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Supplementary Figure 1. Nb74 interaction with BasC. a) Crystal packing showing the
unit cell. Most of the crystal contacts are provided by Nb74 (magenta). There is one
molecule of BasC (blue) and Nb74 per unit cell. b) Surface plasmon resonance of Nb74-
BasC interaction. K, K; and K are 3.93-10° Ms1, 1.52:10-3 st and 3.87 nM, respectively. c)
Analytical size exclusion chromatography (SEC) showing the formation of the BasC-Nb74
complex, as indicated. The Nb74 peak (green) decreases the amplitude when the two
proteins are mixed before SEC (red). The BasC peak (gray) increases in size and amplitude
when the two proteins are mixed before SEC.
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Supplementary Figure 2. a) Anomalous signal of SeMet fits with 10 out of 11 methionine
positions (only lacking N-terminal Met) in the model of the BasC apo structure. Cartoon
representation of the BasC structure showing methionine residues as sticks and Map of
FDANO-F 3,0 sigma depicted in red. b) BasC structure cartoon with red spheres in the
BasC residues homologous to the residues with missense mutations causing disease in
human LATSs.



Supplementary Figure 3. Comparison of the crystal structures of BasC apo without Nb74
obtained with HiLiDe in DDM at 7.2 A (cartoon colored in golden) a), and of BasC apo in
complex with Nb74 at 2.9 A (BasC cartoon colored in rainbow and Nb74 in magenta) b).
Both structures with the 2Fo-Fc electron density map (gray) correspond to non-occluded
inward-facing conformation.
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Supplementary Figure 4. Nb74 interacts with residues within the bundle and the hash
domains (blue and yellow respectively) inhibiting BasC transport activity. Nb74 is
shown in magenta. Extensive hydrogen bonding was found between the side chains and
backbones of the complementary determining region 3 (CDR3) of Nb74 and BasC, as well as
of two salt-bridges formed by Asp 110 with Arg 296 in CDR3 and BasC TMS8, and by Lys 99
with Glu 213 in CDR3 and TM6b respectively. Additionally, Glu 43 in framework region (FR)
2 and Tyr 60 and Asp 62 in FR3 from Nb74 are involved in direct hydrogen bonding with Arg
315 in TM9 and Gln 304 and Thr 303 in intracellular loop 4 of BasC, respectively. Finally, Tyr
299 in TM8 and Thr 67 in intracellular loop 1 are also in contact with Nb74 through a
hydrogen bond with Asn 106, Ala 104 and Asp 110 in CDR3, respectively. Interacting
residues are designated with the one letter code and the number in the polypeptide chain.
b) Inhibition dose-response curve of the 10 uM [3H]L-alanine efflux in exchange with 4 mM
L-alanine in BasC proteoliposomes by Nb74. Data (meanz+s.e.m.) correspond to triplicates. c)
Eadie-Hofstee linearization of the Michaelis-Menten plot from Figure 2C in the absence
(black circles) and presence (magenta circles) of 5 uM NB74 in the external medium. [3H]L-
alanine concentrations up to 800 uM in the absence of Nb74 and up to 3200 uM in the
presence of Nb74 were used for linearization. V/[S] is expressed in pmol pg prot! st uM-1).
The slopes (-K,,) are similar, thereby indicating that determination of the extracellular K
without the use of Nb74 and with a range of substrate concentration below 800 uM is a good
estimation. Source data are provided as a Source Data file.
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Supplementary Figure 5. Superimposition of BasC structures (rainbow) with some
inward-facing APC superfamily transporters: a) GadC (4DJK)! and b) LeuT (3TT3)?
with BasC apo (6F2G); and c) BetP (3P03)3 and d) CaiT (3HFX)* with BasC holo (6F2W)
(substrates in the binding site are represented as sticks).
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Supplementary Figure 6. Kinetics of 2-AIB transport by BasC. Kinetics of the exchange
of 10 uM [3H]L-alanine with a range of 2-AIB concentrations inside BasC PLs. The inset
shows the Eady-Hofstee linearization used to estimate the cytoplasmic K, (34.5+10 mM).
Data correspond to the mean#s.e.m. of representative experiments. Source data are
provided as a Source Data file.
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Supplementary Figure 7. Molecular
dynamics analysis of BasC holo
structure (PDB ID: 6F2W) without
Nb74 bound. a) Evolution of root-
mean-square deviation (RMSD) of the
backbone atoms of BasC with respect
to the initial structure along three
different replicas (blue, green and
orange). b) Evolution of RMSD of all
atoms of the substrate 2-AIB along the
same trajectories. (c-j) The rest of the
panels show the evolution of the
distances between the atoms shown in
parentheses of the corresponding
residues of BasC or the substrate 2-
AIB, for the same trajectories. Atoms
are named according to the PDB file:
CA (C-a), O (carbonyl oxygen), OH
(hydroxyl oxygen), N (amine nitrogen
for 2-AIB and amide nitrogen for Gly
19), and NZ (¢ amine nitrogen). The
arrow in panel (j) indicates the time
(435 ns) in replica 1 (blue)
corresponding to the snapshot shown
in Figure 6. Trajectories are depicted
until a few nanoseconds after 2-AIB is
released. This moment is indicated for
replica 1 (in blue) as a vertical red dot
line in all panels.

