
 
Supplementary file 

Development of conformation-selective antibodies targeting human SLC15A4 

 

Yalan Zhu1,#, Xuyuan Zhang2,#, Qixiang Zhang1,#, Panpan Sun2,3,#, Kexin Liu2,3,#, Xiaohua Nie2, Junxiao 

Ma2,3, Liwei Zhang2,4, Yina Gao2, Yong Wang2, Songqing Liu2, Ang Gao1,5,*, Liguo Zhang2,3,*, Pu 

Gao2,3,5,* 

 

1 Key Laboratory of Molecular Medicine and Biotherapy, Aerospace Center Hospital, School of Life 

Science, Beijing Institute of Technology, Beijing, 100081, China 

2 State Key Laboratory of Biomacromolecules, Institute of Biophysics, Chinese Academy of Sciences, 

Beijing 100101, China 

3 University of Chinese Academy of Sciences, Beijing 100049, China 

4 Department of Nutrition and Health, Beijing Advanced Innovation Center for Food Nutrition and 

Human Health, China Agricultural University, Beijing 100193, China 

5 Science and Technology Innovation Center, Shandong First Medical University & Shandong 

Academy of Medical Sciences, Jinan 250000, China 

# These authors contributed equally to this work 

* e-mail: ang.gao@bit.edu.cn; liguozhang@ibp.ac.cn; gaopu@ibp.ac.cn 

 
 
 
 



a
1 18 34 204 298

hTASL(1-18) mTASLdel35-203

TASL

c hSLC15A4(32-558)

U
V2

80
/m

AU

135

45

25

kDa

65

15

hSLC15A4
(32-558)

TASL

U
V2

80
/m

AU

Volume/ mL

U
V2

80
/m

AU

Volume/ mL

hSLC15A4(32-558)+ TASLdb
TASL

Volume/ mL

30

20

10

0
5 201510

60

40

20

0
5 2015100

5 201510

1200

800

400

0

135

45

25

kDa

65

15

hSLC15A4
(32-558)

TASL

135

45

25

kDa

65

15
TASL

Supplementary Fig. 1  | P rotein purification and  flow  cytometry gating strategy. a,  Schematic diagram of TASL construct. The N-terminus of 
mus musculus TASLdel35-203 (mTASLdel35-203) is replaced by N-terminus (aa: 1-18) of hTASL, colored in orange. b ,  Size exclusion chromatog-
raphy (SEC) profile of TASL and the SDS-PAG E of peak fraction. c,  SEC profile of hSLC15A4 and the SDS-PAG E of peak fraction. d ,  SEC profile 
of hSLC15A4-TASL complex and the SDS-PAG E of peak fraction. e,  G ating strategy of total living cells, SLC15A4 and its mutants is indicated  by 
G FP，while antibody positivity is denoted by mIgG  PE (PE goat anti-mouse IgG ). f, g,  G ating strategy of SLC15A4 and its mutant expression cells 
(G FP+ ), histogram showing the binding levels of antibodies (PE goat anti-mouse lgG ) or Fabs (PE mouse anti-Myc_ tag). (e refers to Fig. 1b, f refers 
to Fig. 2f and Supplementary Fig. 2a, and g refers to Fig. 3h and Supplementary Fig. 2b) .
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Supplementary Fig. 2  | B ind ing regions mapping and  conformation- specific recognitions of Fab 1 0 7 and  Fab 2 3 5 . a,  b ,  Flow cytometric 
analyses showing the binding ability of wild type (W T) hSLC15A4 and its mutants (endolysosomal lumen loop substitutions of hSLC15A4) to Ab107 
(a) or Fab235 (b). hSLC15A4 mutants used in the experiments are described in Fig. 1c. Data are representative of two independent experiments. 
c,  e,  SEC profile of hSLC15A4 binding to Fab235 (c) or Fab107 (e). d ,  f,  SEC profile of hSLC15A4-TASL complex binding to Fab235 (d) or Fab107 
(f). g,  Coomassie brilliant blue-stained SDS– PAG E gel of hSLC15A4 or hSLC15A4-TASL in complex with Fab235. h,  Coomassie brilliant 
blue-stained SDS– PAG E gel of hSLC15A4 or hSLC15A4-TASL in complex with Fab107. 
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Supplementary Fig. 3 | Cryo-EM data processing of hSLC15A4 bound to Fab107. a, Representative raw micrograph of hSLC15A4-Fab107 
complex in nanodisc. b, Selected 2D class averages of hSLC15A4-Fab107 complex particles. c, Data processing flow chart. d, Gold-standard 
Fourier shell correlation curves of the final reconstruction. e, Local resolution distribution of hSLC15A4-Fab107 complex. f, Cryo-EM densities of 
CDRs of Fab107 and transmembrane helices of hSLC15A4 at 7σ.
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Supplementary Fig. 4 | Cryo-EM data processing of hSLC15A4 bound to TASL and Fab235. a, Representative raw micrograph of 
hSLC15A4-TASL-Fab235 complex in GDN. b, Selected 2D class averages of hSLC15A4-TASL-Fab235 complex particles. c, Data processing 
flow chart. d, Gold-standard Fourier shell correlation curves of the final reconstruction. e, Local resolution distribution of hSLC15A4-TASL-
Fab235 complex. f, Cryo-EM densities of transmembrane helices of hSLC15A4, the N terminus (aa:1-19) of TASL and CDRs of Fab235 at 7σ.

