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Supplemental Table S1: Analysis of the quality of homology models 
 
 
 
 
 

 

Model 

Cα RMSD 
with the 

template (Å) 
(sequence 
identity %) 

Number of 
residues in 
favorable 

regions of the 
Ramachandran 

plot 

Number of 
residues in the 

generously 
and 

additionally 
allowed 

regions of the 
Ramachandran 

plot 

Number of 
residues in the 

disallowed 
regions of the 

Ramachandran 
plot 

Model 
based on 

2QTS 
template 

0.5 (90%) 1048 (92.4%) 84 (7.5%) 2 (0.2%) 

Model 
based on 

3HGC 
template 

0.4 (90%) 992 (91.1%) 95 (8.7%) 2 (0.2%) 

The table indicates the parameters determined by PROCHECK (1) of the two 
homology models.  
 
 
 
1. Laskowski, R. A., MacArthur, M. W., Moss, D. S., and Thornton, J. M. 

(1993) J. Appl. Cryst. 26, 283-291 
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Supplemental Table S2. pKa values and accessible surface area 
of Asp, Glu and His residues

pKa values
unprotonated models stepwise accessible 

protonation surface area
residue position 2QTS 3HGC 2QTS %

E63 1 18.35 19.97 -3.81 21
2 19.77 18.22 p

H70 1.86 4.50 -2.48 33
H72 4.08 0.17 3.85 20
H73 5.14 5.26 4.65 13
D78 1 2.11 9.98 -5.79 11

2 8.42 2.61 p
E79 1 10.69 12.36 p 1

2 6.30 11.62 2.10
E97 1 11.03 11.43 3.88 2

2 10.94 11.54 p
D107 1 3.65 5.09 2.81 0

2 0.57 3.08 -0.45
H110 4.62 4.56 4.63 10
E113 1 6.43 4.89 6.34 14

2 6.17 2.72 6.07
E123 1 3.76 4.51 3.76 31

2 3.78 1.79 3.80
D126 1 3.78 3.29 3.80 43

2 3.79 4.23 3.80
D131 1 4.01 3.47 4.00 34

2 4.05 3.42 4.05
E132 1 3.81 4.33 3.80 39

2 3.79 4.35 3.80
E136 1 5.39 4.69 5.53 33

2 5.07 4.71 5.04
D140 1 4.38 4.30 4.94 32

2 5.17 4.25 4.51
E156 1 4.44 6.18 4.18 23

2 5.01 4.46 4.91
D159 1 1.63 1.13 1.22 20

2 3.70 2.70 3.50
H163 2.95 -2.57 -0.15 0
D164 1 -0.82 -1.04 -1.49 10

2 5.59 4.94 5.48
D167 1 3.74 3.85 2.85 23

2 3.71 3.70 2.87
H173 4.93 5.63 4.52 20
E177 1 8.93 3.81 2.46 24

2 10.59 3.56 p
E182 1 4.34 3.61 4.13 44

2 4.42 4.02 4.13
D183 1 5.12 4.78 5.11 14

2 3.00 4.78 4.75
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Supplemental Table S2, page 2

pKa values
unprotonated models stepwise accessible 

protonation surface area
residue position 2QTS 3HGC 2QTS %

D202 1 4.58 3.93 4.56 31
2 4.25 3.93 4.78

D212 1 6.18 4.72 3.93 0
2 5.87 6.34 3.78

E219 1 7.46 7.25 4.87 18
2 9.43 8.32 4.90

D223 1 6.91 5.65 5.46 0
2 5.73 5.76 5.45

D227 1 1.54 3.34 -0.85 33
2 5.23 0.47 3.72

E228 1 7.50 6.47 7.39 6
2 5.25 4.17 5.13

E235 1 5.30 3.54 5.20 29
2 1.84 -1.01 1.86

D237 1 8.50 6.07 2.26 21
2 10.06 7.49 -1.20

E238 1 12.95 6.23 1.14 2
2 16.76 13.21 p

E242 1 6.53 6.46 2.64 4
2 8.35 6.81 p

H250 4.49 2.30 3.34 2
D253 1 5.98 4.09 5.08 28

2 5.11 4.08 5.03
E254 1 5.95 2.86 5.83 4

2 5.95 5.07 5.89
D259 1 4.23 4.13 4.08 13

2 4.27 3.27 4.13
E277 1 6.97 9.61 3.05 1

2 8.51 9.12 p
D296 1 3.94 8.53 3.93 41

2 3.94 6.28 3.94
D298 1 4.54 8.33 3.49 42

2 5.02 6.77 4.99
D300 1 4.12 6.84 4.10 36

2 4.18 10.18 4.20
D303 1 4.14 6.90 3.94 32

2 5.62 5.51 5.63
D313 1 5.73 12.32 2.77 6

2 5.04 16.96 4.60
E315 1 12.13 9.09 p 1

2 14.38 9.34 6.41
E321 1 5.09 4.25 4.99 43

2 5.15 4.25 5.05
H329 0.33 0.84 -1.52 9
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Supplemental Table S2, page 3