500



BasC LoooooRORUOCD0 Q000 D_Q_Q_Q,Q_Q_Q_Q MWMW . JZ_L,Q
BasC 2 [HEfs I F F|KE|T A ez . AET. 1TaGEIVAETGT I EBr.w
hAsc-1 38 [x[E|I|G S|F|R GV AL[F . cleq. vTaLesic v|a rlec. L
hLAT1 48 E[N[I|T TIP|T GV ALIV. \CIGV|. FS|IVGALIC A b GEa A
hy+I.AT1 35 [x[E[T|S S[P|K GV S|L|V . GIGL{. FSV[FGAL|C A Fl8G . F
hy+LAT2 43 KE/I|S SIF|K GV ST GleL. FSVVGAL|C LGTTITK.|S v|A rlec. F
hLAT2 38 [EE[I|G S[P|K G|V A LI . TIGE|. ITVVGAL|C LGVIIPK. ]S FleG. L
hxCT 42 [ BKV|T| S[P|K GV S|LT . VICIGV]. LS|LIFGAL|SY LGTTIKK. Y| T =P . L
hBO+AT 28 [KE[L|G S|P|K S|V ciI. ||z v]. LAT|LGALIC LGTMITK. [P vfep .1
hAGT1 11 EV[F|G SPEGV|ILAYSCMNVGV|S|L(C . CAI.LAMTSTLC SISFPC. Y Flgs . T
GkAch 25 KEL|G LIT|G.VJAAAEH.AG L{V|L . ] VIFAALIC ASTVPV. Y| T Fl8E . L
ApcT 6 [EK[L|S IjF|G.[V]. . GAK. IAGRNLP s LLVAY|S LGARIVS. I|A I[EDNI
Adic 8 |HEKV|G LPA.N..LAS.T ALY . T LIGL SMV MSFLDPS .PC A FleP . F
GadC 11 [®gl.| EYP.l.|. TFA. . siLfv G Ipvaic MATVDGWEEG|GV]EA, ifer . R
L2 3 T™3 T™M4
BasC Loae, . .G‘_Q_Q_Q_Q_Q_Q_ _Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_ __G_. .G‘_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_ _G_Q_Q_Q_Q_
BasC 82 FAT[OFVNLFAL . v v v v e vnnee e SDSTI..VETATLTEIFIMGVNFLGTHYSG
hAse-1 118 FISNY[VLQPVFP .. ......... NCIP..PTTAS. .RVILSMACLMLILTWVNISSSVRWAT
hLAT1 128 FATYLLKPLFP .. .. ... .. TCPV..PEEAA. .KLVACLCV|ILLILTAVNCYSVKAAT
hy+LAT1 115 FANYMVOPLEP . o v v v en s SCFA..PYAAS. .RLLARACI|CL KWGT
hy+mT2 123 JVEPTGQA|IT FIANY|[IIQPSFP .. ..o oo vv o SCDP..PYLAC. .RLLARAACTICL|L| K]
hLATZ 118 JIYPTNQA FISNY[VLOPLEFP . .o v v v v en s TCFP..PESGL. .RLLARICLLLL Bl
hxCT 122 IRPAATAN FIGRY|ILEPFFI........... QCEI..PELAI..KL JGI|ITVV
hBO+AT 108 IKPTISFAII FISEY[VCAPFYV........... GCKP..PQIVV. .KC AILFI
hAGT1 92 LGSGVVA] LAEY|SIQPFFP .. ... SCSV..PKLPK. .K(C MLW IV
GkApcT 104 EYGVASS i|SGYFQGLLSGFGIELPKALTSAYDP. .AKGT.FID[L IV|LET
ApcT 85 -...5IAL FAGY|[FLPLINA. . .. o vttt v v v aaa PINTFNIA|L VIAEF
AdiC 85 ...GNI. G[VGYLSYFFPI LEKDPWVLT|I L{W I|F|
GadC 87 1a1...GFI. LG Lwalz
™5 L5 6 TMoba TMeb
BasC Looeoeon0 Loon T.T LO0GG0..0000000000 0000QCQQ00
