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Fr XX

ARSI RN E AN BRI & 2R CHDA NI X T THY, 7V k) NEE % By
LT DU UIRE CEENG R D, MilaEEY & ANIEBREEIL. FEER 21 A BR VO CTBUKMED
HRIKICE > THO LN TEY , MW ZRRTDREEEE LTl U IRE RIS
NT=DITHIEIZ & > TEEMRERIR Th 72202 5, RIS, fHx OFE S Hlakiz X -
THEBREE D DB RICREE SN TWIEGE, MIOICNO SN E Z R L2k R T
TR —RMEZIT LD ETHAEMFEISIELELTLED Z LIRS, LLERG,
AR E QL IEE 2 L 2 XA L 2D bAMNBEREE D B REBR LI AtL, EFEDZ YT
HIEEREZ A L TEBY ., 0D X9 EM Y AT AORHE & RN TW D,

HRRENEE 2/ U 7= SMERERBE D & OB OEL Y IATA Ik 240 5 Z L R0 EThDH N T v
AR = —Z T DB L & . T A SR OERIENTEMERE S T 5 2 &
WTE D, BRI TEMEERRIIE, RS B bRFE., IRIKFRFEOEM & K272 MRS
FPMEFRT 2 v M LTe i o TR 2 @i 5 £ Biini & . MifuE o B Re 28k % 1
WO X NI BRI E ORISR IATDEBIE AN S D, LrLRRL,
AU D OFRIES ALV IE TILAEAM T AT L OKERFHITERIELT X BRE OIS 2 %)
RESHRASNID AT Z L IINEETH D, £O—F T, BRI EREG IR TIE DT @O
ERERME A R TRSEETHY . R E MOV T Tholm & LT HMaiEs Eim L
TR T AR—=F =N Z @RS 5 Z LI X > TR IS~ BIET 5 Z & N AlHE
L5,

ZOX oI, MR AEMSEICLERLEYE HFER AN~ & B A, REZeqb
AW BRI PRET D720, fix D R T AR —F — 2l E~FEBLSE TS, b
T VAR — B —IC L D FEE R IE 2 ORIfa T T MR COREMEORZICH
RELHFEELGLTEBY, ERNZERT 2WEOBRBREHET 2EHEREFLR>TWD,
FDTH, NTFUAR—Z—ZERE LTCEIELD 2N E TICHEZ L Eligh Ty, #it
9 ># D Selective serotonin reuptake inhibitors (SSRI) <CBE R IR 15 #HK > Sodium glucose
cotransporter 2 (SGLT2) PHFEIEILZ DKM 2B TH 5 [1-3], S HITIEFI, Hus AAIORE
B TELTh F 7 AR—F—REAHINTEY, Z£OfE LT human monocarboxylate
transporter 1, 4 ("MCT1, 4/SLC16AL, 3) 232%1F b5,

hMCT 7 7 S U —ZIX W4 FRDOT A YV 7 4 —ABNE L TR WP b HEE 12 [l ms
DIFER R ETHD [4, TDOHTH hMCT14 O —FET LA E L E VIR E V- 7oK
T FVIR U E pHARTFINCEE T D 2 E R DA, =R LR O A 2RO
g, RO W TR R ZH > TWD [6-8], £z, BDAMBIZHEIT S
hMCTL, 4 X3 AHMIIEAN O pH HlFIC, =RV XF—REED TH D LI r L F—JHE L
TORESHT D L-ABRODB AMEE TORZIZEG L, BADHET « I ICH S L TW
% [9-11], & 5HIZ, hMCTL, 4 ORBNFEX ONADFHEARRNF LD Z L HHLNE R



S>TW5 [12-21], L7235 T, hMCT1, 4 OLEANL, FINAFE L TOMEELZ AT 5 7]
REPED B 5, MCTL, 4 241 L 7o L-FLEEHRI P E IS 5D < s AR O AN 581, MCTL, 4 @
HPRZLAOBAE 2 D ONCEIE T/ v 7 X 7 AL - TEITENTE 72, MCTL, 4 A 92D 22 1
(R4S 7=, a-cyano-4-hydroxycinnamate (CHC) <° 4,4'-diisothiocyanato-2,2'-stilbenedisulfo-
nate (DIDS) DK LA IE MCTL, 4 BREAIE L CTOMREZ A L T\ 5 [22-24], KFIZ,
CHC T invivo (28T 5 mEDIRWAER & L TEEORE 7 V— 712 L > THEH S5
BBV, MCTs BRFEIZHES S HAERMAAAIL RV 155 Z L3RS TV [11, 25], L
UG, T b0 1R MCTL, 4 JLEANLE OFERIFERMEDME L | in vivo FE5R TS
N7 — 2 DMCTL, 4 % [HE L 7ofE R 2 Sk L TV D 2MC W TR ORI & - 7z,
WL, TARZERXIITH LT 7 2O THEERRF R )D88 7172 MCTL1/2 BHE A
AR-C155858 (K; < 30 nm) ZAJHL L 7= [26]. AR-C155858 I3 H-Ras i {15 AR HE 2 I ik
(CCL39) Tk L3 LWMEFEPHLEMEA 2 /) L721E0 [27]. N—F v b U o Eark 72 5 O
(ZHLA AHIIARIC BT, M L-FLER O SR v IakEsE, MR KO v &
FAEREIR LT [28], U<, & 2 U MCTL, 2 BREHITH 5 AZD3965 (K; < 20 nm
[29]) T DWTh, /NIRRT 2S ARERERE [30]. /N—F » b U L IERERLRR [29, 31] 4 K OVl
EVEIGAAY B Hif Y oo IEAIERR [29, 31, 32] (Zxd 2 BAFEMEIMER NS ST B,
AZD3965 ([Z2W Tk, BEIEE, N—F% > N U oxflds K ONEEME KA B M ) o
JEDBE A %5 & 558 1 FHREBR L /T TH 5 (ClinicalTrials.gov Identifier: NCT01791595),

AR OE Y hMCTL, 2 BERAZRBAFEAIN K 4 L AR SN T & 72— T, hMCT4 BRIy 72
FREANTAS BICE D £ TRIE SN TV 5T, hMCT4 BRAOBLERI OA)H 2 K2 LT
WHEROOE DL LT, hMCT4 OFEEICKT 2 BRI E BT b b [23,24], &6
(12, hMCT4 BIRAY 722 IE R 7Z A E i Tnvien, £0—77ThMCTL 1 hMCT4 & thiz L
TEBIFIE ST v — R B IREZ R L, $FlZ, L-5-oxoproline (L-OPro) 7% hMCT1 &
RIIZHIE SN D Z L Z2EH L OITHRICE N THLNE LTWD [33], EHIZZO
hMCT1, 4 O ELEBUFIME « BIVEOIBNZRIE T DAL OFRIEZAT 9 728, hMCTL, 4 O
EHEREICBIT 2 MAE AT > CT& 7=, R, B 3N/ —7 (TM6/7loop) 7% hMCT1, 4 Ol
FEZFRE T & L THRET 2 Z L 2 L LT\ 5 [34], £ D—J5T, TM6/7loop 133
ERPUEICIIR G Le o 7o 72, MOERALAY hMCTL, 4 OB EIE A RE ST T D
DEZEZ BN T W, & 2 TARBFIETIL hMCTL, 4 O EIEDFENEIRET 501 A D
S ALEMHT LB E LT,



F1E hMCTL 4 OEREERECEDD Y H Y FEEDRE
1.1 =

hMCTs XA E s fa{A ~ 7 2 U —16A (solute carrier family 16A; SLC16A) |ZJ@ 3 Bl & >
NIBETHY, EEREEZETI-Ex DOF 7 VR CEEEEICE D> T 5 [35], hMCTs @
9B, hMCT1 3 L O hMCT4 | ESHEMR I mBEH L, =3 F—BEDTH D -
ELE U OEEZNIET D [11, 36-38], ITFEDOHIEIC LV | TEGEAOMUINRERIC 31T
HEEFDIENIEFME LD IR ERHA L E oo TE 72 [39], KEAREREEICIEIST 5
7o, NEEHE Tl A O 7 EORBENFEIND, T-e 21X, REEFER T 1
(hypoxia-inducible factor 1) |3ffx Ol REFR DR B ZFHET 52 LT, Zva—ZAHko
7B F L CoA NI = R ~RAT 20 &Ml 25 —F, ©A v Biko - OE
AT 5, & HIC, fEFER OTUEIT S AMIEIZI W T hMCT4 ORBLZFHE T 25 [40, 41].
hMCT4 |35 AABIIN O pH HIENZ B < 122y, =3 X —R@ED TH L L Llczx L ¥ —
JRE L ToOEELAET D L-ABON MK CORZICEE L, BNAOETE L OERIC
HELTWS [9,10], L7=28-> T, hMCT4 DRLERNIIHINAA L L COMIEEZHT 5 &%
X BHiD,

ZHETOHIZET, CHC < DIDS ¥ MCT1, 4 OIEERAZLEA & L THVYWHR
T &7z [22-24], Hilf Nancolas 512 X » THE S - PUENERRE 3K T 5 lonidamine (% CHC
X° DIDS &t L TR )172 MCTs FHEZIR A A LT D (Kos=40 uM) DD EDZYFIT
CHC ®°DIDS L[RILLK 7 A YV 7+ —LIEERINTH -7z [42], LTEB-T, b Dfbd
PR ZARIRIZ 31T 2 hMCTL, 4 OFEREZ X B3 2 72 OFKPR 2R — /L & LT L T
W, E72, P TR 7 AR-C155858 X° AZD3965 L\ 7 AbADIE N, TT U Y U iEE
07 < U BB MCTL BIFHEA & L CAIREN TS DD [43,44], 5
HIZE S £ ThMCT4 @RI AFEANLFE STV R o Tz,

Z ZTARETIE, hMCTL, 4 &2 DOIESHGAR & OREEEMEHBE ZH 622 L, @72
hMCT4 34RO FERT A L EAI T & 5 bindarit (2-[(1-benzyl-1H-indazol-3-yl)methoxy]-2-methyl-
propionic acid) % [A7E L7z,



1.2 EBMEB X OFHE
1.2.1 EBEW

WEET =7 U J5> A F7 )L (Xenopus laevis; {45 10 cm LA k) 1E4s 7 F— (FLIR. AbifiE,
HAR) WAL, 77V 8 A HT/LIIKIE 18 °C KN TEE L, R A 7 v
12 WEfE] (41T 8:00 ST, ZF1% 8:00 YHAT) IR E L7z, Hic—F, EEHE (K7 F—. AL
W, db¥hE,. BA) 252 AHERESEL, T TOFERIT, mERTOED D [EE
BRICE T 2R B X OBRIEZET L T2 7,

122 #3E

Sodium L-[**C]lactate (% PerkinElmer (Waltham, MA, USA) 7>&f# A L 7=, Propionic acid,
L-alanine, benzoic acid, tetrahydrofuran-2,4-dione (tetronic acid) (L& 17 1 /L AFEHMIEE (RP.
HA) 725N L7z, Sodium D-lactate, sodium L-lactate, sodium pyruvate, sodium oxamate,
bezafibrate | Sigma-Aldrich (St. Louis, MO, USA) 75 HEA L7z, L-Proline (X Peptide Institute
(KB, BAR) oA LT, 5-Ethyl-1H-1,2,3,4-tetrazole |Z Chem-Impex International (Wood
Dale, IL, USA) /5N L7-, Nateglinide 1ZF 4T 47 27 (#h. HA) nHEEA LT,
Mitiglinide calcium (% LKT Laboratories (St. Paul, MN, USA) 72> & i A L 7=,
1-Benzyl-1H-indazole-3-carboxylic acid /% Fluorochem (Hadfield, Derbyshire, UK) 2> HEA L 7=,
Bindarit % Cayman Chemical Company (Ann Arbor, MI, USA) /"6l L7, 4 U = DNA |X
Eurofins Genomics (BRI, HAR) IZEME AR LT, EOMOYEERLEWITH T AL
T (AL BHAR) DA LT, £ OfMOGEITRHIW & 220 R Y Kk b U <134 .
STEMFEROLOE W,

123 FJAIF

hMCT1 3875 2 3 F (pGH19-hMCT1) (oW T, £, #F 7+ —24 (B, w4
JII, BA) 226l A L7z hMCTL ¢cDNA DOfiAiAENT=7 7 A I K (pBluescriptR-hMCT1,
Clone ID: 4811581) L ¥ hMCTL1 |[ZFHY 953 L% 1.5 kb OWr /i % BamHI, Xbal 1 k23
mEn=r<4~— (Table 1-1) #HWTPCRIEICLVIEE L7, 2D L ZXDNAKRY X7
—¥ & L T PfuUltra High-fidelity DNA Polymerase (Agilent Technologies, Santa Clara, CA, USA)
Z M, PCR OFMEIfRO 7 v ha iz Lz - TiTo 72, 5547 PCR FEY) % BamHl,
Xbal TRFLL, 7 H v —AF NVEKIKE THEEL7=D 5, hMCT1cDNA B OE £15 3
Y REGODH L, 10 H L7257 0026 cDNA B % FastGene Gel/PCR Extraction Kit (H A<
VxR T 47 A, HA, BA) ZHWTHIHE, B L7=5 L. Yale K5 Peter S. Aronson f#



Xt EniT 7 YR ﬁi/bﬂﬁ%ﬁﬂ@%ﬁﬁNﬁ % — (pGH19 X7 % —) ([T AIA
T2 FFIAATEERFIMN . EITHRE STV 5D hMCT1 O RIS (GenBank accession
number: BC026317) k—ﬁzﬁ“é emH =l AT T A4 ~— (Table 1-1) T —F
AT R VIR LT, s, v —F U AT, ALEE S AT A A =R (FLIR, b
ME, BA) ICHIE L=, £7-. hMCT4 RH 7T A2 FIZHoW Tk \Z[FIBED FIETHE
WML bOEFMA L [24],

Table 1-1. Sequences of used primers.

Primer Sequence (5'-3) Purpose
Forward: hMCT1-BamHI AAATAGATGTGGATCCATGCCACCAGCAGTTG Gene cloning
Reverse: hMCT1-Xbal GAAGTCGGGGTCTAGATCAGACTGGACTTTC Gene cloning
MCT1-S1 ATTCCATGCCACCACCAG DNA sequencing
MCT1-S2 CAACCAAGGCAGGGAAAG DNA sequencing
MCT1-S3 GGTGGCTCAGCTCCGTATT DNA sequencing
MCT1-S4 GTTGAAGGCAAGCCCAAG DNA sequencing

124 KBEOERLSZ A I Ml

hMCTs 377 2 X RO/ERUZAE] L 72 KM DH5a BRI, LB 55#4 v 37 °C Tk
B Uiz, 2, BIRUEE LTT BV Y UK 100 ug/mL T H L7z, KIBENS O
77 A X FHHIZ 1 High Pure Plasmid Isolation Kit (Roche Diagnostics, Mannheim, Germany)
ZHW, fHEO7 0 Faiz Lizii- Tiro 7=,

1.25 cRNA OFE%

hMCTs J6HL 77 2 X F& Xhol ICK W52 & TV =774 XL, =&/ —/LZ XY
R L7-bD%ET 71— RhE LT cRNA Z/ER L7, cRNA OFEEE AmpliCap-Max T7
High Yield Message Maker Kit (CELLSCRIPT, Madison, WI, USA) %\, o~ o k=
W L7285 THT o To AERL LU 72 cRNA LT A Y 728 ) — Ui & 0 SR L 7214 HO lCIs i L,
—80 °C CIRAF L7,

126 77V HYAHT/VEIRHMIE (oocytes) DFFEL

77U A H TV EREME (0.1% ethyl 3-aminobenzoate methanesulfonate, 0.3% KHCO3)
(23R L 30 min BREEFHE L7, OB ALHR LD, Ei%4 1 em BREGIBE LY &0
PNEL 4R U7z, BPHLIE Barth’s buffer (88 mm NaCl, 2.4 mm NaHCO3;, 1 mm KCI, 0.41 mm
CaCl,, 0.33 mm Ca(NOs),, 0.82 mm MgSQ,, 10 mm 2-[4-(2-hydroxyethyl)-1-piperazinyl]ethanesul-



fonic acid [HEPES], gentamucin sulfate 50 mg/L, pH 7.5)% & L7z v — L IZB L, J#Y4 /e K&
SIHIE) L7z, 155 407= oocytes 1% OR2 buffer (96 mm NaCl, 2 mm KCI, 1 mm MgCl,, 5 mm
HEPES, pH 7.5) T¥i# L7=D 5, 1 mg/mL = 7 %77 —F OR2 buffer i+, 17 °C ¢ 30 min
JLER L 7=, Stage V-VI @ oocytes % 3&H| L7=DH ., O % defolliculation buffer (110
mM NaCl, 1 mm EDTA-2Na, 10 mm HEPES, pH 7.6) 1 Tk Z L. Barth’s buffer 1 17 °C O 5{F
T, —WtA v F2X— kLT,

1.2.7 Oocytes ~DBRETEA

Oocyte FHF DO H | 65 °C T 5min ZZEME X472 cRNA 2K ECam LB HE AL
7=, Positive displacement digital microdispenser (10 pl; Drummond Scientific Company, Broomall,
PA,USA) (27 —F— (PC-10; 7 U 7, WAL, HA) Tzl ST LM LT X
& (10 pl; Drummond Scientific Company, Broomall, PA, USA) ##35 L, v~/ /7 n~=Ft =L
— 4 — (MN-153; 7 U “ 7 (UL, HAR) IZHRY fH 72, A v 2 2800 /o3 v — LIZ Barth’s
buffer Zifi7= L. cRNA % 50 nL 9°-> oocytes (Z73: A L7z, 1554172 oocytes % Barth’s buffer
HF17°CIZBNT, 34 AA vy Fax—hLzDb, FERIZHE L=,

