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Figure Epithelial transport of protein-digestive
products and peptide-like drugs.
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Fig. 1-1 Chemical structures of various peptide-like drugs.
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Fig. 1-2 Predicted secondary structure of rat PEPT1. e represents the identical amino acid
residues among rat, rabbit and human PEPT1. PKA and PKC are the putative phosphorylation sites. Trees
are the putative glycosylation sites.
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Fig. 1-3 Northern blot analysis of rat PEPT1 mRNA in rat tissues. Five
g of poly (A)" RNA from the indicated tissues was run in each lane and hybridized with the
full length rat PEPT1 cDNA at high stringency.
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Fig. 1-4 Immunoblot analysis of the rat digestive tract and kidney
with anti-PEPT1 serum. Twenty-five g of membrane protein of each sample
was separated by SDS-PAGE and subjected to immunoblotting.
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Fig. 1-5 Uptake of ceftibuten (A) and cephradine (B) by oocytes injected with water or
rat PEPT1 ¢cRNA. Uptake by oocytes was assayed for 1 hr at 25°C in the presence of either ceftibuten (1
mM) or cephradine (3 mM). Each column represents the mean *+ S.E. of three experiments. Four oocytes
were used for each uptake experiment.

UPTAKE (pmol/oocyte/hr) UPTAKE (pmol/oocyte/hr)
0 10 20 30 40 0 10 20 30 40
CONTROL | | A| CconTROL | T — B
GLY-LEU | GLY-LEU
CARNOSINE CARNOSINE *
BESTATIN | BESTATIN
CEPHRADINE | CEFTIBUTEN *
GLYCINE | GLYCINE

Fig. 1-6 Effects of various compounds on the uptake of ceftibuten (A) and cephradine
(B) into oocytes. Uptake of ceftibuten (1 mM) or cephradine (3 mM) by oocytes was assayed for 1 hr at
25°C in the uptake medium (pH 6.0) containing each inhibitor (10 mM). Each column represents the mean
+ S.E. of three experiments (four oocytes per experiment). *P < .05, significant difference from control.
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Fig. 1-7 Concentration dependence of ceftibuten (A) and cephradine (B) uptake by
oocytes. Uptake of ceftibuten or cephradine was measured in the uptake medium (pH 6.0) at various
concentrations (0.2-20 mM) for 1 hr at 25°C by oocytes injected with water (O) or rat PEPT1 cRNA (@).
Inset shows Eadie-Hofstee plot of the uptake after correction for the nonsaturable component. Each point
represents the mean * S.E. of three experiments (four oocytes per experiment).
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AMINO ACID

Fig. 1-8 Comparison of deduced amino acid sequences (upper) and hydrophobicity plots
(bottom) of the rat PEPT1 and PEPT2. Amino acid identities in the sequences are boxed. Putative
membrane-spanning o-helices are underlined.
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Fig. 1-9 Northern blot analysis of rat PEPT2 mRNA in rat tissues. Five
ug of poly (A)" RNA from the indicated tissues was run in each lane and hybridized with the
full length rat PEPT2 cDNA at high stringency.
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Fig. 1-10 Immunoblot analysis of crude plasma membrane from rat tissues
with anti-PEPT1 (A) and anti-PEPT2 serum (B). Crude plasma membranes (25
j1g) from each tissue were separated by SDS-PAGE and subjected to immunoblotting.
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Fig. 1-11 [“C]Gly-Sar uptake by oocytes injected with water, rat PEPT1 or rat PEPT2
c¢RNA. Uptake by oocytes was assayed for 2 hr at 25°C in the presence of 20 uM ["*C]Gly-Sar. Each
column represents the mean + S.E. of four experiments. Four oocytes were used for each uptake experiment.
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Fig. 1-12 Effect of medium pH on ['H]Bestatin uptake by oocytes
injected with water, rat PEPT1 or rat PEPT2 c¢RNA. Uptake by ococytes was
assayed for 2 hr at 25°C in the presence of 30 pM [’H]Bestatin. Each column represents
the mean * S.E. of four experiments. Four oocytes were used for each uptake experiment.
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SGHOREFT LY RTFF T P AR-F OBREERIIC BT 5 SR E. 5LV TEEE
TAHIENRTELEEZOLND,

3. PEPTI1 X (°PEPT2 D& Re 4

INET, DMERITEENLE HCZEATICE ), BRORE 5B-5 27 5 2Pi4WE
DL, BWEFFEEORL 22O XRTF P 7 UV AR-FPEE LTV 5B LR
BENT X2 0 LdhL, AMBICIEPEPTIOARE L TWabZ L4 5, PEPTIH M
TEMDFEL L LR RIHEB-T 7 7 2HLENE OWILERINE BHA L Tw5 2 L5 H#
BEIND, £, PEPTIHIINEANE % v T8 5 N /zceftibuten DKmfE (0.9 mM) 1,
Ty MNBRITRBEAER (017 mM) ¥ 25 v M/ EmRNATEASI RS (0.11 mM)
* 2o EONAKfEIC R TET REWEZR LA, 58 F MK Caco-212 8 13

15



ZKmiE (09 mM) ¥ & —3 L 720 —Fcephradine®Kmfl (12 mM) &, B/MR (9.4
mM) P ®Caco2 (83 mM) ¥ THESINTWAELIZIT—HTAHEERL, £/, K
2= TR B PEPTIZ E R B 2 vz S S EY ol k98RBT 5 ER ORR
pHIKFE ORI, Tk & 0 BUMNERL MR THE SN TWA A L 3G L
Tz, DLEOEERL Y, PNERIFEEE A LB ORLZ 5L EREOHB-7 7 5 A
FAEME Ot B2, PEPTIOAIC Lo THH LES Z L2VRR I NIz, T 72,
Wenzel 57 13, BHORLAELBEP-F 7 5 2PiEWE (7 =4 VB cefiximedl: 7 IZ
TE A 4 > B cefadroxil) W REMRIEIC D W T, v FPEPT15 3 91 &1 4 Fa it OV i
Caco-2fifa % FIV TN 24T » T b o ZORER. IMERIT RN TBRE S 2B
DR DP-T 7 5 2HEWEOBEEEIL, N SEYOWELFWFEISENT 2 b
DTHHIERTBL TV,
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#1E= PEPTI1K O'PEPT2DRERE I B3 5 ML BEAT

BIEIIBWTZU0—=Y 7L 727 v FPEPTI R UPEPT2iZ, #50%D 7 I / Bk E
OV —%FLEBLRABBIMAERT L, EHICTVRTF FRRTF FEBEY ZH A
R ICEET A ENBH O E R o7z LA L, Wb T2 AKR—%F OEERERIFEF IZ
DWTRAHDEHE . EWRRBEECEEGIH OGS FiE 2 &, W3 OBtz
HEB@BHSTAULENSHDLEEZONT, ZTTRETIR, BITRTFFF T VAR—%
DEFE LRI AOMHLZHW & LT, B FEAICEDE T v FPEPT1 R U'PEPT2
RERBREEMBAEBELZ, SOITHBELLIN IR 7278 PeHVWT W J
v AR— & OEEREE IZB-T 7 & LU E OREREAFEICE L THBRE L 2.