BasC 145 wWIQT 1Y ..GG.VIRL...... VP .FSVE.THPVLTS[F|G. . SALIATLF TILAGEMK
hAsc-1 185 R[I QD 10| ..QGHF.EE...LRPSN.AFAFWMTPSVGHILA. .LAFLQGS|F| YV TEEMV
hLAT1 195 RV QD] 0I|G. .KGDV.SN...LDPNF.SFEG.TKLDVGN|I|V. . LAILYSGL[F FVTEEMI
hy+I.AT1. 182 L{vQD IR| ..QGAS.TH...FE..N.SFEG.SSFAVGDIIA. . LALYSALF| Y[V|TEE I|K
hy+mT2 190 RVQD| I K] ..QGHS.EH...FQ..D.AFEG.SSWDMGNLS. .LALYSALF| F[V|T EEE I|K
hLATZ 185 RV QD] AlL T QI|c. .KGEY.FW...LEPKN.AFENFQEPDIGLVA. .LAFLQGS[F Y[VTEELV
hxCT 189 RIQI LTI 12 ..KGQT.QN...FK..D.AFSG.RDSSITRLP..LAFYYGMY| F[VITEEV|E
hBO+AT 175 YVQN /AT T L .-QGNT.KN...FD..N.SFEG.AQLSVGAIS. . LAFYNGLW Y|IITEELR
hAGT1 158 WLO[T sfF1 F|L|T..RGKK.ENVERFQ..N.AFDA.ELPDISHLI..QAIFQGY[F LII|AGE LK
GkLpCT 182 RFNA JLILF 1Y ..PENWTPF...... MP.¥GF....... SGVIA. .TGAATVE|F| TIAAEEVR
ApcT 149 R[RAEF GILF TII|JHPSYV.IPDL. ... .. AP .SAV...... SG.MI..FASAIFF|L N|A|S EH I|E
adic 149 RVO[A V|G I " L.GETYM...... AR.WNVS.GLGTFGAIQ. . STLNVTLW VLA GV VK
GadC 154 R[IAK F|I ..GAPVA...... IEMDSKT.FFPDFSKVGILVVFVAF I|L THWVNEMS
™7 L7_8a L7_8b T™MS
BasC LQoOROOROROQO0000000000000 QOQQC LOC000DO00 LOPORROOODOROOOOROOO00000
BasC 216 NP|GE I S|1 T AYLFVI .GTDT. . .PRALVASHLF..EGIGSKLV|TI|G VFGGINGY|IISG
hAsc-1 260 DAR F 2 AYFTAM .S|SNA. . .VAV[TFGEKLL. . GYFSW.VMPVS TFGGINGYLFTY
hLAT1 269 [NP|YR I P LIAYF I|T L .SSEA...VAVDFGNYHL. .GVMSW. P|V|F CFGSVINGS|LLFTS
hy+I.AT1 254 NP|ER G 1P|T AYY TV I .ASDA LVAVITFADQ|IIF. .GIFNW. P|L|S CFGGLNAS|IVAA
hy+LAT2 262 MNF[EF GlI|spMP|T AYYTVL .S|S[DA. . . VAVITFADQTF . . GMFSW.|[TI[P|TjA CFGGLNAS|IFAS
hLAT2 260 [DP|Y[ F I|P AYVTAM .ASNA. . .VAVITFGEEK[LL. .GVMAW. JP|I|S TFGGVINGS|LIFTS
hxCT 261 C 1AL VIAYFTITI .LSNA. . .VAVITFSERLL. .GNFSL. P I|F CFGSMNGGVIFAV
hBO+AT 247 NP|Y I P SYFTVM .QISQA. . .VAVITFGDR[VIL. . YPASW.|IV|P|L|F TIGAANGT|CFTA
hAGT1 233 KPR P SYLTVL 11|. S/SDA. . .VAITWADRAF..PSLAW./IMPF2 LFESNLLIS|IFKS
GkLpCT 248 |NP|QR L{V LIVLTGIV| LN|. .VEN...PVAFALNY|IH. .QDWVAG S|L| G| ITTVILLLVMMYGQ
ApcT 216 NPKK L SAIGNL LIKASEN...ALAVAAKPFL..GNLGFL S|I|G| ISSAMNATIYGG
adic 219 MNPKE ut AIMGMI LR.VSAS...PFGDAARMAL. . GDTAGAIVIS|F|C CLGS|LGGWTLLA