1.2.8 EEHEXER

Oocytes |2 hMCTs cRNA DA ¥ =7 v a % 3 HfkE L= b D% vz, 24 well plate
(Corning, Corning, NY, USA) (Z 3-5 oocytes/well & 725 L 95 (2 oocytes % & L | Barth’s buffer
%Z[rE# . pH 7.4 Standard buffer (100 mm NaCl, 2 mm KCI, 1 mm CaCl,, 1 mm MgCl,, 10 mm
HEPES) T 1 [Al¥Ei L7z, Standard buffer ZRE#%, AE A —@E &N L7 pH 5.5 Standard
buffer (100 mm NaCl, 2 mm KCI, 1 mm CaCl,, 1 mm MgCl,, 10 mm 2-morpholinoethanesulfonic
acid [MES]) %4 ¥ = /LiZ 250 uyL "2/ % 25 °C TA ' F =2X— k Lz, —ERRHERGE %,
FER 2R L, K L7z pH 7.4 Standard buffer © 5 [B¥E# L. oocytes % 2 > F L—3
3 A TIVZHRY 530 72, e\ T, MR (10% sodium dodecyl sulfate) 7z 250 pL N
z_oocytes & AL LT, & D% &A1 T IVCHRIKY v F L— 3 > 7 74 (Ultima Gold;
PerkinElmer, Waltham, MA, USA) % 3 mL iz, #&iKk> v F L — a3 B v 2 —LS6500
(Beckman Coulter, Brea, CA, USA) % L < |Z LSC-5100 (H S2BAERT, AL, HAR) TKH 7
L OREHEMEZRIE L, FEEOMBEPNELY AR A LT,

1.2.9 EfEENT

AL B O pKy TR 1L MarvinSketch 17.24.0 (ChemAxon, Budapest, Hungary) o
Calculator Pugins % f\V 7=, 3 e fRAT 2 1% SigmaPlot 13 (Systat Software, San Jose, CA, USA)

10



MW, BEEE (K) 1%, EEEEOWET — 7 &2 LIRS REEICIEFRIE ) —7 7 4
YT AT T LI LIk o TR L,

_ Max x K;
C K+

[R: JEHIATEVELL (PREAID V /72 L), Max: S RAVE RIS, [1]: BREAIRE]

HEEHRHT 21X SigmaPlot 14 (Systat Software, San Jose, CA, USA) % v /=, 2 BERIICEBIT 5
HEZZOREIZIE unpaired t-test 2 VY ZEEMICE T 2B B ZZOREIZIX BT 21T -
7z | C Holm-Sidak {£% AV o, W& S p <0.05 ZHa FHICAE TH D LHIEL
Too FEEAERIT, 2 TFEY + FEUEFRZE (standard error [S.E]) TR L7z,

11



1.3 fEHR

1.3.1 HHALEEDOE ) HIVR VBB X OFOEYFR%MIAS hMCTL, 4 /7EME L-SLER
e A LY =

hMCT4 (Zxt L CRIRA R ENR A AT oG A ERET D720, Hlkpy Bl 22 4
BT A2 OF ) VR IR X O OAEYFHIZEAMAR D hMCTL, 4 S 7EME L-FLEE R 2%t
T HIAEFIZOWTHREE L7 (Fig. 1-1a—f),

hMCT1, 4 ORI VT CTH 5 L-ALRRIZ 7 o B4 Uik a T OREHEE L LCTE R, B
2O o flle ReXxv 23 2b6MThHL, £ TET, B o IEREEHET D
7' A UEERERD hMCTL, 4 12557 5 LEFRICOWTHREEEZ 1T > 72 (Fig. 1-1a), 7' &
A UEE, A VEEREER KOV L-FLEE X hMCTL, 4 W5 OS2 R I fE LD T, Zh
S DILEM D531 A XDWMCTL, 4 O IEEEIEREE IV THFESND Z LRI,
ZD—FHT, D-TT7=rBLOL-7 7 =X hMCTL, 4 1244 2 BEREEZ A L TR o 7z
ZEmb, afLiZ AT A MO ERELZ AT 2ILEWIIIMCTL, 412 K-> TS 22
LRI NTo, £72. D-FLBEED hMCT4 1Tk 5 HEZNRIL hMCTL & bbie L CRAZE I
59 L7z, A VESEEDS hMCT4 I X - TRl ST\ 2 L 28T 5 &, p-AEED hMCT4
WX DRBHMEDETIX, 72 b FeXx v RonIGSICERT 2 b0 TEHRNWES
X BHiD,

Fig. 1-la THW 7= 7' 1 B4 U EEFH BRI Z O SRR E O H RSB TZD, T 6 O
Z HIZ hMCTL, 4 & O BAERICNEE 2 3 FRUE A HEE T 2 DIXREECH 5, £ 2T, MlE
72 Bk %49 % cyclopentanecarboxylate (CPC) & % D A#) RS A %2 iV T hMCT1, 412
*T BB R A ML L7z (Fig. 1-1b), £ OfER, CPC X hMCT1, 4 [ )5 D fs %1 2 58 /)
WZE L2720, ZOEEMDSFY A X5 hMCTL, 4 OIEEIEERBICBW TR SN
ZENTRBINT, FO—FHT, p-7r Y UBLOL-7'r Y O hWMCTL, 4 1253 2 BRER)
FIIRD SN2 -T2, ZORRIT, -7 7 =0 -7 7= AV EERTELNL
FEREFERETH Y (Fig. 1-1a), afLEREEDO I F A L MEOF N hMCTL, 412825V o R
WRICEERERHERET I ENRI N, S BHIT, (S)-tetrahydrofuran-2-carboxylate
(D-THFC) # X O (R)-tetrahydrofuran-2-carboxylate (L-THFC) @ hMCT4 |Z%9 % BLER) RIX
hMCT1 & bbili U Clkgg L7z, Z DfER & D-FLEED hMCT4 BLEZNE A hMCTL L b LT3
MoT-FHRELEEZHETEZD L (Fig. 1-1a), hMCT4 OV H v Ri#RIZIZ, VB> RO1+0
B (iR T OIELAE RO S L <IE B MERRIF A Lz SHEKFIR T Ofdm
NEBETHD Z LRI,
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Fig. 1-1. Effects of simple monocarboxylates and their bioisosteres on L-lactate uptake via hMCT1 and hMCT4.
The uptake of L-["“C]lactate was measured in the presence of the following compounds (10 mm): L-lactate bioisosteres (a),
rigid L-lactate bioisosteres (b), L-OPro bioisosteres (c), pyruvate bioisosteres (d), aromatic carboxylates (e), and propionate
bioisosteres (f). Oocytes were incubated for 10 min at 25 °C in a standard buffer of pH 5.5, containing 1 um L-["“Cllactate
with monocarboxylates and their bioisostere compounds. Transporter-specific uptake was calculated by subtracting the
uptake in water-injected oocytes from the uptake in cRNA-injected oocytes. b, p < 0.01; ¢, p < 0.005; d, p < 0.001 versus
hMCT1, and A, p < 0.05; B, p < 0.01; C, p < 0.005; D, p < 0.001 versus hMCT4. Values represent the means + S.E. from 3 to
9 independent experiments, each performed in 3-5 replicates. CPC, cyclopentanecarboxylate; THFC,
tetrahydrofuran-2-carboxylate; OCPC, 3-oxocyclopentanecarboxylate; OTHFC, 5-oxotetrahydrofuran-2-carboxylate: OPro,
5-oxoproline; FC, furancarboxylate; PC, pyrrolecarboxylate; 5-ETZ, 5-Ethyl-1H-1,2,3,4-tetrazolide; ES, ethanesulfonate; EP,
ethylphosphonate; 3-OCP, 3-oxo-1-cyclopenten-1-olate.
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Fig. 1-1b (27" 9 X 912, -7 12 VU 1T hMCTYL, 4 20 L7- L-ALEs s 2 2 < BLE L7232 )
STy TDO—FHT, L-7 1Y D ST HIVR = VA H T 5 L-OPro 1%, hMCT1 DOi#EIRAY
REEIE CTHDL Z ERHLNE SN TWD [33], 2D AR =IVE hMCTL, 4 DY AT
RERFRIZH 2 DRI O W THIET 5729, L-OPro % & ¢ 3-oxocyclopentanecarboxylate
(OCPC) AW 2y &AMtk hMCTL, 4 S7EME L-SLERHRS 2 %9~ 2 BB 4 5T L 7= (Fig.
1-1c), & DfEF. OCPC, (R)-5-oxotetrahydrofuran-2-carboxylate (D-OTHFC), (S)-5-oxotetrahydro-
furan-2-carboxylate (L-OTHFC) 3 2 O°L-OPro (X hMCT1 O L-FLEEHG ATEME 2K T S 7272 0,
IS DIEEWD 53 F A X3 hMCTL O FEEHEERIEIZ B W THARSIND 2 ERRIBEN
7co £O—F T, D-OPro (X hMCT1 OIEMEA K N S ¥R o722 &02h ., D-OPro IZH £
% -NH- #%iEIX hMCTL & DM AEAENZE L5525 Z LR E N7z, £7-, hMCT4 IZ
DOWTIE CPC I X BERNRBD LN TW=H DD (Fig. 1-1b), CPC @ y ALIZ /LR =
NIEZFH AN LT OCPC & DA TFRIEMBIT R FERMES NNV ERH LN ERoT,
Lo T, ZREDIEEM DIy FH A X5 hMCT4 OISR IS B W TR ST
RN LIRS,

ZHIVE TOMEEIZ E D . L-OPro 28 hMCTL BIRAVICFERR S 2 o T Lok & LT,
L-OPro S LIKTHDHZ & & y~DHNVR =V FEOE A LD hMCT4 ~DOF8i DK T
RN affBERERED I T A DK T 3ABH LM EIeosT-, L LAERE, afiHHE
FEOBEHLTIT hMCT4 BIRAY L EFEN R AL R T A EZ LT 2 R TERhoTe, £ T,
WIRDIREE LT, B WNR U BOREHEES LIV VATV EOMELZE#R L2t
B hMCTL, 4 I EME L-FLERHRIE 6k 2 BEZRIC DWW TRGEEZ 1T - 72,

hMCTZ, 4 IZxF L CREIR 2R Lz 7 a B4 VD a (L2 VAR = VA8 N U 7o i
EAHTHENE VBT WMCTL OBRIIEE THDH Z LRI TWD [23,45], £ZCF
VB R L DOEY)TFERIEMIED hMCTL, 4 B2 MGEE L 7= (Fig. 1-1d), E/LE I
hMCT1, 4 5 OEEEZ K FSE72—FT, AF VI VBB IOATFLELE VERIT
hMCTL SR PAE R A R LT, S 612, Y7 EBF T hMCTL, 4 OWT b BEE L2
Moz, ZHNHDOFREENG, hMCTL, 4 DU 2 REBFRIZIZ NV R VHD 2 oOT =F
PERE R OB U 2B E & RS D A FL RO BUKMES U < 13KEFF ORC A A EE
ThHIENRWLMNEIRoT,

REEARE DE VA hMCTL, 4186 D LENRA~G 2 DB O T E 6 57 i 217 5
728, Fix DOEFR VAR IS5 hMCTL, 4 OFE5MEZ WEE L7 (Fig. 1-1e), T D
FEBEIIVAR LT hMCTL, 4 1T 2ERPRBOONTZ &b, ZEEHE (rat
MCTL DIEE L7225 Z L RNHE STV D [46]) DT A XE TIXhMCTL, 4 O HE %
REIZBWTIFAESIND Z LR S vz, $£7-. 3-pyrrolecarboxylate (3-PC) @ hMCTL, 4
WX B BLERDRIIM DA FIHE I VAR Vg & g U CTHoTolo®d, 3 AL SHEKFEIR T
DIFED hMCTL, 4 & 3-PC L DA 2 S 2 Z PRI N,
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T VIR R D AW F RV AR ~D B AMCTL, 4585k~ 2 2B O\ T E B D
P 24T 5 72, Fix DT m A EEOAY)FHIEMAR D hMCTL, 4 /7 L-FLERHRIE 12 %F
T 5 ERICOWVTHRIE L7 (Fig. 1-1f), & & DO E L E RO EW LI EMIARZ AV 72
AET (Fig. 1-1d), VAR ¥ VHENABMZH N TN D & hMCTL, 4 125 2 BEEZD R A 58
L7=Z & b AREFZECORE LIV D HiEsME (Standard buffer) @ pH % 5.5 (2%
FELTWD I EEEEE 2. pKy < 5.5 D7 1 B L EED AW FHI AT % 8 L FLEEERIC
U 7- [47-50], & DfEHE. 5-ethyltetrazole (5-ETZ) (£7 1 &4 i & [FIFLE D hMCT1, 4 (2
T BAESRE R LI2— T, T OMOEYFHZEMARITAED R EZ RS e o7 (Fig.
1-1f), 2O Z &5, hMCTL, 4 [HEAIORK L L OEELIC I VR X EOT TV —)L
TOBEBPEN e TFTE LD AREERD D,

132 EINRUBKEELET AERDLN hMCTL, 4 AM7EH L-ALBEEEIC 5 2 A RE

ZIVETOMEET, FxDE ) ANARCBRITHT D o MERRE, HART VR B
EOBHIZ LY hMCTL, 4 Ol FIZHED R EZ R T HAREREZHAH L, LosLen
5. hMCT4 BREV R LERNR Z27m 3B IT A S e o 72, hMCT4 (25 L CEgRAY 72 fE
EIE AT T HIEMERRZT HICH20, SZORGECRHSNAERREREET S
BEFOEELEH WD Z L L L, ZERGEEBITLEL vy UE LTINS, 128
ORI FITHR L TCTRWBIFME 2 R TR e E L A L TV D 2 ENZ N ThD
[51, 52].

ET. BERFIEFREOO L STHD 7 U = FEIZHER L. hMCTL, 4 1233 2 ERR A
FREE L7= (Fig. 1-2a), 2285 E(KTH 5 repaglinide I3 hMCT1, 4 i J7 OE@sIENE 2K T
SH=—FH T 70 4 R EETH D nateglinide 13 hMCT4 BRAG 22 L EN B2 ow L=,
F7-.F UL 7o B4 UEEEER T H D mitiglinide 1Z hMCT1, 4 DWW HBHE LR - 72,
WIT, A VEIBEKRE AT DIEERE FTEO—HTH L7+ 77— MIFEFEHL, hMCTL, 412
%35 PHERN R A MEE L7= (Fig. 1-2b), Clofibrate anion (clofibrate d#EMECH#) 13 hMCT1,
4% U CHLES R 2R & 7o 7= DIk L. bezafibrate, fenofibrate anion (fenofibrate (%1
KE) ¥ L clinofibrate 13X hMCT4 B IRAYRPHERN R AR LT, ZNHDOFRRNE, A Y
FElR & 2 DOFBFBRNE Y /e R S DY v B —CTHlfl U723 hMCT4 IR 22 BLE DR O
FHIWCEETHD Z NS, £72. clinofibrate @ hMCT4 (2% % BHE 58 1%
bezafibrate 72 & TNC fenofibrate anion & [FEE Tdh - 72725, hMCTL (Zxd 2 PLE R X kA
MED LD TR LI, Z0Z &G, clinofibrate DF 25 P H VR RS S L <X
2- A FIVESEEAEIE DS hAMCTL ~OFBFMEZ R Sz L B2 b7,

R DA B — )V ER & AT % lonidamine 13 rat MCT1, 4 (25 L CTHRI 2 DRI
PR ESRZ R Z EDNME SN TN D (Kos = 40 uM) [42], X 0 587) 72 hMCT4 324R ARH
TR D120, Fix DX DA o Z Y —)LEEEIRD hMCTL, 4 123 2 BREZNRIC
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DUNTHRGE L 72 (Fig. 1-2¢), Lonidamine OiMESE(ACTd 5 1-benzyl-1H-indazole-3-carboxylic
acid (BIC) @™ hMCTL, 4 |2k B HEZFEITIT E A ERD L) > 72, Lonidamine & BIC
DREED LN B BIC WA T D0 DD o, p fL~DHFEF T D A7 hMCTL, 4 12 %f
THMAFENREZ RIS D A RMEN RIS NI, NP, o E Y — VB & T VAR VI
DN 2 453DV > 71— % &> bendazac (%, BIC & [FAIARIZ hMCTL, 4 (Z%3 2 [HE R %
WFEALERERhoTz, 7 47T — hEMAWZ hAMCTL, 4 (2563 2 BLERN R OMGER: T b
(Fig. 1-2b). BHEFIOREED A Y BEEEENL & 2 DD IFFEERN hMCT4A IR 22 BLENEF I &
BREEIZRET LIRS T\, £2IT, RUDNA U E Y —)VERE E AV EEBEN 2
JRA 3D ) 1 —CilifE U7 A%E 2 A9 % bindarit © hMCT1, 4 (2% 2 BED R & Wik L
e A T AT T RRMDR DA U F Y LFEER L) B hMCT4 38R0 )
MEMNRETRT I ERH LN E 5T (Fig. 1-2¢),
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Fig. 1-2. Effects of monocarboxylate drugs on L-lactate uptake via hMCT1 and hMCT4. ¢/s-Inhibition assays were
performed using 100 pm glinides (a), 500 uM fibrates (b) and 100 um 1-benzyl-1H-indazole derivatives (c), as described
in Fig. 1-1. Transporter-specific uptake was calculated by subtracting the uptake in water-injected oocytes from the up-
take in cRNA-injected oocytes. a, p < 0.05; d, p < 0.001 versus hMCT1, and A, p < 0.05; D, p < 0.001 versus hMCT4. Values
represent the means +S.E. from 3 independent experiments, each performed in 3-5 replicates. BIC,
1-benzyl-1H-indazole-3-carboxylate.
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1.3.3 Repaglinide 3 X O* bindarit ® hMCT1, 4 FHE &4

