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RIT I &R BEEDPLEREMIERIFT LA LETOEMERNICEBICEET 24
E7 IORHRTHY, BEZT TR BEULORY 7 IVRRWEENRTWS, £FERICR
WEENBREBHRRY 7 I3, 7 F VR T [NHACHy)NH,], AL I ¥ W [NHL(CH,);NH
(CH,)sNH,]. R~ I »[NH,(CH,);NH (CH,),NH(CH,); NH,]? 3 B TH V. KBER L DEM
EMTEIT P VRV E RN I DN, BE, REEY. WALEY 2 EOBRREN TIIAS N
IV RNV UMK FEEL TV B,

RYT IV OEBBBENIZIEICHED, FOEREOLE LCHEE, #I1C RNA AR
AT2ZLIEk0 . ERERUBBOSRERE L, MREERTF L LTHETIZ L8060
TVW3BQ2) RYT IVHHIREREEZEET D L&V D 8EIL, 1948 45, Herbst, Snell iZ &> TH
RENTZB . ZORTHELEIHIBOABBEOLEBTIC T PRV E ARV IPUBHEATH D
TELERLE, D%, 1971 FIZ Russell 623, BEEORPIZRY 7 I B3 8MT2Z L5
HLZET, RYT IV EMREHEOBENER SNEHTB). FiZ. KBE@). BERG).
Fx A =—RANLRAY—IRERREICBNTRY 7 IV EERKREBHRBISEE, BihioR
VZIVEBRMTEILICEY IO DOBROMIEHEN R REEZZ T LI LML KV T
OFEERER F & U CORMMAHEL LTz, Fi2, IRRORY 7 IVEBREDTIET TRL,
BRICARDZETHHRBEBEEENEZZZ EBALNERY RY 7 I OB R E R
BOMHANREREL 2o TEE,

MRAORY 7 I BREITESR., . AR»5O|MVRAR, RUBEHIC X > THEICHE
ENTVWBM, BITIVOESRIZIAN=F U EHENEE L, E8ROBERRTHE S
No=F o BLREEEESE (Omithine decarboxylase; ODC) (2 & W 7 b LAV U BB END, 7RV
RUNIARNVI DV AREBERITE D AR I PN ANV I VNIRRT VERBERICE
DARVIVA~AEBREND, ARVIVY, ANV VERRMLERT I/ 7 VEER, S-
TFI)VNAFZF=UN SSTTF ) UNAFF = BlREEEBESR (S-Adenosylmethionine
decarboxylase) 12 & Y BiifREE & 7- decarboxylated adenosylmethionine = & » THE &IN5, —F.
RYT IVOHRBIIAIN I ARV I DURTEFVEGEBEROBE LY, N-TEF
MefkE D, EHIIhbilERITIVEAFVF—BOBMEICIY, ARVIVY, FRLUR
TVUNEBRREINDZEIZEDITTON A,

5 Spermidine
prTIOd | & uptake
ATPase Channel-forming Substrate-binding
protein protein
pPT79 = | H Putrescine
Substrate-binding ATPase Channel-forming P
protein protein
S 4 we S o S, Putrescine
- L excretion
Putrescine-ornithine
antiporter

Fig. L. Genes for polyamine transport proteins in Escherichia coli., pPT104, that encodes PotABCD, is the
spermidine-preferential uptake system. pPT79, that encodes PotFGHL, is the putrescine-specific uptake system. pPT71, that encodes
PotE, is the putrescine-ornithine anitiporter.
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RYTIVOBYAAL, RUCHEHICEALTiZ, KBEEBOTHRICLISHFRENTVWAS, ¥
MABICBOVTKRKBEORY 7 IV EGRKEBRIZ= bu Y /7= 0 BB VIR LITo 1=
%%\z&wivyﬁ%kﬁ%\&07bvzvy-x&»ivyﬁm%kﬁﬁéﬁﬁb\éa

ZINODOERKERNT Fig LILTT3BORY 7 I VEE R BEEF (pPT104, pPT79, pPT71)
DT v—=2 JITERE) L72(8). pPT104 {E potABCD X Y F 5 221 v (9)% . % 7= pPT79 i potFGHI
EVEHDF_a (10)EFRLTBY., ZTRENANRLVI P UVEBERYALFR, TR LR
BBV AHFRE 22— T2, Ihbd 2 BEOBERIL ATP OIASMEICL D =R X—3E
TV % ABC (ATP binding cassette) transporter superfamily (Z/& 3 %, ABC transporter iZ/X7 5 U 7
026t METHRAREMITIESFEL TR Y 2030 30 BEUEL L Wb T3, 20 family
B THMOBMERLE LTERBDIE F—R@ER, E AF P UEHER. EERRICERE
BROLENIESHMEBRER, ROERMESEEEOREEESF TH S cystic fibrosis
transmembrane regulator /2 KA3ET b D, KBEICRRENS 7T LB-ME O ABC transporter
BERY FITALELXOEEHENCRR T IECERE LR, VYU 7I VR bEE.
PotD B X U PotF BREIICHE T B, NV F7XACFEETHIEERFAELED W H»id, X
ARAEREERITICE YV ZFOBRKRBENHLNER-oTEY, ZhbIT7 I BEFI ORI
20U TIZHBEH 5T, EFEBETEVVCEULTWBZEBNRESNATWS, A_LIVY -
TrVRVURAEBEBETHS PotD b 1996 FIZEOERBENHALNE R, E-TRER
HERWIBT bITONl & TEDEERRBELRSF LAV RTFLATHLMNE ok
(11-13); —H. pPT71 K a— FENBZRV 7 I VEBIEESHE PotE 137 M VR U VHEHIES
H. BREPDT MRV RV IALERGE T2 =— RBEEAE THH(4), ZHETIC
PotE IZ& B 7 P VRV UVEY AAREEIIREMEENTHEZ &, I-HBEHEI S LAy
VAN F T TR —ERIC LBV THB I ENALNE RTINS, DL S ITE
EMT IV BLEZTOBRREIHEDT VFR—F —Z PotE LSHZIZY Pv - HFRY v B
VERFU b RFIVEERBETHILORRAEINATVD, ThoDEERIHEE,. BIV
EEBFEHII OV THTRHAREANEL | 5F L TOBERINIIThh TR o,

PotF & PotD |37 X / BEEEFI L, 34%DHEREEZFDS, TOEERBTMLEL LTS L#
BEni, LaL, REPHF RT PRV OHERRENICRET20O0IEREREM TH-
oo AMAETIEAT, T PLAV U HENRVAZROEEHAERE TH B PotF 22T
RERBERIT I L 2B RBECHER . BIUVEREREL AV EERIEIC X 2 ZEREHMD
FIZEZ{TV), PotD, PotF MEBEREICKITHEERBBBOER IOV TRMN2fTo7, 2, X
BEIZB TS IEEORY 7 IVERERISTT ML AVUZER L LTRET 28, £ ioxt
TEREMMENRERD (pPT104, 71, 79: Km=1.5, 1.8, 0.5 uM) = & ¥ BT 2. FHERICBITIE
BEEEEOHBICOVTHRE T,

—F., BEZARIIBT AR 7 I VERCBETAHEI LR LAKBEOEN L LT 2 L
BelLebORH ) ZORKOERIZICRVBEZEREAESREINTHRNIEILHS
LEZOND, M. EEMREAVERY 7 I VREROBITIIEX LiThATEY . L1210
BHIBARR TIIR Y 7 I VERE— ORER TEE SN Z L(15), £lov v A@EFHlas &
T FM3A HIBIZR W TR Y 7 2 VEER T RIVF—{KFEHTH S Z L(16). ODC REERE T
BT FFALANBRI T IVEVRHZEZMEI L, P2 RET D Z L (18)%, WXIEMHENA
BT ARENEERL EBONTETVWS, THEEBHROETVE L TEEBEFIENICYH
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HR T DBEE: Saccharomyces cerevisiae % AV - R T HIFEITEA TH Y YHEETCII o nE

TIZHEHF O SRV LBEZBEFEDO2 mM 256 50 yMIZIET IR B LRI T I Vi L 25
PR ER R OND L2 RE L9, ZOMELFIA L THEEL-ZEKk YIM22-8 13E~
TRYY LEHIZBNTHRY 7 I L AHMARSMEESE . 5T 0SB %IC BT 3

RITIVERDRABEETROLTWBEZ L 2ALMNIC L, - WEORY 7 I VB DIAL
37 b REAEKTFHNTHDIZ EQOZBALMNIZL, D by S cerevisige \m1T 3 F Y

7 I VEREITHIEER L ORI FET ABE R Lo THRE 2 Z T TVWA D ENTRR S
oo SDOICLEREDPERRERAVTRAZ V==V LR, 2BEOEY Y - ALt=2Y B
LEROREICHRIL(21,22), ZhoRRI 7 I VEEZRH LTI LD THE EEX b,
1996 FEiZ&S ) LAEEFIDBRE 47 S. cerevisige (23) TIZRBICIFENEL, FOBFEY 7 I v
WEICEETIEEREOEY v Abd =Y VB LEBER B MIFEEICTRE S h=(24,25), L
L FLOR) 7 I VvEEREREAFILI L OMEZETHRES WD o7, £ 2 TARRETIE
BEEEMRICBT AR 7T I VR EREEGF 2 4 ETERER T o —F CRE
THEZEERALT,
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F—E B THUVRAVURRERESEER PotF ORSMERITE L CERBERBLORE

B—E RBERY 7 I VR EAEOLER®R

F—H TRV VRRNREEEAE PotF O EEEMITE L CEERBRBLORE

AW I VY - TPV AV UREAEAE PoD T X RSB ERITE L O EREEE 2BV~
EEREICLY . ZOEERBEOEEBALNER o7, N FALUBIWC FASLVE
WH 200D AL UHBEEROIOBEREOEREEIL, ThE CIAIT Sh-OEEEOE
BEOLDOLEELTIY ., 220 KA VICHEN-FRBITIIEERES FAA L THE I L
7 IBTEETD, ZOI VT MNCEETH DAV I PUREES SRR TR ThAE,

PotD OEHEBBUTIEIARL IV OT7 I ) E2RETIMET IV BEELL, YoABE
BT FNEBERET DFEET I/ BREVPEETHE I ERHON Lot 2. 7L
AV DRBMLIZANNV IV OT I ) TFLERBIM L BEET A2 L B BIFORREL Y
AOERD ZDTLIEPD IZBITBAL IV L7 P LR VZHT B BRI OE (R
NIV KA=3.0uM; T R LAYV Kd=100 uM) BB CER3BR THo -,