GadC 229 NEG v, SIAMVIPGNE|IN|. LISAGVMQTFIVLMSHVAPEIEWT VRV I[SAL GVLAEIASWIVGE
L8 9 T™M10
BasC Lopooooo Lo LO00O000R0.00000000000000
BasC 295 LRV|P LAT NPKTNL| CLTDLIV.FVIWFFITLTFIAV
hAsc-1 338 SRI|CFSGAR EVRHCT ! TLINYVS.FINYLCYGVTILGL
hLAT1 347 SRLF G SR HPQLLT T L|L({Y A SVIINFFS.FFNWLCVALAIIGM
hy+I.AT1 332 SsSRILF GSR| HVERFT ALTIYL CLINYYS.FSYWFFVGLS IVGQ
hy+LAT2 340 SRILFFVGSE EIERFT MA L T|Y|L OLINYFS.FSYWFFVGLSVVGQ
hLAT2 338 SRLF GAR HVEKRCT S| L TLINYVG.FINYLFYGV|TVAGQD
hxCT 339 SRL[FYVASE EVRKHT L L SLLNFLS.FARWLFIGLAVAGL
hBO+AT 325 GRL|IYVJAGR SVRRLT IIJAT|IY I SLVNYFS.FAAWLFYGLTILGL
hAGT1 311 S[REBI ASQ NSH.SS LIGS|LIA T IDLINYIF.FTGSLWSILLMIGI
GkApcT 326 TRLFYAISE SPTRQ VAVER . NKLAELTNIGTLFAFITVS.IGV
ApcT 296 ANV|AY S|LAK KVWE . K LGV LIFA ASI[TSAVE .MVIY|L...FVILSH
AdiC 298 GlQTA ARAD N . KAGT, LMTIFQLSSISPNATK. .EFGLV|S|SVISVIFT.LVPY|L. . .|¥YTCAAL
GadC 313 skgMvv N.KNG TSIl T I L TN TGGGNNMSFLIRLALTVVIY. LCAYF . . .MLFIgY
T™MI11 T™I12
BasC Looeon LOOO0. QO0RGOCORROCR0O0 &, ... .. ... ..., L0, 000 000, 000 0CCOCRC0O0
BasC 366 IILRKTQFDIERPY IGGLYIIFNTLIVQP . . ¢t o v v v v e e e - GIL|.|LTL(T CKEK
hAsc-1 407 [LLLRWRRPALHRPTI VIF WA GV|I|.|I|TI|L|T] LIGVF
hLAT1 416 |I|WLRHRKPELERPI LACLFLIAVSFWKTE o v v v vn s e vnnnn . GF[T|.|7|T[L|5lz GVW
hy+I.AT1. 401 |[L|Y|LRWKEFDRPR[PL LICT|I \WPLYSDT. .............IN.SLI.GIAl.IALS LIIR
hy+mT2 409 [L|Y|LRWEKE[FPKRPRPL IICSVFLVIVPLFTDT. . .. .+ e ewa.1I L . GIG|.|T|AL(S GVY
hLAT2 407 |I|VLRWEKFDIPRP I LIFWA FSLWSEP . . .. vt v v v v v v VV.CGI|. GLA . |I|ML|T| GVY
hxCT 408 |I|Y|LE[YKCPDMHRPF F|TClL v|.|7|TL|T] LFII
hBO+AT 394 I[VMRFTREKELERP I LISV IL| - |[F| I|L{S] LIFVH
hAGT1 379 [LRRR|YQEFPNLS[TI|PY V| I DV IL| . |L|VIL(S LIH
GkApcT 395 LJVILRKTQFDLKRAF LFCle (o 75 - AM.TW LL TG YGR
ApcT 363 Y|ILIDEVG. . .[.|.-G LIGVF YYOQWITN. ... ... RF . VF| I|.|ATF GV IY¥R
AdiC 373 LLLGEGHF|GKA[.|. .|. .|. . .RPAYLAVTT|I|AFL AVVGSGA. - v i it e v et ena K.E F| . |V|T|LMWV I| LNY
GadC 390 |IVLVILKE[PDLKR|TFNIPGGRGVKLVVAIVGLL AFIVSFLPPDNIQGDSTDMYVEL.LVY. SFL|. [VVILALE |VHD

