
CSPIVSIFTD----RLGCRITATAGAAVAFIGLHTSS--------------FTSSLSLRYFTYGILFGCGCSFAFQPSLV
CCPIVSVFTD----LFGCRKTAVVGAAVGFVGLMSSS--------------FVSSIEPLYLTYGIIFACGCSFAYQPSLV
GGALGGYCSNRFG-RRDSLKIAAVLFFISGVGSAWPELGFTSINPDNTVPVYLAGYVPEFVIYRIIGGIGVGLASMLSPM
GSFSVGLFVNRFG-RRNSMLIVNLLAVTGGCFMGLCKV---------------AKSVEMLILGRLVIGLFCGLCTGFVPM
IPIPAGILMKKLS-YKAGIITGLFLYALGAALFWPAAEI---------------MNYTLFLVGLFIIAAGLGCLETAANP
SKFIMGSVSDRSNPRVFLPAGLILAAAVMLFMGFVPW--------------ATSS-IAVMFVLLFLCGWFQGMGWPPCGR

TMH4TMH3TMH2

MCT8
MCT10
XylE
GLUT3
FucP
GlpT

-292
-189
-149
-140
-140
-142

ASEEAKGPWQEADQEQQEPVGSPEPESEPEPEPEPEPVPVPPPEPQPEPQPLPDPAPLPELEFESERVHEPEPTPTVETR
MVLSQEEPDSARGTSEAQPLGPAPTGAAPPPGPGPSDSPEAAVEKVEVELAGPATAEPHEPP-----

MGNTSIQTQSYRAVDKDA-
GSIFKPAPHKARLPAAE--

-160
-62

-18
-17

MCT8
MCT10
XylE
GLUT3
FucP
GlpT

MGRGGGGLDVGGGGEGSRDRLSRDGLASWGAEPGGGGSGSGSSSPPSSSSCSSRNKYQPQSGSSGPSSHSPPAAMALQSQ-80MCT8
MCT10
XylE
GLUT3
FucP
GlpT

GTARGFQPPEGGFGWVVVFAATWCNGSIFGIHNSVGILYSMLLEEEK-EKNR---------QVEFQAAWVGALAMGMIFF
------EPPEGGWGWLVMLAAMWCNGSVFGIQNACGVLFVSMLETFGSKDDD---------KMVFKTAWVGSLSMGMIFF

MNTQYNSSYIFSITLVATLGGLLFGYDTAVISGTVESLNTVFVAPQN------LSESAANSLLGFCVASALIGCII
MGTQKVTPALIFAITVATIGSFQFGYNTGVINAPEKIIKEFINKTLTDKGNAPPSEVLLTSLWSLSVAIFSVGGMI

----GQSRSYIIPFALLCSLFFLWAVANNLNDILLPQFQQAFT------------------LTNFQAGLIQSAFYFGYFI
-----IDPTYRRLRWQIFLGIFFGYAAYYLVRKNFALAMPYLVEQG---------------FSRGDLGFALSGISIAYGF

TMH2TMH1

-230
-127
-70
-76
-76
-77

MCT8
MCT10
XylE
GLUT3
FucP
GlpT

ILGHY-----FQRRLGLANGVVSAGSSIFSMSFPFLIRMLGD---------------------------KIKLAQTFQVL
ILGHY-----FKKRLGLVNGIVTAGSSVFTILLPLLLRVLID---------------------------SVGLFYTLRVL
YIAEL---APAHIRGKLVSFNQFA-IIFGQLLVYCVNYFIAR------------------SGDASWLNTDGWRYMFASEC
YIGEI---SPTALRGAFGTLNQLG-IVVGILVAQIFGLEFIL------------------GSEELWP------LLLGFTI
FVTVL---GPESSGHFRLNLAQTF-NSFGAIIAVVFGQSLILSNVPHQSQDVLDKMSPEQLSAYKHSLVLSVQTPYMIIV
TMVHWWSQKERGGIVSVWNCAHNVGGGIPPLLFLLGMAWFNDW-----------------------------HAALYMPA

TMH6TMH5TMH4
π-helix fragment

-340
-237
-207
-192
-216
-193

MCT8
MCT10
XylE
GLUT3
FucP
GlpT

STFMFVLMLLSLTYRPLLPS----SQDTPSKRGVRTL-HQRFLAQLRKYFNMRVFRQ--RTYR---IWAF----GIAAAA
CIFMFVLFLAGFTYRPLATS----TKDKESGGSGSSLFSRKKFSPPKKIFNFAIFKV--TAYA---VWAV----GIPLAL
IPALLFLMLLYTVPESPRWLMS-RGKQEQAEGILRKIMGNTLATQAVQEIKHSLDHG--RKTGGRLLMFG----VGVIVI
LPAILQSAALPFCPESPRFLLINRKEEENAKQILQRLWGTQDVSQDIQEMKDESARMSQEKQVTVLELFRVSSYRQPIII
AIVLLVALLIMLTKFPALQS------DNHSDAKQ--------------------GSF--SASLSR--LAR----IRHWRW
FCAILVALFAFAMMRDTPQS----CGLPPIEEYKNDYP----DDYNEKAEQELTAKQ--IFMQ---YVLP----NKLLWY

