERORRBO—-2TH
BMFERAECOVWTHEBRIRAIONADP 2o SRRSO LR 5. pALZEHR
PHOYE = F TR 7 . pNPPaseD MMz F (PHOIZE & &) By e —vitashT
WD EEEHR Lo pALSIIphodEARLRZEZME L. S CPHOGEEFHEICHAAE
haoeEho, PHOVEBEFH 7o —vibdhTwa i &b (KRFEXK)

#£6-2. pAL2Z 5 Opho8 X UphoSERZEREKOT A A YRR T 7 5 — EiEHK?

TAK YRR T s — EEE
(Bifr/mg EHHE)

B Bk EEFH pNPP a NP
P-28-24C SR 0.13 0.03
NATA-3A pho9-1 0.07 0.00
NAT5-2A pho8-2 0.09 0.00
NAT4-3A/pAlL2 pho8-1 [pAL2] 2.3 0.00
NAT5-2A/pAL2 pho8-2 [pAL2] 2.1 0.00

T MERTI/EEMALEGY VEREVENMCHC-BBERLAEG» SBRK
ZFEEL, TAHIYHEFRT7 s —EFUEREL . BEHAERIT TICRED
LitHETITY, BEHELTp-=re 7 2=nY Y (p¥PP) L a-+7F Y
VB (aNP) R Wi

pAL2 L O PICI3H R F O MR

PHOISEIEFOMBARD 5 7o, pAL2X D FEFE T 5 2 3 FELERL 2o pAL2%E
EcoRIFK R HindlI [ITHA LB L. BHEAZITWV. RKT I 23 F (pAl2-D¥ Y —
Z) 287, ERLARET 52 3 FONMMU-MNE2EEEZHRL, BohtPHEEKR
{k D pNPPaselEM £ T~ o H6-1ICRT & 51T, pAL2-DID A pNPPasei&EtE % L H
E¥ 2 EHP S, PHOISEETF BEIndITIVERMNOLEMicd 2 EBbh - T,
& 5z, Hindll1d 5Bglll ¥ TODINAMF 2 YEp13ic# A L 72 pAL15i pNPPaselE tE
FR#EEE > TV (K6-1) o pAL2-DID 242 DNATR S & LEU2ZE (X FDNAFR 43 % ¥ >
8.7 kbd Xhol DNAWTF % pBR322D Sall YW AL i< # A L 72 pAL1613 55 \\ pNPPaseid
tE ERiEERLE (K6-1) o T OFH\WpNPPaselith ERFES S Xhol VIBTE AL B
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PHOISEIZEF O RV HEBIL I B ELEEL LN B, - T, PHOLSEE FRIKE-1
FF ES I EMAEM T 2Hind 1IVIK A S BeoRIVIMTMBALOMiIcd 3 W L fo

1 kb
B/M BgP E XE P H E M/BHEH P BgS E  XBgPE P Sg/M
L L

{ IS 1 UO N I | i . \'

24 LEU2
\‘ ‘\’ p NPPase
Plasmid Bg P E* XE P H* E hey activity
1 i

{ | | | | | |

paL2 | - oy
pAL2-D5 ¢ ] — -
pAL2'DG C ) E—-—pf —
pAL2-D7 C - - . -
pAL2-D1 [ ) —_ —_
pAL2-D9 [____S ] —f +
pAL15 f—?/_B[ ] - +

g
pAL16 jr T /_’T__;: —f +

HE P S/XE P H

pAL55 u ]

