
Supplementary Information
 
Structural insights into the mechanism of the human SGLT2–MAP17 glucose transporter

Masahiro Hiraizumi1,4,†,*, Tomoya Akashi2,4, Kouta Murasaki1, Hiroyuki Kishida1, Taichi Kumanomidou1, 

Nao Torimoto1, Osamu Nureki3,*, and Ikuko Miyaguchi1,*

1Discovery Technology Laboratories Sohyaku Innovative Research Division, Mitsubishi Tanabe Pharma 

Co., LTD., 1000, Kamoshida cho, Aoba ku, Yokohama 227 0033, Japan
2DMPK Research Laboratories Sohyaku Innovative Research Division, Mitsubishi Tanabe Pharma Co., 

LTD., 1000, Kamoshida-cho, Aoba-ku, Yokohama 227-0033, Japan
3Department of Biological Sciences, Graduate School of Science, The University of Tokyo, 7-3-1 Hongo, 

Bunkyo-ku, Tokyo 113-0033, Japan
4Co-first authors
*Corresponding authors
†Current address: Department of Chemistry and Biotechnology, Graduate School of Engineering, The 

University of Tokyo



c

75

50

37

25

Volume (mL)

U
V 

ab
so

rb
an

ce
 (m

AU
) 100

150

SGLT2

250

16
.2

16
.5

16
.8

17
.1

17
.4

(kDa)

20

15

SEC volume (mL)

MAP17

ba

0

50

100

150

200

250

300

350

400

450

5 10 15 20 25

e f

gd

Mock hSGLT2
0

25

50

75

100

125

TA
-1

88
7

bi
nd

in
g

(%
of

hS
G

LT
2)

Mock hSGLT2
0

25

50

75

100

125

So
ta

gl
ifl

oz
in

bi
nd

in
g

(%
of

hS
G

LT
2)

Mock hSGLT2
0

25

50

75

100

125

Ph
lo

riz
in

bi
nd

in
g

(%
of

hS
G

LT
2)

Mock hSGLT2
0

25

50

75

100

125

D
ap

ag
lif

lo
zi

n
bi

nd
in

g
(%

of
hS

G
LT

2)

0 15 30 45 60
0

10

20

30

Time (min)

α
-M

G
up

ta
ke

(μ
L/

m
g-

pr
ot

ei
n)

hSGLT2
Mock

hSGLT2

Mock

No treatment
SP-sfGFP-hSGLT2 (WT) 
+ hMAP17
SP-sfGFP-hSGLT2 (F98A) 
+ hMAP17
SP-sfGFP-hSGLT2 (F453A) 
+ hMAP17
SP-sfGFP-hSGLT2 (D201A) 
+ hMAP17
SP-sfGFP-hSGLT2 (S74A) 
+ hMAP17

0

0.5

1

1.5

2

2.5

3

0.5 1 1.5 2 2.5

G
FP

 fl
uo

re
sc

en
ce

 (A
U

)

Volume (mL)

GFP

hSGLT2-MAP17 complex

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
0.0

1.0e4

2.0e4

3.0e4

4.0e4

5.0e4

6.0e4

7.0e4

8.0e4
9.0e4

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
0

500

1000

1500

2000

2500

3000

In
te

ns
ity

, c
ps

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
0

500

1000

1500

2000

2500

3000

In
te

ns
ity

, c
ps

In
te

ns
ity

, c
ps

Time, min

Supplementary Figure 1. Biochemical characterization of the hSGLT2–MAP17 complex. 
(a) Representative size-exclusion chromatography profile of hSGLT2–MAP17. (b) SDS-PAGE analysis of the 

hSGLT2–MAP17 peak fractions via size-exclusion chromatography (SEC) purification. (c) SGLT2 inhibitors (25 nM) binding 

to the crude membrane expressing hSGLT2 and MAP17 (n = 3, technical replicates). (d) FSEC profiles for various mutations 

of sfGFP-tagged hSGLT2 with MAP17. The arrows indicate the elution positions of the hSGLT2–MAP17 heterodimer and the 

free GFP (GFP). (e) Canagliflozin binding to the crude membrane expressing wild-type hSGLT2 and mutants. Crude 

membranes were incubated with 30 nM canagliflozin and binding was measured by LC-MS/MS. Data are shown as mean ± 