Resolution 

FS
C

 



a b

c

70
100

55
40

130
180
kDa

70
55
40
35

70
100

55
40

130
180

70
55
40
35

- ++++++- +

hSLC15A4-Flag
hTASL-Myc

EV L473S
K172A

R48A
E465A

W TEVW T F492S

IP: Myc

Myc

Flag

Myc

Flag

W CE

+
D385A

+
Q485A

d

-

70
55
40

kDa
++++++- + hSLC15A4-Flag

hTASL-Myc
EV L7S

Y6AE4A
S3A

W TEVW T E11A

70
100

55

40

130
180

70
55

40

70
100

55

40

130
180

IP: Flag
Myc

Flag

Myc

Flag

W CE

0 5000 10000 15000 20000

NEG
W T

N526A

N436A/ T438A/ N441A/ H445A
R350A/ P361A

F524S

0 500 1000 1500

NEG
W T

E353A/ T359A

D523A/ N526A/ N528A
V442S/ V443S/ I435S

T434A/ D448A

F524S

A65S

Ab107 (PE Anti-mIgG ) Fab235 (PE Anti-Myc)

Supplementary Fig. 5  | M utation analyses of hSLC 1 5 A4  and  superimposition w ith reported  structures. a, b ,  Mean fluorescence intensity 
(MFI) of wild type (W T) hSLC15A4 and its mutants to Ab107 (a) or Fab235 (b). Flow cytometric histograms are shown in Fig. 2f and Fig. 3h. c,  
Immunoblots showing W CE and IP (Myc tag) from Myc-tagged hTASL transiently transfected HEK293T cells co-expressing Flag-tagged hSLC15A4 
or its mutants. d ,  Immunoblots showing W CE and IP (Flag tag) from Flag-tagged hSLC15A4 transiently transfected HEK293T cells co-expressing 
Myc-tagged TASL or its mutants. e,  Structural superimposition of resolved hSLC15A4-TASL complex (colored in blue) and reported structure (PDB : 
8j zu, colored in grey). TASL was colored in yellow and cyan respectively.
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human          E  PLL              F GR  AC A LL E LER AFYG T NLVLFLN     WEG  AS   L           R    G        AA  A   RA    V    L   A    I S       G PF    AQ   AL LMEGSGGGAG  A    ARRAAAAA  AG  A     G    T                     A  C       E    

chimpanzee          E  PLL              F GR  AC A LL E LER AFYG T NLVLFLN     WEG  AS   L           R    G        AA  A   RA    V    L   A    I S       G PF    AQ   AL LMEGSGGGAG  A    ARRAA...  AG  A     G    T                     A  C       E    

mouse          E  PLL              F GR  AC A LL E LER AFYG T NLVLFLN     WEG  AS   L           R    G        AA  V   RA    V    L  A    V         G PF    AQ  QAL L......MEG  A    SRRPAVS.  SA  A     G    A           A        A  D  

chicken            E  PLL              F GR  AC A LL E LER AFYG T NLVLFLN     WEG  AS   L           R    G        AA  A   RL    V    L   V    I S       G PY    AQ  QAL L..MEEAEQS  S    SGERG..R  IG  H     A    A                     P  D  

