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S| Methods

Expression and Purification of Art(QN),. The artQ and artN genes were
cloned from 7. tengcongensis genomic DNA into a pACYCDuet
vector (Novagen) that can coexpress artQ and artN stimultaneously
using separate T7 promoters. An engineered C-terminal 6x His
tag was fused to artQ (encoding the transmembrane subunit),
which was cloned into multiple cloning sites-2, whereas the artN
gene (ATPase subunit) was inserted in multiple cloning sites-1.
Overexpression of Art(QN), was induced in E. coli strain C43 by
0.5 mM isopropyl-p-D-thiogalactoside when the cell density
reached ODg = 1.2. After growth for 4 h at 37 °C, the cells were
collected, resuspended in buffer containing 25 mM Tris-HCl pH
8.0 and 200 mM NaCl, and lysed by sonication. Cell debris was
removed by centrifugation at 15,422 x g for 15 min. The super-
natant was subsequently subjected to ultracentrifugation at
173,021 x g for 1 h. The membrane fraction (pellet) was re-
suspended in buffer A containing 25 mM Tris-HCI pH 8.0, 20 mM
imidazole, and 500 mM NaCl. After the addition of n-dodecyl-B-D
maltopyranoside (DDM; Anatrace) at a final concentration of 1.5%
(wt/vol), the mixture was incubated for 5 h with slow stirring at 4 °C.
After another ultracentrifugation step at 173,021 x g for 30 min,
the supernatant was collected and loaded onto Ni**-nitrilotriacetate
affinity resin (Ni-NTA; Qiagen). The resin was then washed with
Buffer A supplemented with 0.02% DDM. Protein was eluted from
the affinity resin with Buffer A supplemented with 0.02% DDM
and 200 mM imidazole-HCl pH 8.0. Protein-containing fractions
were pooled, concentrated, and applied to a gel-filtration resin
(Superdex-200 HR 10/30; GE Healthcare), previously equilibrated
with 25 mM Tris-HCI pH 8.0, 200 mM NaCl, 5 mM DTT, and
0.2% DM. The peak fractions were collected and concentrated to
8 mg/mL for crystallization trials.

Expression and Purification of Artl. The artl gene was cloned from
T. tengcongensis genomic DNA into a pet21b vector (Novagen)
with a C-terminal 6x His tag. Overexpression of Artl was in-
duced in E. coli strain BL21(DE3) by 0.5 mM isopropyl-p-Dp-
thiogalactoside when the cell density reached ODgg = 1.2. After
growth for 10 h at 23 °C, the cells were collected; resuspended in
Buffer A containing 25 mM Tris-HCI pH 8.0, 500 mM NacCl, and
20 mM imidazole; and lysed by sonication. After ultracentrifu-
gation at 13,000 x g for 1 h, the supernatant was loaded onto Ni-
NTA resin. After a washing step using Buffer A, protein was
eluted with Buffer A supplemented with 200 mM imidazole-HCl
pH 8.0. Protein-containing fractions were pooled, concentrated,
and subjected to gel filtration (Superdex-200; GE Healthcare) in
25 mM Tris pH 8.0, 200 mM NaCl, and 5 mM DTT. The peak
fractions were collected and concentrated to 15 mg/mL for
crystallization trials.

Denaturation and Renaturation of Artl. For ATPase assays, Artl was
subjected to a denaturation/renaturation procedure to remove
prebound substrate (1). In brief, 10 mL of Artl (1 mg/mL) was
denatured by adding guanidinium hydrochloride to a final con-
centration of 6 M and subsequently dialyzed against 1L of buffer
containing 25 mM Tris-HCl pH 8.0, 200 mM NaCl, and 6 M
guanidinium hydrochloride for three times at an interval of
12 hours. Renaturation was achieved by dialysis against 1L of
buffer containing 25 mM Tris-HCI pH 8.0 and 200 mM NaCl for
five times at an interval of 12 hours. Subsequently, the dialysate
was ultracentrifuged at 220,000 X g for 15 min to remove aggre-
gated protein and concentrated by a centrifugal device (Amicon;
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EMD Millipore). Glycerol and DTT were added to concentra-
tions of 10% (vol/vol) and 10 mM, respectively.