SEM (n = 3, technical replicates). (f) Time-course of hSGLT2-mediated α-MG uptake. α-MG uptake (500 μM) by 

hSGLT2-expressing cells and mock cells was examined. Each point represents mean ± SEM (n = 4, biological replicates). (g) 

Chromatograms of α-MG in the lysates of untreated mock cells (No treatment), mock cells incubated with α-MG (Mock), and 

hSGLT2- and MAP17-expressing cells incubated with α-MG (hSGLT2).
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hSGLT2    1                                   Y      VG                 F  G     W  G S  A                    Q     N ADILVIAA  LLVI   LW       N  TV  Y LA RSM W  V A LF SNMEEHT...EAGSAPEMGA KALID P         F    G    SMCRT.. RG  GG        V  P         
mSGLT2    1                                   Y      VG                 F  G     W  G S  A                    Q     N ADILVIAA  LLVI   LW       N  TV  Y LA RSM W  V A LF SNMEQHV...EAG..SELGE KVLID P         F    G    SMFRT.. RG  GG        V  P         
hSGLT1    1                                   Y      VG                 F  G     W  G S  A                    T     N ADI IIVI  VVVM   LW       N  TV  F LA RSM W  I A LF SNMDSSTWSPKTTAVTRPVE HELIR A   S     F    A    AMFST.. RG  GG        V  P         
vSGLT     1                                   Y      VG                 F  G     W  G S  A                    N     S IDIMV AI  AIII   LW       T  S   Y LA KSL W  V A L   N................MS IEHGL F     F   V    G    VSRDKKG QK TED        P  A     I A 
pSiaT     1                                   Y      VG                 F  G     W  G S  A                            I  AVL    AAML   VY          TA  Y      V    A V VF TT..................MQLHDFGF NY   FG L    L    FSK....RQK  DD  RG GR PG A         

hSGLT2   76      F                                 P                RF               L      I S   VGL GTG  SGLAVA FEW AL VVLLLGW FA VYL AGV TMP YL K    R IRL L VLSL  YIF KI G GH    A   AA      G   N  F       L      T   I   Q  R   GG R   Y S    F    T  
mSGLT2   74      F                                 P                RF               L      I S   VGL GTG  SGLAVA FEW AL VVLLLGW FV VYL AGV TMP YL K    H IRL L VLSL  YIF KI G GH    A   AA      G   N  F       L      T   I   Q  R   GG R   Y S    F    T  
hSGLT1   79      F                                 P                RF               L      I S   VGL GTG  SGIAI  FEW AL LVVVLGW FV IYI AGV TMP YL K      I V L LLSL  YIF KI G GH    A   AA     GG   N  V       L      K   V   E  R   GGQR Q Y S    L    T  
vSGLT    65      F                                 P                RF               L      I     IGM GSG   GLAIA YEW  A  LIIVG  FL IFI  GI TIP FV K    K LK  L V  I  YIF  L SAEQ    S   YSI     S   MS IT     KY      EK  Y   E  E   NK .  TI A FW S    VN 
pSiaT    59      F                                 P                RF               L      L S   M I      S    I   Y AI IL LV Y YI  F  L I SA  YL      R  RL    LS   F   RV S IT  S PAKAYT DWTF IGQ L  A  P  F F   F RK K T  YE  EA  DV S.  .FAS  FM  HIG  