Repaglinide 35 & OF bindarit © hMCT1, 4 BRERFMEZ B 570> & 5 72 WL EH O hMCTL,
4 1T B P ERD R DO FE AN (repaglinide, 0-300 pM; bindarit, 0-500 pm) % ZFAfh L 7=
(Fig. 1-3a, b), & D& 5L, repaglinide 1L H EARAFHIIC hMCTL, 4 247 L 72 L-FLER 2 2 PR L |
Z O KifElZZ£4135.3+5.3 (uM), 23.2+7.6 (uM) ERH S 7= (Fig. 1-3a), 2D Z b,
repaglinide |XIEEINAI 72 hMCTL, 4 BHEAITH 2 Z E R L &7 - 72, Bindarit 1%
repaglinide & [FIERICH EARFAIIZ hMCTL, 4 Z#fHE L7 H DO, hMCT4 12 LT &L 0 3R
7R EZ R AR L= (Fig. 1-3b), Bindarit ® hMCT4 %/ L 7= L-$LEgla 512 %4 5 Kififi% 30.2
+1.4 (um) EEHEZ, ZHUEhMCT4 O L-FLER I 95 Kl (2.8-3.4 mm; [24, 34]) @
FLZ 1100 DREICILES 5, £0—J7 T, hMCTL Jr{EM: L-FLERHIXIE 500 pM bindarit
FAETIZBWTSH 50%LL EFEfF L7z, ZnbHdZ & hn, bindarit (X hMCTL L Y 3 hMCT4
(2t LC 15 5 0L BRI 2R BRERITH 5 Z L AR S vz,

hMCT4 JRIRAY 72 B ER) B4 7R L7- bindarit O ERER ARG 2720, HWE AT 21T
-7 (Fig. 1-3c, d), hMCT4 Z 41 L 7= L-FLERHZE D FLANT D Vipey MBI bindarit OF7E T, B8
FAZW L= —75 T (388.7 + 34.2 [pmol/min/oocyte] 7>% 80.4 + 26.2 [pmol/min/oocyte], p =
0.002), W.2MTF D K fEICEENTIRD bieho72 (45 + 0.8 [mMm] 705 2.7 + 1.3 [mMm], p >
0.05), ZHNHDZ L5, bindarit 1X hMCT4 IR 2 R A TLER TH D Z L LM E
ol

120 120 400 400
3 @ hMCTL = @ hmcT1 @ Bindarit () @ Bindarit ()
£ 100 @ hMmCT4 £ 100 @ hmCT4 ° O Bindarit (+) © Bindarit (+)
8 8 ) § @ 300 @ 300
5 80 s 80 22 B
g < s 8 ]
S < ] ER] =
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Fig. 1-3. Inhibitory property of repaglinide and bindarit on L-lactate uptake via hMCT1 and hMCT4. (a, b) The
uptake of L-["*C]lactate was monitored for 10 min at 25 °C in the presence of increasing doses of repaglinide (0-300 pm;
a) and bindarit (0-500 uM; b). The K value was determined using non linear fitting of the equation R = Max x /(& + [I]),
where R is the fractional transport activity, Max is the maximum transport activity, and [I] is the concentration of bindarit.
(¢, d) The kinetics of L-['*C]lactate uptake in the absence and presence of bindarit (30 uM) were monitored for 10 min at
25 °C. Data are presented in Michaelis—-Menten plot (c) and Eadie-Hofstee plot (d). The apparent K, and appar-
ent Vmax values were determined using non linear fitting of the Michaelis—-Menten equation. Transporter-specific uptake
was calculated by subtracting the uptake in water-injected oocytes from the uptake in cRNA-injected oocytes. Values
represent the means + S.E. from 3 independent experiments, each performed in 3-5 replicates.
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1.4 &Z%2

AWFFEDRI G TEH D WMCTL, 4 1T IEFRRR S TR AAMIIC BRI L, BNADOEST -
HAIZ %S LT D [10], L7=A3-> T, hMCTL, 4 OFLEANIHAAAIE L TOMEE AT
% EEBEZ NS T MCT ORLEAIE L TIZCHCCDIDS Z 03 H H AL TV 543 [22-24],
INODLEDEIT A Y 7 4 — LRI TH L1204 7 X —7» MIRBBEEEIN D,
Z T, ZNETICWL O ORFFLIE MCTL IR ERI N AR S T & 72 [43,44], Lo
LN B, 4 HIZED F T MCT4 R LEANTAIR S A TW RN, ZhHHDERD T,
hMCTL, 4 I3R72F OfEEEE DRI TN Enn U H v RX— 2 TOMEEIEEH
BAfEAT 25 hMCTL, 4 BIRAIIHER ORIRICHA N2 FBR L oD L& X, FixBREEZIT o7,

HEIETS AR BAMEAT CTIL hMCTL, 4 OIE TH 5 L-ALIEC BV B U BROFEREZFIH Lz,
WEOWME TIE, W< 220Dt e X m8HlENEE (e.g. 3-hydroxybutyrate) 72 & NTA F Y
FEHNENGEE (e.g. acetoacetate) 7% MCTL, 4 I K-> T ESND Z EARENTWS [23,
53-55], & b T, hRELoMBNENIEETE SR Lt L CHIE 2B/ %Z A3 2 L-OPro X
3-hydroxycyclopent-1-enecarboxylic acid (HOCPCA; y-t Fwu & VU EEEET -1 7)) 5 MCT1 Dig
FRHEETH D Z LRSI [33,56), AWFETIX, 7 LR T ARBEEELZRT 5E
JANKR BRI Z, WERERETTHE /IR BORAL, ooz Tic
hMCT1, 4 & OF EAERIC LBy BB A HEE LTz, EOfEHR E LT, L-OPro 7% hMCT1
BRIRAICFEIR SN D00 TAE EOER & LT, LIFD 3 A bnerolz t (1) LIKTH
5. () y LB VR =V FEOE NI LD hMCTA ~OF8FMEDIL T, (3) y ML /ViR = LV D
NZED o fLBEREIED B F A DK T,

ZHETICHE SN TS hMCTL, 4 OFEE 13 FI4 e < & 7 VR UV iEEEZ B L TEY .,
ZOHEFEAOREEIC G INVARX VENEENLIHGEN L, K, VT RIZEER
DANKF VR T 7 —~ a7+ 7 OEERLEZ DO L OTILH 508, [FEFITHREHA
HEME., MR D TR E R IE 2 BB T A & bR 155, WARFIEOYIIT
R 2 R FF L7223 DANR O K R A S 2 BT, ZHVE TR~ O VR U ERAEWS:
B AR RR SN TWD [47], AFFETIE, W< DD VAR A 7R F M A 2 5
AL T hMCTL, 4 VU H 2 RREMEDOREEZITV, VAR VG ICIN 2 T AT LS
(hMCT1) 7225 NZT b T Y — /i (WMCTL, 4) BB Shb Z L2 LS AL T3,
FriZ, 7 b7 = VTV RO MR L L TR LN TR, AR Fy
FEEHARL LTt SRR (pKa = 4.5-4.9) #HLTCW5D, Flo, 7RIV — IR
XUk L [AIRRIC Arg BIEEOEGHEETH DT 2 V2 (-C(ENH)NHy) & DA A/ER A FRET
&% [57,58], "iFLIA MCTL, 4 O 8 I E EFEE (transmembrane domain 8; TM8) [ZIXHE
& DOMANEFRICEE Arg FREENTFAET D720 [24, 59, 60], 5-ETZ B L0 0 v 4 VERIT
ZDOTM8 Arg ZEIL LA ANEA L CW D AIEEMEDR B D, DD I VR A 2 m R
IZhMCTL, 4 (2% L CRLERN R AR S Ao Toizwd, 7 2 ¥ M EVER rTREZR Wi 2
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ATHANVA S LULT M7 Y — AEENWMCTL 40 ) Yy REGRICEE THH Z &
DR S U7z,

AWFFECRIE L7= hMCT4 3&IRFIFLEHSITdH 5 bindarit 13, monocyte chemoattractant protein
1 (MCP1/CCL2) %#IXUH L5 CCrENA L OREANMEWERZH T DA v F
—NAHEETHD 61, ZHETIZ, AT/ —~, BINBERABIOANAET LY T A
ZFIM L7-AF%2C, bindarit DB S L < T I T 2 IR DR D LTV D
[62, 63], Bindarit {XZ OFEEHIZ gem-T A FAFEEL LA V¥ —LEBREZA L TN DH DN
R CThH D, gem-¥ A FOUEIEILERANHIEDLDIEMIED /N S 2 HE TIEH 5 b D
D, U H Y ROEAFERE STRBLERS K ORI & X7 B & O AEERICRE g% b
AHZEBRBMNERS>TND [64], AWFFEOFERIZ INIT, gem-P A FAMELEH S 72
WU A U H Y — VB TH D BIC <° bendazac (X hMCT4 (Zxt L ClE & A EBAER)
RERIRINST=DITK L, gem- A FUAEIEZ AT % bindarit |3 hMCT4 (Zxf L THied T
BRI 7o BREN R AR Uiz, 20 Z Lid gem-T A FUEEE DS hMCT4 & OFIAAEAIZ) L TR
DTHANBNTND I EEZRLTND, Fio, A &Y —LBRITHMEE LTHERISH
% granisetron <> indisetron 7¢ & NZHIRAES & L THEAH S 415 bendazac <° benzydamine @ %5
RKEKTHY, ERPHCEHBERELVT 4770y 7OUEDTHD [65], FFZ. A~
E = NVERHFAET D 2 DOERFILTNEIE ORI CERRELTE 5720, Bt
EOBEBIORIZHME T2 2 &L CWRREHOA & — Vi8R E2RiT 22 &0
ARETH D, LIz - T, bindarit IZEEND 77—~ a7 4 7 BOEEELHE LI-(LEW
DRI G S BIFS N2,

fhiam & LT, ABFFEOZITIZ L W hMCT4 12kt L TR 058 ) 72 BEER 2 55 51k
A% bindarit 2416 TREIE Lz, ALEANL hMCT4 OAERNTOREIZRFES 5 7= 03K
PR — & LRI TH S L& X D,
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HF2E hMCTL 4 OEEERECEDLD 7 IV BEEORE

21 8

hMCTs X major facilitator superfamily (MFS) ([ZJ@ 9 28k ¥ L X7 ETHY, S FIE7
FRRIZ I WNTE WV R A BRIEEY ORI, 73 A>T\ a [4,hMCTs @ 5 © hMCT1
& hMCT4 [ ZIEFHifuds K O AR B L, 3L a @m0 E & LT pH (KA #E
%7 % [4,8,10, 24, 34], hMCTL, 4 DAEFFRIREEIZ A ST 2720, ZhETIZZER
ZHO N7 AR—Z —|ZxT 58RO E B LORERNFERE SN CE e, L 2,
B by L<IEEHEE MCTL OBIRMIFAERIE LT, WL D00 / VR CERFE R A
TENTWD [26, 29, 43, 44, 66], S HITHEH HITHIE, L-OPro 23 hMCT1 DRI 72 FLE
ThdZ LHEFEIFEL TS [33], L-OPro (T NVEZF AL YA 7 LOhEREwcH s, =
DY A T NMZBNTIRENTZ TN ET A AL y-INAFINTIa N T AT 27 —8(C
LoTHmEn, ZORERL LTLOPO & AT A=A T Y UNERREND [67], fir
DFFET, L-OPro ® 7 N4 I UERFARA S L < 13T & L CoREIe, RiEIEIREA &
L COEEIDNHm STV D [68], S HITHATHFIEIZIBW T, L-OPro D il HIRE A <
OWDREBDONA F~—H—L7e 0G5 L HRS TV D [69-71], Thiesen & [T, y-
b K Vg7 1 7 Céh Db HOCPCA 78 rat MCTL, 2 OBIRMILE CTHDH = L 2 EFEL
72 [66], F7=ZEE SI1L, bindarit 23 hMCT4 SR IEFABLEARICTH D Z L 2 R L
TWAH0OO [72]. hMCT4 BRI FEEIIRERE SN TV, ZRUHOHENS,
hMCT1 & hMCT4 ORICIZE DOIERINM: DB W Z I ET B0 D+ A = X LIF
ETHZERTHIESNS,

S ST LIETOMFFE T, hMCTL, 4 @ TM6/7loop 78 B 64 2 A2 i+ 5 2 L &
RUTC [34] LaL7Zein b, SYEISxT 23R EIT TM6/7loop LIS OFEIIZ L » THkiE &
DT ENREIN TV, MCTL, 4 OIREERRMEIZET 261798 & LTIt rat MCT1
52 PN L—7" (TMA4/5loop) H D K142 3 K TN R143 FE LN O ST RRINME I B 54 5
ZLERELELORD D [73], & 52, MCTL, 4 OMELRERMEIE TML0 ([S/E1ET D4 E
DEBICL > THEBELZIT LI ENMONTEY, =& 2 IXEHE MCTL ~? F360C £
FIEANZ Lo TANB BEFENRDOOND LI D T EnHE I TnD [22,59)], —
MRAIC, BERINMEICRE T 2 AL FET 2 ECRbIRRFEX, HETL M7
AR—2— L ZDOEOIAEBIELIRET S22 L THDH [74-80], LA2L72A3 5, hMCTL,
4 O 3WIHEEILES BIZEDL E TN TR, 2O L) iGhE, AErY—%7 U 7
B T RER 2 X7 B O 3 sthiE Tl E HCo 5, Nancolas & 135zt rat MCT1, 2
EIRW 2 LERITH D AR-C155858 O rat MCTL ~DFE AL & [FET 572, rat MCT1 @
REDD—FTFLAHEE L [81], S5, rat MCTL 24 L= LB #4732 TM8 O
R306 7% E I ICAFET D58, rat MCTL, 4 B CHICRFE STV D L IR LN & g
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RL7 F-. WU AMCT 77 2 U —IZ2J&T 5 hMCTS8, 10 O BB IR eI L, B AR
KACHFEET D 2 O0n5 3507 2 JBEEOBEWVICL > TIRES T oD LV ) Z LK
EFRTV—ETNVERHWERGECHL N> TS [82], £0ftlich, FERY—ETY
Y7 EEVT b T 2 AR— S — O RERIPEDE N % W 6 0 LI BE DS EAFET 5
[83-86], &L HDWEITHSE . hMCTL, 4 DIEFRINVEILE N O O SLE kR %
R 57 2 BIEEIC L > TIRES LD SHERI L 7=,
Z ZTAETIE. hMCTL, 4 OREBIRMEICBD 27 IV BREEZHIOINE T 5720,

hMCT1 & hMCT4 @ 3 kotAEr P —E5 V&R L4 MEEE21T > 72,
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2.2 EBMEEBXOHGE
221 EREW

1 (1.21) LRBEOFIETAFLEET LT,
222 B

Sodium L-[**C]lactate % PerkinElmer (Waltham, MA, USA) 750 A L 7=, L-5-[*H]Oxoproline
(PPH]pyroglutamic acid) (% Moravek (Brea, CA, USA) 75 A L7-, Sodium L-lactate %
Sigma-Aldrich (St. Louis, MO, USA) 7>l A L 72, Cyclopentanecarboxylic acid 35 X OF L-OPro
(L-pyroglutamic acid) % H ik T ¥ (H . HAR) 60 AL,
(R)-3-Oxocyclopentanecarboxylic acid & AstaTech (Bristol, PA, USA) oA L7z, AU T
DNA (X Eurofins Genomics (B aL, HA) IZH M &M AIKIH Lo, 2 OMOGRIEITRIZHT &
RVERY Rt L <A, 2 FEMFHO S 0% v,

223 FZAXIFR

1 (1.23) THERIL/Z7F 23 K (pGH19-hMCT1 35 X O pGH19-hMCT4) 1 L7,
224 ErRrRAOEREA

hMCT1, 4 28 $£{K1 % QuikChange site-directed mutagenesis @ 7’ ~ =/ (Agilent Technologies,
Santa Clara, CA, USA) (Z L7272 TIERE L 7o, S AF RIVEREACTHER LIS 74 ~—D
BedliE Table 2-1 IR L7, A LA RIZ— 7 A7 T 4 ~— (Table 1-1, 2-2) #H\ T
U AT LV RERR LT, IR — T AENTIE, ABEE AT LA = A (FL

B, ALEE, AA) IHKIE L7,

Table 2-1. Sequences of used primers (site-directed mutagenesis).