185 PEPT1 N UPEPT2%CE S BUMI L D FE 5%
5 v MPEPT1 cDNA% B/ i IR 7 ¥ —pBK-CMVIZH 77 a—= 7L, V) VB

FV Ty WIS & ) EEER ERMIBLLC-PK IS N T Y AT 27 v a3 v L7z, G418
IR LRIE L L CER LMl ERE I LT, YIPEPTIHURICE B2V A5 7

Kokl Apical
LLC-PK,

Basal

ratPEPT1 cDNA/pBK-CMV
Calcium Phosphate Transfection
Apical
LLC-rPEPT1
Basal

Fig. 2-1 Construction of LLC-PK, cells stably transfected with rat PEPT1 cDNA.
Mammalian expression vector, pPBK-CMV, inserted with rat PEPT1 cDNA was transfected into LLC-PK; cells
by the CaPO,-coprecipitation method. G418-resistant cells were picked up, and PEPT1-expressing cells were
selected by immunoblotting.
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Oy 54y T kiTolzb 24, 2EOMBLITBVTPEPTLS ¥ /X7 OFEBIFED bz,
FIT. BOARBEDOE P o720 — %, LLCHPEPTIMIfE & 45 L7z (Fig. 2-1) o
WHBE LT, RZFV—DA%E N5V AT 27 ¥ar L7-LLC-pBKARE b [ IZ/ERL L 72,
 RITIRLNIYAT L E YRR TEEERE o7, Fig 22008 F £ 1
ceftibuten, cephradinedl: 1" iZBestatin DpH6.0 12 817 5 HLY A4 % LLC-pBK#MliE & 9 &
LLC-rPEPTIHINEIC BWTHEE I A L2, $72 2N EYOH GRLIARE L 728D &
HARAE 1T, LLCrPEPT1MIMLIC BV TBIE S 72w’ LLC-pBKME TIXEE I e h o
720 —Ji RTIFFEIFVAR-FORER LRI ROV EFRESIN TV HESHP
-5 7 ¥ hHEY EcefotiamDEL Y JAMA 13, LLC-rPEPTIMiIfiZ & LLC-pBKMIfE D TEIZ R
5T, FlpHEKFHLRBO LN h o7z,

RIZ . ceftibuten & cephradineliX ) JAMIZ K IFT A 7 4 7 ApHDZEIZ DWW TH 7,
FDkEE. LLC-rPEPTIHIL Tid. ceftibutenDHL 1) ;AR DSERMEPH THER L 72 DI L T,
cephradineld pH5. 5111 T K% EHE I S /: (Fig. 2-3) o —F . LLC-pBKAllfig T
(. TSR & b B ppHIKFHIIEE I N 0 T2,

& & |Zceftibuten ¥ cephradine D B 1) AAIZ 12T, FHALEWORFHERHRIZOVT
et %M A 720 Fig. 2418 T & 9 ICHEY O Y AARIL, BFIED Y RTF FR MYNX
TF R, WFIHERIHB-T 7 & 2 PiAEYE . Bestatinz Yeaptopril O X 7 F FHHELE Y
DHEAETTHEENRZ, LPL, TI/JBTH balycine® 7 F4 YL EY
tetracthylammonium (TEA)%° cimetidine i$, FAEX R 2R b olze TN H DRI,
LLCrPEPTIMIfBIZ BT T v FPEPTIAHEREMIZEI L TWAH I L Z2RRTHLDTH
5bo

LLC-rPEPT1#0f2 & FA%1Z. T v PPEPT2 cDNA A NS ¥ —ZLLC-PKIZ + T ~
A7z av . 7 v FPEPTRRERBIMROM ST A7z, #40MLDGA18IfE 7 T —
DWW CGly-Sar DA TEEZ /2L TAH, HBHED 7 0 — IOV THWEIY) AA i
MRBE I, ZhH6D 70—V IZBI1F5 T v FPEPT2 mRNADOREH % / —% > 70y
FAVIRMCE o TR LEZESA, WFROZ 0=V IZB VT b T v |} PEPT2
mMRNAD FEBAZED b iz, £ T, Gly-SarDEEEREL RO E,r o7 0— U %
LLC-rPEPT2HIfL & 5% L LUTF DM IZH W72,
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Fig. 2-2 Uptake of P-lactam antibiotics and [*H]Bestatin by LLC-pBK (A) and
LLC-rPEPT1 cells (B). The cell monolayers were incubated for 1 hr at 37°C in the incubation medium
at pH 6.0 (shaded columns) or pH 7.4 (open columns) containing each drug (1 mM). Each column
represents the mean * S.E. of three monolayers. CETB, ceftibuten; CED, cephradine; CTM, cefotiam.
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Fig. 2-3 The pH dependence of ceftibuten (A) and cephradine (B) uptake by

LLC-rPEPT1 and LLC-pBK cells. LLC-rPEPTI (@) or LLC-pBK cells (O) were incubated for 1 hr
at 37°C with 1 mM ceftibuten or cephradine at various pH values. Each point represents the mean * S.E.
of three monolayers. When the error bar is not shown, it is smaller than the symbol.
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Fig. 2-4 Effects of various compounds on ceftibuten (A) and cephradine (B) uptake by
LLC-rPEPT1 cells. LLC-rPEPT1 cells were incubated for 15 min at 37°C with 1 mM ceftibuten (pH
6.0) or cephradine (pH 6.0) in the absence or presence of each inhibitor (10 mM), except for cimetidine and
ceftibuten (5 mM). Each column represents the mean * S.E. of three monolayers. GLY, glycine;
GLY-LEU, glycylleucine; GLY-SAR, glycylsarcosine; GLY-GLY-PHE, glycylglycylphenylalanine; TEA,
tetracthylammonium. *P < .05, significant difference from control.
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087 PEPT1X O'PEPT2 D FE FAIM: IF NI R W el ik s 4

E1ETHESE L 72, LLCoPEPT1 % U'LLCrPEPT2#I B3 % F \» T, Gly-Sar® Bk 454 12
ONWTC BN 24T 0720 6T MITF A7 % MZE BGly-SarBl ) ;AAD ¥ A
LT —=RAZDWT N7z, Fig. 2-510R7 & 9 ICLLC-pBKAINE T 1XGly-SarD BL 1) 3A A
PAIZ L A EBEI N Do 72018 L, LLCPEPT1f N IZLLC-rPEPT2#l 2 T I3 [H]
KA Gly-SarD HL Y sAAE S EE R L 72,

14001

1200 Fig. 2-5 Time course of [“C]Gly-Sar
uptake by LLC-rPEPT1 (@), LLC-rPEPT2
(4), and LLC-pBK cells ([1). Each cell was
incubated for specified periods at 37°C with incubation
medium of pH 6.0 containing ['*C]Gly-Sar (20 pM).
Each point represents the mean * S.E. of three
monolayers. When the error bar is not shown, it is

smaller than the symbol.
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RISV AT 278 v M2 X AGly-SarBUD AR O pHIEAE M &2 AR 8 2 A,
LLC-rPEPT1 Ti3pH5.5M ¥ 12, F 72, LLC-rPEPT2CldpH6.5t I I i A o4 TG S 22
&N (Fig. 2-6) o H€o T b 5V AR —% 13, Gly-Sarfiink (S L THWICR L5 E
WpHZ AT 5 Z &AL 72,

M bT Y AR=FIFT HGly-SarD#E/NFT A —F 2 ROL72H, MbIT AT 27
& v M X BGly-Sar Bl A A DB ERFEMEIZ O WTHRET L7z, #El & DOIEFEZRGly-Sar
AT CRE B FBROLIAAE L, SEOHY ARBEDPHELFI 2Tk o T,
RTF T VAR—=F EN LIGFRR LY AKE % K, Eadie-Hofstee AT IZ X -
TEENRT X — 72 EWH L7, ZORHE. Gly-Sarfl ) 5AA DR OKmE 1.1 mM