Preparation of Proteoliposomes. Incorporation of Art(QN), variants
into liposomes prepared from G. stearothermophilus total lipids
was carried out as described previously (2). In brief, lipids (20 mg)
were dried under a stream of nitrogen, redissolved in 1 mL
of 50 mM Mops-KOH pH 7.5, containing 1% n-Octyl-p-D-
glucopyranoside (B-OG; Anatrace), and sonicated for 15 min.
Subsequently, Art(QN), variants (50 pg) were added to 125 pL of
the lipid—detergent mixture, resulting in a final volume of 300 pL.
Proteoliposomes were formed by removal of detergent by ad-
sorption to Biobeads (100 mg; BioRad) at 4 °C overnight. After the
beads were replaced with a new batch, incubation continued for
another 2 h. The mixture was centrifuged for 1 min at 10,000 x g
to pellet the beads. Then proteoliposomes were recovered by ul-
tracentifugation for 30 min at 220,000 x g, resuspended in 50 mM
Mops-KOH pH 7.5, and assayed for ATPase activity.

ATPase Assay. ATPase activity was assayed essentially as described
previously (2). Reactions were started by adding 3 mM MgCl,
and 2 mM ATP to preheated (70 °C) proteoliposomes in the
presence of 50 mM Mops (pH 7.5), ArtI (35 pM), L-arginine or
L-histidine (100 pM each), and ortho-vanadate (1 mM) (where
indicated). Aliquots (25 pL containing 3 pg of protein) were
taken in 2-min intervals and placed into wells of a microtiter
plate containing 25 pL of a 12% (wt/vol) SDS solution. The
amount of liberated phosphate was determined colorimetrically
with ammonium molybdate complexes using Na,HPO, as the
standard.

ITC Measurements. Calorimetric experiments were conducted at
25 °C with a MicroCal iTC200 instrument (GE Healthcare). The
protein sample (Artl, 22-260 aa) was dialyzed against the buffer
containing 20 mM Hepes pH 7.5 and 200 mM NaCl. Arginine
and other amino acids were prepared in the same buffer and the
pH was checked before use. The data were fitted using the Or-
igin 7 software package (Microcal).

Crystallization, Data Collection, and Structure Determination. Crystals
were grown at 18 °C by the hanging-drop vapor diffusion method.
Crystals of Art(QN), complex appeared overnight in the well
buffer containing 12% (wt/vol) PEG 4000, 0.1 M sodium chloride,
0.1 M sodium citrate tribasic dehydrate pH 5.0, 0.1 M magnesium
chloride, and 8 mM 3-[(3-cholamidopropyl)dimethylammonio]-2-
hydroxy-1-propanesulfonate (CHAPSO), typically growing to full
size in ~3-4 d. Before data collection, crystals were transferred
into a solution containing 2.5 mM ATP, 18% (vol/vol) glycerol,
12% (wt/vol) PEG 4000, 0.1 M sodium chloride, 0.1 M codium
citrate tribasic dehydrate pH 5.0, 0.1 M magnesium chloride and
8 mM CHAPSO. Crystals of Artl were grown in the well buffer
containing 0.2 M sodium chloride, 0.1 M Bis-Tris pH 6.5, and
25% (wt/vol) PEG 3350.

All of the data were collected at the Shanghai Synchrotron
Radiation Facility Beamline BL17U and integrated and scaled
using the HKL.2000 package (3). Further processing was carried
out using programs from the CCP4 suite (4). Data collection
statistics are summarized in Table S1. The molecular replacement
was performed with PHASER (5) using E. coli Methionine ABC
Transporter (PDB ID code 3DHW) as a model. The final model
rebuilding was performed using Coot (6), and the protein struc-
ture was refined with phenix (7) using noncrystallographic sym-
metry and stereochemistry information as restraints. The structure
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of Artl was solved with molecular replacement using amino
acid ABC transporter substrate-binding protein AbpA from

. Hall JA, Davidson AL, Nikaido H (1998) Preparation and reconstitution of membrane-
associated maltose transporter complex of Escherichia coli. Methods Enzymol 292:20-29.

2. Weidlich D, et al. (2013) Residues of a proposed gate region in type | ATP-binding
cassette import systems are crucial for function as revealed by mutational analysis.
Biochim Biophys Acta 1828(9):2164-2172.

