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FTRTCOMAIE, EREHERT L0, DEORBERTINRAS ST AH, BEHORVCYEZNTN
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BEiE, BAEORVEE_EROHTICEI N TV E2DT, BUKBHTCEATY S, ZOEES, =
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RGN 12 L ) ST SR ES O P SN BEEHEIBE 55 5. TR OBAKERS 1
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@ PR EN, FEEhTWA, ;
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EZAT, FIFTHA YUV BFHREDEIICL THRNIZEATS v Z edon+HEmE
THEBOW E Lo TV, EWVIDH, FESHA 7Y VEREETIZF FS9A4 20 VFFHFLRV
FEFHIZY AENERENS O L, MHEETEIERENRL TS I EMBESR TN E00
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HAMEROEEREGT), TVAVET+ AT 7 ¥ —PRAGEHOEBITERCYFICLY, 77 2BHAE
BISROTetAI DV T4 ¢ DKM A I % K B ORI % 1 2 AEET 5 SRSt S hC
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Abh, TOEF—7EELNV— T2 33 EEERRROAY DICHE TS — P LTHIEBL TS L
BB SN 99), 2 OFREVERERT., KR TIROV— 72 32MRT 227 I/ BREEICH 2N
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EEE L, ; .
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ez, 557 BEBERICL o TREEIEED S WIHET LAEEEr 0B I A BEEEEEZED
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BE, BATZAT) &L BRIZEEOI I ICHEMIZBRENL D TERL, ETERIEHO T
I xA—Ta YEALRRTE Vo AR IR 2 E- BRI ICRIZLTWS LRI,
Fio. DEO70MFEREICHET 2 RFRNEREAIC L2 FiT L WEEREOBITICL o T, V=7
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XX-ArgEF — 7 L OMERAPRR EN-OT, ZOTREIZOVWTYEFORF2MEAZ LICL
720 AspX-X-X-X-X-X-ArgEF — 7 H I E A ELTORMEEEBREICHEFESNL BREVEF -7 D
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His32 2B EDHEEICNETS b & VI E 2 (54632 T, TetAB)DHis2 572D 19FED T X'
JEBBREICERINZ, LAL, BRELLAS 7 M—AWMREEOBRE L FARKIC, HHEENOEEN R
BEEBETAHLD THo7(6469, LALARI D, 257MIFEEIFRMICEEST5 2 &, HiskEIS
TIREESZE L ETELIERTAZLPOBRE LTEZOEERITEETREDDTH S, FRID
3ODHBREITTAPRET, & 1 BEBEROAp15, 3 EEBER A4, 59 HEEE
WD Asp285TH 5o Aspl5Asp84 TldAsnBHR TREGE/NMITOTF M 594 7 ) VEREEFE LK
T30, FREDT 5 HA 2 VitHESR B EAFTE20IC LT, Asp285DAsnEES
ITEEEMSTEICEE L, TARHTHEIELE L2V EVT X912, Asp285 X EEBEBERD 3 20
BEMREOH TRIBEELREZ R LTVE, ZhLDEMEREID, 30DAspBREIIER (717
A2 - 20 F 4> 1 —ME) OFBESICHES L. Asp285l3EICHZE A 4 (HY) O&REIC
DEELTWS EEZ b N6, AL TIE, Asp285DAsnEEEE PORATHELE L AT EHBTE
AUEERERBKEESE L. +OEN 2 RRNIAT 072, OB T, B2ERE LTREREDE
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BRER, BENERIELPICENI,
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KIREY. ERNEAEREIL, KRICPOBELMECRIREEMT 2LEFD L. T T, KR
T, TtAB)DKEREHROMEE, B - BERROWEL21To e TetAB)RTLVFaE-TFAIFE
TREXE2 LHEEMET T2, VWbOIADEETFEIRECDERTOT, TNETEELRESR
FRIIMEIN TV D078, tetABEF R etREE TV HEL, SFaE-TFX3 F_tUJIac
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&, KERERY RE, $70, WEZE Y2 REEEN TUHELE, DEAE/ 4 Y R#|Iu< b5
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TRREBR LIV, foT, BAMRSEEL ThiE, 2OBFFVH®2 [7:h] & ko THRE
bR EEINS LS NS, 22T, ERTHELBEZNOTEERE (Vb FOERETER. 4-
55T —¥) 2R, TeAL OBMABEEARRERHROBELT o1, 3EOMEERRETZIERL
ez, WERLBAERO KEEHEISHRA SN 0T, TEEEZRSZHAVTT 74 =71 B
FTAZEERMAT,
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LTWAZ EZRL, TetAPD 2 Ed TEEREZEHR LTWA T2 RB LT WA (72), F 72, Rubin
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HENETAZLEZHEL., « BB pEREOMOMEMERAFBIRENS Z & L0714, L
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HERETAH20, tetAR)EIEZT % & H PR OMBEH BEAMES Y T 2L BRI a8 L,
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RBIC, BEABENTHET FIT4 20 Y RTER., ) IVFA 7Y Y OODFHHEZEITo720 7
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Table 1. Distribution of antibiotic/xenobiotic efflux proteins.

Classification Efflux Protein Substrate Distribution References

L. Major facilitator superfamily

(1) 12-transmembrane-type TetA(A), (B), (C), tetracyclines Gram-negative bacteria See Table 2
@), B G, H)
CmlA chloramphenicol Pseudomonas aeruginosa 76-78
Ber bicyclomycin Escherichia coli 79
EmiD multidrug Escherichia coli 80
NorA new quinolones, Staphylococcus aureus 81-84

multidrug
Bmr multidrug Bacillus subtilis 85-87
Bt multidrug Bacillus subtilis 88
LmrP multidrug Lactobacillus lactis 89
CmrP chloramphenicol Rhodococcus fascians 90 ‘
CmiR chloramphenicol Streptomyces lividans 91
CGAT monoamines chromaffin granules 21
SVAT monoamines synaptic vesicles 21
______________ OCT1 organic cations renal proximal tubules 23

(2) 14-transmembrane-type  Tet(®), 1) tetracyclines  Gram.positive bacteria  SeeTable2
QacA, QacB multidrug Staphylococcus aureus 92-95
EmrAB multidrug Escherichia coli 96,97
Mmr methylenomycin A Streptomyces coelicolor 98
TcmA tetracenomycin C Streptomyces glaucescens 99,100
LmrA lincomycin Streptomyces lincolnensis 101
Actll-ORF2 actinorhodin Streptomyces coelicolor 102
ActVA-ORF1 actinorhodin Streptomyces coelicolor 103
Pur8 puromycin Streptomyces alboniger 104
CmcT cephamycin Nocardia lactamdurans 105

II. 7-transmembrane-type TetB (Tet347, tetracyclines Streptomyces rimosus 106,107
OtrB)

IIL. 4-transmembrane-type  EmrE (Ebr, Mvr)  multidrug Escherichia coli 108,109
QacE multidrug Klebsiella aerogenes 110
QacC/D (Smr,Ebr) multidrug Staphylococcus aureus . 111-113

IV. RND family AcrAB multidrug Escherichia coli 114,115

(resistance-nodulation- EnvCD (AciEF) multidrug Escherichia coli ‘114,116

division) MexAB-OptM multidrug Pseudomonas aeruginosa 117-123
MtrCDE multidrug Neisseria gonorrhoeae 124,125

V. ABC superfamily MsrA macrolides Staphylococcus epidermidis 126-129
DrrAB daunorubicin, Streptomyces peucetius 130

doxorubicin

ThC tylosin Streptomyces fradiae 131
CarA carbomycin Streptomyces thermotholerans 132
SmB spiramycin Streptomyces ambofaciens 133
OleC oleandomycin Streptomyces antibioticus 134
TnrB tetronasin Streptomyces longisporoflavus 135
Ardl A201A Streptomyces capreolus 136




Table 1 (continued)

Mdl multidrug (?) Escherichia coli 137

P-glycoproteins ~ multidrug (anticancer mammals 12-14
drugs)

MRP/GS-X pump multidrug (anticancer mammals ‘ 15-18,
drugs, glutathione 138,139
conjugates)

LRP multidrug (anticancer mammals 19,20
drugs)

MOAT organic anions liver canalicular membrane 140,141

VI. Regulator ' Mar operon multidrug Escherichia coli 142-146

RamA multidrug Klebsiella pneumoniae 147

Table 2. Classification and distribution of tetracycline resistance determinants in

microorganisms.

Class Mechanism Distribution References

A Efflux Enterobacteriaceae, Aeromonas, Vibrio, Pseudomonas 148,149

B Efflux Enterobacteriaceae, Haemophilus, Vibrio, Yersinia 34,35,150,151

C Efflux Enterobacteriaceae, Vibrio, Pseudomonas 152-154

D Efflux Enterobacteriaceae, Aeromonas, Vibrio, Pasteurella 155-158

E Efflux _ Aeromonas, Escherichia coli, Vibrio salmonicida 159-161

G Efflux Vibrio anguillarum 162,163

H Efflux Pasteurella multocida 164

K Efflux Staphylococcus, Enterococcus, Streptococcus, 26,2841
Peptostreptococcus

L Efflux Bacillus, Staphylococcus, Enterococcus, Streptococcus, 27,165-172
Peptostreptococcus

M Ribosomal protection  Clostridium, Enterococcus, Staphylococcus, Streptococcus, 173-179
Peplostreptococcus; Neisseria, Mycoplasma, Ureaplasma,
Haemophilus, Campylobacter, Gardnerella, Kingella,
Eikenella, Veillonella, Fusobacterium

0o Ribosomal protection ~ Campylobacter; Lactobacillus, Streptococcus, Enterococcus 180-182
Efflux & Ribosomal Clostridium perfringens 183-185
protection '

Q Ribosomal protection  Bacteroides 186,187

S Ribosomal protection  Listeria monocytogenes, Enter9ococcus faecalis 188,189

X (F) Modification + Efflux  Bacteroides fragilis (cryptic) 190-1%4
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TH2 chain H+

TH™
~ M92+
v
THMgX
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e TetA inner membraneJ

periplasm
Ht
Figure 1. Mechanism of ApH-dependent tetracycline accumulation in cells and metal-tetracycline/H+
antiport by TetA. Tetracycline diffuses across the inner membrane as a protonated, electrically neutral form
(THy). A monocationic chelate complex (THMg") of a magnesium ion and an anionic form (TH") is
accumulated in tetracycline-susceptible cells. In tetracycline-resistant cells, a THMg" complex is excluded
through an electrically neutral 1:1 exchange with a proton by TetA (5, 31).

H+
T
periplasm 0N\ A n

ey TR A

T cytoplasm 20 C \ Uz
2

+
" 41{'—7——'-”"%94-

Figure 2. Mechanism of regulation of the tetracycline resistance determinants from Gram-negative

bacteria. In the absence of tetracyclines, dimers of TetR, encoded by the zetR gene, bind to two tandem et
operators (O and O,) located between the fetA and tetR genes. The genes have divergent polarities and are

transcribed from overlapping promoters. Tetracycline—Mg2+ complex (THMg") binds to the repressor-operator
complex and triggers a conformational change in TetR so that expression of the fer genes is induced (29).
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BT MLk

1T EBAH
1. HRETSAIF

EBRMEH L KIBERRZ Table 1-1IZR L2e T RTAKBEK 126ERDIDTH B,

Table 1-1. Genotype of Escherichia coli strains.

Strain Genotype Reference
TGl A(lac, proAB), supE, thi, hsdD5 | F' traD36, proA*B*, lacl#Z AMI15 197
W3104¢if galT12, rpoB A-F- 198
MV1i84 A(lac, proAB), ara, strA, thi, ( ¢ 80 lacZ AM15), A(srl, recA)306::Tnl0/ F' 199
traD36, proA*B*, lacliZ AMIS5 '
JM109 recAl, endAl, gyrA96, thi, hsdR17, supE44, relAl, A-, A(lac, proAB) | F' 200
traD36 proA*B™* lacliZ AM15
JM110 dam, dcm, hsdR17, supE44, thi, leu, rpsL, lacY, galK, galT, ara, tonA, thr, 200
tsx, A(lac, proAB) | F' traD36, proA*B*: lacliZ AMIS
CJ236 dut-1, ung-1, relAl, thi-1/ pCJ105 (cam’ F') 201,202
BMH71-18 mutS  A(lac, proAB), thi, supE, mutS215:Tnl0 | F' traD36, proA*B*, laclfZ A 201,202
Mi5
RB791 W3110 lacHL8 203
DK8/pBWUI3  AuncB-C, ilv::Tnl0, thi | Amp® unc* 204-206

75 X3 FDNAOTARIZIZEETGIHR MR L7z 7272 L, dam methylase, dem methylase®D B8 %X
FAHIREEZT 75 A3 FDNARMILT 2 BA121d. MILOBREFERE L2, 545~ a V RIBB LU
ERE A BOBEERITIITCLEREZ R L7, ssDNADTEIZIIMV11844dH 5 W IIIM109RE A L
Tro TAFYY 5 UV EETssDNADFARIZIZCI2368R 2 L7z Kunkel$BE(201202)|C X 2 ERBEAH
PEICBMET1-18  mutSHRBMEE L7z, SOBBE/NEOTMITIEW3 1040688 L URBTO KRB L1z, 45
12, RB791#kid lac7 O E— ¥ — X R TICEPNRETFRBRICAC b, EXRZEORZEICITEE
W3104nitke % B Lz, ZHE+E. HUEL L )55 & 17-DK8/pBWUL3KkIZH-ATPase (FoF) DFREL
ICHWSL N,

INFaAV—r U~ FR2 ¥ —¢ LT, pUCLL8, pUCI1Y (19), pHSG398 (207) (EEE) Z.
¥, U—a¥—2u—=r Ry ¥—% LT, pLG339 (208 RV, BEMHELTVE FS VAR
VU TnlOBED tetRP & UtetARIZFIE. 75X 3 FpOT3 (R388:Tnl0) (209 IZHKT 5, KIFEFEM
MBI FUERBETEREETF0IAZ2— F$5 75 X3 FpTP70-1 (210211) IBERAEL IV S5 SN
720 ZOELD TS A I FIZTRTUFRBICBVTHEESI N,

ssDNAD T IZM13KO7TANIS— T 7 —(199) (FiE#) 2B L7,
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2. %

ON— A ¥ T72=VarT4 a8 (Hibroth) (GRFFMEE)

AR £itilaski/d 500g
RSNV 10g
EibFrrU oA 5g/ ¢

ON—= P Y 72—Ta YEREHM (Hlagar) (GREFHLE)

AN iiifantr:d 500g
RT b 10g
21 ol UV R YV 5g
FER 16g/¢

(®2XYT broth (212)

Bacto-tryptone (Difco) 16g
Bacto-yeast extract (Difco) 10g
NaCl bg/ ¢

@YT agar (212)

Bacto-tryptone (Difeo) 8g
Bacto-yeast extract (Difco) bg
NaCl : 5g
EREK 15g/¢
®medium A (8)
K5HPO, 7.0g
KH3PO4 3.0g
tri-sodium citrate + 2H50 0.5g
MgS0, - 7H50 0.1g
(NH4)2SOy4 1.0g/ ¢

W%, BEMRE L720% glucose. 10% casamino acids (Difco) % 1/100EMZ 720

®M9 glucose medium (212)

NayHPO, + 12H,0 15.0g
KH,PO, 3.0g
NaCl 0.5g
NH,CI 1.0g/ ¢

WE%. BREE U720 1mg/ml thiamineHCl, 100mM MgSO4. 10mM CaCly, 20% glucoseZ 1/100%
mz 7.
M9 glucose agarid. M9 glucose mediumiZEREEZ15%MR7=b D TH 5,
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3. FEMHE. BEERALEERLeY ., BEETEMERREE. 2othnRE

BBRT b THA4 70 PITAEHE, Sigma L VEA L, BRITUNVT I FH A7) VidSigmad D
ALTze BRI VA2V, ZUINVFA ) VIZERLV S - X ) FEERT,

[7-3H}tetracyclineldDu Pont-New England Nuclear & DA L7z, Nethyl-|2,3-14Cjmaleimide, 5-[A-359]
dCTP. 5-[a-32P|dCTP. [35Slprotein Al Amersham & D EEA L7z,

PANSORBIN Staphylococcus aureus cellldCalbiochem & D EEA L7,

Oligonucleotide-directed in vitro mutagenesis systemiZAmershamd WEEA L72o Site-directed mutagenesis
system Mutan-KIZEBEE L DEEA L7zo Sequenase 7-deaza-dGTP KitidUnited States Biochemical & D EEA L
720 ZOMDBRIETHRIFICACHFIREER, BHEE, V2 —, *v 1L, TEE, =v RV Y-
>, Wi##%h. New England Biolabs & DEEA L7z,

DEAE-Sepharose CL-6B, Sephadexid¥Pharmaciadk V) . Methotrexate-agaroseldSigmad D BEA L7

ZOMDEREITRTCEEFRD A VIIENZHODOEFERA L, MIHE, FHI5AT7A7EDE
AL7z,

4. HumE

FIGHA ) VHEHEBCERNLAT I/ BREICK T 2 79 FHRIME FiTetA-Ct14PLM%) XL
BURFRE 1B W C/ER S n7-(37.213), FEhdl— F4EK147 I/ BRE T2 7 3FHRIIE (U
TetAMLL4FINE) BX UBRT FI4 4 7 U Y HHRERICHT 2 7+ FHRIME (ATARME) XK
FRDHRTEY ITAFFR RS Nz, FRV—TEE 147 I/ BRECHY T2 EHRTFF
(ML14 : N-Asp-Asn-Thr-Asp-Thr-Glu-Val-Gly-Val-Glu-Thr-Gln-Ser-Asn-C) lthyroglobulinlZ#& S ¥, HA
ey ¥ () %% L7, ML14-thyroglobulinA#8I3PBS (phosphate-buffered saline) ¥ & L
THEEIN, BHTIE, SEO70A Y MNEETVaNV N REIIVTa Y E LT, A0,
ML14-thyroglobulins-&1K0. 9mg % B EE NS L ESHFANIZIES L. 10H#IC24mg%, EIC6H
BIC1Smegk FREICIES L7 COHAPOBIFHEICERRE VRO, MEEZFHRL 72, HRT b
SHA 2 VHERERIIE 3E 6 1ICRTHET, 0.1% Triton X- 1002 ELRERFICAR S Nz, DE
DHRBICIERER42 ugZ V. DB, 7T~108B X123 H84 p g DIERETEIEH Lize 83 ERS
BIDBIZ5ABCESRIVBML, M2 AR L, MFIE56TCTI00MIMRLEL TIF@L
L. 0.1% NaNgZfz. 4 CTHRAELZ, -

TUHYET + R 77 ¥ —EEBRY FH 7 FleGHiEIIBioRad L DA L7,
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s EETFTENEE
1. DNAFRSIE

75 A3 FDNADFTRIZ 7 V9 U iE@1221976E 5 2, ssDNADBELIL Vieira and Messing 1995~ 5
7:7235\‘0:%0 7:0
2. HIFREER., BHERND

HIRRER . BMEERERUS IZE 2 — 7 — 2SR LR ICfty, 2N EROBEICRAT S FUSHRER
% A\ Universal buffer (EEE. B T HEWTITo 72,
3. DNADBXXE

AU —RAF VEBRIKE)IZADVANCER OMupid-2% B\ TiTo 7. KU T 2 VT I FFIVESIKE
7N —OEERZS TERRBEELTEVWTITo 2, RBEARERICIZFNFN, 1 XTBEEH
(89mM Tris. 89mM borate, 2mM EDTA (pH 8.0)). 0.5X TBEBEHR % A7z, WEIER, 1p g/mlDethidium
bromide BB CTHREL., PSUVAANVIF—¥ —ET295mmDUVEEREH L. BEEHRELL (794>
A% N7 4 VAFP-3000B) o DNAWTH OK & EiX. EcoR I & Hind Il THESL E 172 ADNADKTF & %
LIZRFEDL SN, DNAOHI FREEZ UM OFBICIE, KU 77UV T I FPAVERKEZA W,
365nmADUVHE B L. BEEHZ., YVOWY B LEFT o7z, DNAWH BT 2 — 7 TERNITE
BLA®E, =&/ — VBRI ) ER L,
4, BREAE

AR RE AL, A4 ) TX 2 LA F K% BV Theksteinik(197.215 & 5 2 2K unkel#(201.202)
WZEDIToe BEIREANICTTRENTVA XY PO =2 T WVIZHES T2,

5. DNABEEFIRELE

15 R OPEId. SangeriE(21612k V7o 72, BFITHRE N TS Fy PO RZ2 T VIZHE-
7o TH5 AT —Id% v MCEAT D Universal primerd A VIZERA U ITX 7 VAT Fe W,
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E=E WEPNTES L UEMENTFE
1. EHRZEREE

FH R OH BT BRFERAERE % A7z, HI brothd 37T T—BkEE L2 B A HL broth TL00H
FRL, £0555u ¢ (3X106cell/ml) 23270755 — (EAMEMER) HWTZERFAR
OFEH % & THI agar PARUCERE L7z, 37CTISREML LR L%, HosTEHEL. BHERXEE
B/NEERLILERE (minimum inhibitory concentration; MIC, u g/ml) TE L7,

2. KB®WY VIREORR

Bligh and Dyer® FHEQINIZHE - 72,0
W2 E AR Z medium AR37C TODg30= 1 T THEL, £H L. BEREABEEKTHE
Vel L, BAREER1%72) 1omOAER AEKICBRE L, EARERIOMIH2)100mID A ¥/ —
Wy RATE50mD 7 DOk VAR RRTHEBLZSOMZ 2. 3040 HKER, BRERZEAL, BEZ
SR FICB LT, Bl 0ok A%50ml. BEAKESOnIMAL, MUIHEEL, ZRT-BHIEL
2o TEBEFATISAAWHBML, O—F ) —2NKL—F —Tr00kVA2EEIE, RED) ¥
SH % 50mg/mIDEE 272 5 X 9 122mM B -mercaptoethanoliZ Bk L. —20CIZHRFF L7

3. BERBHEORE

WAREEM (10ml) F37CTHYAREL AN CEEFRAOFELHMHL T2 FHE £H L,
50mMY Y ERE U Y MBEW (pH7.0) THER., ARERIaICERE Lz, BEREREZ Fy TV =
#r — % — (BRANSON Sonifier Cell Disruptor 200) THEE ML L. BHEBR: L. REFREZRER,
Bl (304, 4T, 210,000Xg ; Beckmann, TLA100.2H—#% —, 70,000rpm) CRESE B,
FRERS0 L IZBRE L. —80CITRAEF L7

4. REBE/NMEOTREES)

medium AR37CTHEYZHEEZ AV TREFRREOFELHHL T 2ME. LE L. 0.1M KCL
10mM EDTA% & t+50mM MOPS KOHABME (oH 6.6). TR, BRBER1gY% 7Y 5mld FAEERI
BB U7, AR IR 100 ¢ g/ml DDNase L Z BIZ 724, 5,000p.si DEATT LI FT LR
(SLM AMINCO) %3 L. BEZBM: L. REHEERES, BE20 (1FM, 4T, 190,000Xg; H
3. 70ATH —% —. 43,000rpm) CREB/MIZELL, 0.1M KC1%&{50mM MOPS-KOHAZEH (oH
70) BB L7z, BEEERLEZTY. ARERCERE L, —80CIRFELL,

.1’7.




5. WIREIZSORESL, FEEMAIC X 2 TE(b

medium AR37CTHYLZEELZHAVCRETFEROFTEL AL LT 2 1M, £E L. 0.1M KCl,
2mM f -mercaptoethanol, 10% glycerol % & T+50mM MOPS-KOHARE L (pH 7.0) THER, HEBERL.
%721 5mlD10mM MgCly. 0.5mM EDTA. 5% glycerol, 0.5mM phenylmethylsulfonyl fluoride (PMSF) =
tr50mM MOPS-KOHMREH (pH 7.0) 12fR& L7z, BARRERICHEIRE10 4 g/mlDDNase I MR 782,
10,000psiDENTI VU FTVRAEBL, BEREHERE Lz, REREERER, 8FE 0 (1EH. ¢
T, 190,000Xg; HiL, 70ATU—% —, 43,000rpm) TREEB/PMEZEINL, 056mM  EDTA, 1mM
DTT. 5% glycerol, 0.5mM PMSF% & £50mM MOPS-KOHARE R (©H 7.0) IZBE L1z, BEEBE.LETT
vy, FRRERICRRE L72R. 30~45%(W/W)Y a R EQEE L (12FH. 4T, Rmax=205,000Xg ;
HiZ, 40STU—#% —, 34,000rpm) L. WIEE 4% 5B L72(218), WEEEIS130.5mM EDTA. 5mM
thioglycerol, 10% glycerol% & ¥r5mM MOPS-KOHAREE (pH 7.0) IZFHF L (219), #&-lv (404, 4T,
165,000Xg; H3IZ, 70ATHE —% —, 40,000rpm) THEHES% EYLL. 5mM thioglycerol. 10% glycerol
% & 150mM MOPS-KOHARME R (pH 7.0) IZRB L. —8O0TCIZHRE Lz /. LEE 3 OFELIZHEV N
BUNBZRBL, ¥ aBREAERLCLUEIOFEIHE) ZEATMRETH 5,

TetAB & N F OFEMRDO TR, AEERSBER (20mg protein/ml) 1ZHIEREE1.25% octylglucoside
(0G) %5\ 2% Triton X-100 (TX100). 2% dodecylmaltoside (DM) ZflZ TRERLHMIZIBEM L, Bl

(3041, 4C. 210,000Xg; Beckmann, TLA100.2W—% —, 70,000rpm) L7z, EWEESEL, B
BIERBRED 5 VT ERERERICH V12,

6. 7 NIHA ) VHHERORBR

FEOREEER T LR OBEL EES00 1%, 0.1% DMEEE50mM  triethanolamine HCIREH

(pH 8.0) TEML L7, Xy FAERK6em! (1X8m) DDEAE-Sepharose CL-6BZ F AICEML, #DIC
FBEREI0m T, RV CEHEESRA30mIC %5 X 9 1205ME CRCURE 2 EMMICELSE, BHL
720 COBEDOALT, F 59427 VEEREHIRIZRIEL2ICBREINS,

FRSHA 7)) VEEHBE & Vb FOERETER (DHFR) LOBMEEHOERICTIE, Methotrexate
agarose’® AV 2, HHEIZLIX8emD Ry FTH FAIZFHES N, 1M KCl. 01lmM EDTA. 14mM §-
mercaptoethanol. 0.1% DM%&Tr10mMY Y BEA Y 7 ABEH ©H 7.0) TRE(LEI NIz, TIHLBROE
OB ImE S 5 AR L. FEEE0n THEME, SnMERE &1 EREE T L.

7. 785420 YEEHBEED ) KXY — ANOFERER

RV —AZ, BEOREBRED, KERY VIRES 5231 o phosphatidylcholine (L- « -lecithin) type II-
S (Sigma) I21mM DTT % & ¢»20mM MOPS-TrisfB## (pH 7.0) % 10mg lipid/mIDMEREIZ %2 % £ 9 IR
BEFAPREMFIL-BRBH L, NARY=F—5 —CTHERLE L., FE L

KB H+ATPase (FoFy-ATPase) l¥Moriyama b DFFIEE206)IZHE, OGTAMEDKS/pBWUL3HRDN
BEES % 3 %, 10~30% 7 ) £ 0 — VEEAER M TER L7,
(1)ERERMBEAREIC L 2EHRY KV —ADFRE | 10mg/mJ KV —260u1, FBEREFF-ATPase 100 ¢ 1
(100 g protein)s B & UTetA% EL T HLB ORI L1001 (20048 protein) &5 VILIERTetA

.18,




100¢1 (20pg protein) ZEEAL. —80TICTHER., BFITEMT2HBES 2 BT\, 13mD0.1M
KCl. 5mM MgClp & & €20mM MOPS-Tris#B M (pH 7.0) I2& B L., #E.ls (1 8. 4T, 165000Xg
; HIL, 70ATO—% —, 40,000rpm) LC7RFFY RV —LZEILL, ERERL50 2B L1z,

ZOTRTFFN RV =AZBHT P TV A 7 VERIEEIEICE G SNz, BOBEEE I L AH 5%
DWEIZIE, BB 5 LD I12, FREMMROBAWE0 112 1 mOWEERERICERL, 20T s
Biro7,

Q)FNVIEBZ BRI TT7 4 —ICEBEREBT R —ADHFE : Img/ml Y HY —2600 1, B
FoF1-ATPase 800 .1 (800 2 g protein). 38 X UNTetAZ L HIE LA DR LIE500 41 (1mg protein) &
%\ 3B TetA 50041 (100 1 g protein) ZBA L. —80TIZTHHE, EBICEMT L HER 2 BEfTo 72
#%. 5mM thioglycerolZ & ¥r20mM MOPS-TrisBEH (pH 7.0) TEHHL L7>Sephadex G-25% 5 A (1X
10cm) WML AR CHER Lz, BE LEHEZED, &0 (3041, 4T, 210,000Xg ;
Beckmann, TLA100.20—% —, 70,000rpm) L. 7174 RV — A& ZFBEHEI00 x BB L7zo
DT TFFVRY —ABBHIT FFH A7) VEEEERZICHC Sz, '

8. BORERE

BEHEDERIZ. Lowry b DJFR(220), &5\ id, Schaffner and W eissmann® FiEE2IZHEVT o 72
WEFNDBED T VIET IV I 2 BSA) 2ERERE LTHW,

9. SDSHKUTZVVT I FIFVEBRIKE

LaemmliD F{E(22 1206V T o oo BRIRKENZT P —OEEEIR S 7ERRBEEDS 20 IZ< T VIvD
EEMA 7 0R S5 TRRKGDEE L AV TITo72. REIE, FILEREM]R (0.1% Coomassie brilliant
blue R-250, 50% X ¥ / — )V, 10%EEER) K100 MEB LCHREL, HER (7% X5/ —V, 7T%EER)
TRE L. THIcBa L%, BEKCRLOEE L, BEO RICRE T/ VERE (7 b)) TR
Bl

10, 41770y 54 07

Towbin 5(223,224), Burnette(225 D IKIZHET o 720 BRIKEEDSDS K 77 UIVT I FFVIC=
P2ENVT—RT 4 V¥ — (Millipore, 0.22pzm. Type GS)s %5 \*idImmobilon-PSQ (Millipore) % 5% &
¥, BRINVAD TS VEBEEHLVIZEER S NVA Y TS VEEEE (WThi<Uvi) AV
T~ TrisglycinefBE & (H 8.3) (25mM Tris, 192mM glycine, 20% * ¥ . — V) RTEHEE L/, BEROD
RO T—R T4 NF —i, 3% T F U EHE Trisbuffered saline (TBS) FTTUvF 7L, KW
T, FORBEB IR OAE L2 EES THRERN R IVEL RN L -HLE £ 3% ¥ 5 F > &F TBSH
T—RMEFRAERSZT o770 BB TH, = O VI —ZX T4 ¥ —%20.1% Triton X-100&E TBS
v RWT, TBSTHHICHESE Le ZRIMEFAERRIE, 3% ¥ FFVEHTBSHTT VA VET + R
77 5 — PRI Y T FeGV FHEE HVTTo 720 RIBKTH, 01% Triton X-1008HTBS, R\
T, TBSTH4IZ¥E% L72s 1mM MgCly, 0.5mg/ml p-nitroblue tetrazolium chloride (NBT). 0.25mg/ml

.19.




5-bromo-4-chloro-3-indoylphosphate * toluidine salt (BCIP) % &¥r100mMKERT + U 7 AR (pH 9.8) IZ
BLTRERBEITV, TetAd 5 WVIZZOFEEOKRREIT o7z, FVATHET7+ A7 7 ¥ —EERT
RFAEDRD Y 1285 protein - AR FHVAHEIE, = MO VO—-2 74 vy —%BEREZL, -1
STFTT T A =L DREEERINBEAONY Fegl Lz,

11. MCINZF VLA R FREAEONE

5mg protein/ml® FEEIE/ME100 p N2 HKIEEE 0. 5mMD[14C|N-ethylmaleimide (NEM) %NZ. 30CT54
M7, 0.1M KCl1% & t50mM MOPS-KOHMEE (pH 7.0) 1mlEIZ TES ICBREG (304M. 4
T, 210,000Xg ; Beckmann, TLA1002W —% —, 70,000rpm) L7z, 7LB%200.100.1M NaCl, 1%
Triton X-100. 0.1% SDS, 5mM NEMZ&t:10mMY “BEF bV 7 A8 (pH 7.4) [CR&E L, WAL
770 HBEL (304H. 4T, 210,000Xg ; Beckmann, TLA100.2 2 —% —, 70,000rpm) %0 E3FE%EH
TetA-CtLAMIMIELS 1 EBA L. BRT1 BHRE E872, B, Pansorbin(226) (Calbiochem) %100 1
Mz, BET 1 EEES &7, EEELTES 2B %2 EED0.1M NaCl, 1% Triton X-100, 0.1%
SDSEET10mMY Y ERF B U ASBEHE (pH 7.4) TEERES L7z, Laemmli®Dsample buffer(222) 12 B
Lo HEIZI0STIRE Lok, BEE L EEESDS KU 72U VT 2 FPVERKEICA Y, -1
SOF TS T4 =12 L VIREMHERS N EHON Y FERE L,

12. 779420 VEAEENERE
(WEHERB/NETOT b T4 7 ) Y EREEOWES)

FRTHA 2 U VREEEIREENEADRHF N 5T A 2 YORYAAhE LTRES R,

3 5mg protein/mlO) KERIE/NE10 1 112250mM £-NADH%0.5 ¢ 1% T, 30CT 1 HHMEIE2E (W
i B-NADHZ IR %\2) | BHIF 53 A 21U ¥, CoClg. 0.1M KClEETL50mM MOPS-KOHAREH (pH
7.0) %40 £ N2 T, 30C TEBBM UL &7z, 0.15M LiCl% &¥5mM MOPSKORMEH (pH 7.0) %
omifNz TERL., ZTEL = FOeME—2R7 4 V¥ — (Millipore, 0.45xm, Type HA) &L THET
WBL. BiC 2 ERRER TS L. WEREICIE, Millipore DR Y 7% 33 L7z, Hoeler®1 0K
BEEEE A, = P ORVT =27 4 LY —E10mD Y ¥ F L —F — (2,5-diphenyloxazéne (DPO) 8g,
2,2" p-phenylene-bis(5-phenyloxazole) (POPOP) 0.2g. Triton X-100 1 ¢ MWL 2¢) IZHBMBL. Bk
VFL—arhwyy—T3H-dpmZEHEE L, : J

BE. EREEERIER,. 10uM BHIF FIHAZ Y Y, 50uM CoCLFET. 01M KCEELE0mM
MOPS-KOHBMH W (pH 7.0) HTHbN, 5. 15, 30. 45, 60, 90B LU 120BMOMY RAZWEL
Pro Fiol FRSHA 2V VEEORERGNT A —F — ik, 1mM CoClFFE T B4 RBH|T b5 A
2 VBB IZB W T30 OB A& % MZE L. non-linear regression curve & D K7z,
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(Q)FAF ARV —ATOF FFH A 7 VEEEREORE

Fa5F RV —A30x1UZ0.1M KCl, 10mM MgCly, 1xg/ml valinomycin, 10mM ATP%Z &% 10mM
Tricine-cholinefB B (pH 8.0) £30pUMA, 30C Tl AMBUS S €7 FRIZATPEZMZ %2\») o 0.1M
KCl. 10mM MgCly, 1 g/ml valinomycin, 10 M [BH]F b 544 71 % E&E10mM Tricinecholinef&f
W (pH 8.0) 290 UMZ ., 30CTHRERMD IR/, £E%5mM thioglycerolZ & ¥r10mM Tricine
cholinefBEH (DH 8.0) TFHI{L L 72Sephadex G-503 0ok T A IR L, 400XgT 2 5 ME L Lz, B
BOBEEMRE & 3H-dpmZE HE L 720 EHAEIZATPOM D D IZ §-NADH (KiEE2.5mM) ZHWVTD
fThhiz,

13. 7ot vEEietkE

EEALZ70 b Y OBENIEIEEGECDIC X D HlE Lz, I8 HILF-2000B 86006 ERT 2
EWTHE L. pHEREM#E 70— 7 & L Cquinacrine (BH#EHEHE4 400m, HIEHEES000m)  H5
iX. acridine orange (FHAEIEE490nm. HIEHFES40nm) & AV,

(1) Mo 7o b EREEORIE

0.1M KCl. 10mM MgSO,% & ts50mM MOPS-KOHREM (pH 7.0) 1mliZ. 2mg protein/mloD FERIE/ME
%251, 160xM quinacrine (%2 V213250 M acridine orange) %5p 1Mz, HAEDE=Y —ZHEL
720 250mM B-NADH%25xl, 2mMF b 594 7Y > %&5~10p1, 1M NHCIZS p 1% EXRMZ 720

Q)7 FF IR —ATOFT NTHA4 7)) VEEFEOHE

0.1M KCl. 10mM MgCly% & tr10mM Tricine-cholinefBH (pH 8.0) 1mlic, BREBIAHOEREIRER
AWE50p], 160pM quinacrine (% B\ 13250 # M acridine orange) %5p1, 0.25mg/ml valinomycin®
25 u1NE, MENE=Y — kB L 2. 0IM  ATPESul, 2mM7 FFH 4 7Y ¥ &E6~10p1 1M
NH,C1%5 p VENERIM R 720

14, Jb FoOEmETEEEEHEEEE210211,228)

NADPHDSMEIES £ 340nmicB 1T 2 TNOK: BEFOBS ZREL, TDE VISR e =1.18X |
108M-lem1 % IV CEBEZNE M2 RO 7z, TUNBERIEMIZZ0CIKBWT 1A HEZD 1 pmodPV L T
#5 (DHF) 7 h 5 ¢ FOER (THF) (OBTT2BEEL L. HILU-3300R55IRE & A W
FEZRE L7,

12mM B -mercaptoethanol® & &r50mM ' VEEH ) ARREW (pH 7.0) 2mlil. BWUBEOBZ AN,
24mM NADPH#S5 1%, WREEREE B L, 20mM DHFE5.IMA, BLZ 5 - E 2 Rl
720
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15. B-F7%~<—ElEHINEH?229.230)

B-5 78 LHDT 7y AREBICES K BINDOBIEWE LIz, p-7 7 5 LH] iZcephalothin (CET),
benzylpenicillin  (PCG) % FV:7zo CETD2650miZ BT 5 EVEIEREUL € =7.20X103M Iem 1, PCGD
235nmiz B 1T 2 T VIEHARIE € =0.94X 103M 1em1 THh b, IUNDBRFEWIIZ0TITB VT 1 FHH2
D1 umol® B-F 7 % AFIRIMKSEST ABERL L7zo HILU-3300B3BEER 2 B W CREEE R
E L%,

12mM B -mercaptoethanol % & &r50mM Y YA ) ARBETE (pH 7.0) 2mlic, EUEOBEREBR LN
2. BHRERHEEEE L. 10mMD B-F 7 ¥ 2EIERE 401X, B X7 5 5HRERRT 7.
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$28 MREEARKEERICHFET 5 REMRSEF - 7GXXXDRXGRRO&HE