(PEPT1) K Uf0.1 mM (PEPT2) &&E &7z (Fig. 2-7) o Hif-> TPEPT2I3. Gly-Saril
3 LC. PEPTIOMIOERVEIGZET 5 Z &b o7,
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Fig. 2-6 The pH dependence of [“C]Gly-Sar uptake by LLC-rPEPT1 (A) and
LLC-rPEPT2 cells (B). Each cell was incubated for 15 min at 37°C with incubation medium of
various pHs containing 20 pM ["C]Gly-Sar. Each point represents the mean + S.E. of three monolayers.
When the error bar is not shown, it is smaller than the symbol.
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Fig. 2-7 Concentration dependence of [“C]Gly-Sar uptake by LLC-rPEPT1 (A) and
LLC-rPEPT2 cells (B). [14C]G1y-Sar uptake by LLC-rPEPT1 and LLC-rPEPT2 cells was measured at
various concentrations (20-5,000 uM for LLC-rPEPT1 and 5-1,000 uM for LLC-rPEPT2 cells) for 15 min
at 37°C in the absence (@) or presence (O) of 10 mM unlabeled Gly-Sar. Each point represents the mean *
S.E. of three monolayers. When the error bar is not shown, it is smaller than the symbol. Inset:
Eadie-Hofstee plots of the uptake after correction for the nonsaturable component; V, uptake rate (nmol/mg
protein/15 min); S, Gly-Sar concentration (mM).
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RIZ, PEPT1&PEPT2OEEHAMEICEH L TR E N2 5720, Wb Y A7 =
75 v b EAL72Gly-SarlU) ;AR KIZT ., BMORL DL I RTF FORERFIC
DWTHNRZ, TDHR, VXRTF FOFEIREIZHDL 53, PEPT2IZBWT L )W
FHEM RSB SN (Fig. 2-8) o STNODHEMBEZELIC, HLIURTFFD
Gly-SarBL Y AAIZAIT T 2 KifEZ BEHR L7282 A, BEFLAZLTOYRTF FICHLT
PEPT20 R BAMETH o 72 (Table 2-1) o EoT. TH O DFEFRIIPEPTIAMEFIAITER,
¥ 72PEPT2S S BTN T F R SV AR—F THALEZ L EZRBTHLLDTH B,

& 5 |ZPEPT1 & PEPT2 DY RERAF IS OV TIEAEE T 5720, Gly-Sarfl ) A& 12
REFTHEAB-T 7 7 LAY EIFEORBIZOWTRE L7z, Fig. 291213 RN &Y
DOHEM#B Z R T LLCrPEPTIMINIC BT 2 HEXFE DM 13, cyclacillin > ceftibuten >
cefadroxil D I T& - 72, —7F . LLC-rPEPT2 12 B} % Gly-Sar B 1) 3A & 13 cefadroxil >
cyclacillin > ceftibuten DJEIZFHE & L7z, T O OFHEMM 2212, 4 Y DGly-Sar il
NIRRT BKfEZEH L7z (Table 2-2) o« FDFER, TI/B-F27 5 2hiEWE L
BestatiniIPEPT2ICE WHAME A F T A I LB L7z —F. 7= 4 VEIB-F 7 ¥ 2 hL
K& Td 5 ceftibuten cefiximeF 13, ¥ L APEPTLIX L TEWEAIMEZ /R L7ize T 72,
&B-T 7 & LYUEWE OMESEDR S b T v AR— 7 BTHERIRD SR E W
Z &h 5, PEPTIEPEPT2IE H\WZR R LB-F 7 7 APEWE DR BER 2 AT A &
VAN S (AN

120 ZWITTERION I ANION I CATION
100} 0,
80}

60

401
OPEPTH1
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Fig. 2-8 Inhibition of [“C]Gly-Sar uptake by various dipeptides in LLC-rPEPT1 and
LLC-rPEPT2 cells. LLC-tPEPT! (@) and LLC-tPEPT2 cells () were incubated for 15 min at 37°C
with incubation medium containing [14C]G1y—Sar (20 uM) in the absence ([]) or presence of increasing
concentration of dipeptides. Each point represents the mean of two monolayers.
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Table 2-1. Inhibition constants (Ki) of various dipeptides for Gly-Sar uptake
by LLC-rPEPT1 and LLC-rPEPT?2 cells

Dipentid Ki (uM)
Charges Ipeptides PEPT1 _ PEPT2
_ Gly-Gly 880 50
Zwitterion — y-Asn 270 22
Gly-Phe 170 8
Phe-Gly 220 7
Gly-Leu 110 6
Gly-Tyr 210 14
Anion  Gly-Asp 300 60
Asp-Gly 830 46
Asp-Asp _ 930 150
Cation Gly-His 1400 39
Gly-Lys 2200 210
Lys-Gly 910 21
Lys-Lys 8000 96
Carnosine (3-Ala-His) 8000 66

Each value is mean of two monolayers. LLC-rPEPT1 and LLC-rPEPT? cells were incubated for 15 min at
37°C with incubation medium containing [“C]Gly-Sar (20 puM) in the presence of each dipeptide. The
apparent inhibition constant (Ki) values were caluculated from the inhibition plots based on the transformed
Michaelis-Menten equation using nonlinear least square regression analysis.
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Fig. 2-9 Inhibition of [“C]Gly-Sar uptake by B-lactam antibiotics in LLC-rPEPT1 (A)
and LLC-rPEPT2 cells (B). Each transfectant was incubated for 15 min at 37°C with incubation medium
containing [14C]G1y-Sar (20 uM) in the absence (O) or presence of increasing concentration of cyclacillin (),
cefadroxil (@) and ceftibuten (A). Each point represents the mean of two monolayers.
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Table 2-2. Inhibition constants (Ki) of 3-lactam antibiotics and Bestatin
for Gly-Sar uptake by LL.C-rPEPT1 and LLC-rPEPT2 cells

PENICILLIN CEPHALOSPORIN BESTATIN
R;—CONH CH (CH,),
R,—CONH _ CH, "—]’ NH, OH &,
N CH, d—N\:LR @—CH,—«'EH—&H—CONH—&H—COOH
o COOH COOH
DRUGS R+ Ry Ki (uM)
PEPT1 PEPT2
AMPICILLIN @ﬁm — 47800 669
7 NHyp
AMOXICILLIN o )-cn  — 13000 179
NH,
CYCLACILLIN  { )y,  — 168 27
CEPHALEXIN { )ov  cH 4500 49
NH,
CEFADROXIL Ho-( )-on  oHg 2170 3
NH,
CEPHRADINE { j-cv  cny 8540 a7
NH,
HoN
CEFDINIR @ﬁ cH=CH; 11900 20100
HoN OH
Y
CEFTIBUTEN @@ H 507 1340
s e,
CEFIXIME g CH=cH, 6920 11900
CHp
_________ ¢ ooh
BESTATIN — — 505 20

Each value is mean of two monolayers. LLC-rPEPT1 and LLC-rPEPT2 cells were incubated for 15 min at
37°C with incubation medium containing [“C]Gly-Sar (20 uM) in the presence of each competitor. The
apparent inhibition constant (Ki) values were caluculated from the inhibition plots based on the transformed
Michaelis-Menten equation using nonlinear least square regression analysis.
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Yixin

IR 2

RECII IS L7725 v FPEPTI R UPEPTE (EFEARHMBZ AW, WA
DOBEREEME IZ DO W THBREAE L2, 2N F TPEPTI X UPEPT2D #EIZ TR RIZOW T
@\Wﬂ%@%ﬁ%“”m\H&%@%ﬁthﬁﬁwﬁﬁ%Wm\ﬁﬁm@ﬁ““”
HWRERE L L OPEN L IR TVWDL, AFEICBWTHEELZT v FPEPTI K