3. Zbyszek Otwinowski WM, Charles Carter W, Jr (1997) Processing of X-ray diffraction
data collected in oscillation mode. Methods Enzymol 276:307-326.

4. Collaborative Computational Project No. 4 (1994) The CCP4 suite: Programs for protein

crystallography. Acta Crystallogr D Biol Crystallogr 50(Pt 5):760-763.

Streptococcus pneumoniae (PDB ID code 4162) as a model, and
structural figures were generated in PyMOL (8).
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. McCoy AJ, et al. (2007) Phaser crystallographic software. J Appl Cryst 40(Pt 4):658-674.
. Emsley P, Cowtan K (2004) Coot: Model-building tools for molecular graphics. Acta

Crystallogr D Biol Crystallogr 60(Pt 12 Pt 1):2126-2132.

. Adams PD, et al. (2002) PHENIX: Building new software for automated crystallographic

structure determination. Acta Crystallogr D Biol Crystallogr 58(Pt 11):1948-1954.

. DeLano WL (2002) The PyMOL Molecular Graphics System (Delano Scientific, San

Carlos, CA).

. Larkin MA, et al. (2007) Clustal W and Clustal X version 2.0. Bioinformatics 23(21):

2947-2948.

Fig. S1.

Representative views of the electron density of Artl in complex with Arg and Art(QN), in complex with substrates. (A) The 2Fo-Fc electron density

map, shown in blue mesh, is contoured at 1.5c, and the Fo-Fc electron density map, shown in green mesh, is contoured at 5¢. (B) Electron density for the bound
Arg. The 2Fo-Fc electron density map, shown in blue mesh, is contoured at 1.5c, and the Fo-Fc electron density map, shown in green mesh, is contoured at 3.3c.
(C) Electron density for the bound His. The 2Fo-Fc electron density map, shown in blue mesh, is contoured at 1.5¢, and the Fo-Fc electron density map, shown in
green mesh, is contoured at 3.5c.

T.tengcongensis_Artl MNKKSLFLAF AVVFALAFML SGCGSKFNTV D------- Ql
G. stearothermophilus_ArtJ - - RKGLFVAV VAALLMALAA CGGKSTETSS S---SGGDGG
S. enterica_HisJ - - - - - MKKLA LSLSLVLAFS SATAA----- -------- FA
S. enterica_LAO - - - - - MKKTV LALSLLIGLG ATAAS----- -------- YA
G.caldoxylosilyticus_Artl KKSLLLF--- I1ASILLIGLL SACGTGGQKN G------- SG
B.licheniformis_Artl - - -WMLL--- VVTACVTFAL TACGTSS--- -------- SS
E.acidaminophilum_ArtP2 - | LALVVS IS LVFALTA-CG KKDGASSD-- ---AGKLEQI
P.larvae_ArtP - - -ASVLSLV LAGSLIAGCG QKDKNAG- - - ---DAASTA
wy v
T.tengcongensis_Artl AKKLGVKLE! KDMDFKGLIP ALQAGRVDMV |AGMTPTAER
G. stearothermophilus_ArtJ MKAAGLDYEL KNIGWDPLFA SLQSKEVDMG ISGITITDER
S. enterica_HisJ CKRINTQCTF VENPLDALIP SLKAKKIDAI MSSLSITEKR
S. enterica_LAO CKRMQVKCTW VASDFDALIP SLKAKKIDAI ISSLSITDKR
G.caldoxylosilyticus_Artl AKELGYEIQI VDMDFTGLIP ALQSGKVDFV LAGMTPTEKR
B.licheniformis_Artl AEKTGHE IEV KDMDFNGLVT ALKTNKVDIV LSGMTPTPKR
E.acidaminophilum_ArtP2 AKELGVELE| KDMKFDGLLA ALSTGKVDIV |AGMNPTEDR
P.larvae_ArtP AKDMGKELEV KDMRYDALLA ALQSGTADIV IAGMTPTPER