0 1 2 3 4 5 IBkh

i l 1 L | |

K 6-1. pAL2OHIBEXMKE 2 0FEL T 5 X ¥ FOpholHREE & TOpNPPase
EWH LEH4E. 752 3 FpAL1SI3YEpI3?d 0.5 kb BamHI-HindIIIKH %2 2 =2 — »{L
B2 I DNAOBglII-Hindl 1M/ &EE&BACTER LA, 75 X 3 FpAL16idpALZ-DY
®8.7 kb XholWiFr % pBR322D Sal I ICHA L THER L . 75 2 3 FpALsSid
pAL167% 52 DNAELEU2 DNAZ S L HindI IR 2 REASETERL A, MK XK
W, BHEMABHIVEPIS DNAZRL, HEEBHBLIBEROIBHB /o - V{LER
DNAZRY. BEERAA2ESCREBR VRN ARERENEREL AT LZEZRLT
W3, HIEEEAIRPHOISERE FORFOMEEHFEZRLTWS. HIBEBERVE
AL OB E (2B, BamHl; Bg, Bglll; E, EcoRI; H, HindIII; P, Pstl; S,Sall;

X, XholT& 3. B/MEM/BiiMbol & BanHI D& ST, S/XiESall& Xhol D&
fITd 5.

PHOI3 Y/ 65112 —Tdh3
P-28-24CO Y B KDNAZ AR E O HIPE A% # (EcoRl. HindIIl. BamHI. Xhol) TH
L. pALS5S5 ([Xl6-1) DPHOI3%* & 1.0 kbDEcoRIMF Z T o —7 &L TH Y &~
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To .y FREIFET o7 REBSHADNMBMAOY A XEKRE-BICRTe N1 T Y v
FIER LAY FOH 4 XidEcoRIDBAEBR VT, pAL2OHIRBHRMK » 5 T
INBZLOEFELBVOT, PR Y 2 b kblaE—~TdH 3 w1
pAL2O HIIEEE R MR & SEcoRIDEA. 2.0 kb N Y FATHaEN B A, 1.4 kbD
Ny FRERBRE AR, COFBUVIpAL2IE 7 v — (L & 172 DNA (X10-1B¥R) &4 ¥
v ooy FERFFICH W DNA (P-28-24Ckk) OB KRBRERNL I LD EEL TV %,

#6-3. PHOISE N4 T Y 54 X3 3DNAMTA .

il B A% % By Foy A4 X (kb)

EcoRlI 1.4
HindI11 5.4
Bamill 22.5
Xhol 6.4

|

6.7% 10% cpm/u gic B L 7o pAL55D 1.0 kb EcoRIBi A
107 cpnE 7o —7ELTCHERL, 65°CTL6BHE A4 7
Yoy FPREARIEZT -

PHOI3E 5 FODNMERRF L HEET 3 7 BT

Maxam& Gilbert® A (76) K & » CPHOI3EMREF 2 E T 1,951 bpDEcoRl-Hin
d111 DNAWGE o DNAE BB 2 RE L 2 (K6-2) o BHIELDNMEBETId1ic X
PHOI1S & Z F O BRI &% 2 51 %936 bpDopen reading frame (ORF) BIAD
SN2, AV rRYHREELRATSA vy JIRLBEEEZEL SN TY S TACTAACK
F (67) RE->»SHWOT, PHOIIARTFRAWEREF TR WL E L oo PHO
1305 FEER A I X TATAS GBS A5 5> (-17, -90, -373, -433, -475) Ho»
ot HEMRBEAE2T-TVWABEEFTHR T ®— 2 —HHICEY (dA-dT) K7
BPHELTWS (122) o -160~-1481 R IHAOCEE T 12D X VITEFIHHFEL
THH, PHOLIRIEHNER LT - TV EHETFOI2EEX LN 3, I FHR
Sl ic i3 Zaret ShermanMiEME T 2 EBEREERS (151) L RVATADVELES
(10275 51055) BEELTWVWS, DINABMEE» SHEE S A SPHUISEHEAR
SIEO T I /B S (H6-2) . DT EII4,635TH B, 7 F UM