UPEPTRLE5HMNL 3. AW DOBEEICRTT N NI v AR—F OBEREE % 1R
5ZEH5, PEPTIRUPEPT2O IR E L THEBEICEHTH AL LEZ LN,

1. PEPT1/K USPEPT2D VR T F NiZxtd A FMMME

W b5 AR =20 5 Gly-SarBU ) AADKm il FICHE 4 2 R 7 F FDGly-Sar L
DIAMNIHT S B KM Z B U724 B PEPTIAMEKHAMMER b 5 © AR — ¥ | PEPT2 5
BHMR L9 v AK— 5 THBHI LB L7, & FPEPTIRUPEPT2®Y | 7274 ¥
PEPT1 % UPEPT2® *° % I\ 7285112 BV T S PEPTI MR EMMH + 5 0 A F— ¥,
PEPT2EBAIMEI N5V AR—F THH I LV WMEENT WS, PEPTIO ELFEHE
NABETHALILEERD L, ¥ I EGREY TH LM77 F FORPUZIE,
KBHAMEDOPEPTIO HFAPEPT2 & ) bRIEHTH AL L ER b5, 72, TERILEH D
INGFRTF FORER., A4 D/NGFRTF FIOHT 5 EHEREIRD LTV W
bOD, M~uMOHFTH 5 2 L ARBEN TV 2%, PEPT2idH 4 2% - Mg IC
B L., ERIIED2 5 D/NGFRTF FORY AKRCEELT0E I EFHEEEINS
ZEhb., PEPTR2OMREA M E ESHMBE N F VAR- S THH I LITAEBNICLEEN
BERLTWAEEEZ LIS,

2. PEPT1 R UPEPT2DEFIZBIT A EFEE
IHNFTEREIIBWTIL, SO RL228O T v AKR— % (BRBEMHER K O

EHAER NS Y AR=F) D, IRTF FRB-T 7 ¥ L PUEYE ORI T %12 3
HELTWa EREITE 7252 | PEPTI ) UFPEPT2ASE FRANAS I Rz 40 B o) Rl -1 st
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WKWRELTWAZ & (FIESH) LA5ROERTZEZHDbEL L, BIZBITHHED
BEDEDORTTFFNT v AR=525, FNENPEPTLIE NICPEPT2IZ3f T 45 D &
E 2 oNTz, teo T, BEEE C/RBEINTWIZRTF R IV AR—-FDEKEE, &
FLAXUVTHLPT LI ERRAEEZD, T2, W TV AR— 5 OBFRSAICHE
L Cid, PEPTIAEAIRMIE OS1EL . F 72PEPT2ASS3ER I BAE L T B 2 & SRy
ENTW3" , PEPT1 M UPEPT2OHERE & BN DBIFRIZ D W TIE, Na'/ 7 va— X
FT U AE—HF (SGLT) LHEMLTWEL0D® | BHMEORL 22805 A K—
DHELSIZOVWTEETERLZENEZON,, ThbLHLIVI—-ZADBHERIUIB
WTIE, REREEAER, RMERGHMICHELET 2ERED 7V a— 2, KEAE T
EEEDKEWVSGLT2IZ & o TREASVHHRIN S, R TEENIZDOT P IE- 727
N — R % EBENEDSGLTIAHRINT 2 L Z2 5N TWAE® . —H/IPFRTF FD
Zid. BRI OMEREERIC L 5 T, Gly-SarO FRINE FIEM RS ORKE T
FEZ B ZEHHE SN TWEY  PEPT2ANENMRAIE DOREKIMTHBSITREL T 5
= L% | i UNCin situ hybridization D f#HT 12 & o T, PEPT2ASPEPT1C A~ THE THEH
CELHEBILTWAZ LT o EBAMA L5 ¥ AKR—F THLHPEPT2AS, T/
FARTF FOFHERPZFELTWEbDEEZHNL,

3. PEPT1JRUPEPT2IC & AB-T 7 ¥ LAY E O R4

WSy AR-FDBR-T 7 % L PiEWE ORRFRMEICE L Tid, PEPT14%cyclacillin (7
IRV V) &, F7ZPEPT2%%efadroxil (7 X /277 0AKRY) V) ZdbEmnH
METHERT LA E R o7z, FAKOKRDE FPEPTIR UPEPT2 & I\ 7 f#
WTHREEINTWAE?Y , B-F 27 7 APUEWEOW b T ¥ X R — & 12 2 BN % L
L7z 2 A, 61DV ORZEIZ0-TI /VEEZAHETHTI/B-77 5 AHEWEITH
LT, PEP2A B WHBAMEE R L7z, $/2BMIC7 I /224 ¥ S Bestatind T 7
PEPT2IZ4F L CEWVEAIMEEZFE L Tz, — ., MO RFZICa-KUB-T I/ E2 b7k
Vaceftibuten R cefixime l 24T L CTid, & LAPEPTIO A EWHAMEZ R L7 XTFF |
SUAR—TDEBRUFEETHY), T I/ EEFETHELOIXRTF N, HTITB-7
I0FERETHYNRTF Feamnosined T 72, PEPTIIN L TEHBAMETH 722 &b,
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PEPT2 -G8 CREBIND 7-0121E, HEDa-HHWIEB-T I/ EPEELEEN
ﬁm@%f@%;k#$xéht(hm}@o

Table 2-3.  Comparison of substrate affinity between PEPT1 and PEPT2

Substrates Compounds Substrate affinity

dipeptides (except for carnosine)
amino P-lactams

NH,
with the o- or C CONH -R,
g-amino group PEPT2 > PEPT1
carnosine, Bestatin
NH,
C C -CONH -R,
B o
without the o- and B- ceftibuten PEPT1 > PEPT2
amino group cefixime

I TERITEENEE BCIBITIC L ), BAB-7 7 5 WP AEWED6E 721374
MEEDREEMEAS, RTF P T VAR F T L BB REICELZTHLLEEZLN
T &7, ampicillin & amoxicillin % Ncephalexin & cefadroxil D Hi& & BT 5 &, BE D
FH6F 720370 7 = = VERBIBH KBRS S L TV B O KBESE W EZER b Nb,
L L, SROEYRCKAEZ BT 2L, W b7 Y AR =5 IZBWTREEFR &
% % 55 amoxicillin & cefadroxil D 5 A5 % L2 4, ampicillin & cephalexin & ¥ & &V EANE
%ﬁbtoﬁof 7 = ZVERBIGOKERED, W b T ¥ AR =510 S B R

CEELEEZH T Z LRI N,

4. B-9 7 ¥ LAPUEYE OPEPTUIN Y 5 FAME: & BB W IPGHREE

B-T 7 ¥ AYUEYE OPEPTUINTS 2 BRI OIEF X, T v b NBin sinBfE T 5
WX nBEsNh, B-T97 7 LUEYE TOWIGERRE L CRB LTe T 720 B-T 7 7 A
H VB DRI TR % L GEE O B B 2 R ABR s Tw b 2 en s |

/NBPEPTC AT A4 B-T 7 & LAHUEWE OBMEORED ., &EY ORPLHERE Z H
ELTWA Rt Rg S N7z,
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I % PEPT1R UPEPT2D&IE - BXAEAHBIAEAT

# 11212 B\ CPEPT1 X UPEPT2id, H. R %L 2 EBMHM 2, EYRBEML A
THIEPHOSRE ol LBL, W b7 VAR5 DOREHSEMND 5\ ITHEE
MESZHRETLT7 I/ BEBORER &, WEO0 T BT 5 BN FEHITAH
DENE N, FITERETIE, M FT AR O - HEHEEICESEZ YT, )T
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Fig. 3-1 Effect of DEPC treatment on [“C]Gly-Sar uptake by LLC-rPEPT1 (A) and
LLC-rPEPT2 cells (B). The cells were preincubated at 25°C for 10 min with 1 mM DEPC (pH 6.0) in
the absence or the presence of Gly-Sar (10 mM). After preincubation, the cells were rinced once with
incubation medium and then incubated with ["*C]Gly-Sar (20 uM, pH 6.0) for 15 min at 37°C. Each column
represents the mean + S.E. of three monolayers.