ER L2 X 51T, PotD & PotF D7 X /) BEECH EOFEEMEIL 34% & . MO RERABHE L I
By em<. TOEEREIUB LIOTHEBELRLE LTI LEbh3, 22T, PotD 3
LO'PotF D7 X/ BRECFI 2 EIZ, PotF D7 ML RV BB OB ES R AT, £7-. PotF D
felib, BL VX BERBERITIIEN T EMEFTOR) B, Vassyryev B+ (BB
FHEEERTHER) X 0 iThbhl,

. [#15B L UERF ]
LE¥RE X U4t

RIBEEF AR TGL, IM105, BEOEY 7 I AEARK - W R#BIE KK313potF::Km iX L-broth.
2YT medium b U < iZ MMO 35 #l T3 U 72, pPT79.3 (porGHI % = — F) 2 A L 72813 30 pg/ml
78T L7 =223V LIS T LT, pMWpotF, X pUCpotF 28 A L 7=k
i3 100 pg/ml 7 &Y EF L7 THE L 7-, REHOBRE LTSRS,

« L-broth (5RZFEHZH1)

Component Composition
(per litter)
Bacto tryptone 10g
Yeast extract 5g
NaCl Sg

* 2YT medium (GEFELH)

Component Composition
" (per litter)

Bacto tryptone l6g

Yeast extract 10g

NaCl 5g




F—E F—fi 7PLATURBOESEEE PotF ORSMERES X CERBRECORE

* MMO medium (&g HE)

Component Composition
(per litter)

K,HPO, 78
KH,PO, 3g
Na;-Citrate 2H,0 05g
(NH,4);804 lg
MgSO, 7TH,O 0.1g
Thiamine 2mg
Leucine 100 mg
Threonine 100 mg
Methionine 100 mg
Serine 100 mg
Glycine 100 mg
Ommnithine 100 mg
Biotine 10 mg

EFRRRIC RSB 04% J /L a— R ZRINT 3,

2.potF ~DEREAL I VT T A I K DNA B

A RMEREAT Sayers HOFHEQE)IC X Y. Sculptor™ in vitro mutagenesis system
(Amersham), % L < i% Braman 5D FEQRTICE Y, QuikChange™ Site-Directed Mutagenesis Kit
(STRATAGENE)Z AV THT o7, A L7~ RIT DNAsequence IC L WV ER L=, hbDTS
AIFDNART A Y-SDSEIC L VAR LT,

3. E R
BHEERIII—ROIEIN ST A EE B WTZ(28), 2. L0 PHLEOEVWHEERINLE
EENDHRITEREIIE (25uF 2000, 1.5kV) (2T, 0.1 cmiBDF 2y EHWTITFo7,

AERPtF EREICRBITZ S LAY U EAEREORE
pUCpotF 721X pUC mutated potF ZEA L7 IM105 X Y RY 75 X ALNEEEBE, R TS
X LGB D4R Oliver and Beckwith D IEIZHE - 72(29), PotF BEE A 50% L7235 L 51
NYFFZXbG5EEZFE L. KIS (10 mM Tris-HCI (pH7.5), 30 mM KCD) 12 PotF BHE L LT
0pg &¢23E 5, RV FFXGEEMAD, KTk, BKEBEN4M 2B L5 7
MR (224 GBg/mmol) 2¥ML, RKISZBET 5, KISZ30COIEERET S (%
2RX=a TR ETITY, RIGRTHR, NKE=brEra—27 4 4F— (cellulose
nitrate, 0.45 mm; Advantec Toyo) EIZFT v 7L, ERE#EIR LT, PotF EREICREESLET
MRV OBEERIXIRES Y FL—ra v o v I —C KV RIE L, EERAEICAVWEE
BEEIX Lowry 5 DFEGHTER L,




H— F-E T LR EROEEE AT PotF ORGSR EMRITI X KRB ML O [FIE

SAMMICBT AT b LAY U ER Y AKRTEMRIE

pPT79.3 35 X U pMWpotF (ZF7-i% pMW mutated potF) % EA L7z KK313potF::Km % L-broth
T—MR 4t ET 5, AixEE L-E2 MMO EEC L, —BeanE& 4 5, BH, HLVERH
HIZEAB L, 540 nm TORNLEN 03 12725 FTHE#E L, £HT 5. £EK, Buffer] (62mM
potassium phosphate (pH 7.0), 1.7 mM sodium citrate, 7.6 mM (NH,):SOs, 0.41 mM MgSO,) THE % it
VN, 200 pl D7 Buffer THREB L7-, 30°C, ST LA ¥ a—Ta Uk, REERED 10 M
L5 E512[MC17 b LA (370MBg/mmol) Z NN % 7z, —ERFH#, RIGH Z membrane filter

(cellulose acetate, 0.45 pm; Advantec Toyo) TAIBT 5 Z LIZ LW EEER L1z, ENICERY A
FN=7 b AL OBSHEEEER S o FL— a7 —iZ K 0 BIE LT EHERE S
AW EEDE AR Lowry b DHIEGO)TER L.

[#2]

1. X B L E AT I X D PotF O NLEREE
PotF O 3 YR JTSLAAHEE ITARIREE 2.3A D& 5
fiRBE CHE &tz (Fig. 1-1), PotF (X 370 7
I BENLRBEN, FOT I KmiE26 T 2
JBENLRH YT AERSITH Y, BIRE.
AN FZ X LIEEEEINSBRICOT SIS,
F-T7T I KO 2 T I BERE, BLUS
ARFEREED 1 7 I/ BERENERELT
fEHT T X3, 1> T PotF i% 29-369 FH X T
DOF I/ BrLRDEREEL LTrENT,
IOBEAEIEEMIIFEREOREL Lo T
Y, BENIEULE 2 DO AL 2B
BlEhd, 20250 AL ICIEEE

HARAL L THBIZ VT PRFETD, Z Fig. 1-1. Overall view of PotF in complex with

putrescine. The PotF molecule is shown as a ribbon diagram.

DI L7 hMIiZ 4 @BOKTFBIUCREETH The B-strands, a-helices, and loop regions are blue, green, and

% - AR LD #E 73%&%’8\ é h _/,:O yellow, respectively. The putrescine atn?ms are shown as red

spheres. The figure was produced with the MOLSCRIPT
program .

2PotF O b LAY U RBHBICEE T 57 I ) BEREDORE

PotD * PotF i 7 I / BEECF| D alignment £ Y H#EE SNz PotF OF h L AL BB ET 5 &
BbhaT7 I/ ERELIBMERAEREALICL VAR XH7- PotF W37L, S38A, D39N, Y40A,
S85A, S87A, E185Q, S226A, W244L, F276L, D278N, Y314A, L UK349Q Z{ERIL, £hbDT
FURYUIEATEE. BIOFN LA RESERICBT 27 LAV VERVIAAREEEZRIE L
7= (Fig. 1-2) . ZOREE. MiEMEL © W3TL, S85A, E185Q, W244L 15 L U D278N A& A TEH L
WEMOIE THRR N, FERMITOERLIY, 7ML A URBICEET 5 LR s
7 I ERE DM AT T ICER UI-ERAK D247A 2ERL, RERICEMREZTo T2 L
A, WA, MEEIEENIREREICHE L, THHER PofF & AW TEMERIER R X



B—E -8 TPV URROESEBE PotF ORSMERTE S UER BRSSO RE

TEREERITORR L ERI—KT LD ThHo7, UEOERID, PotF 7 R LRV LR
BITIT PotD L RIER, 3 DOBEET I BRE, BLU3 SOEEEKT I/ BBENLETHS
ZEDBBELNERT,

[E#£]

SEO X BEREERT OMREL Y, PotD & PotF i3HEISNEEY ., IEHITE < Bl
BELLOBRETHIZLMHLhE R (Fig 1:3), £/ 2200 KA Vink i HHEES
LVENEND FAALNIBT D PR V—E R 75 RACEFET A hOEEEAELE L
FELTWD, PotD, PotF FIEHED N FAL UIFNLD C KA A 2 & 0 #ERICHEEIMM
B IR EIMMLOREEREEARICLIHBLTEZAZ L Tha, MEAEE TOMENIC
REZFIEIL. PotF T IZRBNDVANLT 4 MESTHD, C KAL VD 175, 239 BED
ATAVIRER TR SN TVD, ZOZEMLINLOBEREBEHRT A LIZEY . C
RAAL Y DEEPREIRINTND Z ERRREN B, PotD-ZA~L 3 P E L PotF-7 k
VAV BEERDOIFEBEXEREGDES L, PotF LD ML AL ORESEIIL PotD ICFE2
TEARNVIDUDT I/ TFNVEDIEETEIERODD, TNEEEREDT 2 /) BE

A PotF in periplasm
[ S Gy e D W O G Gy S wm e e |
A R O R I T R L Iy
' 1‘3" é‘? Y -’?‘Q‘.\ & gﬁ‘;’y '?u".; {’i’*’ f

B Putrescine binding
116} g

Sy
£ %
< " e
20; ég
,,§ é ¥ % % A4 15 A
A S O O Ol i g
FFF EL FFFFLETES

C Putrescine uptake

Acthvlty %3

Fig. 1-2. Putrescine binding and uptake activities of mutated PotF proteins. 4, PotF protein in periplasm.
Periplasmic protein (10 pig) was electrophoresed on 12% polyacrylamide gel (31) and stained with Coomassie Brilliant Blue R250.
B, putrescine binding. The control activity with the normal PotF protein was 3.59 nmol/mg of protein. C, putrescine uptake activity.
The control activity was 0.66 nmol/min/mg of protein. Each value is the average of duplicate determinations.




F—F B-H ThFLRVOBROEESEOHR PotF OFKBEMITE L CRRREBLORE

FIOMHEME L VRS- Z & & —FT 5, PotD DA~ I DUBMCBET S 137 3/ BE
EDH5H, 77 I /BEEILPoF ETR2IRFINTEY, TREILTPAF DT PLRA Y
VIBRRICEE LT, S8SBELTREISS I ML RV U CEBERAEEAL T ARWILEDLE
T INHLOT I/ BREOERETIIELWEEOETARLN, Z0 2 BEFANFEN
LTZ LRI UDOT I ) BEEBEERTS, ZOKSFOFEEREERES AL THBE I L
7 FOMERFICEETHY, S85 BLEISS IAERBEICLY ZOASFELELEETH
D, E7-E185 X W244 L b AFRSEHR L TH Y, W244 Z2FUI AR EICHE &S #H- T
WabnLEbhb,

or

Fig. 1-3. Comparison of PotF and PotD. The PotD molecule (green) is superimposed on the PotF molecule (red).
Putrescine bound to PotF and spermidine bound to PotD are shown as cyan and yellow ball and stick models, respectively. The
figure was drawn with the MOLSCRIPT program .