duck          E  PLL              F GR  AC A LL E LER AFYG T NLVLFLN     WEG  AS   L           R    G        AA  A   RV    V    L   A    V S       G PY    AQ  QAL L..MDEADPS  S    SGERG..R  SD  H     G    A                     P  G  

xenopus            E  PLL              F GR  AC A LL E LER AFYG T NLVLFLN     WEG  AS   L           R    G         A  V     L    V    L   V    I S       G  F     Q  QAL L..MASRDPS  S    GRSEPP.VP GS  S  G   A    S                     QI G   T        

zebrafish          E  PLL              F GR  AC A LL E LER AFYG T NLVLFLN     WEG  AS   L                             V    RL    I       M    I S         PF        Q   I..MAGRDIN SS   ENSVTS..TRSES  N      A    A S                 SS  Y   TL   GP  

 90       100       110       120       130          140                 

human FMG TYL SPF GWLADA LG    I  S  LYLLG L FP       R   CG                   L       G         R    LL LA    M A  LLAAP T   L   A L    NCT P          G          R   ARA                    A  AA   S R ...L   A G..........PD

chimpanzee FMG TYL SPF GWLADA LG    I  S  LYLLG L FP       R   CG                   L       G         R    LL LA    M A  LLAAP T   L   A L    NCT P          G          R   ARA                    A  AA   S R ...L   A G..........PD

mouse FMG TYL SPF GWLADA LG    I  S  LYLLG L FP       R   CG                   L       G         R    LL LA    L A  LLAAP S S L  D     V NCS P    S               G          R   ARA                    R   F    PRPEL R   A FPNG A..SC.PE

chicken   FMG TYL SPF GWLADA LG    I  S  LYLLG L FP       R   CG                  I       G         K    LL MA    M A  VIAAP T Q L  DI L  V NCS P    T               V          L   FGT                    H   G     P YP E   S ATNA L.APCSQV

duck FMG TYL SPF GWLADA LG    I  S  LYLLG L FP       R   CG                  I       G         K    LL MA    M A  VIAAP T Q L  DI L  V NCS P    T               V          L   FGT                    H   G     P FP E   S AANA P.VPCAQA

xenopus   FMG TYL SPF GWLADA LG    I  S  LYLLG L FP       R   CG                    I                 R    L  MV     M L  MV    T T    DI    I NCS      S               V   A      L   FYV  G               SYSG   AF    QWAQ E   RSNA.. S.DDTCPE

zebrafish FMG TYL SPF GWLADA LG    I  S  LYLLG L FP       R   CG                    V       G         K    AL L      M L   VA   T N L  E  A  V          T               I          Y   FLT     G          F  SDN   Y    EM FP QPAECFPENG VPANVTCV
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human      C  A   GL  V LGV  VK NITPFGADQVKDRGPEATRRFFNWFYW INLGAI SLGG AY QQN  F  GY    R   P TFA  VL G    T  A                           S      L    I  I   VS V   AAAA C S              A                                                      T   

chimpanzee      C  A   GL  V LGV  VK NITPFGADQVKDRGPEATRRFFNWFYW INLGAI SLGG AY QQN  F  GY    R  AP TFA  VL G    T  A                           S      L    I  I   VS V   AAAA C                A                                                      T   

mouse      C  A   GL  V LGV  VK NITPFGADQVKDRGPEATRRFFNWFYW INLGAI SLGG AY QQN  F  GY    R  AP TFA  VL G    T  A                           S      L    I  I   VS     LNAA R                A                                                     FT   

chicken        C  A   GL  V LGV  VK NITPFGADQVKDRGPEATRRFFNWFYW INLGAI SLGG AY QQN  F  GY    R  A  TFV  VL G    S  A                           S      L    I  I   VS V    GTT Y  A             G                                                      I  S

duck      C  A   GL  V LGV  VK NITPFGADQVKDRGPEATRRFFNWFYW INLGAI SLGG AY QQN  F  GY    R  A  TFV  VL G    S  A                           S      L    I  I   VS V    GTT Y  A             G                                                      I  S

xenopus        C  A   GL  V LGV  VK NITPFGADQVKDRGPEATRRFFNWFYW INLGAI SLGG AY QQN  F  GY    R  AP  FL  II G    S  A                           S      I    V  V   V  L   IPSR Y    L           G                                                   E  I   