Yy
T.tengcongensis_Artl QIGTTSEEAA KKIPN----V KLKQLNRVSD EFMDLQNGRC
G. stearothermophilus_ArtJ QNATTGQEAA EKLFGKGP-- HIKKFETTVV AIMELLNGGV
S.enterica_HisJ LQGTTQETFG NEHWAPKG-1 EIVSYQGQDN I|YSDLTAGRI
S. enterica_LAO LQGSTQEAYA NDNWRTKG-V DVVAYANQDL |YSDLTAGRL

G.caldoxylosilyticus_Artl
B.licheniformis_Artl
E.acidaminophilum_ArtP2
P.larvae_ArP

T.tengcongensis_Artl

G. stearothermophilus_ArtJ
S. enterica_HisJ

S. enterica_LAO
G.caldoxylosilyticus_Artl
B.licheniformis_Artl
E.acidaminophilum_ArtP2
P.larvae_ArtP

Fig. S2. The residues

QTGS IQEGEA
QLGS | QEEKA
QKGTTMEAMA
QKGS IQEE A

AVAVAKGNKS
YGMI FPKNSE
GMGLRKEDNE
GVGLRKDDTE
AIAFPKGSK -
AIAFKKGSG -
AVAVKKGNED
AVA | KKGNKE

NKIAKTVD-M
KELTPDYN-L
QQHMAESE - -
KR- 1EGAD - -

LLDVVNEVIK
LKAKVDEALK
LREALNKAFA
LKAAFDKALT
LRDEFNKVLQ
LTEKFNKALE
LVAKTNE I LK
LVDQVNKTLK

KIESRNRIPE
KVENRNRISD
- IKGLGRVTD
-LQELGKIGD

ELKQSGEYDK
NVINSGKYTE
EMRADGTYEK
ELRQDGTYDK
EKMKNGEVDK
EMEKSGELDK
SLTDQGK IDE
RLKDEKKMDQ

L IQE IQAGRF
LTEE I KAGRF
VVLELKNKKV
L IQELKNKRA

LVDKWFKQ - -
| YKKWFGKEP
LAKKYFDFDV
MAKKYFDFNV
L IKKWFDQ - -
LKEKWF - - - -

KQKGV I VMGT
ATKKKVVVGT
AIPQKIRIGT
ALPQTVRIGT
EQKKVLKMGT
DDKKTLVMGT
KESGKLVLGT
APNGKLVLAT

KKSVDFSDLY
KQSYDFSDPY
QQEIAFTDKL
QQE IAFSDKL
KKSVDFSDVY
KKQVDFSNVY
KKAVDFsSQlY
QKNVDFSDI1Y

v
DAIVVEDTVA
DAVITDNAVA
DAAFQDEVAA
DAALQDEVAA
DAAIIEDTVA
DAAIIEDIVA
EAVVMEKPVA
DAS | IEKPVA

260
KLDRLKQ 269
YGG- - - - 260
YGD- - - - 260

.. 258
- - 246
256

vy v
SADFPPFEFH
DAAFAPFEYM
DPTYAPFESK
DTTYAPFSSK
SADYAPFEYI
SADYPPFESK
SADYPPFEFH
SADYPPYEFH

YDSRQVVVVK
FEATQVILVK
YAADSRLVVA
YAADSRLIAA
YVARNMIVSK
YTAHNMIVTK
YREVQSVVVR
YTAQHAVVTL

KAYLKE- - - -
NEYVKN- - - -
SEGFLKQPVG
SEGFLKQPAG
KGYLKNS - - -
EKYIDK- - - -
KAYVAA - - - -
ANYVKA - - - -

KVEGGKDE IV
Q----KGKIV
N---AQGELV
D- - -AKGEF I
DTAK-GNDI1 |
D----GDQIV
KE INGKDE IV
KLVDGKDS I |

ND- -SPISKF
QG- -SPVKNA
KNS -DIQPTV
KGS -PVQPTL
KG- -SGIKTV
KS - -SGIKSL
TESADLIKTL
EENKDKYKNP

-YKDMKILYM
-NPNKKLQVI
KDYKFGGPAV
KEYAFAGPSV
-NGKLEGHTM
-NEELVGYNL
-NPELMLTEI
~-NKGLAITDL

GFDIDIANAI
GFDVDLLDAV
GFDIDLAKEL
GFDIDLGNEM
GFDVDLAKMI
GFDVDLANAL
GFDIEIAKAM
GFDIEIAKE

DDLKVKT I AV
LDLKGKT IGV
ASLKGKRVGV
ESLKGKHVGV
EDLKGKTVGV
DDLKGKTVGV
DDLKGKKVAV
EDLKGKK IV

DEINNVENGS
EDPKNFASEY
KDEKLFGVGT
KDKKYFGDGT
PTS -EQEAGS
PKEPDEKAGS
ELS-PEDTGF
TLQ-AEDAGS

73
7
59
59
69