Primer sequences (5'-3')

Mutation
Forward Reverse
hMCT1-R313Q GGTAGCCCAACCATCTATGGGACTTG GATGGTTGGGCTACCATGTCAAC
hMCT1-140V CAAATCAGTTACTGTCTTCTTCAAAG CAGTAACTGATTTGGGAAATGC
hMCT1-T41S CAAATCAATTTCTGTCTTCTTCAAAGAG GAAGACAGAAATTGATTTGGGAAATG
hMCT1-M65L CTCCATACTGTTGGCTGTCATG CCAACAGTATGGAGGATATCCATG
hMCT1-M69L GCTGTCCTGTATGGTGGAGGTC CCATACAGGACAGCCAACATTATGG
hMCT1-S76C GTCCTATCTGCAGTATCCTGGTG GATACTGCAGATAGGACCTCCACC
hMCT1-L128F CTTCAACTTCAATCCAGCTCTGACC CTGGATTGAAGTTGAAGGCAAGC
hMCT1-N129Q CAACTTGCAGCCAGCTCTGACCATG GAGCTGGCTGCAAGTTGAAGGCAAG
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Mutation

Primer sequences (5-3°)

Forward

Reverse

hMCT1-T133lI
hMCT1-G136N
hMCT1-M151A
hMCT1-F274V
hMCT1-L281P
hMCT1-S285V
hMCT1-S298A
hMCT1-A306G
hMCT1-F367Y
hMCT1-S371G
hMCT1-V391I
hMCT1-T395L
hMCT1-C399A
hMCT4-Vv42]
hMCT4-S43T
hMCT4-L67M
hMCT4-L71M
hMCT4-C78S
hMCT4-F130L
hMCT4-Q131N
hMCT4-1135T
hMCT4-N138G
hMCT4-A153M
hMCT4-V239F
hMCT4-P246L
hMCT4-V250S
hMCT4-A263S
hMCT4-G271A
hMCT4-Y332F
hMCT4-G336S
hMCT4-1356V
hMCT4-L360T
hMCT4-A364C
hMCT1-multiple-G136N
hMCT1-multiple-T133lI
hMCT1-multiple-V391I
hMCT1-multiple-N129Q
hMCT1-multiple-L128F
hMCT1-multiple-S76C
hMCT1-multiple-T395L
hMCT1-multiple-M151A
hMCT1-multiple-S371G
hMCT1-multiple-C399A
hMCT1-multiple-M65L
hMCT1-multiple-F274V
hMCT1-multiple-A306G
hMCT1-multiple-140V
hMCT1-multiple-T41S
hMCT1-multiple-S298A
hMCT1-multiple-S285V
hMCT4-multiple-N138G
hMCT4-multiple-1135T

GCTCTGATCATGATTGGCAAGTATTTC
CCATGATTAACAAGTATTTCTACAAGAG
CTGGCCGCGGCAGGCAGCCCTG
GATCATGGTTTTTGGACTCTTTGCAC
GCACCTCCGGTGTTTCTTAGTAG
GTTTCTTGTTAGTTATGGGAAGAGTC
GAGAAGGCTGCCTTCCTTCTTTC
CATTCTGGGTTTTGTTGACATGGTAG
TGCCTACGGGTGGCTCAGCTC
GTGGCTCGGCTCCGTATTGTTTG
CAGCGCTATCGGATTGGTGACCATTG
GATTGGTGCTCATTGTGGAATGCTG
GTGGAAGCCTGTCCTGTCCTCCTG
CAAGGCCATCAGTGTCTTCTTCAAG
GCCGTCACTGTCTTCTTCAAGGAG
CTCCATCATGCTGGCCATGCTCTAC
GCCATGATGTACGGGACAGGTCCGC
CCGCTCAGCAGTGTGTGCGTGAAC
CTCAACCTCCAGCCCTCGCTCATC
CAACTTCAACCCCTCGCTCATCATG
CTCGCTCACCATGCTGAACCGCTAC
CATGCTGGGCCGCTACTTCAGCAAG
CTGGCGATGGCAGGTAGCCCTGTC
GTCATGTTCCTGGGGCTCTTCGTCC
CCGCTCGTGTTCGTGGTGAG
GTTCGTGTCGAGCTACGCCAAGGAC
CACCAAGTCCGCCTTCCTGCTCAC
CATCCTGGCCTTCATTGACATCTTC
CTCCTTCGGCATGGTGGGGG
CATGGTGTCGGCCCTGCAGTTCGAG
CAGTGCCGTTGGCCTGGTGCTG
CTGGTGACGCTGATGGAGGCGG
GATGGAGTGCGTGGCCGTGCTCG
Identical to hMCT1-G136N sequence
GCTCTGATCATGATTAACAAGTATTTC
Identical to hMCT1-V391l sequence
CAACTTGCAGCCAGCTCTGATCATG
CTTCAACTTCCAGCCAGCTCTGATC
Identical to hMCT1-S76C sequence
Identical to hMCT1-T395L sequence
Identical to hMCT1-M151A sequence
Identical to hMCT1-S371G sequence
Identical to hMCT1-C399A sequence
CTCCATACTGTTGGCTGTCCTG
Identical to hMCT1-F274V sequence
Identical to hMCT1-A306G sequence
Identical to hMCT1-140V sequence
CAAATCAGTTTCTGTCTTCTTCAAAGAG
Identical to hMCT1-S298A sequence
Identical to hMCT1-S285V sequence
Identical to hMCT4-N138G sequence
CTCGCTCACCATGCTGGGCCGCTAC

CAATCATGATCAGAGCTGGATTCAAG
GAAATACTTGTTAATCATGGTCAGAGC
CCTGCCGCGGCCAGTCCGTTGG
CCAAAAACCATGATCACATTTCCAG
ACACCGGAGGTGCAAAGAGTC
CATAACTAACAAGAAACACCAAAGGTG
GAAGGCAGCCTTCTCACTAGAATAATG
CAACAAAACCCAGAATGGAAAGAAG
CACCCGTAGGCAAATCCAAAGAATC
GGAGCCGAGCCACCCGAAGG
CCAATCCGATAGCGCTGGAGAACCTC
CACAATGAGCACCAATCCCACAGC
GGACAGGCTTCCACAATGGTCAC
CACTGATGGCCTTGGGGAAGG
GAAGACAGTGACGGCCTTGGGGAAG
CCAGCATGATGGAGGAGATCCAG
CCCGTACATCATGGCCAGCAGGATG
CACACTGCTGAGCGGACCTGTCCC
GGCTGGAGGTTGAGTGCCAAACC
CGAGGGGTTGAAGTTGAGTGCCAAAC
CAGCATGGTGAGCGAGGGCTGG
GTAGCGGCCCAGCATGATGAGCG
CTACCTGCCATCGCCAGCCCGTTGG
CCCCAGGAACATGACCGAGGCGGC
ACACGAGCGGGACGAAGAGC
GTAGCTCGACACGAACACGGGCGG
GGCGGACTTGGTGTCGGGCACG
CAATGAAGGCCAGGATGGTGAGCAG
CATGCCGAAGGAGATGCCAAAGAAG
CAGGGCCGACACCATGCCGTAGGAG
CAGGCCAACGGCACTGGAGAACTTG
CATCAGCGTCACCAGGCCAATGGCAC
GGCCACGCACTCCATCAGCAGCACC
Identical to hMCT1-G136N sequence
TAATCATGATCAGAGCTGGATTCAAG
Identical to hMCT1-V391l sequence
Identical to hMCT1-N129Q sequence
CTGGCTGGAAGTTGAAGGCAAGC
Identical to hMCT1-S76C sequence
CACAATGAGCACCAATCCGATAGC
Identical to hMCT1-M151A sequence
GGAGCCGAGCCACCCGTAGG
GGACAGGCTTCCACAATGAGCAC
Identical to hMCT1-M65L sequence
Identical to hMCT1-F274V sequence
Identical to hMCT1-A306G sequence
Identical to hMCT1-140V sequence
GAAGACAGAAACTGATTTGGGAAATG
Identical to hMCT1-S298A sequence
Identical to hMCT1-S285V sequence
Identical to hMCT4-N138G sequence
Identical to hMCT4-1135T sequence
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Mutation

Primer sequences (5-3°)

Forward

Reverse

hMCT4-multiple-1356V
hMCT4-multiple-C78S

hMCT4-multiple-A153M
hMCT4-multiple-L67M
hMCT4-multiple-V42l
hMCT4-multiple-S43T

hMCT4-multiple-A263S

hMCT1-M69A
hMCT1-M69C
hMCT1-M69D
hMCT1-M69E
hMCT1-M69F
hMCT1-M69G
hMCT1-M69H
hMCT1-M69I
hMCT1-M69K
hMCT1-M69N
hMCT1-M69P
hMCT1-M69Q
hMCT1-M69R
hMCT1-M69S
hMCT1-M69T
hMCT1-M69V
hMCT1-M69W
hMCT1-M69Y
hMCT1-F367A
hMCT1-F367C
hMCT1-F367D
hMCT1-F367E
hMCT1-F367G
hMCT1-F367H
hMCT1-F367I
hMCT1-F367K
hMCT1-F367L
hMCT1-F367M
hMCT1-F367N
hMCT1-F367P
hMCT1-F367Q
hMCT1-F367R
hMCT1-F367S
hMCT1-F367T
hMCT1-F367V
hMCT1-F367W

Identical to hMCT4-1356V sequence
Identical to hMCT4-C78S sequence
Identical to hMCT4-A153M sequence
CTCCATCATGCTGGCCATGATGTAC
Identical to hMCT4-V42I| sequence
GCCATCACTGTCTTCTTCAAGGAG
Identical to hMCT4-A263S sequence
GCTGTCGCGTATGGTGGAGGTC
GCTGTCTGCTATGGTGGAGGTC
GCTGTCGACTATGGTGGAGGTC
GCTGTCGAGTATGGTGGAGGTC
GCTGTCTTCTATGGTGGAGGTC
GCTGTCGGGTATGGTGGAGGTC
GCTGTCCACTATGGTGGAGGTC
GCTGTCATCTATGGTGGAGGTC
GCTGTCAAGTATGGTGGAGGTC
GCTGTCAACTATGGTGGAGGTC
GCTGTCCCGTATGGTGGAGGTC
GCTGTCCAGTATGGTGGAGGTC
GCTGTCAGGTATGGTGGAGGTC
GCTGTCAGCTATGGTGGAGGTC
GCTGTCACGTATGGTGGAGGTC
GCTGTCGTGTATGGTGGAGGTC
GCTGTCTGGTATGGTGGAGGTC
GCTGTCTACTATGGTGGAGGTC
TTGCCGCCGGGTGGCTCAGCTC
TTGCCTGCGGGTGGCTCAGCTC
TTGCCGACGGGTGGCTCAGCTC
TTGCCGAGGGGTGGCTCAGCTC
TTGCCGGCGGGTGGCTCAGCTC
TTGCCCACGGGTGGCTCAGCTC
TTGCCATCGGGTGGCTCAGCTC
TTGCCAAGGGGTGGCTCAGCTC
TTGCCCTCGGGTGGCTCAGCTC
TTGCCATGGGGTGGCTCAGCTC
TTGCCAACGGGTGGCTCAGCTC
TTGCCCCCGGGTGGCTCAGCTC
TTGCCCAGGGGTGGCTCAGCTC
TTGCCCGCGGGTGGCTCAGCTC
TTGCCTCCGGGTGGCTCAGCTC
TTGCCACCGGGTGGCTCAGCTC
TTGCCGTCGGGTGGCTCAGCTC
TTGCCTGGGGGTGGCTCAGCTC

Identical to hMCT4-1356V sequence
Identical to hMCT4-C78S sequence
Identical to hMCT4-A153M sequence
Identical to hMCT4-L67M sequence
Identical to hMCT4-V42I sequence
GAAGACAGTGATGGCCTTGGGGAAG
Identical to hMCT4-A263S sequence
CCATACGCGACAGCCAACATTATGG
CCATAGCAGACAGCCAACATTATGG
CCATAGTCGACAGCCAACATTATGG
CCATACTCGACAGCCAACATTATGG
CCATAGAAGACAGCCAACATTATGG
CCATACCCGACAGCCAACATTATGG
CCATAGTGGACAGCCAACATTATGG
CCATAGATGACAGCCAACATTATGG
CCATACTTGACAGCCAACATTATGG
CCATAGTTGACAGCCAACATTATGG
CCATACGGGACAGCCAACATTATGG
CCATACTGGACAGCCAACATTATGG
CCATACCTGACAGCCAACATTATGG
CCATAGCTGACAGCCAACATTATGG
CCATACGTGACAGCCAACATTATGG
CCATACACGACAGCCAACATTATGG
CCATACCAGACAGCCAACATTATGG
CCATAGTAGACAGCCAACATTATGG
CCACCCGGCGGCAAATCCAAAGAATC
CCACCCGCAGGCAAATCCAAAGAATC
CCACCCGTCGGCAAATCCAAAGAATC
CCACCCCTCGGCAAATCCAAAGAATC
CCACCCGCCGGCAAATCCAAAGAATC
CCACCCGTGGGCAAATCCAAAGAATC
CCACCCGATGGCAAATCCAAAGAATC
CCACCCCTTGGCAAATCCAAAGAATC
CCACCCGAGGGCAAATCCAAAGAATC
CCACCCCATGGCAAATCCAAAGAATC
CCACCCGTTGGCAAATCCAAAGAATC
CCACCCGGGGGCAAATCCAAAGAATC
CCACCCCTGGGCAAATCCAAAGAATC
CCACCCGCGGGCAAATCCAAAGAATC
CCACCCGGAGGCAAATCCAAAGAATC
CCACCCGGTGGCAAATCCAAAGAATC
CCACCCGACGGCAAATCCAAAGAATC
CCACCCCCAGGCAAATCCAAAGAATC

Table 2-2. Sequences of used primers (DNA sequencing).

Primer Sequence (5'-3)
MCT4-S1 GAGTTTGGGATCGGCTACAG
MCT4-S2 CTGCTAGACCTGAGCGTCTT
MCT4-S3 GTGGGCACCCACAAGTTCTC
MCT4-S4 TGGAAGTTGAGTGCCAAACC
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225 RBHOEELT T X I N

51 (1.24) LRIEROFIETITo T2,
2.2.6 CRNA OFFHL

51w (1.25) LFREROFIETIT- T,
227 T 7 VA AHT/VIEME (oocytes) DFAE

%1 (1.26) LREEROFIETITo T,
2.2.8 Oocytes ~DEfETFEA

H1E (1.27) LREROFIETIT- T,
229 KB LFEYE

Oocytes [T hMCTScRNA DA > =7 v a % 4 ARGE L2 D& -, 10% 5 %1
F= U ARIZIR L7e hMCTs 881 oocytes % /X7 7 ¢ T OIAIZ, ~ T AHL MCTL Hifk
(sc-365501; Santa Cruz Biotechnology, Dallas, TX, USA; TM6/7loop Z#8i#%k) & L <137 ¥ XH
MCT4 Hifk (22787-1-AP; Proteintech Group, Rosemont, IL, USA; C Kl /e it 2 385%) %
A Cleta L, RS L — P — BB RBMEE FV10i (U /82 B, BHA) TRE L1z,
728, oocytes DT T 4 U A~OHDIAI D YO F TIIALR AR ERAFZERT (FLIR.  ALifE
E, BAR) K L7,
2.210 HEEwIEER

%1% (1.28) LFEEROITIETIT- T,
2211 V—HF VAT IFA VAV B

FHEE MCT1 (human, NP_001159968; rat, NP_036848; chicken, NP_001006323; green anole,
XP_003220493; western clawed frog, NP_001015931; zebrafish, NP_001243569 [MCT1a] and
NP_956379 [MCT1b]) ¥ £ ' MCT4 (human, NP_001035887; rat, NP_110461; chicken,

NP_989994; green anole, XP_008102768; western clawed frog, NP_001007912; zebrafish,
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NP 997873) ®» 7 X / i %l © 7 7 A4 » A ¥ bk (T 1% Clustal Omega
(https://www.ebi.ac.uk/Tools/msa/clustalo/) ZBEED/XT XA —2 —THEM L7z [87], 77 A~
A2 ME DXL GeneDoc & W THERL L 7= [88].

2212 HREQID—ET VT L RAL VT

hMCT1, 4 @ 3 RIeARE R U —F7 /LI, Phyre2 (http://www.sbg.bio.ic.ac.uk/phyre2/html/
page.cgi?id=index) [89] @ “intensive mode” Z MW THEZE L7=, FEB TV —ET IAEEICE
T OFEMIIBER TR~ ATV D [89], BHLUICR T &, ETHHOZ U RXIEDOT I JE
FlZ17% HHblits ¥4 [90] THRA S, ZEHEL—F VAT T4 AV FBRERSND, Th
FAWTH 78D 2 Iki1E % PSI-BLAST-based secondary structure prediction % [91] 12 &
DTHT D, ZHOHEDT TA Ay MK OREE T HIORE R A /745 1T hidden Markov
model (HMM) 7 =V & L, 3IRICHENREI D ¥ /X7 'H O HMMs & & e T — X N— R &
A3 % (HHsearch) [92], HHsearch TEALE o7 T T A4 A hEANWT NNy 7 R—
DHBDETIVPEEIND, 7/ BOFHAL LORKIT, 3WcHEREF D & X7 8 H
KD 2-157 X VBEOKWR ZEDT-T7A4 77 ) =2 AW TIYFbihd, £ET VT L—
FET U ZIE Poing i£ [93] ZWTITON S, WEIZ, 7 XV BRAIEHZ Ny 7 R—12
%L TR3 71 k=L [94] ZFIH L TG Uik 72 Phyre2 E7 L MEE I LD,

AFETIZZOET Y ZTHFRIZBW T 6 D N7V AKR—F— (MFS k7 AR —
4 —) % confidence levels, percentage identity 35 J: T alignment coverage (23S W CE&E LT >
T —hrELTHERALE (Fig 2-1)., 77 L— b hMCT1 €1 V—FT LIZONTIE
1PW4 (inward open) [95], 41U8 (inward-facing occluded) [79], 4LDS (inward open) [96], 3WDO
(outward open) [97], 4CL5 (inward open) [76] 33 & 1*4J05 (inward-facing occluded) [78] % Hv>,
hMCT4 7RE 1 ¥ —F T /LD Tik 1IPW4 (inward open) [95], 3WDO (outward open) [97],
41U8 (inward-facing occluded) [79], 4CL5 (inward open) [76], 4ZP0 (inward open) [75] ¥ L
4J05 (inward-facing occluded) [78] % f\ 7=, Phyre2 7€ 1 ¥ —E 5 /)L DT 1)L ¥ — g/ MblE
3Drefine (http://sysbio.rnet.missouri.edu/3Drefine/) % A\ NT1T->72 [98], Ramachandran 7" =
~f#HT I RAMPAGE (http://mordred.bioc.cam.ac.uk/~rapper/rampage.php) % FV N CT1T - 7= [99],
MFS I J v AR—& —OHE AR K (PSSM-ID: 119392) DH#EE(Z1% Conserved Domain
Database (https://www.ncbi.nlm.nih.gov/cdd/) [100] B X [0} CD-search
(https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) [101] % H v 7z, hMCT1, 4 @ 3 R chkiE
T TA A2 M Matt &2 iz [102], AT P —T T L ORI X OWENTIZ 1% PyMOL
2.1.0 (Schrodinger, New York, NY, USA) % fv 7=,

26



a

Rank Template Conformation Identity Confidence 1 170
1 dipwda Inward open 11% 100%
2 c4iu8A Inward-facing occluded 8% 100%
3 c4ldsB Inward open 13% 100%
4 c3wdoA Outward open 11% 100%
5 c4cl5B Inward open 7% 100%
6 c4j05A Inward-facing occluded  12% 100%
TM prediction of the final Phyre2 model
Rank Template Conformation Identity Confidence 171 340
1 dlpw4a Inward open 11% 100%
2 c4iu8A Inward-facing occluded 8% 100%
3 c4ldsB Inward open 13% 100%
4 c3wdoA Outward open 11% 100%
5 c4cl5B Inward open 7% 100%
6 c4j05A Inward-facing occluded  12% 100%
TM prediction of the final Phyre2 model
Rank Template Conformation Identity Confidence 341 500
1 dlpwda Inward open 11% 100%
2 c4iu8A Inward-facing occluded 8% 100%
3 c4ldsB Inward open 13% 100%
4 c3wdoA Outward open 11% 100%
5 c4cl5B Inward open 7% 100%
6 c4j05A  Inward-facing occluded  12% 100%
TM prediction of the final Phyre2 model
Rank Template Conformation Identity Confidence 1
1 dlpw4a Inward open 12% 100%
2 c3wdoA Outward open 11% 100%
3 c4iu8A Inward-facing occluded  10% 100%
4 c4cl5B Inward open 13% 100%
5 c4zp0A Inward open 12% 100%
6 c4j05A  Inward-facing occluded  11% 100%
TM prediction of the final Phyre2 model
Rank Template Conformation Identity Confidence 171 340
1 dlpw4a Inward open 12% 100%
2 c3wdoA Outward open 11% 100%
3 c4iu8A Inward-facing occluded  10% 100%
4 c4cl5B Inward open 13% 100%
5 c4zp0A Inward open 12% 100%
6 c4j05A  Inward-facing occluded  11% 100%
TM prediction of the final Phyre2 model
Rank Template Conformation Identity Confidence
1 dlpwda Inward open 12% 100%
2 c3wdoA Outward open 11% 100%
3 c4iu8A Inward-facing occluded  10% 100%
4 c4cl5B Inward open 13% 100%
5 c4zp0A Inward open 12% 100%
6 c4j05A  Inward-facing occluded  11% 100%

TM prediction of the final Phyre2 model

Fig. 2-1. Multiple template information on the homology modeling of hMCT1 and hMCT4. Six templates (MFS
transporters) were selected to model each protein, based on heuristics to maximize confidence levels, percentage identity,
and alignment coverage. The colored regions indicate which structural templates were used for which regions of the
sequence of hMCT1 (a) and hMCT4 (b).