pKa values
unprotonated models stepwise accessible 

protonation surface area
residue position 2QTS 3HGC 2QTS %

D333 1 3.78 4.21 3.79 55
2 3.79 4.26 3.79

E340 1 4.87 3.55 4.60 25
2 5.02 3.55 4.63

E344 1 6.09 4.19 5.93 41
2 4.78 4.19 5.49

D347 1 12.00 8.90 6.35 2
2 15.48 8.04 6.03

D351 1 7.61 3.67 3.92 9
2 10.64 7.27 p

E355 1 6.46 5.20 5.88 14
2 5.78 6.68 5.44

D357 1 1.55 7.60 -0.11 0
2 2.41 2.38 -1.14

E359 1 4.30 4.36 4.28 42
2 4.30 4.36 4.28

E364 1 4.73 5.67 4.66 26
2 4.73 5.47 4.69

E375 1 5.87 7.53 4.53 7
2 5.47 5.53 4.20

E398 1 4.65 4.48 4.58 24
2 3.36 1.33 3.31

E403 1 3.96 -0.48 3.57 11
2 1.79 4.37 1.52

D409 1 10.45 10.08 1.15 0
2 11.58 10.44 p

E413 1 7.15 1.54 6.23 5
2 7.05 5.10 6.40

E418 1 8.76 10.80 6.97 5
2 8.76 10.30 7.21

E421 1 4.38 3.42 4.17 15
2 3.49 4.30 3.25

E427 1 4.16 7.38 3.90 26
2 4.16 3.59 3.88

D434 1 24.64 43.92 p 18
2 15.44 36.43 -7.02

pKa values were calculated as described in the text, for the two oxygen atoms of
each Asp and Glu; His residues have 1 pKa value. Stepwise protonation, as  
described in the text; residues marked "p" were protonated in the model, and
the pKa of the remaining residues was re-calculated. Iterations of protonation 
and re-calculation of pKa values of remaining, non-protonated side chains
were done until all remaining side chains had a pKa < 5. For residues with
pKa between 5 and 8, the pKa calculated in the round just before their own 
protonation is indicated.
Accessible surface area was calculated from the 2QTS-based model by using 
the the COOR SEARCH function implemented in the CHARMM c34 molecular 
mechanics software.  The relative accessible surface of acidic residues is shown  
as percentage of the surface of the isolated residue. 
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Supplemental Table S3 
 
Distance and relative orientation of simple pairs of Asp and Glu residues 

residue1 residue2 
distance 
O-O* (Å) 

relative orientation 

E79  E418 5.56 towards each other 
E97  E238 5.15 same orientation, 97 behind 238 
E136 D140 4.03 ~parallel 
D164  D167 4.58 ~parallel 
E219  D409 2.95 on two anti-parallel beta-sheets, ~parallel 
D227  E228 5.05 at ~70° Angle 
E355  D351 3.73 parallel 
D357  E359 6.85 similar orientation, 357 behind 359 
E375  E413 4.96 towards each other, angle 120° 
 
*, distances were calculated in Chimera between the closest side-chain oxygen 
residues of the two acidic side chains from the human ASIC1a model based on the 
chicken ASIC1 structure 2QTS.  
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hASIC1a    : 
cASIC1     : 
rASIC1b    : 
hASIC2a    : 
hASIC3     : 
rASIC2b    : 
hASIC4     : 
hENaC-alph : 
MEC4_C.ele : 
PPK-dros.m : 
             