hSGLT2  156                G                Y   GG      TD  Q      G             GG         SV MF GAV I  AL   I A VIALL I MI TV   L ALMY   V   VIL    IL    AFH V      F   L  D  S   F QQ   WN Y S     G T     T   A      T  TF   G AC  MGY.   E   YSGL DKY 
mSGLT2  154                G                Y   GG      TD  Q      G             GG         SV MF GAV I  AL   I A VIALL I MI TV   L ALMY   V   VIL    IL    AFH V      F   L  D  S   F QQ   WN Y S     G T     T   A      T  TF   A AF  TGY.   E   YSGL DKY 
hSGLT1  159                G                Y   GG      TD  Q      G             GG         SA IF GAI I  AL   L L I LLL I AL TI   L AVIY   L   IML    IL    AFH V          M  D  S   F NL   LN Y A F   A T     T   A      T  TV   V SL  TGF.   E   YDAFMEKY 
vSGLT   144                G                Y   GG      TD  Q      G             GG         T  LY G L L  IL   L   IL LA   LV SI   L AVVW   I    LV    M     A   I      F     SV  L G A ET   IP MYS  G  LFA     Y   S      V  VFF  L GF TTYM. VSF   TDGW AGVS
pSiaT   137                G                Y   GG      TD  Q      G             GG          I  Y  VL L   M     V IVLI  L II T    I  VIW   I   LL     LI     FK        F   AA IT LT  A RPF  IDPV L    SL C    WM   EG     V  GL  SG AV  FIMIC  VD  ISEI TTT 

hSGLT2  235                                                 G            Q   QR              AA                  Y            P T  LP  PALL  L IVS WYW     IV   LA KSLT IK GG  TSLTVSEDPAVGNISSFC RPRPDSYHLLRH V GD  W.    L  T   G   CSD V    C  G    H  A 
mSGLT2  233                                                 G            Q   QR              AM                  Y            P T  LP  PALL  L IVS WYW     IV   LA KNLT IK GG  TSLTVSKDPSVGNISSTC QPRPDSYHLLRD V GD  W.    L  T   G   CSD V    C  G    H  A 
hSGLT1  238                                                 G            Q   QR              AI                  Y            P T  LP  P  I  M ILT WYW     IV   L  KNMS VK GK  PTIVSDG...NTTFQEKC TPRADSFHIFRD L GD  W. GF F  S   L   CTD V    C SA    H  G 
vSGLT   223                                                 G            Q   QR              MV                               P    LP   VLI  L VAN YYW     II   LA KSVS A  GK  D.....A..APGHFEMILDQS.........N QYMN  GIA   G  W   L   GFN Y    T  A    E QK 
pSiaT   217                                                 G            Q   QR              A                   W              S      PVLM     AN   F     VV   IV  SI   K  Q DK...........FFPTTQ ............RW WTDSTI    I FLF  IQQ TAS D    Y  TD  KET RT

hSGLT2  314       L           G                                  P       P G  G       A   SS I   Y KL   FLMVMP MI  ILY D  A V            V  S  AY   VV  M   LR LMLAVML ALM  C LCG    TPM         SR   P EV C VPEVCRRVCGTE GC NI   RL  KL  N                 
mSGLT2  312       L           G                                  P       P G  G       A   SS I   Y KLM  FLMVMP MI  ILY D  A V            V  S  AY   VV  M   LR LMLAVML ALM  C LCG     PM         SR   P EV C VPEVCKRVCGTE GC NI   RL  KL  N                 
hSGLT1  314       L           G                                  P       P G  G       A   SS I   Y KLM  FIMVMP MI  ILY E  A V            V  T  AY   VV  M   LR LML VML  LM  C LCG     PM         SR   T KI C VPSECEKYCGTK GC NI   TL  EL  N       S    S    
vSGLT   287       L           G                                  P       P G  G       A   SS V   F KLI  FLVVLP IA  VI  D  L A            A     AY   L   L   VK VV AALA AIV  I FAA     VP         AY  TS PQ M SLGDIAATNLPS ANADK   W. TQF  V      F          
pSiaT   274       L           G                                  P       P G  G       A   SS I      AI      A   A  V Y                      T  I    IV  M   I  LIIAAI  AA   L TNAK V  IPIFFF I S LF Y QQNPS..........LLPAGFN GG L LF  TE  I  A       F   Q  