29
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Fig. 3-2 Effect of DEPC treatment on [“C]Gly-Sar uptake either at pH 6.0 or 7.4 by
LLC-rPEPT1 (A) and LLC-rPEPT2 cells (B). The cells were preincubated at 25°C for 10 min with
1 mM DEPC (pH 6.0). After preincubation, the cells were rinced once with incubation medium and then
incubated with [*C]Gly-Sar (20 uM) at pH 6.0 or pH 7.4 for 15 min at 37°C. Each column represents the
mean * S.E. of three monolayers.
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Fig. 3-3 Effect of cephradine and ceftibuten concentration on the DEPC-induced inhibition
of [“C]Gly-Sar uptake by LLC-rPEPT1 (A) and LLC-rPEPT2 cells (B). The cells were
preincubated at 25°C for 10 min with 1 mM DEPC (pH 6.0) in the absence (O) or the presence of an increasing
concentration of cephradine (A) and ceftibuten (@). After preincubation, the cells were rinced once with
incubation medium and then incubated with [14C]G1y-Sar (20 uM, pH 6.0) for 15 min at 37°C. Each point
represents the mean of two monolayers except for the control.
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Fig. 3-4 Effect of various dipeptides with different charge, cephradine, and ceftibuten on
the DEPC-induced inhibition of ["C]Gly-Sar uptake (A) and on [“C]Gly-Sar uptake (B) by
LLC-rPEPT1 cells. A, LLC-tPEPT1 cells were preincubated at 25°C for 10 min with 1 mM DEPC (pH
6.0) in the absence or the presence of various subsirates. After preincubation, the cells were rinced once with
incubation medium and then incubated with [MC]Gly-Sar (20 uM, pH 6.0) for 15 min at 37°C. B,
LLC-rPEPTI cells were incubated with ['*C]Gly-Sar (20 uM, pH 6.0) for 15 min at 37°C in the absence or the
presence of each inhibitor (10 mM). Each column represents the mean * S.E. of three monolayers.
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Fig. 3-5 Effect of various compounds on DEPC-induced inhibition of [“C]Gly-Sar
uptake by LLC-rPEPT1 (A) and LLC-rPEPT2 cells (B). The cells were preincubated at 25°C for
10 min with 1 mM DEPC (pH 6.0) in the absence or the presence of each compound (10 mM). After
preincubation, the cells were rinced once with incubation medium and then incubated with [14C]G1y-Sar 20
uM, pH 6.0) for 15 min at 37°C. Each column represents the mean £ S.E. of three monolayers.
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Fig. 3-6 Conserved histidine residues in rat, rabbit and human PEPT1 and PEPT2.
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Fig. 3-7 [“C]Gly-Sar (A) and ceftibuten (B) uptake by oocytes expressing wild-type and
histidine mutant rat PEPT1. Uptake by oocytes was assayed for 1 or 2 hr at 25°C in the presence of either
[“CIGly-Sar (20 uM) or ceftibuten (1 mM) at pH 6.0. Each column represents the mean + S.E. of 3-5
experiments. Three ([14C]G1y—Sar) or four (ceftibuten) oocytes were used for each uptake experiment. HS57Q,
histidine 57— glutamine; H121Q, histidine 121—glutamine; H57Q/H121Q, histidine 57 and 121—glutamine.
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Fig. 3-8 Expression of wild-type and histidine mutant PEPT1 transporter proteins in
oocytes. Oocytes were injected with 50 nl of water or cRNA (20 ng) of wild-type or mutant rat PEPT1.
Two days after injection, oocytes were fixed, frozen, sectioned, and stained. The antiserum (1:100 dilution) for
rat PEPT1 was used as the primary antibody. FITC-labeled goat anti-rabbit IgG (5 pg/ml) was used for
detection of bound antibodies. Abbreviation for each mutant is the same as described in Fig. 3-7.
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Fig. 3-9 Schematic representation of PEPT1 (black), PEPT2 (gray), and constructed

chimeras. All the proteins are represented as possesing twelve putative membrane-spanning domains with

their COOH and NH, termini within the cytoplasm. The chimera with transmembrane domains 1-6 of PEPT1
and 7-12 of PEPT2 was designated as PEPT-N1C2, and the reciprocal chimera was named as PEPT-N2C1.

1 2 3 4

Fig. 3-10 Expression of PEPT-N1C2 and PEPT-N2C1 mRNA in transfectants. Total RNA
isolated from LLC-N1C2 and LLC-N2C1 cells was reverse transcribed. The synthesized PEPT-N1C2 cDNA
(lanes 1 and 2) and PEPT-N2C1 cDNA (lanes 3and 4) were amplified with sets of primers as follows: lane 1
and 3, sence and antisence primers were used for PEPT1- and PEPT2-specific sequences, respectively; lane 2
and 4, sence and antisence primers were used for PEPT2- and PEPT1-specific sequences, respectively. The
junction sites of chimeric cDNAs were included between the sence and antisence primers. PCR products were
anlalyzed on agarose gels stained with ethidium bromide.
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PEPT-N1C2 & PEPT1Z a- 7 I / 2 % ¥F 7= 7% \» ceftibuten X cefixime {2 X L T, T 72
PEPT-N2C1 & PEPT2iZ, 73/ 77 HARY Y RT7I /XY VI LTEWHH
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Fig. 3-11 pH-dependence of ['“C]Gly-Sar uptake by LLC-rPEPT1, -rPEPT2, -N1C2, and
-N2C1 cells. Figures for PEPT1 and PEPT2 were taken from Fig. 2-6. LLC-N1C2 and LLC-N2C1 cells
were incubated for 15 and 60 min at 37°C with incubation medium at various pHs containing 20 uM
[“C]Gly-Sar. Each point represents the mean + S.E. of three monolayers.

36



k= =
£ %10 -
2 \ we
L ' (o
X5 10 19 <=
<o >10 F o
) g) o= 57
= 0 204060 o
3 o V/S £
£ © e
& /
:_O 1 1 1 I 1 O/O " 1 1 " "
0 02 04 06 08 1 0 02 04 06 08 1
CONCENTRATION (mM) CONCENTRATION (mM)

Fig. 3-12 Concentration dependence of [“C]Gly-Sar uptake by LLC-N1C2 (A) and LLC-N2C1
cells (B). [14C]G1y-Sar uptake by LLC-N1C2 and LLC-N2CI cells was measured at various concentrations for 15
and 60 min, respectively, at 37°C in the absence (@) or presence (O) of 10 mM unlabeled Gly-Sar. Each point
represents the mean £+ S.E. of three monolayers. Inset: Eadie-Hofstee plots of the uptake after correction for the
nonsaturable component; V, uptake rate (nmol/mg protein/15 min or hr); S, Gly-Sar concentration (mM).