ERUAZEIIZ, PotD ICBIFBARAVIPUBITT LA T 8FMETIAE< R
BN, TNET I u ENVERSICHT AMEERAORETHALE SO, T hLAT R
NIV AAIER, T/ 7o EomaiEdE8<. TI /7 ER 12480, Zo73I /7ol
NEDFEIZLY, 2T VU I PotD 123 L TRWEFEZ2F b0 L EXBhS, 25
P PotF TIXT b L AL ATk HEMMEN Kd =2.0 uM &, PotD D7 k L A 253 5 8Fn
PEIZHE AR50 fE b @by, ZHud X SRS SIS OFE R, PotF LORMT I /BRI D247 5 &
CEZOEBIMNET S 3@OKGFE T RLALLOT I /e ORISR S N DTHERAFE
RERICLDbOTHE I LAHBI LT, ZOARRERICLYD, ZhLRVLOT I/ £iF Lo
DEBAESNTRIEL 25728, PotF OF F LAY IR TABMMERE OO TIEAv & 8
bns,



B—® BoH ABERY T IURBRRICHT ERGREORR
BE KBEAY T IVEERICBIT 3 EREREORE

RBECHFET23EORY 7 IVBERIVThLET L LT7 ML ROV B85, #
DHF T, PotABCD (pPT104) X7 M LRI U T TR, R~ULI P BB L. RYRTe:
EBHAED A, PotE (pPT71) BX TN PotFGHI (pPT79) 137 ML AL v DA ERY AT, 7o
X BRAE R BIEREIT OFER DD, PotF IX PotD KW bRERI LT hEESIZ EASHY . PotF iz
HASVI VU 2RB LB ETOEMBEETE L EBHA LN E ol 2N OBERICE
FBT P VRATHT HEFMEN Table 1 ITTRT L IICRRB 2 0D, ShbOBRERICH
TH7 LAY RBHEEORELRE L,

Table 1 The Km and Vmax values of polyamine transport systems in E.coli,

Plasmid Substrate Km Vmax
(M) (nmol/min/mg protein)
pPT104 Putrescine 1.5 19.8
Spermidine 0.1 14.9
Spermine 1.2 9.4
pPT79 Putrescine 0.5 22.1
pPT71 Putrescine 1.8 34
[#k s X B b 1]

LAY 7 I EEE

RV 7 I %EE 1,3-Diaminopropane, N-(3-aminopropyl)-n-propylamine, N-(3-aminopropyl)-n-
butylamine, N-(3-aminopropyl)-n-pentylamine, N-ethylputrescine, trans-1,4-Diamino-2-butene, cis-1,4-
Diamino-2-butene, trans-1,4-Cyclohexanediamine, cis-1,4-Cyclohexanediamine, 4-Aminomethyl-

piperidine IIWEREREZTORBEHEFZ L VSR, 5 LTEW:,

2.7 b VARV U EETEN X AR ERIOHE

pPT71 ZEA L7 KK313potF::Km . 3 L U pPT79 # ¥ A L7 KK313 % L-broth T—RasaeL,
MMO medium T& HIZ—BREEET D, & DICREBEHIT Asy =0.3 12725 F T 37°C TH# L%,
EOZLVEET S, Buffer I T1EBEHRL. 2 ml OF buffer i2 TREIBE, BRBEMR, 50 uM
HLLIZ200uM L23 E3ICRY 7 I VFBEEEZTML, 30°CT5 A ¥ ax—a vt
%, TOH. BRBENR10puM L7223 X5 I[MCl7 F LAY (370 MBg/mmol) ML, —
FERF] O & ISR 0.5 ml 24X L. membrane filter (cellulose acetate, 0.45 pm; Advantec Toyo)
TABTHI LI VEEZER L EAICBRYAENET VRO ORRTEELRES o F
L—=YaAvryf—iCXVBAIE L, BHABICBWEEADEERIT Lowry b0 HFIEB0)
TEELE,

10




B—E BoH KBENY 7 IVBRRCBTERRREORE
("R]

TRVRVUBEEICEI DT VR VR LESE

KK313potF::Km/pPT71 & XU KK313/pPT79 IZRIFTB 7 LA v & OEFIMENRFNEN 1.8
IMBETNOS M THB Z b, EHEEOBE 2 KK313potF::Km/pPT71 2%t LTI 50 pM, &
72 KK313/pPT79 {23 L TiZ 200 uM & L7z, FHEGHEETICRBT 2 EBEROT L XY
WETENEZ 100% & L, BEATFETICBTAFEERDT LAY VEIRESE LSS TR L

(Fig. 1-4),

WEER TR OEESRETR L TOAHERT 6 B O trans-1,4-Diamino-2-butene Tdh ¥ . 7 k
VAL VEETEMEDR A0%ICETETLTWADORRLNE, £, HB8ERT, BZIZENLOD
RoN7-FE ML 1 FO 1,3-Diaminopropane, 3 L T* 5 HFD N-ethylputrescine Té 0. Zi b 2
RBOFEAEITIIT pPTT9 (portFGHI) Cxf L TIXFRESRERT2, pPTT1 (potE) Iiig &
AEREDREFR SRV LRALNE RS MOFBEEL RN LB ITT@%R L bEL
WHEBR b2 272 LA B, pPT79 BL U pPT71 OF F L R UEidlir BV TR BN
BEYVBEETHDDIZ, pPTTIIZIZ—RFENB PotE THAZ LRI DER L VFB AN,

Activity (%)

o
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Fig. 1-4. Effect of putrescine analogues on putrescine uptake activities by PotE and PotF, G, H, and L. pPT71
encodes PotE and pPT79 encodes PotF, G, H, and I. The putrescine analogues added to the reaction mixture of PotE and PotF, G, H, * .
and [ were 50 and 200 pM, respectively. Closed bar, putrescine uptake by PotF, G, H, and I; open bar, putrescine uptake by PotE.
100% activity of putrescine uptake by PotE and PotF, G, H, and I was 4.51 and 22.5 nmol/min/mg protein, respectively. Each
column represents the mean of duplicate measurements,
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[(Z%£]

T hLRAY U FEEERAWVZAEDRORT LY, PoE ICBITAEERBNRRLEETHS
ZEMRTRBENT, TZIIR L TWRNA, pPTI04 22— FE 5 PotABCD #iiERIZDW
THRBROBRINEIToI2L ZA, FHEINZEY . PotFGHI #i%% L 0  EERMI B, B
REFEOT FL AL O FEETHEDRBA LN,

PotE [ZHAR L DERIZE Y, Fig. 151" TL9RETT PRIV UEFBHELTWD Z EMR
M &N 72(32). PotE DEETEMICEET 57 I /BRI, MREROBRAML—7, LI
HIRE R BT S IRE RIS RTET 5. EETHDET ML AT T PolE OREIBD TR
<, RMIBENICA VD - E A TREINTWE L Ebh3, £/, 7 hLAY DT I/
A NIN2 ZW25E]0 Eie & 5 ICEET I/ BRENSMET Sz, 5 FD N-ethylputrescine
DEIBRTILRL LD LEENICKEVWSFERBTERVOELEZLNRS, LL,
PolE (I7 F L 2L v L0 HERFEHA 1 FV 1 FD 1,3-Diaminopropane &35k L7V, 2D Z &
Mb, 55 VI EEE AL L8 XU EEME R AL ORBHIFEEICHE IR TS
ZEBRTFREND, ZOZEE, T/ EMOERERZIT—ETHDILEDbDIhE 6 BD
trans-1,4-Diamino- 2-butene (Z X ¥, P LA VgENEINRD Z b bHRITE 5,

Cytoplasm

Fig. 1-5. Model of putrescine recognition sites on PotE. Amino acid residues shown in rectangles are involved in both
uptake and excretion of putrescine, and amino acid residues in ellipses are in the high affinity uptake of putrescine.

Fig. 1-6. Schematic drawing of PotF and PotD. The polar and hydrophobic residues are drawn as ellipses and rectangles,
respectively. The most crutial residues from the structural and mutational analyses are colored yellow, and the other residues, which
affect substrate binding, are colored pink. The polar interactions between proteins and substrates are shown as broken lines. The

water molecules are shown as pale-blue circles. MC, main chain.
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-f\mmﬁagmu\Nmmemm@;5&%%%%%?%6Eﬁ@z&~x%%of
WBEBDNDY, AL I DU EBH L2V, ERFEE D Vassylyev, 2851253 & . PotD
DHE, EERBBE N AN THDE /L7 Mo, BETHB T PLRAY Y, A_LIVVERL B
LHOF Ry CREOTFEPRER SN, PotF TREDNT I/ BBRENE) VEECBEXK
Do TNV Z LR PotF RARLI VU BB TERVEBRD | D ThBEarL b LTWa,
e, PotF-ANAV IV ERER IV Ea—F ETyaIb—va v LR, BRNICHESE
EROZ LERMRETHD LWV IRERICE o7, ZHE, PotF BEERIEEOBIT PotD 12,
BDRGFRLETHDZE, £, IO DOKSFRENVCRERABRRES EHHRLTWE
ZEIZEBbDH LR (Fig 1-6),

13




H_E
BERRY 7 I VEEEREELTFORESR X O

14




BoE F-fi BERYTIVEEREATRETFORE

BIE BERYT7IVERBEAERETORER X UEERIT

F—H RNV T7TIVEREEAEREFORE

RIBETE3BEANORY 7 I VEERBRE SN, £ OEERMBITBTHON T 50, B
FATIIRICEERAERRE ST 16> THIERNAR Y 7 I B ERSEE T A HEInE
NTVD, INETICHEEMR, BRLCZAVTRY T IVERROD S o—=V SR
BRSRB LN, WTNOEERAEOREICREL R o7, KBERY 7 I VHLEAY
T& 2 PotE LABRMED R 541 5 B A'E 1% mammalian, 3 X UEER: Saccharomyces cerevisiae % )
LT —FR—2 BICRHT T EBHER o7, 1997 FEIT Gemer O TN —FIT X 1) | FEER
Bacillus subtilis DZFIBEHBERE THA Bt IZE 2T, ARV IDURHHHEEN S &\ 9 e
mENT=(33) £ T, Bt 07 I/ BESICHRMOH 2BEEY 2 — KT 2 8EF2EERS
S AT FR—ALDBRTEFET, R 7 VBEEREERETFORERRAE,