                                                                                
         *       180         *       200         *       220         *       240
----------------------------------MELKAEEEEVGGV-----------QPVSIQAFAS------------
---------------------------------MMDLKVDEEEVDSG-----------QPVSIQAFAS------------
----------------------------------MEAGSELDEGDD------------SPRDLVAFAN------------
----------------------------------MDLKESPSEGS------------LQPSSIQIFAN------------
----------------------------------MKPTSGPEEARR------------PASDIRVFAS------------
----------------------------MSRSGGARLPATALSGPGRFRMA-----REQPAPVAVAAARQPGGDRSGDPA
GLLAREGQGREALASPSSRGQMPIEIVCKIKFAEEDAKPKEKEAGDEQSLLGAVAPGAAPRDLATFAS------------
----MEGNKLEEQDSSPPQSTPGLMKGNKREEQGLGPEPAAPQQPTAEEEALIEFHRSYRELFEFFCN------------
PYKASLATSVDLVKRTLSAFDGAMGKAGGNKDHEEEREVVTEPPTTPAPTTKPARRRGKRDLSGAFFEPG----------
IREDEEEKKSGISILPGPELLALPGFDTRASIASAALSDVPSDVIIKSRIRYGSPLSACKGLLLEYAK------------
                                                                  a             

      
      
 :  23
 :  24
 :  22
 :  22
 :  22
 :  47
 : 174
 :  64
 : 230
 :  71
      

             
             
hASIC1a    : 
cASIC1     : 
rASIC1b    : 
hASIC2a    : 
hASIC3     : 
rASIC2b    : 
hASIC4     : 
hENaC-alph : 
MEC4_C.ele : 
PPK-dros.m : 
             

                                                                                
         *       260         *       280         *       300         *       320
---------------SSTLHGLAHIFSYERLS----LKRALWALCFLGSLAVLLCVCTERVQYYFHYHHVTKLDEVAASQ
---------------SSTLHGISHIFSYERLS----LKRVVWALCFMGSLALLALVCTNRIQYYFLYPHVTKLDEVAATR
---------------SCTLHGASHVFVEGGPG----PRQALWAVAFVIALGAFLCQVGDRVAYYLSYPHVTLLDEVATSE
---------------TSTLHGIRHIFVYGPLT----IRRVLWAVAFVGSLGLLLVESSERVSYYFSYQHVTKVDEVVAQS
---------------NCSMHGLGHVFGPGSLS----LRRGMWAAAVVLSVATFLYQVAERVRYYREFHHQTALDERESHR
LQGPGVARRGRPSLSRTKLHGLRHMCAGRTAAGGSFQRRALWVLAFCTSLGLLLSWSSNRLLYWLSFPSHTRVHREWSRQ
---------------TSTLHGLGRACGPGPHG----LRRTLWALALLTSLAAFLYQAAGLARGYLTRPHLVAMDPAAPAP
---------------NTTIHGAIRLVCSQHNR----MKTAFWAVLWLCTFGMMYWQFGLLFGEYFSYPVSLNIN--LNSD
-----------FARCLCGSQGSSEQEDKDEEKEEELLETTTKKVFNINDADEEWDGMEEYDNEHYENYDVEATTGMNMME
---------------STTIHGIRYIFEVHRPI----YEKLYWLFFTCISVYFAVSLIWDTYLKWQESPVILGFDETLVPV
                   hG                    w                                      

      
      
 :  84
 :  85
 :  83
 :  83
 :  83
 : 127
 : 235
 : 123
 : 299
 : 132
      

             
             
hASIC1a    : 
cASIC1     : 
rASIC1b    : 
hASIC2a    : 
hASIC3     : 
rASIC2b    : 
hASIC4     : 
hENaC-alph : 
MEC4_C.ele : 
PPK-dros.m : 
             

                                                                                
         *       340         *       360         *       380         *       400
LT------------FPAVTLCNLNEFRFSQVSKN-------------DLYHAG-----------------------ELLA
LT------------FPAVTFCNLNEFRFSRVTKN-------------DLYHAG-----------------------ELLA
LV------------FPAVTFCNTNAVRLSQLSYP-------------DLLYLA-----------------------PMLG
LV------------FPAVTLCNLNGFRFSRLTTN-------------DLYHAG-----------------------ELLA
LI------------FPAVTLCNINPLRRSRLTPN-------------DLHWAGS----------------------ALLG
LP------------FPAVTVCNNNPLRFPRLSKG-------------DLYYAG-----------------------HWLG
VAG-----------FPAVTLCNINRFRHSALSDA-------------DIFHLA-----------------------NLTG
KLV-----------FPAVTICTLNPYRYPEIKEELEELDRITEQTLFDLYKYS-----------------------SFTT
ECQSERTKFDEPTGFDDRCICAFDRSTHDAWPCFLNGTWETTECDTCNEHAFCTKDNKTAKGHRSPCICAPSRFCVAYNG
HKIP----------FPTITICPEIKMERNVFDYTN------VSRQLWEEYKQNG----------------------NISD
              Fpa t C     r                                                     