2213 RyFoFvIal—vayv

L-FLE2JS X OV L-OPro @ 3 ¥k ei%id X PubChem (https://pubchem.ncbi.nim.nih.gov/) [103] 7>
HHEUSF L7= (PubChem CIDs 107689 [L-FLE&] 35 & O 7405 [L-OPro]), ZiL €Dl 7y KD
T VX —#/MEIX UCSF Chimera 1.13.1 [104] % Table 2-3 (Z/R 9 /37 A —&% —%fiH L T
{T>7-, &5IZ, UCSF Chimera ™ Dock Prep BEREABEE D /T A —Z —DH & TR L,
TN F—F/MEEDO ) B RBLOhMCTLARER V—F T /UK L CKERFBLOE
O 5217 > 7= [105, 106], Ky ¥ 72 2 L—3 3 2id AutoDock Vina % U 7=
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[107], Grid box /3T A —H —(ZZDHLE (X=34,Y=17,Z=-35) |Z. K& X% (X=29,Y
=13,Z2=18) ITRE L7z, ZHIELhMCT1 ® M69, R313 B L TNF367 A T E&tr K& &
Thod, EOMDINT A= = TRTHEDMEEZEMN Lz, £THY J > F%& hMCT1 A&
0= TV L TEBNC Ry o7 Li-ob, TRAENROFAHH=RLE—ED E
A9 ar T A—va R LT,

Table 2-3. The parameters used for energy minimization of the ligands.

Parameter Value
Steepest descent steps 1000
Steepest descent step size 0.02 A
Conjugate gradient steps 1000

Conjugate gradient step size 0.02 A

2214 EfEfRMT

Ko FAEE O pK, THIL K EOR I L OWEHRITIZESN 1 7 (1.2.9) & [REkDHFIETIT
ST, 7272 L. pKAED THIIZIE MarvinSketch 19.2.0 % AV, KO R 3 X O EH#ET I
IZ SigmaPlot 14 % H\ 7=,

L-FLEE S LUV L-OPro O WL D iAZ 2 U T > A (CL = ViyaxlKi) (FFEE OFIHIELY A I~
W2 FEERECRLCRE L, 7ed. FAEIREIZZDO WMCTL IZHT 2 KnfEL Y b+
RS BRIE L7z [24,33,108], —fiC, PHERIDEE L FRIFED A J1 = X LTk SN 555
Ki=Kn & 725729 [109]. L FORXEZHNT N7 VAR —F —Dk 1 7V (Kea) L%
b o7,

kcat,LfOPro _ CLL*OPI‘O Ki,L*OPrO

kcat,LfLactate CLLfLactate Ki,L*Lactate

[CL: WIAER Y iAZ 2 VT T v A, K;: BAEEH]
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23 MR

23.1 hMCTL 4 DFRERI—ETFT Y 7B I OEEBRERKOHE

EHOLIXTNETOMNSET, hMCTL B4R LE T 5 L-OPro (10 mm) 73 hMCT1 (%t
L CHEERAZAT 50, hMCT4 (oxt L CIIBEERZ A S0 E 2L LT
% [33, 72], L-OPro ® hMCTY, 4 (Zxt3 2 FHERMEZ T~ 25 728, L-OPro (0-100 mm) % M
Wz HEROGFER 21T > 72 (Fig. 2-2a), € OfE SR, L-OPro IZ hMCT1 % i &K AR L,
ZOKEIZ59+07mMm ERH SN, FD— 5 T hMCT4 I TRRFEIZ AW - KO (100
mM) IZBWTHAERNBO Lo, T HOFEFEIE, L-OPro 28 hMCT1 2 & -
TERAL \—wuuiﬂaéﬂé EERLTWD, ZHETIZ, ratMCT1, hMCT4, X ThMCT8
D TMBIZ X, FEE IR IZ A1 e Arg FREE D FET D Z E BB & 7o o T D [24, 59, 110],
L2rL7e3 6, hMCTL 28T 5 Z D Arg 753 (R313) OEENT DWW TIIREEHRE 720,
FHEEM) MCTL, 4 DY —7 VAT A A MZE D, 20 Arg 553 hMCTL 128\ T b
RESHTWD Z ERHLNE 257 (Fig. 2-2b), %+ Z T, hMCT1-R313Q £ Sk 4 /EHL L
OGS EE T L7 & 2 A, BRKOIENEIL hMCT1-wild type (WT) & kbl L CHA
FIIKT L7z (Fig. 2-2¢), = D —F T, M~ OFELEIZIXIT & A EREN -T2 (Fig.
2-2d), ZOfEFREN D, rat MCTL =2 hMCT4, hMCT8 7217 T72 < . hAMCTL1IZH W\ TH TM8 12
FAET 2 Arg FRED B EIL LA TH D Z LaVRES T,

>Fig. 2-2. The conserved TM8 Arg residue is required for L-lactate and L-OPro transport by hMCT1. a The uptake of
L-["*Cllactate (1 pm) was monitored in the presence of increasing doses of L-OPro (0-100 mm). Oocytes were incubated
for 10 min at 25 °C. The & value was determined using non-linear fitting, as described in the “Materials and methods”
section. Transporter-specific uptake was calculated by subtracting the uptake in water-injected oocytes from the uptake
in cRNA-injected oocytes. Values represent the means + S.E. from 3 independent experiments using a single batch of
oocytes, each performed with 3-5 replicates. b Multiple protein sequence alignments were performed between verte-
brate MCT1 and MCT4 (hsa, human; rno, rat; gga, chicken; acs, green anole; xtr, western clawed frog; dre, zebrafish). The
alignments were generated using Clustal Omega, under default parameters and were visualized using GeneDoc. The
conserved TM8 Arg residues of vertebrate MCT1 and MCT4 are marked in red. ¢ L-["*C]Lactate (1 um) and L-’H]OPro (0.2
uMm) uptake via hMCT1-WT and -R313Q compared to controls (water-injected oocytes). Oocytes were incubated for 10
min (L-['“C]Lactate) or 15 min (L-[’H]OPro) at 25 °C. Values represent the means + S.E. from 3 independent experiments
using a single batch of oocytes, each performed with 3-5 replicates. d Localization of hMCT1-WT and -R313Q in the
oocyte membrane. Oocytes were treated with antibodies against hMCT1. e, f 3D structure models of hMCT1 (e) and
hMCT4 (f) were generated by the homology modeling technique, and the TMs are numbered. Six templates were se-
lected to model each protein: PDB accession numbers 1PW4, 41U8, 4LDS, 3WDO, 4CL5, and 4J05 for the hMCT1 model
and 1PW4, 3WDO, 4IU8, 4CL5, 4ZP0, and 4J05 for the hMCT4 model. g Homology model of hMCT1 superimposed upon
the model of hMCT4. The putative substrate translocation pathways of the transporters are shown as sticks.
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Fig. 2-3. Structural parameters for hMCT1 and hMCT4. Ramachandran plot analysis using RAMPAGE was performed
to predict the stereochemical quality of the homology models of hMCT1 (a) and hMCT4 (b).

BlE2 S 72 hAMCTL, 4 O FERIMEOEWEBAT 572010, AEvP—FT U U7k
BELORAA RN 2 VT hMCTL, 4 OREBERSEREOERICERTL L& LT,
Quistgaard 52 LAUE.MFS b7 v AR —% =32 CTH@aDIT Y BrEEE2 A5 2 LA
Bk TS [111], hMCTs 1 MFS IZ)& L T\ A 72, hMCTL, 4 1% 3 IRehiEBEE
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HY—ET /U MRS b T U AR —Z =TI 7R 12 ROREE~Y v 7 A LTV
[112], hMCTYL, 4 RE 1 P —F T VOB FRI 22 2 4 M2 I 5 72, RAMPAGE % 7|
A L Ramachandran 7' & v NMENT %2475 7= (Fig. 2-3) [99], % DfEH., hMCTL, 4 RE R V—
BTN EDIZE A EDIRIEPSIENNCTHFREINTND Z R LN E 7257272 (hMCTL,
95%; hMCT4, 97%) . 153 B A7z T /WIFLIE OIS AW FHIRITICRI FEE Th 5 2 L AVR
SNz, HIZ%EH L, Conserved Domain Database DIE#HIZHESWT, ZNFN51 7T 2/
FRTRILDN D72 5 hMCTL, 4 O I REFR I 2 #EE L 7= (Fig. 2-2g) [100, 101], 7ads, FEE e
TR AR D 7 ARIE, & & o Ramachandran 7' MEHTIZ 35T 42T favored region PN
RERNTWE (Fig. 2-3),
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Fig. 2-4. Protein sequence alignment of vertebrate MCT1 and MCT4. Multiple protein sequence alignments were

performed between vertebrate MCT1 and MCT4 (hsa, human; rno, rat; gga, chicken; acs, green anole; xtr, western clawed

frog; dre, zebrafish). Alignments were generated using Clustal Omega, under default parameters, and were visualized

using GeneDoc. The putative substrate translocation pathways of hMCT1 and hMCT4 are marked in colors: pink, con-

served residues (hMCT1); red, non-conserved residues (RMCT1); cyan, conserved residues (hMCT4); blue, non-conserved
residues (hMCT4).
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Table 2-4. Amino acid residues associated with putative substrate translocation pathways.

hMCT1 ™ hMCT4 hMCT1 ™ hMCT4
lle40 1 Val42 Phe274 7 Val239
Thr4l 1 Ser43 Leu281 7 Pro246
Met65 2 Leu67 Ser285 7 Val250
Met69 2 Leu71 Ser298 8 Ala263
Ser76 2 Cys78 Ala306 8 Gly271
Leul28 4 Phel30 Phe367 10 Tyr332
Asn129 4 GIn131 Ser371 10 Gly336
Thr133 4 lle135 Val391 11 1le356
Gly136 4 Asn138 Thr395 11 Leu360
Met151 5 Alal53 Cys399 11 Ala364

The Conserved Domain Database was searched for putative substrate translocation pathways in hMCT1 and hMCT4,
using CD-search. Alignments were generated using Clustal Omega, under default parameters. TM, transmembrane do-
main

% Z T, hMCTL, 4 M CRAF S LTV R WER L 2 [ L 7o B R A ERL L . 2 O SRR
BT B 0MEFE 7=, £37. L-FLEEIS KO L-OPro % VN C hMCT1 Z8 SR D g 415 M % 5
fili L7z (Fig. 2-5a), L-JLERHAEIEMEIX F274V, L281P 33 LN F367Y ZRKICH W TAHEITIK
T L7=—7J7. L-OPro #idsiE 1T M69L, L281P, F367Y 35 L O T395L 8 BAKIC B W TAH EITIK
T L7, F7o, SRR LY hMCTL 28 BRO IR~ JBTE b iER8 L= (Fig.
2-6a), L281P BEIRIZOWTIIERBLOK FARD LN b DD, ZTOMAETD hMCTL A
BRI C B W TIEFICRE T 5 2 E DR I, 2D ORERNDL, M9, F274,
F367 B LN T3BFLEN A D M T v A — a3 VG LT ARGk 05%
N OBEEY T D Z ENRE SN, £DO—J) T, L281 #&HiT hMCT1 OHIfEME~D
EXRNT 7 4 X I T RN R S, RERIMEOE G2 MIT T 5729
(2. L-OPro & L-$LEEOWIHAE D iAF 2 U T F > Akt (CLiopro/Cliractae) & F-H L72 (Fig.
2-5b), BtV iAZ 27 U 7 F v A HlE ME9L 38 L TNF367Y ZRKICEB W TEHE LB Lz,
M69 35 L Y F367 FR LD BRI I W TEHEERER 2 R4 2 L 2VRES iz, I

X ® hMCT1 £ BARIZ /G T % hMCT4 2 AR O JLE s im M 2 90 7- (Fig. 2-5¢), hMCT4
RO L-FLERESIEME T, L67M, F130L, Q131N, V239F, P246L, V2508, G271A, G336S,
L360T F5 L U A364C ERUKICIB W THEICHA LTz, £D—F T, hMCT1-M69L, -F367Y
BERARIZKIIET 5D hMCT4-L71M, -Y332F ZRKZIZ L, 2 TD hMCT4 A RIRIZINT
L-OPro $gidsiiE 1Tt S e o 7z, F72, P246L 2 BR % R < 22T D hMCT4 £ RIKC

W CIER 72~ RIE N BE Sz (Fig. 2-6b), 6 OfEH7>5 . hMCT4 @ P246
FEH: (hWMCTL Tid L281 FR LA Y) 25, MifalE~DOwEY R 2 RV BT 7 4 v F I
BETHDLZ EPNRBEINT,

33



r 30
500 { =3 L-Lactate
[ L-OPro

C T D [ 25
400 I T T L A

300 1

100 A

L-Lactate uptake rate (fmol/min/oocyte)
N
o
o o
Jﬂ a
W)
W)
T
Q
N=E
lw)
% h
a
lw)
() I
lw)
o o b 9w
o o
L-OPro uptake rate (fmol/min/oocyte)

o

0.5

CI‘L-OPro/CLL-LaCtate ratio

O

50 4 d

ALYt | et R TN

NSRRI CR I R P
> > SN
FE VT FSPFTIFIFF LS

250 1 r 10

& [ L-Lactate
< [ L-OPro -
g )
S 200 A s 8
= °
£ a £
£ £
| T I I 3
E 150 - 6 2
a o
£ 100 d L4 o
© X
g o
=] Qo
[} =}
3 2
E o
- Q
4 -

&
v & O

Fig. 2-5. M69 and F367 are key molecular determinants of substrate specificity in hMCT1. a L-["“C]Lactate (1 pm)
and L-[’H]OPro (0.2 uM) uptake by the substitution mutants of hAMCT1. Oocytes were incubated for 10 min (L-['*C]Lactate)
or 15 min (L-["H]OPro) at 25 °C. % p < 0.05; ¢, p < 0.001 versus WT (L-lactate), and *, p < 0.05;, p < 0.005; °, p < 0.001
versus WT (L-OPro). b Normalized L-OPro initial uptake clearance (CLi-opro/ CLi-tactate) fOr the substitution mutants of h(MCT1.
Transporter-specific uptake was calculated by subtracting the uptake in water-injected oocytes from the uptake in
cRNA-injected oocytes. 2, p < 0.05; & p < 0.005; %, p < 0.001 versus WT. ¢ L-["“C]Lactate (1 pMm) and L-["H]OPro (0.2 um)
uptake by the substitution mutants of hMCT4. Oocytes were incubated for 10 min (L-["*C]Lactate) or 15 min (L-[*H]OPro)
at 25 °C. % p < 0.05; %, p < 0.001 versus WT (L-lactate). Values represent the means # S.E. from 3-12 independent exper-
iments using different batches of oocytes, each performed with 3-5 replicates.

34



N

Fig. 2-6. Membrane localization of hMCT1 and hMCT4 single mutants. Localization of the substitution mutants of
hMCT1 (a) and hMCT4 (b) in the oocyte membrane. Oocytes were treated with antibodies against h(MCT1 and hMCT4.