hSGLT2  394   S  NS    F  DIY                                                             F L  I    STL TM    RL R    DR LL VGRL VV IVVVS A LPVV A   GQLFDYIQ VS  L PPV AV V A  F  S         T  . PRAG  E  L    W  F     V W    Q AQG        A  SY A   S    
mSGLT2  392   S  NS    F  DIY                                                             F L  I    STL TM    RL R    DK LL VGRL VV IVAVS A LPVV A   GQLFDYIQ VS  L PPV AV V A  F  S         T  . PRAG  E  L    W  F     V W    Q AQG        S  SY A   S    
hSGLT1  394   S  NS    F  DIY                                                             F L  I    STL TM    KV R    EK LM AGRL IL LI IS A VPIV     GQLFDYIQ IT  L PPI AV L T  F  A         A  . KRAS  E  I    F  V  G  I W    QSAQS        S  SY G   A    
vSGLT   366   S  NS    F  DIY                                                             F L  M     TI TM            DH LV VGR  AV ALII  L APM  L   GQAF YIQ  T  V PGI AV L A  L  TA        KEYISPDSG  K  N   TA  V    AC I   .. GGI    Q   EY GL S   L    
pSiaT   344   S  NS    F  DIY                                                             F I       SS  N     RL K        M V KL II A I S L A  L L     IWD  N L   M GPM  L M S SL  I  C  S   T  S SSPSPEQK K A  V  V G F S A IW V SDEAE   AF S IGL G   TG   

hSGLT2  473 L  F        A  G                                                             P    L   RVN  G    LI  LLM L         GS     P         V Y YF IV      L  L V   TA I  A  VP   EQ  FW   GG   G ARLIPEFSF  GSCVQ SACPAFLCG H L  A  LFFCSG LT T SLC    P
mSGLT2  471 L  F        A  G                                                             P    L   RVN  G    LV  LLM L         GS     P         V Y YF II      I  L I   TA I  A  VP   EK  FW   GG   G ARLIPEFFF  GSCVR SACPALFCR H L  A  LFICSG LT G SLC    P
hSGLT1  473 L  F        A  G                                                             P    I   RVN  G    LI  LLI I         GT     P         V Y YF II      I  V I   T  I  A  WK   EP  FW   LG   G SRMITEFAY  GSCME SNCPTIICG H L  A  LFAISF TI V SLL K  P
vSGLT   444 L  F        A  G                                                             P    L   K T  G    VV  I   L                P                                  M    G  WK T SK  II   AS PFA FLKF...........M LS................................  FM
pSiaT   424 L  F        A  G                                                             P    I   RAN       II  IIA L         GS               L F FY VI      M  V A   TA L  G  VK   AGS VV   VS   V AARY.....  D.............. N F  G  G....S SV I GTI    F

hSGLT2  553    L  L FSL           LD DE                                                     RKH HR V   RHSKEER..ED  A  QQGS.SLPVQNGCPESAMEMNEPQAPAPSLFRQCLLWFCGMSRGGVGSPPPLT
mSGLT2  551    L  L FSL           LD DE                                                     QKH HR V   RHSKEER..ED  A  LEGPAPAPVQNGGQECAMEMEEVQSPAPGLLRRCLLWFCGMSKSGSGSPPPTT
hSGLT1  553    L  L WSL           LD EE                                                     DVH YR C   RNSKEER..ID  A  ENIQE......GPKETIEIETQVPEKKKGIFRRAYDLFCGLEQHG...APKMT
vSGLT   481    L  L FTM           I  DD                                                     DQM YT L   VVIAFTSLSTS ND  PKGI...SVTS..........................................
pSiaT   481                       LD  E                                                     AP.............AKQ..LS  DS TSE..N...............................................

hSGLT2  630           L D S         NL    LMM VAV    FY                                     QEEAAAAARR E I EDPSWARVV  NAL.   A   FLWG  A                                    
mSGLT2  629           L D S         NL    LMM VAV    FY                                     E.EVAATTRR E I EDPRWARVV  NAL.   T   FLWG  A                                    
hSGLT1  622           M D S         NV    ILV VAV    YF                                     EEEEKAMKMK T T EKPLWRTVL  NGI.   T   FCHA  A                                    
vSGLT   535           V D S         NI    IMI LAV    FW                                     .......SMF T R ........F  AAYG   V   LYTL  .                                    
pSiaT ............................................                                    