zebrafish      C  A   GL  V LGV  VK NITPFGADQVKDRGPEATRRFFNWFYW INLGAI SLGG AY QQN  F  GY        P  Y   VL                                                 I  I   IS     INRPSY R  I S     A   GA  S                           C      F              SI   
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human IP  C       F      F TKP DGSAF DM  IL    C                      K       K   GG F   V VGL FVV LCGQSV I   P     T  FK   YSC S KR  E Q N EG GV QQ   QSLFD   MSH  P   T     A                            T     Q  SG R S G  I  F  SS      SC        

chimpanzee IP  C       F      F TKP DGSAF DM  IL    C                      K       K   GG F   V VGL FVV LCGQSV I   P     T  FK   YSC S KR  E Q N EG GV QQ   QSLFD   MSH  P   T     A                            T     Q  SG R S G  I  F  SS      SC        

mouse IP  C       F      F TKP DGSAF DM  IL    C                      K       K   GG F   V V I FLV LCGQSV I   P     T  FR   YSC S R       S EG GV QQ    SLFD   MSR  P   T   A A                            T     Q G..GQRR G  L  F  SS H    SC        

chicken   IP  C       F      F TKP DGSAF DM  IL    C                     K       K   GG F   I IGI FMV LCGQS  I   P     T  FK   YSC S KR  E S N EG GV QQ   QSLFE   LSR  P   A     S         F                  A     R  HM H T S  Q  L  PR      MA        

duck IP  C       F      F TKP DGSAF DM  IL    C                      K       K   GG F   V IGI FMV LC QS  I   P     T  FK   YSC S RR  E S N EG GV QQ   QSLFE   LSH  P   T     S      S  F                  T     R  PM R T S  R  L  SR      MA        

xenopus   IP  C       F      F TKP DGSAF DM  IL    C                      K       K   GG F   V IGV FLV LCG TV V         T   K   Y C S KH  E T N       Q    QS  D   ASH  P   A     S       K       A        V   A F   R  TR N R ...IQNN HRH   RL MA        

zebrafish IP  C       F      F TKP DGSAF DM  IL    C                      K       K   GG F   V LGV  II   G  V I         S  FR                               TV D   VT       A     SL   FL KA      A            GSAL GRGPKEP..........SLLRP P  L GA   Y  R 
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human    KVE VK LVKI PVFLALIPYWTVYFQMQTTY LQSLHL IP           PAAWLTMFDAVLIL LIPL EE   D  A    V                    V      R  EI N TT    T HT               L    T                                              S I  .... P  L                   

chimpanzee    KVE VK LVKI PVFLALIPYWTVYFQMQTTY LQSLHL IP           PAAWLTMFDAVLIL LIPL EE   D  A    V                    V      R  EI N TT    T HT               L    T                                              S I  .... P  L                   

mouse    KVE VK LVKI PVFLALIPYWTVYFQMQTTY LQSLHL IP           PAAWLTMFDAVLIL LIPL ED   D  A    V                    A      K  EI S TT    T HT               L    T                                              S I  .... H  L                   

chicken      KVE VK LVKI PVFLALIPYWTVYFQMQTTY LQSLHL IP           PAAWLTMFDAVLIL LIPL ED   D  A    I                    V      K  EI N TN    S HT               I    R                                              A D  .... V  F                   

duck    KVE VK LVKI PVFLALIPYWTVYFQMQTTY LQSLHL IP           PAAWLTMFDAVLIL LIPL ED   D  V    I                    V      K  EI N TN    S HT               V    R                                              A D  .... V  F                   

xenopus      KVE VK LVKI PVFLALIPYWTVYFQMQTTY LQSLHL IP           PAAWLTMFDAVLIL LIPL ED   D  A    I                    V      R   I N  N HT               I    R                                            Q F ....... N  L                   

zebrafish    KVE VK LVKI PVFLALIPYWTVYFQMQTTY LQSLHL IP            PAAWLTMFDAVLIL LIPL DE   E       L                               A   ST N                  M    S        S                         Y      T  G DPN  DSHP TFRF                   
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human KD  VDP L   GLLPS LKRIAVGMFFVMCS  AAGILE  RL  V     I Q  G V Y AA    WWQ PQY LIG  KL   I RRH     S              AF      S    L K  KT N TI N   H  DL L   V   L                                            K  N   E.          V      S      