2.3.3 hMCTL, 4 Z2EZE BEKOEEHER-E

—EREBADFERICISE EEHIL hMCTL O L ELEK (double, MEIL/F367Y;
novemdecuple, 140V/T41S/M65L/M69L/S76C/L128F/N129Q/T1331/G136N/M151A/F274V/
S285V/S298A/A306G/F367Y/S371G/V3911/T395L/C399A) 5 L 8 hMCT4 @ % & 725 # (K
(double, L71M/Y332F; undecuple, V421/S43T/L67M/L71M/C78S/1135T/N138G/A153M/A263S/
Y332F/1356V) ZHEEE L. & O L-FLEEE I OY L-OPro #dsimME 2 58 L 7= (Fig. 2-7a), 7238,
ZEAFENZONTIE, H—AREAERICTZEO L-ALBREETEENRRKE KT (p <

0.001) L7Zaho/nZBREFZEIR Lz (272 L, FEERRME :F;azboﬂ\f: hMCT1-F367Y
IZOWTIEFIS & LT2), hMCT1-M69L/F367Y @ L-FLEEHaEIE ML hMCT1-WT & Ebik L T

B EE B0%FEAFE L TV =DIZXf L, L-OPro Bt G MEIXIZIE5E S J#Jﬁ%bf:o +D—J7 T,
%95 hMCT4 —HEZA B (hMCT4-L71M/Y332F) 1%, hMCT4-WT & I RIFRFLE O L-FLE
BRREIEME 2 7R L7228, L-OPro BRETRPEIIR S 2 vo 7o, THODORRIT, SEOHE LR
EADRERE —FH L TW5 (Fig. 2-5a, ¢), =512, hMCT1 @ novemdecuple ZE Kk L
hMCT4 @ undecuple 25 AT ILE #RTEME %2 2 < r & 72 o 72 (Fig. 2-7a),
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Fig. 2-7. Substrate transport by the multiple mutants of hMCT1 and hMCT4. a L-["*C]Lactate (1 uM) and L-[*H]OPro
(0.2 uMm) uptake by the multiple mutants of hMCT1 and hMCT4. Oocytes were incubated for 10 min (.-["*C]Lactate) or 15
min (L-[3H]OPro) at 25 °C. b Normalized L-OPro initial uptake clearance (Cli-opro/Cli-tactate) Of the multiple mutants of
hMCT1 and hMCT4. Transporter-specific uptake was calculated by subtracting the uptake in water-injected oocytes from
the uptake in cRNA-injected oocytes. N.C,, not calculated; ¢, p < 0.001 versus hMCT1-WT. Values represent the means
S.E. from 3-6 independent experiments using different batches of oocytes, each performed with 3-5 replicates.
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ZZ T, ER L2 EEEAROMBIE E~D3H % FEh L 7= (Fig. 2-8), hMCT1 @
novemdecuple Z8EAKIEZ DR L T2 b DD, Z DML EERKIZOWTIE
WY 2RI~ D JRENRZ SN, OO RE, SEARMKRICEAISNZLERD S
H . hMCT1-M69L, -F367Y LISk Hi—28 B8 AT BB s TR PRI IZ & A BB A 5 2 Te o
TR & 2P THER D & (Fig. 2-5a, ©) ARGE T HA RPN TA S AL O T DFEEN
WAHAICE < 2 & T, hMCTL, 4 290 L7 JWE#RE A fEi+ 2 2 LR &z, [FEkC, B
— IS BE N CIIERR BN EE) L 720 I B 2 2 CTEHEA L2 hMCTL 2 EARKICHB W TE
DREFRBUEINED L2 Z &b (Fig. 2-6, 2-8). ZEARENE A XN EALO T D%
MA@ < 2 & T hMCTL OB~ DOFRENPFH S 2 Z R ENTz, &I,
FEERME DO LB 2 RRFET D728, CLiopro/CLiacte TEZ FLH L 7= (Fig. 2-7b), Ht 0 A7
U7 7> AIE hMCT1-M69L/F367Y IZBWCTHE I T L, H—AREATH LN TV
T—H L OFESENRE LT (Fig. 2-5b),

S

MG69L/F367Y novemdecuple

undecuple

Fig. 2-8. Membrane localization of h(MCT1 and hMCT4 multiple mutants. Localization of the substitution mutants of
hMCT1 (a) and hMCT4 (b) in the oocyte membrane. Oocytes were treated with antibodies against h(MCT1 and hMCT4.
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2.3.4 hMCT1, 4 BEEZN UT- L-SLERENE OB EE SRR

ZIE TORFET WMCTLIZAFET 5 FEBIEIZBT o 5 M69 38 L UVF367 7% (hMCT4
TO L1 BELONY332 FAELICHY) #FE L7z, 260kl hMCTL, 4 OfiktEiE & o
BEICOWTH AR DR E1 5720, hMCTL, 4 ~DOZE BB AN Z O ERMIC G 2 5 58
IZOWTHEEL7Z, 9. hMCT1-M69L, -F367Y, -M69L/F367Y % /i L 7= L-[“CIZLEAH 1T
%95 L-LEER KON L-OPro OFHLEREZ 5F4l L 7= (Fig. 2-9a—c), < OfiH., M69L A& HikD
L-FLERFS & OV L-OPro 12545 KifEIZ hMCTL1-WT & He LT 2 fiicHik L, £/ F367Y £ 5
RIZBE LTI L-FLEB IS W TR 2%, L-OPro l2 DWW TR 4[5 0 KRS K 2 386 7= (Table 2-5),
52, MBIL/F367Y ZHARD L-FLEE L OV L-OPro 12x14 % KifEIX, ThZEh 6 5B LW
13 fFIZH R L7z (Table 2-5,2-6), ZH 6 DOFERN G, hMCTL D M69 I K U F367 Fk AL AL
HA~OBIFMEZE T 255 E UTHIET 2 Z &R Eniz, iz, REEREOLEH O
R L U CIHEEEIE (Ki Lopo/Ki Liactae) 35 & OMREY A 7 LV EE (Keat, L-oprofKeat, Lotactate) 22 54
HY U7z, WA K & 72 13 ke D LT H B 72 OFEFHFRI 2 i 24T 5 Z L IX TE 7203,
F367Y A RAROIEEELLIT hMCTL-WT & kg L CTHIR L, M69L 28 SR Dligiet 1 7 )1
HelE hMCT1-WT & i L CIE T L 72 (Table 2-5),

Table 2-5. Inhibition kinetics of L-["*C]lactate uptake by hMCT1 and hMCT4 mutants.

Ki, i-Lactate MM Ki, -opro MM CL.-opro/CL.-Lactate Ki, 1-opro/Ki, L-Lactate Keat, opro/Kcat, L-Lactate

hMCT1 0.26 £0.03 5.3+£0.6 (0.29 £ 0.02) 21 6.0
M69L 0.54 +0.03 11.7+13° (0.10 + 0.01) 22 2.1
F367Y 0.60 + 0.05 20.2 +1.4° (0.15 + 0.02) 34 5.0
MB9L/F367Y 1.6+0.3° N.C. N.C. N.C. N.C.
hMCT4 19+04 N.C. N.C. N.C. N.C.
L71M 1.4+£0.2 N.C. N.C. N.C. N.C.
Y332F 0.33 +0.04° N.C. N.C. N.C. N.C.
L71M/Y332F 0.27 +0.03° N.C. N.C. N.C. N.C.

The K values for each of the shown inhibitors were obtained from data presented in Fig. 2-9a, b, and d and the
Cli-opro/ Cli-1actate Values were taken from data presented in Fig. 2-5b. The K -opro/K i-Lactate aN Kcat, 1-0pro/ Keat, (-Lactate ValueS
were then calculated. Kinetic data were analyzed, as described in the “Materials and methods” section. The presented A
parameters represent the means + S.E. from 3 independent experiments. N.C., not calculated; °, p < 0.01;, p < 0.005; ¢, p
< 0.001 versus WT.

Table 2-6. Inhibition kinetics of L-["*C]lactate uptake by hMCT1-M69L/F367Y.

Ki, L-Lactate MM Ki, L-oPro MM CLL-OPI’OI CLL-Lactate Ki, L-OPI’O/ Ki, L-Lactate kcat, L-OPTD/ kcat, L-Lactate
hMCT1 (0.26 + 0.03) 3.0+04 (0.34 £0.02) 12 4.1
M69L/F367Y (1.6 £0.3) 39.5 + 3.4° (0.032 £ 0.012) 24 0.76

The K values for each of the shown inhibitors were obtained from data presented in Table 2-5 and Fig. 2-9c and the
Cli-opro/ Cli-1actate Values were taken from data presented in Fig. 2-7b. The K -opro/K i-Lactate aNd Kcat, 1-0pro/ Keat, (-Lactate ValuES
were then calculated. Kinetic data were analyzed, as described in the “Materials and methods” section. The presented A
parameters represent the means + S.E. from 3 independent experiments. ¢, p < 0.001 versus WT.
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<Fig. 2-9. Characterization of the inhibitory kinetics of L-lactate transport by hMCT1 and hMCT4 mutants.
a—e L-["*C]Lactate (1 uM) uptake by hMCT1 (a, b, ) and hMCT4 (d, e) mutants in the presence of unlabeled L-lactate (a,
d) or L-OPro (b, ¢, e). Oocytes were incubated for 10 min at 25 °C. Data are expressed as % of control (absence of com-
petitor) after the subtraction of uptake into water-injected oocytes. Values represent the means + S.E. from 3 inde-
pendent experiments, each performed with 3-5 replicates. Each experiment shown in the panels, a-e was performed
using a single batch of oocytes. f 3D structure models of hMCT1 with the M69 and F367 residues (magenta) and their
neighboring residues (green). g, h Interactions between the key residues involved in substrate specificity (M69 [g] and
F367 [h]) and their neighboring residues (distances in A). The helices are numbered as shown in Fig. 2-2e.

E BT MBILIF367Y 2OV TIEMLEEE L DK & kYA 27 LV DOIK T O 3380 5
Nz &Enn, B—EBREATELNTWEZT —F L OBEMENS L (Table 2-6),
INDOFERNS, hMCTL OFEERIMEN Y A 7 L (M69) 3 X U HFIME (F367)
WCRET 2RI K> TS SN TWD Z L2V RENT, hMCTL £ BARICB T D HGE & A
R, %P9 5 hMCT4 Z 8K (L71IM, Y332F B LY L7AM/Y332F) (22U T FHLER M % 5F
fili L7= (Fig. 2-9d, e), Y332F 35 & O L71IM/Y332F Z5 AR D L-FLEEIZ %19~ % KifElZ hMCT4-WT
LHLTHBIZ 16 12 L= (Table 2-5), Ziuid, %59 % hMCT1-F367Y, -M69L/F367Y
IERARIZEB DT L-FLERICHK T2 KifEAS hMCTL-WT & Hb L TR LTV ERER S AR S
Do LNLRDG, L-ELERISH T2 K EIZ DWW T L7IM 5K L hMCT4-WT & O RICHR
FMCHBRETRD DN h o7, 51, hMCT4-WT & [FAIFEIZ hMCT4 & BARIZHWN T
#, L-OPro (2 L B ERRITZRD B/ dr- 72 (Fig. 2-9), Z#Lix, hMCT4 ZH K2 L-OPro
FEEENTRO Lol b ) S X OfER L —%T % (Fig. 2-5¢, 2-7a),
FERPUE~OH- 2R S 72 M9 1 L ONF367 7k ik & 2 it fE D7 SE & DR O A 1EH

EEEAT A0, WiEKO hMCTL AEw VO—FF L FCOEMBRBLZHR L, *
DR, M69 F6 K N F367 ORIEH I HEE A B iSRRI (i L TR Y (Fig. 2-2g, 2-9f), iTfFD
TEIR & BOKPEAR BAE (<4.5A) 2B LG22 L3 6L e o7 (Fig. 2-9g, h), TM2
FAET D M69 DIEHIE, L66 38 LT Y70 (TM2) FEJE7 5 TNC G123 3 L TN L124 (TM4) 7%
FEEBUKMEMBEERZ R LSS 2 L2V REN7e (Fig. 2-99), F72.TM10 IZfF(ET 5 F367
ORI E1E, 4 DO (TM8 ™ D309 72 5 TN TM10 @ F363, G364 35 X OF G368) #3¢
NEIBKMEMR AEER 2B T 5 2 & 2R S 7z (Fig. 2-9h), M69L 2 BURCRESH BTz
st A 7 VRO ZEE) e 6 N F367Y BEAK TR b BB MO LE# L, Znbd
PRI & 2 DI EOFRK L ORI OBUKMER BAFH OREIZ X - THl & Z SN D TR R
Iz,
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235 hMCT1ID 9 FBERIUVU37TEBDOT I ) BEENEEERICE-T&EF

M69 I3 LU F367 75D & D I 5 7B RIMEE 28 hMCTL o JVE ik Js L UMM
WRLE G2 DDOPBEET 572012, T D ORIEICFIZ R (M69X 38 LTNF367X) A A
LZ O L-FLFEds L O L-OPro qﬁ.ﬁ@é@% A 3Tl L7=, M69P 35 L TN F367P & [i< &2 C A RK

T, IR~ IEH 72 RTE SRR S Uiz (Fig. 2-10), M6B9P 35 1L TN F367P TIEERILDIE T

DROLNTZT2D, ZE ORI 5 Pro ~DOEFLE AN hMCTL # X7 EDI A7
F=NT 4T EBIEEILIZEEZLND, MBIX ZRARIZOWNTI, FEKED L I3
FEMET R FEFRFEL OB NI X0 HEESE A Lz (Fig. 2-11a, b), FFlZ. M69 @ Lys
~OERE CLEMICHEFESNTODA Met K0 HRIESEW) (2K 0 B ATEE &
L7722 DD, MB9 FRILJE O BUK B BE S IR IC BB TH D Z LAVRIB STz, 7%
LHATO ME9X 28 BARIZIZIEESIEENTRD Db DD, £ D CLiopro/CLy Lactate T
hMCT1-WT & fhilg L CHEICED L7 (Fig. 2-11¢c), Z4 5 OFEFR 5, L-OPro @aﬁéeé’af;
H% 121 Met {85 D BRK I 7s > R W ERRE 1S AS M69 7LD H o ANLEICMNETHDH Z &N
IRENTZ, F£72 F367TX ZRIKIZHOWTIE, hMCTI-WT X D IEXZ OEEEiEERNEW S DD,
DEBEWRGES U IIEEET X/ BEELCEE LIZHAEOR HLBRERST 580 )
Bt el I 23R S T (Fig 2-11d, €), S BT, F367 & ARAVIZHALL L TV 5 AR EMED
His 7%k & B L7, T OREMEEMEIEE KT L, 202 Lk, hMCTL %4
L 7= Bk 12\ ) C F367 FR ko 55@54&&@@1@7@’3 RENEETHLZEERLTND,

TOZ L, oS EWEOKYEERER & F367 Mg //Vﬁ%%%ﬁbf%%gﬁﬂukﬁb
DHERF SN D Z & EPJE LeV, F367X EBRAOLERIEDO LB 2 RAET 5729
CLopro/CLy actare TEZ FitH L 7= (Fig. 2-11F), BV AR U T 7 Ak Liéf@%éﬁ%ﬁxz:m\
THEIZET L bDD F367L ZRIKITZ DENHH NI hole, 2D DFRERND
L-OPro O ZhHRAY 72t (2 1% F367 #% I D (5 8 DAL T y {7 THyils L 7= 4 fé*%Lﬁxuzgf&;Z)
Z RSN,
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Fig. 2-10. Membrane localization of M69X and F367X mutants of hMCT1. Localization of M69X (a) and F367X (b)
mutants of hMCT1 in the oocyte membrane. Oocytes were treated with antibodies against h(MCT1.
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pm) and L-[*H]OPro (0.2 um) transport activity of M69X (a) and F367X (d) mutants of hMCT1. Oocytes were incubated for
10 min (.-["*C]Lactate) or 15 min (L-[*H]OPro) at 25 °C. , p < 0.005; 4 p < 0.001 versus WT (L-lactate), and ° p < 0.001
versus WT (L-OPro). b, e These data were taken from Fig. 2-11a and d. Data are expressed as % of control (hnMCT1-WT)
after the subtraction of uptake into water-injected oocytes. Different colors represent different amino acid characteristics:
red, acidic; orange, amide; yellow, sulfur; green, aliphatic; cyan, hydroxy; blue, basic; magenta, aromatic; black, Gly/Pro. c, f
Normalized L-OPro initial uptake clearance (CLi-opro/ CLi-tactate) by the M69X (c) and F367X (f) mutants. Transporter-specific
uptake was calculated by subtracting the uptake in water-injected oocytes from the uptake in cRNA-injected oocytes. N.C.,
not calculated; ®, p < 0.07; ¢, p < 0.001 versus WT. Values represent the means + S.E. from 3-6 independent experiments
using different batches of oocytes, each performed with 3-5 replicates.
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2.3.6 hMCT1 &K H v KOOGS 8
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Fig. 2-12. Structure-affinity relationships of small monocarboxylates for hMCT1 mutants, M69L and F367Y. a,
b L-["C]Lactate (1 um) uptake by hMCT1 single mutants in the presence of CPC (a) or L-OCPC (b). Oocytes were incubated
for 10 min at 25 °C. Data are expressed as % of control (absence of competitor) after the subtraction of uptake into wa-
ter-injected oocytes. ¢ K; values of hMCT1 single mutants from radioligand competition assays with four different inhibi-
tors are shown as bars. The ki values for each of the shown inhibitors were obtained from data presented in Table 2-5 and
Table 2-7. Values represent the means + S.E. from 3 independent experiments, each performed with 3-5 replicates. Each
experiment in the panels a, b was performed using a single batch of oocytes. d, e Docking poses of L-OPro (d) and
L-lactate (e) into the substrate selection region in the 3D structure models of hMCT1 (distances in A). The helices are

numbered as shown in Fig. 2-2e.
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Table 2-7. Inhibition kinetics of CPC and L-OCPC on L-lactate uptake by hMCT1 single mutants.

Ki,cpc MM Ki, ..ocrc MM
hMCT1 1.7+£0.2 21+03
M69L 0.96 +0.04% 1.3+£0.2
F367Y 1.3+0.1% 25+04

The K values for each of the shown inhibitors were obtained from data presented in Fig. 2-12a and b. Kinetic data were
analyzed, as described in the “Materials and methods" section. The presented i parameters represent the means + S.E.
from 3 independent experiments. , p < 0.05 versus WT.