[#hB LU EBR ]

LEERRAEE L OSSR EH

HiZFBEEE Saccharomyces cerevisiae YW5-1B, YPH499 (ZFfnAHE T L 0 445 L T W=, X
LT - BE KRB STREOLIL LI L Y SN R TH B9, TR bOKT
YPD medium, SD medium, % L < i3 CSD medium T L 7=, HE#iX30C. FRNEET TiT-
7oo UATICHEHIOMEK Z R,

* YPD medium
Component Composition
Yeast extract lg
Polypeptone 2g/100ml

Autoclave . BEBE 2%D /N a—RZ2HRMLTERT 3,
EXEME LTHERTLHE. BRBRE 2% agar ZFOHRMLTEBL,

» SD medium

Component Composition

Yeast nitrogen base
w/o amino acids 0.67 g/ 100 ml
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Autoclave %, BAEIRE 2%D Z/La— R 35 XUt Supplement % ¥ L CHERT 3,
% Supplement DREIILLTIZRLTH B,
BREME LTERT RS, BREBE 2%0D agar ZFOHEMLTEL,

* CSD medium

Component Composition
(per litter)
[Amino acids)
Asparagine 1500 mg
Serine 400 mg
Threonine 220 mg
Valine 150 mg
Glutamic acid-HCI 100 mg
Aspartic acid 80 mg
Phenylalanine 50 mg
Methionine 40 mg
Tyrosine 30 mg
Isoleucine 30 mg
Arginine 20 mg
[Inorganic salts]
NaCl 100 mg
H;BO; 0.5 mg
MnCl, 4H,0 0.4 mg
Zn(CH3COO)z H,0 0.4 mg
FeCl; H,0 0.2mg
Na,MoO, 2H,0 0.2 mg
KI 0.1 mg
KH,PO, 850 mg
K,HPO, . , 150 mg
2% CuSO, 2l
(NH,).S0,4 35¢g
[Vitamins]
Inositol 10 mg
D-Pantothenic acid calcium salt 2 mg
Niacin (nicotinic acid) 400 ug
Pyridoxine hydrochloride 400 ng
Thiamine hydrochloride 400 pg
p-Aminobenzoic acid 200 pg
Riboflavin 200 ug
Folic acid 100 pg
D-Biotin 20 ug
[Supplements]
Leucine 100 mg
Uracil 20 mg
Adenine sulfate 20 mg
Tryptophan 20 mg
Histidine 30 mg
Lysine-HCl 30 mg

10 {58 B \ZRR%EE L7 [Amino acids]. [Inorganic salts]3 & TN(NH,),S0, DIEEIE & . 100 {ERE T
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2 L7 [Vitamins], 38X T 100 fEH#EE 2 55% L 7= [Supplements] % —8E b L < TERICRRT ST
THPE, WEREZITI, CNOZEERAL. SRV a—X (BERE 2%). BIUG
IRV T b (BAEREE SO uM) EWINT S, BEAKTART v 7%, BE, BEREEFO.
4 CTHREFET A,

2. BT 5 0K DNA D4y B

EFHDHIRLZ 0.2 M Tris-HCI (pH 8.0), 4% 2-melcapt ethanol T 5 S FIAE S5, Bk, Wk
% 1M Sorbitol IZFE&E L. HMIME 5 mg/ml Zymolyase 20T &M%, 30°CT 30 HEMET 5, &
L8 #AEZ Lysis buffer (50 mM Tris-HCI (pH 8.0), 0.2 M NaCl, 10 mM EDTA, 5% SDS) |= 8% L.
Bt BREE 100 pg/ml Proteinase K &M%, 60°CC 20 5 MIMAES 5, Z D%, Phenol/CHCL B %
L. =& /) —)VikBki%. TE buffer IZEAE L, RNase A TRE L= b D& RAKDNA & LTHND
7=

EERRETICET A ERHRR

TRELE Bacillus subtilis DEFIBEHEBEAE TH S Blt O 7 3 ./ BEF (Accession No. AAC36944)
&, HEEDH 2 BBEEE = — N9 2#EFIZ. National Center for Biotechnology Information o
BLAST search (URL: http://www.ncbi.nlm.nih.gov/BLAST/) % B\ CRET 5 = & TR, Fi.
B & 72 o ToBERRIZT O DNA HEES, BSX V7 T/ BEF1IZ£ T Stanford University D%
7 — %X~ T%H5B Saccharomyces Genome Database (URL: http://genome-www.stanford.edw/
Saccharomyces/) L VW B|A L7,

4.7 % / BEECS alignment 35 & VR 0 1ERL

7 X/ BRELS alignment i X FRE K FE(LEHFFERT GenomeNET (URL: http://www.genome.adjp) &
D RS TV BEFIFHK 7 2 75 5 CLUSTALW multiple sequence alignment program (version
1LNZERWTZ(34), E7-RHFBNL, CLUSTALW ORER & RICHFRMAMIER S o 75 A PHYLIP
version 3.6 (URL: http://evolution.genetics.washington.edu/phylip.html X ¥ release) # AV \-C/ESIL
72(35),

575 A3 Fo/ER

BERBEET O ORF _LHE 3~400 bp 3 & UNT i 2~300 bp FHED, Y 72 HIFREEREFI A A0 X
N7 <—%FKEF L. A DNA % template & LT, PCR THItE L7, ZiL5® DNA #f
R.BXUORI Z—T&H % YEp351 ZHIMREER CROE L EBAT H o — X F U TRRE, &~
FEYBEES L. T4DNAligase #f %, 165CT—BrERE L=, =& ) —/LILEE#. TE buffer i~
BRL. BEZRBEICEALR, 7RI VFEEEL, BNODNAMABEBASATWE DL
HER LT,

17




BT B RS T REEARRETORE

6.5 B O 2 i

FEHERIIERRR ) 77 L EZ AV 2(36). 5 ml @ YPD medium F CRIEHEREEE (Agyp =
0.5~0.6) = THEFE L /< B¥ R 3% 0% . B 0 TELiAc ¥4 (10 mM Tris-HCL, 100 mM Lithium acetate,
1 mM EDTA) THeV, FVEHE 50 pl TR L7, TOBEM S8 TRV 72 10 mg/ml salmon testis ss
DNA solution S pl 8L "7 72 I FDNA 1 pg 2BA L, E6ICBBL-MRLE L<BES LE,
DNA & #ER D IR-AHRIZ PEG/TELiAc Y% (40% poly-ethylene glycol in TELiAc) 300 ul & Z,
L<RE L, 30C T304, 42°CT20 DA L7z, WO E D HIEEINE, 100 ul OBEEKIC
BEL, £EZ@RREMICAT, 30°CT2,3 BE#L, an=—2BREEE,

1A DRI E B HIE
Mifu%# &, NUCLEOPORE membrane filter (polycarbonate, 0.4 um, 25 mm) iz, T4
—¥—ANT23 BER%. TOEBZAEL, ABLOE2 Lo THIROERERE LT,

SN EH TR

MR EE L&, BWEO 10% TCAICKRE L, 70°CT 1 B, B, HEKLIESLANL
BB, MBRTH, BEBLLTEEERYERE, ERRIC02 N NaOH 2 @&M%. X<ESL.
37°CT 1 BFEINR L7, BE, BREMMEEHERVIEL, UBRLIZTEQBRESYE ., - OHK
EEBERIZAVWE, EBEIT Lowry 5D FEGOIZHE-T,

IRV T I I L DA E ORET

50 M <= 7RV L ETHE CSD medium S ml THIMDZ 24 BERIEEE L BITESHEE & L=, ZHL% 540
nm (2B DM ED 0.03~0.05 12723 X HICH LW REMICHEZ -, SOICERORY 73V
ZMZ . growth check # 54 L. BRIAT 50~100 BERIIZ &, HIBADEFE % 540 nm (=5 1F B SeEE
DB TRIE LTz,

10.AMIR~DRY 7 I VR IABREMDHIE

SHEIETER I (Aseo = 0.8~1.0) DRI %R L% . & Na-HEPES buffer (20 mM Na-HEPES (pH
7.2), 10 mM glucose) T 2 EIBE#E7 5, [E buffer T10D/ml & 723 X 5ICHERZBEE L. M 0.5ml
Z [ buffer 2.0 ml KAWL 72, T 30C, 5 DA vy Fa—va r#% [C) 2~vIy (37
MBg/mmol), F72i3[C] A~V PV (37 MBg/mmol) #FML., K%M L, — &R
T LITRIRHR 0.5 ml 243 EX L, membrane filter (cellulose acetate, 0.45 um; Advantec Toyo) T5if@
THZLICX D RIREEN Ui, MR D AN RY 7 L L ORSEEILRES v F L—
AT —ICEVBIE L,

B, TPO BEEFEZEALLKIIRY 7 I VFEET (03 mM A0 V) THEEL-ARE,
TPO B FREEHRIIR Y 7 I IEFFET TR LI E BV iz,
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11.EE BRI/ R D 3%

KBRS DFEIZHE S TIT572(37)s

4 litter O XEHETEFH DI (Asso = 0.6, total 1 x10" cells) 2.0, KRk T2 EEek L,
Sorbitol buffer (1 M sorbitol, 13 mM Tris-HCI (pH8.0)) T 1 B4 . @ buffer T 2.0 x 10° cells/ml
LB LD ITHRB L, BAMBE 20 pg/ml O Zymolyase 20T (L2 TE) Mz, 30°C. 150 4
FRHRE L7, B O, MAZ 6 fE& O Buffer A (12% Ficoll 400, 10 mM Mes-Tris (pH 6.9), 0.1 mM
MgCl,) (ZR&#& L, Dounce homogenizer (loose type) THRE JFA X%, BELBF 2 —T10H
EL7. Fbuffr zSBERL. 24/ Bo—F—T726000xg, 30 SBHELEFTFo7, B
RTH, WELICEPAEES %2 X 8—F LT WEY, 2B Buffer A (CBE L. 28550
BT 2 =715 E LTz, Buffer B (8% Ficoll 400, 10 mM Mes-Tris (pH 6.9), 0.5 mM MgCl,) # &8
Ly A 7B —&—T26,000x g. 30 HRHELEITV, BOKETH, BELICEIAFES
EAN=TNTTSORY . DB Buffer B ICBE L, & 2 x Buffer C (10 mM Mes-Tris (pH
6.9), 5 mM MgCl, 25 mMKCl) &iBE L7, X HIZ%ED 1 xBuffer C THIR L, BLKTE.
BONTILBRZERED | xBuffer CIZBB L. T2 RME/EL LT,