      
      
 : 116
 : 117
 : 115
 : 115
 : 116
 : 159
 : 268
 : 169
 : 379
 : 174
      

             
             
hASIC1a    : 
cASIC1     : 
rASIC1b    : 
hASIC2a    : 
hASIC3     : 
rASIC2b    : 
hASIC4     : 
hENaC-alph : 
MEC4_C.ele : 
PPK-dros.m : 
             

                                                                                
         *       420         *       440         *       460         *       480
LLNNR----YEIPDTQMADEKQLEILQ------DKANFRSFKP-KPFN--------------------------------
LLNNR----YEIPDTQTADEKQLEILQ------DKANFRNFKP-KPFN--------------------------------
LDE--------------SDDPGVPLAP------PGP--EAFSG-EPFN--------------------------------
LLDVN----LQIPDPHLADPSVLEALR------QKANFKHYKP-KQFS--------------------------------
LDPAE-------------HAAFLRALG------RPPAPPGFMPSPTFD--------------------------------
LLLPNRTARPLVSELLRGDEPRRQWFR------KLADFRLFLPPRHFEG-------------------------------
LPPKD------------RDGHRAAGLR------YPEP----------D--------------------------------
LVAGS----RSRRDLRGTLPHPLQRLR------VPPPPHGARRARSVASSLRDNNPQVDWKDWKIGFQLCNQNKSDCFYQ
KTPPIEIWTYLQGGTPTEDPNFLEAMG------FQGMTDEVAIVTKAKEN------------------------------
LDDED--LARMAVAMHICDSEVVQRFTPLLSQLNPPNVDVTQTLIDLSISKNETGPFCKWNG------------------
l                 d                                                             

      
      
 : 153
 : 154
 : 140
 : 152
 : 145
 : 202
 : 288
 : 239
 : 423
 : 234
      

             
             
hASIC1a    : 
cASIC1     : 
rASIC1b    : 
hASIC2a    : 
hASIC3     : 
rASIC2b    : 
hASIC4     : 
hENaC-alph : 
MEC4_C.ele : 
PPK-dros.m : 
             

                                                                                
         *       500         *       520         *       540         *       560
------------------------MREFYDRAGHDIRDMLLSCHFRGEVCSAE-DFKVVFT-RYGKCYTFNSGRDGRPRL
------------------------MLEFYDRAGHDIREMLLSCFFRGEQCSPE-DFKVVFT-RYGKCYTFNAGQDGKPRL
------------------------LHRFYNRSCHRLEDMLLYCSYCGGPCGPH-NFSVVFT-RYGKCYTFNSGQDGRPRL
------------------------MLEFLHRVGHDLKDMMLYCKFKGQECGHQ-DFTTVFT-KYGKCYMFNSGEDGKPLL
------------------------MAQLYARAGHSLDDMLLDCRFRGQPCGPE-NFTTIFT-RMGKCYTFNSGADGAELL
-----------------------ISAAFMDRLGHQLEDMLLSCKYRGELCGPH-NFSSVFT-KYGKCYMFNSGEDGKPLL
------------------------MVDILNRTGHQLADMLKSCNFSGHHCSAS-NFSVVYT-RYGKCYTFN--ADPRSSL
TYSSGVDAVREWYRFHYINILSRLPETLPSLEEDTLGNFIFACRFNQVSCNQA-NYSHFHHPMYGNCYTFNDKNNSNLWM
----------------IMFAMATLSMQDRERLSTTKRELVHKCSFNGKACDIEADFLTHIDPAFGSCFTFNHNRTVN--L
---------RFYFCDKIFDFVATDEGICYQFNGLRPKDIYRDEKFISYVDPDVVDFNKYFDVDLPPWNNITGNWSLDTGF
                              r           c 5 g  c    15        g c  fn         

      
      
 : 207
 : 208
 : 194
 : 206
 : 199
 : 257
 : 340
 : 318
 : 485
 : 305
      

78 79

97

17
7
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3
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6