ZINHOAEIE MEIL I LN FI67Y AR DOEEIEEARE L7 b DD, £ CPC I &
O L-OCPC Z%}9 % K fEiX hMCT1-WT &ttix LTER L2 7= (Table 2-7),

L-OCPC LT L-OPro @ K fEDH#ZIZ L V| L-OPro @ 1 (i DOZERF AN Y H Mm‘k
5.2 58I SOWTEHMEE L 72 (Fig. 2-12c)o ZOERBIRFDRFBIRF~OEHIZ LD . ML
BLOFIOTY BEIRD Y AT R~OBIFED 8 5L EI§K T 5 Z LRSIz, Zhbd
FEER D, M9 35 TR F367 75 LAY L-OPro @ —NH— #1E ORI 5 L T\ 5 2 L AR
SNz, E6Zinsilico Ry o7y 2 b—3 g UEHTIZ L D  L-OPro & M69 35 L O F367
FRIEOAAET 5 ik & OMICIBTER 220 AR 3 sE Sz (Fig. 2-12d), HFlZ. f#tT CFF
HAL7 L-OPro OFELEEENEIRD 5 BHD 1 DICHOWTIZ F DT I REHFT L F367 o
BIRRFIR A & ORITHBEAERRNFAET D TR R S lz, £72. hMCT1-WT, -M69L,
-F367Y  CPC 3 X N L-OCPC IZx19 % KfEITHEI L T\ =728 (2 fi5Am; Fig. 2-12¢) .
L-OPro ® 1 /AR = /L FEIF hMCTL & OFAEERICIZE A EBEE L7anWZ ERRB I N, &
512, hMCTL BEAKRD L-FLEEE L O CPC 12k 2 KifED ko L v, RS ORIEAL
7 HONT B AIEERIR T DR E%m@ BRI L DY T RRBHEMEA~OEBIZ OV R L
7oo L-JLEE/ D CPC ~DOfEEE I X hMCT1-WT DU 47> R~OFFERE L2 17
WD LTz, 2R ORERENDG, L- zLﬁ&O)7 U U 7 Vol & AT D AE A~ ORI I
M69 55 X ONF367 RN EE CTHH Z L AVRBR I LTz, Z O REEMEIL, L-ALEE & M69 B8 L O
F367 ZREEM OEAEM M AEEA N RS in silico Ry F o7y ab—v g VORERIC
KoTHIFFE T (Fig. 2-12¢),
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24 BE

AFETIL, hMCTL, 4 OENFFRAE R G AR L E @A LI 52 & T, F0AE
BIRMEOFEIC D 2 DRE L HfE L7z, hMCT1, 4L SLC16A 7 7 I U —IZJB L Tk
D, TOBEOKE L LT L-ABEERET S, LrLAaRS, ZoRERIMEICITEND
BOLNTEY, FHZZNVH I UEEFERTH D L-OPro 1L hMCTL (2 X » THak S b O
\Zx%F L. hMCT4 12 X = Tl S e, BATiFgEicis V., ElkE MCT1 @ TM4/5loop
BEIOTMI0 3 ZF OFEEIRMEICED D Z L 2R T WL ODOFHLYAH 5, Hl21X, Galié
513 TM4/5lo0p 1D K142 35 K TONR143 717 rat MCT1 ONLARERIRPEICRED D Z & S L
TW5 [73], 51T, #EH¥E MCT1 ~0 F360C ZRE ALV ZDRE L LTAN T iR
FEIETAEOCARHAZ LML TS [22, 59], ZO#HIE MCT1 @ F360 F&ALix
hMCT1 @ F367 Z&FLIZxtis L TR Y . 2 OFRILIIANFRIC B W CHRERINMEIZE D D Z &0
S STz, Flt , TM2, TM4 38 LTV TMS OFFE DF% L (hMCT10 @ S121, Y184 35 LT T207
(ZXFIR) 723 hMCTS8, 10 ORERIMEICEZE THH LW oG bR [82], 2Dt

FAZHAD X | FEH T WMCTL, 4 OIERIERIE AR 27 X/ BIREOEW R, T OE
BIWEZRIET 25 & OEGILE L T2, hMCTL S EME L-OPro ikl 2 2872 7 X/ IRik AL % [A)
TET D720, N RAZ B ATEE AV T hMCTL, 4 OHEE FE AR k45 7
RIS M OXIET DR ILICESR L BB ERL L, ORE SR & REm L 72,
AMFEOEE CTEF L, T OEEREEENR T T 20 OO RELZFEE L, £
5OERMD H B hMCT1-L281P, hMCT4-V239F, -V250S, -G336S L rat MCT1, 4 (rat
MCT1-L274P, rat MCT4-V243F, -V254S, -G340S) (CB W T HIKIEMTH D = & BEEICHIE &
NTW5 [81], £7= Staubli Hix, 77V A Y A H)VIIREIILZ: 5 ONZ B b HEK293T #f
iz VN 72 hMCT12 #BLR 2 FH LT, hMCT12-S158P %z L7z L 7 F gk »s WT &
el U Ciib 4% 2 & 27 L7z [113], hMCT12 o S158 #5413 hMCT1 @ N129 7 hMCT4
D Q131 FRFEIZHIHT D DT, hMCT4-Q131N & BAK TR HAL7z L-FLERESIE LD FiX
BFERERTHD VR D, SHIZEHIT. hMCTL, 4 OHEE B EERK 2R+ 5 ¢
ALEIL 20 FRILDOH T, L-OPro iklkt U Tl b BB R EIZ K727 2 D07 I/ iBikik
(M6O™2 35 L T8 F367™10) Z[EE L7, ZHDHDERA~D THEEREAIZLY, hMCTL ©
L-OPro HikgEIZIZ E A EKRbND Z LB G E 72> 7=, Johannes & DEATHFZE T,
hMCT10 ¢ S121, Y184 35 KX U T207 R AN W EEIRME A IR E T D 4% & L ClRIE STz
72 [82]. FEH 1XYW, hMCT1/hMCT4 @ M65/L67, L128/F130 35 L U M151/A153 7t (%
ALZHhMCT10 @ S121, Y184 35 L OV T207 #7531 khils) 23 IEEERINMEICEE 595 O Tl
METRLTW, LLenbZoTPRICK L, Ziub ORI EEIRMEICRE S LT
VRN T & DN BARO FLE R BEAEAT ORE R B 6 & 72 o T2, AAFFETIZ hMCTL,
4 ORBEWERB AT T D7 IV BELED 3R TN B AR T L0, FORER Y
—ETNERELEL TWND, ZOET/MIEBWT, hMCTL OIEEEIMEIZR D 5553 L LT
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R S 372 M69 35 KON F367 7555 1T, & O fE OfEK & BUKMEAR BAER 2 TR LS5 Z &7
e STz, T ORERIE. MB9 5 LT F367 5L L-OPro O &0tk ¥4 7 WZxf LT
BEREHEZ R L TN RELEEENDH D, EHIT, M69 I XU F367 Fk I~ D fufnzs
FLE AR (MB9X 38 L TN F367X) DI REMEHT D5 R, L-OPro OZhE et |2lE
hMCT1 @ 69 % H ICBUKII D DEWESEELZ AT 57 I/ Bk b 367 & H ICBUKIIH
DYNL TG LR AT DT 2V BEENSLETHD Z ENALNE o, ZOFER
X, FER VTV CHERINIZBUKMEHEERET VAR L T\ D, o, A%
TEHEONTAER LY L-OPro ® —NH- {7 & L-FLEED 7 L S o TV olit 2 H 3 DA
SOFFITI T D M69 F8 KON F367 FRIEDRE &R S 47z, FE O IFEITIFFE T, CPC
25 hMCTL, 4 [LEREZH 3% — . DL-OCPC |X hMCTL BRI 72 L EREZH 325 2 & 2 i
LTBY, ZDOZEMND CPC D 3NA~D IR =VEE AN hMCTL, 4 DOV H v RERM:
DO ENCEE 2R E 2 B3 2 LOVRBR STV [72], ABFZEOREE S AR B f#sT <
"o T =513, L-OPro 7 a 7 ® 3L VAR =/VHH hMCTL & OFFAAEAICIZ &
AMEBE L2 EavRE Tz, L7235 T, hMCTL, 4 [H] TR 5 7= L-OPro 585kt i&
VMR, VR =V EEOEAIZ LY hMCTL 38 L L-OPro [ICiF £ LW BEAER N A Uie Tz
WTHDHENI L0, T L AEASNIZ AR =LEEMN hMCT4 (12 X % L-OPro #RikAE %
RFERAEDICELDEEZ LN,

WIZ, M69 35 O F367 28 B4R D SLERIIE B L 72 BRI DWW T T 2 Bl gHE o
BAENDEZTHIZY, — T, Met IS CRUSHEICZ LW, h T v AR—H
—ZI LT BRI BN ST 5 2 STFE A LR, Lo T, FEERMED
WRIE WV BIZBWTIE, #2780 HO Met fIBHOIE & A S 13F OSLIRESICHES
SEFNZRETZENZNEBZI LN, EEOBELZAER Y —ET /LI LNL, M69
& X OUEOREIL (L66, Y70, G123 B LN L124) & ORMICHUKMEMAERA R SN TE
D, ZHOHOMAEERIZE Y EWRIEZ AT 25 MEIX K (e.g. MB9IG, MB9A, M69C I3 L
O MBIT) B W TIEkEI LI Z N THlaN D, EBE, b0 ZERED
CL_-0pro/CL Lactate EIZ VT30 hMCTL-WT & bhifie U CTHE B 3580 i, TRl & OFS
PEDIHED D B ALTZ, MB9 FEIED hMCTL 2B 1T A2 EFNZ DWW T I E TaFREI N T
72T H, it Nancolas 5 1% AR-C155858 (rat MCT1, 2 BIRNAUBHEA]) SHMHEMEHL 5 5
BIEAFET HHBTIO Met FREEOBEZEMEAZMEEL TV 5 [81], ZDfEHR., rat MCT1L @
M69 7 JEiE AR-C155858 DfE ARG LARWZ ENHLMNE R o7, LLAaRS, 4
I% M69 78K % hMCT1 O ERINMEZRET DD O E D& LTHE LTz, 26 DOifk
R, WHFEIE MCTL @0 U o Rl 72 AR CIERMY T FThoTHAEH L
PHEAI & DM THRRD Z L 2R LTS, AHFFET, F367 I 7 = = /LD p fii~D >
= J — )WWERESE O AN (F367Y) 12K Y . CLiopro/CLi L actate TED TR 3788 ST,
X 5T, 2D Phe FEHL % Val FRIEA~ERLT 5 L ZOMEIEEIKR T L2000, HRIT L2
MoTo, ZIUTK LT, Thr FRIEA~EHL U722 RAK T2 OisiEER 52 2 IciE Rk Lis, Val
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BIOThr 3B L A EE2 A L TR Y | 20BN BAOBERIEDOLTHD (A F /L
EHL<ITe Fu$xdh), Lo T, F367T ZRIKICK T 2 EEHTEIEOK T i, Thr
FHEOE Fax U EONENS LAIHENRRIC LTl EShizbo B2 5
iz, Fio. F367 OFEFHMEBPMLOBKIET I 7 BRAIHD L <XV H > R & DBUKERH
HAEMIZBES LTV A AEE L H 5, AL THEE L hMCTL ARE R U —ET ADNDLED
NTEHRICESL &, F367 i & #oirfEnik i (D309, F363, G364 5 1 1 G368) 73iizk
PEFE AR & = AT REME AR STz, F367 784k % & v TR DO E > TH D D309
FEIL (rat MCT1 TZ D302 12FEY) 1E, TM8ITIE(ET 5 Arg 7k LG A B L, B O b
FoAR—a NZBWTEHEBEREREZR-TZERFESNTHD [59, 114], LR
T, Z® Phe 7% D309 75D 3 IRTTHIRALE Z iR D 5 DIZHELTH U | OV Tl D309
FHEOIFAET 5 TM8 AR DL 2 i3 5 AlGEME R & 5, £z, F367 D 5 20T
FIET DN EE L BUKMETH DR . ZOEEOFREE E OMOMEERIIMERESND
EEZ 5= (e.g. F3671, F367L, F367M, F367V, F367TW 15 X INF367Y), 452, F367L Z8H{A
?® CLy0pro/CLy Lactate TEIE h(MCTL-WT LIZIZF U TH Y, ZONEICEIT D y (i THlE L=
BOK PRI SIS O B EME A R LT\ D, SRR S AVE A E R L7 B TiRsEic i v
T, 2O Phe F& 72 & TNZ hMCT8 (235 TRl 72 Asp FRIL DN B3R 72 BB ik IZ M T
DEMEENTRY, 72, #E MCTL ~0 F360C A FE AIZ L D A1 U EREGE NG
HOHND XD EITENROEY ThDH [22, 59, 81, 110, 115], L7 L7eh HEHIL,
F367C 2 #AK (% MCTL T3 F360C (Z4HY) 23 L-FLEE & 7213 L-OPro # 8k L7202 &
ZIAELT-, ZHUE, hMCTL1 OIEERINMEIZ G- 2 5 F367 OREN, TN HOE L A \m
VEEE TR DI L ERLTND,

flim & LTy AFFEOZITIC LW hMCTL 2R 72 L-OPro ik iC B\ 2 DO 7 I /g
FRIEMEY BLOF367 R ZFE Lz, LNLAERRL, Zhb 2 DOEKIELSMNIE hMCTL
O FERPNE DOV ECBI G- T D IREPFIET D alREME A HERR T2 2 L 1L TE 22V, ARWF%E
TRE SN EIIL, hMCTL OB O NICary 7+ A—va YERICBE B LT D
ETHEND, ZNHDOFERE D LIC hMCTs OffiE L FERE L ORIENH S E 720 | fFk
AL hMCTs 3 ESESL DR T e 7 & 70 5 2 L i S b,
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% 33E hMCT2 OEE RN DN
31 =S

hMCT2 (SLC16A7) (ZhMCT1,4 LA U< hMCT 7 7 2 U —IZJ@ T % MFS T » AR —#
—Tbhd [112], WFIE MCT2 X MCTL L L CEBIFIMEDIE (e.g. L-FLER, B L E VEE)

A [45, 116, 117], £ OFBLMIET R AF—RE OB A BB LT [4]
hMCT1, 4 & [FERIZ, hMCT2 OABRFRIZREFNZ B O M2 T 5720, W< 202D hMCT?2 i
W72V Ay RRRHBENTE R, 728 201E, rat MCTY, 2 @R E L LCTy-& R
VEEEAT v 7T D HOCPCA 2Nl E S 41TV 51ED>, AR-C155858 73 rat MCT1, 2 SR Yy
RIHEHICTHD Z ERALNE72> TS [26,56], LxL7en s, MCT2 OILEREHR A 7
= X LT WA IO T2 L < rat MCT2 O FEEHiEIZ 13X TM1 0 K44 753 L OV TMS8
DRILEENEETHDL 2 ENRESNTVWEIDHLTH S [56], EH HITZNE TONE
T, hMCT1 @R A7 L-OPro BRE I EHEE 2 2 SO 7 2/ FRFE L M69 35 L O F367 ZE AL 4 [FlE
LTW% [60], hMCT2 13 hMCT1 L biltix72 7 A Y 7 4+ — L ThH D72 [4]. hMCT2 (2
BNTH IO OFEENEEGRRA T = A LZEHETH D A[REENH D,

% 2 CAETII, hMCT1 #iRAY7e L-OPro #iik 2B 5 M9 ¥ L U F367 75175 hMCT2
WCBWTHRESN TS Z E &R L, hMCT2 OFE NN hMCTL S L TW5D 2
L EFERELT,
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3.2 EBMEIBIUHE
321 ERIW

1 (1.21) LRBEOFIETAFLEET LT,
322 ME

Sodium L-[**C]lactate % PerkinElmer (Waltham, MA, USA) 750 A L 7=, L-5-[*H]Oxoproline
(PP*H]pyroglutamic acid) s & U¥sodium [*H]valproate |3 Moravek (Brea, CA, USA) 7> HHEA L 7=,
Sodium [*C]butyrate | American Radiolabeled Chemicals (St. Louis, MO, USA) 75 A L 7=,
74U = DNA % Eurofins Genomics (B, HA) IZHK ERERAKIE LT, £ ORI
FRIZHT O 72200 BR O 5k b L < IXAELTFH, o FEMTHO b0 E v,

323 FZAIFR

hMCT2 %37 F 2 3 K (pGH19-hMCT2) IZH>W\W ik, #F 7+ —24 (k. #5)1, B
AR) HHEAN L7Z hMCT2 cDNA OfflAiAE 7277 2 X K (pBluescriptR-hMCT2, Clone ID:
4827290) #HWT, F 18 (1.2.3) LREOFIETIER L=, A L7771 ~—I% Table
3-1 TR LTz, MAAATZEREHN M EIZEHE SN TW5D hMCT2 O ERd%1] (GenBank
accession number: BC030693) & —#HJ 52 &2 —F L A7 T A ~— (Table3-1) ZHW\T
= AENTIC K R L7=, hMCTL, 4 BB 7 A3 RiZoW0WTid, #H 1% (1.23) T
TERLL7=b D &AL,

Table 3-1. Sequences of used primers.

Primer Sequence (5'-3’) Purpose
Forward: hMCT2-Xmal GTGATCTCCTCCCGGGATGCCACCAATGCC Gene cloning
Reverse: hMCT2-Xbal TCTCTACACTTCTAGATTAAATGTTAGTTTCTC Gene cloning

MCT2-S1 TTCCCCAAAGCTGTCACC DNA sequencing
MCT2-S2 ACTTTTGAATGCCTGTGTGG DNA sequencing
MCT2-S3 GCCTTGGATTTGGGAGTG DNA sequencing
MCT2-S4 AAGGAGGCCAACACCATTC DNA sequencing

324 KRBEOKERELTT7AI FibH

%1% (1.24) LFRIEROFIETIT- T2,
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3.25 cRNA OFF%!