chimpanzee KD  VDP L   GLLPS LKRIAVGMFFVMCS  AAGILE  RL  V     I Q  G V Y AA   WWQ PQY LIG  KL   I RRH     S              AF      S    L K  KT N TI N   H  DL L   V   L                                            K  N   E.          V      S      

mouse KD  VDP L   GLLPS LKRIAVGMFFVMCS  AAGILE  RL  V     I Q  G V Y AA   WWQ PQY LIG  KL   V RRH     S              AF      S    L K  KT N TI     H  DL I   I   V                                            K  D   E.        G V      P      

chicken   KD  VDP L   GLLPS LKRIAVGMFFVMCS  AAGILE  RL  V     I Q  G V Y AA   WWQ PQY LIG  KL   V KR      S              AF      S    I K  KT N TI N   H  DM I   I   V              N                             N  K   V.          T      P      

duck KD  VDP L   GLLPS LKRIAVGMFFVMCS  AAGILE  RL  V     I Q  G V Y AA   WWQ PQY LIG  RL   I KR      S              AF      S    I K  KT   TI N   H  DL I   I   V              N                             N  K   V.   D      T      P      

xenopus   KD  VDP L   GLLPS LKRIAVGMFFVMCS  AAGILE  RL  V     I Q  G V Y AA   WWQ PQY LIG  KL     KKR                    V      S    I K     Q QI N       L V   L   I          F         P               L      E  E   R.DK        T Y  N T      

zebrafish KD  VDP L   GLLPS LKRIAVGMFFVMCS  AAGILE  RL  V     I Q  G V Y AA    WWQ PQY LIG  KV   I KRK     S              A       T    I R       SL        DL I   V   V                                    V       K  D   TRGP P    G I Y    P      
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human  SEIFASIAGLEFAYSAAP SMQS IMGLFFFFSG GSFVGSGLLA VS   IGWMS H D GNIN C L YYFFLLAA I                  K    A          V          L  IK      S T F    G   N        I                                                   A                Y       

chimpanzee  SEIFASIAGLEFAYSAAP SMQS IMGLFFFFSG GSFVGSGLLA VS   IGWMS H D GNIN C L YYFFLLAA I                  K    A          V          L  IK      S T F    G   N        I                                                   A                Y       

mouse  SEIFASIAGLEFAYSAAP SMQS IMGLFFFFSG GSFVGSGLLA VS   IGWMS H D GNIN C L YYFFLLAA I                  K    A          I          L  LK      S T F                 I                                                   A              S H H     

chicken    SEIFASIAGLEFAYSAAP SMQS IMGLFFFFSG GSFVGSGLLA VS   IGWMS H D GNIN C L YYFFLLAA                    K    A          I          L  IK      N T F    G   N        IF                                                  E                Q       

duck  SEIFASIAGLEFAYSAAP SMQS IMGLFFFFSG GSFVGSGLLA VS   IGWMS H D GNIN C L YYFFLLAA                    K    A          I          L  IK      N T F    G   N        IF                                                  E                Q       

xenopus    SEIFASIAGLEFAYSAAP SMQS IMGLFFFFSG GSFVGSGLLA VS   IGWMS H D GNIN C L YYFFLLAA I                  K    V          I          L  I       N S      G   N        V                                                  PQ         L      T       

zebrafish  SEIFASIAGLEFAYSAAP SMQS IMGLFFFFSG GSFVGSGLLA VS   IGWMS H D GNIN C L YYFFLLAA V                  R    A          I          I  LK      S Q F        N        I                                                   A              E R       