HLIH LB

TRV AR IIERRICE BN ICHEAE L, FOEMBHERZTVED, FOHT, HHHERMY
YR=F = TUFR=F =B EIVPLZR-F —DEF L, BEEECRBEHRNIELLICL20b 5
T, a NV YT AETRT A LEZONS 1 2ROBUKEER SSHREEZ B@T 5 “x@Esshimici
EENTWA (43-48), Henderson b 13 & O RMEREEIEREAD 7 I B—REF 2B L, BEDNT 3
/ BEEFECESCRE SN TS - 72 BERAEL, ThOFEFL A COBBRFICB VT, #£E
TREEEFERA CMBICROWZENDE Z EE2RRTWA4445), TDZ &id, TN 5O H AR RO
P CEBOBE RS TV A I L, TREEEEHRAISERYIZEEBEBDO A I = AL L o TEER
ERFTNWHBETEIAFT VEREEIToTwAZ L, ElZiX, ThoBpfrkBosiRHoIL %
RBLTW 2, BOPDEF—T7ORT, Lhbli}, £2RERBERE £3IEEBERE 2 ESMRE
BIBRMEER OV—72-3) ik, REET I BRBRESES LTHEL. Arg-X-GlyArg-Arg (XIZEE
D7 3 BERE) LWIEF-T7EBRLTVE, TOEF—7 OEMICITAspERED, FiZ 4 RE/MIC
ZGIYREN I AREFEENTVAE DT, GlyX-X-X-Asp-ArgX-Gly-Arg-Arg L EF — 7 RILJE LTS

(Figure 2-1) o ZOEF— 7312 EEBREREAI, D T2, UEREBABHREKRICLFLT
EIBICRFE SN TV AAL,

Choprald7 549 4 2V VHE 2 A T2 COMBEER (FS2EHERED SAA~E, G,
H, 75 2BWMHEOK, L) OV—72-312, F — 7 2HRT 2AspREITNZ . Z ORI IZSerfRED
BEINTWAZ EEE L, ZOEFT B Ser- AspBRESEEE AT RV L HEEE L 72(50), 4T
RETIZZORICEL T, FMBFRLEREEATEEL BNTT TIREBM SR EN TV 5 49), Asp66iRED
AnEREDNZEICT NS4 2 VEREEEEER L. GuEREIFERD10%EEOHREEE R
BTa2Lhb, 66MNOBRBIIEIICUETHA LERENT, THADHRER X, ER]L iy FF
YDFRNTHA 2 U Mg2tF L — METHADT, Aspb6BEIEE LHEIEH T TH 5 LHEE
ENTe —F. Ser65BEITALRCysICERLTE T M T 94 7 VEAFEHICIZE A ELREF R, £
NE BT BEICMARBETIE V., L2 555, Cys65BREDT MTHA 2 VERENEL, SHIBAT
KEOV LD, NIFIVTLA43IF (NEM) 2EHEE2 2L 0 DIZRELICHEES LEDIXT L,
NEME D) & IEERIGE D/NE R X F VA & Y FF ANV 7+ % — b (MMTS) TIRH410%FETS L) &
317, SHEBHIC L 2EHEEOREFBHEOKR X SITEREL TWiz, TOZ LIFEBEABRATIZ
Lo THhHEID LN TS (23, Thbh, MMTSIEAT % 2 7:CysREICH LT 5., Met5ERAFTIZ
MR OBEIEN T R L. FIAK X { 7 APhe6 SR TIHERSREIMET 5, F72. Cys65%
BRI T ANEMBSISSEE T S HA 2V VOFREI I VREEI LT, L LANEMESRES LS
(BT LB, V—T2-3HRDSer- AspBRIEIREEHEBU TR, LLA, 66EBH IEEDOY
RERIIBVTEE L —BRICHEAELTWS RSNz, Zhik, MREAOV—T72-313, KE
BEBICE o TR SN A EEBBREOA D OIS TAS - e LTBBLTWSIEEZX DAL
(49,231-233),

AFRTIIINSDEEL ST, V- T232BRTIRY SBRECEEELFHEL., BT I/
BBREDZE LV — 72 30FENTD WTRE L7z BT, V= 72310 iRRH BREVAsp6 65272
DEDTHADICH LT, HEMBENSEF — 7 2BRT 5 3 0OREMArRE L Lys63RE L AFT 4
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Protein I___é] X X X El E b4 El @
Antibiotic resistance proteins
TetA(B) (G-) 62[¢] x u {§1[P[R] F [¢][R] [R
TetA(A) (G-) 64|lc| A 5 isi|p||rR| F |&||R]|R
TetA(C) (G-) 6a|c| o 1 isi|p||r| F |¢||R||R
TetA(D) (G-) 62|le¢| R w isi|p||k| » |e||R||R
TetA(E) (6-) 621¢l R w {s}|D||R| I |G|[R|]|R
TetA(G) (G-) 62|e| o 1 isi|p| s ¥ |e||R||R
TetA(H) (G-) 62|c| R 1 isi{|p|[®] ¥ |e||r||K
CmlA (P.aeruginosa) 70|1G] P L is}|D|iR] L |G| |R]||R
Ber (E.coli) a7|l¢l 2 u a [p| s F |g||R|]|K
EmrD (E.coli) 6slec| p 1 {sl[p|[R] v |&||R||R
NorA (S.aureus) 59]¢| T L A [D||K| L |G][K||K
Bmr (B.subtilis) 62[cl R w v [p] Rl F [e||R||x
CmlR (S.lividans) 5A AL AR T W P |R|[R
EmrB (E.coli) 70[el w . A x[Rl v [e] E v [K]
QacA (S.aureus) 75 s a F A [p]lxl w lel[&][X]
Tet (K) (G+) 70[6] ¥ w @ pl y T N I |K
Tet (L) (G+) 70lel Kk L o] ¢ n[e] T |k
Mmr (S.coelicolor) 82fef ¢ T A N J[R|] 1 |e] A |k '
TemA (S.glaucescens) s2lcf Kk . ¢ [p]lr] F |e| B [R
ILmrA (S.lincolnensis) 86|G| R I A |D| L F |G||R||R
ActII-ORF2 (S.coelicolor) 98|Gf R L G |D| I Y |G||R|]|K
ACtVA-ORF1 (S.coelicolor) gole| v . ¢ |p|[R] » |¢||R||R
Pur8 (S.alboniger) 82|l R Vv A |D|] A F |G||R||R
CmcT (N.lactamdurans) 87lecl R L A |pf 1 H |el #H [R
Neurotransmitter transporters ___
CGAT (rat) 155l P . v N[Rl 1z [c] ¥ ®
SVAT (rat) 151fel . . T N|R[ I ]e|l ¥ P
VAChT (rat) 143|¢| 2 F I Rl M [s] ¥ D
0CT1 (rat) 168jc| ¥ 1 a E R| r |¢| [R] [¥]
SV2  (rat) 223|e] ¢ L A Rl © [¢] |R| [R]
sugar, organic anion, peptide transporters __ _ S
CitA (E.coli) 7afe] o ¥ 1 R| 1 [e][R][R
KgtP (E.coli) salel R 1 a k| 1 |e||r][x
AraE (E.coli) golel w n {si r [R| » |e||R||K
GalP (E.coli) 73lel w n isi F [k » |e||R|]|K
XylE (E.coli) 76]c| ¥ c is{ N |R| F |G} |R|[R
LacY (E.coli) 6ale| L L is K| . o] = [R
CscB (E.coli) 66la| I v o E k| & le| n [k
RafB (E.coli) 67l¢] v 1 {8} Rl L |6 & [x]
MelB (E.coli) 63N A T R s [Rl w|6|[x] F
GLUT1 (human) galel . * v ~ Rl F |6]|R|[R]
GLUT2 (human) u6lc| w » 6 [0 T 1 |6f|rl I [X]
GLUT3 (human) s2lel . F v w[R] F |6||R|[R
GLUT4 (rat) 100je| 1 1 {8l o w 1 |g|[R|[K
GLUT5 (rat) golegl F L VvV N N L |¢||R||K
GLUT7 (rat) 114ef w 1 ¢ [D|[E v lol ] 1 [¥]
PepTl (rabbit) 70a L 1 ap|a w u [g][K] F [g]
GAL2 (S.cerevisiae) 140 s X G G |D| M Y |G| |R|[K
HXT2 (S.cerevisiae) 125[¢l R ¢ [p] ¥ ¥ [g]|R]|R

Figure 2-1. Conserved sequence motif, GXXXDRXGRR, in a putative cytoplasmic loop, loop2-3, between transmembrane
segments 2 and 3 of various membrane transport proteins. Conserved amino acid residues are shown in boxes. Abbreviations
are as follows: TetA and Tet, tetracycline resistance proteins from Gram-negative and -positive bacteria, respectively (27, 28, 35,
149, 153, 157, 161, 163, 164). CmlA, Tn1969-encoded chloramphenicol resistance protein (77). Ber, bicyclomycin resistance
protein (79). EmrD, E. coli multidrug resistance protein (80). NorA, new quinolone resistance protein (81). Bmr, B. subtilis
multidrug resistance protein (85). CmIR, chloramphenicol resistance protein (91). EmrB, E. coli multidrug resistance protein
(96). QacA, antisepticresistance protein (93). Mmr, methylenomycin A resistance protein (98). TcmA, tetracenomycin C
resistance protein (99). LmrA, lincomycin resistance protein (101). ActIl-ORF2 and ActVA-ORFI, actinorhodin resistance
proteins (102, 103). Pur8, puromycin resistance protein (104). CmcT, cephamycin resistance protein (105). CGAT, chromaffin
granule amine transporter (21). SVAT, synaptic vesicle amine transporter (21). VAChT, vesicular acetylcholine transporter (234,
see also 235, 236). OCT 1, organic cation transporter in renal proximal tubules (23). SV2, synaptic vesicle protein 2 from brain
(237; see also 238, 239). CitA, plasmid-mediated citrate transporter (240, 241). KgtP, o-ketoglutarate transporter (242). AraE,
arabinose permease (243). GalP, galactose permease (44). XylE, xylose permease (244). LacY, lactose permease (245). CscB,
sucrose permease (246). RafB, raffinose permease (247). MelB, melibiose permease (248). GLUT 1~7, glucose transporters (249-
254). PepT1, dipeptide/HT symporter (255; see also 256). GAL2, galactose transporter (257, 258). HXT2, hexose transporter
(259).
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BEFAEL, KIAFAZy 7 ThHA LV K, 2 DOREMCIyBED V— THEDR, SR~OES
B LTEE L,

28 BURBZ VFARREA, BURRNEREANC L 2BEEREORE

T IR DT D N7=Ser65. Aspb6RBE:DIAN IZV — 72 34BRICEEBEISTFET A5 8D » 2 et
FTAHD, TTHADICNV—T2-3%RTA7T I/ BRESTEENE LTHRUERBS > 72 EREA %
Tolze COB, BREIHTSA<—& LT, TnlO-TetADLeu6 1725 Val73D 2 F U IZHIST A3
#%| (5-CT T.GGAAAAATG.TCT.GACCGATTT.GGT.CGGLCGCLCCAGTG3) b &iZ, FNFhOAL
BIMOIEDEEDI0L%TORET S L) ICAREINIAF) IX 7 vEF FERW, BREREANZ
EcksteiniEIZHEVY, TetAD o IO H 77 0 — VpER2(BL DssDNAZ SHHI L L TH W2, HBEES /2 TS
A3 F (pRNDYV YU —X) 428DV — 7 2-3MNEICHIS T 2 S5 OEERT % -E L7z, Table 2-11ZI1EE
EBBREZEL TV TIAI FIZOWT, ZOEHEEBREZNIE) 73 VBREBITRIN TN S,

Table 2-1. Nucleotide sequence of localized random mutants. Only substituted nucleotides are
shown.

Plasmid Nucleotide substitution Amino acid substitution

N-61Leu Gly Lys Met Ser Asp Arg Phe Gly Arg Arg Pro Val73-C
5'- CTT GGA AAA ATG TCT GAC CGA TTT GGT CGG CGC CCA GTG -3°'

pRND160 i S Gly62—>Val
pRND108 mmm mmm == mmm s e s e mms e e o e Lys63—>Asn
pRND156 mes Smem mee mme mme fms mems e s s mmm e e Asp66—Asn
PRND16 mmm mme e e o e ST o mme mem mme e e Arg67—>Len
pRND154 mme mee mme mme e e mee Ges mmm mes mme e e Phe68—Val
pRNDS5 i ¢ ‘ Gly69—Ala
pPRND20 el el L Arg70-Trp
pRND157
pPRND163
pRND104 e e e i Arg71-Cys
pRND124 i Arg71—>Leu
pRND103 s e e mee =a mmm mmm o mme mee e e e (silent)
pRND3 mmm mmm mmm s e weT A mmm mem mme mem mee e (silent)
pRND161 e Phe68—Le,
Val73—-Met
pPRND141 e I P LR PR T D WL L S Val73—Len
pRND110 e e = mmm mem mmm mme e =mB Ame =T e mee (silent)
pRNDIO5S === - G =m= smm mmm mem Tom ome A-m A-- =mm mmm e Arg67->stop,
Gly69—Ser

No base change: pRND4, 6, 8, 9, 11, 12, 13, 14, 15, 18, 48, 120, 123, 142, 144, 146, 147, 148, 149, 150,151, 152,
155, 158, and 162.
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DTV TAEREATIE, V—T2-3DRTSIMICE > TEREL2 AT 5 2 5T £7-25, Met64
BEOERKEBAZLIETELRDP 72, AR TIIN — T2-30BRBEOEEEAR I OT, Bbh
5 VT RERED ) B, Gly62—>Val, Lys63—>Asn, Arg67—Leu, Phe68—Val, Gly69—Ala, Arg70
—Trp. Arg71—Cyss B LU, Arg71>LanBRBEEUBOBTICHVA Z L2, BROEEER L
&rEcoRV-EcoRIBIFRBFF % Z N ENDOERRND 7S5 2 3 FOLHML. +5 VA KV > TalolEET
BtetBIEFREOO—aE -7 523 FpLGT26VDMIET 2 WA EXB L, BRtABEZFEHELTS
A 2 F#Figure 2-210RT & ) I2HEL 7,

BONTERT SAI FTRBEW3L04RETREERL . FHRZMAEL AL/ 7Oy T4 V712
LAERTAABLEDHREIT ol AL TUY T4V FDODDSHEY 72U NVT I FOVEBRRK
ol BERBEHRELOxg proteinfl % AV 7z, 2B, BERBHER, BEAERDODG 75040
e THEIREE0.25 4 g/mIDHCTC (121 CT20HAE L7-d D) 2Mi CRIZFRHEEFELBE,
BN, BEEHIR TR TCHAERTAAL ABEELE SN TWS Z DR E N (data not shown) o

ERTFAINEFTHRBEWIL0AKRDT M54 720 UL~V ETable 2-2 (* TRRLZ3D
BT 2T AERELTHELNERE) IR LT,

Table 2-2. Tetracycline resistance levels of E. coli W3104 cells harboring random and site-
directed mutant plasmids.

Asterisks (*) indicate mutants obtained through random mutagenesis. Resistance levels were expressed as the
minimum inhibitory concentration (MIC).

Plasmid ~ TetA MIC 0&‘;}1“?1")-‘/‘:““ Plasmid TetA MIC 0&‘;,‘;':1“)”1“
None None 0.8 pLGG69S Gly69->Ser 100
pLGT2 Wild-type 200 pLGG69C Gly69—>Cys 100
pLGG62A  Gly62—Ala 12.5 pLGG6IN Gly69—Asn 9.5
pLGG62V * Gly62->Val 0.8 pLGGE9Q Gly69—Gln 50
pLGG62L  Gly62—Leu 3.1 pLGR7OW * Arg70->Tip 0.8
pLGG62N  Gly62—>Asn 1.6 pLGR70A Arg70—>Ala 12.5
pLGK63N * Lys63—>Asn 200 pLGR70L Arg70—>Len 0.8
pLGK63C  Lys63—Cys 200 pLGR70K Arg70-Lys 12.5
pLGK63L  Lys63—Leu 50 pLGR70D Arg70—Asp 0.8
pLGM64C  Met64—>Cys 200 pLGR70S Arg70->Ser 125
pLGS65A  Ser65->Ala 200 pLGR7IL * Arg71—Leu 50
pLGS65C  Ser65->Cys 200 pLGR71C * Arg71->Cys " 50
pLGD66N  Asp66->Asn 038 pLGD66N/R7OL ~ Asp66—>Asn, 0.8
pLGD66E  Asp66—>Glu 47 Arg70->Leu _
pLGD66R  Asp66->Arg 038 pLGD66N/R70A  AspG6—>Asn, 0.8
pLGR6TL* Arg67—»Leu 200 Arg70—Ala

pLGR67C  Arg67—>Cys 200 pLGD66R/R70D  AspG6—>Arg, 0.8
pLGF68V * Phe68-»>Val 200 Axg70~—>Asp

pLGF68C  Phe68—Cys 200 pLGR6TLIRTIL  Arg67—Leu, 50
pLGG69A * Gly69—»Ala 12.5 Arg7l—Leu

pLGGE9V  Gly69->Val 038 pLGK63L/R6TL  Lys63—Leu, 12.5
pLGGE9L  Gly69—Leu 95 /R7IL ﬁgg?:lfzﬁ

pLGG69I  Gly69—»Ile 0.8

_26.



Mutagenesis

/ Amp
PERG62V g Ecorv
tetA(w)

EcoRl|

¢ EcoRV+EcoRl *EcoRV+EcoHI
485 bp insert fragment 7.8 kb vector fragment

¢ Ligation

pLGG62V

Figure 2-2. Construction of low-copy number plasmids carrying the mutant fetA genes. pER2 was
constructed by insertion of the 485 bp EcoRV-EcoRI fragment of the tetA gene into the vector fragment of
pUC118RV (51), which is a derivative of pUC118 in which the EcoRV site has been introduced into the
original Sacl site by a linker insertion. The EcoRV-EcoRI fragment from the mutant pER2 plasmid (for
examlple, pERG62V) was transferred to the corresponding region of pLGT2 (51), which contains the entire
tetA and tetR genes, resulting in the mutant low-copy number plasmid (for examlple, pLGG62V). Asterisks
(*) indicate the mutation sites.




ZORRED . Val62B LU Trp70ERKIZT 554 7 ) it 4 {529, AlaboERESHE
BEOEKWELPFZ 2N EPFTbhD, EoT, TDIREIZF NSHA 21 VEZEEILBOCE
ETHAHIEHFTFREND, Gly62. Gly69, Arg70D 3FBEIL, HEHUEF EF — 72 BETIBET
HHIEFERRE, T, ETF-TEBETIRETH Y 2H D, Arge7TRECArg7TIBERBROE
WAHE N %L, Arg708BE L IIRBRTH 5,

ZZTRIC, Gly62. Gly69, Arg70? 3BREICTHEIZHEE L, BHEO BNEENERERERTAZ L
Lz 720 TV VT ARREATIIMet6 AREDERESBL R TR RO T, MAMFRMIZCysicE
W7o CysEBIZZDM, Lys63, Arg67. Phe68. Gly69BREILOWVTHITo7z, HAIERIEREA
CEVSREART Y T2 LdF FOEERF % Table 23105 R L7 CRHIZT I/ BERPEST
WEBROIEIPI, T4 LY N TH 2 HRBRIRHLIEA SN TS, pER2DssDNA RE & L
TEcksteinfR IZEVERBABRIEL T o 2B, T THDICH - RHIREER BT O B ZHERA L. RW»
THERY OWR 2T 720 BEEIHEREINTZpER2 75 2 X R X YEcoRV-EcoRIFIB BT 2L,
O—3¥—75 XX FpLGT2OXMETARSERBL, BRTSAI FEHBELL (Figure 2-2) » I
FHVTRKBEWIL04k 2 HERR Lz, BEHRETOEEFRICOVWTHERL ABEEE SN TN
Z & 2R L (data not shown) . FEFBRZMZEE L7z (Table 2-2) o

Table 2-3. Mutagenic primers used for site-directed mutagenesis. _

Mutagenic primers contain two kinds of mismatches. The one causes amino acid substitution and the other the
introduction of new restriction site(s). Asterisks (*) indicate mismatches. Underlines indicate new restriction sites
introduced. -

Codon Amino acid

Primer Nucleotide sequence change substitution
* *
G62A 5 ' -GGCTTGCAAAAATGTCTGATCGAT-3 " GGA—GCA Gly62—Ala
Clal
*kk %
G62L 5'-CTTGGCTTCTTAAGATGTCTG-3" GGA—CTIT Gly62—Leu
Af1TI
* k% *
G62N 5'-GGCTTAATAAAATGTCGGACCG-3" GGA—AAT Gly62—Asn
Ncol
* k* *
K63C 5' —-GGCTTGGATGTATGTCTGATCGATTT-3"' AAA—-TGT Lys63—Cys
Clal
* k%% .
K63L 5' -CTTGGCTAGGCCTAATGTCTG-3 " AAA—CTA Lys63—Leu
Stul
* &% * ,
M64C 5' ~CTTGGAAAATGTTCTGATCGATTTGG-3 ' ATG—TGT Met64—Cys
XmnlI ClaT
k% kk*
D66R 5 ' ~TGGAAAAATGAGTCGACGATTTGGT-3"' GAC—CGA Aspb6—>Arg
Sall,HincII
* % *
R67C 5 ' ~-TGTCTGACTGTTTTGGTCGACGCCCA~3"' CGA—TGT Arg67—Cys
Sall,HincII
* * .
F68C 5' -ATGTCTGACCGATGTGGTCGACGCCCA~3"' ’ TIT—TGT Phe68—Cys
Sall,HincII
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G699V

G69L

G691

G698

G69C

G69N

G69Q

R70A

R70L

R70S

R70K

R70D

D66N/R70D 5 ' —AAAATGTCTAATCGATTTGGCTTAAGGCCTGTGCTGTTG-3"

Clal _ Stul
Af1II
* * %
R67L/R71L 5'-GGAAAAATGTCTGACCTATTTGGTCGACTCCC-3'"
Sall,HincII

* * %

5'-ATGTCTGATCGATTTGTACGGCGC~3"'

Clar

* % * *

5'-CGATTTCTTCGTCGACCAGTG-3"

Sall,HincII

* % * *

5'-CGATTTATTCGTCGACCAGT-3"

Sall,HincII

** * *

5'~CGATTTTCTCGTCGACCAGT~3"

SalIl,HincII

* *

5'-CGATTTTGTCGACGCCCA~3"

Sall,HincII

* % * % *

5'-CCGATTTAATCGGAGGCCTGTGCTG-3"'

Stul

* k% * *

5'-ACCGATTTCAACGTCGACCAGTGCT-3"

Sall,HincII

kkkk

5 ' ~GATTTGGAGCTCGCCCAGTGC-3 "'

Sacl

* k% *

5' ~ATTTGGTCTGAGGCCTGTGCTGTT~3 '

Stul

*k ok % *,

5 ' ~GATTTGGTTCGAGGCCTGTGCTGTT-3 "

Stul

*k *k % *

5 ' ~GATTTGGTAAGAGGCCTGTGCTGTT-3 "

Stul

kkkk % *

5 ' -ACCGATTTGGTGATAGGCCTGTGCTGTTGT-3"

Stul

* % : kkkkx %

GGT—GTA
GGT—CIT
GGT—ATT
GGT—-TCT
GGT-TGT
GGT—AAT
GGT—CAA
CGG—GCT
CGG~> CIG
CGG—TCG
CGG—AAG
CGG«»GAT

GAC—AAT
CGG—TTA

CGA—CTA
CGC—CTC

Gly69-»Val
Gly69—Leu
Gly69—Ile

Gly69—Ser
Gly69—Cys
Gly69—Asn
Gly695—Gln
Arg70—Ala
Arg70—Leu
Arg70—>Ser
Arg70—Lys
Arg70—>Asp

Asi)66—>Asn
Arg70—Leu

Arg67—Leu
Arg71—=Leu

Gly62BENERMEDHR T, ALLEREDRFREDT FFH4( 7 ) VREERFT 20D, ZOM
DEBBRTIIIZT= LIS EDNL TS, b DEDDGIyRE, Glye0BRENERAEE, BAINDT
IBREICL DEEL VTR THAD, ELCHESEDNE b DbH Y. 2 DORFRGIYERE
BEELLEFE-TVRD EE L OND, WEBREICHELTIX, Mo B TRBICUETH S 22
P Iro TV B Asp66BELIASMC, Arg70BEDSERIC LAV NVORTFIROLWTEY), ERTD
BrEZBNE, B OEEMNRE. Lysed. Arg67. Arg7IBEIBROBEL IILALTTT. i
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ICETIREVWEEZ NS, 2D00GyREB X U4 oDEEBBEDREIZOWTIE, HiE2HDTE
RBEZEWZT D, ZZTEET, Table 220 RPLH T NEE TRV EE R SN B Met64572% & Phe68
BEOERMEDT VTV A4 2V VERERHIZOWTAENRTEL, 28, BERSHLIWIERERRED
FERB/NEN OREENADHKED T N TH4 270 VD RAREF FS594 7 ) VEREEE Lz,
FITHA 7)Y AHDREZ, 10 M[BH]F M FH A2 Y 2, 50uM CoClyDSFFAET 5 &M T TIT
bz,

Met64 B £ UPhe68 1T EF — 7 2R T ABRETIL 2V A%, Phe68IZHY T AEAICIIEEFE RIS L
BETAHT I/ BRENLLOBEAIRWEIIWEE &5 (Figure 2-1) o Met64FEEIICysiZ, Phe68%%
EiIValB X UCysi2 B L7225, Figure 2-3127F X912, BERLRAREDT M 594 7)) VERENE
ARTOT, TS IEIBBICLALZBETEZVENE B,

83 2 oDORAFEGREDRE

2ONEEBEREBR V- TEBRICX B ¥ — VEER CTNHP VEE TR T A LEFH %, Gly
BEPProBEREDOITNHEIT DB EL RNWEEINSLT I VBEREE LTH LN TWA (260261),
=723 I IECIyRES 2 OB L, VTN L EEERFEF — T OBRRETH L Z L2 b, T
POEEEEERL, BOOEE2EELHRTAIDIZEELTWAZ EFTFHINS, Table 22128 L
PEAIE LAV F O TSR EF T TR B XD IZRR 2, AETIR, Thb 2 ODGIYERED
TREPEETIRBEKRL ) REBRMIZARL, 7 b4 270 VEBEEEZNE L.

Figure 2-412RF &9 12, Gly62BEiE, Ala. Val. Leu, AsniCE#R L7275, Val. Leu, AsnBERAET
FSEA ICHRIE T b LTV, B—EEE B LTV ALERETOHFERODLTHE BEET
Hotze AlalXGIyIcRV TR b HIBEEBINEWT IV BRECTHLZ LEZERTH L, ZOBRI.
62007 I VEBBREOASED 503 ZHAFIES LTWE720Il, TOWMICGlyE ) b RE 2H#E R
OF I ) BBENEASND L RTF FEEICH L CIARERICER LTithliss) g oz |
ELTWVAZLISRIRENS, 72, 62007 IV BREL LTRAEFRIRLI/DEVGCyTHE T
EHNBEE VR B, »

Gly69## FAla. Val. Leu, e, Ser. Cys, Asn, GlnicER U7, TR OEREIE, 69fLiCEAIN
A7 BRI )L A REOEREEER LY (Figure 24) o Gly69REI NV — 72-30HTLH
DHOREICES LTV % bIE, Glys 20EBHITBVTAD Wiz k) KEA LLEREORNFER L. £
DBREE LI CERL CFNHEAVBEEZRRTELPIC Lo T, WREHIHEERTHLERD
N3, 22T, GlycOREOEREOHEEME, BA LTI/ BRED ¥ — VEREE, BIT
RMPEERICHLTTO Y P LCAT: (Figuwre  25) o B 7 — ¥ BFHBIILevittdR L7 B E AV
7o CORBERSATHAETAOERED B — VEEICHRATS 7 3 BERECHSEE L REILLL
bDOThB, T/ T3 BEREOASEERE IKyte and Doolittle DER6DE AV 72,

Fignre 2-5% B3 & . REBEOMEFERHIMHEFRE 3L LA g5 — VERERL OMIC L WHE
%%ﬁﬁan\ﬂ&~v@ﬁ%&@ﬁ&k%n%ﬁ%ﬁuﬁTbrmtoAmwﬂa—yﬁmﬁﬁﬁbé
VIZ b b BT R ERIEEER L TR A, THRES (Al gy —VBELYIID LS«
ANy o AREEICS  BBLT A 72017, Alad B ¥ — ERFEEDH BIGANFM E N TV B0 & B
bD, H50iE, HEEED I8 7 — VEREEE BBRTUEES /S0, BREECHEE
52 2ERO—H ko TWBOHS LRV, Glyc2REDERT SALERESHROELE RFT
BWE—DERKTH V. 6OFIIZHE VT DAL/ S % FEHIE KT F FEHEDOIFTN A ) BEDTERICE
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Figure 2-3. Tetracycline (TC) uptake by inverted membrane vesicles from E. coli
W3104 cells harboring the wild-type (pLGT2) or mutant plasmids. [*H]Tetracycline
uptake assays were performed in the presence of 10 UM tetracycline and 50 uM CoCl,. Plain lines
represent the uptake in the presence of NADH and dashed lines the background uptake in the absence
of NADH.
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TC UPTAKE {nmol/mg protein)

TC UPTAKE (nmol/mg protein/30 sec)

0

Gly62 Gly69
4
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Figare 2-4. Tetracycline (TC) uptake by inverted membrane vesicles from E. coli
W3104 cells harboring the Gly62 or Gly69 substitution mutant plasmids. [PH]Tetracycline
uptake assays were performed as shown in Figure 2-3.
(A) ; (B)
Wild-type (Gly69) ® .Wild-type (Gly89)
.Ser69 5 'Ser69
B Ala69 B
@ Ala69 ®
Asn69
i Sineo o/\S"69 b o  Gieo
' Cys69 :
Lougg POV e Leuso
/al6 @ @
a Valé lle69
__Q%lFGQ. P NP R BT | 0 -l 1 a1 e 18
0.4 06 08 1 12 14 16 18 O 20 40 60 80 100

B-turn propensity

Side chain volume (cm3/mole)

Figure 2-5. Correlation between the initial rate of tetracycline uptake and
the P-turn propensity (A) or the side chain volume (B) of the amino acid
residue at position 69. The NADH-dependent 30 sec uptake of tetracycline was measured
and plotted. The B-turn propensity and the side chain volume are cited from papers written by
Levitt (261) and Kyte and Doolittle (262), respectively.
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NEZLEEELRIILTRRVEEI LN, foT, 6NICEAShAETI/ BBEL LTy —
MMEAEBAREVIEPER SN, TBSWICAEINENT LAERENL LR ENL, UL
DRERIT, W—T2-3069LIZBNWT BRI —VBEEZFBHELTWA I EERBR LTS,

g4 EWBREOHRE

V=723 3107 I/ BRERE I DB INS LR INEN, 20 b ARESEENT I/ BEET
HH, EERELTRIIFF v 2 NV—TThb, DI b I DDArgREITREEHEFEF — 7 2
BT ABRETHL. 2O Lhb, V—T7230EEMREIBBCEERAEL O LRI N
b, T3 ODORFHArGREEICINZ T, FERFHEOLys6 3REDERTOME 2 RF L7z,

Table 2-2TRLZEIIC, Thb 4 ODBEEMREOFTTI /BREBRICEIZT NITA 2 VI
VAV DB RS KEDPo72DIX, EF—7HBIFEIMNET 5 Ag70BRETH o7z, TNIFMD
BIEMEArgfR 2 L IR TH o 72,

REENEZREBE L, 7 55470 VEREEZHELZE A, Arg70RESE D DI ERLRKRE
EHEoTWAZ LIZHETH S (Figure 2-6) o T9. Lys63BEIICys, Asn, LeullEHE N/, AsndB
S UL B RAEOEH REH I AR OB & ZE5BEICES LT WS, CysEREIIEER L ARED
BSETEM R R LTV A DT, Lys63BEIIBICMETEVWEER b, EF — T2 BRI 5 Arg67TiRE
BIUArg71B %L, Cys. LB REEZHBELLS, WTFLOEREIHRFEHIFLEEOb DLIZE
AEEDLLT, ZD20bLERETIIRZVEEZ 5,

—%. Arg70BEI2D W TClitAla, Sers Lys. Asps Leu, TrpBERERER L 72o ZOH TLysERED
HEFETIDRZ0 % & EE L MR IEEABE SN0 L, B’Y D5 00ERETIIEREHEILELIC
WBWELTW2D, b LAIRELLET LT, o T, Arg70REIF U EF - 7HERETH S
Arg7. Arg71BE & ZERY . ZOEHBRSE I EECEERREL R LTI EFER bNb,

V=T 23— DRI Asp66I1E T D E B OEIEBIEIC LA TH D Asn66ERMRIITERICHIER
MARWET 599, Ag70BEOLaBERARALERED TLMBEEEIRECETLTRLZ ERS,
IS 2BEMTOEBHESEVOBNERHIL ., BEEBEOZENLICES LT ATRESELS
N5(263269, ¥OPDEHIZBVT, EEBEICHEE LT 2200HET 2/ BEEO NI —T
RPEBL-E RO AENEEALERLE BCREAETAZEFRVWZENTNE, 22T,
Asp6EEBE ¥ Arg70RE & DM OEBHROTHMEIIOVWTRE T 5720, BHtPEREICERLLE
BEAHE LT, Asn66/Len70-ELRAE, An66/Ala70 —EERKIT TS EAMWEES 2T

(Table 2-2) « E7-5 M4 71 VEEEED RSN dol: (Figure 2-7) o ¥72, Asp66FE:
LArg7OBEOHELZE U, Arg66/Asp70—BEERME L2 (EHWHESFZ T (Table 2-2) 71
SH A4 21) VEREERD o7 (data not shown) o LA*L. AspGG@%@ﬁ%ﬁﬁfﬁgkﬁEf’Fﬁ?T
BEVIEZIDY E T, Asp66BEDEBR L Arg70REDERMN & AKHHICHEBE R L TAH 2
PR LAZEII V. BoT. TNLEEREORERIZ. BAREREILD 70 Ok R ERTY
BOENE 2R, REELARCBT 2 —BREEEEHAEEET SO TRV,

B, V—T230R Y B Fhoy » REE I OWTHRE Lz, V—72-30 4 DOEERREDF
T, Arg7TOREDABEETH DT, Arg70%5HT & D ICHDEENREE PEREICER LLRRME
PR 7. Arg67H & UArg71 0 2 BRERL enl IR L7zLeu67/Len7l “ERRAFIE, MICH50 pg/ml
EHEEOEREE S LTS (Table  2-2) o ¥72, EiCLys63BREDLen BB E BN L7 Lenb3
/Leu67/Len7l SEERMAD T 7-MICHS12.5 pg/mle ) RREOERWEE 525 LA TES (Table
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Arg71
4
3 ,
Figure 2-6. Tetracycline (TC) uptake by inverted membrane
vesicles from E. coli W3104 cells harboring the Lys63,
2 Arg67, Arg70, or Arg71 substitution mutant plasmids. Assays
were performed as described in Figure 2-3.
1 bk
[ -0 TTTTOTTTO
0 A SR TR TP

0 30 60 90 120
TIME (sec)

Asp66—Asn/Arg70—Leu . Arg67—Leu/Arg71—-leu I‘_‘y563—>Leu/Argﬁ7—>Leu/Arg71 —leu

2 - 2 r 2

1+ 1F 1r ®
w&-g-c'ﬁ'""g""s Rl

0 P PR TR B 0 <X TR T B 0 oo A S A &

0 30 60 90 120 0 30 60 90 120 0 30 60 90 120
TIME (sec) TIME (sec) TIME (sec)
Figure 2-7. Tetracycline. (TC) uptake by inverted membrane vesicles from E. coli W3104 cells harboring
the Asp66—>Asn/Arg70—Len double mutant plasmid, the Arg67—sLew/Arg71—Leu double mutant plasmid
or the Lys63->Lew/Arg67—Len/Arg71—Len triple mutant plasmid. Aséays were performed as described in Figure
2-3.
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2-2) o EIT, BREMEWET 2 &, Leub7/Len71 — B BT AR 0%40% DBEEE R R L.
Leu63/Leu67/Len7l Z=BERKTT OHARDI0OBBEOEM 2 HFERLTEBY (Figure 2-7) « V=7
2-3DRY B F A=y 7 RHEEITEHREBIBIZITNETEVnE WL 5,

#E58 CysEREANDSHEMHEDERH

V=T 2-3HRDSer65FHED Cys ERAKDH AEMEIISHEHFHE, NIF V<L A3 F (NEM) %2{EH
XEHZL LD IIRRERHEEINS, FARTSARCYSEE 2V ED (Cys377) b 2TV A K,
NEMIZ & B{EMHE 2 30T 7212(49281-283) , NEME ) S BEHEISINE W, XAF VA F U FF ANT +
A= b (MMTS) TIECys65ERADFEHHEDEEINIL0% LIET T 5 (49, Ll EOKRITWEEED
REE D65 TSR IC & A TARRE I E TV T WA Z L 2R L. 65 HISESEE X EROBIEEICMEL
TWAZ L ERRLTVS, REFFRTIE, Lys63. Met64, Arg67. Phe68. Gly69. Arg71DCysEEMK
RFIHEE L7220 T, NEMOBRFEE~ORREERET Lz, TRENOREBR/NEERH 4 ZIRED
NEM T 5 5 HMLE L7 % OWEME . RAEOBOEEE LB L., BAEEE LTEL: (Figure 2-8) -
ZORER ., PR I NI CysEREIZ, 2mMONEMZFRE S B THOHREMSHEINS Z L3R
(VBB Vv—T72-3IIINEMBRZ TSN A TH B 2 EFbAho Tz, '

Cys6 5 R PN DCysEERMAEDNEMIZ & 5 1GHBEEZZ T2 WEHE LT, CysREMHINEM 245
ALTHEEHXTHEETAMEICRZVI L, HBVIE, CysREMBPNEMERBETERWEKD
BTENEZLND, INLOTEEERFIT A 201, [4CINEME AV TZOREHER T, iR
/NS % 0.5 mMO[4CINEMT 5 4 FIALE L, CRIBEFEF AL PansorbinE W TT etAZ BB ILEEL
SDSHKUT 2 N7 I FFAVERKE R, - 7D 7T 74 — TH4CINEMBEEHEZHEL 72
Figure 29IZRT &I 2. TOEHETT, EMEDSHE X L5 Cys6 5 BRARZEIF T2 {, Cys63. Cys67.
Cys68. Cys69ZERKIZ H[L4CNEMEADBBEEN. o Ty ThLDOHATNEMEFA EETH T b
SH4 7 VERIEESHES L 2V OIE, NEMASES LT d EEEROBE L1372 6 72 WHTICAIH
RENTVWBZ L ERLTWA, F7z, Cyséd, Cys7TIERATIZEHAERT otA & FHHIZ[4CINEMDAE B2
BN hor=. NEMIZSHEDHEER, §ERETADT, Cysbd, Cys7T1ERAETIIRELSZRENIIC
HPAFNTWALADT, BERI R ZESTERY, LR, BERICRZ) IS WEERDRD,

DEDBERELY . Sr65BENASE I NV —T72-30BE HERRME. EEBERRBOBLE CHFET
BT DM IRS NI, ‘

o EZE

AE T, SRBREEEAICEENICRVEEN ST I/ RESNETF - 7, Gly-X-X-X-Asp-Arg X
Gly-Arg-ArgDBE & ZNEBKRT 27 3/ BEREOHREZHS,ICT S0, M T YA KV Y Talli
- FENBFFSHA 2 VHEHER (TetAB) EHEV, EF - 78FET 5V — 72-35ROBAL
RRNEREABTEITo 70

N—T23D10T I BBED S b, BRI L AEEANOBESEE CTHRBICEETHL L INTZH D
iX. Gly62. Asp66. Gly69. Arg70M 4 BETH o7z (Table 2:2) o InbiznTFnbEF— 7 R
T2RETHL, LH L. Arg70BE L ABET — 7BREETH Y hsh, Arg67d X UArg71BE L
BT UE Tl ol COREIL, BRIIEETHS LI ERDILT I/ BEREORFIEE
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Figure 2-8. Effect of N-ethylmaleimide (NEM) on the tetracycline uptake by inverted
membrane vesicles. The initial rate of NADH-dependent tetracycline uptake for 30 sec by the wild-type
or Cys mutant vesicles was measured after preincubation with the indicated concentration of NEM at 30 °C
for 5 min. Residual activity is expressed as a percentage of the initial rate in the absence of NEM.