12.BERRRE/NE~DRY 7 I VR SAREEDRIE

Fi¥E O D FEIZHEVN20). —EHEB L TIT o7,

RIGH (25 mM Tris-Mes (pH7.4), 4 mM MgCl,, 25 mM KCI, 0.5 mM ATP; 100 pl) = J5% L= ik
KRR/ NEB % 30-50 pg x| [14CJ A~V R > (74 MBg/mmol) 23RN L., 25°CCRIG#BtaT 5,
—ERR%,. KISHE%E 5 ml ® wash buffer (10 mM Tris-Mes (pH 6.9), 5 mM MgCl, 25 mM KCl) T
AR L. membrane filter (cellulose acetate, 0.45 um; Advantec Toyo) TAIET 5 = &1z & b KR
/NBEEMR U7, IRIRBE/NEICIR D IAEN T AL R OBEERITREY v FL—va vy
& —THIEL]E,

13.7PO Bz FREER D /ER

One-step gene disruption method (ZHEV T ©7=(38), 5. THERIL 775 X I K YEpTPOI, TPO2,
TPO3, TPO4 % ZFLE ¥U Neol-Aatl, Ncol-Spel, Apal, Spel THIMT L. % 22 HIS3 Wi 2 H@AT3 =
LT, ENThOBEFEWE LT X3 N YEpTPOI::HIS3, TPO2::HIS3, TPO3::HIS3,
TPO4::HIS3 Z{ER L=, RIZINBDT T X I K% template &£ L, PCR IZT BHIOW A % HiE
L7, Z MR L7- DNA Wi 2 BEBHT linear- transformation L, & 2F /K8 SD medium
T, an=—%FRLEb0O2BREFHEEKRL Lz, TNENOBREGTFREESIT Southern blot,
FIXPCRIZE Y, BHOBGFRBESNTNENE SRR LS,

14.total RNA D E B 3 X U Northern blot analysis
BERED> b O total RNA D EEBEIT, hot-phenol #EIZHE - TIT272(39). B HIL7- total RNA % 22 M
BVLT AT E REED 1% 7THa—X 5L TEKIKENI%., Gene screen™ Plus transfer membrane
(NEM research products) 2855 L. UV crosslinker (120,000 pl/em?®) = & - T RNA FPEESE
7-o T membrane % hybridization buffer (50% formamide, 1% SDS, 10% dextran sulfate, | M NaCl)
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(IR U B IR EE 100 pg/ml 7 F5F DNA %02 .42°CC 60 43 pre-hybridization L 721 . probe
Z M Z., 42°C T 24 B hybridization 7=, membrane % 2 x SSC T 5 43 x 2 [E].2x SSC+0.1%
SDS T 45 53fd] x 2 B, 0.1 x SSC+0.1% SDS T 20 5l x 2 E¥ei#%. A& L. BAS2000 imaging
analyzer % FV N CTHEHT %47 - 72(40),

15 R4y EYE

Joho LD FIEMANE—ER, HBR L TITFHo7=,

SHECERER S L IZEFHOMIAZ T OIC L VED, 1 mMEDTA T2 B3 5, MIE 0.5
ml ¢ Mes buffer (10 mM Mes-Tris (pH 6.0), 0.6 M Sorbitol, 10 mM Glucose) (=858 L. Bi& I EE 0.5
mM O CuSO, Z#NT%, 30°C T 10 LRMEH, FEL L EEL, 0.5ml © 1 mM EDTA in Mes
buffer THIFHE DO LEZEDE THIREES L $5, 512, 0.5 ml ® 10% TCA THIEL 2 IRE
L. UK T 15 SMMET 5, BLOLEEEE 0.5 ml D 10% TCA T L~ LEE24b
TTRMESR &35, £, MIRZEEE. 1ml D 10%TCA THE L., 70°CT 1 BRI L
EEzMlaedks L,

16 RV 7 IV ER

E+ADDOFE@)IRES T,

BEEE S o< bS5 7 4 —%HAWVWT, TSK gel Polyaminepak (4.6 x 50 mm) 3% 5 A % Buffer II

(0.35 M Na-citrate (pH 5.3), 2 M NaCl, 20% methanol ) TE#ik L. 50°C, 0.42 ml/min DL&MHT
TREERATo Tz, STBESNICRY 7 T 1% OPA buffer (0.4 M boric acid-KOH (pH 10.4), 0.06%
o-phthalaldehyde, 37 mM B-mercapt ethanol, 0.1% Briji-35) % 0.4 ml/min OEI& CREEK L BRI L.
S0CTRIG &E&. R 336 nm, BHEE 470 nm DR TENBELRET I L TEEL
7
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[#ER]
L AU 7 IV EAERERET OBRE
Bacillus subtilis DZH|HEHE B E Blt &+
FIMED & B BE R Saccharomyces cerevisiae O YML116w
ZEH'H % BLAST search (2 £ ¥ 1§, P9 9ORF TPO4
NORTT3d, VHRMSw
Z&BI L7 (Fig.2-1), T 512 T Major —
Facilitator Superfamily (MFS) |Z/& L. multi
drug resistant protein (ZHFRMEEZFOBAE TPO’;OJ
[¥PR1S6c] 7PO.
THY, 12-14 OREEERE B WERS '
BThHoaIEMT—FR—ZBRELVER YER105e YBRISOw
S NT=(43),

INETIZ, SHEZEORLUBIZELY,

&~ 72 o0 AESAMEH (50 uM Mg™) ;‘lilgc.Chi-rl. Phyrogene.ti.c tree h?[:’t'MFS genes fro.r:
CRYT I ERMTBI & TEER DR sequencz”;}i’rc;fiiarii;ret‘:s’;iLOeZ"Sv;.I’Il’:eg ph:r':;::cticatcr::e.
FREXRNAZ & (1 9)733‘@%: ANTVA was calculated as described in Materials and Methods section.
b, TORFEFAL, BHILE9

BEFEIALTFIE—RS Z— L LV BRIBE SE-HEEREDO D b [Ev /RS T LAEH#HT
bRV T IV L DEBEHELZT 2D OFBIRL. FOKRICEA L BEFERY 7 I8
EEOEEGETFL L,

BRERICR L ERREFEEA L EBEESRERZER L, ZO0R ) 7 I v icd 2R
EERIN L7 (Fig 2-2), B%, BRIZE~ 7RO U AEET., 03 mM ORI VEIMCE
DELVHEERELZRTZENALMER>TWS, &AM, YLL028w, YGRI3Sc, YPRIS6c,
YOR273c #BA LT BRTIZERFA 20~30 B % OHEOBER R O, MOEERET
ZEA L EERE CIIBEE M OERBIBEEN R ol L i b, 20 4 BEORET
ERV7IVEMEEAERETF L L. TPOI (YLLO28w). TPO2 (YGRI38c). TPO3 (YPRIS6c).
TPO4 (YOR273c) &fn% Li=,

A B C D

10
TPO1 TPO2 TPO3 TPO4
(YLL028w) (YGR138¢) (YPRIS6¢) (YOR273¢)

1

3

1

Mo w0 2 w0 0 oo 30 6
Time (b)
1oE F G H I Fig. 2-2. Effect of various MFS
YML116w YBROOSc YHRO048w YBR150w YKRI10Sc

genes on cell growth in the presence
1 of spermine. Yeast strain YWS-IB
transformed with YEp351 (Q) or YEp351
containing an MFS gene (®) was cultured
in the presence of 0.3 mM spermine. The
) ) ) MFS genes tested are shown in each panel.
30 60 0 30 60 30 600 30 ¢ 0 30 6 Cell growth was followed by measuring
Time (h) Asio. '

Agyp

01
0
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2. RITIVBEEBIVEGBYF A4 Lot 358
IhbDOEBFEY TPOIL,

TPO2, TPO3, TPO4 23R Y 73 A B
CERMRREEAE TH BT 1 — 1)

BT DD, Ee Ry
U ABEHICHR Y T I OFESK
THY., MISHEEEERDH
% MGBG ( methylglyoxal bis
(guanyl- hydrazone)) (44,45), ¥
X2 BOERIFA L THSB
290 bR, BT & R,
HRIEERE D FEERE LT ¢ e S S
(Fig. 2-3), ®FD#E. TPO & Time (h) Time (h)
EFEEALBROA, MGBG

FETCHEBORESR N, Fig. 2-3. Effect of MGBG and Co™ on cell growth of wild-type

. . ) yeast and MFS gene-transformed yeast. Yeast cells were cultured in the
fh DBmF 2 FA L7k Trisl presence of 1 mM MGBG (A) or 0.05 mM CoCl; (B). Symbols; O, wild-type

B L [f,-]m\ t%ﬁic’) EEIZR LN strain; B, TPO/ gene-transformed cells; ®, TPO2 gene-transformed cells; &,
. . R s TPO3 gene-transformed cells; A, TPO4 gene-transformed cells. Cell growth was

Riotie Fieo /UL RER followed by measuring Asqo.

LT nFhokick

WTHHEFEOEIER R bk d

27T eMh, TPOL2,3BL V4 ERY 7 I VHBENLBXEAE THB 2 L BTRRShi,

Asg
AS(U

3. TPO BRIFRBHKICBITIARY 7 I VIRV ALIEE

0 100 200 300
SPM uptake (% of control)

Fig. 2-4. Northern blot analysis of TPO genes (A), and spermine uptake activity (B). Cells were cultured in
the presence of 0.3 mM spermine. (A) TPO1, TPO2, TPO3 and TPO4 mRNA species of the wild-type strain and TPO gene
transformed cells were compared by Northern blot analysis. (B) Spermine uptake was measured with the wild-type strain and TPO
gene transformed cells. 100% spermine uptake activity was 65 pmol/min/mg dry weight. Values are means + S.D. for triplicate
experiments.