73
70

151
149
138
138
147
137
153
150

222
222
217
217
221
21
224
220

participating in substrate binding are conserved in Artl homologs from different species. Shown is the sequence alignment of Artl
homologs from representative organisms. Conserved residues are highlighted in blue. The key residues involving in substrate recognition are indicated by red
triangles. Sequence alignment was carried out using ClustalW (9).
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Fig. S3. Artl displays different binding affinities for Arg and His. (A) ITC curves of Arg titrated into unloaded Artl. Pink trace, 500 pM arginine titrated into
35 pM protein; blue trace, 500 pM arginine titrated into buffer. The K4 value of arginine titrated into buffer was not detectable. The first peak in the
thermogram was not used for analysis. (B) ITC curves of histidine, glutamate, and threonine titrated into unloaded Artl. Pink trace, 2 mM histidine titrated into
120 pM protein; blue trace, 2 mM histidine titrated into buffer; green trace, 1 mM glutamate titrated into 100 pM protein; purple trace, 1 mM of threonine
titrated into 100 pM protein. K4 values of glutamate and threonine titrated into unloaded Artl, as well as histidine titrated into buffer, were not detectable.
The first peak in the thermogram was not used for analysis.

Fig. S4. Art(QN), binds to two substrates and two ATPs. (A) Ribbon diagram of TM helices surrounding two substrate binding sites viewed along the
membrane bilayer from the extracellular side (left) or from cytoplasmic side (right). ArtQ subunits are colored in cyan and magenta. Two Arg molecules are
shown in ball-and-stick models. (B) Overall structure of the ArtN dimer in complex with ATPs. The Walker A motif (residues 34-41) is colored blue, the Walker B
motif (residues 157-162) is colored magenta, and the ABC signature motif (residues 137-146) is colored orange, ArtN subunits are colored gray and green,
respectively. Two ATP molecules are shown in ball-and-stick models. (C) Representative view of the electron density of ATP-bound Art(QN),. The 2Fo-Fc
electron density map, shown in blue mesh, is contoured at 1.5¢, and the Fo-Fc electron density map, shown in green mesh, is contoured at 3c.
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™1