O O O O
Q ) > ) A > %) N
@ F® G F L

Figure 2-9. Modification of the Cys mutant TetA proteins with McIv-
ethylmaleimide (NEM). Inverted membrane vesicles were incubated with 0.5 mM
[1C]NEM for 5 min at 30 °C. After washing, the vesicles were solubilized with 1 % Triton
X-100 and 0.1 % SDS. The detergent-extract was treated with anti-TetA-Ctl4 antisera,
followed by immunoprecipitation with Pansorbin cells. SDS-PAGE of the
immunoprecipitates was performed. (A), Coomassie Brilliant Blue staining of the gel. (B),

autoradiograph of the gel.
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WETAERSICHZZ L 2RE LTV,

Arg70RE B LysERED AR VERAEN 2B L TW 0T, 7T0MOEBIIEEBICEECTH L L&
Zbnb (Figure 26) o ZOHREE LT, BEBICUELRMOABR L BB 2R LCERBELE
ECT AR LRI 7205, MELFERECER LT, B2 THRLUCHIERER RO LR
o7z (Figure 2-7) DT, TOWRMIIEEEINS, 7277 L., 66MOBBFIIEYE, 7 5942
Y 2fiATFE T F L — MEEOMEERAENTSH 5 &) #EE9.231283)% FE T, BEBERE
D70 D KB RE/BERIZL LAEZ IV, RFREOBRIIZDEZ 2L, KRR ERE
RN EEBET DD, BERBBRICBI2 BN L2HEARZEET S5 D TIE 2V, Arg7 0%
DBENZOWTIE, REUBE IR 22 %,

N—72-313105REF A RESEEURETHY, £RLLTRIAFF =y 7 2l EERED, LE
L. BEBICER 2 Aspb6RREL Arg7T0OREZR L, LD 3 DOBEEMREZ LenllBER L TH, HREN
T, BEWEELGZAZENTE, TREELT FSHA 2 VEEFEEZERLTVS Z LA
Bz o7z (Rigure 2-7) o $620 T, W—=T7230R) I FF =y 7 2HEIIBEBICAETERZVWES
25

2ONGIYREIELBBEBOLR, HFCEETHAI PP LPIR o7 (Figure 2-4) o 62601269
MEDSTWAZINLT I VBERECEH LU THRBEIFTERENS, §4bb, GlyllRVCCHISEEREI &
NEVALTTOE LWERHET 2325 LT0E, 2O 2b, 62HED 5D 2 EHIHEIN
TWBHIZE, ZODIIRELWEEIO7 IV BRBESEAINS L RTF FEHF I L TULEES
ZHIERIL, EABEEZEIRTVAZLIRR ENDG, —F., 6ONOEREIT, EAINT I/
BREICX VA LBEOBREMERL, 73/ BRECAGSEIVIL LS g7y — VHAERE
OHTLVHEERIEL N (Figure 2-5) . 69MASR ¥ — VHEERRICFSE LTWwAZ LI7RREN
720 BBRIEVZ L2, Cys6OEREIINEMEEA TS (Figure 2-9) 5. ZO#MAEEMIZE { NEMDOBE
2ZIF TV (Figure 2-8) o CysiRE ICNEMASE AT ILIEHE 52 6o ST R E {21, BkiEht
PHESNTIARBETIIZV, ZORBRIIOMNEEETR S N BREESHISEFRICEFETL0T
3%, T3/ BBESEASTFHOBEORMICEAINE EITRTWENZNFA—F —Il&o
TECXRENRTWAZLERTLIOELEbRS, '

AR IR O DCysERAEE F - ICHBE L2245, NEMIZ X ) BREESHE S NS DI, Cys65K
BEDOATH o7 (Figure 2-8) o [UCINEMBAMEEROFER. Cys6d, CysTIREMELUNDCysERHT
[UCINEMOREA D BE S N7 (Figure 29) o o Ty V—72-31C1k. HEIEERTICAN TS
DIINEMAEATE BWE (646, 71H0) « NEMEREA LT LMEBEEIHE SR VE (63
fr. 67H. 68HL. 694) . NEMASEA LCHI%ENE BET 2 E (655) 0 3EEH BT LWL
Motz BIZEBTREEE LT, Cys6 bEREDHHIIMMTSTIIN40% LA HEE SR VEIT
EEEITOND, T NIIEREDOEEN S A L AN ARETHAILERB LTS, THEEN
FB B0 LS 12, MMTS TS S fi-CysHIgs ICH 24T 2 W% b OMet65ERETHE BEOEEE D
5, EIZRISEATK X & 7 B Phe65 BRI ELIEE 2L TVWA T PP LI Ro TW1AE3Y), BLE
DRERH S . 65N AP MR ORI ET 5 L. Zhik, V- 72-30°Asp66 VR EH &
R 1 fin 54> OREE OB EERMET S, MREHNOERHRBEBOAD MICHE T 5 MRE
BrE— R e LTRELTWAZ LAREBREIND,

McNicholasb it FE % V7 3 ¥ % FV2TpBR322IC3 — FENATtAC)D T ¥ & A RAME RS
BEL72270), ZHUC XD E, FFSFA 20 ViESE LUETT2REM45, EEEEM TRIZZE
WIS THH LTS, BAMER TRV — 7238 L UV —T10-11KRELSREL TR, 2O
BRI — 72 M$EROEERZEMT 550 TH B, BICEREWVI 12, REFFEDTtAB) DFER
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CRARICEREREDOHPRLONTV S, ThbE, TetAC)DIV —T2-3DMEETEREE LT,
Gly64—>Glu, Ser67—>Phe, Asp68—>Asn, Gly71—>Asp, Arg72—CyshZiTFo5Nnb, IhbDFAIZFN
ZFNTetAB)DGly62, Ser65. Aspb6. Gly69. Arg70IZMY L, TetA(C)DERIZITAAB) DR L X {—
HLTW5,

BEFI CICIBEOEREERICOWVT, V—72-35BH07 3V BRECERFSHFEENTVS, F
T, KBED o7 NTVTVEBEREEK (o-F NV F IVE/HYY VR— ¥ — | KgtP) OB Seol and
ShatkinlZ & 0 72 EN72(27), KgtPbTetA & AREIZ1 2% BB T 5 - kiEE® D B, Gly-X-X-X-Asp-
Arg-X-Gly-Arg-ArgDMFFEENT WA (Figure 2-1) o ZDFE TiFAsp88. His90. Argd2 % ERALEFRAY
ERBEAOENE LTRATEBY., ZhbHiXZNFNTetAB)DA66. Phe68, Arg70IcfHY T 5,
KgtP TH Asp885EE, Argd2REIRBIEE LV IBENIEL LTV, LA L, FhPhBRHEHR
HFTAGIBSERIE, Lys9 2B RET HMEBICIIRT 5 TH2 LI M TEFTAAB) DB AL TR
TVa/z, HisOORREIIRFEERETIE R VS, ALEREOFEMIITERKgPL ARETH D, TetAB)D
Phe68DIER LA L TH A, KgtPiZ Y VR =¥ —, TetAB)R T v FHE - -t I BV IEH A, WT
NOBREELREEEF -T2 EL V-T2 30EEREOSMIT—H L, ZOEF -7 Floe ek
THEL&DT I BRBREIT, EEREBBIIB N TEBEORE D> T L) ExEIFL TN
5

WA REEREABATHIH IO TV S BEATHL ., KBHS 7 b — A%k (52 1 —
A/HTY R —F — LacY) DNV—T2-3DFATITILTRE SNz, LacYDIV—T2-3DEEFIE, Gly64-
Leu-Leu-Ser-Asp-Lys-Leu-Gly-Lew-ArgLysTH Y, EF —7OBEDOFICERB L, HE8FHDGIyE %I
FHOArgDHIZLeudSIBA SN TIC 2o TV DS (Figure  2-1) o Jessen-Marshall & XD E VE
F— 7HERBE (Gly64. Asp68. Lys69. Gly7l. Arg73, Lys74) OMIREREL BREER L
(279, FRIC L B L. 3ODHEEMBEZ, TtAB)DArg70REICHETAArg7T3RETE R b, ER
IZEBERADBEIRIFLEALRE ¢, LaaYTIIV— T2 30EEMBRERSHIVEETRVEER b,
HIZ, TetA(B)DAsp66RREEICH Y35 Asp68RED . Asn, Glu, HisiCEHR L2HEIIEHIEE L (&
TT5L0D, Ala, Ser. Thr. TyrBEHTHAERD10~20%DEEIHZF L. RETIHREE IR
F3bFTEHEV, Thit, BEDOT ) F—AFHESTTHEI L LERIHLD0PS LRV, &
BLUTOHER AEOEBEET 2 EEEEIZVOT, ZOBMIZARETHLZEFRDIEIL
W ERTEE BT LTV, Glye4BREIITtAB)DGly6 2RENER TR S Nz X )12, AlaR
BART50%BEDE 2 i+ 2 DAMIEEIZ10% M Tz b, 8 1 FEOFUIAEFROKRE VT
IBBERFIRAVATEL—HLTVS, Ll Gy7IREFEASN ST I/ REEIC LD
Ko RRREOBEIEEZRTH. TAB)DGly60RED X 3 18I g & — AR W AR I
LT3 b3 Tid 7V Cys. Pro. LenZERATIIEEIMO% U TIET 22 &5, Gly7TLEE IR
EORERIHETIREL LTS, 202 DOGyREDEEREAMIIL, Jungh I L SLacY D=
GlyBEDEATO R THITHNE@TI, Jessen-Marshall b & FREDFERE R TV %o Jessen-Marshall 5IERE
12, COEF— T 3KL REREEEICEES LTV R 20, MEE~NOEEOBE ICERERELT
B . EEOERRLADES IR CEBASKD a Yy 75 -2 —va YEEZFIERILTVWIOR
LAV EEELTWS, 7o, BOTMEE LT, REEREBOHMODO - & LTHEE
LTwaird Lnkne bl TVva(272),

Merickel b iX/NEARIEE ) 7 3 VERME (£ 7 3 V/HY7 v FK—% —, SVAT, VMAT2) OEEE
ABAFDERT, ZON—T2-30Glyl 51, Thrl54, Asnl55, Glyl58 DERMEEIER L7227, Thb
12 N ZNTetAB)DGly62. Ser65. Aspb6. Gly6IMiET 5. VMAT2TIRb LB EEF—TDESH
Ha b MREN LD TS 2L REETREETH S, Glyl518 UGyl 585 E I Leni BEE L THIE
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PEZEEDS 2 K. METIE RV, Thr154BEITAIalC, Asnl5658&EIEGIn, Asp BB LA, wihd
EHICRKREREMIZRL ., Thb dBRERETIIRV, #o T, VMAT2TIZAnl 55REVEE L HE
EET ATV EEZ bNB,

Henderson & i3Arg-X-Gly-Arg-Arg®F — 7 1 2R K EBER S TRIC2 AFAFET 5 Z L 2ER LT
2(4d), DEDEN—T23THBI &I VLD —T8RHEEL TN, R bIZENS NEH,
CHREZFNZFN6 AT ODBE BIEED %5 20 DFERIHT 7= & &, MIERN THRHRO B IHFE
L. tandem  duplicationB(3940 % XRT A LIWD VL DIZ 2o T B, 73/ BREF 2 FMICKRET 5
b, 2oR—F—, YUR—=F—TIFNWV—72-3LF U, Gly-X-X-X-Asp-Arg-X-Gly-Arg-ArgEF — 7 HR
WEENR B, T FR—F—Tid, BUBRESEIFEINETA L) ICEF—TIZEFEL. GlyX-
X-X-X-Arg-X-Gly-Glu-Argt & & h b (Figure 2-10) o THE T, FHHHEG LLRWE ST 2N
25, AREEEEE O C KRR 8 A NAAM YR Dtandem  duplicationtZK D3, HEZRIZT
BEENRTVZ(1042), LU, 73/ BES 23T 5 &, $I0EERENE 81 1EEERER
PREIMERICZDEF - T DABEGy X X-X-X-ArgX-Gly-X-X W) BTRVWAEFT Z LR TE 501,
Lo L, & TREBEMZBEREOHEIEMIIEL . Tt K)BLUTet (L)TEF—7HS5FERELL
TLRRWZEIN T2,

TetAB)D IV —T8-90 7 X ./ BEECFiE. Gly266-Arglle-Ala-Thr-Lys Trp-Gly-GluLysTh %, BHFRE
TR TNV —TRIODLERE AT AT b T2 27525, V—T72-3i3EM L 1EH 2 b2 b
boF. 73/ BREROFEICIEZREIGDO LN BIRICEER Asp66FRE, Arg705RE EMET AHL
Bizh AThr2708%., Glu274RERFNIFEELZEL DN TRV, DE 1, Thr2705&EXCysic
BT HSEEVEEIE M A R L. Glu2 748 E X Asp. Gln, LysiCEBR L HAICIHEHIE A2 DET
T2500, Ala, CysERTIIEFERLED S 2 WVIEEEERFL TV, Cl274BEIEFTRERD
ZLIZREWESH, YUR—F — LRy — L BRRERVEF-TOEIFHINETL LT, Xk
B OBETEE SN, BREFHICR LD TH o 72 FAEMOLys2718 X ULys275FE 13
THHCysER CERETRRONAT, WERETIRARVWESR S, —F. 2200CIYEREIHL TX
V=23 L ZIZAROBE R Do TRBEEZLNTWA, Gly266BEICysERTIIFAER L HER
DEBEFTH. VaBERTESREICEERMET L, Cly62BEIZ ORFE Ttk »is, MSERITKT
L7-tE 2R Lire —F. Gly273BENERADBRIEHITEA L7 3/ BRED g ¥ — Y ENEK
LECHBL, ClyeoBELAL g7 —YBRICHES LTwAEELbhE, V—T78-9TIk10%ES
TOCYERER R L 720 WFHDCYsERE S [ UCNEMEAPBR Sz, BaEErEESI NS
DiXCys266, Cys268, Cys269, Cys273ERED 4O ThH o7z TOHFTHRY NEMOEBERF 7200
Cys269ERMAETH 572 & id, 269M D65 EMIET AAEICHE ZE EFZ B LRRR, ZOZE
o, TN —TOREIEECELLTYS LELOND, 12720, BEOH CEEREEI V- 789
KIEWE SRR o720 T, V—72-31E active’ 7 — b, V=78 9id"silent" 2 "= b+ LR ST
V5 (275), |

LR Ik, WEBOT FAI FpNSIeca— K &nE 7 FAKT P94 7 U VHRHEE (Tet
(K)) (2762770 DI R K IBHT $ 1T o TV B (278, Tet(K)IRBENA FuSY —BITIZLD 1470 EEBE
% b o KRS XILT V54D, Figwre 2-13 X UFigure 2-10I07R L7z & 9 12, Tet(K)IZ b 1RFF
BRFIEF — 74N — 7235 V—T10-11 D 2 AFFICRVZ &N, Lh b ApfRESTN — T DHES5 *
HizhE L, 2 5AKBLUZ FALICEEINTV S, TetK)DIV— 72 3ITFHES 5 AspT4idAsn it
WU D BB T 5 2 Lk (. BEICRT LTS, V- 710-110Asp318 HAs i EHRT
BEEAcEREREY, oT, 7 FAKBIUZSALOT FIH4 7 ) YHRER TRV —72:3&
Db - T10-1LOEBEMDT | "active’2 77—+ & LTHRIBL TS 2 EATRRI 20
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Protein G] x x x ﬁi ﬂ X ﬁ :13 R
el x x x x [R x Ll iE LR
Antibiotic resistance proteins
TetA(B) (G-) 266[cl = 1 a T [x| w [q]lE [¥]
TetA(A) (G-) 268/l P v a A |rR| L |6|iE |R
TetA(C) (G-) 268/l P o T X |R| F |G|iE K
TetA(D) (G-) 264/l a2 » A x |rRl © |s|iEl|XK
TetA(E) (G-) 267|G| F T A X H L |G|iE|R
TetA(G) (G-) 266/c¢l P . s s [R r |6lig|R
TetA(H) (G-) 267|G| kK . A @ |x| w |[c|iEl (X
CmlA (P.aeruginosa) 270Gl R V I P XKl W |G| S|P
Ber (E.coli) 2477 1t F N s |Rl F v [R[Rr
EmxD (E.coli) 262 A W F A G |R P N [X||R]
NorA (S.aureus) 259 F D K F MI|Kl Y F S {E{f L
Bmr (B.subtilis) 262F D R F T |Rl W F Ei I
CmlR (S.lividans) 260[cl R = siD|Rl R 2 & @
EmrB (E.coli) 325 2 R F A H |kl . o ™ [rR[E
QacA (S.aureus) 3312 ¢ . A a|rR 7 [e] P LK
Tet (K) (G+) 314 F L V i’ﬁ} Rl x |g| s 1
Tet (L) (G+) ‘ 314 I . vipi|R] R gl P L
Mmr (S.coelicolor) 334 A R I S8 A|RF 8§ N G
TcmA (S.glaucescens) 335[cl 1 v 1 s |Rl Fle] P @
LmrA (S.lincolnensis) 33 R ¢ . IiE|R T lel T T
ActII-ORF2 (S.coelicolor) 359a v . ¢ s |x Fle|Rr
ActVA-ORF1l (S.coelicolor) 333T vV L VvV R S I |Gl P
Pur8 (S.alboniger) 335Aa R L L PR T R P E
CmcT (N.lactamdurans) 334 P W L M R H V Q A|R
Neurotransmitter transporters — o
CGAT (rat) 354 v . Ao ¥ |[x| M [¢]|R] w
SVAT (rat) 350! I & A HI|K| M |cl|rl w
VAChT (rat) 346 vV R L A ARl Y P H L
OCT1 (rat) 39s L. v T I {Di|Rl I [¢|[R I
SV2  (rat) 616 A L » Miplxl r lellrl z @
sugar, organic anion, peptide transporters N N ——
CitA (E.coli) 292 a 1 s |oi[r] z [¢][R][R
KgtP (E.coli) 300l¢] A L S iDi|K| I |G]|RlIIR
AraE (E.coli) 31sv F T v iDi|X| A |6||R| K
GalP (E.coli) 308 G L V {Di|R| W |G||R]|K
XylE (E.coli) 3331 M T v ipi|x| F |6|lRl |x
LacY (E.coli) 2860 L I I N |Rl I |Gl ¢ (K
CscB (E.coli) 278 P F F V N |R| V. |G| P [K
RafB (E.coli) 283 P W I I N IR I |G AK
MelB (E.coli) - 2837 R L v K 8§ L s [R|R
GLUT1 (human) 325 L F V V {E|[R A [G||R||R
GLUT2 (human) 3ss5 v F L v iEi|kl A [G]||R R
GLUT3 (human) 3231 F L Vv |E|R A [¢||R|R
GLUT4 (rat) ‘ 341 v . L v iEl|r a |c]|r|R
GLUT5 (rat) 332 v F v v iE|zL w|cl|R |R
GLUT7 (rat) 355 . T v v {E|K A |e||R|R
GAL2 (S.cerevisiae) 384 L W T V {E N L G||R [R
HXT2 (S.cerevisiae) 378 L Y T V {DilKlI F [G]|R LK

Figure 2-10. Conserved sequence motif, GXXXDRXGRR or GXXXXRXGER, in a putative cytoplasmic loop,
loop8-9, between transmembrane segments 8 and 9 of 12-transmembrane spanning transport proteins or in
loop10-11 of 14-transmembrane spanning transport proteins. Conserved amino acid residues are shown in boxes.
See Figure 2-1 for abbreviations and references. [12-transmembrane spanning proteins] TetA, CmlA, Ber, EmrD, NorA,
Bmr, CmIR, CGAT, SVAT, VAChHT, OCT1, SV2, CitA, KgtP, AraE, GalP, XylE, LacY, CscB, RafB, MelB,
GLUT1~7, GAL2, and HXT6. [14-transmembrane spanning proteins]Tet, EmrB, QacA, Mmr, TcmA, LmrA, Actll-
ORF2, ActVA-ORF1, Pur8, and CmcT.
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w3 FAMENEF—-7GXXXDRXGRROE IFHREArTODRE

BIE LB

2B T, TetA(BD IV — 72- 3R ICHFET AR FEHEEIEF — 7Gly-X-X-X-Asp-Arg-X-Gly-Arg-
ArgDE I FEREArg7ONIEMERGED, D 2 oDEIEArgRE L IZRR Y, BEICEETHS S
EDTRENIZ (@79, BRFRETIX, V—T2-35ERICH E F< E I EEBEEB LUV — T30
B MROD—FRETL DI, THOOEBICETNAT I/ BREZME 4 ICCysBEICERL,
[L4CIN-ZF V=L £ I F (NEM) OFEAMHEHANTNE 199, ZORB T, L2ETRIER S TWE
Do 12 Arg7T0RRED CysBRAEDIEE Nz, CysREMSITFETHERN/NE L, CysTOEREDHE X
Ala70BEAR, Ser70BBEICEUL T, bTrARF I SFA 7 U VBEEELIABELTWREWTS S
3 ENTFHEENZ, ETAHF, FRICK L., Cys7T0ERKIILysTORRKICR CHEERBEREE LD
ZEPBEIN, RETIL, ZOC7T0EREOE VEREEERTRERICOWTRE L7,

O Arg70—>CysEBARDHEE

Arg7052 & D CysBH# T EcksteiniE IZHEVY, Table 3-1IZRTHEHA U ITX 7 LA F FEpER2DssDNA%R
gRIE LT,

Table 3-1. Mutagenic primer used for the Arg70—Cys substitution.
Asterisks (*) and underline indicate mismatches and a new restriction site, respectively.

Primer Nucleotide sequence Codon change  Amino acid substitution
* %% * *
R70C 5' ~GATTTGGTTGCAGGCCTGTGCTGTT-3 " CGG—-TGC Arg70—¥>Cys
Stul

Figure 2-210RL7z& 9 Ica—2¥—7F A3 N, pLGR70CEHE L, KBEW3104kk 2 BRE#RL
7. BREAOEEEIFERNTAL ABETH 72 (data not shown) o Cys7T0REHRDT FTH 47
UL~V ERIZE L, Table 3-21CbD70MERBKE EHICE L DT,
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Table 3-2. Tetracycline resistance levels of E. coli W3104 cells harboring
the Arg70 substitution mutant plasmids.

Plasmid TetA MIC of tetracycline (ug/ml)
None None 0.8

pLGT2 Wild-type 200

pLGR70C Arg70—>Cys 12.5
pLGR70A Arg70—>Ala 12.5
pLGR708 Arg70—>Ser 12.5
pLGR70K Arg70—>Lys 12.5
pLGR70D Arg70—Asp 0.8
pLGR70L Arg70—Leu 0.8
pLGR70W Arg70—=Trp 0.8

Cys7T0ZERKITAla, Ser. LysBERAL AREORKMMEL NVE B2 2 LINTELZ EFGRL5,
LysERKIZAla, SerBEEICHARSL LB VEREFEELE D> TV A EDL LT, EHMEL AV TIRE
162572 vy, MICOWEIRERE LTWAERHOBAFEEZITERRT AL IZBELZ2OT, %F Lbin
vitro COB EFEMR & B LaVdS, T EIZCys, Ala, SerBRED T 59420 VHEHER
BoTWAZLERLTWA,

CysBEMSIT M THREBR/NE WD T, CysTORREDMHEHEIZAI70, Ser7T0EREIZEML T, b
BRF NS HA 7)) VBREEE LPRERVTHS ) EBbIz, L2505 RERMIZREEL, 7
NS94 2 VEREEEERIET S &, Figure 3-1AIRT £ 912, B 52 12A1a70. Ser70ERAEDHEIE
FEHLDIEL, LysEREIIROTERZHERL NS Z ESH LRI %572, Figure 3-1BTR7 v &4
VIR D Co2 HRER 1mMIZ EIF, F 85FHA 210 V-Co2tF L — MEDERZ LR I/ O AhE
RLTWBY, BAER, LydBRAE, AlZEEROBRERO LR ORBREICET, CysBEBOERD L
AERFFELLRENZ P25, '

1mM CoClfFE T CHIE L 7= R 38 2L (Table 3-3) ®RTH. Cys7T0RBEAED Ala, SerERAEL X
BRAME R o TVA I ENSDE, F0. BERKITET 1T FA 20 ORI F OB
BARIZHTAEEIFZALTHY ., T0MSEE L EEHEERTARMU T 2N LARRERS,

Table 3-3. Kinetic constants for tetracycline uptake by inverted membrane .

vesicles.
NADH-dependent tetracycline uptake for 30 sec was measured in the presence of various"
concentrations (5-100 M) of tetracycline and 1 mM CoCl,. The kinetic constants were calculated

from non-linear regression. Data indicate average = S.D..

Mutation Km (M) Vmax (nmol/mg protein/min)
None (Wild-type) 248+73 43.1+438
Arg70—>Cys . 266 57 107+0.8
Arg70—Lys 18.6 +2.7 19.2+1.0
Arg70—Ala 227+3.1 44+03
Arg70—>Ser 23.8+9.8 23+04
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TC UPTAKE (nmol/mg protein)

TC UPTAKE (nmol/mg protein)

4 10
3
® Wild-type
A R70K
2 A R70C
® R70A
o R70S
X R70L
1
o no energy
0

0 30 60 90 120 0 30 60 90 120
TIME (sec) TIME (sec)

Figure 3-1. Tetracycline (TC) uptake by inverted membrane vesicles from E. coli
W3104 cells harboring the Arg70 substitution mutant plasmids. Assays were performed in
the presence of 10 uM tetracycline and 50 pM CoCl; (A) or I mM CoCl, B).

(A) ®)
8
6
® Wild-type
A  R70K
4 A R70C
® R70A .
] No energy
) .
&----uv----o
0 1 1 1 1 |

60 90 120
TIME (sec) TIME (sec)

Figure 3-2. Tetracycline uptake by inverted membrane vesicles from E. coli W3104
cells harboring the Arg70 substitution mutant plasmids. Assays were performed in the
presence of 10 uM tetracycline and 1 mM MnCl, (A) or 1 mM MgSQy (B).
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# 38 Arg70—CysBREKDHg2 A + 212 X A1EMEAL

CysTOERERMEFTFRINIE T M TH 4 70 VERERERTREREBA L2 I0T 5720, CysEHIH
DOSHEY ., HIEDEEBATV LBVENMEZETA ZLIEE Lz, SHEIZHg Y, He?t, Agh,
cdzt, Zn2t, Pp2tR &L FHMBIE L, MBRRROLICREL T, ANVITF FERETHI LR
55TV 5(280),

R—SH + Met = R—S—Me + H*t

Co2t b F-SHEL DFRMUFEL . YATAVGFRINIFF Y G5FOSHEE A VG TF FEHRT
BT EDHLNT V5281282, TetAlZT FSHA 2V E2MinF 4+ riDx L — MEEEREEE T
DT, BEDOT MY A 7)) VEEFMERE TIZCoCly (Co2t) EETNTWB, SHEDA VA TF
FEBREERTD L, CysTOEREDEEREMNIXT v £ A BIWEFDCo2 45 Cys7TORERE DSHEITHE
HELTANVITF R (-SCot) 2R L. EMBRSEHL LTHRELTWATRBESZEL N, 77
F A7) IEMn2 M2t E b F U — MMEEEE LTetAIZ L DEEINAG25, Co2tD b D IZIhb
D 2 fHiH F A 2 & VT RER /ML CEXFEEZRE L2BEI121E. CysTORREDIEMIZE L 5A1a70
ERADOEMIZE (Figure 3-2) o ZOREREIX, Mn2toMg2tds 2 Wit 7F FEBR LI W»WT & 2R
ThOLEZOLNS,

ANVH TF FEEREWRREICT A7-D12, RICSHEICH LT L D BHEORE VHg2* ORI R ZRET L7,
¥, H2t S F bS5 HA 2 U EF L — MEREBRT AP EI PIZOVTRE L. 7y I A 271U ¥
ATFI336 0nmAE R BINE b, 2460 F 4 YA F L — MESHER S 2120 L TRRRINAS
380nmf 3 ICBEIT % &\ ) IR o T\ A (5283), T FTHA 7 ) VEER 10 MICEZEL . HeCly
BTN T Vo724, 5mME V) FIEE TOBEARIEENBEIXR 51d (data not shown) .
FL— MEBERIE RV EE BRI NI, 72 TRIC, Hg2tkCo2+t & M 8B FA 1T BB I HEN D
BHES BEFE T, Figure 3-3AIKC2 FMA THe2 Z T R MATT M54 2 ) VRSB 25 E
305 Bb0THEY. FL—MEEBRLEZNZ L E—FL T, BFAERTLAZ S0 REENMITD
FEFHA 2 Y OBY ARITEL RS Neh o, Figure 3-4AIF50 £ MDCo2* & k4 RIBEDHg? &
HAE XL ZOFERT A & CysTOEREOBHRIEMOEER LI b D TH D, FAERITL0 x ME
(B —AEAHEIET L & 25 F THEERICEMIE R FRULOBETIIERERTZEL CET
L. InMOBECESIENE 3EE Lz, —H. CysTOERMKII2 o MIBILE /KT THRIENEICE
TGRSRV, 10 MOE TERSTEEIC LA L, ZRUETET T2 L) ARPFRHNI, 10
u MELE QR CHEBRIEMEAN BT 01k, FEEOH2 T T b ¥ ORENE (ApH) 2T A2
B Th b L HFigure 3-4BIZRTERIC I DB TH B, NADHI X ) R A LOBR S 1z ApHIE
10 M D BVIREOH2 T EMA 5 LIEERT B DVTP 5o THIZEDL Hg2 " IR % HE T
2720k BbiLd (280, Figure 3-3BIBWVT, 50 M Co2+B X U010 M Hg? AT CORMMRFD T
NSa 4 2 VE) ABEEE LTz, Figure 3-1AL BT 5 &, AR, LysBERES LUALKRED
LB I He 2 ORAEIC £ D4 B RS RV OIH L, CysTORREDOHRIENE T H2 * OFFEIC &
NELLLAL. BEOMETRB L Z3IBOLAFROND, COFFTRLySERELD bREVEE
EMERLTVA S LIS TREATH D, H2HFE T TOTF F 554 2 ) VEEO VmaxfE 8 572
I CysBERAAD FHLysERMAEL D KXV (Table 3-4) o BLEDFERIZ, Cys70EBIRDTOM D SHED
He2* %A LTA NS TF K (SHe?) #BHL. LysEI LD & LOFRE 2 EERSEE LCHERE
LTWaZEERLTWVA, ' |
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TC UPTAKE (nmol/mg protein)

TC UPTAKE (nmol/mg protein/30 sec)

(A)

4 4
3 -
i ® Wild-type
A R70C
2 r a R70K -
® R70A
o no energy
1 -
A i alaivals, e 1
0 30 60 90 120
TIME (sec) TIME (sec)
Figure 3-3. Effect of HgCl, on tetracycline uptake by inverted membrane
vesicles. Assays were performed in the presence of 10 M tetracycline and 10 uM HgCl,
(A) or 50 uM CoCl, plus 10 uM HgCl, (B).
NADH
(B)
(A)
4 |- - 4
Wild-type
3
3 250 uM
2 2
1 1 Y
&
E 50 uM
0 et al— o S 10 uM
0 0.1 1 10 100 1000 1 min 2uM

HgCl, Conc. (uM)

O uM
HgC|2

Figure 3-4. Effect of HgCl, on tetracycline uptake by inverted membrane vesicles (A)
and ApH formed by NADH-dependent respiration in membrane vesicles (B). (A) NADH-
dependent tetracycline uptake for 30 sec was measured in the presence of 10 UM tetracyline, 50 UM CoCl,
and the indicated concentrations of HgCl,. (B) H* translocation across inverted vesicles was measured by
monitoring the change in fluorescence of acridine orange. After energization of the wild-type vesicles with
NADH, HgCl, was added, which gave the indicated final concentrations.
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Table 3-4. Kinetic constants for tetracycline uptake by inverted membrane
vesicles.

NADH-dependent tetracycline uptake for 30 sec was measured in the presence of various

concentrations (5-100 yM) of tetracycline, 1 mM CoCl, and 10 uM HgCl ,. The kinetic constants
were calculated from non-linear regression. Data indicate average + S.D..

Mutation Km (M) © Vmax (nmol/mg protein/min)

None (Wild-type) 314+3.5 46.1+2.0
Arg70—Cys 19.7+6.0 225+22
Arg70—Lys 103+4.2 175+ 1.9

A Arg70—->CysE RN DOSHIBHTHAEDO/EH

Arg70—>CysEREDE RGN 10§ 2 SHEMFHE, NTF VIV A IF (NEM) BEXUAFVRAS Y
FAANT #F— b (MMTS) OFFEEBH Lzo TOMIFAET 5V — 723103 Th I TCysERAED
B RLIEMEASSHIBMIFIERIC L Y HE AN b DIESer65>CysBEREKIZT TH - 12(49279)%%, Figure 3-51Z7R
T X312, CysTOERKDE®EE D NEM, MMTSIC & D FEEEN2 ZEHH 5210k > 720 MMTSH
0.5mME VS EVIEBE CRAD HEIEL, BEERIZLIS%EEICE > TWwE , TRITHARS ENEMIZ
IAHEREREORELE L., oMU ETRAEBEIZI0~20%1K %5, ZOERIIMMTSO FH5SHE
LTRSS Z & 2R LTV A, Pigure 3-5Dinset TIIRER B/ % A0 12 2mMOMMTS TALE
L2 S A BEONEM CEICLE L 72358 0ORAERER LbDTHA05, £O fEIXERED
NEMT b ZED 53, Cys708E & MMTSE ORUSHSERE LT A Z &30P 5,

Cys6 SERADS A, BEDEE I BAMEOR X SITERF L T072@99, CysTORRKTIR TN L
3 e ARAEME LR B Re e o 720 BEo Ty SHISHIRE 12 X 5 CysT0BRAD B E . B A EH
BBAPTAEEL VAT TRV LEFRBL T3, SHEHME R Cys7 CRRAED BAFBRED
Al B RS EERDEEER L ABETHA I LRI OEZ EXRL TS LI ICRR .

Cys7 0B BAR DB RIG I Hg2 M2 & WIEMAL R R 2, ZORREEZONBANDTT F#RIziE
EBEOSHEDNETH S, T7-. SHIEMHRAEOERY L 250 b EHOSHE (NEM, MMTSIZREIZIES
BEREE D) Thdo LD LRE, He2 DAL ICys7OBRENSHEITRA L TRE %D yf\' SH
PRSI TALE & 7= CysTOBRARITH g2 X BIRMALE T V2 &A%, 72, He? TRILE S N7
Cys70ZEBARIISHEMRE IC L A FHEEL R 2V I EFFRIND, ‘

FPE—MICE LT, CysT0ERE% & ER/ ML % 2mM MMTS#H %\ iZ5mM NEMT 5 SrHMLE L
P, FNENHLHEE T & 5\ IAFERET CHRIERZWEL. KB L7 (Table 35) o
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100 100 Wild-type
_ _100 |-
z E |
S 2 [
5 Lol
< 50 e
— 8 L
= o [ R70C
a £,
@n 012 3 45
[vel NEM Conc. (mM)
0 1 1 1 1 1 0 P | 1 | I T | i
0 1 2 3 4 5 6 0 1 2 3 4 5 6
NEM Conc. (mM) ~ MMTS Conc. (mM)

Figure 3-5. Effects of sulfhydryl reagents on tetracycline uptake by inverted membrane
vesicles from the Cys70 mutant. Inverted membrane vesicles were pretreated with the indicated
concentrations of N-ethylmaleimide (NEM) or methyl methanethiosulfonate (MMTS) for 5 min at 30 °C. Then
NADH-dependent tetracycline uptake for 30 sec was measured in the presence of 10 M tetracycline and 50 uM
CoCl,. Residual activity is expressed as a percentage of the activity without sulfhydryl reagents. In the inset,
the Cys70 vesicles were first treated with 2 mM MMTS for 5 min, and then treated with the indicated
concentrations of NEM.

NADH NADH
g " v
o,
4
2
3 ! 3
g
5 NH,CI A A

TC

Figure 3-6. Effect of preincubation with Hg?* on NEM-inhibition of tetracycline-dependent H*
translocation in the Cys70 vesicles. H* {ranslocation across inverted vesicles was measured by monitoring the
change in fluorescence of quinacrine. Assays were performed in the presence of 10 mM MgSO,. Before energization with
625 UM NADH, neither HgCl, nor NEM were added in trace 1. In trace 2, the vesicles were preincubated with 10 pM
HgCl, for 1 min prior to energization. In trace 3, the vesicles were preincubated with 2 mM NEM for 3 min prior to
energization. In trace 4, the vesicles were preincubated with 10 uM HgCl, for 1 min, followed by incubation with 2 mM
NEM for 3 min prior to energization.
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Table 3-5. Effects of sulfhydryl modification on Hg2+-activation for the Arg70—Cys
mutant TetA.

After treatment with an SH reagent for 5 min at 30 °C, NADH-dependent tetracycline uptake for 30 sec was
measured in the presence of 10 uM tetracycline, and 50 ¥M CoCl, (None), or 50 M CoCl, plus 10 uM HgCl,
(+Hg2+). Activation was calculated as a ratio of the initial rates in the presence and absence of HgCl,.