TPO1, 2, 3BX V4L, BRIRY 7 I L AT EL MR T ABENRDH B b,
MREBICBETBHY 7 I UHEHERE. b L RN BET 3R 7 3 VRV ALE S
HEThdZERTRENE, TZCINLOBEEAROHERMLLRERT 3 BT, BAIC
TPO BEFZEALKICBIIARY 7 I VEEFESELRIE LT, 03 mM X~V 3 VIEET.
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540 nm OWHER 1.0 (BBRIE Aso=0.1 2 10 FR) TR BT TEE LEMKE BV, “hb
BRI Northern blot analysis 12 & ) . TPO BEFOBBBESHBEN: (Fig 244),

i, WEEEZEE LER. VWTRORICREOTHERICE~, #3 E0ERO LEAR,
bz (Fig.244B), ZORKER LY. TPO1,2,3 B L4 ISR E R e+ A HEEE A Tt
<V BRRBECFET 2RV AREBEE CHEZ ENRRENT-,

4. bafilomycin A; D8

INETOREICLY BEROKK
FEICIIAR Y 7 2 U BRSAREER H
D, TOWBEEMEZT o o BESR
REFHNTHD I ENALN L2 -
TWd, ¥z, WIREO7a bk
BEABLIZEIT V-type ATPase 12 L ¥
FREND T LMD, V-type ATPase D
FLEFITH 3 bafilomycin A, 12 L0
BRBEIZBIT2RY 7 I 0| iA
FEEPHERT DL LALNE R
2TV 5(20,46),

£ T, TPO BRIFEBEBKIZEBIT B
bafilomycin A; D&% KR L7 (Fig.
2-5), EDRER, ANVIVEETT
Rond TPO BRIFHEKDLEBHE
DEIEIE, 50 uM bafilomycin A, AN
LY, BRIZERLE, RUT I
VEEREHRTH D YTM22-8 #(21)
Tid bafilomycin A, TN X 3 4£FH
ERRONA»o0 (Fig 2-5B), LA
LDORERLY, TPOL, 2,3 8L W43
BRRBICTEE L. MIRE 2 bEe
AR 7 IVERVADEEES
BEThaZ LBHALNERST,

10 10
A Wild type B YrMzz8
1 1
=]
§
<
1 1
M0 Mo 3 &
10
C TPOL

30 60 0 30
Time(h) Time(h)

Fig. 2-5. [Effect of bafilomycin A, on cell growth cultured
with  spermine. (A) Wild-type strain; (B) polyamine
transport-deficient mutant; (C-F) TPO gene transformed cells as indicated.
Symbols; O, cells cultured without spermine; @, cells cultured with 0.3
mM spermine; [, cells cultured with 0.3 mM spermine and 50 pM
bafilomycin A,. Cell growth was followed by measuring Asqo.

5.TPO BETHERORY 7 I izt 2824
% TPO ST RTEIE LI<¥RATPOI. ATPO2, ATPO3 B X UMATPO4 EBL. ZhbDBET
DFIRSEREIT T 2B, BIURY 7 I VT T 3BREMERN L, BY 7 IVEEETT
DT OBEFREROEELZZ 010, WThLERERET TRV & NEER S L-,
L2rL, ATPO! TITHEFEEESHR YPHA99, BL UMD TPO BEFREEKIZH R TEN
(growth rate; YPH499 = 0.3 b, ATPOI = 0.18 b") Z L BB ML o7 (Fig. 2-6A), E7-. i
HHFIZ02mM DRI VEFRITS & WTFROKICBO T O ERIC~EREERED Y .
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FoE - BN T7IVEBRBEOAEREFORE

WX LU E RS kﬁ%&#&&ot(ﬁg2@)Aﬂ@4i@ﬁﬁ&

WREAEELTETWVAEIEND TPO4 DAL I L EEEM TR - LBRBEIND, -75
EEEZ25 oM ODARVIDNIEz2DE, REMERLED
o7 (Fig.2-6C), ZDKR LY. TPOI 38 LT TPO4 |F A ~L

TERHT 2 DIZR L, TPO2 BL UV TPO3 1T A~L 3 /@&%Egebrwﬁféﬁﬁﬁsﬁf

DILATPOI B K TRATPO4 DHTH

CARILI D UHITEE L L

HBTERRBENT,
A B C
10 10 10
None 02 mM SPM 2.5 mM SED
1t 1 1t
b3 % 3
< < <
1F 1t af
o1 T o, T— o . 1 "
0 20 40 60 0 20 40 6 0 20 40 60
Time (h) Time (h) Time (h)

Fig. 2-6. Effect of spermine and spermidine on cell growth of TPO gene-disrupted cells. Cells were cultured in
the absence of spermine or spermidine (A) and in the presence of 0.2 mM spermine (B) or 2.5 mM spermidine (C). Symbols; O,
wild-type strain; B, TPO! gene-disrupted cells; ®, TPO2 gene-disrupted cells; ®, TPO3 gene-disrupted cells; A, TPO4
gene-disrupted cells. Cell growth was followed by measuring Asq.

6. TPO BEEFREERIZB I AR Y 7 I VIRV ALEH

Table 2-1 Spermine and spermidine uptake activities of TPO gene-disrupted cells. Delta indicates disrupted gene.
Cells were cultured in the absence of polyamines. Values are mean # S. D, of triplicate experiments.

Uptake activity (pmol/min/mg dry weight)

Strain Spermine Spermidine
Wild type 150 = 34 110 =+ 38
ATPO! 767 + 13 532 = 17
ATPO2 11 + 1.8 113 = 4.1
ATPO3 108 = 15 112 = 47
ATPO4 124 =+ 21 8.3 = 29

AT, THOBBEFRERO AL I VERIZRA LI UVRVARESEFRIE L, B2
% Table 2-1 {Z5R L72, ATPOI WEARNV I VB X ORI DUt D SAREE S SBRICH L
) 50% BB LTWBZERALNE o7, MOBEFRIERICBITERAULI VERVIAL
{EMEIZATPO2 38 X TY ATPO3 Ti3AI 25% DB . ATPO4 THH 1S%DBANRR LR, —F,
ATPO2 # £ TN ATPO3 TIX AL I VUV D ABFERDBL L Rohidott, ZORER
ATRICBIT 2B EEROBRERBLTE Y, LLEOERMNS, TPOL, TPO4 IZEE L LT
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FoE B BEX)7IVEAEARBRETORE

ARNVIVBRORRVI P2 RB#TH0I1z% L, TPO2, TPO3 T A=V v ORERET 5
CERELMNL T, '

7. WRRIZBIT AR 7 I VR ALENE

INETOERBERLY . TPOI B4BORY 7 I VBEROP CELEERE WV Ebii,
Z T, TPOl BIEFMEKR, BLUTPOl BEFEAMKE D IRIE/ MO SBEL. ZhERD
AV VB IABTEREERBIE L=, TORRE, Fig. 2-7 TRT X 50, S8k YPH499 & 0 438
U 7R/ B DFF DO AL I VB D IAREMEICEEE LU, TPOL BEFREME L 0 3% L - ikl
BR/NITI3H9 172 OIFHER, E7= TPOL BIGFEAMRL 0 % U= IR N <1300 3 {20 Y
RHBEMBRR O, £, ZOBMVAREEIZHRESEDORY 7 I VR AL EROBEY K
BRLTWBHZ &b, TPOL ILIRIIIZIEE L. HIIRE MY bIRIANIE~E Y 7 I 2T 0 ikte
BEERETHIZENHDNE o7, D TPO BAE LI NETOERER L V. TPOI
LFRORBEZTRTI &b, TPOL LA, BIEBICEETIH) 7 IVHEEAE THS
MR ENT,

YPH499
/YEp351

YPH499

ATPOI Fig. 2-7. Effect of TPOI gene on spermine uptake activities

in the vacuoler membrane vesicles. Vacuolar membrane vesicles
YPH499 are isolated as indicated in Material and Methods. ATP-dependent
YEpTPOI spermine uptake activity in vacuolar membrane vesicles was shown as
the value with ATP minus that without ATP. Values are mean % S.D. of
tripricate experiments,

0 100 200 300 400 500
Spermine uptake (nmol/min/mg protein)

8. MBADORY 7 I o7

Table 2-2 Spermine content in whole cells, cytosol and vacuoles. Cells were cultured for 60 h in the presence of 0.3
mM or 0.2 mM spermine. Fractionation into cytosol and vacuoles was performed by the method of Joho et al, [21]. Spermine
content was measured using wild type strain, TPO gene-transformed cells and 7PO gene-disrupted cells, and was expressed as
nmol/10® cells. Values are mean = S.D. of triplicate experiments.

Spermine content (nmol/108 cells)

Spermine in

Strain medium (mM) Whole cells Cytosol Vacuoles
TPO gene-transformed cells

Vector 0.3 423+23 175%1.5 252+25

TPO1 0.3 83.6+4.8 158+ 1.7 67.1+34

TPO2 0.3 80.1+6.1 162x1.3 63.7+29

TPO3 0.3 81.9+43 161+1.8 64.2+52

TPO4 0.3 79.8+5.2 164+2.2 61.5%4.5
TPO gene-disrupted cells

Wild type 0.2 403£3.9 17.1+1.2 24.0£22

ATPO! 0.2 245+15 187+1.6 7510

ATPO2 0.2 33833 18.0+2.0 142+1.7

ATPO3 0.2 31419 182+13 13.1+1.1

ATPO4 0.2 37.1+42 18.1+0.8 19319
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BIE B BESXYT7IVEEBRAEREFORE

TPOL 2,3 B LU 4 DI FET DR BAE THAZ L 2R T A7, 03 mM B L
0.2 mM 2~V UFET THER L TPO BETFERIREES L 1 TPO BEFRIELEIZ ST
%m%@%ﬁW\mwﬁﬁiwﬁmmﬁox&Wiy@ﬁ%ﬂﬁbtn&mzzK%?lém\
TPO BETFERBEIL TIIOTHOKIIB N THRELED AL I VERREMLTWED
BRONT, L2588, HREESORLIVERIFIELACEELTE LT, BRESOL
MR R 6N, :

E, TPO BEFHERTHREORBRBR LN, MIELED LI VS BIZATPOI T
%%¢&<\&m@mwm=amab¢nm4&&ofmtﬁ\mwﬁwﬁwxd»iyﬁém
WINOBEFRERTOHRKL ISR U ThH Y  IRRBES MHRSED AL L ERDE
EERBRLTWAZ L BAL DL RoTz, BUEDORERLD, TPOL,2,3 B LT 4 I3KIaMEIC BT
L. MIEEOBRAZRY 7 I 2 BIENICR Y ADBEEEE THB LAALNE ol