TM0TM0 TM1aTM1aIL0IL0

TM1bTM1b TM2TM2 IL1IL1 TM3TM3

TM6aTM6a TM6bTM6b
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TM9TM9 TM10TM10

Supplementary Figure 2. Sequence alignment of SGLT. 
Sequence alignment of hSGLT2 (UniProt: P31639), mSGLT2 (UniProt: Q92317), hSGLT1 (UniProt: P13866), Vibrio 

parahaemolyticus SGLT (UniProt: P96169), and Proteus mirabilis HI4320 sialic acid symporter (UniProt: B4EZY7), performed 

using Clustal Omega. Conserved transmembrane helices of hSGLT2 are indicated above the sequences.  The similarly 

conserved residues are indicated by red letters. The residues at the conserved Na2 and Na3 sites of SGLT are highlighted 

with pink circles above or white circles below the alignment, respectively.
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Supplementary Figure 3. Data processing of the canagliflozin-bound state. 
(a) Representative cryo-EM image of the hSGLT2–MAP17 complex in the presence of canagliflozin. (b) Data processing 

workflow of single-particle image-processing and local-resolution analysis. Particles were separated into three groups via 

non-aligned 3D classification, with the mask (without micelles) shown in yellow. (c) Cross-validation FSC curves for 

map-to-model fitting. (d) Angular distributions of the final reconstruction. 
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Supplementary Figure 4. Data processing of the dapagliflozin-bound state. 
(a) Representative cryo-EM image of the hSGLT2–MAP17 complex in the presence of dapagliflozin. (b) Data processing 

workflow of single-particle image-processing and local-resolution analysis. Particles were separated into four groups by 

non-aligned 3D classification, with the mask (without micelles) shown in transparent white. (c) Cross-validation FSC curves 

for map-to-model fitting. (d) Angular distributions of the final reconstruction. 
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Supplementary Figure 5. Data processing of the TA-1887-bound state. 
(a) Representative cryo-EM image of the hSGLT2–MAP17 complex in the presence of TA-1887. (b) Data processing 

workflow of single-particle image-processing and local-resolution analysis. Particles were separated into three groups via 

non-align 3D classification, with the mask covering the proteins and micelle shown in transparent white. (c) Cross-validation 

FSC curves for map-to-model fitting. (d) Angular distributions of the final reconstruction. 
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Supplementary Figure 6. Data processing of the sotagliflozin-bound state.
(a) Representative cryo-EM image of the hSGLT2–MAP17 complex in the presence of sotagliflozin. (b) Data processing 

workflow of single-particle image-processing and local-resolution analysis. Particles were separated into three groups via two 

rounds of non-aligned 3D classification, with the mask covering the proteins and micelles shown in transparent white. (c) 

Cross-validation FSC curves for map-to-model fitting. (d) Angular distributions of the final reconstruction. 

 

 

 

 Resolution (Å-1)

FS
C



 Canagliflozin Dapagliflozin  TA-1887 Sotagliflozin

TM0 

TM7 TM8 TM9 TM10 TM11 TM12 TM13 MAP17

TM1 TM2 TM3 TM4 TM5 TM6 

   Asn250-NAG

Supplementary Figure 3. Data processing of the canagliflozin-bound state. 
(a) Representative cryo-EM image of the hSGLT2–MAP17 complex in the presence of canagliflozin. (b) Data processing 

workflow of single-particle image-processing and local-resolution analysis. Particles were separated into three groups via 

non-aligned 3D classification, with the mask (without micelles) shown in yellow. (c) Cross-validation FSC curves for 

map-to-model fitting. (d) Angular distributions of the final reconstruction. 
 