Tetracycline uptake
TetA SH reagent ) (nmol/mg protein/30 sec) Activation
None +Hg2+

Arg70—>Cys None 0.7 19 2.7

2 mM MMTS 03 03 1.0

5 mM NEM 02 02 1.0
Wild-type None 29 2.9 1.0

2 mM MMTS 2.9 2.6 0.9

5 mM NEM 2.5 22 0.9

CysTOERAKIISHEMRAETME I VW E &, BRFEMITE2YIC LYK 3FEOBELE T 525,
MMTS# 5V ZNEMOBAGIC & D FE S NEEE, He*0FEL CORE LR 352 813% v, BE
BITetAldHg2+ |2 & BIHMAL 3 SHEMREIC X AEHMAEDL ) 20T, 20 X) 2ELERY. Bk
DFER LD . H2 OREMIICysTOREDERDSHETH 5 Z LG5,

iz, BSTEICOWTIREEEIGEIC L VE%ERET 5 Z & THRE Lz, Figure 3-61C1XCys70%
BIKDWERD AT ENT VD, trace 11310mM Mg2 T TORRTH 545, NADHRINC X D ApHFE
Btk TR0 A4 270 GRBELOLM) Z2HZ53 &, BERESEELT MMV DT VT
K= M &) D REENE D SHER SN2 Z L5055 o trace 2 TIZNADHIRANRIIZ 10 MO Hg2* )
MZBENTWVD, ZOHBE, 7554 7Y VB HHOBBESE L 2o THB Y, CysTORRE
DF NFHA Y L EEEE LR (Figure 3-3B) EXFBL TV 5, trace 3 TIENADHIRINRTIC IR
FIAS2mMAONEMT 3 S HLE I NTEY, T FFH A2 ) VBEOHEE (Figure 35) &—HLT, 7
NS4 2 UREOHEED BE SN TS, BIBIC, trace 41E, 10 2 MOHg2 FAE T TREER/ME
% 2mMONEMT 3 5 HALE L, EHAEE2Fo7-00Thb, ZOHRA, trace 2 & AEBEOHEELE
BEN, He2t)5Cys70REDSHEZ NEMBHID SREL . AT TF FEHER LCEM EE2EG T
% LI ND, NEMOFED D IZMMTSE VT b RO RN B SN/ (data not shown) o F72
HERITetA T2 g2+ SHIBMSEEIC X 5 BLRR S N2 o7 (data not shown) o -

Flzon bizs F5HA 70 YD AROMET LS bz, Figure 3:7ART 75470~
L HBEE AR mMIC 72 B & D IINEM & RGNS L2 L E 0T M54 2 ) ¥ DR BHER
LT3, FFERITetA DRI I3 Figure 3-LICR L BEORERHEN L 2T L EE %o T
75, Cys70ZEBARDEEEMLI 5 2 ICHEShT VA T L2937 5, Figure 3-7Bid2mM NEMIZHIZ T
HIZ10 x M He2H0S& E B 2%, BAR TeAD#EIENE I3 Figure 3-7AL EboBVDIZK L, CysT0EE
EOBEERIZE L ER LTS, 2084, BERICHT 21O LIEFigure 3-3BOFER & AEE
THB, ZORRIL. He2tE SHEMREIRF—OER, CysTOREOSHERRET 50, He?* OTHF
(SHEES LA VY 7F FEBRTA0T, BEEEAFELLZLERLTNS,

DLEDRRELY, CysT0BERADH I X HIEMEEARMHADOSHEN A V7 TF FEPET 22 212
EoLEREINDG,
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Figure 3-7. Tetracycline uptake by inverted membrane vesicles in the presence of
2 mM NEM (A) and 2 mM NEM plus 10 uM HgCl, (B). Tetracycline uptake was
measured in the presence of 10 uM tetracycline, 50 pM CoCl,, and 2 mM NEM in the absence (A)

or presence (B) of 10 uM HgCl,.
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#58 EE

ARETIIE 3 EEBEEE LD —EDCys-scanning BREAB) OB T, E2EILBVWTEREN Do
Jev—T72-3 DERFREArg7ODCysEREICERZ YT, TOHEDENEITo72, CysidAla®Ser® X
Iz D, HEE/NSWHIEZ D > TWADT, SMICys7T0EBRIEDTF F S 427 ) VERFE®IE
Ala70BRERSer 7T 0OERREKICEMU L TE LKW TH A LFRL TV, L2548, BEIMNT HCysT70
EEAROBEEEIZEEIZR LN, LysTORREDBREIIASD DO TH o (Figure 3-1) o BEDENME
HERABEE R ICIICZHIETNTNE I L, YAFA YRFRITI VY FF V3 FDSHEIZCo 2 DR
L9 5281282 Z Lipb, CysTORREDHEELBRAEFEHEORR L LT, Cys70REMBE DSHE I ER
EHFDCoEHALTANITFF ((SCot) B L, EMBHED L9 KR AES TV A TEEME
BEZ BNIz, Co2tDRD Y IZMn2+oMg2tF V72 & EIZI3CysT0ERAEDIEMEIZAl a70ERAEDFE M
FDREILLEL ALV T L1F L (Figure 3-2) « SNLOD 2MHAFF L 1ECo2HITHRB & X VH
TF RIS E LBV EASRBEN 2, Cys7OBREREDL A VvE 7F FEBRT S &) SEHkT
SHEICIER ICEMEDOEVHL R HVEZ L2 VB o, H2HEF hSHA 2N e v — ME%
R, Z0WMELMMNMTEI L%\ (Figure 3-3A) o Hg 2Co2t & HFE LD &, CysT0ERKE
DEHETFEBDAKREC ER L, Lys7T0ERKL ) bEWIERERT L) 1025 2 LIZFRE: (Figure 3-
3B) o DT L, He2* A LANE 7FF ((SHegt) &7ol-CysBISEALysBIS L D bRBIC BV
THELTWAIERRLTWS, 77, CysT0ERMAKIISH BRI (NEMB L UMMTS) 2 & ) IEHEEE
225232 (Figure 35) %5, BT L-EHItH2 2 ML CARELERETHI 1372 < (Table 3-5) -
He2t 12 X A MGG T OSHENBRETH L Z L0 D 5, BIZ, He2*FEET S Z L2 X Y Cys70
TRKOSHIEMRAE I L AIEHHEESEREINS 2 (Figure 3-6, Figure 3-7) 1%, Hg?" OENDT
Cys7TORERMENSHETH 22 L2 L VRHERTALDOTH B, B EOERELD, 70LDOETERH
PRI EE R ZE 2o TWA T LRI NIz,

CysBRZE 2 IBMT I L 2 RN RIERVERH S DT, e BB IZBWTCYSsEREIER INT
Wh, BICKBES 7 b —RAB®EAE LacY) BV TIZIZEICE- TCys-scanningZEEIER S
N, EERE FSHBHRED BB ST AREDOTY V7 PfThT 1 5(285290), HEFERETDH
TetAD Cys-scanningERR%E FHHEVER L. [HCNEMBESHENERIZE D E B DB AR B 5 ICFTE
F20h. EEFICERT 20 P3HET LI EIZHVTS1951%), AT, CysKRAEEHHE
B8 L 5 FBRREOEREIC BV, 44 V2 ZOERTHEA LLORID CORITH 5. AHE
BEOEMEICIT L T3 — FERFAV bhd, BILE, A2 FUFa FTyves, 57 —AkE
1K(266), K BFEFF,-AT Pase(292)Tld, BABIZEE 2 Asp Gl Cys KBS T B LIEBR A RDIL DD
9 FEERRTH MRS Y AF LTS LIEESEE TS Z LEEELTRE, ZOBRE, I - FEERT
B S nCysREORSIIC AR L Y bRE L EFR (2o Tnb, 7, (2-7OELFIN) T
CEBWTT I IFMET S ELysHSEE A CESOEMBRMPFEL, 7TANTFVRT I A
2T 25— X IV SR (293), T F —AHRETIENBAHEEATE2DI, XA YT
AN T g ke FLF VT YEZY A (MTSEA) ZAVTVA(268), WIFROPED BAfIC L 5 HEEEE
FBRLNTVD, T HEREOEBETHZVS, =aF YEBETEFLVI Y L ETS =T
. ZOAF F v Y RVES OB BT 27010, EERN EEAYT AMTSEAR A § ¥ T4 ANV
Ja k= rIFN (P AFNV) FrEZIL (MTSET) . BBHEEATE ¥ Y FFANT 55—
NI FL Rk VB (MTSES) 2FVTV2(299, 204, B K7L ¥R 71 FTY Y TixCys
BEEE ALY TV L, BEHOEEELOREEFT> TV 5(20580), ¥7:, BAHRERERTR
P REEAALORIBASS 7 b — R EHEKE06:310), 3% Y E118147% ETTHO T 4,
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B, BEREICBWTZAEE LRBICMNET A TH2I 80007 I/ BRETHISBREICERL
TEBER/HEMUZEIHR L, £ N OREOIER 2 HITT AHEIMT bR T\ 5 315316), HisldZn2+
REBEE ATV ERMTAT IVBRELTEAbN, ZLOEEBRIZANZENG, FFIATIE
BROERBIZ L ABMi %7225, CysBEICKL S 2 VA 7F FERD T-BEMOMAT M ERMROMRE
BRIZISHETES b L, ‘
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B4 Arg7TOREEREOWEE RO M

B1E LIS

T, EROEORERBIAD: O ICHEERKOBITSBEAI TS X3 1275 72(205,263.264,
267.317-343), FEERKEIL, DL T7IVBEBERIZE > THEEIFETO L RBEELEZEKEZL LK
Bonsd, HHEZEELAERELERL TS, BHEEICE H-27 3/ BERS, BHEETO
BRE AT I BEBROBNTOFERANOERTHABEAI21E. BICEYEEAE (back mutant, true
revertant) & IE, FIBALCOH /%27 I /BREBHEIEHEBEZE L2 DIE, pseudo-revertant

(secondsite  revertant) EIFITNS, AFIERTOMEEREITIFICIH D 2 VBYBELZHE T &ICT
b0 ZOBRBOUERRKEN PEEREENICERE Th 01X, BHEEROERRE %28 —EEMA
EEHEREOREE 25 B ERMU L FIUMEE DAEBICHETAZ &, B—EERETRDOILT
I BRELECERBMATE U7 I VBEREL IREBENICEMTH 2 2 L KWITRBINS Z
Eitkd, LL, £ 0EH THEEREBATIThIL, ERIFAFEL PIzEhbicoh, FER
BOFERP LT LS LREOHRICAL R VHEER AL GBI NDL L) 10koTEZ, ZOHE, TL
A, BERZ BRICE A, B—ERBMEETEEBM L OMTHREN ., BERNLEEIS 2 LI
b Lz,

AETIIHE THERE NIzAg0BREOCysER G DHEERKL AT 5 Z & 2R A7z, Cys70E
BN B2 EE LZEEETIZ 2V, BERIZEET N SFA 7 ) YEL SV Dk
DI, WREE L THTRRVEM, o T, 2 ORREOHEZERFE ST NITTOMREZO b
DDOERRIZ BT BERERT Ofi%EUDﬁ’f% 2hb, HEVFHEEEHTAT I /BREELERNTAZ L
AEBIC 2 5 L HIfFE A,

£ Arg70-CysEEMEEAKRP O DOF + 544 2 ) VI ERHAELERKD HHE

Arg70—CysBEBMKEEBRDT 54 21U VL ~UVIE, Table 3-212 bR L7z &) WRAFEF L
MEE (MIC) #9125 1 g/ ml& BAERDM ML AVZHERD L3F L (K, Arg70—CydEREOPELR
HhkSHET 5720, KEEW3104/pLGR70CHKITEMAT1.5mIE 100w BEIBRE L, T 7T A 70 ¥
200 g/mEELYTEREH ECEA L, 37CTHELL, 3ABROEDIR=-2R/, T FIHAT
)Y OMICEHIE L77e T L VAE 540 ic ER L7 E#k161C0WT, 7523 FDNAZHBEEL., ¥

B TREBEWIL04BATHEERE L, BETF F5HA 2 U OMICRHE Lz, 20 ) HMICHEAER L
B 200 pg/ml% Ry HEB (W3104/pLGR70CRS) % BR L7z, BEERV tetABETHBAICH L Z
L %FEERS 5 72910, pLGR7OCRS & ) tet ARIGF DR ERS % & ¥ EcoRV-BamHISIWT W i & B 2 Bl tetA
1ZF% b OpLOT2OM ST BERME KB LT T XI N, pLGT« BREVEMEL (Figure 4-1) . K
BW3104B2 BEER L, 7 NS¥A 2 VEL AV ERE Lz, ZOBRICNTET FFT A7
¥ OMICHW3104/pLGR7OCRE# & [ U Th - 72D T, KRNI et ARIZTFIZH B LHIMT Lo £
= T. pLGR70CR5 D tetAIE T 448 % & & X bal- BamHIGIBTHTF £ pCT 118 3BOXIS§ 2 ML 3 LT
pCTR7OCRS 2 M5 L (Figure 4-1) . ZRtetABET OBERFIERE L1z, TORR, TONBLUL
DEDTCO EEERES L F £ TetAD17LEICAIST 5 3 F U 2SACT 2 B TCTIRE L Tz,
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Amp
puUC118 L Hindlli
EcoR!

BamHl|

Amp

pCT1182
EcoRl, S1 nuclease, tetA
Ki ,
onow e cofll Byl pLGR70CRS
+ Bgh linker EcoRl (pPLGR70C/T1718)
EcoRV
Boll Xba tetR
Bghl+BamH!
Amp Xbal

1l Bghi+BarmH| 2.45 kb tef fragment

pUC1183 |—Hindl
BamH|_ vector fragment ligation FooRY
Bgll EcoRl ‘
| BamHli

Hindlll, Klenow Hindlg(bm EcoRV+BamH!
coRV+Ba

Amp

+ BamHl linker 1.36 kb tetA fragment

EcoRV-BamH| vector
ligation

fragment from pLGT2

pCT1183

Bgil EcoRV

pLGTap(R5)

2.45 kb tef fragment
from pCT1182

Xbal
BarmHi EcoRV

Bghl+ BamHI
vector fragment

Amp
EcoRl

pCT1183B BamHl
1.56 kb Xbal-BamH| tetA fragment
EcoRl form pLGR70CR5
tetR
Bghl EcoRV
Xbal Xbal-BamHl
vector fragment BamH|
pCTR70CR5
EcoRl
tetR
EcoRV

Bagil

Figure 4-1. Modification of a multicopy cloning vector (pUC118), subcloning of the Tn10-zef genes in a
multicopy plasmid and construction of the plasmids encoding the fetA gene from the revertant plasmid.
pUC1183, pUC1183HB and pUC1183B are derivatives of pUC118, in which multicloning sites are modified by
a linker insertion. pCT1182 containing the entire tetR and tetA genes from the transposon Tn10 was constructed
previously. pCT1183 was constructed by the insertion of the BglIl- BamHI fragment from pCT1182 to pUC1183.
pCT1183B was constructed by the insertion of the same fragment to pUC1183B. The revertant plasmid
pLGR70CRS is derived from pLGR70C. The EcoRV-BamHI fragment from pLGR70CRS was exchanged with
the correspondiong region of pLGT2 carrying the wild-type et genes to construct pLGTapRS5). pCTR70CRS
was constructed by exchanging the Xbal- BamHI fragment from pLGR70CRS with the corresponding region of
pCT1183B. The tetA gene from the revertant plasmid is underlined.
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FORER, L7TULIEThr D HSer~ L BRENZ Z L1275, 17IMIZEE-REES (Figure 3) T,
56 [EE B ITIZRRICHE L, XMV - TEBICH 2 7T0MBRELESEHEER L TWA TR
FEVEEZOND, REDE, 17INERICE 270MERAEDA = AAZDOWTHRITT A, &
B, DBOFEAN T, pLGR70CR5ZpLGR70C/T171SEH®H B Z Li2F 5,

#3  Arg70—>CysBERINEICHT A 171N BEOERM

Arg70—->CysBREEZHELMHE L~V ZEESEL 201, 171807 3/ BERE L UTHIERS
NEOPEBELHPIZTS720, Thr1715EZ PAFEERR L7, KunkelIEIZHEVY, Table 4-1127R 74 Y
TX 7 VEF FHHEWVT, Thrl7153E % Ala, Cys, TyriCEE L7z, ZOBE, MF Y AKVYTnl0D
tetREET B & Vet ARBIZF 2 &L~V F a¥—7 52 I F, pCTLIRSHKD T XTI o TV vedEts
ssDNAZEE & LTHW:, REIVF IE-TFAIF (bCTT171A% &) L) AMSNB1TIHE
% &OMul-EcoRIEIWMTR &, 70MEREEEL 7 5 A3 F (DERR70CER &) 2* b DEcoRV-Mluld) ¥l
BF%#0—3¥—75 23 FpLGT2MEcdRV-EcRINY ¥ — Wi IZHEA L. 70 L 171D _EER TS A
3 F (pLGR70C/TL171A%E) B L, 17IMOEMER TS ZI F (QLGTI71A%Y) &, 17142
R %4 EcoR V-EcoR IEIWT IR 2 pCTTL71A% E2 S B L, pLGT2 DS 2 $Hif & & LEESEL
720 F7-. pLGT171SiEpCT 118375 D EcoRV-MIulEIRFHT A & p CTR70CR5 % & ) Mlul- EcoRTEN KT BT &
% pLGT2MD EcoRV-EcoRINR 7 & — Wi IcHEA LEEEE L7z (Figure 4-2) o fERREN-ERU—aE—-TF
A I FORBEWIL046E HEER L, EARZHEL ~VOREICHV: (Table 4-2) o WTHOER
ENDTFERTAA L F LV ARNVERELTWAZ & 2HEE L2 (data not shown) o

Table 4-1. Mutagenic primers used for the Thr171 mutations.

Nucleotide sequences of mutagenic primers correspond to the complementary sequence of the etA gene. Asterisks
(*) indicate mismatches. Mutations were first detected by the dissapearance of the original SspI site (AATATT —>
GATATT) as indicated by underlines.

Primer Nucleotide sequence Codon change  Amino acid substitution
* * ‘

T171AR 5' ~GGABAGCGACGATATTT-3' ACT—GCT Thr171—Ala
* % * .

T171CR  5'-AGGAAACAGACGATATTT-3' ACT—TGT  Thr171—Cys
* % * }

T171YR 5'—AGGAAATAGACGATATTT-3' ACT—TAT Thr171—Tyr
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pCT1183 7

pCTR70CR5

* EcoRl
Miul '

EcoRV

Bgill EcoRV

Mutagenesis

” Amp

EcoRI

pCTT171A

tetA 219 bp Miul-EcoRl| EcoRV-EcoR!

S EcoRl insert fragment vectof fragment

219 bp Miul-EcoR|

S 266 b EcoRI
p EcoRV-Miul
tetR_ Miul insert fragment o pamen
Bagil EcoRV (R70 mutation
'485 bp EcoRV-EcoR|
insert fragment

ligation
ligation

ligation

pLGR70A/T171S

5ol pLGR70A/T171A

pLGT171A

Figure 4-2. Construction of low-copy number expression plasmids carrying the Arg70/Thr171 mutant
fetA gene. Mutations of Thr171 were introduced by the method of Kunkel on a multicopy plasmid pCT1183.
The Thr171 single mutant plasmis (fbr example, pLGT171A) were constructed by exchanging the EcoRV-
EcoRI fragment from the pCT plasmids (pCTT171A) with the corresponding region of pLGT2. pLGT1718
was constructed by the insertion of the EcoRV-Mlul fragment from pER2 and the Mzul-EcoRI fragment from
pCTR70CRS to the EcoRV-EcoRI vector fragment of pLGT2. The Arg70/Thr171 double mutant plasmids
(for example, pLGR70A/T171A) were constructed by the insertion of the EcoRV-MUl fragment from the
PER plasmids (pERR70A) and the Mlul- EcoRI fragment from the pCT plasmids (pCTT171A) to the EcoRV-
EcoRI vector fragment of pLGT2. The Miul-EcoRI fragments containing the T171S mutation were cut off

from pCTR70CRS.
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Table 4-2. Tetracycline resistance levels of E. coli W3104 cells harboring the Arg70
/Thr171 substitution mutant plasmids.

Plasmid TetA MIC of tetracycline (yg/ml)
None None 0.8
pLGT2 Wild-type 200
LGRI0C  AglosCys s T
pLGR70C/T1718 Arg70—>Cys/Thr171—=Ser 200
pLGR70C/T171A Arg70—Cys/Thr171—>Ala 50
pLGR70C/T171C Arg70—Cys/Thr171->Cys 50
pLGR70C/T171Y Arg70—Cys/Thr171-Tyr 3.1
PLGRT0A  Amglo—Ala T s T
pLGR70A/T171S Arg70—>Ala/Thr171—>Ser 200
pLGR70A/T171A Arg70—>Ala/Thr171—Ala 50
pLGR70A/T171C Arg70—>Ala/Thr171-Cys 50
pLGR70A/T171Y Arg70—>Ala/Thr171—>Tyr 3.1
Lerimis  Twimiese T w0
pLGT171A Thr171—Ala 200
pLGT171C Thr171-Cys 200
pLGT171Y © Thrl71->Tyr ‘ 1200

CysTOERIZKEA 21T INERLEA L7234, Serl 7T1IEEPEA S N7=Cys70/ Serl 71RRAEP T A
BLARVDF NSHA 2 ViR 5252 EDSTELUINI, Alal7T1EE, Cys171ER (Fheh,
Cys70/Alal 718K, Cys70/Cysl71EREK) ML AV EEEIZ LR SIETWAZ L0 5b, &
AN, 1T Ty BESEA Shp (Cys70/Tyrl71 BRR) &, WLV VO ERERLONT, &
LB BEBELAVELICE TET LT, 171 NREDOREIICYs7T0ER 1T 572137 T2,
Ala70E R LT 2L AETH o720 —F. LTIMEMOBERITEHTME L NVIcE BBIFZ
Thr171BEIIBZODDICHETABRETIERVET R 5, o

Kiz, RERNMNATOF NS94 27 VEEEEZHZE L (Figure 4-3) o Cys70RREMTE BEE
RERIEN 2 RTIS. Serl71ER, A171Z5ED 2V IACys171ERF b o a1 id, BoriE
RN ERESR S, BEBRICEE LTS EEZ b, Table 4-31R LBRERWEREZ RS &, Knfl
PR R WA B RT A, VmaxfBES ER LTV 2DD5H 5, Figure  4-3Tld, Alal71EEDH 5 Wi
Cys171BERDOFACerl71ERE ) DIEMLAOBESKEVL I ICRZ 2D VmaxfIZRZMIEZER
XREIRRLNLL o7 (Table 4-3) o —H. Tyrl71ERIEHFHE L AVL LD HERSNLED, &
REEZIZIZESIHEESETVE, ZOMMITALTOERICH LThAMIZRSN (Figure 4-3) «
12 Ala70/Alal 7125 84K, Ala70/Cys171 BT VmaxfED FRPEETH o7 (Table 4-3) o« BLEDK
B, 70MOLEREIE UBEE ER S A0, 171607 I BREL LT, BEN KBRER
DETIEE ., WEFThrOME L) bAEL BB EPUETHD Z VTP 5.

171 % B CEBE S84, Serl71ERETH F 2 ICEREEHIET 7575, OEEEITEAE
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Figure 4-3. Tetracycline uptake by inverted membrane vesicles from E, coli W3104 cells harboring
the Arg70/Thr171 mutant plasmids. Assays were performed in the presence of 10 uM tetracycline and 50 pM

COCIz.
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Figure 4-5. Tetracycline uptake by inverted membrane vesicles from E. coli W3104 cells harboring
the Arg70/Thr171 mutant plasmids. Assays were performed in the presence of 10 uM tetracycline, 50 uM CoCl,

and 10 pM HgCl,,
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BEALANVTHo7 (Figure 4-3) » HEBRWEHINET2 & (Table 4-3) « WTFIOEERKD
Vmaxf@DMET L. 72, KmfEASNRA T 2MEMICH o 720 B I2Serl 71 BB CRmEAEF AR RSB &
ZU/4AET L, BETH S, Tyrl7TIERMM TR EZEES TRV 20, Trl7IBEIIEER
ETH21ITINOT IV BRBREL LCThrd R bE L, BSEEREIME IR TWISNENS S &
TR 5o BBRINIZKnME (=(kotkq)/ky) OETIZ, BOBEMES LRL, BEGEEEE (k) PLE
Ll ki3t La, BEFEEICES L2k, BRINURE SN2 BROEE (k) 5B L7-
HEEZ LMD,

Table 4-3. Kinetic constants for tetracycline uptake by inverted membrane vesicles.
NADH-dependent tetracycline uptake for 30 sec was measured in the presence of 1 mM CoCl, and various
concentrations of tetracycline. Kinetic constants were calculated from non-linear regression. Data indicate average
+ 8.D.. ND means that parameters could not be determined because of loss of activity.

Mutations Km (M) Vmax (amol/mg protein/min)
None (wild-type) 248+7.3 43.1+48
Thr171—Ser 58+2.8 85=x1.1
Thr171->Ala , 9718 11.8+0.6
Thr171—-Cys 13.8+3.0 237+1.6
Thr171—Tyr 13444 155+1.6

Cargo-cys T 266:57  107:08
Arg70—Cys/Thr171—Ser 152 3.2 160=+1.1
Arg70—>Cys/Thr171->Ala 16.0 +4.4 14314
Arg70—Cys/Thr171—Cys 13.1+5.6 v 16215
Arg70—Cys/Thr171—Tyr N.D. N.D.

Arglo—Ala T »7e31 44=03
Arg70—>Ala/Thr171—>Ser : 265+4.9 9.1x£0.7
Arg70—>Ala/Thr171->Ala 350+6.9 227+x20
Arg70—>Ala/Thr171—-Cys 54.2+18.3 36.2+6.5
Arg70—>Ala/Thr171—-Tyr N.D. N.D.

TargiooLys T w2 19210
Arg70->Lys/Thr171—=Ser 82+12 45+02 -
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A Thrl71->SerBEROM 4 D708 ER~DHE

Serl7TIREFMDTONEREDOBBICH LTED LS 2 BB RIZTLERIFT 2720, 70 E171
MO_EEREEZEE L, 70M0ICER %2 3 DpER2T 5 X3 F &Y EcoRV-MIul IR ¥ F % .
pCTR7OCRE & 1) Ser1 71888 % & ¢ Mlul- EcoRIGIKTHTH % B L. pLGT2MDEcoRV-EcoRIN Y ¥ —KTFrIC
BAL, ZEERTSAIFERELS (Figure 4-2) o kﬂ%‘rﬁwamﬂ%%ﬁ@&%&bh& KHERZ
HDOWTE (Table 4-4) L EBRBHEADHERZ 4757~ (data not shown)

Table 4-4. Tetracycline resistance levels of E. coli W3104 cells harboring the Arg70
/Thr171 substitution mutant plasmids.

MIC:s of tetracycline are shown in a unit of pg/ml. MIC for W3104 cells is 0.8 ug/ml.

Thr171 substitution

Arg70 subsitution
None (Thr171) Thr171—>Ser

None (Arg70) | 200 200
Arg70—Cys 12.5 200
Arg70—Ala 12.5 200
Arg70->Ser 12.5 200
Arg70—Lys 12.5 200
Arg70—>Asp 0.8 12.5
Arg70—Leun 0.8 12.5
Arg70—Trp | 0.8 12.5

Serl71ERAFMb S LI XY, HREDMICERYT Cys. Ala, Serd X ULysERKIE AR L~ LD
WHEE5ZBZEDNTEL IR BIENPY) TR, ELWHEEZS I L TER VA, LeuB X TF
TrpBERFIT LCOHERRZRL, FREOMMEZS5 2 AT EHF-TEL LI oTWVE, THHD
BREOEBHEEMZ Figure 4-4127R L7245, 70ALA5Cys. Ala, Ser. LysB & UAspTh A EEEKIZONWT
IBEEICEHEEES LR LTV AEDOSEGTP 5, LaB L UTnERBIIonTIZRBTERr oz, BE
WHEEERAL (Table 4-3) . Serl71ERIE, Cys70B X UAla70EEMEITH L TIEH & 212 Vmaxfl
P LRESE, MIEHRELZRLTVRS, & ZA% Lys7TOERMAICH L Tk VmaxfEiZEA L. FEICKnfED
ZLVBD SRS, BEERICIIIE SNz EITT 22\, Lys7T0ERITH T 5Serl 71ERDZIRIZT0
IZArgBE: b OoOBAREHICHT AR EICEMLTBY ., 70N EFERESH5HBE5 L. £l
WNOBESED 2BEL TLTINERODFRICERIH L LEZ DN D, BTN ETNBESGH LR
DIZI7IMD B L TR F N MERETER L EZ b LA,

; WERIZE L, Serl 7T1REDINERIE! ﬁ;@["iﬁ‘ﬁ’:b‘ ZEhb, TrEEREE (Flgure 3) 2B

WT, 17 ITIEES 6 B E B TR R AE L. 70MIEBURE RIS 5 £ I2, mELSILK
BELRECHATREIRENEEZONL, T2, I7TINEROHERRS, 7T0NERICN L TFE
iV 00, 17INREOHEERICEETAZ L0, 1TINONSEEROBI P EE O 22
VI A= a vELRBE L, FASTOMIEANLEE SN THE/ R ZWRESZER b b, &
DB, 7T0REED MO BRI L N 70O EBASEOREEZRABTELNEICHVTNSEZ
EHEZ DD, TOREEEI (M EF — 7 2R T 5 Arg67, Arg7TI0EAEL, REREDE
WERDI B, TOTWBRMEICDWTIZE 6 B THRITT %,
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Figure 4-4. Tetracycline uptake by inverted membrane vesicles from E. coli W3104 cells
harborong the Arg70/Thr171 mutant plasmids. Assays were performed in the presence of 10 uM tetracycline

and 50 pM CoCly,
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58 Arg70—CysBEREDIUELEBIEANDH2+DE)R

CysTOBMBEREDBAGEIEIIHgZ I LN E L LR TS (Figure 3-3) B44), KETTIX, Cys70ER
C1TINER L 2 O EEREROBMAFEEIH2NC L VEW L2 ZIT 20089 5, F20REIC
DWTHRET L72o Figure 4-51310uM Hg2* PSEFETAFGETHEINLZT FSH4 2 Y ORY AAE
RLTWA, Figure 4-3DRREEB LT, Cys7T0ERE ECELRRIIHAFEI L LT 525,
ZDOREIICysTORMERIK (Figure 3-3) ITHRB L/, Cys70/Tyrl T1IEBAEN 104 M Heg?t 3
ETHHAIC, EELHEEEISBERENL L2k, BIKEY, BEE LTCys171EEEROBRTE
HEHEE LA, He2HZ X5 BEIIR D LN 072, B S L Cys17 1BE I A DOBUKESE BIC A
L. FOMBICHEZ B ETER WD EEZ BNRS, ZOT LI, [LACNEMACysl 71 ERRIZ TG A
L7\ (data not shown) & & b—FF %, Table 4-5DEERWELRERTH., 171MEE (Ser, Ala
HBWIICys) PHEAENS L, Table 4-3& BB L TVmaxfBIS LR T 575, FOREIZHSHIZCys70
HMBRKIZIETIR R o TWh, IR FETA L, H2PFET T, TbECys705REN X
VHTF REEE LERBESEREC 2o TWARA. Cys70/Serl 71 =EZERED Vma x{E X Cys7 0 BEIHE
BEOVmaxfBEEIFEA LA U TH B, ZITH S IZHg2 FEFAET (Table 4-3) TORRMEIIRZ -
TWh, Table 4-3TiE, 70BRESIEREL b DArg (FER) 5 WidLysTH AHAITIE, Serl71%
RIIVmaxfEZ EEICET S5 2 & b B2, H2H AT TOSerl 7T1ER DCys7T0ER I T 2 F R
BREHETARE TR, ERNBAMICHT 2 RICEL LR ERbhs, T HbDFERIZ, 70
SICERBY D HHAI2IE, 171D B L T 70O EBIIMEER O I L ZRRL Tb,

Table 4-5. Kinetic constants for tetracycline uptakle by inverted membrane vesicles.
NADH-dependent tetracycline uptake for 30 sec was measured in the presence of 1 mM CoCl,, 10 M HgCl; and
various concentrations of tetracycline. Kinetic constants were calculated from non-linear regression. Data indicate

average = S.D..

Mutations Km (uM) Vmax (nmol/mg protein/min)
Arg70—Cys 19.7+3.5 225+22
Arg70—>Cys/Thr171->Ser 20.0+7.5 26.0+£3.5
Arg70—>Cys/Thr171->Ala 224 +8.7 24.0+3.5
Arg70->Cys/Thr171->Cys 24.6 +11.4 262 +4.6
Arg70->Cys/Thr171->Tyr 6.0£3.0 1.0+0.2
Thr171->Cys ‘ 10.1+7.1 21.0+4.2"

H6E Thr171—SerZRIZ L 2TONBELEIENDArg67. Arg7lIRELREDHR

41T BV TTONOIEBRI DN Thr1 718 S Ser iCBHR S NAHEERAETIX, 70MIEOE
BEERESSKEERET 2 AMEICBE T 5 TEEEE R, Arg70R B I (RAEFHRSIETF — 70
RT3 BBETH BArg67 & Arg7 LA L, REBEDERHLERD I 2, KEITIZArg70REDAlL
BRIES b & 1CArg67TBED 5\ IdArg7IREFEBR L, Serl71ERICE 2HERNRENOBEERFT L
72e ZOTHIT. Table 4-6ITFRTARA Y TX 2 LAF FEAWTETRETOMND, B X U706LL 714L
DTEERAEA L, T CbICSerl7IEREF EUSEL BRI Figure 4-210R L7z &) ITESEL
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770 Arg71BRIEDALER TS5 A I FIZSHERICBWTIER E L 3 D & v 72(345),

Table 4-6. Mutagenic primers used for the Arg67/Arg70 and Arg70/Arg71 substitutions.
Asterisks (*) and underline indicate mismatches and new restriction sites, respectively. The R70A/R71A mutation
was first detected by the disappearance of the original Narl site (GGCGCC—CGGCCC), which is indicated with

parenthesis.

Primer Nucleotide Sequence Codon change Amm.o a‘.:ld
substitution
* % *kkkk
R67C/R70A 5'-ATGTCTGACTGTTTTGCGAGCTCGCCCAGTG-3 " CGA—-TGT, Arg67—Clys,
Sacl CGG—GCT  Arg70—Ala
*kkk
R70A/R71C 5'-CGATTTGGTGCATGCCCAGTGC-3" CGG—GCA, Arg70—Ala,
SphI CGC—TGC  Arg71—Cys
*k k%
R70A/R71A 5'-CGATTTGGTGCGGCCCCAGTGCT~3"' CGG—-GCG, Arg70—Ala,
(NarI) CGC—»GCC  Arg7l—Ala

BESNSERTS 23 FEEGTRBEW3L 04k BEES L, ZEEEOELPHER L (dat
not shown) . EHIWHEL <NV EHEIE LS (Table 4-7)

Table 4-7. Tetracyclinne resistance levels of E. coli W3104 cells harboring mutant

plasmids.
MIC of tetracycline for E. coli W3104 cells is 0.8 pg/ml.

Thr171 substitution

Arg67/Arg70/ Arg71 substitution(s)

None (Thrl71) Thr171—>Ser
None (Arg67/Arg70/Arg71) 200 200
Arg67—Cys 200 200
Arg70->Ala 12.5 200
Arg71—Cys 25 200
Arg71->Ala 50 200
Arg67—Cys/Arg70—Ala ' 3.1 50 -
Arg70—Ala/Arg71—>Cys 04 1.6
Arg70->Ala/Arg71—>Ala 0.4 - 3.1

Arg6TERED B\ IZArg7l BEFREBE LTV 0%LIE, 20 bOVTe—T7 & Arg70REDER
A D E - EBEEOER L VB L UERIERIL, Ser171 EEMMboTH ERLEWNT
EOHIREEINS

Table 4-7DEHIFitEL AL 5 BT 5 &, Serl71ERIZALTOEREETN Y T2, CysTIERE
B I UAa7IERBEDOMEL AV E FRSE TS, Cys67HMERITRAMMEL ~VICHEES T,
Serl71EEF b > THEALIZE S N dro 720 Cys67/Ala70 - EERKIMICI D TH3 1 pg/m e
3WHEL AN LAE L7V AS, Serl71ERICED50pg/mICETRECEAHR L. TRITHL,
Ala70/Cys71 —EERME, Ala70/Ala7] “EEBEIEIMICH0.4 pg/m &%) BEEE L) bEVLA
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NVTHbD, CNIREREOWEERICE - TERW THA iR, BADI Y 74 A~ a vyiE
LLERDPNT VD ZEIRBEINE, TH O ZEERICSer171EED Mb o TH MHEL NVOEER
TP ThHo7,

Rz, FEEREDEADT N F94 7 1) VORY AAERE L. Figure 4-613BE OEHTORERE.
Table 4-SIXWEDEERNERER TS, Arg70BRENE T NDCys6TEREDB L UCys7TIEREOH%E
EHEIESerl 71E R Mb A Z LIZ Lo TET L, FARTAANDF)R (Figure 4-3, Table 4-3) IZHEM
LTWAH, Ala71EREICH L TEEEFLRERITR SNk 272, Cys67/Ala70 “EEEMEIMEREiE
EEE SO, Cys67/Ala70/Serl 7T1I=BERATE 2 ICERIZER L, Arg6TRESRERETH S
WM&V, —H. Ala70/Cys71"EERIR, Ala70/Ala7l “EEEEITVT RS ERFEHIZITIET
SIEELT VR, 2255, ThbHITSer 171 ER 2MA 2ZEE BRI EE BREEEZRL T»
bo DEDTEEEMLNBE L UVUT OFEFWEL 52 2V e Cys71l B L TAl7I1ERAET
Serl71EEIZ X D EHIMEL NV O EFITEZ 545, BEBBIIEEL T2 WIEEERTL L, 70
METIND —EERAETRELVIY 74 A~ a VBRI LPTETEHORZERN DN TS
D, Serl71ZERIZ X 2 AWML AV LR, BEEORHAIL L 2BZEAOXERO LA (BIEEOK
T) D7zd b LRy, Table 4-8DOFERWERER 2 & Ala70/A1a71/Ser1 71 =B X EED Vmax
E1ZAla70/Cys71/Ser1 71 ZEERAED VmaxEIZ K_FEEITEL o TV b, TDENE, Cys7IRRERH
DOSHEHRT v LA BB HEDCo2tEX VA TF FEBR L L ILE2EZbNDE, £)THIL 2D
i, Arg71BRESRBRETH L TBBEIEVWI 212k 5,

%z T, Figure 47T, CysBEPSLERKIIOVTIONM HgFHET TOBREHELWE L
CysTOER R ELEREDH S (Figure 3-3. Figure 45) LIZR% o T, Cysb7EREETERAKTIX
He2* DSHAET 5 LIEBMSEE SN TS (Table 4-9bBH) o Cys71HEMERAEIS X UCysT1/Serl 712
EXBREOEREE D PR HEESNLEAIZH S (Table 4-8. 4-9) o CysTORMBEREASHg2ZFET T
BFAERITeAITES K912, Ala70/Cys71 “EZERIKIIH g2 A T T2 Al 70 BMERKIZET C LB
BENSS, BRERO FRIISCRONT, BEESNAEREASE LVIY 74X —¥ a VMR
LTnRWE M HERL TS, —F, Ala70/Cys71/Ser 71 =ZEERKIT T W O DEEMED 7 THE
—Hg? AT CREEMS LR LT WA, ZOEMILORE b CysTORRKIZEHL T\ 5 2L (Table
49) BEIDEETREETH b, HoT, TNELEDREELD, T0MArgRESHHREICERINE
Thrl 71BENSericBHR SNB &, LbN-T0OEBH ORD Y 27INDArgBEIHED TNETEE
IR EI N5,
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Figure 4-6. Tetracycline uptake by inverted membrane vesicles from E. coli W3104 cells
harborong the Arg67/Arg70/Arg71/Thr171 mutant plasmids. Assays were performed in the presence of
10 UM tetracycline and 50 UM CoCl,.
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Figure 4-7. Tetracycline uptake by inverted membrane vesicles from E. coli W3104 cells
harboring the Arg67/Arg70/Arg71/Thr171 mutant plasmids. Assays were performed in the presence of
10 UM tetracycline, 50 pM CoCl, and 10 uM HgCl,.
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Table 4-8. Kinetic constants for tetracycline uptake by inverted membrane vesicles.
NADH-dependent tetracycline uptake for 30 sec was measured in the presence of various concentrations of
tetracycline and 1 mM CoCl; (-) or 1 mM CoCl, plus 10 M HgCl, (+). Kinetic constants were calculated from
non-linbear regression. Data indicate average + S.D.. N.D. means that parameters could not be determined.