TM2a

TM2b

vy
T.tengcongensis_AntQ MTV - - -DFLS MVKYTPLF-1 SGLIMTLKLT FLAVTIGVLM GLFIALMKMS SIKPIKLVAS SYIEVIRGTP LLVQLLLIYN 76
G. stearothermophilus_ArtM MDF - - -RFDI IVEYAPYF-F QGLLATIGVS LAGIIFGLIL GLFIGLGKMS TNLLVRLPFS WYINFFRGTP LVVQILLVHF 76
S. enterica_HisM MIE| IQEYWK SLLWTDGYRF TGVAITLWLL |ISSVVMGGLL AVILAVGRVS SNKFIRFPIW LFTYIFRGTP LYVQLLVFYS 80
S.snterica_HisQ M-=-cnenn- -LYGFSGVIL QGAIVTLELA LSSVVLAVLI GLVGAGAKLS QNRVTGLIFE GYTTLIRGVP DLVLMLLIFY 70
D.alkaliphilus_HisM MREL - -DFSV VWDNLPFI -L QGAVLTVQIS AVAVLVGFLI GSVVGLVKLS SIRPLRFLAT AYIEIIRGTP LLVQIVLIYF 77
Y fragilis_AtQ M- - - - - DFSF MSEYYQFY-1 EGAKITVTLA FFTVIVGFIF GLLLALLKLS KNKLLNFIAT AYIEFIRGTP LLVQLYIVFY 74
Plarvae_HisM MDL - - -DFSF LATYWPMF-L KGAGYTLVLA FFTVICGTIL GIFICLMRIS KIKIVKGIAA AYIEFLRGTP LLVQLYIIYF 76
Paenibacillussp._AtQ MNL - - -DFSA LNGYWSYF-V DGAWLTLRLS VLGVLFGTFF GVLLALVRLS RIWVLKFLAV TYIEIIRGTP MLVQILIIYY 76
C.subterraneus_HisM MTV - - -DFLS MVKYTPLF-1 SGLIMTLKLT FLAVTIGVLM GLFIALMKMS SIKPISLVAS SYIEVIRGTP LLVQLLLIYN 76
" T.siderophilus_HisM MSV - - -NFLS MLKYSHLF-V SGLLMTLKLT FLAVTIGVIL GLIVALIKMS SIKPISFIGA SYVEIIRGTP LLVQLLLIYN 76
6. TM3a TM3b TM4a
F‘ 0000000000000000000000000 00000000
- v V
T.tengcongensis_ArtQ GLMQF - - - - - ---GMNIPA- ----FTAGVS ----ALAINS SAYVAEIIRA GIQAVDPGQN EAARSLGMTH AMAMRYVIIP 139
G. stearothermophilus_ArtM GVMPL - - - - - ---FFAQPN- ---GIVSLAV ----SLSLNS AAYVAEIFRA GIQSIDKGQM EAARSLGMTH AQAMRY I ILP 140
S.enterica_HisM GMYTLEIVK- ---GTDLLN- --AFFRSGLN CTVLALTLNT CAYTTEIFAG AIRSVPHGEI|I EAARAYGFSS FKMYRCI ILP 153
S. enterica_HisQ GLQIALNVVT DSLGIDQIDI DP--MVAGII ----TLGFIY GAYFTETFRG AFMAVPKGHI| EAATAFGFTH GQTFRRIMFP 144
D.alkaliphilus_HisM GLASL - - - - - ---NIVSLDR ----FTAGVI - -ALSINS GAYVGEIVRS GIQSIDKGQM EAARSLGMNY VRSMRFIILP 141
Y .fragilis_ AtQ GLPHL - - - - - ---GISFP-- ---GLTAGII - -ALSVNS AAYTAEIIRA GIQAVDKGQM EAARSIGMGK TMSMRYII1IP 137
P.larvae_HisM ALPQF - - - - - ---GISLP-- ---GMVSGIA - -ALTLNS AAYVAEIFRA GIESIDKGQM EAARSLGMTH NMAMKLII1IP 139
Paenibacillussp._AtQ ALPTV- - - - - ---GINLP-- ---AFVAGVV - -ALTINS AAYMAEVFRA GIQAIDKGQT EAARSLGMSR GMTMRLIVLP 139
C.subterraneus_HisM GLMQF - - - - - ---GMNIPA- ----FTAGVS - -ALAINS SAYVAEIIRA GIQAVDPGQN EAARSLGMTH AMAMRYVIIP 139
T.siderophilus_HisM GLMQF - - - - - ---GIDIPA- ----FTAGVS ----ALAINS AAYVAEIIRA GIQAVDPGQN EAARSLGMTH AMAMRYVIIP 139
TM4a TM4b TMS
000000000000000 00000000000 000000000000000000
v vww
T.tengcongensis_AtQ QA IKNILPAL GNEFIVMLKE SAIVSVIGFA DLTRQADIIQ SVTYRYFEPY I11AAIYFVM TLTFSKLLSL 215
G. stearothermophilus_AtM QALKRMI|PPF ANEFIVLIKD SSLGMVIAAP EIMYWGKAAA GEYYRVWEPY LTVAFIYLIL TLSLSKLSHY 214
S. enterica_HisM SALRIALPAY SNEVILMLHS TALAFTATVP DLLKIARDIN SATYQPFTAF GIAAVLYLLI SYVLISLFRR AERRW- ---L 229
S. enterica_HisQ AMMRYALPG| GNNWQVILKA TALVSLLGLE DVVKATQLAG KSTWEPFYFA VVCGLIYLVF TTVSNGVLLL LERRYSVG- - 222
D.alkaliphilus_HisM QAFRRI IPPL VNEFIMLIKD SSLLFAIGFA ELMQRGNAIR ARTYKDFEVF IGIAAVYFVM TFILSRVASY 215
Y fragilis_AtQ QAVKNILPAL GNEFITIIKE SSIASIIGIN ELMFNADTIR GNTYKPFEPL IVVAVVYFIL TFSLSKLMGY 211
Plarvae_HisM QAIRNILPAL GNEFIVIIKE SSIVSIVGIT DLMFNADTVR GVTYKAFEPL IVAAVVYFIM TFTLSKLLGK 213
Paenibacillussp. AtQ QAFRNMLPAI| GNELIVIIKD SSLISVVGLA ELLYNARTIQ GVTFRSFEPL LVAGGIYFIM TFTLSRLLIL 213
C.subterraneus_HisM QA IKNILPAL GNEFIVMLKE SAIVSVIGFA DLTRQADIIQ SVTYRYFEPY 11 1AAIYFIM TLTFSKLLSL FERR----LR 215
T.siderophilus_HisM QA IKNILPAL GNEFIVMLKE SAIVSVIGFA DLTRQADIIQ SITYKYFEPY II11AAIYFVM TFIFSRLLGI FERR----LR 215