TMH7aTMH6

-406
-304
-280
-272
-262
-256

MCT8
MCT10
XylE
GLUT3
FucP
GlpT

LGYFVPYVHLM-KYVEEEFSEIKET-------WVLLVCIGATSGLGRLVSGHISDSIPGLK--------KIYLQVLSFLL
FGYFVPYVHLM-KHVNERFQDEKNK-------EVVLMCIGVTSGVGRLLFGRIADYVPGVK--------KVYLQVLSFFF
GVMLSIFQQFVGINVVLYYAPEVFKTLGA--STDIALLQTIIVGVINLTFTVLAIMTVDKFG-------RKPLQIIGALG
SIVLQLSQQLSGINAVFYYSTGIFKDAG----VQEPIYATIGAGVVNTIFTVVSLFLVERAG-------RRTLHMIGLGG
AVLAQFCYVGA-QTACWSYLIRYAVEEIPGMTAGFAANYLTGTMVCFFIGRFTGTWLISRF-------APHKVLAAYALI
IAIANVFVYLL-RYGILDWSPTYLKEVKHFA-----LDKSSWAYFLYEYAGIPGTLLCGWMSDKVFRGNRGATGVFFMTL

TMH9TMH8TMH7bTMH7a
from GlpT

-470
-368
-351
-341
-334
-330

MCT8
MCT10
XylE
GLUT3
FucP
GlpT

LGLMSMMIPLC-----RD----FGGLIVVCLFLGLCDGFFITIMAPIAFELVGPMQASQAIGYLLGMMALPMIAGPPIAG
IGLMSMMIPLC-----SI----FGALIAVCLIMGLFDGCFISIMAPIAFELVGAQDVSQAIGFLLGFMSIPMTVGPPIAG
MAIGMFSLGTAFYTQAPG----IVALLSMLFYVAAFAMSWGPVCWVLLSEIFPNAI-----RGKALAIAVAAQWLANYFV
MAFCSTLMTVSLLLKDNYNGMSFVCIGAILVFVAFFEIGPGPIPWFIVAELFSQGP-----RPAAMAVAGCSNWTSNFLV
AMALCLISAFA---GSHV-------GLIALTLCSAFMSIQYPTIFSLGIKNLGQ------DTKYGSSFIVMTIIGGGIVT
VTIATIVYWM-----NPA----GNPTVDMICMIVIGFLIYGPVMLIGLHALELAPK--KAAGTAAGFTGLFGYLGGSVAA

TMH11TMH10bTMH10aTMH9
from XylE

-541
-439
-422
-416
-398
-399

MCT8
MCT10
XylE
GLUT3
FucP
GlpT

LLRNCFGDY------HVAFYFAGVPPIIGAVILFFVPLMHQRMFK---KEQRDSSKDKMLAPDPDPNGELLPGSPNPEEP
LLRDKLGSY------DVAFYLAGVPPLIGGAVLCFIPWIHSKKQREISKTTGKEKMEKMLENQNSLLSSSSGMFKKESDS
SWTFPMMDKNSWLVAHFHNGFSYWIYGCMGVLAALFMWKFVPETK--GKTLEELEALWEPETKKTQQTATL
GLLFPSA-------AHYLGAYVFIIFTGFLITFLAFTFFKVPETR--GRTFEDITRAFEGQAHGADRSGKDGVMEMNSIE
PVMGFVSDAAG------NIPTAELIPALCFAVIFIFARFRSQTATN
SAIVGYTVD---FFGWDGGFMVMIGGSILAVILLIVVMIGEKRRHEQLLQELVPR

TMH12TMH11

-612
-513
-491
-487
-438
-451

MCT8
MCT10
XylE
GLUT3
FucP
GlpT

I
II

PAKETTTNV

-613
-515

-496

MCT8
MCT10
XylE
GLUT3
FucP
GlpT

ESM_1: Full sequence alignment of human monocarboxylate transporters 8 (MCT8), 10 (MCT10), the bacterial xylose transporter 
(XylE, PDB ID: 4aj4 [23] and 4gby [24]) and it’s human homologue the glucose transporter 3 (GLUT3, PDB ID: 4zwc [26]), the bacterial 
fucose transporter (FucP, PDB ID: 3o7q [27]) as well as the bacterial glycerol-3-phosphate transporter (GlpT, PDB ID: 1pw4 [14]). 
Numbers on the right indicate the respective amino acid number of the last residue in each row. Transmembrane helices (TMH) are 
annotated as red arrows. Fragments used for manual adjustments of prominent helix distortions in TMH5 (π-helix fragment from 
PDB ID 2qd3 [25] residues 351-355) and TMH7 (fragment from GlpT, PDB ID: 1pw4 [14] according to the alignment) are indicated as 
black arrows. Green, hydrophobic residues; blue, basic; magenta, acidic; dark blue, hydrophilic; yellow, cysteines; cyan, tyrosines; black, 
proline. Positions of at which substituions were introduced are indicated by cyan arrows. 
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