Mutations Addition of Hg2+ Km (M) Vmax (nmol/mg protein/min)
Arg67—Cys - 21512 27005
Arg67—>Cys/Thr171—>Ser - 58+1.9 72+0.6°
“Arg6T-CyslArgTo—Ala S 11247  38%05
Arg67—>Cys/Arg70— Ala/Thr171->Ser - 189+2.9 104+ 0.6
Targriscys T ST 16261 321450
+ 193 +3.4 242+1.9
Arg71—Cys/Thr171—Ser - 42+24 6.5 +0.9 A
’ + 40=+21 3705
“Argl0—AlArg7i—>Cys B N ND.
+ N.D. N.D
Arg70—Ala/Arg71—+Cys/Thr171—>Ser - 16.7+1.8 38+0.1
+ 21.5+3.1 55+04
CagTleAl T 303+31 305:12
Arg71—Ala/Thr171—Ser 8735 62+0.6
A0 AlAgTIoAla T N, T ND.
Arg70—> Ala/Arg71-> Ala/Thr171—>Ser - 208=+13 22+0.05

Table 4-9. Effect of HgCl, on tetracycline uptake by inverted membrane vesicles.
NADH-dependent tetracycline uptake for 15 sec was measured in the presence of 10 uM tetracycline and 50 M
CoCl, with or without 10 uM HgCl,. Hg2+-activation represents the ratio of the uptake in the presence of 10
uM HgCl, to the uptake in its absence.

Tetracycline uptake in the Tetracycline uptake in the

TetA absence of HgCl, presence of HgCly Hg2+-activation
(amol/mg protein/15 sec) (nmol/mg protein/15 sec)

Wild-type 22 2.0 - 09
R67C 19 16 . 08
R67C/T1718 0.87 : 042 0.5
R70C 038 12 3.2
R70C/T1718 0.60 11 1.8
R71C 2.7 2.8 1.0
R71C/T1718 o 12 0.81 0.7
R67C/R70A 0.26 0.27 1.0
R67C/R70A/T171S 0.87 0.62 0.7
R70A/R71C N.D. ‘ N.D.

R70A/R71CIT1718 0.12 0.35 2.9
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ETE CysEREAONIF VLA FOMEE

CysTORMERKOBRAFEIINTF V<L A I F (NEM) KX DHEENS (Figure 3-5) (344, &
Tk, CysTORRDHUELE BMAEB L U6 7L, 71MLIZCysiEE R A T 2 EERDEZETFHENDNEMDZRY
ERHE L7, Figure 4-813Cys70MMEERIRL 171 MER % &G BEREOBEERONEMIC & 3
EERLTVS, Cys7TORMBERKRDOEHEEMEIZ2mMONEMALE THO0%EE A DS, Thrl715EH
BHRENTHEEEKRTIINEMEZES R RE T T 2EMICH o T2 BFICCys70/Ser 171 —EXEEATHE
EZTHY, 2oMONEMALE TIIBRFHIIB L Z50%HEINTVRIZBER VY, TOKRIL, 1714
OEBEPEGD I 73 A —a YVEAEFIERI L, 7T0MAEORmICEEEL 52 T\Wa T & ZRIE
LTWwhb, W& LT, Cysl7 1EREEAV-05, ZOEWMREEEIINEMOEE L &L R T o7, &
OFERIE, CyslTIEREDHe2tDFEEEZ T 2V EVIHEE (Figure  45) O IRINAE LI IT,
L71REASERN OBUKEERICFAET A I L 2R LTS, T, 678, 7IMICCysBEE R TAHERK
IZDWTIEEmMAONEM CALE L7 & & OWEM 2 RUBEOREOFE LB L, 75 712R L7 (Figure 4-
9) , Cys67HMERIE, Cys7IHMEEAEOBABMEIINEMIZL DITE AEEEIN VA, Cys67
/Serl71=BZEBIK, Cys71/Serl 7TI"E X EKTIINEMEZ MIFEE ICHINL Tnb, ZORED.
17TINMBERIZEABHADI Y 74+ 4 —va YEEZIRFLTBY ., T0MAHIERY T2, 674, 714
DEBEOWEMEIC L BEEZRIZLTWVS ZEPFRBENS, —F. Cys67/Ala70"EERMK, Cys67
/Ala70/Serl171=EZS R, Ala70/Cys71/Serl 71 =EEBRAEOHIREEIINEMOEB X IZL ALRITT
WY, IS DERBEIZALTOERZ2ELIETH Y, BRIZALTOERZDOSDIC L BT hiiE
BAERBLTWADH2 S LLk,

HeH ER

RETIE, PEEREORG BT 2B L TTeAOKEREMOBHLER L, HEERLKE
BBET B 7-0DEME LT, V=72 30RERBEEAr70DCysEREE BV iz, ZOERMBIIT T
H4 20 YEREEHEERICY L THEEOERIE LPS 2T, BREEL FERNTAADI0BER
THRENICIIELSLRERTRE V. COEEREEAT A RBEK, O BERL VOT S AT Y
VRS A HRERERGE S LEZ S, CysTOERERFLREL, §6 EEBEHTRD
Thrl71BEASerl7LICBR S WA WEERER DBT A Z & TER, BEZKEE (Figure 3) 25
HIWE LT, 70RIE 1716 & 45T AR B (A S 5 AT RR IR & b iz, SRR RAYICL 714
BEFBRLAER. 171807 3/ BREETIr L ) S 2A%E D 2 LSBT DB 250
Tdh b LB oTz (Table 4-2, Figure 4-3) o E72, Serl71ERIICysTORBEDP ) TR, H2E
TR S NI BOTORER (Lys. Ala. Ser. Asps Leus Trp) I8 LT —ROWEL AV ERHRE
SRL7- (Table 4-4) » &2 52, BBEEMHZHETS &, Serl71ERFEH EAIRERT DI, 70/
DArg (BERD) 2 WVIZLysPADOBAITES LTV (Table 4-3) o BIZ, Hg? FFFE T THRCys708
WIERR L Cys70/Serl TI " BERBOBRFERIIZLALEDL Moz (Table 45) o ELEDOFER
i, Ser171ZERIZ7OM A EBA R b 7% WHSENS HD 5 & X IOHMBBHLAHENREHETLILE
FL. TOFTFRHBHE# oL 2317107 3 7 BREIKS T, ZhMRBRBRLTVwAZLE
RELTWA, .

T0RL & 17160 & DS fARETE FRBEIZ 2\ 2 & Serl TIEEHT0M DT 3 / BFRE IR S T —HROHE
HEE LD L, TONEROHESI7TIMOUEFRIEKET 22 L0, HEERFICBWVWTIRLTL
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Figure 4-8. Effect of N-ethylmaleimide (NEM) on the tetracycline uptake by inverted
membrane vesicles. NADH-dependent tetracycline uptake for 30 sec was measured after preincubation
with the indicated concentrations of NEM at 30 °C for 5 min. Residual activity is expressed as a
percentage of the initial rate in the absence of NEM.
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Figure 4-9. Effect of N-ethylmaleimide (NEM) on the tetracycline uptake by inverted
membrane vesicles. NADH-dependent tetracycline uptake for 30 sec was measured after preincubation
with 0 and 5 mM NEM at 30 °C for 5 min. Numbers above bars are residual activities which are
expressed as a percentage of the initial rate in the absence of NEM.
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HOBEBEBOBDICE VBEDT Y 7 42— 5 YELSHES N, BEEETEEbo T70REE
KEHETHILPFERO NIz, TOZ Lid, 171IMBHEREKICL 2T N5 94 2 1) VE%ED RERY
EBOREZEIL (Table 4-3) 2L o THIREING, 17TIUSEMICERIN TS (TyrBRTY) &
BOHRD 2\ E L3 Thrl 71 BB HWEBA I ERES T2 DABRETRLZ VI L ERLTV 2, o
T, BEWN ERORMIEEREOREFBRICEI VAL SNIEREZEL SN D, BT, Serl71%E
EPCysTORBAEDNEMBE ML KT &¥, Cys67EEEB L UCysTI EREOES ML FREEL &
BEAD IV 74 A= a VEAAPEELTWAZ ERZRBLT WS, 1TINBEOEBROBRE L LTS
DEIRAZ T A=V a YEAADEI A0 1213, 171 IR BERET 2AEICAE L dh
oW ePFER OIS, $EEEERICHFEET HHis25TRED CysERAED B EIF I He 2+ B
ZHTH B4 LTI ICCysl TIERARDEMITHg 2 FERZMTH D (Figure 4-5) . FICSHIEHS
HAEICN LTOERZEETH o722 & (Figure 4-8) &, 1717 HISE A E B4 O Bk 2 AT I AL
LTWABIZEZXR LT A, TN, 17TINRESA) v 7 AMBEEEHICEETHS 2 & 25R78
b, '

Serl71BRIZE D T7T0NEROHED X # =X A LT, 70 ED ERAE RS2 AR 5T
BEEEER T, TOBEME LTArg6TRED 2 W IZArg7IBRENEZ b N72DT. ZHOOEROHER
BEf Lz T4 DBEREDHF T, Ala70/Cys71/Serl 71 ZEERAPROEETRELDTHo72, ZO
EREDHEREFMEFHg2 12X D3 BEHILE N, FOREIXCysTORMEREIZLH TR DT
o7z (Table 4-9) o Cys71HMEERIR, Cys71/Serl71 ZEBEERKL LMDOE BARKDBiEIE A Hg2H 2
LBWEHAE R T VI L2 ZEERT AL, TOMRENSPHICER SN, FIZ171BESTr L) A&
{2z b, RbhizArg7 OREDR DD ITArg 71 REFBEEL T 5D Z LARIEE WD, Ala70/Ala71
[Serl7TI=BERED F-EHEFT 505, LREOTEEMDL S VI &, 2 ICIiZHBEE T 2 EFE B8
TRV, L L, Ala7TOBRMERED 70 ICEM BN 257 { THEMEBELZRF LTS, fEto
T ZOEBOEBMIIHT L dEERICUETIER VI, BEHORBEEL 1P, REHXORDRE L
AEEHLETEETHAHEELLOND,
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E58 Arg?OREEIOBER - BEAE R I HT 2 BT

w1E ZLOII

woE H3E HABIZBVT, Arg7T0BREOFEBNIRBICEE 2R HoTWAE Z L BN
72(279,344,347), TetADEEIZER 1 fir F4+>DF  SHFA 2V Y 2MinF 4+ F L — METHEED
T, Arg7TOREQE B EHEE L HEMERTATHEIIENEEL bND, 2 ETArg7T0RENF
ETAMBERO N — T2 3REEREEBOAYV OO — P E L THELTWA ZLPIERINL
(49,231-283279), Z°— MIHS (O L 22 R TS AAEAIZHFEE L, TWEOREDR AT ICF D
NAZEIZLY, 7O b g RE L EERESREITPN TV A THS ), ZOK, EEER
BOBHERLHALT, V— TERS I-BNERERTEEEIONDE, 22T, 7= MO
LTHRE 5 MBIV — TEBOBWEIC, V— THEBICEET 5800 OWET I/ BEREMOMHEE
BOEHEE LTV ATREMEE 2 120

#2ET, Arg70REDEBI L Aspb6BEDEBN & OMOBERHROTWREERE Lz, METH
o RECER L CEEEGPTEL YR L TEEREEBE L2, wIhb T b IHA 7
U UTitEE S LA EHFTEY., BEEEEE(LO 00K 2 ERBROTREREE S, &
DEERIZE LS, Aspb6BEDEBERIEL & OME/ERBMLTH S L\ X (9231289 2F L. #
BRAMEIC6 6T L B ER S BV T ERRLTWA . £72, Apb6RENRBMIIHET 5
PEEWRESIIEETADTRETHL LEL A, Arg70RED EBFIEHE LTHOEERIZFLIE
T2 HRETHOTHT L OMETRER VP39, ZNH, Arg70RED LB IIE SEAHERIE
CELS LTWaDTIEE . B¥E, RBEEE LR SEI0RBETH D LHERES Wiz, Arg705
B, b 2ATERE: HEERALTY - FOBBIZEELTWA 2 5, Arg7T0RENEBWOHER
12X BERETIE. WIck 5 BBFOEHSHEISE RSN EELTWAERP b LR,

SURRZEEE ClE TetA (B) DB BB I T 5 . RFEOR VAN ERE DN RYEREARN
FTI T DNT (348, 20 R, BEICUER b DIZAp66REDH THo DS, TNIZRNTE
%&%ﬁktt&mmﬁ%ﬁﬁwﬁ%hfwéo:@%%u%%:%%%(m@m3)K£wf%4ﬁ
ERSEN &4 5 BEESE & 2 SRR OV — 74 5RO 1EEIFEL. V- 723D ArgT0
BRt b A R BT A MRS, 22 T ARETIE. Aspl20BREF Arg705%3 & HE(F
HA+auiEns2RENV DL LTHHE L, BIFRNEREAN LB ET o720 -
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%287 Arg70—>Ala/Aspl20—~Asn “EZERKOME

Arg705RE A Asp1 205%E &V — THIMEER 2T 5 B Z MRET§ 5720, Arg70—>Ala/Aspl20
SAsn " ELEREEHE L. Aspl20~AsnER TS5 A I F (pCTD120NB & UpLGD120N) X BAFREE
KBWTEREN D DEHAVEY), —EXERE2HHT A0 -0 ~75 X I FidFigure 5-1ICRT
I ICHBEL, KEEWIL04MEBEERTAD AW, BEBAFER KRR TS 2 & 25D
L (data not shown) . ZEHIWMEEL <V ZHE Lz (Table 5-1) o

Table 5-1. Tetracycline resistance levels of E. coli W3104 cells harboring the Arg70
/Asp120 substitution plasmids.

Plasmid TetA MIC of tetracycline (zg/ml)
None None 0.8

pLGT2 Wild-type 200

pLGR70A Arg70—Ala 12.5
pLGDI120N Asp120—Asn 25
pLGR70A/D120N Arg70—Ala/Asp120—>Asn 50

Ala70MMZERAE, Asnl2 0BHEREDT M5 4 2 ) YL NIVICHE LT, Ala70/Asn120—
ELEEEROWHEL AVizbFh TRHAFESHAIC ERELTE), BHOBRTEN SN BRI TE
PERLUTCERPEICT 3 LBAPRELEI S P, BREATOEEIEZ o T2 ZEFARR SN
%, 72T, REREENEZRERL, 7 PS94 20 VBBREEREZNELL (Figure 5-2) o BEEOH
FLMT, AlaTORMBERAD #REMHIE L CET LTV AL, Al 2 0B MERAITE AR LHY
BEMREE LTV, LA L, Table 5-2i07R L BEORERNERE RS &\ WX FZ% D Vmaxfl
Fbb, Aspl20BEORMERDE L CBEEET SE5 2 24 D2, Figure 520 Am1 20HHAER
EOREEITL LAKNEOK X RIET OO EL b, —H. Figue 5251, Ala70/Asn120-E%
BARDE EEMIZALTORME BRI ERTHLAREE LTWAEZ &b HD, & NILRER e
I ABEEICEN, AR VnaxfEASERE LTS (Table 5-2) o #o T, MEOERX ) Arg70RRE L
Aspl20RRE & O COMEERIRREN S,

Table 5-2. Kinetic constants for tetracycline uptake by inverted membrane vesicles.

NADH-dependent tetracycline uptake for 30 sec was measured in the presence of various concentrations of
tetracycline and 1 mM CoCl,. The kinetic constants were calculated from non-linear regression.

Mutations Km (M) Vmax (nmol/mg protein/min)
None (Wild-type) 248 +7.3 43.1+438
Arg70—Ala 227 +3.1 44+03
Aspl120—Asn 40+19 43+04
Arg70—> Ala/Asp120—>Asn 21.5+3.4 59+03
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P Amp

pCTD120N

Amp

Bgll

‘ EcoRV
pERR70A EcoRV

tetA(o Asel
Bghl EcoRl EcoR BamHli
iAseH EcoRl ¢EooRV+Ase| ¢EcoFlV+EcoRI
366 bp Asel-EcoRl 119 bp EcoRV-Asel EcoRV-EcoRlI
insert fragment insert fragment vector fragment
l | | ligation

EcoRl

Bgill
¢Mutagenesis pLGR70A/D120N

EcoRV+EcoRI EcoRl
BamH|
EcoRl \485 bp EcoRV-EcoR
Asel+ EcoRl insert fragment —
ligation pLGD120C
366 bp Asel-EcoRl
insert fragment
— - pLGR70C/D120C
ligation
119 bp EcoRV-Asel

insert fragment from
pERR70C

Figure 5-1. Construction of plasmids caryying the Arg70/Asp120 mutant tetA gene. pLGR70A/D120N
was constructed by the insertion of the EcoRV-Asel fragment from pERR70A and the Asel-EcoRI fragment
from pCTD120N into the EcoRV-EcoRI vector fragment of pLGT2. The D120C mutation was introduced by
the method of Kunkel on pER2. The EcoRV-EcoRI and Asel-EcoRI fragments were cut out from pERD120C
and used for constructions of pLGD120C and pLGR70C/D120C, respectively. Symbols (9 and *) represent
mutations at positions 70 and 120, respectively.
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Figure 5-2. Tetracycline uptake by inverted membrane vesicles from E. coli W3104
cells harboring the Arg70/Asp120 mutant plasmids. Assays were performed in the presence
of 10 uM tetracycline and 50 uM CoCl,.
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Figure 5-3. Tetracycline uptake by inverted membrane vesicles from E. coli W3104
cells harboring the Arg70/Asp120 mutant plasmids. Assays were performed in the presence
of 10 M tetracycline and 50 M CoCl, (A) or 50 uM CoCl, plus 10 pM HgCl, (B).
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#38  Arg70—Cys/Aspl20—Cys “EEREDHEYE

Arg70BE & Aspl 20RESHHEEH LT WA % SIS EME A WIGEEICNET 2 Z &55F
BEND, ZOZLETATELD, MEOHTOEBHEEOTEM LRI TL ZLic Lz NN TV
ranFUNVHENVERYAIFN (DCCD) FANVKEFVNVEETI/VELDBETOADEE., $bb73
FREATERZRTOT, MR ICHFETIEEMTET I/ BEEEEBTADIFEREICERTH S,
L4 L. DCCDIE. ZBHH S0 BRI I VR EFVIVEERISTAND THAH, -COO Tk i<,
-COOHIZDARIETHDT, BABERICHEET A2 VRFINVEEIRE LW L FHEINS,
DCCDIZBIZH WRF D NVEBHFAEL LTHHVO N, FyF-ATPasefIEH &L LTL LN TS,
KIEHFoF1-ATPasetiZ Xt L' CDCCDIZ# DIEREE D 722y P DGlu61RE IS LR 2 HET
BT B0 TV A(B49350), Glub1BEIIHHRRICEHEYS TARETH )., HIOKA, BEEZMED
B, T 2=y MIFF-ATPase | FFHLOFFRBELE L. TOHADKMANDGlu61FEILRADE
KHESEBICH L TWA ERBREINTVAG3), THIZK L., TetABIIDCCDZEEH S THT hIH A
7)) VEREIEEEESNT, DCCDERE LW EEZ LN BB, ZOKREP D, TetADBREBERICH
ET 5 30oDAspBEGEEBETOFEKERNEICMEL TWA I LITRIERENS & L HiC, HARER
KBWTDCCDZ AV TArg70RE L Asp1 20RE L DM CEBETERI T AT LIIEEEEbh s, £
T, BABHEL LT OMESHEHFAELAVWAZ LEER L, F0RDIIE, MEEECysIZER
L EE R HETAUEND S, CysTOEBMIIE SETHEL DT, AETIICys120KEHR
B L UCys70/Cysl20 “ELRAEKLHEE L7, Cys120EEDE AL, Table 5-31CRLAERAY TX7
L4 F F& V., pER2MDssDNAZFHEL & L TKunkelEIC & V1T o720

Table 5-3. Mutagenic primer used for the Asp120—>Cys mutation.
Asterisk (*) and underline indicate mismatches and a new restriction site, respectively

Primer Nucleotide sequence Codon change ~ Amino acid substitution
*kkk
Di120C 5'-CGGTCATTGCATGCACCACCTCAG-3"' GAT-TGC Aspl120—-Cys
SphI

LRTT 23 FidFigure 5-1IKRLZ &I IR L. KBEW31042HEHBRT 2 DICHV, £E
REMIZFER E AREELE SN TV (data not shown) o BRAEZEET 5 KBEEOFEH ML XV
% Table 5-4127R L7720 '

Table 5-4. Tetracycline resistance levels of E. coli W3104 cells harboring the Arg70
/Asp120 substitution plasmids.

Plasmid TetA MIC of tetracycline (ug/ml)

None None 0.8
pLGT2 Wild-type 200

pLGR70C Arg70—Cys 12.5
pLGD120C Aspl120—Cys 3.1
pLGR70C/D120C Arg70—>Cys/Asp120—Cys 47

Asnl20ZBAEIZERY . Cysl20ERAD XML ~LEEL KT LTWwz, Tz, Cys70
/Cys120—BEREDOMHEL <L &L, CysTOBEREDN S RIHE, BHELTWVE LIFFERA 2. 1
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FETES IR 72 Ala70/Asnl 20— BER B R L IZR 2o T B, 7272, MICREEAETHET 7720, 4
BEZORAELLTRILZ LDTHEDT, ST LOTtADHEHEMO AR L TWA L IZESL 2
Vi, FITRIC, REFEMITOT M 94 7)) vagiiEtEzflzE L7z (Figure 5-3A) o Cys120ER4K
FEEIWE L AVBZREZTERE LNV THADIZE b 5T, Asl 208 RA L FAREOEEFE %
FL77e MCOBKTIREREODOEEIEIHICLo TERNTHAZEFELZLNS, —H, Cys70
/Cys120"EERMAED F-MICE T FBIICEV BkiEEE R L, CysTORMERKEHK~EFLL, T
Cysl20BMBERMELIARTE EH LTz, Table 5-5ICEERNWERER LD, ZEEEAEDVmnax
BEREEICFNFROBMERKOVNaxfEL Y b LR L TWAE I L8505, ZNIEARERIZTable 5-2
DIERE—F L., Arg7T0OBHE L Aspl20BEL DM TOMEEAEZRBLTWAEEEZ bND,

Table 5-5. Kinetic constants for tetracycline uptake by inverted membrane vesicles.
NADH-dependent tetracycline uptake for 30 sec was measured in the presence of various concentrations of
tetracycline and 1 mM CoCl,. The kinetic constants were calculated from non-linear regression.

Mutations Km (M) Vmax (mmol/mg protein/min)
None (Wild-type) 248+73 43.1+4.8
Arg70—Cys 26.6+5.7 10.7+0.8
Asp120—Cys 88+33 6.0+ 0.6
Arg70—Cys/Asp120—Cys 24.7+4.2 13.8+0.9

CysTORMERAIEMILEN S, 10, M He T CHREEEEZHE L& 25, Cysl20 R HER
ROEEFEMITB & 22/31&T L7z (Figure 5-3B) o ZORERIZI200D A v 7F Fh#AEEE HE
£422L %R0, TONQArgBENEBHLOMTOBENZRENIEL TR ED0d Lk, [
LM, Cys70/Cysl20 - BEBEOBRIEMIIB E21/6K ETET LTV, ZOBRES, 2200
HETDA NG TF FOPBRBERREERI LTWA I 2 RR LTSS, Hg2HZ X A EHHEEDRE
B Cysl2 OMMERKL D b K&, DEDDH2W2 DDOSHEITKEA L TEE ((SHeS) S
n, EHORFEREZKELETEETHITEEIEZILONS,

KiT, TN 3EDOCyEREDBHRIEMEA~DON-ZF VL4 I F (NEM) OFREHRF LA (Figure
5-4) o CysTOMMEREOBR EEMHEIIHZRKRI0%HEEEN LA, ZNRITE2mMMONEM 2 ET %, Cys120
WIS RARIZ0. 5mM TS0 BIEHEASRE Sh, FRULOBREONEMTUE LTI EEOEREICRER
EAL v, 2Rk, 120K OSHIEINEME ORUSHEAT O OSHE L) BV EF X 5, —H,
Cys70/Cysl 20 B BMAIIR A HE IS5 % & Cys7TOMMEREL F LEE TH 525, 0.5mMONEMAL
BTFTICZD L ULIZERE L TW5, o T, ZEEREICH LTIk, ZhEhORME READR)
BN TWAE EEZ 5,

D ER S N EREOBRE TH B, BOPDREEN S, Arg70RIEL Aspl20RE L THWVITE
Blizh s I LRBENT, SOT, 2BREMTEBEBRESEL LWIFROEMIZASL, 2 HiMESH
BHEL LT3N 72 =L Y ERR VA I F (NN*12- 7=V VEARVA I F, NN*13-7 ==
LY PRI VAR, NN"14- 722V Y ERAR VAR F) 2l ThbT2Oo0SHEFRES L
A, ZOBOERIZZNFN55, 8.8, 99A L RIEDL WD, Cys70/Cysl20 “EERAEE0~5mM
DREIETEEI 0N U725, SDS-PAGERITVEHESBEL. A A/ TH T4 Y7 ICE)TetA
DRI EFT o7 HAEHBEIEZ o T a2 5ITh FTHRTLEHAOBEESEMLL TV A Z LAFFRL
n7=2s, EELSEMIRELNT. TOFETOLEEHEORRICIXRR 1S 5 LHIM L7z, BRETIE
I CLMENAEATE ST, SHRORHEET 2, ’
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Figure 5-4. Effect of N-ethylmaleimide (NEM) on tetracycline uptake by inverted membrane vesicles.
After incubation with the indicated concentrations of NEM for 5 min at 30 °C, NADH-dependent tetracycline
uptake for 30 sec was measured. Residual activity is expressed as a percentage of the uptake in the absence of

binding site

Figure 5-5. Putative roles of charged residues in the cytoplasmic loop regions. Interactions between
Asp66 and Arg70, and between Asp120 and Argl27 are required for the closure of the cytoplasmic gates.

When Asp66 senses a tctracycline-Mg2+ chelate complex, interaction between Arg70 and Aspi20 is formed
and the gates are open. Then substrate is transferred to the binding site in the transmembrane domain and

interactions between Asp66 and Arg70, and between Asp120 and Arg127 are reformed.
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mAR ER

AKETIE, IEFTICHL2IC SNV — T2 3HDArgT0OBREDOEER PEETH L L\ )
(279344347 2 Z1F, Arg7OBRENSLAEE L ABEORBWEHEFRAL, MBEERO X - OMMIZE
ELTwAWEEMEZET, BET Lz, SFIREQLRIORE LY . V—T4-51CHETHAspl205ED
ABIIEIN — 72-3DAp66REICRVTREBICER Th 5 Z L0 o TV (348, FiZ, HEZRIE
EH, Arg70RESE JEEBEBROBENICHFEL., Aspl20 ZEIlF A EEBEEROERICH Y . EiE
OMAEE BN THBEBICNE T ARSI RO EVEE b, Arg7TORELHEMEHTAEED
g L7z,

—iRic, ENBRELENEBREISA T VRERBRLTWELE, 205 b0nFn,—FzHit
BEICER L 2CIEESEET A, WHE AEICHEREICER L L 2ICEEIREE N
LA DSH 5 (263-269), HEo T, Arg70BE L Aspl20BEOW A HREICER L L ZDOFEESL
NEFNOBRMBEREOERELY b ERLTWE%2561E, Tho2RERNC@OrOHEEEF S5 EH
HmEnb,

ZZ T, Ala70/Asnl20 " EXERELHEL, TOMEEZNThOBMEREOME LB L. £
DR, “EEREDOT NS4 2 ) VERENE (Vnaxfd) ZHEL P ICBBEREIDDIERLTVD
CEBEWEEN, BMERKIVTNL DTS TR 2 0EHREEEZRFLTED., B9 L bRk
CMETIE 2 Vs, HHMERRIC Lo CIL LB IEERBRBROERNEEE LLBELTVAELE
IbhA, COZ i, —EBBRTIMLLA-BNEZ BHESELBFICHOMITEESEEL 2 L0
EffiF5b, Figure 551 GiArg’fOﬁ% & Aspl 20REDHKRENCE T A HB R COMEERHITRINT
W3, V=723 V—T4-5D N —THEEERICIE IO 2 REOMIZNV—T2-30DAsp6 657EE V—T
45D Arg1 2 TREEIA TV 5, Asp6 6REIBIRD X 9 ICWARETH Y (49, R M2 T4 >~ OE
EMEEET AEMEEZ STV 5(281-283), Argl27REIx, YHIEED TetADRFHArgREDH
Mz I N BBITEETH AL FRVEIN TN BRETH S (345, ZOEFMIBWT, EEIFE
LTk i3, Asp66BE L Arg70BBEAS, F 7-Aspl20BE & Argl 27 E S Vv — TR TH E/EH
L. 2Ok EEBERF — S UikBIcd 5 . BRI Asp66BRENVE B LAEIEHTH L, Asp66
BE Y Arg7T0BEOHE I SN, +OFKRE, Arg705%EITAsp1205E L MEER L X 3 &L,
Aspl20R8Ek & Argl 27REQHEEAIR SN, 7= MBI ZOMMHE/ERICBVTArgl275%
ENEBHAZOEFNVORTINIYT 275 HOBNBRECKEEGTHERT 27 I/ BREAEILLY
ZELENBE LTS LV, MIBER 7 — M &, ERIBEAOEERMICBLZLIZRb. 20
L&, Asp6eRENEBRFEZEHTOT, Arg70BE L OREEAPBURRE 1L, T72Argl27R&
EQOEBH OBV Al 20K LAEEAL, b LOIRRBICRAZ L%k %, Aspb65REE & Arg7 0FER
V= T2 I AT BAREMIFEF — 7 2T ARETH ), Br 0T RERDEWBEEIRFINT
VBT LI 2 ETRAT, HIC, ISR L7z Aspl 20585 & Arg1 27585 b Figure 5-610R T £ 9 122
REEEERIC L RESNABETH L L BEBIET A4, TDT L, Figure 5-65DFF NV
D% b o TTRMEEBEREEICZIANLN) 2T REEZRIEL T 5,

Arg70BE L Aspl 20BE L PR YIZE ICEET AL VI EEN RERERL 720, Cys70
/Cys120-BEXEBAEMEL, TOERKL ZNZThOBRBERKIIEEREESR L., WED
FEIrH2 2 aXELTWVD, 3O 7oLy EARLA I FEAWTEERROTEMEICOWVT
B L7225, BRIZZNPEMNTIZICEES 2 o7, SEIREBHED HESTREL BV intact®
TetA 28 L 745, EEEZ WL TIISDS PAGER A A/ T v 74 ¥ FTHEDD Plabol. THHEL
L1 2 EIBHER, EARICIE, R TS AABDNV— T34 RT3 & T A TretARIET %40
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Protein ¢ x x x[p]r x ¢[R]R [o]x x x x x x[&]
in loop2-3 in loop4-5

TetA(B) (G-) 62 G X M s|D|r F ¢[R|R 120{p]lT T s A s Q[R|VE W

TetA(A) (G-) 64 G AL S|D|R F 6 R|R 122{pjt T De D E[R[ARE

TetA(C) (G-) 64 G A L s|D|R F ¢ R|R 122|p|T T DG EDRARE

TetA(D) (G-) 62 G R W s|D|K L ¢ R|R 120{p{s T A v s E|R{T A W

TetA(E) (G-) 62 G R W S|D|R I ¢ R|R 120{p|v T PEE S|R[TEW

TetA(G) (G-) 62 G Q L s|p|s ¥ ¢ r|R 120{pls TeEG s|R[aAR W

TetA(H) (G-) 62 G R L S| D|K Y ¢ R|K 120{plvrePagNRTRY

CmlA (P. aeruginosa) 70 ¢ P L s|p|r L 6| R|R 128 R|D|IYAGREES NV

Ber (E.coli) 47 ¢ P M A|D|s F 6| R|K 105 R|D|I Y PR EF s[R|M M

EmrD (E.coli) 66 G P I s|D|R v ¢|R|R 124 RID[LYERTQUL|R[EANS
NorA (S.aureus) 59 ¢ T L A D|K L 6| |& 18|pjr s ps B QK[A R N

Bmr (B.subtilis) 62 ¢ R W V| D|R F ¢ R|K 121£ITTIKTEPKA

CGAT (rat) 155 GPLTNRIGYH 214 SVYTDNYE[R[e RA
SVAT (rat) 151 GLLTNRIGYP 200 SVYTDDE E[R|[6 K P
VAChT (rat) 143 GPFID|RMSYD 202[Dlk yPEE P E|R[s R A
OCT1 (rat) 168GYIADRFGEK 27|ElFvescyrlRT T

sv2  (rat) 223 6 6 L AlD|R L ¢ RIR 282{glFnao ERlRlcE®

CitA (E.coli) 7¢ ¢ A Y I[D|R I o[R|R & 11fEltaTr e NKlcF Y

RgtP (E.coli) 84 G R I A|D|K B G|R|K K 15s1|ElvavEGR|Rler Y

AraE (E.coli) 80 GWLSFRL G| R|K 139|E/MA S ENV|R[GK M

GalP (E.coli) 736WLSFKLG|R|KK 132|eltapERI|Rlc S M

XylE (E.coli)  76GYCSXNRFGR|R s3|EjlrapamIirleR L

LacY (E.coli) 64 ¢ L L S[D|K L ¢ L{R|K 126|E/AF TEXV S[RIR § N
CscB (E.coli) 66 ¢ I v Q|D|K L & L{K|K 129|p|s FTEXMA|R|NF &
RafB (E.coli) 67 ¢ v I s|p|r L e 1|K|x 129|ElaYTERV S[R[s s @
MelB (E.coli) 63NATRSRVWGK|F K 133|D[KREREQLVPYPR
Glutl (human) 84 GLFVNRFGR|R u6|lElvs pTar[Rlear

Glut2 (human) 116 ¢ w L ¢[D]T L 6| R|I X 178|E|lT1 AP T AL{R|G AL

Glut3 (human) 82GLFVNRFGR|R 144lElrsprar|rlear

Glutd (rat) 1006 IISQWEGR|KR 162|E|lt AP TEL{R|lGAT

Glut5 (rat) 89 GFLVNNLG R|K 151|E|lL A PR NL{RlGA L

Glut7 (rat) 114 e WL G D|R L ¢/ Rl X 176|Ejz s P E T L{R|c A A

PepTl (rabbit) 70 AL IA|D|AWLG[K|F K 149|D|Q FEE GQE[RJQRNR
GAL2 (S.cerevisiae) 140 S K G 6| p|M ¥ [ R|X 200/E{[TAP R EL[Rl[GT L
BXT2 (S.cerevisiae) 125 G R L ¢ p|M ¥ ¢ R|R 185|EjlTaP R EI|RlGT C

Figure 5-6. The GXXXDRXGRR motif in the cytoplasmic loop2-3 and the DXXXXXXR motif in the
cytoplasmic loop4-5 of various membrane transport proteins. The fifth acidic and ninth basic amino acid
residues in loop2-3, and the first acidic and eighth basic residues in loop4-5 are shown in boxes.
Abbreviations are as follows: TetA, tetracycline resistance proteins from Gram-negative bacteria. CmlA,
Tn1969-encoded chloramphenicol resistance protein. Ber, bicyclomycin resistance protein. EmrD, E. coli
multidrug resistance protein. NorA, new quinolone resistance protein. Bmr, B. subtilis multidrug resistance
protein. CGAT, chromaffin granule amine transporter. SVAT, synaptic vesicle amine transporter. VAChHT,
vesicular acetylcholine transporter. OCT1, organic cation transporter in renal proximal tubules. SV2, synaptic
vesicle protein 2 from brain. CitA, plasmid-mediated citrate transporter. KgtP, a-ketoglutarate transporter.
AraE, arabinose permease. GalP, galactose permease. XylE, xylose permease. LacY, lactose permease. CscB,
sucrose permease. RafB, raffinose permease. MelB, melibiose permease. GLUT1~7, glucose transporters.
PepT1, dipeptide/H" symporter. GAL2, galactose transporter. HXT2, hexose transporter. See Figure 2-1 for
references.
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L. NER@ 34, CHRMIARDBEEBESZ GO T FE 2 RESE2R2HVBFETH 2, &

ZEANEB AL intactDTetA L 1ZR2 5 L 2 A IZKEIE N DT, EBEERIHE 2 Nifintact®

TetAIEVREED &L Z A IZRB ENA Z & HiEE RS, |
B, 57 M —RBRECBNT, Cys"EERAEY L YTL A3 FOERL, Z0RKENET S |
ZET2RENSEEICHD T A ENIZ606.352), TN, 200K L YRISEEEY S LTERT S g
L. oexcimer 2T L, BEOHMERE LD b EREMICHEOY - 272 BT ZLICE WHEI X

Bo COHESEBICHFETLIZILOVEODEREL LT, TR BRERSBETH 275,

Cys70/Cys120 “EEEEKIZHIDHEL-WFETH 5,
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6B EEREENEREREAsp285 DAsnE RAEDHEE BIED AT

EIE LD

TetAld, ER 1Ml FFDF ySH A2 ) e 2MfinFF o eDF L — MREHYE T VF K-}
THENT, BEHOAWBRENEEBLIUVEE AN+ Y ORHK. BECEETHL EELZLND,
TetA(B)DE B BRI 1213 3 oOBRMRE, 1 BEEBEER OAsplsRE ., £ 3 EEREM DAspS 45
. B OEEEESOAp28BRENHFAT S (Figure 3) 35)0 IS iWTRG 7T AREEHRD
TetA (75 AA~E. G. H) IcfFEEn16), EEMIRE SNz, BHFRZETIETTIIINLDRE
EOBWVERHEREAFITIMTON TV A6D, TORBR. AsplS%Ec‘iAspSlﬁiE 3Glu, Asn. LysE
BTEWT NSHA 20 YIHEL VR LTV A, GuBBRTOARVEREELRFL TSI
Eh b, ThOOWMED I VEFYVEIBEBICHETE2WY, EEHRICEETHL LHERmSN
720 AsploBEOEEMIIMMurrydIZ X > THRBRINT VA5, F 72, Aspl5¥REE & Asp8aFEEE
A AsnC BB T2 EF NS HA 7 ) UIitEEEL BA R R AB540T, Thb 2 DDFMIZONT
AR E DVTRA—FICANVEF I VEPBRETHDEEL L. —H. Asp285FREERIGERTD
HEP RERENE LARE T, AaBRTRF IS A7) UIHEDEL 5RAB T EHFTERY, o
T, 285D T I ) BREZAsp TS 5 Z & B ICME TH D L TR . Asp285RERERZ TR

. HFOBEIC D EE LTw5A LRI 7261,

ZI:E’@ it. Asp285REDEE L EICHMICHET A Z LR ERE LT, Asp285REDAMBERAEL b
LizF b A o0 ViR EET 2 HEEREESH L, 285 L RRER, MENICENT TS/
BRBREOREZIT 27

HOH Asp285—AsnEREN S DT M FHFA 2 VI EEEHEEREOSHE

Asn285 RS I — F¥5 0 —a¥—75 X3 FpLGD 285N6D & RRFT 52 KBFEW 31048137 + 7
F4 20 VRS RET, MCEEREAL08 pg/miThHD, ZOREKD LWL EET S H
RIGREREREL 20, ZOEERWLIANZ100 L BEICEEL, 20OLEE0pg/mDT M7
A2y R EOYTERERICERAL, 37TCTHEL. 2HRLIMENO2T =—FRLNIDT, ZD
EHFME L AVRRE L L 25, WL BAERTtAZ BEA TS RBEK S R LT LUV, MICT
200 p g/m &R Lize TNENOERERKLD 752X FDNAZHBEL, B0 TRBEEW 31044 EH
B LT b BAR L VO EER L7220 T, MEEEORRIAREREELIITRIRZ, T2
IVFERICH B EHBT LTz,

EREBE S UERPRET A0, HRERKI D BB 75 A3 F (pLGD285NB1) 75
2850 % &t CRMES (B4EM) %3 — ¥ 5 EcoRl-BamHIIWTHT A & AR TetA% 2 — ¥ 5 pLGT2
DR THERETH LTS5 A3 F (pLG Brev) 21EHE L7 W3104/pLG B revBR & pLGD285NB-1&
AUHERLARLVOMBEERLAEOT, EEFMIZ FERICEIND LHIT L, £ T,
PLGD285NB-17* & 8 & 172 EcoR[-BamHIGI Wil & < v F 2 €= 77 23 FpUCL 18IZHALIZT T A
I} (pUCD285NB-1) %fEE L. g% a— FE¥ 2 ERAOEEMIZIELL 25, Asn285% R
ER L 7-F 2. Ala2 20BEICHE T 52 FUGCGHGAGIIERENTE D, ZORRCERTEL
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TWie ZORBRIBBHOMERIF - 2ABHOBEAC LYV HEEIEI 5722 L2R LTV,
220LITEE LB E L (Figure 3) B 7EEREHOITFRICHEL, 59 EEBEN D850 L
EREDODOEBEIZIZZA L THAZ LI EESINL, DT b, 285 I & 220 ISH & 2531k
BEFABIIMELTHWAZ EIRBINS,

# 38 Asp285—AsnBERINE IR T 52200 REDER M

Asn285 B BEOIERBRKIZAIL220>CLuEREZH/2I2d B, F LA BWIEAIN TV, AE
TlIAsn285 BB 2 HET A IZHEBREATA I NVEX VVESLELZOI EIDEHLPIZTE
. Ala2205#E%#Glu, Asp. Gln, LysiCEHLL, Asn285BREMAEDLE, T M5H A 7 U VHHEDS
BETAHED) DBE Lize T2, 220 OBMERKSEE L2, BREAZIETable 6-1LITRTHE
FV)ITXY VAT PRV, GluB L CAspBHRIZ, pLGD285ND EcoRI-BamHIEI BT & < VF- 2 ¥ —
75 A3 FpUCLISICHEA L7275 A3 F (pUCD285N) ##HEIE L THV:, EcksteinE iIZfEV T o7,
Glnd X ULysE#1Z, pLGD285ND EcoRV-BamHIEIWT BT % < VF 3 ¥ —7 5 X X FpUCL18RVIZHEA
L7275 A3 F (pRVBHD285N) %#&5EI & LTV, KunkeBEIC & DTo72, Asn285KR G _EE
BT EFNFNOER TS A I N4 5 EcoRl-BamHIEIRTRTA 2R L, pLGT20OM ST A IR & M LI
BT, 220MOBMERT T ZAI FiZ, #NFRDOERT S5 A I N LB L7z EcoRI-Bell IRT M &
A et ASBE T %  OpCT11837% 5 RS L 72 Bell- BamH I BTWT A & % pLGT 2D EcoRI-BamHI X7 & —lif
F Il A AAFESE LT (Figure 6-1) o

Table 6-1. Mutagenic primers used for the Al1a220 mutations.