Supplementary Figure 8. BasC sequence alignment with human LATs and with GkApcT, ApcT
AdiC and GadC. Multi sequence alignment was done with PSI/TM-Coffee server > and ENDscript
server °.



Supplementary Figure 9. BasC Tyr 236 and Lys 154 lie within the Na sites of sodium-
dependent APC superfamily transporters. Superposition of 2-AIB (orange) bound BasC
structure (cyan) with the MhsT structure (light gray, PDB ID: 4US4)7 in occluded open to
in conformation bound to two sodiums and one tryptophan (yellow) in the substrate-
binding site. Depicted stick residues in BasC are labeled in the picture. Sodium
coordinating residues are depicted as sticks in MhsT: A26 and N31 in TM1a, T231 in TM6a
and D263 in TM7 in Nal site and G24 and V27 in TM1a, A320, S323 and S324 in TM8 and
a molecule of water in Na2 site.
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Supplementary Figure 10. L-alanine binding and thermostability in wild-type BasC,
and in Y236F and K154A mutants. a) Estimation of K}, values for L-alanine in wild-type
(WT) BasC (closed triangles) and Y236F (closed circles) and K154A (open squares)
mutants. GFP-fused WT and mutant proteins were incubated for 10 min at the melting
temperature (T, ) in the presence of a range of L-alanine concentrations (0-200 mM). The
soluble protein (mean) remaining after 30 min ultracentrifugation at 186,000 x g was
analyzed by size exclusion chromatography (SEC) and plotted vs. the logarithm,, of L-
alanine concentration. K, values for WT BasC, Y236F and K154A were 34.5%2.1, 42.3+5,
61.4+7.3 mM, respectively. Student’s t-test; WT vs Y236 not significant, WT vs K154A
p=0.024. b) Estimation of the melting temperature (T,,) of WT BasC (closed triangles), and
Y236F (closed circles) and K154A (open squares) mutants. GFP-fused WT and mutant
proteins were incubated for 10 min at a range of temperatures (4-70°C, for wild type, 4-
60°C for mutants). The soluble protein (mean) remaining after 30 min ultracentrifugation
at 186,000 x g was analyzed by SEC, and data were normalized to the 4°C sample and
plotted vs. temperature. T,, values for WT, Y236F and K154A were 47.9+0.8, 41.3+0.5 and
42.620.6°C, respectively. K, and T, are the meanzs.e.m. of three independent
experiments. Source data are provided as a Source Data file.