[(E£]

REMRTHNOTRY 7IVEEEREEEFOREICHES L, SERE L 4 BEOE:%

BRHRVWThOVBROBRE LCFET 2REEEE Thof, 20 &3, BECIIMIRE
DRVT IVREEZRETIDI0, EROBERBLETHI - L2TRELTNS, AHFET
& FEHROFIET, MERICR L2 UM b ECHBEOHBE LT\, BEAE Y a— RT3
BEF 50~60 BEICOWTRHEITo72, LaL, &5, MIEELICEETS L Ebh 3R )
TIVEREEREOREICIIESL h o7z, 72, TPOl BET 2HE L= %k TIIMIL & TO
ANV s AV I DU IABEER, BROESICETET LTV E20RBEIE
(Table 2-1) T HED, BRICBITBRY 7 I VOB 0 IALTEMI, WINIES - EE A5 E
ERZLTVWAZEWREBENS,

RYT I 2RBRICER DAL LT, ERAORY 7 2 B EREGSS TR | B
PHEFET D L TEERZOPBLARY, B XU AELAMEH T T, Bk YPHA99 13
growth rate 23 0.33 (") IZXfL. TPOI EEFREEKRTIZ. 0.18 (W) &, M2 BOERE LN
% (Fig. 2-6A). ZOZ Lid, BRICL 2T TPOl BV EERBFIZ R LTVBRERL
TND, Bl BBEPRIZIRRY 7 I U Tl < EEMT IV B47). = 7R 17 5(48,49),
BRGSO R EDLASE . R Y VEEGCE AR > THURATH B b ONBREICEET 5,
EERIZE L Tid, ZoMRNEBERSHESEMCFEEINTH Y MIAEICEET ARV AL
RVRIBBECFET 2RV AHRB L OREAED S HRE~BET 3 28BCRAESATVS
(50) WY T IvbE, EHipL Bk, BEOMEITL Y, KEAESLHBRE~RY 7 I %
BET5ERbNIBMREBEEEOREICHEI) LT, 562 T, BER Saccharomyces cerevisiae 1= 3513
SRV T I OMRNBEREL, MREL BIOERELCSNTITPATRY | Kl
DEEZRP L VBB ZEICL Y BRACRI 7T IV EERERECERL TS LEbh
D, ELTHRREORY 7 I VRENMET T2 L, IMBEA»LHBE~RY 7 I v 38%T 5T
EXY, MREOBEER —FEIFE->TWVBDOTIRRVMEBbN 3, :

TPO1 & FEFME % F0 B B EidH REER Shizosaccharomyces pombe 12 % B &35, TPOL &0
FHEIRT X/ BEECS . #945% &, MIIRHEFED marker TH O RV 7 I VESROBERERTH
5 ODC (FN=F BIREEER) NEBERHET S0%EREOHBMEZE L bELZ L,
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BIE E-H EER)T7IVEREARMEFORE

BROFERMESE . RESNTVB LEX 5B, Spombe ITBVT, =0 TPOI (KM L= ®
BEREIWVSIHEEZLTVEONIONTIE, BEDE ZA2SFATHS, Livl. HEER
BRBESE L, BOTIE/ZE VI bIT TR, T L5, INOHBRMCTRESLTVHA LD
RERICL o THBITEERRFERL LTVBE LONRBENEEbh A, 20 &35 b . TPOI
DEFIZL->T, FBCEELREZRELTVIDOTIRARVILEEDNRS,

Stanford university DAF 7 — & ~N— 2 T# % Saccharomyces Genome Database & ¥ . TPO1 D%
BPRFERONHERTE L LA T3 LW HEHREB, 7. LIAT Tabor Hiz X Y fERE &
NIERY T IV ERRRER T, AV IVUBIVR UL I U2 Eeic B S R84 1K
FREBEESADIILBBESNTVEG)T b b, MEBRERICBIT BRI 72 o0
FRASPIREERREN 25\ \NE KB T A 0049 h 5, BER O THRBRITE - BEEY O AR
RERERE L EFCELUL BB THI I RO TEY 4%, BEORFEBBRIC BT
DRYT IV OREEZALMCTEZ L T ARBMREREETORY 73 CYDEBNERLME
T2 Z EHRARICAR DS LA,

BEBOERIIZIZIRY) 7 IV OBBBR OGNS, 20 L ) ICHENAALTRT~OEY 7 3 o
DERIBRICR-7Z & TR, BPRBRTHLR 6N, ZO— 2B BEREID LS 72/ |
RIZELNh S, SHRZEORFLRL-T, =a—nY, JUTHE, BIOTF72/IBICE
WTRY 7 IV OB AHFEEBBEEN, £/, T 7 RAMACHERE IR, BEREDOHR
V7 IVBERLTVAZ LALLM EN7 (unpublished data), HEMIIZBITBHY 7 2
YORENIT T RAGBEEICFEETBA A F ¥ RAOREGHRMONT VBN, HY T I
L OFREEDE R, 7 APRICERSNE, VT 7 RN R - AT 5
ZEREL>TUT7RBRIZBE EN DO TIX VWAL BbIE, ZOVF7R/NaIC 12 B
BEEBEEOBEAE THh D SV2 ( Synaptic Vesicle 2) protein BSTETE LTV 5 2%, BHFDRE 1 Y—
BREDRER. ZOEBEE L TPOI ORICHRHENER®D Hii-, SV2 protein I3k 7 8% 58 X REA
THLEB . ZOBEFEXRBERRE ) v 2 7Y b= ZATHERGEENED L F 7 ZEBRA~DHK
HBBD L, Z0RER, BERREOEE, EEORE, EHOEMLELOELWEABRES
nN5(54,55), COBBERRY 7 IVEEREAE THEINE S NIBEMTT Th B, AFES
RBMVIZ, 5%, BPHRICEBNTRY 7 I VEBEROBARE - L 281845,

27




FoE B TPOl DEEBES
BTH TPO1 DEERH

BEEE Saccharomyces cerevisiae |Z1%, 4 BHEAORY 7 I VHEERE TPO1, 2,3 3B LT 4 MIETE
L. ZOWTN S BRIRRICEET B2 L B8A LML R ot, £, TPOIA JETRA~LI L. R
NI VT, TPO2, 3 BRIV DOBEFEE L LTRETS 2 L bAETH LM L,
INLOEEEARIIERE SOMUTRBT 0L 50, KEEHY 7 I VBERTILT
DRICENT, BEBBITIIBMET I BB I UOEEET I/ BREECTH -7, 25T, B
RIT I VEEBAEOT TR OEEEERROE BN TPOl 2BWTERERY 7 3 L@
EERBEOCEERBICLERT I ) BEREORELRAT-,

[kt L OERFIE]
1.7 3 / BEECF alignment D {ERL
BETEE—H (MR X UERF ] 4.7 3 BER5 alignment 35 & OB D IERLZGE- 7=,

2.TPOI ~DEREA

Braman © D FEQICHEV., —HHB L TiTo7-,

REEAZTOHBMZF LK 30 mer D754 ~— %SGR L OB THERN LA,
YEpTPO! % template & L, L7 T4 w—%FA\, PCRIZTRE(1T o712, KIEOKE, E
S 2T 79, Pyrobest DNA polymerase (TAKARA) %M L7, RIG&TH. KISk
Phenol/CHCL #iH L, =& / —/VitB¥ . Dpnl © 37°C. 2 BERIALER L7 b O CRABE DHSo T
HE#L, fohican=—%Y, 7523 FEEM L7, EEESIZ DNA sequence 2175 =
L THERLE,

[&R]

1. TPO BEHEMIZRBIT 27 2/ BES| EoER M

TPO EREIZZEDT I /VBEFI»OWVTRS 12 yrFTOEERERYE- - L AFRRIN-,
AKBER) 7 IVEEEAEPE S 12 y TOBEBEEREF L BBELMNER-TRY %
DEERRHIALIIE—EFE ZHi T U72(56), PotE TIZMIZ 3 BT I/ BB AN TR
KEBETHLLEEZLNTBY., T0O7 I/ BEEIIE -5 I BEERESE. £ VIS VI E
BB, BXUOIAVRFVREOBAMNL —FICHEETA L BB LM E RTINS, TPO
ERHEDOT7 I/ BES alignment £V TN BOEHEICH PotE LB L(BICEET I /B
BREVBR DN, RESNTWAZLBHbME 207 (Fig 28), £/, 7 I/ FKBICIZH 140
TI/BPORIFECRVBAEN—TEFL FOERIIE Y VBIUR LA = VICEAT
WBZ ERHDB, ZHICELTRKRETHRT S,

2. TPO1 OEREEHICHT23BET IV BEEORS
BRESNTVWD 3 »FIOBET I VEBERENRY 7 I VEEBEHICLETHAINE I bk
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FB_E HEH TPOl OEETRB

mwétb\ﬂ@1@3@@%&7i/@ﬁgﬁmmEn4£i@5ﬂ4%%&%£%2£%1%
XY ER ST TPOI E207Q, E324Q, BLUNESTAQ /BB L, ZH bAEA LIk BT