Asterisks (*) and underlines indicate mismatches and new restriction sites, respectively. Nucleotide sequences of
primers correspond to the complementary sequence of the zetA gene.

Primer Nucleotide sequences Codon change ~ Amino acid subsitution
* % *
A220ER 5'~-GGCCTATCAGCTGCTCTGAAAAAT-3"' GCG—GAG Ala220—>Glu
Pvull
* %k * %
A220DR 5 ' ~GGCCTATCAGCTGATCTGAAAAAT-3" GCG—GAT Ala220->Asp
PvuIl
* % * ’k.
A220QR 5'-CCTATCAGCTGCTGTGAAAAA~3' GCG—CAG Ala220—Gln
Pvull
*k * %k
A220KR 5'-CCTATCAGCTGCTTTGAAAAA-3' GCG—AAG Ala220—=Lys
Pvull

BB L-ERETSAI NORBEWIL04K 2 HEER L, BRWEL V2 ME L7 (Table 62) o
¥ BREEEIZVTN S FERTA L AREELE SN TS Z LR LL (datanot shown) o
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Bgl pLGD285N

tetA
EcoRV L
EcoRI+BamV \-:ioﬂw BarmH

870 bp EcoRl- BamHI ‘ 1.36 kb EcoRV-BamHi

insert fragment insert fragment
EcoRI- BamHi vector EcoRI- BamH] vector EcoRV-BamH| vector
fragment of pUC118 o fragment of pCT1183 fragment of pUC118RV

ligation ligation

Hindlll

Amp
pTBD285N

BamH| ” Amp

pCTD285N

5 Bgll
Ball
EcoRl 7 EcoRl
*Mutagenesis Byl EcoRV EcoRrl EcoRV

oTBA220Es |~ B&TH!

D285N

870 bp EcoRI- BamHI
insert fragment

/ B> plLGA220E/D285N etc

EcoRI-BamH| vector

187 bp EcoRl-Bgll ___ fragment of pLGT2
insert fragment
680 bp Bgfl-BamH - pl GA220E etc

insert fragment —
from pCT1183
Figure 6-1. Subcloning of the Asp285—>Asn mutant fefA gene and construction of double mutant

plasmids containing the helix 7 mutation and the Asp285 mutation, and single mutant plasmids
containing the helix 7 mutation. Double mutant plasmids were constructed by the insertion of the EcoRI-
BamHI fragment from pTB, pCT or pRVBH series to the pLGT2 vector. Single mutant plasmids were
constructed by the insertion of the EcoRI-Bgll fragment from pTB, pCT or pRVBH series and the Bgll- BamHI
fragment from pCT1183 to the pLGT2 vector. Symbols (§ and *) represent the helix 7 mutation and the

Asp285 mutation, respectively.
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Table 6-2. Tetracycline resistance levels of E. coli W3104 cells harboring the Ala220
/Asp285 substitution plasmids.

Plasmid TetA MIC of tetracycline (pg/ml)
None None 0.8

pLGT2 Wild-type 200

pLGD285E Asp285—>Glu 100

pLGD285N Asp285—>Asn 0.8

pLGD285NB-1 Ala220—>Glu/Asp285—+Asn 200

pLGprev Ala220—>Glu/Asp285->Asn 200
LGA220EDSN Ala220-GlWAsp285—>Asn 200
pLGA220D/D285N Ala220—>Asp/Asp285—>Asn 50
pLGA220Q/D285N Ala220—>Gln/Asp285—+Asn 31
pLGA220K/D285N Ala220—Lys/Asp285—>Asn 4.7
LGA220E Am0Gh T e T
pLGA220D Ala220—>Asp 50

pLGA220Q Ala220->Gln 50

pLGA220K Ala220—Lys 25

Glu220ZRITAsn285FREHEL, 755427 U ViR FAERL NV, MICT200pg/mliZET
FRE XG2S, Gluk D QESEEL 2 BAp TH DT ICEEL A PHERR 2R L, MICTE0 ug/ml
LECEBESELIENTES, ZhIL, 285 OBMER T, Glu2ssERAEL D DFER (Ap285)
DFEFEN L EL20ETBYTHL, LAL, GloB L ULysERIEFHEHRIII LA LR L,
MICOEREbT R LPRONERo7. 0T, Asn285BREHET 2 1IN VRS ¥ VEDFES
DETHDEELL, —F. 220NORMERGER 2L, Lhd REMNEVT PT¥ A2 Ytttz
BE2BIEHNTED, Glu2208 X FAsp220E BRI EE BRI O & DRFIC A VR F Y VESFEA
Sh. ¥ Lys220BBRAETHEBHSEASNA I 2hb o, MEES52 22 L4 TE, BER
EAOWBT I/ BRECEBINEHISINEER DN,

Figure 6-2 I, BER TS X 3 FRERT 5 KBEEKD S AR SN TEBNENOT }5F 4 7Y
COMY ABEREL . Asn285MMERIKILT F T4 7 ) VEEEESEL B, TOHERR
£THAHGlu220/Asn285 “EERMKIIEE L BRIEHERL, T MIHA 2 VEHRELIBI L7 )}znk:‘ee
SNENEEEIHEESN, LAL, TOBRERIFERLAVOMEEFZ5Z L TELIL
PEETD PR NENDDTHo7z. Foy Asp220/Asn285 “EERAK D B EESBRE S NI,
FICIE . Asn285ERIE I AE OB VG208 RO FPEL TBLER 5o —F . Gla220
/Asn2 85 "B BAEB X ULys220/Asn285 “ERBEIIMICAH 6 FHRE N EEY , EEEEIRESn
T dhotr, 220N OBEERKIT, Glu220ERESEFER LD b BVEREELRTIEN, Ap220KR
BB X UGIn220E B THENE VESSERSBE SN, L2505 Lys220RREIE, FREOH %
B53 2 LHATEDILLDD ST, BREEIIED b olk, Table 6:3TT ¥4 7 ) V8
EOBEREEEAE L E S A, Glu220/Asn28 5—ELERAB X UFAsp220/Asn28 5 EREAED
KmfElZ VTN BEROB L 74 I ER LT, Figure 6-2TR10xM7T b7H 4271 YEELE

483.




TC UPTAKE (nmol/mg protein)

4 4
® Wid-type @
®
- 3 e 3
- 2 2
A A220E/D285N
- a 1F 1
A220D/D2
285N
no energy
" 1 " 1 " 1 " 1 0 " X " 0 2 1 " 1 " |
0 30 60 90 120 0 30 60 90 120 0 30 60 90 120
TIME (sec) TIME (sec) TIME (sec)

Figure 6-2. Tetracycline uptake by inverted membrane vesicles .from E. coli W3104 cells
harboring the Ala220/Asp285 substitution mutant plasmids. Assays were performed in the presence of 10

UM tetracycline and 50 uM CoCl,.
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BOEEEZHELTNEDT, ThLZEERROBVWERIIEELOBNEOERTHEE TH2LE
25, —H BEDOVMaxEiZGlu220/Asn285 “EERMED FH5Asp220/Asn285 —EEXEAK L Y 135
BREV, Thid, 285MOGWEREHIH LR L) VEVEBEEI O L LB TH 2 (B, ZOk
B3220DF 2850 & D b EEHEHRMUL OB THAZEEZRL, 220MAISDOE X2 H EEE I
B TWHILIRBENS, :

2208 IZERFIWC A NVEF I NVEIEAEN LGB LA EEERTREIRnENFAER OB X £1/212&
FTL. 220 IEE D EHOEH, BEREFSELTWA I EIRREINS, ZOBED 220 MAEOE T
VmaxBICOABEL, —EERROBREL R L. ORGSR IIVESFVIVEIIERCERGOLES
% G2AZLiEVAS, BAERE ) IBHEEYE EFIETIC, Knfi2ETE€52L00, ZOER
ETIFEEORBAEIRME DN TWATEESDH S, 2200 b & L HHERAISEE S DAlATH A
25, AU AEOGInAEA X NTHKnfEQET IO b, Tk, ClBERERASEITKETHS 2
DIKEREAZRLTEEESICESTELA DL ELZ NS, T2, VnaxfEIZGI220ER K LARE
ETh) ., BEE ASEOERSBE LTV L2THF L TWS, —F., Lys220E&EKIzHRED
FRIHA 7Y UTHEESZ 2 ZEDNTELY, BRBEHIEBEINEPo72, ZORERETIE,
220fLDFRE M EISE & 2 85 DOBEMERI S E DM THEMERIFTEL, BEREH L2 VIZHEWRELZEEL T
WaHDOMH LIy,

Table 6-3. Kinetic constants for tetracycline uptake by inverted membrane vesicles.
NADH-dependent tetradcycline uptake for 30 sec was measured in the presence of various concentrations of
tetracycline and 1 mM CoCl,. Kinetic constants were calculated from Lineweaver-Burk plots. N.D. means that
parameters could not be determined.

Mutations ‘ | Km (M) Vmax (nmol/mg protein/min)

None (Wild-type) . 36 27
Ala220—Glu/Asp285—+Asn 145 53
Ala220— Asp/ Asp285—+Asn 141 15
Ala220—->Glu 14 28
Ala220—Asp 16 16
Ala220—Gln 20 28
Ala220—Lys N.D. . N.D.

AL 220 ERDAsp285—LysEENDER

Lys22 QMM REIZF F 544 2 ) VEREEE £ RS, Lys220RE0EE MY & Asp2855%
EOBMEEEE OB TOA F » HEOREEIMBEZEEL TV A I EFRREN, T2, ZOFER
L 1) 220k & 2850 & ST ARRE Y SR EEICAIE LTV A ITREMATR S Nz, BHFRE TidAsp2855&ED
LysERAIHE SN TV AGD, 22T, RECIR, PHAEE S OAnEREIET LI LHTE
2 Ala220 B R OB EA~D B, EEMENE b OLys285ERZHETHI LS TEL DL 2%
Best L. 207917, pLGD285K(5) X D Lys285% 8 % & trBell- BamHIIWT Wi - 2 M L, 2200 R
% 2t EcoRI- Bl MMT R & & 1, PFigure 6-1I07R L7z0 L ARRICpLGT2OMIS S 2 ISR AL S,
TEERTSAIFNRBE LS, PEEHELAEHERL (data not shown)  EHIEEL L E2flE Lz
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(Table 6-4) o

Table 6-4. Tetracycline resistance levels of E. coli W3104 cells harboring the Ala220
/Asp285 substitution mutant plasmids.

Plasmid TetA MIC of tetracycline (g/ml)
None None 0.8
pLGT2 Wild-type 200

- pLGD285K Asp285—Lys 9.5
pLGA220E/D285K Ala220—>Glu/Asp285—>Lys 4.7
pLGA220D/D285K Ala220—>Asp/Asp285—>Lys 3.1

Lys285 BHERKIE bFPICTF FIH A7 U VMR 525 Z LS TES D, 2200 BRIEFRESE
AEND ETEL NVIZEEFITET L, Asn285 BRI T AR LIZZF LI BZ o T, ZORKRIE
Lys22 OMMERETRBE SN2 L H 12, 220 FEDBRMEMSHE & 235 REDREMREH E DM TOM
EERDHEREBEL TV LEREL, MEFLIBICMNETSILEXRFLT S,

B5E  Ala220F B EDGIuERD Asp285—AsnERNDE)R

THEFTORERLD ., Asn285ERRHET 7201132 20 ~OBEREDEASBETHL 2L,
7. Glu220BERDH I Ap220BR L N bHEDEITRN T & F VAT I VED 285002 52 206
PBAHZETKnENKE L ERTAZ AL, REEBRDODFEMFLIZ220AL X D b 285LITE L
LIAIHEETAZENRBE N, ZOXI R TOT I/ BRERICIIMEIED OFKMEE
FTL0OTH b, BAEREEACIHEEEROBEESNRONTVATEMESH ), LT L biREEZE
ACEET AN EESEA S NEVEELELOND, A TIIZOTWEEEER L, 2204t
CEMRE S A SN TAn2R5EREHEL, 7 I HA 0 ) VidHEEESEIHESH L0 L)
PRI LT, BTERPEAT AN E LTIR22000FET A8 T HERERIOEE L. T ORI
MREL B, GuEBERPEA LY (Figure 63) o T/, MBEEAEEERNOEEERE L« N Y '
P 2EFRLTVNDEENTEY ., Ap285BED 1 ¥ — Y FTHDOPhe289RE £ AspiCB# L, Asn285
ERIZGT 25E R L ZEEAIIKunke BEICHEV, Table 6-5WRLZERA Y TX 7 VEFF
REVT, 20 b, [1e216—CluER, Gln221~GlBEEDEAZiIpCTD285NZ HFE & L. Zhllst
I2pRVBHD285 N2 45EI & L CH 2, Asn285 BREZ AU _EER 7FAIF, HHERT I AIFR
Figure 6-1127% L7=0 & FARICHEEE L 72,
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Table 6-5. Mutagenic primers used for the site-directed mutagenesis.

Asterisks (*) and underlines indicate mismatches and new restriction sites, respectively. Nucleotide sequences of

primers correspond to the complementary sequence of the zezA gene.

Primer Nucleotide sequence Codon change Amino acid substitution
* k% k%
L213ER 5'~AAATAATGAGCTCAATGGGC-3"' TIG—-GAG lLeu—Glu
Sacl
* * k%
1216ER 5'-TGAAAAGTACTCAATCAACA-3' ATT—-GAG Ile—=Glu
Scal
* % *
Y217ER 5'~GAAAATTCAATGATCAA-3' TAT—-GAA  Tyr—Glu
Bell
* k%
F218ER 5'-GCGCTGATTCATAAATA-3" TIT-GAA  Phe—Glu
HinfTI
* %k
S219ER 5 '~CAATTGCGCTTCGAAATAAATAAT-3' TCA—-GAA  Ser—Glu
Csp457T
* %
Q221ER 5'~TATCAATTCAGCTGAAAA-3' CAA—-GAA Gln—Glu
Pvull
* Tk %k *
L222FR 5' - TTGGCCAATCTCTTGGGCTGAA-3 " TTG—-GAG Leu—=Glu
BstXI
MscIl
kkkk *
[223ER 5' -GAATTTGGCCCTCGAGTTGCGCTGA-3 ' ATA—GAG Te—Glu
XhoI,Aval
* &
G224ER 5' —-GGGAATTTGTTCTATCAATTGC~3" GGC—GAA Gly—Glu
XmnT
*k % *
G224DR 5 ' ~AATTTGATCGATTAATTGCG-3"' GGC—GAT Gly—Asp
Clal
Asel
L2 *
P227ER 5 ' ~-CGTTGCTTCAATTTGGCCAATCAAT -3 CCC—~GAA Pro—Glu
MscI
* * % '
F289DR 5'-CTAAAAATGCATCTGCACT-3' TIT->GAT  Phe—Asp
EcoT221
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B L7523 FORREWI104K2HEER L, ZRESOEASHZL (data not shown) -
FINFHA 7Y VIEL XNV ERIZE LS (Table 6-6) o

Table 6-6. Tetracycline resistance levels of E. coli W3104 cells harboring mutant
plasmids.

MICs of tetracycline are shown in a unit of zg/ml. MIC for W3104 cells is 0.8 pg/ml. N.C. means that mutant
was not constructed.

Asp285 mutation
Helix 7 mutation
Asp285—=Asn None (Asp285)

None 0.8 200
Len213—>Glu 058 50
Ile216—Glu 0.8 50
Tyr217—Glu 0.8 100
Phe218->Glu 0.8 100
Ser219—Glu 0.8 100
Ala220—Glu 200 100
Ala220—Asp 50 50
GIn221—Glu 0.8 100
Leu222—>Glu 0.8 25
[1e223—Glu 0.8 100
Gly224—Glu : 12.5 25
Gly224—Asp 12.5 100
Pro227—Glu 3.1 3.1
Phe289— Asp 0.8 N.C.

Glu220/Asn285 " EZER4E, Asp220/Asn285 —“EEEMAEDNY, BES N "EERKOT TAm285
BEERAL D STHEL AV ER LTV 2 DI, Glu224/Asn285 “EZERK, Asp224/Asn285-E%
BAK, Glu227/Asn285 —EERAED 3BOATH o 7205, 224D BHR TIEMICH12.5 ¢ g/ml, 227D
CERTHS1ug/mlE BEOBERBOLDTH o, Asn285RREHETAZENTESL INL3D
DERBNOMEERE B 272012, Figure 6-4TE7EEREROI I FY Y/ —V7T vy}
BHERL & 3L e A v 7 AQFA—AHEICHEET S Z LHESHIC SN, T, HERHR
DEER220K 25224, 2 27~ L BN Ko T 2B 2L bHLATH S, CORBRIEER
SIS g A v 7 ABEERR LTWA I 2R T AL LI, BEEHROEERT S LT, BTRE
B O VEFY VEOEA I H IBEOREESEH S Z L RENT, b5, 2206 EFRAD
BEOF T, 116216 Leu2l 3DF—HE L1 5 25, 215 DEMDGCIERITAN285EREZIET
ZEMSTELED o7 (Table 66) o ZDRERIIBIICLERD NFEFY VETEERRSICEEL 2V
R RET AL TELRVEHERINS,

— . &S OEEEERICBVTIE., 28500 15 — > T HICAET 5Phe280BRETAQREHRLT
b. As285EREDHEL ~VE FRAXEZZENTET, £7EESEROHE LIZRER > THREIC
HNEEYNVESIREINLLESH LI EERLTWVS, ZOT &L, EEFLH2200L XY 2851
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Figure 6-3. Putative secondary structure around
transmembrane domains VII, VIII and IX of Tn10-TetA.
Amino acid residues which underwent second site mutations in
this study are enclosed in circles, with position numbers in the
primary sequence. The primary mutation residue, Asp285, is
also enclosed in a circle.

Helix VI

Figure 6-4. Edmundson wheel projection maps of putative transmembrane domains VII and IX. The
respective transmembrane helices were viewed vertically from the cytoplasmic surfaces. The residues of which
Glu mutants showed any suppression to the Asp285—Asn mutant are denoted by outlined letters with shadowed
circles. Other residues where the Glu mutation was introduced are denoted by bold letters.
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OFEBIMNETAEVIZEZ LI —FH LTS,

MEDSEE L7222400, 227N ERZE L3 HO_EEEREKIIOWIREEMETOF S A 2 1) ¥
BEEHOREZRALD. AROBRBRERIIHEI N2 P o7 (data not shown) o Glu220/Asn285—
EEEAE, Asp220/Asn285 _EEBEORnELFEE I LR LTV A2 L2ERTH L, 3SEOTER
BARICBVTHERAKnED LRSS o TVA Z EHTFRS L, 2000 ICHRERSBEES L2V
Ohd Lz,

7 B E BN OGLEHER RG22 TERF L RN THBNEWT N 7FH 4 27 Vit 252 T
BY (Table 6-6) « Fl-Zeh VRS Y VEOEAIKREED L UOBABECHAW R BELEZ TRV
TEERLTWS, 72, TNODEMDOT I/ BREIIBBICHEATRVE DTS, Glu227EEE
EMICH3.1 pg/mlE b FHRTME L AL X5 Z D TER, 2273 S & LProREFEOTEY ..
EOOBEERICSS LTV TEESHLDT, ZOFMOERIIZAEEOELE /M L TEEETX
XLBETHODNE LNV,

Hof EE

RETIIEP. F 594 2 ViFHEE L E 2 VA28 5AsnERE L ) BAER LAVOTHEE
E3 A2 e TELERERERGLEB L. CORERIIAnEREZDI IO RYL, BT
EEBER DAL 20 BEDGluICER STV, EEZREEICB VT, 2854, 220 LIXEADITZ
AUEESO LI BT EEL b0, MBELFEECBVOEEHICHET 22 L PRRIN
Py F 7. BONSHTEEREIIMEREONEE F - 2BEHREONB TREREEZEZ§5ATT
HY . EEEESOBREASSEREICWEATHE I LEEFT 200 THE., 20 L) B HEERE
&, KEFBPFF-ATPaseDHHERICH ST BT 7 2=y PORBRERRI, Y YOUFT LDy 7iE
E5t A4 o 2 DESEKR(356.357), Rhodobacter sphaeroides® YA BB H /L DH R I HETLIRENER
K(340), KIEH A U ¥ — X B0 £ + v BBRICHE T2REOERECLOPL FLATY
A

20 BE S PR ICER L L2 A, HEDGIn, EEMOLysiZAsn285FR I L THERR
PIIEACTET, BEMEE b DGl AspTOAKERHERREI;BOLN (Table  62) o HEo
T. Asn285 R AT T 27 DI IS AESDETH S LRSS ND, T, BRENSONERRE
CELTHRI LS5, 220 c22400, 2270012G1ud 2V IZAspAS A T H Asn285 R
HESh? 2 3B bRz (Table 66) o 22417, 2271k« NV v 7 AREET2206 & B —WE
FifrBL (Figure 6-4)  FREN2200D1F—2 2% —VTHIEETAEETHD (Figure 6
3) . ZOLIABFAOEHEME T FT Y VIZBNT HRVAZENT V2 (58359, $2bb, LT
FVBF ey THEERBRT ALys206 BREOF A F ¥ ERoT2D Glu113BE %Gl BB LK
Bk b bz, ZNFRa~Y Y ZAD 1=, 25 —VBENIL1TRL, L120BLIZGlusEA S ND &
BEEREIBILEVIEDTH S,

KRR ERIL. 22000, 224480, 22760 3 WA EETREH, 59 BE BRI OA 285 RET &
BEEE &b, RERRERERRTAERTHS I LERRLTV S, R, Guaybid, TetAB)D
Trp23 1 RED CysERADE1L0ZEIZRAB 7 ) VWA 7 1) VIZH LTiEfbs 22 &5, Trp23l%k
EARERIIEST 5 BETH S L 2 HE L2858, Trp231RERE 7 EEBRRIFEL, LY
522040, 2244, 2274F & F—E LICHEET 2BETH (Figure 6-3) 5T LIRFRERC, = ORIE
DEEWEFFRHLTVD, 77, Glu220EBOHFAp220FER L N b RELHEPREROC ko7
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VREFVNVEOBAICELTE 7T EEREROFFE IEERER L) bEREL oz 26, EBE
BRI b BIEEFEE O EEBFIRIC L DA VEZAIZH LI EFRBENS, T, KB
BLIZB VT, Lys220 MMZERMAED T 594 21 VERIFEHSBBE SR o722t (Figure 6-2) .
F7. Glu220FRB X WAsp220 B Lys285 BER X HETE o2 & (Table 6-4) (&, FIEAALM
oA F DR E AR EE LT3 2 L ER L., 22060 & 2856 & AT RS BRI BT
HIEEFTFLTWA,

LI AT, 2200k PEEBERANO RS RWET I/ BROBEAIL, BAHCD . KEMEWT MY
A7 VERMERELTBY (Table 62, 6:6) . ®BAD 74~ VF4 V7 LRELFEEEZ TR
W ERRLTWS, TEATHZ D X9 RRR L ITENIC, KBEOS 7 b~ AEGRAE TIIEERE
BOBWET I/ BBRESEAD 74— VT4 YT REEREEE2 LTS, 57 b—ABREOHEE
BAKOBIT 2 b, BEEBERNOROPOENERELATERELEIAFT URTERRLTWEZ L
DIRIE X 1.(263,264,267) FRATEFR SRE XA IC L VRERR S T 5 (265266268), Z e, 4 4 N
72BE L TVE—FOBEE FHEICT 2 LN E LIBESNAS, MALHMEICT S LS E
BEAEREFBEESNTNS, 77 M—XBRETRID L) 2EERERTOA + T OBEEE
W27 — OB L 2o TWAE FEELTVA(267), F72, KFEA Y U —AHRETHRILTE
73 ) BBREOEEIIBEEEDERE 2o T3 &) ThH 5819, 2V EF—ABREOEEBELN
CEET HApS I BEIIRE A 4 VEGICERL S TW5, Asp5 1RER SeriCBR L ERED D X
) F — AR A EE L IE SRS L2 25, Serb1EEMANCGIyL 13 ~ApBREFRWEE
N7z, BEBEOWEFH- RENROEAICL D HbILS M TTetADAsn285 BRENHE L —FT 2
2. BHIZAsplI3ERLEA L-EEKRIEESEL 2L, RE(BRREIRTH 5,

TetA 71X Asp 285 Btk DALIZ EIZ 2 © DIAEMEApFRE DA T 58550, £ NIAE 1 EEBEERD
Aspl 5FREE & 85 3 EEBEMOAspSABETH Y, Ihb EHBRICERTHS ZLHPRENTD
(51359, Tz, TetA% 2 DO, TNZR6ROREBRRZEL « WHE pHRE IZHUT L&,
Asp84TREE X Asp2 85TREAIIST A EIMLICH 1) . Aspl5EREEL Ala22 0RESHINT AHMICH 2 Z el
BRE (Figure 3) o tandem dﬁplication%(‘lo)%i%@'é\ Tk B b EE S, BT
EETHDDIL. B2 BB BAENESEF — TOFEETH B4, I, FIEERFHLBIR
EEEROT I BRETHERSND F VT v b, His257-X-X-X-Gln261/Gly281-X-X-X-Asp285 %55 2
TR & 45 3 EE BRI b B S 1, Tyr50-X-X-X-GIn54/Gly80-X-X-X-Asp84 L RE ML, TetAlZh
EEN, ZOEEMITREINTVAGY, ZOL) REENS, BAESREVE 1 ~ 3 EEBEHA LS
7~ O EE BESSEEEEEE (Fr R N) EHELTWREEX bR TV, 72, BEEILB
Wb — 7 4-5MDAspl 2055 EE Arg127?£%fb§b’~ FOBERICE S LT A WREMAE 2 b, FIZiE
ArglO1BE LV O BEH TEERBRESS ( BEBEBICEET 5 2 LATR EN195346), S4B L U5
5 EEE D HEWRT ¥ Y ANVICED o TV ATREEDEZ DT 5,

0 B b AE T TOREE(279,344,347359,360 1 & UNUAFFRE TORFIBAER (495152,64,231-233275) b
2. FRSHA LY /I Y FE— OGS TREBICE LTS - MEF Y YA ML B ERRLRE
BIEF 2 (Figure 6-5) o SOEFIVTIE, ETRRLEEBERIV L ODTF ¥ YARVERRL, ED
TV — TER I L VR ENE S — b o T %, MEEMTIRIV-723, V—7458& 0
VTS OFF — BB R RS T VWA EEL L D, EBRL i F4 Y DERLHT DT ¥ ¥ A IVHADF
AERITEREL. FNLOBARE VIR LTS, HEIV—72-30Asp66RIEDH BN L AHELIF
B2 . MBENY— 28, SOk E, V—T72-30Arg70REDERML JV—T4-5DAspl205k
EORBHIHERE LTS, REFTF ¥ AV HOBARLIEEST2OIMELT, ZZIHe
LW+ S b, & 2T V—72-3 TAsp665EE & Arg70BRE L PHEMER L. V—745
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K TAspl20F&E & Argl 27 RESHEER LT, MEBERAS - F2MHL2LICar T4 x—2a VB
fEDE LT, R TS ZAEF = MBI L) Ik 2, RYTF AABIHBERNL ) DBRETHZ D
T, HOSEEWMEICEAL LD L LT, TS LTEEREB S b, HHORKAITHRER 7 — b
FEWAY T A= a VIR EERDIITHTHL L EDbNS,

TOEFMEIY VR - I MR TER EEL D, T I K= ¥ — CRER LU & ORADRETY
THHDIEH L, YUE—F—TRBANTHLLE LS, 0F ), HFOBAREHEOREEZRL, =
VoA A—Ta BB IR, AT, EEBIUHTSRHEENE L, By T A—Ta VEAL
I, DEDRBIZRS, LVWIHIIDTHL,

LALARYESL, 205 2EFVREBEEBRESOLVF, 73/ BREMOMNEBRE AR TS
Bz, BAD IKRTUMEE 2 BHTALEND 5, BEEHEITRVBUKERIC3RTHGEZ R L
128 ¢, BAEF I XU S8 BT S N ERESEEE RS Lr v, DVEREIZo T, 2K
TR BOBEFEMEEEBETDPEATELS OO, EF LAV TORMREEIROPICRo TR
Vi, SOXIRREDOF, BEEOEDMAEERMIBERD BN RFARETHH L Vo T &
Vg KEDETTtAD TAREEIRAT 2 LED S, ZOREBRHR, BRROBUIEHAAL ZEC
T5,
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18 FINTHA ) VHHERORRE U RY — AOFHER

w1 O IILDIC

HEF T, PSRN EREEAEEZRAVTTAADROHOT I/ BREZERL, ZOERIL
LhEDT I BBRESEEREBEIIBNTED ) 2EEEHS-TWEDD, 7/ BREESED
IHICREBIRTVREDOR, T, FFLANTED L) KEEIMRE N, EDXHcLTAFrE
DEEPERENTREDDPEFHRELTE. 20 X ) REBITERO MHEEESMHHE SN S TIIEE
HENZE SRRV, TAMEZICB VTR NES IC XA &8 ERITIC L 1) 3 R AmEES
BEHIN, ZLOBEIBLATVE, L L, EREEOEZILRZHS LrEEsrBHINT
WLy, ZOBAOBIAHLE A Bl B Rhodopseudomonas viridisD JeA RIS H ESHETH Y, 1985
AE |7 XA B AT IC & 0 3 A DBRBEOSIFEEIRE SN7z66D, Z0RIT, 1992F KB R ¥
(OmpF. PhoE) #ZNZFN2 4, 3A OEEEET362), 199341 SynechococcusD IE RIS F A
1 756 A OIEIEEET(363), 19954F {2 Rhodopseudomonas  acidophilaD&IEHET ¥ 7 FHEHR I 4525 ADOE
BREET364), w3 ha Y FUTOF by O—2a c BLEEEGE)B X UParacoceus  denitrificans®F b 7
O — A ¢ BALEERGOI TS 2.8 A DIMER T XM RBFEITIC L 0 LEREFBIPNTVRLEDATH
B, ¥, 9Y3 Fa Y KU TOFF-ATPase DEEE WIS (F1) KT 2 o § y BEKROILHRE
¥ b 19944 |7 XU B RATIC X 1 2 8 A OB ETHEAINIE B S N7z 667, XA RHEERTIZERD
SWTERE R FME L T2, 2 RITHER A V-E T EMEEGET) b 3ATRELFRRT 284
ﬁffé%oﬁ‘@}iﬁﬁéb:owfﬁbﬁ’ﬂ% . EEIFEE Halobacterium  halobium® /327 ) 410 R 7 9
2OBMOFIT, 19904 ITHM % 3 RTHEIIRE & (368, Dk, 1993F KH/MRED
CaZ+-ATPase(369, DU KT (370), A7 L EZURT T A bOKBERKIEHEEHRIET,
Ja%immwwWMMImwm®%%ﬁ7y%fﬁ%¢1@%ﬁwMﬁ%mﬁhfméo:@15&&
Rom, BEAED. &b EHEEEO 3RTERL. XHEREEFTIFERVEESATY
5,

KETIITEADKE BAL. BRI 2T <, ZONBRMKEE 22, T, TtADRRELRTHR
L. MR LT I RREORBICERT 2 REMILT 52 & 2RAT

o 7 hIHA 2y ) VHHBEAOKRBEFROBE

b?y;ﬁfmiou:—Féné752B®%}7%47Uyﬁﬁﬁaﬁﬁ%wmuﬁmﬁﬁ%i
HE bbb, TNFIE—TTFAI FEICTnlo tetBizF 2 70—V 7§ 5, BERDOT MT
FA 2 VIBLAVET—a¥ —T5 A3 FOBE LD EFL CETTHHRSM LT 56669),
ﬁ@%ﬁ%%ﬂ%d@@ﬁ?A@ﬁmﬁwmﬁﬁ%ﬁmﬂ%nfw&mawo:@%%@mm@ﬁ%ﬁ
iﬁﬁ@f%b\cmt%ﬁ%ﬁﬁﬁ%?%k%bnfmawuTmoum%kim%ﬁ?%%%mi
T%ﬁ&ﬁ%o#&éﬂfw%ﬁ\ﬁ@%&%i%%ﬁ@ﬁk&ofwétbm\Chi??%&ﬁ%
BER A STV,

EETIHTnL 0 TetAD BELZABERHROBELER L, TV FIU—I U -V TRT T =
mmnmmmiu%—y—-ﬁmv~&—%%%\%@i%?@mmﬁﬁ%hﬁmvw%&u—;yﬁ%
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4 F5B %o pCT11826DIFTn10- tetEIZTF #pUCLI8DTNVF Z U —= Y ZH 4 NIH Ty == 7
L7zbDThHhbB, TtAKRBRIROMEIZIZ DOpCT1182% HFEHE & L1 (Figure 7-1) o pCT11821
Ry H—HRDIac7OE—F =R LTBY., IVF 70— 7F A M DEcRIGIFEM D FZ - TV
B LICEE LIz, tetABIZTHRIZIE EcREIMTHUADH 2L OT, FTIEFA LY VERICEDHE
E L. ROTTetAD NEBEIZEcRITIMEMEZ T A L v VERIZEDEAT BRI LIZ L, TNHDE
FMIIpCT1182% &L LT, Table 7-1IEATARA Y TX 7 LA F FEHAV, KunkelBEIZ L DITo
770

Table 7-1. Mutagenic primers used for construction of a TetA overproducing plasmid.
Nucleotide sequences of primers correspond to the complementary sequence of the tetA gene. Asterisks (*) and
underlines indicate mismatches and the EcoRI rstriction sites introduced or deleted, respectively. With EGR, the
site was introduced, and with EDR, the site deleted. Any codon changes do not lead to amino acid substitution.