 550       560       570                                                    

human Q  TLL FLI SVKY                 GA   L   I    DH R H    A                      H D QRSR NGVPTSRRA                                             

chimpanzee Q  TLL FLI SVKY                 GA   L   I    DH R H    A                      H D QRSR NGVPTSGRA                                             

mouse Q  TLL FLI SVKY                 GA   L   V    DRQR R                             A ....TDGGPASTRT                                             

chicken   Q  TLL FLI SVKY                 GA   L   V    DHQK K    A                        S MNDV ANGRI....                                             

duck Q  TLL FLI SVKY                 GA   L   V    DHQK K    A                        S TNEV ANGRI....                                             

xenopus   Q  TLL FLI SVKY                  A   L   I    ERQ  K    L      A                QS TYRR .........                                             

zebrafish Q  TLL FLI SVKY                 GI   I   V    DKQK K                             P PASHRASMSNS...                                             
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Supplementary Fig. 6 | Sequence alignment of SLC15A4 homologs. The sequences of human SLC15A4 (UniProt entry: Q8N697), chimpanzee 
SLC15A4 (UniProt entry: H2Q769), mouse SLC15A4 (UniProt entry: Q91W98), chicken SLC15A4 (UniProt entry: A0A8V0ZFZ8), duck SLC15A4 
(UniProt entry: A0A493T0R1), xenopus SLC15A4 (UniProt entry: Q68F72) and zebrafish SLC15A4 (UniProt entry: A0A0R4ICA5) were aligned 
using Clustal-Omega. The figure was generated using ESPript-3.0. The secondary structural elements of hSLC15A4 are indicated above the 
sequence alignment. Key residues in the TASL-binding pocket of hSLC15A4 are indicated by black triangles.



1       10        20        30          40        50        60        70        

human     ML EG L                                                              VH           S  Y   L Y  D        N  V          N V TLSYSS DE Q RS    CKS GK  SS  SR S HSR        SG E WN IHWSCASY EQ AGEK..EEET S A      V  T V  LYVS   S  FI      E Q   S

chimpanzee ML EG L                                                              VH           S  Y   L Y  D        N  V          N V TLSYSS DE Q RS    CKS GK  SS  SR S HSR        SG E WN IHWSCASY EQ AGEK..EEET S A      V  T V  LYVS   S  FI      E Q   S

mouse     ML EG L                                                              VH           S  Y   L Y  D        N  V          S V  LSYSS DE Q  S    CKS GK  SS   R S HSR        SG T WN IHWNCASY EP AGDQ..GKET S AA     V  T VQ LYVS   S  FI    A A Q   S

chicken   ML EG L                                                              VH           S  Y   I Y              L            M SIN SS DE Q KS    CRS GK  S   SR S HSR        YR A LC......ED..SE CTNQAVEEVVYE R   C  R  A V  LLQR   A  CI A    G K   R

duck      ML EG L                                                              VH           S  Y   I Y           S  L            M SINYSS EE Q KS    CRS GK  SS  SK S HSR        HR A LC......EDL SE CTNVAAEEVVYE R      I  A G  FLQR   A  CF      G K   R

xenopus   ML EG L                                                              VH           S  Y   I    E                      S V NITYSS  E   R          R   T  SR    N         YG QQWY DDTYLFSH....NRTADASKEL A C      TC TRS RFFSKFAFKE RNP     RITT TE

zebrafish ML EG L                                                              VH                  L F  E        N             S    L                            S    H     C  K WS A EA AEC....V PPSCTTVTEPSST PNNP ...............S......AQIP   APEV ANI

80        90       100          110       120       130       140       150     

human                                         LVP SC   C  Y DL IAG  V                    GQ  TVLQ N NPV E  N   VEIC   DA  RETY   S  KSI KN N       Q M INSV TDF  ESS E     RV    T P   F SP LAA    R..  S.                    Q   G   A    T   PS   F ..Y 

chimpanzee                                     LVP SC   C  Y DL IAG  V                    GQ  TVLQ N NPV E  N   VEIC   DA  RETY   S  KSI KN N       Q M INSV TDF  ESS E     RV    T P   F SP LAA    R..  S.                    Q   G   A    T   PS   F ..Y 

mouse                                         LVP SC   C  Y DL IAG  V                    GQ  TVLQ N NPV E  T   V IC   DV  RETY      KSI KN N  H    Q M INSVM  F  ESS E     SR    A S   F SP LAA G  R..  I.       P                G   A     AN PS   F ..D 

chicken                                       LVP SC   C  Y DL IAG  V                    GQ  NL Q   NPL E  T   MDVC    L  KDTY   S  KSI KN N  H      V ISSVATDF  DS        KD  Q SVQ   P GQ SPT    E..G VR                        DC  P        TC  G....I 