Data collection
Space group

Cell dimensions
a, b, c(A)

B,y (°)
Wavelength (A)
Resolution (A)
Rmerge

Rpim

I/ol

CC1/2
Completeness (%)
Multiplicity

Completeness after

anysotropic correction (%)

Refinement
Resolution (A)
No. unique reflections

R work/ R free (%)

Ramachandran favoured (%)

Ramachandran outliers (%)

R.m.s deviations

Bond lengths (A)

Bond angles (°)

BasC apo PDB: 6F2G

P412,2

85.83, 85.83, 321.69
90.0, 90.0, 90.0
0.979260

2.92

0.058 (0.885)

0.08 (0.673)

12.6 (1.3)

0.999 (0.431)

98.2 (95.0)

5.5 (4.6)

74.1

82.93-2.92 (3.08-2.92)
19132

23.9/26.1

94.0

1.4

0.017

1,97

BasC + 2-AIB: 6F2W

P412,2

85.64, 85.64, 321.63
90.0, 90.0, 90.0
0.979260

3.40

0.097 (1.16)

0.039 (0.454)

8.8 (1.5)

0.999 (0.363)

99.5 (99.8)

7.1(7.2)

83.3

24.96-3.4 (3.49-3.40)
13730

23.0/26.8

89.0

2.0

0.013

1,99

SeMet Basc

P412,2

85.87, 85.87, 306.73

90.0, 90.0, 90.0

4.32

Supplementary Table 1. Data collection and refinement statistics for BasC-nb74

complex.



Name

Sequence (5’-3’)

BasC S282A mutagenesis
BasC S282A -F

BasC S282A -R

AACTGGTGACCATTGGTATCCTGATTGCTGTTTTTGGTGGCA

TGCCACCAAAAACAGCAATCAGGATACCAATGGTCACCAGTT

BasC Y236F mutagenesis
BasC Y236F -F

BasC Y236F -R

CCTGTCTATCGTTATGGCAGTGTTTCTGCTGACCAA

TTGGTCAGCAGAAACACTGCCATAACGATAGACAGG

BasC K154A mutagenesis
BasC K154A -F

BasC K154A -R

CCTGGCGACGATTCTGGCACTGATCCCGCTGGTT

AACCAGCGGGATCAGTGCCAGAATCGTCGCAGG

BasC K154E mutagenesis
BasC K154E -F

BasC K154E -R

CCTGGCGACGATTCTGGAGCTGATCCCGCTGGTT

AACCAGCGGGATCAGCTCCAGAATCGTCGCAGG

hAsc-1 S325A mutagenesis
hAsc-1 S325A -F

hAsc-1 S325A -R

CTCCGTGGCTCTGGCAACCTTCGGAGG

CCTCCGAAGGTTGCCAGAGCCACGGAG

hAsc-1 Y280F mutagenesis
hAsc-1 Y280F -F

hAsc-1 Y280F -R

CCCACTGGTGACCTTCGTGGCCACGTTCACCAACATTGCC

GGCAATGTTGGTGAACGTGGCCACGAAGGTCACCAGTGGG

hAsc-1 K194A mutagenesis
hAsc-1 K194A -F

hAsc-1 K194A -R

GGACATGTTCACAGGCGGGGCGCTGCTGGCCTTGTCCCTC

GAGGGACAAGGCCAGCAGCGCCCCGCCTGTGAACATGTCC

hAsc-1 K194E mutagenesis
hAsc-1 K194E -F

hAsc-1 K194E -R

GGACATGTTCACAGGCGGGGAGCTGCTGGCCTTGTCCCTC

GAGGGACAAGGCCAGCAGCTCCCCGCCTGTGAACATGTCC

Supplementary Table 2. Sequence of used primers
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