242
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-158 EcoRl
GAATTCGT

-150 . =100 . -650
GJTATCAuAmTAAAATCCATMTTGOGTTCTTTGC(X;ACCTAGTAGTATCMCAAGATCATTGGMAGTATOGCTAAGAGGTG}TATGGATTCGMTGAGATCAGTTGTGCTAMAGCATMTI’GATGGTGCTCACGCAT[GAAAC’ITA

-600 . =550 . . -500
AMCAAGMTITGGGGAGCCCCMCT CGGCCAGCTAACCTGGTGGAMCTATTTCTCGCCAMTTATTCATGACTTGGGTTC@ATHACTI‘AACC'I'GACMTTI'ATTCATGGCATG}TCATTG.?TGGCTT GAGCTGTGGATM

-450 -400 -350
CAAMAGOCGTATATTTATATABACA T TTAGTATGAATAGGAAGTAGATTGTTCUACGCAACTACCCGTTCAAGAMTATARTGGOGANTCGTCGTCRGTCTTCCCTCACAGGGGATATAGTTCTCTGAAGAGATACATACTITATGTA

-300 -250 -200
TACTATGC‘[TCTTTATCAACYCMGT\TTGTAGAGGAAGACGTI'GAAGATGGTGATGTGACATC’mACTATTCTCCAGCAmTﬂTCAGCATTCACTCAATCGCACATTMTGACGTTCCTCATCCATTMCTTTC(X}GTITI'I'CTHT

~150 . -100 . Xhol, -50

TR TGAKTGTTOTTTCO0TTTTAGCGARTTTTTCAAT TG TAATTGACGCAKTOGS T ATARCAGCAGACATAAATCTCARGCTCGAGCCAATACAMARAGCCTTATAGCTTGCCCTGACAMACAATATAACAACTOOGCAAA
. Rsal . 50 EcoRl, . . 100 . 150
ATCACTGCTCANCAGGTGTACCAATAAAGATACCAATAAGGAGATTGCTCAAGAATTCTTGGACAAATATGACACGTTTCTGTTOGATIG TGATGGTGTATTATGGTTAGG TTCTCAAGCATTACCATACACCCTOGARTTCTAGAS

INTAQQGV P! XITNKEIAQETFLDEKYDTFLFDCDGYLWLGSQALPYTLETILD

. 200 . . 250 . 300
crrrrcuccurrccccmcumnm mmccmmcrmccucrccoammmnc;«ccmmmcmocmcmmArcrcmmcmcmmnmcmmcmmmccmcr GTTTATATT
SlLLI(QLGI(QLlFVTR{STKSRLAYTKXFASFGlDVl(EEQlFTSGYAPAVYI

. 350 . Rsal 400 . . 450
(X}TGACTI‘TCTGAMTTGCAGCCTGGCMAGATAAGGTATGGGTATI'TGGAGMAGCGGTATTGGTGMGMTTGAMCTMTG\:GG__ AATCTCTAGGAGGTGCCGATTCCAGATTGGATACGCCGTTCGATGCAGCTMATCACCA
00RDFLEKLQPGXDXVY¥VFGESGIGEELIXLMXGYESLGGADSRLDPTPFDAALKSTE

500 Pstl 550 . Rsal . . 600
TTITTGGTGAA(I}GCCTT GATMGGATGTI'AGTTGTGTTATI'GCTGGG'ITAGACAOGMGGTMATTACCACCGTTTGGCTGTTACACTGCAGTATT'!’GCAGMGGATTCT GTTCACTTTGTTGGTAC GTACAAATGTTGATTCTACTTTCCCG
FLYNGLDKDYSCVYIAGLDTXYNYBHBRLAVYTLQYLQKDSVYHFYGTNYDSTFLP

. 650 . . Rsal . . 700 150
CAMAGGGTTATACATI'I'CCCGGTGCAGGCTCCATGMTGMTCMTGGCATT(.T CATCTAATAGGAGGCCATOGTACT GTGGTMGCCAAATCAAMTATGCTMACAGCATTATATCGGCATTCAACW GGATAGATC