duck                                          LVP SC   C  Y DL IAG  V                    GQ  NLLQ T  PA E  T    DVC    L  KDTY   S  KSI KN N  H      V ISSVASDF  DS        KD    P QH  P GQ SPAT   E..G AR                        DY  P        TC  G....I 

xenopus                                       LVP SC   C  Y DL IAG  V                    GQ   L   T N M E  T   L I    E   KETY   S  K M    N  H    Q M MNS LTD     S D     TSE QRG D L L RD SPS A TG.Y NSS           D  ID        D   A   E   LTCTH F FCE 

zebrafish                                     LVP SC   C  Y DL IAG  V                    G   T M  Q  P         VDI    D    E F   S  HSI    S  H    Q L LS  A D     S D    ... Q KT SY HPSSMAGHG   PRHV TPET A           QH        G   P  PH G IQGHH Q PQP 

    160       170       180       190        200       210       220       230  

human     P L S                             W   S            P S   LN YLE K  ELY QY            SEIP PME  I    SD P KPIQ YSS  RI  IKE  S LQ QN I N V  E   Q VV   K  IMDT    L K     L   DS STQP  F Q    R   Y   T    .K S  M      A                     VFH

chimpanzee P L S                             W   S            P S   LN YLE K  ELY QY            SEIP PME  I    SD P KPIQ YSS  RI  IKE  S LQ QN I N V  E   Q VV   K  IMDT    L K     L   DS STQP  F Q    R   Y   T    .K S  M      A                     VFH

mouse     P L S                             W   S            P S   LN YLE K  ELY QY            SEI   ME       TE P KPIQ YSS  RI  IKE  S LQ Q  I N V  E   Q VV   K  IMDT    L K    SLS  DSTSTQL  L L    R   Y   T    .K S  M K    A                     VFH

chicken   P L S                             W   S            P S   LN YLE K  ELY QY            SEIP PME  V    SE G K AQ FSS  RV  L         QQ L   A  D   Q LM   K  IMDS    F E     P   S. RVPP  T R Q  G   C   A  V......PH     DS                     TVN

duck      P L S                             W   S            P S   LN YLE K  ELY QY            SEIP PME  M    SE   RPVQ FSS  RL  L         QQ L   A  D   Q LV   K  IMDS    F E     P   S. RVPP  TIR    G   C   A  M......PH     DS                     TAN

xenopus   P L S                             W   S            P S   LN YLE K  ELY QY            S IP  ME  I    ND   KP     S  K   IKD  S MQ QQ L N V  E     VI   K  IMD     F E  Q  PT  S. NATA  MKK  SKGDF C  GG    .K I  H      S       R            MSCS

zebrafish P L S                             W   S            P S   LN YLE K  ELY QY             DVP P            P       S   K    RE  S LQ S  L N        Q LL   R  L E     F V E   S SLLP........ LVHEFRS RR  EE G  RP L  F R    SQ  G              T GPA.

     240       250       260       270       280        290       300           

human             ASE       Q   Q S E    T    D   S      S       STP L IS                   SPTQIL   LIMTSVD ISL V R KNLE SKAR IV  RLLQLM     TEI   S H  QYSN N           DS                                     F        TEI.               V P          

chimpanzee         ASE       Q   Q S E    T    D   S      S       STP L IS                   SPTQIL   LIMTSVD ISL M R KNLE SKAR IV  RLLQLM     TEI   S H  QYSN N           DS                                     F        TEI.               V P          

mouse             ASE       Q   Q S E    T    D   S      S       STP L IS                   SPTQIL    IMTNVD ISL V K KNLD SKVK IVI HLLQLV      EI   S H  QYSN T           DS         F                                    S....              I P          

chicken           ASE       Q   Q S E    T    D   S      S       STP L IS                   SPTQIL   LIMTNVD IS  I R R ME TKAK IVI R LQIA     SEI   S H  QYSN N           RA                   T      K             F     EQIF               T A          

duck              ASE       Q   Q S E    T    D   S      S       STP L IS                   SPTQIL   LIMTNVD ISM I R RNME TKAK IVI R LQIA     SEI   S H  QYSN N           RA                                        F     EQIS               T V          

xenopus           ASE       Q   Q S E    T    D   S      S       STP L IS                   S T IM   LIMNNV  ISM I R  NME NKAK MVI  LI IA     N V   N    S                .T A D           Q         Q             F  R   EKHS I      Q   DEA...          