Primer Nucleotide sequence Codon change
* %k
EGR 5 ' ~TTTGTCGAAGAATTCATTTC-3" AGT—TCT for Ser3
EcoRI
*
EDR 5' -GTATACCGAGTTCGATTGC-3"' AAT—AAC for Asn200
(EcoRI)

EGREEDRE # VTR SN2 75 A X FhpCT1184& L7zo KiZ, pCT1184% EcoRITHIL L TR
XN RT ¥ W EENVTTAF—a Yy 8RBT EIZED, tetAd lacZPin frame CRLA L 72815
FRERT AT ENTE R, TOTFAI FEPSYTETE Lize SOTTAIFAL, Tethldlacl

(B-H57 Vo ¥—¥) OBBIFyHPLBRENLZLIZRY, ZOBRTLADNRIGIZE-TT 7
N ¥ —BD 4TI EEEE (ThrMetlleThr) 2SEA EN2dr7eb % o T2 Z & HHEERS 2 b1
EENB (Figure 7-2) o

B X N7-pSYTET CABEWI 104k e HEER Lz L 25, BRMRICBREITRD DN (data not
shown) o ZHidlac7BE—% —DFEEXITH AIPTG (isopropyl- B D -thiogalactopyranoside) Z 0 L%&
CTHREDDT, lacT TE—F —ir b Dbasal RIRE T b TetADKBRICET L. BIREHRESF 2T
BT LSRR E NG, WES 7 F— A AT YOFEBILlac) TUy F—2lacTDE—F —IZERITHF
R — & —SERITREE LTV 2O THE XN TV B7955, W3L04BROREBEHERDIac) 71 v F—T
EeNF AV —TS5AI FEDIacTOE=Y —2+HKHFITE TWwRVEERLND, T T, lac')
FU v —BREEEEEREAVD I E2RAT. W3L104K Tidlac) 71y F— —DORBIIFEETHL
25, RBTOIAKILEETFRE Y L Clack® b by BRMICIac) 7V v ¥ —2HH T2 'ziiﬁefa‘bé RB791
BReFpSYTETCREER L2 25, BHERLNT, EXZ2 o= —%BEk L7,

pSYTETH b DTAN EE ZHERT 2720, RB791/pSYTETHRL 1) FEEIE/ME % AR L7z, BIETHE
PILEIEE0 1mMAOIPTGR I L . HE L7z, T2 RARRIC, RB791%3 L URB791/pLGT 2%k D KHxE
N BB U7 2B, pLGT2h b DFEBULMIRREL0.25 1 g/mIDHCTC (heat-inactivated chlortetracycline)
THEE N, 10 pgNEH ZECREE/MEESDS R T 7 VT FEXKKEICHY, S Ve sv
ST Y NIRRT (Figure 7-3) o ZOREE. RB791/pSYTETEREHRO ERE/MaIC
12 35KD a1z B B AV N Y FASERD bz, SO/ FITHIET 2 b D IIRB7 9 14RO FERIE/NZIZ
id4 < B 6 . RB791/pLCT2MD REE/METIRb T2 LARD oo lze 1o, C RunfFR
FARZHGTAL ) TRYF A Y712 &Y, ZD35kDalENR /N> FATetATH 5 2 & PRI
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7 Amp BamHi P Amp BamH

Mutagenesis

pCT1182 pCT1184

EcoRl

EcoRl

4.6 kb vector fragment

self-ligation

Figure 7-1. Construction of a plasmid carrying the fefA gene under control of the lac promoter.

The multicopy plasmid, pCT1182 (51), contains the entire etR and tetA genes from the transposon

Tn10. pCT1184 was constructed from pCT1182 by site-directed mutagenesis which moved the EcoRI

site in the middle of the retA gene to its 5' end. The 4.6 kb EcoRI fragment from pCT1184 was self-

ligated. A resultant plasmid was designated as pSYTET in which the tetA gene was placed downstream
of the lac promoter.
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Figure 7-3. Overproduction of TetA in membranes from E. coli RB791 cells
harboring pSYTET. Inverted membrane vesicles were prepared from RB791/pLGT2,
RB791, and RB791/pSYTET, and 10 ug of proteins were used for SDS-polyacrylamide gel
electrophoresis. The gel was stained with Coomassie brilliant blue.

pSYTET

TC UPTAKE (nmol/mg protein)

02-g-o9 Y9
0 30 60 90 120
TIME (sec)

Figure 7-4. Tetracycline uptake by inverted membrane vesicles from
RB791/pSYTET cell and RB791/pLGT2 cells. Assays were performed in
the presence of 10 UM tetracycline and 50 UM CoCl,.
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7= (data not shown) o BLED X912, TtADKEREBSES LBE I NI OIIERFRPAND T TH 5,
Kic, FIBEANENDT N F% A 71 YOI AHERIE Lz, Figure 7412773 & 9 IZpLGT2H®RD
REB/ME LD S BVEREE AT, EEOEMBICENVEEEO LRI THATH S, 0L
3 GHRELevyD V=TI E o THEBEEINTE) 679, BHFEESBERICRNICH S 720 I18HE

EERLTHORBH CORED, pLCT2HRONER/MIOBE LB L TET Lo edZELoNb,

3 T MITHA ) YHEHEROTEME, BR

Bk BMVERESEESE T RETLI01E, Z0SE—BEL LTEROEIEREEEHZHWT
TELT 2 DEXSH D, TER[LENABEHIREEREROI Ve L'c%%%ﬁi LB, BE_ERBICHE
LTS LELNDIRRETH S, TN, B 2RBEBABRIIARIITI VEFH L. £DO72DITIE
MEETAMICILHAREERNEALEMET A LPEIT LV EED nza Foizoliz, BETTV
VFTUATHRLE., T, BES Y a BEEAEE M Lo THBEEAMEL 12 08 L72218),
AEE NHEREEREERSEINTVRADT, ZHERETS LHEDTAR ELEA 4 VREDR
T CALEE L(219), U@ (F1212, 50mM MOPS-KOH (pH 7.0), 5mMF#47J£H—JV, 10%
Fen— V) CHEZEEL:. SEARTOZRENOEMSESDSHEY 77 VT I FERKEIC
Hw2 (Figure 7-5) o PALEDMBEIZ XY TetA%x R T &K, HENESEROB X ZF30% U E%
TABSED S T THET X720 2B, BAEMBEAREICE, SMRELE, 52V IZHB7 Vv ) IEEER

(50mM CAPSKOH (pH 11.0)s 0.1MEALH U7 A, 10%7 T —)) RESFHTH o7 (data not
shown) o ZHLD DMLEE TTetAIREEA I ANE =0T, KEERL ZTedAldf ¥ IV =Ya ¥ F
FAICIE o TV iWEEZ bils,

BELEE 2 L) A 3 572 DI TR bR EAERIE IR . B MBS EBRIICTELTS
PAEETH D, TtAKIBEL25% DA 7 F VT VI T F (0G; woctyl-f -D-glucopyranoside) TEDTA
A - FIEES B b B ER Tt St (Figure 7-5) o 04, 4 OFREIEEA T RAAL
¥ =%, 2% Triton X-100 (TX100), 2% F7 W<Vt F (DM; n-dodecyl- 8 -D-maltopyranoside) 1.5%
MEGA-9 (n-nonanoyl-N-methylglucamide). 1% MEGA-10 (n-decanoyl-N-methylglucamide)s 2% TF NI F
732 ¥ (HTG: n-heptyl- § -D-thioglucopyranoside) Tb ARDMESR bNIze —F7 A7 FVFHT
Va< ¥ (OTG; n-octyl- B -D-thioglucopyranoside) MEGA-8 (n-octanoyl- N-methylglucamide)s CHAPS,
CHAPSOIXTetA% WAL T & 242572 (data not shown) o E72\ T AL BB B IZ0.1MDIEL T U ¥
ADEEIFNTVD ETetADT B LIZIHE S h}b@ﬁ 2% -7 (data not shown) o

Yelo. BRI OV THREF L7 IEEHRAOREEICIE LIT LIEDEAER A 4 VRGP AN 6 LTS
(375-383)D . TetADFER |- HDEARRA F v RBASEH TH 2 ORI PERHT 52 &L 4
% > A#aK|3 Pharmacia® DEAE-Sepharose CL-6B% AV 720 WIS #BioRadD L2/ H 5 A (1X10cm) |
FHEL (Ry FERZBLZ27n) . REEEREZE050mM M 28/ —VT I Y HCIHER®EW (pH 8.0)
CEML LT, SOk L S IDREEEA 1Z ETRRZTHADTRBICARI T H- 7 dbODI b
ShERL. FRERLORMEEAOERI L IVIRE (CMC: critical micelle concentration) &Y Y o]
WBEETHV (1% 0G. 0.1% TX100, 0.1% DM, 1% HTG) o 1.26% OGTHEEZ WHE bk, BEOL
BEH S ACENL. REEESZE050mME ULy /=7 3 ¥ HOBEE @H 8.0) #930ml1 TR
%, FEERE0SME ToEty U Y AOERIEREARIC X DEH S, HInz4 B FREEE
#1035, 0.1% TX100% V2 i20.1% DME HV B ICTetAD MO EE & & (T8 LTEHEn, BIF
ik R BT Figure 7-5121%0.1% TX100Z&TL50mM b 25/ — VT 3 > HCHEEHE (pH 8.0) TH
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Figure 7-5. SDS-polyacrylamide gel electrophoresis of various fractions prepared from
E. coli RB791 cells harboring pSYTET. French press vesicles, inner membranes, EDTA-washed
inner membranes, and 1.25 % octylglucoside-extract containing 50 pig of proteins were subjected to SDS-
polyacrylamide gel electrophoresis. Five pg of purified TetA was used.
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Figure 7-6. SDS-polyacrylamide gel electrophoresis of reconstituted proteoliposomes.
Lane 1, proteoliposomes reconstituted with 1.25 % octylglucoside-extract;-lane 2, protecliposomes ‘ s
reconstituted with 1.25 % octylglucoside-extract and purified FoF-ATPase; lane 3, proteoliposomes
reconstituted with purified FoF-ATPase. Positions of the subunits of FgF; are shown.
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BWINTTHAZRTY, DRV OMETERENLTWAEZLEDS S, 01% DMTHIZIZAROBERT
_ #H-o7z (data not shown) o ¥/, W LEOREEEAICIIHEI N 072 (data not shown) o —
. 0GH 5 VIZHTGE S UTRER CEIEHOBHMIL ALARONT, FEEMH OBEL LT TR
BThHo72DT, 75 L BREOBECEANFETENICREL T LEo2EELLND,

PED XS 2, Tt o—BR CREOBVERLHBL N2 LETeADBEBN ZERRIZE > T
LEEZFETHS, KT, TtAD ) RY — ANOFHERZRE L7z,

A T NIV A 7 CHEHEBRDO KB EEYATPase & DU R Y — ANOFEHER

—SRMEBE B E RO BERE R T I EBERRED -0 TANF -2 LD L S kB THET A0 BSHEIC R
2. BB BRI, BEO A NVE -2 R TREGRICE-EEDS Y Y e VERENET
L. T UESY LAREEROILENC £ A AT AT OBREARY, KreN) /oA Y itk NTH%Z
BEMPFAE LEEOREE%TNETA ZE THRENTVL, TeADHE, EETHAT 7Y
420 v HRETHKETH A 720, BE_ERZEMLTERTAHEERoTBY G, Sy LVl
EEHETE ZEPEETH B, T ATHAHOBREARTIHED C—RBEOHE LANETS
. IHAFEEREET 20 L@, TeADT b 59A 7 VERITIEEM I35 LawO
DT, KN ) AV VDRGNS Z EXTER,

DlE = R BB R T R Y — A LR T AT TH B, A4V OREAREBR ST
B—RMEEEEEL R & b EBRT A FELH B, TOBE, NrT VAT FTY Y PHTATPase
ﬁﬁ%fﬁéommmmewﬁ%EHHWMw(mmﬁmmm)@ﬁ%%ﬁ%%%%b\ﬁﬁbtmm-
ATPase?® ¥ F 7 A/NEOMEAZ EW BBEIA L £ 312 R Y — A ICRBRICERRT A 2 LIZBE L
M%QO%mﬂrm&mﬁﬁﬁkwﬁmgmuﬁy—AmﬁkénéwwoWﬁﬁﬁwgﬁﬁﬁwwH+
LIEEME DT Y F K= 5 — T HDT, ATPHKA R IR LI R 2RO ) A Y — ARNOR
DARBEESND D L0k B (206, foT, TORRIT Y FR-F—DEREARL LTEATHL,
72T, TtAOBERBRICZODRERAVWAZ LIZLL,

if@bm\OGK;ofﬂ@méﬂtﬁﬁmm%%ﬁﬂmﬁﬂwm%&a%mu%y—Auﬁﬁ&L
7. EREROBMELS | B8 3EICHAT L ) 14T 5 720 Figure 7-6ICHEER Y KV —ADSDSHKY T 7
JNT 3 FEVERKEON Y — Y B RT . Figure 7-5 ORERBH O/ — ¥ LA THEEST
B (16kDafiE) Oy & #4578 (60kDad & U70kDa) DFGEMOEDBI L. HE BT IZ TetARS
%ﬁéhfwko%Emﬁﬁm&ﬁﬁﬁ%ﬁﬁ%étbuﬁ%ﬁ%&ﬁlb%%ﬁ%%ﬁUVKW@L'
TeHYOER T EBE L7z, Figure 77 AZRT L S ICATPRINC & 0 BEDEH L, HHHT ) R Y —AIZH
DIRFN., ApHIFEHENRS, T FTTFATY YRz AL, BHHESEEL, HH) RV —LOH
umﬁéht:aéﬁbfméo%bi#%&UVmﬁ@mwmmuﬁﬁ%mwwmmmm0$y~'
Afﬁﬁ%én&w(mmnmgmm)@ﬁ\nmuia%Lﬁ%%&UvﬂﬁTV%ﬁ—b%ﬁ%LT
w%t%i%héo:@:&%EK%%?%tbK\&w&wwﬁiﬁwki%ﬁfﬁziﬂ
ﬁﬁ%%%ﬁ%b\ﬁiﬂ%mkﬁﬁtﬂﬁﬂb\UﬁY—AKﬁ%&Ltolwﬂﬁy—Aﬁfbﬁ
ﬁ%ﬁUymﬁwmmmmﬁﬁgént(mmm%nﬁo&w&wwﬁiwnmmm;b%b5%47
UV%%ﬁ@%?hé@%w%tf\C@%%@%@ﬁUﬁV~A%?wMM@MMfﬂﬁLKt:5\
FRNSH A4 21 VIREOHOHHNIZIREEIHEER L TV (Figure 7-7D) o BERTaAZE LU R
V~Ammmw%@%é(§ﬁﬁw(ﬁ@ﬁ?ﬁ)@f\CCTﬁ%éﬂt?%?ﬁ%7U7Wﬁ®F
DHEHETetAIZ L 27 N FH A 20 V/HYT Y FR—FTh b Z BRI NI

-101 -




(A) (B)
ATP ATP

A
\/-—— NH,4CI

NH4Cl TC
A
(©) TC (D)
ATP
\' ' ATP ~
J

A
% NH,CI -é NHA“CI

2 min A

" TC
Figure 7-7. Tetracycline-dependent H*  translocation in proteoliposomes reconstituted with
the octylglucoside-extract of the inner membranes from RB791/pSYTET cells and purified
FF;-ATPase. H' translocation was measured in the presence of 2 mM MgCl, by monitoring the change in
fluorescence of acridine orange. 0.5 mM ATP, 20 UM tetracycline (TC) and 2.5 mM NH,CI were added at the
times indicated by arrows. (A) and (B), proteoliposomes containing the wild-type TetA. (C) and (D),
proteoliposomes containing the Ser65—Cys mutant TetA. In (B) and (D), proteoliposomes were incubated with

1 mM N-ethylmaleimide for 2 min prior to addition of ATP.
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Figure 7-8. Tetracycline uptake by proteoliposomes reconstituted with the
octylglucoside-extract of the inner membranes from RB791/pSYTET cells and
purified FoF;-ATPase. Assays were performed in the presence of 10 uM tetracycline and 10
mM MgCl, with or without 10 mM ATP.
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Figure 7-9. Tetracycline?dependent H* translocation in proteoliposomes reconstituted
with purified TetA and purified FoF;-ATPase. H* translocation was measured in the presence of
2 mM MgCl, by monitoring the change in fluorescence of acridine orange. 0.5 mM ATP, 20 uM
tetracycline (TC) and 2.5 mM NH,Cl were added at the times indicated by ‘arrows.
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#8%E FMNITAZ) VHHERE Ve FuERBTER, -77 ¥ v—ELOBMEREHDIER.
FERBAEAT & FERL

EI1E LI

7 BT SRS LD ICEE S RO AR S 3 RITERD XREEFTIC L VAL Iz Shzflik
Plev, BENEESN-BAOSZEERY 72y MERE DD, ZORICIBUKEDORVERN
FERRSIEDPD TR, BEETENL AT BEABOT T2y b EboTWAZ LIZRMT .
SO Ed b, BUKEOEAREEERZ T TR IRTERE DL VICL WS, BRINICHES T 230Kk M
BEBEETAZEICE o TIRTRHRBESFRENDL EEL OIS, FE, Iwatabld Paracoccus
denitrificans®F b 7 0 — 4 c BALBE RO E L IEEFAORVIIA & & bIERLTE Y (366, EHOR
KBS RS TH I IR RLEREIR TV Z L ZEFT T2,

TetAlXE—DR Y RTF FEPL 2D, FORE-LKEE (Figure 3) 225D FoREEICER L
WA . FEEICBUKESTRN S E D X Do TEo Ty TetAD 3RTHERLIIFRICHAETHL =
YSFREND, 22T, BEHOBAMERETIFEE LT, AR TIEREOBEEE TAITHE
FBIEERRD LI L. MHMERY LTI, 3RTRBEEFENO, KFEREHENT L
NOEME TS (DHFR) GOL3®BLUTT A3I FEOTEML -5 7§ v —EE®EREY, ThoD
BIEF R ARET RS L, BRABHORERIA T I A FERET L I L ERAT

28 MOBEOREZVROEE

Dy FOERETES (DHFR) 120V T, TetAD NEENO BEEH (DHFR-TetA) &TetADC
FEADRAEN (TetADHFR) O 2 HEO EHAL, TEMLB-7 25 T —E IOV THEHTLAD C K
ADBAED (TetA- B-lactamase) DEHREHWET HZ LIZL7 FB B et A ODHFRE{R T
(fold) . TREFEOBREEST LY FTFENLT T A FpTPT0-1(20.2ADIZ 2= FERBEDIDE
Fivatz, TEM1B-5 7 ¥ < —E#EFIR 70 —=Y 77 ¥ —pUC118Ica— FEnzdOEAV B
A RATT I 3R e PR R ST AL A AR TR IS EA L, 2 SN BIEF R EE S EER L7,
R ) BT KunkelBE 1 & B RS RNEREAIZ L D-A Lz, OB, Table 8-1IKRLAER
FI)ITXIVFF FEHV.
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Table 8-1. Mutagenic primers used for construction of plasmids carrying fusion genes.
Asterisks (*) and underlines indicate mismatcehs and new restriction sites, respectively.

Primer Nucleotide sequence Note
KX Template: pUC118;
pUCNdeIR 5 ' -TGGTCATATGTGTTTCCT-3" Ndel overlaps ATG for lacZ.
Ndel
*k *k Template: pUC118;
pUCBgIIIR 5' ~GAATTCGAGATCTGGGTCATA-3"' Bgll is introduced before EcoRI in multicloning
BglIX site. N-terminal (MTMIT-) of LacZ is cahnged to
MTQIS-.
*kk Template: pUC118;
pUCAo0rI264R  5'-GGTGAGCGCTAACAGGA~3' Aor51HI is introduced on the region corresponding
Aor51HI to a signal sequence of B-lactamase. Phe(-2) is
changed to Ser.
* % Template: pUC118;
pUCSall1074R  5'-ATATGAGTCGACTTGGTC-3' Sall is introduced behind the stop codon for B-
SalIl lactamase.
* Template: pCT1184;
Aorl1258R 5'-AACTAAGCGCTTGTCTC-3"' Aor51HI is introduced on the 3' end (codons for
Aor51HI Serd00-Ala401) of the tetA gene. No amino acid
changes.
kK Template: pDHAS1;
DNdel 5'~AGGAACTCATATGATCA-3' Ndel overlaps ATG for folA.
Ndel
Kkk Template: pDHAS1;
DAorl 5 ' _AGGAGGAAGCGCTATGATCAG-3' Aor51HI is introduced before ATG for folA.
Aor51HI

Figure 8-1i%. DHFR-TetARIAERIZT klac/ UE—F —XHTICI— F4575 A3 F, pUFDT
DREEFERTRLT NS, HHIZERS &,

@pTP70-1ikssDNAR AR T 2 Z LT EZVDT, TOTFAIFLD fol ABRIETF % & HindlIl
Aor5 THIGIWFNT R % 385 L. pUC1180 Hincll-Hind[[I"X7 ¥ —iZ##A L, pDHASL FREEE L7,

@pDHAS1 %88 L LT, DNdel 77 A ¥ — PEWCEREA 2TV, DHFRORHT F ¥ b:i*ﬁfm
Ndel G WFER47 % & DpDHASINZ R L 720

@pUCL18%4EI& LT, pUCBIIRT 7 1 ¥ — REWCEREA LT, whFra—= v 7FA b
O EcoRMINFER AL DRI 1C BelIIEI WS % % opUC118Bg 2 fFm L7zo & 75 A3 FTELacZO N KD
Met-Thr-Met-Ile-Thr-2* & Met-Thr-Gln-Tle-Ser-ICE# LT 2

@pCT1184% & tetARIZTF % &-tr EcoR1-BamHIET BT % S8 L, pUC118Bg®M EcoRI-BamHIN7 ¥ —IC
A L. pSYTETBgZ#E5E L 7=,

GpUC118% A L LT, pUCNdeRT 74 v —EHWVT EREAZITV, LacZOBiEa F v EERT
2 NdelYIWFEEAL % b ©pUC118Nd & fERE L7z

®pUC118NdD Ndel-Hind[[X 27 ¥ —{Z, pDHASINA D S X 117> Ndel- BgllIE] Wi T A & pSYTETBg 2 ©
FEHL K 17 Belll-Hind[ITEI BT - & %48 A L. pUFDT &HESE L7z, '
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ligation

EcoRl

Amp BamHl

pCT1184
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tetR

Bgll EcoRi
EcoRl+-BamHl

1.47 kb EcoRI- BamHI|

Byl insert fragment
Amp EcoRN
pDHA51 g Hindtll BamH| EcoRI- BamHli
folAf~ Hincll vector fragment
4 Ecg:rlnHl #Mutagenesis ligation
EcoRl Boil
Kpnl BamHi|

Mutagenesis

Hindlll

Amp BamH

—Hindlll
EcoRl pSYTETBg
Ndel tetA
Plac
' iNdeHHindlll
Ndel-Hindll Ball EcoRl
EcoRl g vector fragment iBgllHHind It
Kpnl BamH| \
1.5 kb Bghl- Hindlli
¢NdeI—BgIII ligation insert fragment
494 bp Ndel-Bgll

insert fragment Hindll
A ¢~ BamH|

Figure 8-1. Construction of pUFDT encoding the DHFR-TetA fusion protein. pTP70-1 (210, 211)
encodes the E. coli chromosomal DHFR gene (folA). For mutagenesis, the promoter-less folA gene from
pTP70-1 was subcloned in pUC118, resulting in pDHAS51. Underlines indicate new restriction sites intruduced
by site-directed mutagenesis. pDHASIN has the Ndel site which overlaps the ATG codon for DHFR.
pUC118Bg and pUC118Nd are derivatives of pUC118 which have the BglII aite and the Ndel site upstream of
the multicloning site, respectively. pSYTETBg was constructed by cloning the EcoRI-BamHI tetA fragment
from pCT1184 to pUC118Bg. pUFDT was constructed by the co-insertion of the Ndel-BglIl folA fragment
from pDHAS51N and the Bg/ll- HindIlI tetA fragment from pSYTETBg to pUC118Nd.
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Figure 8-21%. TetADHFREEARIZF ¥lac7 ODE— ¥ —XETI2a— F§5 75 A3 F, pUFTDD##E
EHETH D,

DpCT1184 %458 & LT, Aorl1258R%E AV TERE AZITV, TetAD C K MiSer4 00-Ala401D 3 F
VIZEBT A Aor5 IHIEIWERAL % 3 DpCT1184A R fERL L 720

@pDHAS1E2EI X LT, DAorlT T 1 v—% AWV TERE AT\, DHFROBM I Y DERIIC
Aor5 THIEIWTERAL % H DpDHASLAZERL L 72,

@pUCL18MEcoRI-Kpal/X %7 ¥ —IZ, pCT1184A% b FB & N7zEcoRT-Aors LHITIWTTFT & pDHAS1AZD
5 FE & N7 Aor5 LHI-Kpnl SIWTHTA & 23 A L. pUFTDEREE L7z,

Figure 8-3121%, TetA- f-lactamasePl AEHBIZF £ lac7 OE—F =X TIZ I~ F45T7I5AIF,
pHFTBOHEE T EEE R LTzo

@pUC118 % $FI L LT, pUCA0rI264RT 5 A ¥ — & pUCSalllO7T4RT 7 A ¥~ L &/ WIEREAE
Fus, pUCL18ASEMESE L7ze SO 75 A3 Wi, B-F 7 ¥ < —E DY 7 7 VELFIGIHTE AL 12T
+ B WIE TR Aors LHHIWIERAL % D0 2O E. ¥ 7 F VEFIF OPhe(-2) 5 SeriC BRI N B A%
7Y ¥ LY VI EE R LR S o, 70, #iba FYTRICSaIYIBERIARA S NT
5o

@r U5 ATz =0 Vg EEFEETAYNVF 2E—TFA I FpHSG3 98D EcoRl-Sall N7 ¥ —
12, pCT1184A% &M & 72 EcoRl-Aorb LHIFIWITF & pUCL18ASA G E N7z Aord LHI-SalTt] BT
Frex#EA L, pHFTBREE L 72,

Figure 8-417 3 MOBMARIEF 2 bREHETAMEEAOT I/ BENO—#HZR LT

BESNT 3EOMSRET » ORABOFARRBHT 20 EHAT 272010, ThEND TS5AR
¥ % KIEERB7OLEICEA L. 0 ImMAIPTGT 2 B F#E%, REB/MEE AR L7z, Figure 8-
B ZOSDSHEY TZ VT I FERERKENN Y- Thb, 3SENOTTAI Fudhdt s b Ehenom
ABEBEA, pSYTETH S DTAD KEFEH (Figure 7-3) (39912 LT 2 RABRR L T2 DIHERS
niz, MAEEHOSTRIZ. DHFR TetA7%96 1kDa, TetA-DHFR 256 4kDa, TetA- B-lactamase A%
70kDa & HEE S NTze TetAD CRBICHT 2HERFEE AVTA 2/ TH vy T4 Y712 D EEEED
B A R4 =B, DHFR-TetAICHIET 2&H Lk Sz o7z (data not shown) o —F., &7
ECRAFVERBIOTNTT 74— 0k DERENTaAZHIRE LTRSS nmEk, 3T
DEAER L RS LT (data not shown) o 6o Ty TetA-DHFRE X U'TetA-§ ‘lactamase CIFZE b =7
%ﬁﬂ%u%&f%kﬁﬁﬁmfwéwf\%%%ﬁﬁ%%btkbKCX%%ﬁﬁWfﬁ&én&
PolzbEZbNb, . |

Riz. MABAMEEEERL TP E) PERE L7, 7 Figue 8-6 CRIEENMETDOT b7
H 420 vERERERNE L. WThORMEERIZBWT b ESEEMATED b LD, TetA DEETE
MYy LETTAERICHS 720 BITTetA- p-lactamascB T EED T b SHA 7)) VEEFEEITetAD
LABETH VEETHLY, 7 IHA 7 ) VERERF LTS LB B A Tet AR
@:y7¢}—vaymﬁ%%&%@%%itm&w:a%ﬁbfwéa%ien%o%t\%n?n
DEEZIEM R HIE L. Table 8-23 X UTable 8-312 F L0720
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EcoRI-Kpn! vector
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Figure 8-2. Construction of pUFTD encoding the TetA-DHFR fusion protein. Underlines indicate new
restriction sites introduced by site-directed mutagenesis. pCT1184A has the AorS1HI site which overlaps the
400th and 401st codons of the ez gene. pDHAS1A has the AorSLHI site befor the ATG codon of the folA
gene. pUFTD was constructed by the co-insertion of the EcoRI-Aor51HI tetA fragment from pCT1184A and
the Aor 51HI-Kpnl folA fragment from pDHAS1 to the EcoRI-Kpnl vector fragment of pUC118.

puC118
¢ Mutagenesis
Aors51H
Sall
EcoRl
pHSG398
Sall EcoRl+Sal
pUC118AS EcoRl- Sal
Aor51HI+Sal vector fragment
810 bp Aor51HI-Sall | ligation Sall
insert fragment

1195 bp EcoRI-Aor51HI o
insert fragment ' Aor51HI

Figure 8-3. Construction of pHFTB encoding the TetA-p-lactamase fusion protein. Underlines indicate
new restriction sites introduced by site-directed mutagenesis. pUC118S has the Aor51HI site, which overlaps
the -2nd and -1st codons, and the Sall site behind the stop codon of the bla gene. pHFTB was constructed by
the co-insertion of the EcoRI-Aor51HI tetA fragment from pCT1184A and the Aor51HI-Sall bla fragment
from pUC118AS to the EcoRI-Sall vector fragment of pHSG398. .
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Figure 8-5. Overexpression of three fusion proteins in the membranes. French press
vesicles were prepared from E. coli RB791 cells harboring pUFDT, pUFTD, or pHFTB after induction
of the gene expression with 0.1 mM IPTG. Fifty jig of membrane proteins were subjected to SDS-
polyacrylamide gel electrophoresis. '

pUFDT (DHFR-TetA) pUFTD (TetA-DHFR) pHFTB (TetA-B-lacatmase)
5 5

- 4 4 F
3 3 F
2 s |

g0 | | op--Q---0---0 | [ p-0-0--O"""0
O’Q"?-(?-q ? L1y O'Q.el.oll 111y -0'? P P
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Figure 8-6. Tetracycline uptake by inverted membrane vesicles from E. coli RB791 cells
harboring plasmids encoding fusion proteins. Assays were performed in the presence of 10 pM
tetracycline and 50 uM CoCl,.
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Table 8-2. Dihyrofolate reductase (DHFR) activity of soluble and membrane fractions from

~various E. coli cells. Cells were disruoted by passing through a French pressure cell and unbroken cells were
removed. After ultracentrifugation, the supernatant (soluble fraction) was separated with French press vesicles
(membrane fraction). DHFR activity was measured in 50 mM KPi buffer (pH 7.0) containing 50 M
dihydrofolate, 60 uM NADPH and 12 mM 2-mercaptoethanol at 30 °C. The reaction rate was monitored at 340
nm. One unit of the enzyme is defined as the amount of the enzyme required to produce 1 ymol of tetrahydrofolate
per min, using a molar extinction coefficient of 1.18 x 103 M-1 for calculation. Specific activity of the enzyme is
defined as units per mg of protein.

Specific activity (units/mg protein)
E. coli cells

Soluble fraction Membrane fraction
HB101/pTP70-1 74.1 0.13
RB791 0.11 0.07
RB791/pUFDT 0.10 18
RB791/pUFTD 0.10 19

Table 8-3. p-lactamase activity of soluble and membrane fractions from various E. coli
cells. Soluble fraction and membrane fraction were prepared as described in Table 8-2. f-lactamase activity was
measured in 50 mM KPi buffer (pH 7.0) containing 200 M benzylpenicillin (PCG) or cephalothin (CET) and 12
mM 2-mercaptoethanol at 30 °C. The reaction rate was monitored at 235 nm. One unit of the enzyme is defined as
the amount of the enzyme required to hydrolyze 1 ymol of B-lactam per min, using a molar extinction coefficient
of 0.94 x 103 M-1 (PCG) or 7.2 x 103 M-1 (CET) for calculation. Specific activity of the enzyme is defined as
units per mg of protein. '

Specific activity (units/mg protein)

E. coli cells PCG CET

Soluble fraction Membrane fraction Soluble fraction Membrane fraction
TG1/pUC118 92.0 0 5.0 0
RB791 0 0 0 0
RB791/pHFTB 0 7.7 0 . 0.7

DHFR-TetABIAZEE 35 & U°T etA-DHFRALAZE I OD HFRIE M. TetA- 8 -lactamaseBlEEED - 57 8
< — PEEIZ. FNFNPTP70- 170 b R S 2 EBODHFROTENE, pUCLI8ICHRT A -F7 < —
BOEEIC EREL (EV, ZO&EIR, DHFR® B- 77 § ¥ —¥RENERH 5 2 CREN KindE
R 2 L BEEESHEI NS L ERLTVRA EEZLRE, WFRIZLTY, FEDOT FFHA
» ) VESETENES X UDHFRIEHS 5\ iE -5 7 ¥ < — BIEESBD S 1720 T, TetAlCEBLa >
T X —va rEMAEA R TWD LHBT LT, ‘
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BEEHDIRTHEBEZERTA ZEEERL., TORERICOWTIRE L7z, TetAlZDEAERA F
VRBIORNTT T4 ——BRETOLLE ) ORBEETERT A2 LISTEBMHS, DHFR TetARIA &
H8 & UTetA DHFRBIEE R ILARD FIECRIGF LS BESE SN2 o 72 (data not shown) DT, D
FEERA DI LT, DHFROBRERIZX P MF -t MTX) I2koTHEERLD T,
MTXZYT Y FE LHEICEYDHAFRE 7 74 =7 A R T Z L MEETH 5 (211, FHFE, Sigma &
DMTX-7H 1 —R (MTX% Sepharose 4BIZCNBriEiZ & YV EELL2b D) FHRENTEY ., HHEL
TWwhb, ZZ T, DHFREIEEHDOERIIMTX- 7T — A2 HWwAZ L2 L7, #8K%Bio-RadD L2/
7T 5 (1X10em) KFHREL (Ry FERIIBLZ7ml) | 0.1% DMZELBER (1omMY VEEH 1
A (pH 7.0), IMIEALZ U7 A, 0.lmM EDTA, 14mM RB-XNVA T hL¥ ) =) TEEILLIZ, 2%
TX1008% % \232% DMTEDTARE I N/-WEESZTWELL, 2OBRLEEES FAICHRML, B
REVAISOMI TS Lz RNT, 3SmMERZED AREEN20mE AV TIMTX- 7 Fa - I2E& L
TW/zDHFRAEIAEH 2BFH E¥72, ZOFER L), DHFRBIGERIZBFREWIIMTX -7 7 — R 12
L, ERICE-oTHEHREN, BIZTRICHERINLD, TOBEBNY —ViZ7u—-Fizk ), EEH
CEEBEMMEL "o TLE 572, Figure 871 TetA-DHFRBIAEH DB ELERED ZH S DSDS- K 7 7
V7 I RFBRERBNNY -V 2R L, BREANTBEERDEE IO 2ng/nIBETH o,
DHFR-TetABNEEH | ’O\/"C%ﬁﬁ@#%’@&ot (data not shown) o

ZOXLEE LT, (DRBEE2ELTHRE, 27 560y FERENELT S, B)8FH0H4 X
%k<ﬁw§®~¢%\ ANy FETORREZAL, REPBETON, SBORFZET S,

F 72, TetA- B-lactamaseRlAEEHORERICOVTHIREHTH S, Sigma LV m7 I/ 7= =)vRO
VBT U=, RSO VB THO=AY, KIAATTT VIV A EETAXRTVEYY F—
POUMRENTBY, T74=FARBE, AL T 74254 BEITERZRIE 2o Tna,

A EE

AETIE, BET TIXHE RBERITIC XD L AEESER ST 5 EEOES BB
FEELEATRDZLICER L, TeAICEKEBERL BE LBHEERTA I LIC L, THICE
D, BKEBESSPERILD 7200 [1h] L), BREEIMEET 2 EFEZ 015, ZOFERIL,
Paracoccus denitriﬁcans@?‘ N 70— A c BLBEOERILICB VT L EE SN, Iwatad IFERFEDOFY
BEE & & b 10k B, XU R EEATIC T LT\ 5(3668), F7-, Privedb b RFEET 7 +— AERAK |
0*%Lk%%®%%7n AbggBBEALREEEEER L, HREILEEEL TV HE95),

FEFRETIIEABERE LTABEOY ¢ FuUERETEE (DHFR) L 77X I FETEM1B-7 7%
T—YEEL, IBOBMABEHREK L2 ThbH 2 00BRITTII XMERBERITF23NTE
D, BRSNS PICENT VA DD TH A(3913%), (ERENTBEERITVTLS EITHEA
RAFEN, FINTHA Y VEREEERRELTVSIEH,Y) Th{, DHFREES S Widp-77 9 <—F
FEHEEZEELTBY, BEOBADTAADREBICEAN 2B 5L TS b, T2, 4
= clie M PHEEE (MDRL) D2 0DATPREATM ZTetADHRI)) — 7HIE L CRImIZHEALT:
BABEBERESN, EERLAVOF N THL 2 Uitz 525 2 L0 BE ST 5396, fEo
T, TetADFEAMAR (hoer— 78 L C Kl ~ORBHKE 2RTF FOFARZE IEELMRE

BIZBELRNWEEZ S,
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Figure 8-7. Purification of TetA-DHFR fusion proteins. French press vesicles were prepared
from E. coli RB791/pUFTD cells after induction of the gene expression with 0.1 mM IPTG. Inner
membranes were separated from outer membranes by sucrose density gardient centrifugation, and washed
with a low ionic strength buffer containing 0.5 mM EDTA. After solubilization with 2 % dodecyl
maltoside (DM), TetA-DHFR fusion proteins‘ were purified with affinity chromatography using
methotrexate (MTX)-agarose gels.
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T, TNHIR6ARDBEEBER DAL I - VT2 H—DREFHFERL THEN L7z LT btandem
duplicationFH AR ICF T AN B RT3 (39,40, ZDZ & iZF 7, 12RKOEEBERSV L 0DRY X
TFFEREET, 6KDAD =y PTHEEL I AT LERBLTWVS, EE, #BohDERAET
X, A—0»AWEHER 6 ADEERER, L2 2EEANF2HFEE L, WEBEZ N L TS,
Blorol s, BEL2ACEEEES b >EESALINIZ2 00 6 AOEE BIEMHAS 22 HH
ICAESNTHBBBE R TITUREIELON5,

Levy®D 7 v — TiETetAlZ BT, o $Ei. SEBOZNFRICRIEENREKE /7207 3/ RESRS
H52BOERBEOYFA—OMBTHRBICRE S 5 CBBRAHEBSEID, Fr5¥A 20 Vit
REET AL EFWELTWATOT), ZOKRIIFNLDR)RTF FRLIEER o« B E pFRME D3
Exn, BENGZEASTFIBRENTVWAZ E2RBL, TAIZZERTEEL T15 &3 21RHIC
o TWA(T2), ZOERIZI., TeAFZDE ST I ERRT S T L 2RERT 24, EE,
Rubin and Levyld. tetARBIZFHRIZA4EEISFASNSE 7L —AT 7 VEREEALTHYHAERID20
REEDT NSHA 7Y VMM EEZAZEEBR L, ZAOFEERIMBEBERAFTIILERELTY

574, UL, SOWMETIE, 4 EHEOBAPLEZ CEE2EHRELEENLVETR BV, « B
RTFFE BERARTF FARBERTOAR, Tz, BHEEATF FORBAFABIZS LTz
ZEOHBRERL TN,

72T, REFRTIE. TetAD o 48 & pERE PRI SEIRH &L L 2B L, tAB)RIET

ZHEILT o B, EBICHIST ARIETERE ENENEL DIac7OE—F —ZETICEE,
FRNFNOBMBE 7S AINBIUEARRRE 7S AI FEBE L, 8N, pHEEBIZEMTL T T
S A2 VEREMMNT DD B, Wﬁﬁ#“@%ht%Akﬁ%ﬁﬁu%ﬁéhéwﬁkowf‘i
72, MIBEBEANOSTFEAIZOWTRE L,
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5B, BEHEINTROEMRERTIAI FBLUABERT I A3 FOBEIIFigure 9-1ITRT &
3124To720 ZOLEERAVONLART ) TX 2 UFF FETable 9-112F &7, BREEA ITKunkel¥k
b:,ﬁé,b\1?9 7:0

Table 9-1. Mutagenic primers used for site-directed mutagenesis.
Asterisks (*) and underlines indicate mismatcehs and new restriction sites, respectively.