16
4
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63TM1
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hASIC1a    : 
cASIC1     : 
rASIC1b    : 
hASIC2a    : 
hASIC3     : 
rASIC2b    : 
hASIC4     : 
hENaC-alph : 
MEC4_C.ele : 
PPK-dros.m : 
             

                                                                                
         *       580         *       600         *       620         *       640
KTMKDGTGNGLEIMLDIQQDEYLPVWG-----ETDETSFEAGIKVQIHSQDEPPFIDQLGFGVAPGFQTFVACQ------
ITMKGGTGNGLEIMLDIQQDEYLPVWG-----ETDETSFEAGIKVQIHSQDEPPLIDQLGFGVAPGFQTFVSCQ------
KTMKGGTGNGLEIMLDIQQDEYLPVWG-----ETDETSFEAGIKVQIHSQDEPPFIDQLGFGVAPGFQTFVSCQ------
TTVKGGTGNGLEIMLDIQQDEYLPIWG-----ETEETTFEAGVKVQIHSQSEPPFIQELGFGVAPGFQTFVATQ------
TTTRGGMGNGLDIMLDVQQEEYLPVWR-----DNEETPFEVGIRVQIHSQEEPPIIDQLGLGVSPGYQTFVSCQ------
TTVKGGTGNGLEIMLDIQQDEYLPIWG-----ETEETTFEAGVKVQIHSQSEPPFIQELGFGVAPGFQTFVATQ------
PSRAGGMGSGLEIMLDIQQEEYLPIWR-----ETNETSFEAGIRVQIHSQEEPPYIHQLGFGVSPGFQTFVSCQ------
SSMPG-INNGLSLMLRAEQNDFIPLLS-----TVT------GARVMVHGQDEPAFMDDGGFNLRPGVETSISMR------
TSIRAGPMYGLRMLVYVNASDYMPTTE-----ATG-------VRLTIHDKEDFPFPDTFGYSAPTGYVSSFGLR------
VDQGQNAYPQRTVFSSVKNGFFAFLQGLQHNFDYDCRSFKQGYKVFLNSPESVPLTTGNYILVPHGDEVLVSVLPAYVVS
     g   gl 6     q  5 p              f  g 46 6hsq epp     g    pG              

      
      
 : 276
 : 277
 : 263
 : 275
 : 268
 : 326
 : 409
 : 380
 : 547
 : 385
      

             
             
hASIC1a    : 
cASIC1     : 
rASIC1b    : 
hASIC2a    : 
hASIC3     : 
rASIC2b    : 
hASIC4     : 
hENaC-alph : 
MEC4_C.ele : 
PPK-dros.m : 
             

                                                                                
         *       660         *       680         *       700         *       720
EQRLIYLPPPWGTCKAVTMDSD-------------LDFFDSYSITACRIDCETRYLVENCNCRMVHMPG--DAPYCTPEQ
EQRLIYLPPPWGDCKATTGDS---------------EFYDTYSITACRIDCETRYLVENCNCRMVHMPG--DAPYCTPEQ
EQRLIYLPSPWGTCNAVTMDS---------------DFFDSYSITACRIDCETRYLVENCNCRMVHMPG--DAPYCTPEQ
EQRLTYLPPPWGECRSSEMGL---------------DFFPVYSITACRIDCETRYIVENCNCRMVHMPG--DAPFCTPEQ
QQQLSFLPPPWGDCSSASLNPNYEPEPSDPLGSPSPSPSPPYTLMGCRLACETRYVARKCGCRMVYMPG--DVPVCSPQQ
EQRLTYLPPPWGECRSSEMGL---------------DFFPVYSITACRIDCETRYIVENCNCRMVHMPG--DAPFCTPEQ
EQRLTYLPQPWGNCRAESELREPE-----------LQGYSAYSVSACRLRCEKEAVLQRCHCRMVHMPG--NETICPPNI
KETLDRLGGDYGDCTKNGSDVPVEN-----------LYPSKYTQQVCIHSCFQESMIKECGCAYIFYPRPQNVEYCDYRK
LRKMSRLPAPYGDCVPDGKTSDY------------IYSNYEYSVEGCYRSCFQQLVLKECRCGDPRFPVPENARHCDAAD
TDNLHEITPEKRQCLFDDERS--------------LRFFRSYSQSNCQTECLANYTVSKCGCAKFWMPKPLGTPVCGLKD
   6  6p p g C                           Y3   C   C        C C    mP       C    

      
      