1R (1.25) LREROFIETIT- T,

326 77V AYAH /UG (oocytes) MDFFEL

W1 (1.26) LREROFIETIT- T,

3.2.7 Oocytes ~DEIETFEA

B 1E (1.27) LREROFIETIT- T,

3.2.8 HEEWIEER

%1 (1.28) LEEROFIETITo T,

329 V—HURTIFA AN, HFRFEBOER

U=V AT T A A MEF 23 (2.2.11) LEBED HETIT o7, A L7Z hMCTs @
72 BEEAIEHRIZLL T oMY TH 5 hMCT1, NP_001159968; hMCT2, NP_001257551;
hMCT3, AAF03489; hMCT4, NP_001035887; hMCT5, NP_004687; hMCT6, NP_001258694;
hMCT7, AAC52014; hMCT8, NP_006508; hMCT9, NP_001310910; hMCT10, NP_061063;
hMCT11, Q8NCK7; hMCT12, NP_998771; hMCT13, NP_963860; hMCT14, NP_689740, & 7=,
flEH L7 FHEEM) MCT2 07 2/ BEHIIEHRIZLL T 0@ Y Toh 5: human, NP_001257551;
rat, NP_058998; chicken, NP_001186533; green anole, XP_003221232; western clawed frog,
NP_001106392; zebrafish, NP_001092889, 4%t i3 ClustalX 2.1 for Windows [118] % >
T7— MR N7 v 7N [119] % 1000 [F11T - 7= t% . Neighbor-joining i [120] (2 L W HEEE L
77

3210 REuP—FFY S

hMCT2 @ 3 RILAER Y —ET/LIEH 2 3 (2.2.12) LRBEOFETER L, 20T
V> 7Bz snWT, 6 HO N7 AR—4— (MFS k7 AR —%—) % confidence
levels, percentage identity 33 J O alignment coverage [ZFESWCIEE LT > 7 L— k& LTl
M L7z (Fig. 3-1), 7 > 7 L — R~ ZIE 1PW4 (inward open) [95], 4CL5 (inward open) [76], 3WDO
(outward open) [97], 4J05 (inward-facing occluded) [78], 6H7D (Outward-facing occluded) [121]
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F L V4LDS (inward open) [96] % FV 7=, Phyre2 ;€ o —ET /DT R LF—i/Mb,
TI~Fxr KT Tay M, 3IRTEET 74 v A v b AERV—ET VORER X
OMIEMTIZES 2 32 (2.2.12) & [RIEED HHETIT> 72, hMCT1 @ 3 RICAEET T V—F T /LD
TiX, 2% (2212) TERLEbOEFEH L,

Rank Template Conformation Identity Confidence 1
1 dilpw4a Inward open 10% 100%
2 c4cl5B Inward open 10% 100%
3 c3wdoA Outward open 12% 100%
4 c4j05A  Inward-facing occluded 10% 100%
5 c6h7dA Outward-facing occluded 10% 100%
6 c4ldsB Inward open 12% 100%

TM prediction of the final Phyre2 model

Rank Template Conformation Identity Confidence 171
1 dipw4da Inward open 10% 100%
2 c4cls5B Inward open 10% 100%
3 c3wdoA Outward open 12% 100%
4 c4j05A  Inward-facing occluded 10% 100%
5 c6h7dA Outward-facing occluded 10% 100%
6 c4ldsB Inward open 12% 100%
TM prediction of the final Phyre2 model
Rank Template Conformation Identity Confidence 341
1 dlpw4a Inward open 10% 100%
2 c4clsB Inward open 10% 100%
3 c3wdoA Outward open 12% 100%
4 c4j05A  Inward-facing occluded 10% 100%
5 c6h7dA Outward-facing occluded  10% 100%
6 c4ldsB Inward open 12% 100%

TM prediction of the final Phyre2 model

Fig. 3-1. Multiple template information on the homology modeling of hMCT2. Six templates (MFS transporters)
were selected to model hMCT2 protein, based on heuristics to maximize confidence levels, percentage identity, and
alignment coverage. The colored regions indicate which structural templates were used for which regions of the sequence
of hMCT2.

3211 KAEMAT

K53 TALE O pKa THIF JOWERHIEITIZN 2 3 (2.2.14) L RIERDTETIT -7,
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33 MR

331 hMCT2 DA ERr >—EST VT

hMCT2 (£ hMCTs ® 1 T% hMCTL & & b EAIIFALIME S = < (Fig. 3-2a), WL d L-FLEE
RN AR IEE U CHET 5 [45], EH O 2L E TOMECRE L7 hMCTL &R
#y7¢ L-OPro Bk (C /2 2 DD 7 I/ Bk M69 F5 & UY F367 #5458 hMCT2 128\ T h
BIESNTWENEHERT H720 [60]. hMCTs DY —4>7 AT T A AV M EERLL T2
(Fig. 3-2b), = D#EH. hMCT1 ® M69 8 L TX F367 71T hMCT2 IZBW T DO AEIES LT
WHZENHLMNE ST, F72, hMCT2 ® M69 35 L T F351 74 (hMCT1 @ M69 5 &
O F367 FRIEIZHIS) (FFHEEY) MCT2 IZBWVWTHRBRICRGFINTWD Z LRSI
(Fig. 3-2¢c) 2O DOFERDN G hMCTL IZFHERY 22 R EHERIREDS . hMCT2 128 W\ T Rl
2R B AV D ATREMEDS R S 472, hMCTL, 2 fi] TIRAFE S 4172 Met 36 K OF Phe 750D 3 RoeH#
& ECONEEZ MRS D=8, Phyre2 5| L ThMCT2 ® 3 RItAE R o—FT /L 245
L [89]. & 5(Z 3Drefine # AW THELNTZET VDT FF—/IMbE{T 7= (Fig. 3-2d, €)
[98]. 72¥. hMCT1 @ 3 WA EFT P —FTF MOV TITEER TER L TW5 [60],
Quistgaard 52 XAUX.MFS k7 v AR —F — 32 CHEOIT Y BAHEEZHFT 52 1B
Bk oTD [111], hMCTs X MFS IZJ8 L T\ A 728, hMCT2 1% 3 IRoeHs&EBER O
MFS R 7 v AR—4 — L RO BEHEEEZTER L TS & PRI S [112], =R /VF
—H/MEZ D AMCT2 FRE 81 ¥V —F T /LT MFS k7 0 AR — 4 — (R0 72 12 KO E#
~NY w7 ZEALTWE [112], hMCT2 7R 1 2 —F 5 /L O SR LR 72 3224 P 4 2l
% 72 RAMPAGE % #I| i L Ramachandran 7' 7 v MMM 217 > 7= (Fig. 3-3) [99], & D 5F.
hMCT2 RER TV —FT /L EDITE A EDFEREPSEICETIRSIVTND Z ERH LN E 2R
Slztz® (>96%) . 15O AT T VIS AW FIEAT IR AR RE T H Z L AR E T,
hMCT1, 2 A CHRAF S 4172 Met 35 XU Phe 555D 3 oihiis L COMBEZfER LT & 2 A,
W7 FEO XA Z2ALE L hMCTL, 2 TR CHEEIL TR Y . Ziub OFEEEN hMCT2 123
WTHEEEIPEICE G L D 5 2 &R ahic (Fig. 3-2f),

>Fig. 3-2. The key residues involved in hMCT1 substrate specificity are completely conserved in hMCT2. a Multiple
sequence alignment was performed using Clustal Omega. The unrooted phylogenetic tree (1000 times bootstrap) was
constructed via Neighbor-joining method in ClustalX 2.1 for Windows. Bootstrap percentage values (above 80%) are
shown at the internal nodes. b, ¢ Multiple protein sequence alignments were performed between hMCTs (b) and verte-
brate MCT2 (c; hsa, human; rno, rat; gga, chicken; acs, green anole; xtr, western clawed frog; dre, zebrafish). The align-
ments were generated using Clustal Omega, under default parameters and were visualized using GeneDoc. The con-
served Met and Phe residues are marked in red (MCT1) or green (MCT2). d, e 3D structure models of hMCT1 (d) and
hMCT2 (e) were generated by the homology modeling technique, and the TMs are numbered. Six templates were se-
lected to model each protein: PDB accession numbers 1PW4, 41U8, 4LDS, 3WDO, 4CL5, and 4J05 for the hMCT1 model
and TPW4, 4CL5, 3WDO, 4J05, 6H7D and 4LDS for the hMCT2 model. g Homology model of hAMCT1 superimposed upon
the model of hMCT2. The conserved Met and Phe residues of the transporters are shown as sticks.
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Fig. 3-3. Structural parameters for hMCT2. Ramachandran plot analysis using RAMPAGE was performed to predict the
stereochemical quality of the homology models of hMCT2.
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3.3.2 hMCT2 OEEF#ME

ZNETOMEEIZ LY . hMCT1 OREEIERMEIZET D D Met 38 L T8 Phe 75275 hMCT2 (2
BOWTHRFEEINTEY, 20 3 KuoEE ETOMBELHELL TCWD I EBNHLMNE RS
2o ZHHOFEFIL, hMCTL, 2 OB RIVENERIT 5 a2 R LT D, £ 2 TEH
1Z. AFEDOIESFE / WVR R (L-$LER. L-OPro, E&lE., /L7 0fig) % fvC hMCTL, 2,
4% LTI HERERE A FTHMI T2 2 & & Lic, ZOE. L-FLEEIX hMCTY, 2, 4 24T L CHi
®XNi=—F T (Fig. 3-4a). L-OPro X hMCT1, 2 IZ L » COHEE I 7= (Fig. 3-4b), Z o
Z L 13 M69wict1 (MB9mcrz (S 5I) FE2EES K OVF367mmert (F351hmer2 (S HTIE) 785548 hMCTY,
2 4 L7= L-OPro s IC B R E 2 B2 L TWAZ L 2R LTS, £7-. BB X
UV L7 aigix hMCTY, 2, 412 K- Tk SvZe - 72 (Fig. 3-4c, d), 2L H DOFERIL,
hMCTL, 2, 4 241 L7=E / J1 V7R BRRIE U ZH 7R AT b Dy OREIE SRR 3 L OV L7 BRI
FELRPo T2 ThHHEEZBND,
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Fig. 3-4. Substrate selectivity of h(MCT2. a-d L-["*C]Lactate (a; 2.5 M), L-’H]OPro (b; 0.8 M), [14C]butyrate (¢; 1.7 um),
and [3H]valproate (d; 18 nMm) uptake via hMCT1, hMCT2, and hMCT4 compared to controls (water-injected oocytes). Oo-
cytes were incubated for 20 min at 25 °C. Values represent the means + S.E. from 3 to 6 independent experiments using
different batches of oocytes, each performed with 3-5 replicates. ? p < 0.05; b p < 0.01;¢ p < 0.005; 4 p < 0.001 versus
water-injected oocytes.
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34 EE£

AREETIE, hMCT2 @ 3 otk LMKy € / VAR U IBaERe 2 3325 2 & C,
Z OFEFARPED hMCTL S FEIL TWD Z E A B2 Lz, hMCTL, 2 i hMCTs O H T
b Z OEHPERMERENLT TH Y, ZOdAEOLE L LT LB L E Ak

% [45], LoxL72235, hMCTL, 2 OFEL L 72 FERIRPEIC B 590 1 A 1 = X L2200 T
XN ETITFEEAEHENR RSN T IR o, EH 51T, hMCTL iERE972 L-OPro

SR 2 DD T 2/ BRFEEL M69 B LN F367 B AFEL TV 5D [60], o DFk
AT hMCT2 @ M69 35 LU F351 FRELICxbi L TR D . AWFFED hMCT1, 2 @ 3 IRych#is &
FERERROT — 2 L 2t TEx b & HWEBRIWEICEE 57 % Fl6E éﬁwém‘_o MCT2
£ MCT1 &b U CTHREEICKH 28R EIEE WS 00, O REERHEIEMEIRN 2 & 73@%
M Tpo TG [45,116, 117], & OfH[A im}%nf‘ﬁot hMCT1, 2 @ﬁ@’%ﬁam REMAHTIC
WT %ﬁ% LTV, R U AR—F—OREREEMEL, BEITRH 2Bk (Km)

DOEIETA TV Keat) BER RN T AR—F —DORBIEIZL > THESINS T2, LiT
@fﬁ% X MCT2 OHEE I3 DHgkY A 7 LA/ NS0y, MCT2 O~ HL &) MK
NWZ LIC R THIEEZ SNIAREMERH D, BT IZOWTIX, Bk A 7 LV BNRE DR
A= 7‘5 ENBEIND, T7205, MCT2 DREKSZHEDOE W KTV AR—2—Th
S TEAITIEL IR (=37 °C) & Xenopus oocyte 268158 (=25 °C) & TF DlgisiEEIC =N
TS k%z BNb, FEBEICOWVTIE, MCTL & MCT2 & CHIFEBEA~DOREILO LT
EMET S TVWDHEAENEE SN D, T700 5, MCTL IZERBLCED A HliBh 2 7 & L
T basigin/CD147 Z |4 % —J5 T [122]. MCT2 i embigin/gp70 % |9 % 7= [123]. %
AU 5 D Xenopus oocyte FAALEA~DFEBLEIZ N B 55 121E, hMCT2 ORI ELEIZ ) 2
ERIFTEEZLND, EEIZ, Xenopus oocyte HIEMEIZIZANIKMED basigin 2MFEES D —
75T [122]. NIRPED embigin (Z7F7E LR Z ERBHA LN E 72> TN D [124], F 7=, Xenopus
oocyte |Z embigin & rat MCT1 & L < (% rat MCT2 Z# dL38B S w7244, rat MCT1 &b LT
rat MCT2 C & 0 BIE 2B B I X QMRS EMEO R AR D b T b [124]0 B DRA
7>, Xenopus oocyte FEELA TR 51172 MCT2 DR E B EIEMEIC 1T, TR OIS 3 &
72 EOEBOER D5 TV D RN E 2 bivlz, ABFEIZEIT H hMCT2 Z 4 L72 K
B EREMEAT Tl 4 FROAR Sy 1 /) IR V% T2, hNMCTs DY —45 VAT F A4 2 R
VR OFERIN S FRISNZ@ Y . hMCT2 1% hMCTL & RIS L-OPro (259~ 2% B 72 i %
BEZA L TCWVWDZ LIS Lo 72, Rat MCTL, 2 OB ILE T 5 HOCPCA (1 L-OPro
CHULTEZ B LTS 72D, ZORMA =X LBHEL L T D Al dH % [56].
Fo, BB IOV T B ERIE hMCTL 2,4 IC L > Te<{Ek S NehoToZ tinh, =
b OIEEWITIZ, hMCTL, 2, 4 240 L7 FE ik I WA S (e.g. A2 O, N 1% L <
LIS DFRFITHES LT SHEDOKFERT) BDERbATWDH b0 LEBE 2 b5, EERNIZ

BT DEEERR L OOV B A IR, HIRZ MO AT AN LT\ D & ois
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DIFET 2 [125,126], L L7, 2B DE J WK VLA WITE S MCTL (2 X
STELEEINLNI ENREINTWD [46, 54, AFEOFEFRS,. hMCTL 725
IZ hMCT2, 4 &R IS L OV L 7 o R DOEGEIC B S- LR W2 L2V RENTz, Lz~ T, A4
RNIZE T2 25 DF / VR UEROEEIZIL, RO HESZEOBSHEENE L LT
WHHDEZEZBID,

fitiam & L CUARMFEDOZATIC L D hMCT2 IZ/-ET 2 2 5D 7 2/ FRFk A M69 35 L UVF351
25 hMCT1 & [RAEIC L-OPro OBk b » T D afREME I R &Nz, T DERE S &
2. RIEZZOEBEIE ORI A —7 7 hMCTs DAY FHI R R EINH LN E 70D 2 &N
MrEsh s,
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AWFZEClx, ThMCTL, 4 0 FLEGRINME O3 % 7 0 TM6/7loop it 510D &\ o B ¢ & 77
Molz] EWIEFRDORITIIEOFERZ 21T, hMCTL, 4 OFEBIRMEDEWERET D
DHAN=ALEGAT 52 L2 HAE Lz, hMCTL, 4 OIEERGE & & /37 By Fhfis
{24 H L. Xenopus oocyte ZFHIEH HXC in silico DFiEZ W TR 4 ORBIEZITV, LT D
FER AT,

1. hMCTY, 4 & = DEEHH AR & ORETEMEFRE 2 B 5 2:M2 L, 517072 hMCT4 38R
FEBALEATH 5 bindarit (2-[(1-benzyl-1H-indazol-3-yl)methoxy]-2-methylpropionic
acid) Z[AlE L7z,

2. hMCTL1 ZIRAG72 L-OPro ikl EBEL /2 2 DD 7 X/ FRFE I M69 35 L O F367 7k k%
FIE L, FOREERIEADLI D FA =R LO—uE2H LI L,

3. hMCT1 &R 72 L-OPro Bt lZ B4 5 M6B9 38 L OVF367 7815728 hMCT2 128 W T b £
FINTWDHZ E&ER L, hMCT2 OREEREF#NMED hMCTL CFEELL TWA Z L %25
SEL 7,

hMCT1, 4 (2B 2 e TAFZEIE. MSAMIIBIZEIT D hMCTL, 4 BEO LD LigHe L o REE
IRRET 5 F1 32 < . hMCTL, 4 OkHEEEZ O b O % 3l L 7= liT D 2o 7=, AR
721X, hMCTL, 4 O & WEIERIPEDOBBR A LN LD THY | 2D FAN=X
LEMRIATH Z LT, b MHERICRIT D hMCTL, 4 O&E] & BERERI 22 E 43T 28 X 0 BRI
ol tEZHND, hMCT1,4 DJET 5 SLCI6A 7 7 2 U —(X, o SLC 7 7 2 U — L b
L CHEBERIND b T AR—=F =L LB LTV D, FlzIE, 2 BB RFBIRIE ) A 7 B
{5+ T 5 hMCT11/SLC16A11 3 L OV hMCT13/SLC16A13 (3 1E IC B9 2 1F@IT B A0, it
A2 FERERRATICIT 2 0 2 ESE S X R TH 5, ABFFEIZ L V15 5172 hMCTL, 4 Offi
CHEREICRET DA, N0 —T 7 b T U RAR—X — O L HEREEZ I D T
5 ETEEELRDLEBEZIDOND, SHIT, AHIFETHEE L2 hMCTL, 4 O R 72 2 BRI
ERMLIZAER =T VAT L2 ETTA Y 74— LEIRAY7 hMCTs BLEAI DB
FICHMTE 5 LB 25, FFIZ hMCT4 BIRPYZ2BHFEANCE L CTix. AFZECRE L7
fibrates X° bindarit % [ & @& BFE L7228 RBFEORESIE L Y 587772 hMCT4 BHE A
ORFHCEERMAEZ 52560 & 25, MCTL, 4 X IEFRRZ T TR < NAMIBICE
WTHEFEBL, BDAMRORECHEICEET 2 2 LMo Tnbdied, 74 Y 7+
— LI 72 hMCTs BREANTHUEMEGE RO 7 7 — A b« A 7 TR LR VG D,
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