Supplementary Figure 7. The outward-opening model of hSGLT2–MAP17 in the density maps. 
The cryo-EM density and atomic model of each segment of the outward-opening model hSGLT2–MAP17, inhibitors, and 

glycosylation sites, contoured to 3.0 σ, 4.0 σ, and 2.0 σ, respectively. Red spheres: water molecules around the inhibitors. 
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Supplementary Figure 4. Data processing of the dapagliflozin-bound state. 
(a) Representative cryo-EM image of the hSGLT2–MAP17 complex in the presence of dapagliflozin. (b) Data processing 

workflow of single-particle image-processing and local-resolution analysis. Particles were separated into four groups by 

non-aligned 3D classification, with the mask (without micelles) shown in transparent white. (c) Cross-validation FSC curves 

for map-to-model fitting. (d) Angular distributions of the final reconstruction. 

 
 

Supplementary Figure 8. Data processing of the phlorizin-bound state. 
(a) Representative cryo-EM image of the hSGLT2–MAP17 complex in the presence of phlorizin. (b) Data processing 

workflow of single-particle image-processing and local-resolution analysis. Particles were separated into three groups by 

non-aligned 3D classification, with the mask covering the proteins (without micelles) shown in yellow. (c) Cross-validation 

FSC curves for map-to-model fitting. (d) Angular distributions of the final reconstruction. 
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Supplementary Figure 5. Data processing of the TA-1887-bound state. 
(a) Representative cryo-EM image of the hSGLT2–MAP17 complex in the presence of TA-1887. (b) Data processing 

workflow of single-particle image-processing and local-resolution analysis. Particles were separated into three groups via 

non-align 3D classification, with the mask covering the proteins and micelle shown in transparent white. (c) Cross-validation 

FSC curves for map-to-model fitting. (d) Angular distributions of the final reconstruction. 

 

 
 

Supplementary Figure 9. Inward-open model of hSGLT2–MAP17 in the density maps. 
The cryo-EM density and atomic models of each segment of the inward-open model of hSGLT2–MAP17, phlorizin, and 

glycosylation sites, contoured to 2.9 σ, 2.7 σ, and 2.7 σ, respectively.
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Supplementary Figure 6. Data processing of the sotagliflozin-bound state.
(a) Representative cryo-EM image of the hSGLT2–MAP17 complex in the presence of sotagliflozin. (b) Data processing 

workflow of single-particle image-processing and local-resolution analysis. Particles were separated into three groups via two 

rounds of non-aligned 3D classification, with the mask covering the proteins and micelles shown in transparent white. (c) 

Cross-validation FSC curves for map-to-model fitting. (d) Angular distributions of the final reconstruction. 

 

 

 

Supplementary Figure 10. MAP17 and SGLT2 interaction site. 
The density of the lipid molecule (orange) is observed between MAP17 and SGLT2.
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Supplementary Figure 11. Sodium ion-binding sites of SGLT2
(a) The sodium ion-binding Na2 sites of dapagliflozin, canagliflozin, TA-1887, and sotagliflozin are shown. (b) Sites in SGLT2 

corresponding to Na3 sites where the other sodium ion binds in SGLT1. No electron density corresponding to a sodium ion 

can be observed. (c, d) The sodium ion-binding Na2 sites, and the sites corresponding to Na3 sites of the phlorizin-bound 

inward-open conformation. The phlorizin binding site is near the Na2 and Na3 sites.
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Supplementary Figure 8. Data processing of the phlorizin-bound state. 
(a) Representative cryo-EM image of the hSGLT2–MAP17 complex in the presence of phlorizin. (b) Data processing 

workflow of single-particle image-processing and local-resolution analysis. Particles were separated into three groups by 

non-aligned 3D classification, with the mask covering the proteins (without micelles) shown in yellow. (c) Cross-validation 

FSC curves for map-to-model fitting. (d) Angular distributions of the final reconstruction. 

 

 
 

Supplementary Figure 12. Comparison of the inward conformation of other SGLT structures.
Structural comparison of sites corresponding to the intracellular phlorizin-binding sites of SGLT2. From left to right, 

inward-occluded conformation of hSGLT1, inward-occluded conformation of vSGLT, and inward-open conformation of vSGLT. 