Primer  Nucleotide sequence Note
* *kokk & % Template: pCT1184;
SBGR 5'-TTTAAATAAAGGGATCCAGGCCTAGTTCGATTG-3' A stop codon is introduced at the 201st
BamHI Stul codon. BamHl and Stul are introduced
behind that.
L Template: pCT1182;
B2GR  5'-TCCAGTCGGAGATCTGTCGTGCC-3' Bglll is introduced upstrem of the lac
BglII promoter.

o SEBMABEI TS A3 F, pSYTET o 13K £ I ZFIETHEE L,

@OpCT1184%8HE & LT, SBGRT T4 v — 2V TEEEAZIT, 201FE D2 FUAEa F >
CEDY, FOEBIZBamHIB & Sl STRTEL Z & DpCT 118 o Z1ERL L7

@pCT 118 a % EcoRI& BamHI THL#. orifBifl, Ampw— —%&LRI & - L « FHEI—F
THEE (tetA(a)) ZETHFEZRABL, £ho a‘:u*%ﬁ pSYTET « 22 L 720

BB 75 A X N, pSYTET p DBEIIRD £ ) 14T 72

OpCT1182%8F L LT, B2GR7 4 * — 3 FAVTERE X 21T\, Jac/ W E— ¥ — EIfIZBIIY)
WTERAL % S OpCT118 B 2R L7z,

@pCT118 8% EcoRITH AL, TONRY ¥ —WFOHZEARL, ¥V TIT A 5= a v 3E,
pSYTET g 2 #E%E L7z,

a$EIR L pEMORFREHE T 5 X I F, pSYTET o / g DREEIIRD &5 AT o 7,

DpLG339(2070 D EcoRIYIWTER AL A% BellliZ ZE 2. & #L7zpLG3392(5 ) D Belll-BamHIN 7 & —iZ, pSYTET §
2 5B & Wiz tetA( f) % & tr Bglll- BamHIGIWTlT A 2 A L. pLGTET g & 4FRk L7z,

@pSYTET « % Stul & BamHICHEALL TR7 ¥ —ZFE L, pLGTET B2 HKmY — 7 — L tetA(B) B D
Pvull-BamHISIRTHT A Z AR L, Thb %Ei:%*‘é% pDSYTET o / B % HEEE L7,

lac7BE—¥ —HEA—75AI FRIZ20HET 3 &, ZnbOM THAMARZ 2T EBE
IbNB, CHEERT AT, pSYTET o / 1213 2BOEAIWE~Y— 7 — (Amp&Km) DHARE
hTw3, '

ZNEFRDTS5AI FDlac 7 OE— & — T BOBEBFIO—H L., ZNISHHTERIXTFFO
7 3 BEF D—#EFigure 921K L. o EHATF K, BEEANTF FLbLB-FF 7 PYF—E
ORI Y ERETADT, FRICEHRT 247 I/ BBREFSNARICHAINTNDC EHTFEE
ns,
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EcoRl
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Bl EcoRl+BamHl Bgfl EcoRl
3.1 kb vector fragment 4 kb vector fragment Pvull
& self-ligation
605 bp insert fragment
ligation
Bgh~
BamHl
Bgh+BamHI Bgll+BamH|

Stul+ BamHi

5.8 kb vector fragment

*Iigaﬁon
Pvull

1 kb insert fragment

3.7 kb vector fragment

\

ligation\

3.7 kb insert

(StUV P VU“) fragmem \
Pvull+BamHI

EcoRl

tetA(ax) Y ;
Pilac

pSYTETa/B

1, Plac

Amp

BamHil

Figure 9-1. Construction of plasmids carrying the fetA gene fragments. pCT118c contains a stop codon at
the 201st position, constructed from pCT1184 by site-directed mutagenesis. pSYTET o was constructed by the
insertion of the EcoRI-BamHI tetA(cr) fragment from pCT118c to the EcoRI-BamHI vector fragment from
pCT118c.. pCT118p has the BglIl site upstream of the lac promoter, constructed from pCT1182. pSYTETf was
constructed by self-ligation of the EcoRI fragment from pCT118p. The Bglll-BamHI tetA(p) fragment from
PSYTET was transferred to pLG3392 (51), resulting in pLGTETB. pSYTETo/f was constructed by ligation of
the Stul- BamHI vector fragment from pSYTETo and the Pvull-BamHI insert fragment from pLGTET .
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HEIN 3D T T A I FRENLFNRIBERB7OIVRIZEA S Wico BHORREHERT 5720,
FNENORERENEERE L2, OB, BIETFRRIGKRESnMOPTCE RN L THE L, K
BT HIZRB79LEES & URB791/pSYTETHMRD FEEI/NME AR L7z 10pgNEERT & T AN
B%SDS KU T 7Y VT I FERREICAW, FVvEr<Y—T U7y b Tv—RE L7, Figure 9-
SAIZTR L7 X 912, pSYTETHISRD TetADSIB\ N Y K& LTEBER I NS, pSYTET a B L UDSYTET «
/ B EISED FIEH/NIIZ IS X 22002053 FRE bONXTF FHRD SN, «FAOKEERLERD
N3, —75. pSYTET g b DRI /ML ICIE pHIB L HERE SN BN FITER ben&#oto%o
Ty BHEEARTF Fik « BHARTFF IZHARTHEEEAOEARADPEBENEEZ DL,

Figure 9-3BTCI302 ugPEBER 2 &G RER/MEESDS KT 72 VL7 I FEKKEIZAV, FICEK
WEFRTE (antiCtld) BRVZAAS TRy T A Y TIT ICE Y BEHOBRBERA TS, THIZLD,
pSYTET B3 X UpSYTET o / B O RERIB/NMEIC g AR TF FHFH L T2 Z RS NI,

BRI b ARREETO E, fEBORERERETZL, «HBEARTF FiZowTiE, H
BRI I MR L D b RBEEIDLTRIES LTS (Figure 9-3A) DR L, BEENRTF
FORERIL. Figure 9-3BTHR2 &, B O CHERERKL ) ARBHEKTHML TW5E I L 50T0
2, NYFOBEFERILLI-ESS, BINBRBIZ15ETHo72. TRODRERIT, «REANRTTF
Fid 4B R TF FOFIE., FEEEZP DD SEEICHARENLS, BHEEATF FHRRICEART
NEEICEET A 720101 o BEARTF FOFEFBETHA ZLERL TV S,

CAERA T FRERMICRETES L )12, «EEARTF FOCKKICHLTS147 3/ BERED
b7 BARATF F (N-187Asp-Asn-Thr-Asp- Thr-Glu-Val-Gly-Val-Glu-Thr-Gln-Ser-Asn200-C) 1Z%3 2 1
M (anti-ML14) 2B LIz, T, BAF USRI 0w b 75 74 -0k BRI N TetA (Figure
7.5) (894|233 B HUMIE (anti-Tetd) MU, Figure 9-4124k, 21 H OHUMIFE RV TTetAB &
U o EHNRTF FOMM 5T o B RIR SN TV S, R IIRB791/pSYTET o/ Bk, RB791
/pSYTETHRS X URB79 14D IR/ METH 5, Figure 9-4Aldanti-Ct1 412 & IR T, Figure 9-3B
EWDT&%OE@m9AMhmMﬂM%%mtﬁ%f5%ﬁ\mWHﬂKE%T%%mﬁﬁﬁéﬂf~
pﬁ@Eﬁdﬁum%?éaﬁﬁNf%F@&ﬁ&&énfm%omYﬁﬁa@aﬁﬁﬁffFﬁﬁﬁﬁ
BHENTWS (data not shown) o TetAifanti-ML14DI¥ b —FIZHNT AT I BENEd oTw

bbb FE S Lot ik b, CORBHEDER, o BERTF NTRIE b—T
%ﬁﬁCiﬁ%%&LTEEEﬁ%W@KﬁL\%mfuﬁﬁﬁﬁﬁ%O&CW~7ﬁﬁK%0\W%
TEOBSOIAEEDN R > THE D EEL LN, '

—F . anti-TetAlZTetAD &7 5, HEARTF Pz LTH L KRS L7z (Figure 9-4C) o E7=.
pSYTET « HISED o SBHATF K, pSYTET 8 B3R p 4~ TF FL S REL (data not shown) . =
B THH SNy FOER BT 5 2 & T, pSYTET o / SOREBEMETHRE S WA 200N
Nid. EE7S o SBRATF B, T gEEARTF FICRHIET 5 2 &8 bholz, Tz, TD220ON
U ROBX AL THA LI IRL, FADIRT—T YTV h TR0y - EFFEL
(BhoT VWA, o EHE EBIXA—OTY b= 7% b o TRV THRENZERIIT &%V,
2 SOIER I FREEET A4, SEBARTF P « BEARTF FEN 7V =T VT ¥ P TV =
%@éﬂﬁ(wﬂﬁﬁ\aﬁ@Nf%waﬁﬁﬁﬂfoFlb%§<EET%ﬁ\m&%mmﬁ?
2 BUSHDS B4R T F FOHFECTRELIE L ONL.
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Figure 9-3. Expression of 0. domain peptides and B domain peptides in membranes. French press
vesicles were prepared from RB791/pLGT2, RB791, RB791/pSYTET, RB791/pSYTETo, RB791/pSYTETS, and
RB791/pSYTETo/B. (A) Ten pig of protein were separated by SDS-polyacrylamide gel electrophoresis and the gel
was stained with Coomassie brilliant blue. (B) 0.5 ug of proteins were separated by SDS-polyacrylamide gel
electrophoresis and transferred onto a nitricellulose membrane. Proteins were detected by anti-Ct14.

(A) anti-Ct14 (B) anti-ML14 (C) anti-TetA

TetACD)

Figure 9-4. Detection of intact TetA, o domain peptides and f domain peptides by
immunoblotting. French press vesicles (5 ug of protein) from RB791/pSYTETo/f3, RB791/pSYTET and
RB791 were separated by SDS-polyacrylamide gel electrophoresis, followed by immunoblotting using (A)
anti-Ct14, (B) anti-ML14, or (C) anti-TetA.
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LI A, ROEORER/ N CEHES W EiREE L4 B0 bk o 7o (data not shown) o
R IMYE CALEE L, B30 CHEILE Wz B/ 2 TTE L. Pansorbin cell EREFT A &, TetAR
AEBEEZNENUST AL L Y RERES 0T, WA A SR IR E LT ewn
PiEE 224V, anti-CtldB & Panti-ML1ADTY b — FESIEHS 2 EAMERTH D . LR
B NEOIMENZH B o anti-CtlADTetAB & UFEBE OBRIEEICHE L ko722 & anti-ML142%)
HELOERICBE 2dol 2 b, IRHOIY M —Ti2ELHRRL—TEE (Vv—-76-7) £C
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BoH ER

AKETIE, tetABEIEFE S0 L. 2 o0OREFHH 254 IZlac7OE—¥ — X FIEBWTEH
KEDI L ERAT, . PERITNETNOBMERTFAIF, MEAORAKRERTIAINE
BEL, 7 594 2 ) VERENE, MEEEANOE IR OV TRE L7z, |

FNSH A VEEERIZE LTI, o R 5L pEREMTIRT NI T4 2 VEEEAS
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BOAFRREZEENT, 200 fHEHAOMCHERAYSH S LERL, TaAr—RAEL LTHRIEEL
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Figure 9-5. Tetracycline uptake by inverted membrane vesicles from
coli RB791 cells harboring pSYTET, pSYTETo, pSYTET(, or
pSYTETo/B. Assays were performed in the presence of 10 uM tetracycline and 50
}LM COClz.

E.
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FIZhDDh STEAMAREINADIZH L, pEBIIA LA, 7Oy T4 YT TRIHEINEGD, FVD7
2 V- RETRRD ONED o2 (Figure 9-3) o B2, SHEBIL « BRSFET S Z LIZ L DHARA
BN SERMT A2 ED5D Y, BEEBBEMTIARETHL I LIRE I NIz, &IAD, anti-
ML14B & Panti-TetATA A/ TR v T4 YT fTol2 &2 A, AREIED, SRR S Wz RER/IZ
BT o SEE EROBICFNIEEIZR b N o7z (Figure 9-4) o TSR L, B o THIK
AR v V=Yt % S L WETERME, B A\ idanti-ML14, anti-TetA?S o SIS LT RUBEDME
TEESEEZ SNb,

IhEF T, CHEBEEINEE ST Ao POBEERE BV THREEINTVWE, KBEET 7
N — R RIS { DS EBE PER SN TV A (407-410), 20 R, SIMHEsSBEAEERIcH5 L
x| SHEEHIHEERERT S 25, WSO EE BERICH 5 HA I NEFESHEET B 2 PRV
X, EEEES L EAEERE A RAT A EIISHATEATEMZR LTWAKRILY), Tz, HILT
CERBRD XTF FIINKBRAARTF FLY)IRZETH ), EREK B2 Z0BEAFER. e
ANEREAARTF FIERE LT W2, ZOBRIAFEOEREL L TBY), ENDEARARARDY T
FNERD LD ERAEL LCNEBA, B2b I3 | EEBESIBCETIA TS ZE 2R
LTWaEEZ bbb, ZOEH,. NZFUFT FTFI@11413), T RFT Y@M, BT FLF) Y
VETH =418, ARAB Y LTy —(418, NatF ¥ Y RWUAD, =aFrTIFXIVFF R Y
At FOFF—H@e), 7Fo VY 75— 419, B a K THRASTE(420, PAE&HM, 7V
T — REEAGLUT1422 T b DEBEEIMER S, WTFNOBABBELERL TV Z LFEESH
TWh, 2Ok WERIRE-ERICETEESIN TV ABEERE N2 00 LV,
SEEL BEMOETN e CEERYEETA ZEIBHETAZE S TES, AIAE, « B, B
S EN FRICCysBER IC L OToMA L, 2 MHESHEBREICL) T oD MTEBITRENS
PEI AR STFEOMINTHER ICHETDIENTES, ZOERERKENICIT) ZEI2EoTHUEF
BECET 2 ERIEOND LHRFES NS,

F . FEBASFONMRBIERIEELTETVS, SHEADZNLETNOMA~ OEEEE %
PRAET O EVRERL DL LARY, T, SEEAOER, R, 3XRTERILLHEKD
LERETH A,
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#1108 FEFLIITA 20 VRAER., FVIVFA 2V D7 P5HA ) YHRRERNOEHR

g1E TLBIC

FESH ALY VRFEWE IEBHEANRY N 5L b OBNRMTHLY, TIIFATV Y
mﬁ%@§ﬁﬂiof%®ﬁﬁﬁﬂﬁéhf%Tw%oka2K%Ltl5t\?F?ﬁ%?UVWﬁ
DEFLERE. MBEREIEETLT N5 42 U VHERERSMNT 5, EROBEENANORRERY
HHTHD. BEEBRTHEEASNTVAT M IH4 7)) Y REERE (F 7942702 /%47
JuaE) BIOL) RHEEICY LTREGHIERET LI LPFTER 22T,

EEE. UML) Y ERBENE, FNIHA 7Y YR IMICBEE (PAFVTI VT
3 NE) PSEASNEET PS4 20 VRFAEF (Figure 10-1) PHFEN208, 7Y YVFA 7
JUIRF RS54 2 ) VESEEES) T, MEEICHLTOEVRENZRETS LR
TV B (423-432), ZAHL. BICTeKICE DT FSF4 2V Y IESENE SN TWAMRSA (XF ¥
ST FoRE) Rt LT, HFLOEROT b5 4 2 VREAH & LTERE S

iﬁ%ﬁu‘fU&w%%?Uy@%hkﬁ%ﬁﬁwﬁﬁ%‘?§ZB®%}§%4707%&§E

(TetA(B) % B 3 AMGEERKDS L 020 KEBY/NE % AV TEENATIC L DB LI LT

B2 FUYNVTA 2 Y OREEE

I, 28D TNV A T Y @MGNMDRIW@MWO)@ﬁ%ﬁﬁ%ﬁ%?%tb‘TaME
%Ei?ék%ﬁﬁﬁﬂ?éﬁU?»ﬂ%ﬁUV@Mm%wibt(ﬁMewi)oﬁ%T\%%wib
5%470V%ﬁ¢m(%%7%470y\3/%470&)@Mm%m%bko

Table 10-1. Drug resistance levels of E. coli W3104 cells and ones harboring pLGT2
carrying the class B tetracycline resistance determinant from the transposon Tn10.

Minimum inhibitory concentrations of: (zg/ml)

Strain

Tetracycline Minocycline DMG-DMDOT DMG-MINO
w3104 08 . 08 0.8 08
W3104/pLGT2 200 25 0.8 0.8

EORR. TeABRT FTHA2 VY. I/F4 7Y VIR LTECBRES R 52 EATTE L,
DMGM@ORImmMmOK%LTﬁWﬁ%é<%ié:tﬁ?%f‘%h%@@hkﬁ%ﬁ%%%#
LT3,

VﬁAﬁﬁ%ﬁE%@?F§%4ﬁUVW%E?M%%%E?&M&%%%&%&&&#6&0\Mﬁ
«@%ﬁ@%ﬁﬂlb%m@%ﬁﬁ%ﬁ%hﬁ»wgmem(woﬁof\2@@70&»%47uyu
WLTrS ABF FS5HA4 2 ) VREETAREES L EVEERE LT, 7YYV TA 70 VB TeRE
ﬁ%@%&wtbﬁﬁhﬂ@%ﬁﬁ%ﬁéh&Wﬂ%ﬁt‘7U7w%47U>mﬁﬁmﬁﬁt\hﬂ
DEBEHFE INDH, TetABE T U VT A7 VEHEBREREEE LTHRTELRVTREMED 2 ONEZ
BN, 2T, 0 2ODHEEMIZ DV TRICKRE L7z,
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~ DMG-DMDOT DMG-MINO
(9-(N,N-dimethylglycylamino)-6-demethyl- (9-(N,N*-dimethylglycylamino)-minocycline)
6-deoxytetracycline)
HsCw. ,CHs CHg
N7 n~CHa
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OH O OH O 0
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N—CHa

SN

OH O OH O 0 OH O OHOHO o

OH O OH ©O o OH OH O o} o
doxycycline chelocardin

OH OH O e} o
anhydrotetracycline
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OH OH O 0 O OH OH O e} )
anhydrochlortetracycline 4-gpi-anhydrochlortetracycline

Figure 10-1. Chemical structures of glycylcyclines and -tetracycline derivatives.
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H3W TIINFAZ I VICEBT FTHA 2 VRIEHET ORYHY

FP, FVINFA )BT IFHA 7 VIHEBETFORBREFET L0 EIDERR L2, 7
SABMMERF 2075 A FpLGT2 2 RET 5 KIFEW31048% 0Ds30=04 T THEEL, 7 F5 Y
A7), 3% 4271, DMG-DMDOT & 5 W IDMG-MINO % #&#&f0, 0.05, 0.1, 0.2, 05, 1.0z
g/mliNZ CTEIC 2 BEHE 2%, KES BB L, 10xe0ERTE UEESZSDS- KU T 7
YT I FAVEREKIICHY., CRBERRMEICEA AL/ 70y 74 V7 2T\, TaABEZHER
Lf:o Figure 102I27RTEIIZ. FrSHA 2TV, I/ 427 Yik7 7 ABWERFICIEIZZS

—Z LT, TtABR)DEEZFEL TS, TrFHAZVED I FA 7 ) Y OFIMRIBET
%M%ki»%&é%égkﬁfg\%ﬁ%»%wfﬁhfwétaxéo —F. 28D 7 A
7 Vb TetAB) DEAZFEL, ZORBAZI /FA 7 ) VIZERL., #€oT, 7V VT4 2 )Y
HTeRIZE o TREREN, ZOEEL 22 Z L HBAL,

AR BREREBELLTOZ) VYA 7)) OFHE

Iz, pLGT2 2 EET 2 XBEW 3104k & ) REERE /N 2% U, 345 OB AAR ZHEL 2.
Figure 10-3121%, 5 M54 4 2 VU ¥ & 5\ IEZDMG-DMDOT @ FHRIE/NEANDI) AHR DR ENT 5,
FRTHA 2 VFRITFEEE LTTetAB)IC L ) L BHEEN DD, DMGDMDOTIZEL #WES W
LD fo T DMG-DMDOTOBVWHEEMEE 7 F 594 7 ) VIFIMBERFZ NEMWMETE 2
Wb ThrEEZ A

TetABDSZ U YV A 7)) Y RBHETERNILICH LT, 200WHkME. §72b5, TetABS Y
SNHA 2 Y REBRL VTR, TaAB)DZ U YT 4 7)) e Rk LA LT, ERRISIHE
ZHRWIEEEL bND, FIT, RERMIANOT M54 27 VE)BRHMI LT, BHED
FVYNFA 2 B EBERIZTHED ERE LI, Figure 1043 Z0RRTH LA, 10uMOT
NS4 4 21 YIZ3 LTL00 2 MODMG-DMDOT & 2V EDMG-MINOFEFEL Th, T M F7H A7) >
B AAIFigure 10-30RBREBBLTIILALEBEZIT TRV LB, —H. I/ FAT
1) U IETetAB)DEERE L 72 245, ThAS100 x MBS 2 BA ik, BEICT b A2) YA
AATHEL RTVRBDBGHD o DEDREELD, ZUINHA 2 k7 b 744 7)Y HHERIC
IVBBE NN DREVRENERETLEE 22, FVIYVIA 2R3/ F4 7 ) U HRR
BT LIFANVE—R LONY 2 7597 FORYRAFEERT S 2, TGO VBUKEE
P AEEERERBLTVWS S DEEDbNS, HiZ, DMGMINOTHEETH 5,

Ll, SHICHLER D EODEEMPEL S, TetAB @E@%ﬁ%ﬁbir FNSHATYTE 2%7’7
FAVEDFL — METHBEDT. FUYNFAZ ) DT THA 7Y VBRI LD RHE
BRI 2 MAF A EFL— MEEBR LRV THLILbELbNE, T ETHA 7Y I3 2
Win 4 PEELRVE & AT, 360nnfHiE IR BINE b0, 2MrF4+ OBREERL LS
AR B B 1o BB T 5 (5.283), T Tk DK & 2MihFA Y EDF L — MEDORBEERAR
BoND, FRITHFA 2T Y ECEDFL— MEBRICBWT, ZOBERERII23 1 MTH o7 —
% . DMG-DMD OT & 350nmiH3E I BARINE 5., Co2* DM ERIZEFL T, BERANOBRRIX
DBEPER SN (data not shown) o SHICK ) BEEEBIILTuMERH SN, T HIFA 7L
@%K#v~%%%%&?%:tﬁ%%#m&otonm%%@%}iﬁ{7U>EZMﬁ%ﬁya@
Rl MEZEBLUEAT (48400 T, ZORERURTHELLTXS, o T ZUINVTFA7
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Tetracycline

& TetA

Minocycline I TetA
DMG-MINO ¢ Tetn
DMG-DMDOT I TetA

Final concentration: ug/ml

0.05 0.2 1.0

Figure 10-2. Induction of the fet gene expression by glycylcyclines. E. coli W3104

cells harboring pLGT2 carrying the transposon Tn10-encoded tetracycline resistance determinant were
incubated with the indicated concentrations of tetracycline, minocycline, DMG-MINO or DMG-
DMDOT for 2 hr. Five pg of membrane proteins from each sample were subjected to SDS-
polyacrylamide gel electrophoresis, followed by immunoblotting using anti-Ct14 antiserum. '
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Figure 10-3. Uptake of tetracycline and DMG-DMDOT by inverted membrane vesicles
from E. coli W3104 cells harboring pLGT2 carrying the entire tetR and ftetA genes
encoded by the transposon Tn10. Assays wrer performed in the presence of 10 pM [*Hijtetracycline
or [*4CIDMG-DMDOT and 500 pM CoCl,.

+100 uM DMG-DMDOT

+100 uM DMG-MINO

+100 uM minocycline

8
6 6
4 4/./'\.
. RS WA o o
.o°© ° © O .
-------- ke °
- o 2 F 2
00-"6" 0 "7 o TTTo
" 1 i [] 0 1 1 M 1 1 0 i 1 " I 1
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Figure 10-4, Effects of DMG-DMDOT, DMG
uptake by inverted membrane vesicles from E. coli
Assays were performed in the presence of 10 uM [*H]tetracycline,

[.lM COC12,
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Yy 2fErFAEDF L MEERRT AL 2 0b ST, FRIH A 2 VHBMERR e E
B LTRBRTERVWEFERINS,

EoH EE

KETIE, 2HO7 )Y VH A2 Y (DMGDMDOT. DMG-MINO) 2SN -HEEEZATAER -
OWTH S Lz ZORE, Z7UILFA 2 Vid, 2flinFFrE0FL — MEZRRL,
TeRIZL o THHEN, THADRHEFET LI ENTEL RO DD D LT, TetAOBMBRER L LTR
MANBV I ERRWEEN, EoT, T IYVTAZ ) VORBVHRENIZERL LTEBRINZW
CEHERTHLLERENS,

THRETELDFNSHA 2 ) VBEENERENT VS, IO REZDERBMEICLY 2007
VTR T ENTVAE3Y), o REENRERE bORBRYET M 594 2 Y RILEYHTD
N, FERSHA YD, Z7ANVFISHAL )Y IIFATV Y FEVFATV 2, FXFTVFThTS
A2V UDREEND, IV L ORBENERE L ORRBNET M IHA ) CARWETHD, ¥
asNYy, FreFaF NS HA sV, 6FTFIIHA UL, TYRFERZUNVT [ 4
Jy. 4TE-TYE FOF FIHA 2 ) e ERs (#ERIEFigure 10-1) o BEOF V=727 b
SHA2Y) VEMIBHESNT VL, SRRV —ARERLET, MRERLEE LARNER
E¥s, LHL, COLDREEREERASLL SN, BREHASNLIZE> TR RWVEN, 7YYV
#4217 (DMG-DMDOT. DMG-MINO) (ML ERPOE DT V—TILBT BN, T IV A7
DU O RIC YA FNZY VLT R FEE D OMICBV TSN TS 5. ThETIMICEHiEI R
ASnHEA, FRBRBEEDOF TN NY A IMICA T VEEFOORRVT, ATNET b
SHFAL Y IIERL . ZOBEOBHAETCRENERETLOLHRNTHL LEX L. DMG
DMDOTH & UDMG-MINOW. 5 { Figure 10-4%5 dRBENEVEREMRIC XY, BRERTS
ZERTERL oIz, TRIFHATY VRS O LD BHIERTH B L) BRI, Fr 7z R AR
B OB ERRET b 0 & BEE NG, T72, FahT M4 2 ) Y REERRE LT, Wi
FF2HFEL VLD, EEEEISEVEOFETING,
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s

WEOT N THA 2 ED ELBERERoTWAT FIHA7Y VHEHED (Tetd) ZAEE
BcEE L, HFED LH 1 O7 Y5 - Mk VIR EEMCHHL T2 (25, TetAlt, 73/
IRl DA ROy —EFEIC LY . MRERE 12 BEET 5 —REESHEE SN TS (Figure
3) (3438, ZiUFEPFICEENIC AT B TR BRI B O BIE T H B (43-48), FITFAEIC
Rk e RSB EE RO T 3 BIRSI  ILET 5 & WEEH, RBEFEPDPDLTHREEEINLT
2 ) BRI EF — IR T A L AN TR, INbEF - 7 AT RT D ZRMEREED
EEkic B VT, RBOREER o TRAZ EERRL T2, TeAIEOBEHTH V), HEDEE
BAEBEL L0k Y, RETHRE, IR ETH L. Tah KhZDEDRT I/ BRES
EF— I PRREINTVWEDT, REH OIS B TR IR RFARL B B DL
HEEEhs,

ARETIRIT. TRBBEBERCRFESNLT I/ BEFIEF —70m T RLPERETT -
o 0 EEEER L 53 BEEEE R SR UK (Vv —72-3) ICHFET S, Gly XXX
Asp-Arg-X-Gly-Arg- Arg DR & 128 § 2 BFEEAT o 72 (82 8) @19, 2OFEEL T, V—72-3D10
73 JBBRETCEENE LT, ARA Y TS VAT ¥ EW SRS REAE TV, B
073 MEBREFPEALR, ZREEAOEEERS 12D, TR LA OVORE. RERNMLTOT b
544 2 YEEEEOREER TV, HAREEOBEE W L. 2 O/R, ORI 4 ODER
B (Gly62. Asp66. Gly69. Arg70) ERWZL7Z 2035, 20DBERCIYREZZONV-TO
HERR. ERICEETHo . F S AR Asp66 R IE. EWR 1fir T4 DT+ 7 FA 7Y -2
fih FF > & L— MESEPERE RORMORFE IS WCHERRTAHATHS LER SN, ZORE
R T MEDEE R R LTWAMU), T, DEF—7 DR EEERENS I ORESh, V-7
9-313 4tk e LTHRY pF 4=y 7 lEER> TV 4o 203 HArg6 TRED X UArg7IHRERXT I/
EmL A LTHEEREDHENEDD VBB L, BEBICBETIR R 27 Arg70BRE
oz b LB TH 572, 5 9 B TI3Arg7 0% Lys, Ala, Sery Asp. LeuB X U TrplicE
W ER, Ly EREOAFEROB L3 0% DEEIEMEMERL TV ZOT, 70RL O IE B AT A HERE
CBEETHLERER LI, B3 ﬁ’(“Arg70§%§@Cys%§§e’f$% e LTz& Z 5, @Jﬁﬁﬁﬁ&?% Ala B2
B\ IS BRI L D bEVERENEE b D, LysERKICEVREERT 2 E PR LI o7
ZOERERIZDWT, @ﬁ%ﬁﬂﬁﬁ@m%ﬁiﬁﬁ% FLrENERBEE bz LICEE L, Hg2*DT b
S 4 2 VERERANO BB R Lz, FAEE, LysERAEB L UALZREDBEREITH g2 (1o
LM KK BEE NIRRT, Cy B R BRE M ISEE I LR L, RO TR 3 ORI
FES e LAb . ZOEHIC B TLyEREDENE X b B o TV 7, He2 iz KB EHALIR
SHIEHSEOMLEIZ L Y B 62 RB T L, mﬂ%ﬁﬁé‘&%moﬁcmﬁ%\@%ﬁozﬁ L THg2t 55
RS S & 2 b, He2tORRRNLT ORCysRERPDSHETHH I L TS B ThH B, o Te
Cys7o%ﬁ@ﬂiﬁgzﬂ“ﬁc;rs&%%@ﬂﬁﬁ@sagc:;'ﬁﬁfc—}L“c;z Vp TFE (SHet) BBEL, EREN#EEL
CHEELTWAZEFIRENZ, ZORKED D, BE O &M TR S NICysTORBREOH Vg REE
. 7y A BB DC2YAA N T T FRRICES LT A2 Th b L L 72(344),

W —T2-3010BED S HGlye2ikE, Asp66iRET BN TCysERAEEBEE L72O T, SHIBAIEARD
WEERE L7, SHIBMEEL LTNIFLTLA43F (NEM) 2RVEI2, WREESHE SN
5 D 1ESer6 552D Cys%?e%tArg7ozi)%§o>0ys%§¥%w03M% 5 72(279344), Cys65BERMIINEMIZ LD
FIEEA I EEAHEEE NS DI L. NEME D b ISEHE AN E VA F VAT Y TFEANT 3 *— b

(MMTS) CHEEOREIRRE CETL. #160% DIEHATRAF L 72 (49), G5RIMAlay MetZERAFDEH
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BRAE L. PheBRASARE LTV LY FET S &, 65MERAOERERIIMEFRITKRETL
TWBEE X D, —F. CysTOLEBROE EEMIINEMT S MMTST b 13i290% HE S 1, ASEFRIC
RERIE LT o7z. LA, SHENDCHEAPHES N D THL LEZ NG9, DLED
HAERNEREABATOEE, D, V—T231k, Asp66BREDOBEWLEH L O—RHLHEIFRH
RET 2, BERERBOF — e LTI LTV 5 LHEE L72(49279.231-233), '

£ 4 B CIXEICCys7 0B RAE VT, ZOEEEEEOBI 21T 72(47, CysTORREIIFREED
FRSHAL Y VHEREZ BT EATELY, £ 6 EEBEBERDThr171REN SeriCERI NS Z e
<. BERL VOB 5 252 ERTEDL LI LR IEPRALPIR 272, Thr1715RFED R
BHEREADRER, Cys7TOERFPIEL, ML Vi ERELHITELTILOT I/ TRER D RIGHLS
Thrk Db/ KL 2nZ EFUETHE I EFELMICENTZ, —F, Serl7TIRRIL70 KR4 RIER
R LT — RIS ERSEER L, BECKEE,S VA, B L) IZT0E 1T EQVALY: Selabin
BRI X LB SN, LTI NREOE R BAR ICH L T BRORAR CHE LS 2B ER
b BEEEICMIS RELE Db LT WA I ESRRENDL, ZOZ L ETONEREHET S0
F171UBEIIThr E D DA XVAIEE DI LEERT D L, PEEREKIBWTIRI7TINAIEOFTRE
NABEOIY T4 A—Ta YENEHEL. ZOEATOMEEIEEENTVRDELER ORI, &
DR, T0REEOEFERES LD NIZT0NOEBWOREEZAE LTI BEME R 2T, Arg67RRE
BLUAr7 I BEOER1TINERIC X AHESHRCRIZTHE I OWVTEIHRE Lz, s DERKE
BHE LT T B, Ala70/CysT1/Serl 71 ZEEREIWEHM L MR E2RT Z LB o5 I2hotz. Th
bt . COEREDA, H2HZE DT M54 70 Y WEOMELHK 3HELA L7, Cys7TLBMAER
K. Cys71/Serl71l —BERAOHBEIIL L AHa2 N L Y HES NABERICH o722 b b TN
SEETHD I ENFPD o T, AEERKIZBWTIL, 70RDEBFENAD Y 17 LALO EBH AR
BEEARLTVA ERER L.

PLEIR LY. TOROEBEOEERIREN . BREEN LHEIFFTHEZ Ehb, TOMDIE
BEAEY L EEREAET A TREIENEEL LN, £ZT, 70RO EBR IS EOEER LM
FYeR4 b TEEAEL 12 & OBERE 20Dk, V—72-31CHET 5V — T4-5DAspl205%ETH
% (Figure 3) o ZOBREZDROMEIZLD V—T2-3DAsp66BEI RO THEEICEETH B Z LH*
SEENSDOTH ) (R), T RMERBERE I CRFEISNIRETH LY LA T ENILBERSN
. Ala70/Asnl 20 EZ BARDBERE VT Ala 70 MBERAEOBW AT L NHFELLERLTEY, 70
NIEBE L 120A B OMTOREERIVRRI NIz, V- T2 3N EEHEREOANOT =T
Hor b REETS L, 700 L1200 ORMEER O & HRELYT — b OB EEHEIEELTNS
M EL LD (B5E) , | o

s 6 ETIE. EEEES T b B AREREA 2 BREDAERELP LD NI HERERED
TRAT BT o 72(359), LB BRI I Asp 2855 RE DL, Aspl5FEE & Asp8ABREVIFAET 545, Asn28 528
BKORT FIHA 7Y VIHEEELFRA R BT EPL, 2 85D AspiRE FHFICEE TH 5 (51,
Asn285E B, b AME SN BERL VDT P THA 7Y Vit RSz AUEERET. £ 7EER
SR DAI220BEOGIEREE ERE LT > TV, 27T, BBEONEIF T E BTOE
Fz kDB E U S L BRLTR A, E72, 220000 08547 b EEBE DI TIZHRRICAET S
S (Figure 3) . TSRS ERILFEICNET 22 L ASHERI SNz, 220 OMAFRER
12X ) Asn285ERAMET 570 I IBEREOEAGLETH 2 Z LS An o 72(869360, LA L,
020 DEREBEIILys28 SERBEDO ML N VE EASES LT EF, 2200 BB L 285D
EBEFE BSAEMAER LTS Z L AR E NIz (360, EAN %:Eﬁﬁiﬁ%&m:omf&%ﬂ‘ L&
T 5. 200R7EF TR . 22400H B IE22TROGLER b A28 EREFIIEL, BEEICWEL N VE
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FRSY., Z2OHENEDBEIZ220M 0 SHENS 2o TET LTW172(360), Zih 3 DOMLIZE
T EERESROR—AEEICEL, ONESEEEREREREL TWAZ EARBRE Nz, Bk
ORI RS R A AT, EEREOBMICEY . FEFHA 2 Y/HYT VTR - OGS THERE
LT, e MEEE—F v R VIC XA EEREHZIRE L (Figue 65) o ZOEFVORE
. BRER LB VOB BERE (FrUAN) ZEET. ERICERLOEERNE S, Th
LOBAFERLTWAZE, F¥ YA NVOTE GERERN. XU 75 XA0) (3FRNE LV — 785
Lo THERISNAF—NSH), RECEBRTAZE, Thb, AR TEH L LizAsp2855REITE
HOMERETHY . REB L UHTOR®R. &6, BRIHSLTnI EEZbNb, T2, V=7
o0-3ASHIRLEE 7 — P DL RE 2o TB D, Aspb6BRENEBNIEL L OMFMEIERMMLT
BBHLELLNTVAS, EiZ, Arg70BEL V—74-50Asp 120FED R EMEAL T — DR L HE
CERLTWREEZ LN,

L#L&ﬁB\:@i5&%?»%ﬂ%?%tbmu\%E@i@%ﬁ@ﬁ%ﬁﬁ%fﬁéoﬁﬁx
TR YE DRI X N EE R & 7B LA V(361867 BB E BTSSR . 3 RTTERE
TR LIt Wk 552075 BEREE LTEL b5, RFIETIE, TetAD 3 RILILAHERAT 12
H\Ewﬁaéﬁs B, KEEEROBELTo72399, 72, BEHORVEKE 2UETS

3R OEAKEBEOBABHOARBHAOBELHFETTI LT L BTET
iif\RMWkE%ﬁﬁ%ﬁﬁbxﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁibtoiﬁ\ﬁﬂéﬂtk%g
FoFy-ATPase # TRV F — iR LTHW A Z L CT etADHEREN ERER R B 0 T Ty S ¥ 72 (394),
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