ARV K BEERES RS RE LT

(Fig. 2-9), ZDFER. TPOIE207Q B X TNEST4Q %

Eﬂbtﬁﬁmﬁ%&ﬁﬁ\Z&WEV%MKiéﬁﬁm%ﬁE6nko—ﬁ\ﬂ@HBMQ%

TPOI LP

IS TGTTG TTCVEPV DI TGEGAKYTTA ADLA; TTTN I L33
TPO2 MSDQESVVSFNS-QNTSMVDVEGOQPQQYV] ANQLKLTKTET LQDLGVTS XAPVPDINAPQTAKNNIF PEL YTRE TPSGLVPVATL RTASAL 105
TPO3 MNRQESINSYNSDETSSL: QQF T PNQLKLTRTETVKS AP AP PEEYTLETPTGLVPVATLI TAIY 110
TPO4 NPSSLTK: o) N 'TNIQQVPKALDKNVTNSG- BT 587 42
*®
TPO1 !LTGMIPDﬁVmYTNCAPIIG--GDRPYPP-!--LPSRDL!LVlruuy lﬂﬂlLLCLVLCL Hﬁ!r ZyY !me 106
TPO2 RT! QLNRTATNSSS == ELDPEIEFVTTV' TVLLS XLV P! rl!b 210
TPO3 RTRTRQIDGASSP! AL PDLDPEIEFVTEV smx.l.:n. GUEMATL 219
P ) [« DP ~=RDL
TPO4 G3 24 T I-DP PPONPY __4 Y'ﬂ‘mLPLC PRy i c" ¥ 132
Iz __ 111 v
TPO1 G Py A VL YGFAEFOTAV.\TA!N-LM I XGMP PAAY LGV IGSYIA 293
TPO2 St IGFBLG TYG&R V] TPCAL APN~LGCILLAGRY! I 'SETRGHAT. TAPY TAPLVNGY XS 2319
TPO3 S IGrBL V. YGRR| ¥ LYV IPCALAPN~L AGRYFI VGGSI, SLTRGRALATFIFAP NGIIS 328
TPO4 Gl LGL!T--_!GAPL ¥ VYL FRLPVS T‘XQVGLSNGHHRXL]_LP (RY) ASPAL—L,.' DQVIAMTYE) "P’kgl\ﬂ.p&!‘ GFAT 240
RN / ¢ ¢ SR
g HAMMZOVELS XD TVEKTORP JIAL! FITIINS T GIETLLL vV 4us
RL TCNPKY gz AQULRPUYY AVTE PVLIVATC! '.Larr“l VIre 429
TUKRIAN AL TGNPKIN SVTEFVLVATCHY ll FIQFRVIFG 430
TPO4 EAKGWRUSE ‘u"'“' <! LPFIAL 1 Y '_: KR --NIALqugAOKZYLAHvu (LR PLKNL IVFVISVYVANT Azhrvuuu R 343
TPOL  TG¥orTENGE-T) ChAT T AK KLYPHAREVARV IAGTVIP TGILRFCUTGY TPHETHUK 485
TPO2 Ei vm""r P IGALY ALATTIYE] (Q: PPz ARIG-APFAAIAUMILGATAYKH-IXWY 507
TPO3 i FIPRIMIGH VAL [YFE KQ PP GAKIG-APFALIALMILGATAYKN-INWY 516
TPO4 G ““" L I_,u-"ZGNI {PRRIYY PKPPAGTQPLTEKE: TPY RDAETGLLLPY J\I—XACK'W‘LPTSI T! 433
TPOL NGTFLPCLMY TZSMM-L 1 I Gad GIFL.GLT) (37er i YAYAA- 306
TPO2 L] _F" FeV] 81, iy KVrL AGGAAFPLITT I " AFISTUANEA A T o IDAVEN~~ €34
TPO3 Lhrorgsy LYt AlrkvFLRHARG AP PLITIG g far 23zl Ararks g s 10812 622
TPO4 AACUPFICY QL ILITr P SV LYY STCPPLIVABCL ARNNLL SVE P LITIQHY TIOGHUASTLI AL VCVY HIPE HYV TG B ARKEAET 326
TPO1 386
TPO2 14
TPO3 622
TPO4 EGGIDDVNAVDGELNL TRNTTLRTHETOPSTREKP! SL TQPVPAS T YSALI 'SYTERATDASARNV 639

Fig. 2-8. Alignment of the deduced amino acid sequences of TPOI1, TPO2, TPO3 and TPO4. Putative
transmembrane segments are indicated by J-XZ/, Identical and similar residues in TPOI1 to TPO4 are shown by boxes. The putative
calcineurin recognition sequence is shown by rectangle; the astarisk shows the putative Thr residue that is phosphorylated by PTK1
or PTK2. Three glutamate or aspartate residues that might interact with polyamines are indicated by black boxes with white

lettering.

EALUKRITH AR TPOI ZEA LTk L
FER. A~V I RN & BT EN R
BT, A~V I UEER L, TPOI
D3VEH, BIVIUBEOT I VBE
EiZHRIZINVE I VEBETHBD, —FiZ

%imkot%n\%o~ﬁﬁ%®wm%
H#ET2ZLMNELLND, #F2T. 27
IV EBEBEERXRIERSEE TPOI
E323Q/E324Q ZER L. FIRICHRET 24T -
TeFER. AR TPOI DRT AL I U
HITIZIEELICEE L (Fig. 2-9),

Fe, INHDOER TPOI #RELSET-#
DANNVIVBRYIABRFEEZRIE L E
Z A, TPO! E207Q, E323Q/E324Q B LW
E574Q ZRBREVTHKIIBNT, ELWE
HEOETAR O (Fig 2-10),

10
TPOI
E324Q
E323Q
Normal
1k
2
w
< E323Q/E324Q
E207Q
1r ES74Q
Vector
.01 = . 4

0 20 0 60 0 100
Time (h)

Fig. 2-.9. Effect of TPO-gene mutants on cell growth in

the presence of spermine. Yeast cells transformed with

normal 7PO! and mutated TPO! genes were cultured in the

presence of 0.35 mM spermine. Cell growth was followed by
measuring Asso.
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Fig. 2-10. Effect of glutamic acid residues on spermine uptake activity of TPO1. Cells were harvested at Asq=1.0.
100% activity of normal TPO!~transformed cell was 131 pmol/min/mg dry weight.

[Z£]

TPO1 DAY 7 I ERERICIE. RKIBERY 7 I VBB A H PotE & . BT 2 ) B A
BRTHoT, TNOOBET I /) BRI PolE OEERMIA & . £ 1-8 I BEEHE
MR OBAMENL -7 8 VI-E VI BEEERRR ORARL—7, BL0W LRSS OEA
ML —TIFE LTz, NS OBET I/ BB IL TPO1 O&HR 59 . TPO2-4 ICE 54T D TPO .
BRHICR b7 (Fig. 2-8), PotE DEERMIITH BT I/ BT PotD 3 L1\ PotF D&
HEREMLOT S/ BREORE L EHIENULTWA LR ENTVWAGE2)Z &b, TPOL
DEERRIBEDLLT I/ BRECEBLHARICELUL TV ADOTRRV)E BEbh 3,

T, BEI TR T RIS T B HE SV2 protein 17 b | PotE 3 LU TPO B
HERR BEILBICBIET I ) BBREOHEERERSNI(ST), 2O Enby. HUTF
IVRERAOT L BBEEORB IR RS EL TRESATVAZ L REL LA,
LdL, PotE REEELTOT IV THET FLRL L ORERET 5(14,58)DI%t L. TPO
BERHRANWIDUVERIANLI VE2RET 3. 5ERELE 3 »FiOBKT 3 ) BBEIL
BHL ARV IV ERFANNVIDVDT I ) TFABRES2BEBELTWBDOTHS D, +
I THDbIE, TPOl BLIURTPO4 ITIZARL I DUV BLI VARV I VDT R ) 4R+ 5
TEHODBMET X BBRERH Y, 72 TPO2 BLNTPO3 ITIZARL I v OLAEPRETSE L 57
BT I ) BBRENEETIITTHE, EERBICHDAILEET I/ BERELSD, 7L
AV Y ANV I VY ARV VBN BRI RN EE RS OREIR. SROBETH
B,
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BOWE PE=H TPO1 OREEHEFS

F=H TPO1 O kIEMFHE

INFETOMRICLY, BEROKR Y 7 I U @ikiEMEiT PTKI, PTK2, NPRI, ¥ XU SKY1 &
WHIBREDE) v ALA= ) VEBMEBRIC L D EMASEZZ T TV A I ERHALNE 25T
W 5(21,22,25,59), LirL. ThodD ) AEEEEROENNAITH D MBI STV,
TPO1 BEREDT I /KT, 1407 I /BRI FFICRVEASICEATEL—TThH
D, BEOEY v  ALFA=VBRENRRET S, TF—T7REOFKR, 7 I /K BICHhO
BAKMEL—ZIZHEO) VEBMEETF— 7 RRH &Iz, 2T, TPO1 OEREEMEN U »Eikic
LoTHEH SN TWAELERLCT S BN TR LT,

MsoHsP IENKENHLLPS DR E)s s DM S TETTOTTOVER VIETGEGA ¢AMP-dependent protein kinase
8 19 23
KYTEJATEGNGGADLAIQRTTTMNEAAESEVH IPIRRLIK I LTGEVNER casein kinase
52 ) 81 85 91 protein kinase ¢

DRVEVDYTNCAPM3GDRPYPPSLP SRDLYEVTFDGPNDP LHPFNWP

Fig. 2-11. Model of putative phosphorylation sites by serine/threonine protein kinases on TPO1 protein.
Putative phosphorylation motifs and phosphorylated residues are indicated by underlines and boxes with white lettering. Red, blue,
and green are indicated that these residues are phosphorylated by cAMP-dependent protein kinase, casein kinase, and protein kinase
C. Glutamic acid residues indicate putative polyamine recognition sites.

[#EHEB L VLB H k]
1. EF—T7HR%E
FF— T7HRHFEIX, GenomeNet L W B INTVWIEAEERESBRE 7 0 /5 A MOTIF
(http://motif genome.ad jp/) % W TiT- 7=,

2. TPOl ~DZ & A
BLEFECEH (MEBBXOERGE] 2. TPOI ~DEREANIZE-T-,

[R5 3]

1.TPO1 ® U »E{LEF— 7 TPO1 DiEHIZ 5 2 5 B8
TF—T7REOMFR, TPOl (IZiXFig 2-11 IR T Lzt v« ALA=0 ) U EMEEERIC X
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FIE ESH TPOl OKREEHRL

DY CBIEERIRLEMMULS, BRRHEENE, 2T, TF—TIREICL Y BH AL 10.#
DY VEERL O Y Y EREA VA=V BEST 5 =V ICER LR TPOI % /a8 L.Z
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Fig. 2-12. Effect of putative phosphorylation sites on TPO1 by serine/threonine protein kinase on cell growth
in the presence of spermine. Yeast cells transformed with normal TPO1 and mutated TPO1 genes were cultured in the presence
of 0.35 mM spermine. 4, cells that were more sensitive to spermine than normal TPO! transformed cells. B, cells that were no effect

on the sensitivity to spermine. C, cells that were more resistant to spermine than normal TPO1 transformed cells. Cell growth was
followed by measuring Ass.
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Fig. 2-13. Effect of putative phosphorylation sites on spermine uptake activity of TPO1. Cells were harvested at
Assp = 1.0. 100% activity of normal 7PO!-transformed cell was 131 pmol/min/mg dry weight.
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