Table 3-1. Inhibition constants (Ki) of B-lactam antibiotics for
PEPT1, PEPT2, PEPT-N1C2 and PEPT-N2C1

Ki (uM)

DRUGS ‘PEPT1_PEPT2 NiC2_ N2Ci
AMPICILLIN 47,800 669 749 740
CYCLACILLIN 168 27 78 33
CEPHALEXIN 4,500 49 174 82
CEFADROXIL 2,170 3 65 3
CEPHRADINE 8,540 47 158 58
CEFTIBUTEN 597 1,340 292 1,100
CEFIXIME 6,920 11,900 3,770 4,630

Ki values for PEPT1 and PEPT2 were taken from Table 2-1. Each value for PEPT-N1C2 and PEPT-N2C1
is mean of two monolayers. LLC-N1C2 and LLC-N2C1 cells were incubated for 15 and 60 min, respectively,
at 37°C with incubation medium containing [“C]Gly-Sar (20 uM) in the presence of each competitor. The
apparent inhibition constant (Ki) values were caluculated from the inhibition plots based on the transformed
Michaelis-Menten equation using nonlinear least square regression analysis.
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Fig. 3-13 Proposed model of the structural domains responsible for H*-binding and
substrate recognition of rat PEPT1 and PEPT2. The analysis with chimeric peptide
transporters showed that N-terminal halves (@) were important for H'-binding and substrate recognition.
"H" represents the essential histidine residues located at the transmembrane domains 2 and 4.
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PIC X o T, BB NG FRTTF FOFRINEZEATVWEI L Z/RNRTAHIDTH S,
AR, BARIIHB-7 7 % AHEWEDOM b T ¥ AR — 7106 $ 5 MMz B L 72
Y24, PEPT2IZa-T I/ B2 G572 /B-F 7 % L HUEYEIC, PEPTliceftibuten
RocefiximeZE, o-7 I/ HEEELLVB-T 7 5 APAEWE I LT, BB TET 5
Zehbh o, D EDOFER LY, PEPTI & PEPT2id A\ IR % 5 Wkt ERCEY
HEEEE A LTWDE I LA L 72,

%1% PEPTIJL O'PEPT2OREE - HE e BT

INFE CRITHENLZ I WRBERICEI), RTFFIIFVAR=FF 37
FAE T Ahistidine TR 2 DS, WiEARAEICLETH S P ME SN TE /2, £ 2T, PEPTI
I ONIZPEPT21Z K23, histidine /54 %] diethylpyrocarbonate (DEPC) D35 B DWW T
77e FORER, DEPCILEIIZ L 5T, W M T Y AKR—=F %4 L72Gly-Sarll Y :AAITEHE
IZBHE 8N 72o F 7-DEPCHLER IZ RUT TR 4 e 2B 0 Bl 8812 X - T, DEPCRE 1
histidine#% 213, HE Do-7 IV EOBBIMALE L THS LTV LI LI L, £
= TIN5 Dhistidine B D FIE & KM 5 720, PEPTIOE2R VEAEH O E & #H
WA e S B3 M histidine S 2 (His’ B ONIZHisY) OER N T VAR —F Z{ER L .
BRI 21T > 120 FORR, BRIV AXE—7 OMBERBICEFIIZEOON L Do
72b DD, Gly-SarfiEME 2 ITITEEICHE L. IR ORI, His” EICHis'
D5, BEDa-7 3 EOFEEIAI N ICERE I TH AH ORI L LTREL T
WEEMETETLLDTHS, & HIIPEPTL, PEPI2ITHF AT M I VAR — ¥ 2
LI i b = A, BEBEBL-6OR I RE RBEBROHLT L 2 LT
L7o & OFERIZ, B8 Ohistidine ZEOMWIEEMEEE L BB LTWwW, 72,
PEPT2OEHAM L BE T 57 I/ BHEELS, PEPT2OCKHMIZ O FLLEL TV AT EE
MR, FATRTFF NIV AR—F 2B L ) RE I N,

42



Db, FBEII2ED T v bPRTFF T ¥ AK— % PEPT13E (NIZPEPT2 DcDNA 7 1 —
SYZIERYIL. W T YRR OEYFEE WA B oWy Y X F L
RVTHLPIZTHIEDNT E, TNODWWRBEIX. RT7F FEUSEY OIKNE) fE
HHEBROSFHEIORE 53, RTFFNTVAR— ¥ 2B LT 5EENDTF &
AR BHIBI% 2 CERRIS AN LT, AHARNBHRERE LSS DEEZ 5,
Fr2. R EORINREHEEMER R EICBITL, RIFFINSVAK—F DER R
DCRBEFNRETEEST 27200, BEEZHRIC R VR LEZ 5,
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#

b DIZHEA . APFFRICE L GRIGEIRE 2 21488, M2 I LR
B B - HBICHLIVREERZIBEEEZRLI, £, B4 0ERLZHEYE L
HIFEZ WK E B A W & A ERF ZE M ISERSHLIT
S 51T, BADHEBRMBE & B RHRR AR AR R PR IR R, I UNICE R
D—HICHB B M EHEE L EH KT % L S0 E#LEL
HALE L EiFE5,
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w18 EEROL

[1-1] B
[’H]Bestatin &% "JEAE ik Bestatinid H AfL3E | ceftibutenid I EF 554 cephradineld =4 &
D5 &N b D E Wz, [MClglycylsarcosine (Gly-Sar) 13 E—LFEFZD D D, FFiE
ikglycylsarcosineld Sigmaftt D & @, glycylleucine & UF carnosine(d X 7 F FFFERT D b D |
2-amino-2-hydroxymethyl-1,3-propanediol ( TRIS) . 2-(N-morpholino)ethanesulfonic acid
(MES) 357747 A7EDb D, ZOMOREIEII I andrsk & H\ 720

[1-2] PEPT1X U'PEPT2cDNAY H—=> 7
(a) RNADHiH: & K5
SDRHEMET v b DEBEHEL Y . FAT T VR T =V VB L o TERNAZ I L
7287 poly (A)'RNAIZoligo (dT)-cellulose (Collaborative Research Inc.ft) 77 4 =7 4 — 7
FAZAR NI T T 4 =R THBERR LY

(b) RT-PCRi%E
FeibV IC ko T ENEISG 70— 7 ENERTFFINTVAR-S

(PEPT1) ®7 I 7 BB % % 2% 12 L T, degenerate primer ( sense strand,
5'-CCGTCGACTT(T/C)TT(T/C)AT(T/C)GTNGTNAA-3'; anti sense strand, 5'-CCGCGGCCG-
CAC(A/G)CA(A/G/T)GG-(T/C)TT(A/G)ATNCC-3) % bF#EH L7zo PCROGRI L L TfE
F U7z first-strand cDNA &, T v PBEE X 0 B3 L 7-mRNA % H#xEE%  (Boehringer
Mannheimtt) &£ 42°C. 60 885 Z L2k o TYER L 72 PCR#: 13 degenerate
primer (5 uM) % v, &¥ (94C. 14) . 7=—U 7 (50C. 15) . HERIE

(72C. 3%9) #1470 E L30T A 7 ViR L7,

(c) HEERTIPE
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185 NL7-PCREE ¥ % HIFREEENor T U'Sal TTHIRT L. T30 Not IR U Sal TTYIHT L 727
5 2 3 N7 % —pSPORT1 (GIBCO#) #7270 —=> 7 L7, ffiADNADIEE L
BT FF £ VN, RZ T =T IAT—=HIVIEERT VIR I VAT FET T
f<v—LLT. BHTIDNAKY) AT —¥DY—27 L A* v I (Sequenase Ver. 2.0
DNA Sequencing Kit, United States Biochemicaltl) % Hjv» T =72,