The structures are viewed from the membrane side.
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Supplementary Data Table 1.
Data collection, processing, model refinement, and validation. Clash scores, rotamer outliers, and Ramachandran plots were 

calculated using the Servalcat pipeline.

Data collection and processing
State Outward Outward Outward Outward Inward
EMDB-ID EMD-34673 EMD-34705 EMD-34610 EMD-34737 EMD-34823
PDB ID 8HDH 8HEZ 8HB0 8HG7 8HIN
Inhibitor Canagliflozin Dapagliflozin  TA-1887 Sotagliflozin Phlorizin
Microscope Titan Krios G4
Detector
Magnification 215,000
Voltage (kV)

Electron exposure (e–/Å2)
Defocus range (μm) -0.6 to -1.6
Pixel size (Å/px) 0.4
Symmetry imposed
Number of movies 19,943 4,841 4,383 5,499 3,159
Initial particle images 2,364,108 3,692,950 3,395,470 5,242,427 3,013,029
Final particle images 65,919 197,695 103,853 72,773 76,485
Map resolution (Å) 3.1 2.8 2.9 3.1 3.3
   FSC threshold 0.143 0.143 0.143 0.143 0.143

Map sharpening B factor (Å2) -107.9 -95.4 -75.8 -96.4 -144.5

Model composition
   Protein atoms 4,728 4,692 4728 4,763 4,743
   Metals 1 1 1 1 0
   Other atoms 49 46 49 44 45
R.M.S. deviations from ideal
  Bond lengths (Å) 0.011 0.012 0.012 0.015 0.018
  Bond angles (°) 1.876 1.859 1.943 2.010 2.368

Clashscore 5.62 6.29 6.66 6.72 10.28
Rotamer outliers (%) 1.20 2.22 1.20 2.39 4.58
Ramachandran plot
   Favored (%) 95.9 97.4 95.7 96.1 92.9
   Allowed (%) 4.1 2.6 4.3 3.9 7.1
   Outlier (%) 0.0 0.0 0.0 0.0 0.0

Validation

105,000

Titan Krios G3i

300
64

-0.8 to -1.6

Model building and refinement

0.83
C1

Gatan K3 Camera with Quantum LS energy filter 



Supplementary Data Table 2. 
Kinetic parameters of canagliflozin binding in the membrane fraction of hSGLT2-expressing 

and MAP17-expressing cells, in the presence or absence of Na+.

 

 
 

Na(+) Na(-)
Bmax 99.9 ± 8.5 69.3 ± 6.2
Kd 94.0 ± 21.7 109 ± 25.4

Data were represented in mean ± SEM (n = 3, technical replicates)



Supplementary Data Table 3. 
Kinetic parameters of phlorizin and phloretin binding in the membrane fraction of wild-type cells 

or cells expressing mutated hSGLT2 and MAP17. 

 

 
 

Construct Kd1

(nM)
Bmax1

(pmol/mg-protein)
Kd2

(nM)
Bmax2

(pmol/mg-protein)
WT 28.1 ± 11.3 0.356 ± 0.069 12400 ± 6900 16.8 ± 7.4

S74A 113 ± 16 1.16 ± 0.07 ND ND
D201 72.2 ± 10.0 0.550 ± 0.028 ND ND
F98A ND ND ND ND
F453A ND ND ND ND

Construct Kd

(nM)
Bmax

(pmol/mg-protein)
WT 12000 ± 1900 51.7 ± 3.46

S74A ND ND
D201 ND ND

Phloretin

Phlorizin

Data were represented in mean ± SEM (n = 3, technical replicates)
ND; not determined



Supplementary Data Table 4. 
IC50 values of phlorizin in α-MG uptake by wild-type and mutant hSGLT2.

Construct IC50 (nM)
WT 57.0 ± 8.49

S74A 145 ± 27
F98A 1640 ± 1720
F453A 468 ± 200

Data were represented in mean ± SEM (n = 4, biological replicates)