T.tengcongensis_ArntQ AGDIR- - 220

G. stearothermophilus_ArtM YSTQ- - - 218
S. enterica_HisM QHVSSK - 235

S. enterica_HisQ VKRADL - 228
D.alkaliphilus_HisM TRIRD - - 220

Y .fragilis_AtQ MSTDDRG 218
P.larvae_HisM 1KRA- - - 217
Paenibacillussp._ArtQ MGQR - - - 217
C.subterraneus_HisM AGDIR - - 220
T.siderophilus_HisM AGDIR - - 220

Fig. S5. The residues involved in substrate binding are conserved in ArtQ homologs from different species. Sequence alignment of ArtQ homologs from
representative organisms. ArtQ™®¢, ArtQ'®’, ArtQ"%, ArtQ"'%?, ArtQ®"*2, ArtQ""*%, ArtQ®'*%, and ArtQ M'°® residues involved in interacting with substrate are
highly conserved. Those residues are highlighted in blue and indicated by red triangles. Invariant amino acids are highlighted in blue. Sequence alignment was
carried out using Clustal W (9). Secondary structural elements of ArtQ are indicated.
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Fig. S6. The residues of ArtQ involved in substrate binding are conserved in the HisM/HisQ subunits of the His-, Lys-, Arg-transporter from Salmonella enterica
serovar Typhimurium (S. Typhimurium). (A) Three-dimensional structure of HisM/HisQ from S. Typhimurium based on the structure of ArtQ. Superposition of
ArtQ (cyan), HisM (pink), and HisQ (orange). Representative models of the residues from the substrate-binding site as well as Arg (R) /His (H) are shown in ball-
and-stick models. (B) Stereoview of the structural alignment between ArtQ (cyan) and HisM (pink). In ArtQ and HisM, residues that mediate substrate binding
are shown as cyan and pink sticks, respectively. Invariant and variant residues are indicated in black and magenta, respectively. (C) Stereoview of the structural
alignment between ArtQ (cyan) and HisQ (orange). In ArtQ and HisQ, residues that mediate substrate binding are shown as cyan and orange sticks, re-
spectively. Invariant and variant residues are indicated in black and magenta, respectively.

Superposition of ArtN (cycan) and MalK (magenta) in open state.

Fig. S7. The ArtN dimer with two bound ATPs is in “semi-open” state. (A) Stereo views of the structural alignment between the ArtN dimer and the semi-open
state of the MalK dimer of the maltose transport system from E. coli (PDB ID code 3PV0). The MalK dimer is in orange, and the ArtQ dimmer is in cyan.
(B) Stereo views of the structural alignment between the ArtN dimer and the open state of the MalK dimer (PDB ID code 3FH6). The MalK dimer is in magenta,
and the ArtQ dimer is in cyan.
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PNAS

Fig. S8. No obvious changes are seen in apo-, ATP-, Arg-, His-, and Arg/ATP-bound states of Art(QN),. Shown is structural alignment among apo-bound
(purple), ATP-bound (blue), Arg-bound (yellow), His-bound (orange), and Arg-/ATP-bound (cyan) states of Art(QN),.
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