(d) DNAF A TT)—DERER T ) ==V T

5y FEDNAT A 751 —it. DNAEIEF v FAg22A (GIBCOFE) 12X o TR &
NEbORERL Y . [12] (o) THERY 2oz LYY FPEPTIE MRS LR L
72PCRIEM # 70 —7& LT, v MNFDNATAT T —eNAT VT ¥ a s
Bk oTAZY—=>Z L, Jv FPEPT cDNA% Hilf L 72, £ RDNADRIEEIII
pSPORT1 (NotI, Sall) 277 a—=v7 Ltk [1-2] (o) WCHELTHRE L

[1-3] PEPT1 OFPEPT2D LR B DR TE

(a) /=¥ v 7ay bo#r

v M &HEHEEMRNA Sug) ZHRNVATVFE FEFTHE—Z7 NV (1%) BX
KL o THMB., FAT YAV T STy T4 ¥ 7 &fTwv, PPEFKPEPT
DNAENA TYF A XEET2e NATNFAEX =T 3 Vida2TTI68E/H. 50% 3V A
73 F. 5X SSPE (20 X SSPE; 3M NaCl, 0.2M NaH,PO4, 0.02M EDTA, pH 7.4) . 5X
Denhart's solution. 0.2% SDS. 10 mgmlZEtE 7 H§ DNA%L & G RP Tiro 72,
L oTAYT S VOISR 7 75y FERDBRWH, X7 1 VLI
EENY FEEE L7,

(b) TTAZ Ty MEHT

5 v F PEPTOCK AR 7T F (157 2 /#) % Keyhole Limpet Hemocyanin (2245
B, B Ty FICRE LPUEEER L2 7 v M. KB BB LR
B 72 B % SDS-PAGE (10%) (2 & V5 8Ef%. PVDFA ¥ 77 ¥ (Amershamft) 12
YR ENTFT VAT — L7 FPIUVAT 7, PVDEA T 5D 7 0y X2 T
T O 47\ . T v FPEPTHILR &£25°C TR AUE & ¢, HRPAEFR2 RPUA Z v 72
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RFER Lo T 7Pkt L,

[1-4] 77 1 A7 T)OVEREEANG % F v 72PEPT 1 K USPEPT2 O i 5 B RESRAT
(a) PREEHHNL O HL
T7UAYATIN ERAYER) ZOKRPIHE L., SHIC L 5 RRES K 21T

B8 U720 BHYE % MBSHE & (modified Barth's solution; 88 mM NaCl., 1 mMKCI, 2.4 mM
NaHCO,, 0.82 mM MgSO,. 0.33 mM Ca(NO,), 0.41 mM CaCl,. 10 mg/l penicillin, 10 mg/l
streptomycin, pH 7.5) #Z{i/z L7282 MICR L . E4 OIS ER T 5 X 9 128
BV, 04%3 57 F —+ (typeIA, Sigmafl) &AMBS CIERZETRIGE 72,
S DI THIRR UG S 72, IREHE 2 MBS THUBI#EE: L 18T TIMUKE L 72,

(b) B-T 7 ¥ LHLEWE. [*CIGly-Sarf U H]Bestatin D B 1) 3A A F2 Bk

Not TVZ & V) 3 R 2 YIWT L7277 v PPEPT cDNA% 5% L C, 5'Cap (Cap analog.
STRATAGENE#t) f£#EF. TIRNAKRY 25 —¥ (Promegatl:) % H\WTRNAZ G HIL 720
3-1CHRE LM, SEMERE T~ A 704 0 P2 7 — IO 72 7T A ¢t

(Seui#%, 25-35um) #HWT, K (50nl) F2IEAHRNA (20ng) ZHEAL, 18CT
2HERERE L 720 WY AAERIZIS mBRBOYA 7 0F 2 — 72, 1Y T hHiz03-4
DI FEHIE % FH v T4T o 725 Uptake Buffer (100 mM NaCl, 2 mM KCl, 1 mM MgCl,, 1
mM MgCl,. 10 mM MES (pH 6.0) or TRIS (pH 7.4)) Tii# L7-&HEE %, Mg E: —
ERER A ¥ F 22— | L, K& Uptake Buffer CHIEAIIE # 3MBEHT 5 2 L IZ L o TRIE
#EIL L, B-T 7 7 APiEWEOE R, M (ceftibuten: 0.05% R LT + 7 7 F v
TUEZTLAGH SOmMMEER T =7 L/ A F J —)=50:50, cephradine: 0.6% HIE &
BR) CURAIREE REY A — MEL #0458 (13,000 rpm. 10 min) XX DB SNz E
{& % Millipore filter (SJIGVL, 0.22 um) TH## L., B#@Aks 2~ s/ 77 1 — (HPLC)
2k o THF 2 726 [“ClIGly-Sar 2 U H]Bestatin® e 13, 10% SDS THI AL % flisfbiz,
BEHEEE WA v F L=V a v hy sy —TlE L7,

(¢) B-7 7 % LHUEWHE DR
B-F 7 & AHLAME OERIZHPLCIZ & 4T - 720 HPLCIZIZLC-10A (REHUERT) |
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B2 IR B BESPD-6A (BEBMERT) « Baodsilid 7 u < b/¥y 7 CRIA
(Bt BUERT) %72, B EME L TZobax ODS 7 4 (15 cmx 4.6 mm) % V>,
71T AEEEAST. Ji#0.7-1.0 mUmin & L 7z, #HiE R idceftibuten, cephradinedt {2262 nm
T o770 BEIMIL, ceftibuten: 0.05% 21LF b 7F V7 ¥ =7 L&A 50 mM KR
FUEZY LAY ) —)V=80:20, cephradine: 30 mM V) Y EEEEIR (pH7.0) /X ¥ /) —

V=70:30% L 720

EINE EEBEROH

[2-1] 33
amoxicillin, cefdinir, cefixime!IREINFE G, cefotiam, cyclacillinid E.FHF an, cephalexin i
1EBFFR B cefadroxilid Bristol-Myers Squibb & 0 fli5-& 172 b D% V> 72, ampicillin {3
Sigma#t® % M. N-2-hydroxyethylpiperadine-N'-2-ethanesulfonic acid (HEPES) &7 7% 7 1
FAZHD LD, FOMORFE IRk Z H\ 72,

[2-2] $ v FPEPT1 U'PEPT2ZE F B DL

7 ¥ BHKLLC-PK M (ATCC CRL-1392) (%, 10%FBS (Whittaker Bioproductft) &
ADMEM (Life Technologiestt) T. 5% c02-95% air, 37CTREL Y o BRI
~R 7 % —pBK-CMV (STRATAGENEft) #7270 —=> 7 1L725 v PPEPT1 /21
PEPT2cDNA (10pg) %. LLC-PK#IaIZ ) VAN D AREIC Lo TP IV AT =
7av i $ bbb, 40~60% confluent!Z¥E5E L 724z 12, CaPO,-DNAZL kY % HH
RO ISR T L, 1SR AR A I L7z, &5 (C48ME AR B DR I A
- AF L. 1 mgmlDG418 (GIBCOHE) AEF CTHRIZBMEEE L 72. G418 MR A
FBxEZ L2k, YIRS YTy T4 v, = Tay T4 v 7 RUGly-SarD i
EIEME 24548 » L CPEPTI R UFPEPT2% 3~ W — > (LLC-rPEPT1. LLC-rPEPT2#HHY)
RHEBE L7, FodBELT, XY ¥ —DARE NTFT VAT 27 P ay L7LLC-pBKMIE
b RIRFICIERL L 726

[2-3] REFRIMALIZ X A PEPT1 K UPEPT2? i A BE RE RAT
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(a) B-T 7 ¥ LPUEWE K U ‘CIGly-Sar DB ) 3A A FE Bk