zebrafish         ASE       Q   Q S E    T    D   S      S       STP L IS                       VM   LL TSLD MTL L R  NME  RAK MLL  LL V      SEI        T TQ             ..VSRP       Q             Q    A        C  R T TYQS      L Q   E  ...          

 
pLxIS motif

Supplementary Fig. 7 | Sequence alignment of TASL homologs. The sequences of human TASL (UniProt entry: Q9HAI6), chimpanzee TASL 
(UniProt entry: H2QYF9), mouse TASL (UniProt entry: Q9D3J9), chicken TASL (UniProt entry: A0A1L1RS25), duck TASL (UniProt entry: U3I2N0), 
xenopus TASL (UniProt entry: A0A974HYV9) and zebrafish TASL (UniProt entry: A0A8M1PYV5) were aligned using Clustal-Omega. The figure was 
generated using ESPript-3.0. The secondary structural elements of TASL are indicated above the sequence alignment. Key residues in the 
SLC15A4-binding of TASL are indicated by black triangles.



 
 
 

Supplementary Table 1 | Cryo-EM data collection, refinement and validation statistics. 
 

 hSLC15A4+Fab107 

(EMD-60808) 

(PDB 9IRB) 

hSLC15A4+TASL+Fab235 

(EMD-60809) 

(PDB 9IRC) 

Data collection and processing   

Magnification    130,000 130,000 

Voltage (kV) 200 200 

Electron exposure (e–/Å2) 60 60 

Defocus range (μm) -0.8~-1.5 -0.8~-1.5 

Pixel size (Å) 1.0 1.0 

Symmetry imposed C1 C1 

Initial particle images (no.) 4,100,012 3,205,673 

Final particle images (no.) 552,924 226,165 

Map resolution (Å) 

    FSC threshold 

3.15 

0.143 

2.82 

0.143 

Map resolution range (Å) 2.7-3.5 2.5-3.3 

   

Refinement   

Initial model used (PDB code) None None 

Model resolution (Å) 

    FSC threshold 

3.4 

0.5 

3.1 

0.5 

Model resolution range (Å) - - 

Map sharpening B factor (Å2) -138.8 -90.1 

Model composition 

    Non-hydrogen atoms 

    Protein residues 

    Ligands 

 

5423 

699 

0 

 

5589 

726 

0 

B factors (Å2) 

    Protein 

    Ligand 

 

34.75 

- 

 

119.69 

- 

R.m.s. deviations 

    Bond lengths (Å) 

    Bond angles (°) 

 

0.004 

0.565 

 

0.003 

0.630 

 Validation 

    MolProbity score 

    Clashscore 

    Poor rotamers (%) 

 

1.89 

8.94 

0.35 

 

1.93 

11.62 

0.17 

 Ramachandran plot 

    Favored (%) 

    Allowed (%) 

    Disallowed (%) 

 

93.90 

6.10 

0 

 

94.96 

5.04 

0 



 
Clone ID Chain Sequence 

Fab107 
 

Heavy 

QVQLQQPGTELVRPGASVKLSCKASGYSFTRYWMNWVKQ
RPGQGLEWIGMVHPSDSETRLNQNFKDKATLTVDKSSSIAY
MQLSSPTSEDSAVYYCARWGAYYKYDWDYFDSWGQGTTL

TVSS 

Light 
DIVMTQSQKFMSTSVGDRVSVTCKASQNVGTNVVWYQQKP
GQSPKVLIYSASYRYSGVPDRITGSGSGTDFTLTISNVQSED

LAEYFCQQYNNFPYTFGGGTNLEIK 

Fab235 
 

Heavy 
DVQLVESGGGLVQPGGSRKLSCAASGFTFSRFGMHWVRQ

APEKGLEWVAYISSGSSNIYYADTVKGRFTISRDNPKNTLFLQ
MTSLRSEDTAMYYCARSTTIIRAFFDYWGQGTTLTVSS 

Light 
QIVLTQSPAIMSASLGERVTMTCTASSGVSSSYLHWYQQKP
GSSPRLWIYSTSNLASGVPARFSGSGSGTSYSLTISSMEAED

AATYYCHQYHRSPWAFGGGTKLEIK 
 

Supplementary Table 2 | Sequences of Fab107 and Fab235. 
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