LLC-rPEPT1. LLCPEPT2 ¥ 7213 LLC-pBKAlIH % 60 mm (35 mm) H531MI250 x 10°
cells/dish (20 x 10° cells/dish) THEFE L. 6~7H RMIEEE L 72MIFL % B JA A EBRICH 72,
BLY JA AR FEERIZ F V> 72 Incubation Medium D #L % LL T 1278 § o Incubation Medium: 145 mM
NaCl, 3 mMKCI, 1 mMCaCl,, 0.5 mM MgCl,. 5 mM D-glucose. 5 mM MES (pH 6.0) or
HEPES (pH 7.4)0 B0 AR ERRIIREEW L B EH. Sml (2ml) DIncubation Medium (pH
7.4) THIFZ¥E¥ L. 2ml (1 ml) @DIncubation Medium (pH 7.4) T37C. 10551 ~
Far— b L7z, FOHIE%E tincubation Medium (pH 6.0) (ZE# L, 37CT—%
BEA v F 2=+, Sml 2ml) ®JK&Incubation Medium (pH 7.4) C2[E¥kET %
Tk oTRILEEIL LT B-T7 7 % AHIAEWE OB AL, HIEE (ceftibuten: 0.05%
BALF PSS TFNT VR T LAEGH SO mMERERT Y E =T L [ A J —)L=50:50,
cephradine, ') Y FERREH (pH7.0) / A ¥/ —=50:50) & AMRLICAINL ., EiR C1RERH
BB L7, Wi 2% 008 (10,000 rpm, 15 min) L _Ei& % Millipore filter (SIGVL.
0.22 um) THEBH., HPLCOY ¥ TV & L7z, (REYIEIN NaOH T bk, & %7
EEAICHV 2. [MCIGly-SarD E &I, IN NaOH THIE % W #E b, BUsHETE % Wik >
vFUV—varvhy vy —THEL,

(b) B-7 7 % LIEMEOEE
EEROE., B 1E[1-4] (c) LIF
VC‘ZEIJ% Lf\:o

U4etE 47 o720 {H L cefotiamid cephradine & [a] — 4% {4

() oI ¥R

5 Ny BRI EDERIE, Bradford”’ DJFEICHEV, yglobulink AY ¥ F—F& LT
WE L 720
FNE FEEROL

[3-1] &3
diethylpyrocarbonate (DEPC) (¥F 751 54 7 A 74D b D, £ DD FE 13 v Bl ik
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% Hvw7z,

[3-2] PEPT1 X U'PEPT2IZ BT 5 histidine 3 D REREII T 311 IS 2 FAT

LLC-rPEPT1 }% U'LLC-rPEPT2#lf % . DEPCAUUE % (1 mM DEPC, 137 mMNaCl,
3mMKCI, 8 mM Na,HPO,, 1.5 mM KH,PO,, 1 mM CaCl,. 0.5 mMMgCl, pH6.0) T,
25C., 105 FEMEE L, $EG#[ *CIGly-SarDHL ) sAAF R %, H I # [2-3] IZHEL TiT»
720

[3-3] v PPEPTLIZ BT % 4 /Hhistidine %2 D [7]
(a) I v MPEPTI histidine mutant cDNA D VERL,

5 v FPEPT1®57 U 12121% H Ohistidine’% % (H) % glutaminef%#E (Q CEH L 72
histidine mutant cDNA (ZPCR-mutagensis D% % IV THER L 720 569, pSPORT1D Sal 1
FUNot D7 0 —= v 7 A4 MIEAENTWS T v FPEPTIZ AL LT, &% (94
Ty 140) « 7==1Uv 7 (55C, 24)  MERIE (72C. 2.57) 304 7 VD5
T, FIPCRRILEAT o 720 DNTICH W 7228 Dprimer % 7R ¥ 6

1) T7 promoter primrer & mNOT primer ( 5-GGATCCTCTAGAGCGTCCGC-3') (Not1
DHFIBEBEZ Y A b &5 & & % primer)
2) SP6 promoter primrer & mutagenic primer (H57Q: 5'-GCCATCTACCAAACGTTTGT-3'
F 7213H121Q: 5-CTTCCTTTGCAGGTAGCACT-3) (K% [ EDER)
IRU2THES N2 2EOPCREW A RE - T=—1 ¥ 7 L, HFE22PCROFHE L L7z, F
2PCRIZ %5 1PCR & % D IS 5 TAT v, primer (3 T7 promoter primrer & SP6 promoter
primrer & FiV3 720 HSTQEHI2IQD2 DDA FE % EA L 72cDNAIL, HI21QZ#HAI & L T L
R0 & [FAARD S TR L 720

(b) PRRHEZEBIR % v 725 » FPEPTI histidine mutant ) #i2% BE HE AT
(a) THERL L7z v FPEPTI histidine mutant cDNAD ¥ FEFLH % # 724, [ 'ClGly-Sar

F 7713 ceftibuten DIL ) SAAFEER % | 55 T B|[1-4CHE L THr o 726

(c) BN RN D SRy deth
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wild-type PEPT1 % 72 {3 PEPT1 histidine mutant’ 358 tMfE % 3% /85 AV A 7T VT E F
BICHEE 4C. 1B %, 30%A 2 O—AFEWTRELRL @C, 18KH) o WE
MR (8um) DERL. BFE, REOBEZITV. FERENZ ISR 572010%
¥ FIMFEFTI05 B E L7, T v FPEPTIHUR (1:100) T4TC. 12BFH A ¥ F 2N —
F 77 PR, FITCEZRZRPUAE & D &8, #EEME T HW IBEREZ 1T 27

[3-4] ¥ A TFRTFFMT VAR Y OREEIC L 5 EYRREBOBER
(a) 5 v FPEPTI/PEPT2F X J k5 v AR — ¥ cDNADIERK
FAFRTFFFF Y AKR—FDNAIZ, 7 v FPEPT1Z 7213 PEPT2 cDNA/pSPORT]
(Sall, Not 1) ®JBVTHER L72o S v bk PEPT1cDNAIZ, Nde IDHIREEFZEY 1 b % &
AT DD, NdelH A FEARER TI4~—% HWTPCRZ {72720 LUFIZHW22
H.DprimerZ 7R Y o
1) T7promoter primrer & primer 1 (5-AAGCAT ATGCACTTGGCCACTTTGCCCATG-3')
(K5 Nde IOHIRREER T 1 b, FHRES : AR LER)
2) M13 primrer & primer 2 (5'-GTGCATATGCTTTGCCATCAAAAACAGGTT-3')
(KT . Nde IOHIFREEZ T A b, FTHES | AR LK)
) TERLNST T 7 A b %Sal L UNde TTYIRT#E, 7 v }PEPT2 cDNADSal 1K U'Nde
¥4 M3 A L. PEPT-NIC2cDNA k%4 L72o FRkIC2) TH LN T T 7 A Ml
Nde R UNot ITHLEE L . 5 v FPEPT2 cDNADKIET %44 MZifA L7z (PEPT-N2CI

cDNA) .

(b) FATRTFF T ¥ AR— 7 LEFIMBLOREL & BEREMAT
F AT NRTTF K+ TV AKR— Y DNADEKERY % MR E, EROI., £ 1E[2-2]L
FRED LM T F A T b9 ¥ A E— & OREFRIMMEE /R L 72o PEPT-NIC2%K5E% B
MM % LLC-N1C24l}1. PEPT-N2C1%2 52 % BN % LLC-N2CIMIIE & fnda L ARAEMEAT I3

EEEOE., I ER3NIHEL TYT - 720
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