 : 341
 : 340
 : 326
 : 338
 : 346
 : 389
 : 476
 : 449
 : 615
 : 451
      

             
             
hASIC1a    : 
cASIC1     : 
rASIC1b    : 
hASIC2a    : 
hASIC3     : 
rASIC2b    : 
hASIC4     : 
hENaC-alph : 
MEC4_C.ele : 
PPK-dros.m : 
             

                                                                                
         *       740         *       760         *       780         *       800
YKEC------------ADPALDFLVEKDQEYCVCEMPCNLTRYGKELSMVKIPSKASAKYLAKKFNKSEQYIGEN----I
YKEC------------ADPALDFLVEKDNEYCVCEMPCNVTRYGKELSMVKIPSKASAKYLAKKYNKSEQYIGEN----I
YKEC------------ADPALDFLVEKDQEYCVCEMPCNLTRYGKELSMVKIPSKASAKYLAKKFNKSEQYIGEN----I
HKEC------------AEPALGLLAEKDSNYCLCRTPCNLTRYNKELSMVKIPSKTSAKYLEKKFNKSEKYISEN----I
YKNC------------AHPAIDAMLRKDS--CACPNPCASTRYAKELSMVRIPSRAAARFLARKLNRSEAYIAEN----V
HKEC------------AEPALGLLAEKDSNYCLCRTPCNLTRYNKELSMVKIPSKTSAKYLEKKFNKSEKYISEN----I
YIEC------------ADHTLDSLGGGPEGPCFCPTPCNLTRYGKEISMVRIPNRGSARYLARKYNRNETYIREN----F
HSSWG--------YCYYKLQVDFSSDHLGCFTKCRKPCSVTSYQLSAGYSRWPSVTSQEWVFQMLSRQNNYTVNNKRNGV
PIAR---------KCLDARMNDLGGLHGSFRCRCQQPCRQSIYSVTYSPAKWPSLSLQIQLGSCNGTAVECNKHYKEN-G
INCYTSAQDELYTLMQNQTMAKSIDESVDITCNCMPACTSLEYNFEISRAKYDVAKTIRAFREEYEHT-DAIGSR-----
                               c C  pC    Y  e s  4 ps                yi  n     

      
      
 : 405
 : 404
 : 390
 : 402
 : 408
 : 453
 : 540
 : 521
 : 685
 : 525
      

             
             
hASIC1a    : 
cASIC1     : 
rASIC1b    : 
hASIC2a    : 
hASIC3     : 
rASIC2b    : 
hASIC4     : 
hENaC-alph : 
MEC4_C.ele : 
PPK-dros.m : 
             

                                                                                
         *       820         *       840         *       860         *       880
LVLDIFFEVLNYETIEQKKAYEIAGLLGDIGGQMGLFIGASILTVLELFDYAYEVIKHKLCRRGKCQKE-----AKRSSA
LVLDIFFEALNYETIEQKKAYEVAGLLGDIGGQMGLFIGASILTVLELFDYAYEVIKHRLCRRGKCRKN-----HKRNNT
LVLDIFFEVLNYETIEQKKAYEIAGLLGDIGGQMGLFIGASILTVLELFDYAYEVIKHRLCRRGKCQKE-----AKRSSA
LVLDIFFEALNYETIEQKKAYEVAALLGDIGGQMGLFIGASILTILELFDYIYELIKEKLLD--LLGKE-----EDEGSH
LALDIFFEALNYETVEQKKAYEMSELLGDIGGQMGLFIGASLLTILEILDYLCEVFRDKVLGYFWNRQH-----SQRHSS
LVLDIFFEALNYETIEQKKAYEVAALLGDIGGQMGLFIGASLLTILELFDYIYELIKEKLLD--LLGKE-----EEEGSH
LVLDVFFEALTSEAMEQRAAYGLSALLGDLGGQMGLFIGASILTLLEILDYIYEVSWDRLKRVWRRPKT-----PLRTST
AKVNIFFKELNYKTNSESPSVTMVTLLSNLGSQWSLWFGSSVLSVVEMAELVFDLLVIMFLMLLRRFRSRYWSPGRGGRG
AMVEVFYEQLNFEMLTESEAYGFVNLLADFGGQLGLWCGISFLTCCEFVFLFLETAYMSAEHNYSLYKK------KKAEK
--LSVYFKEHQFTAIKRTILFGVSTLISNCGGICGLFMGISCLSFLELIYFFCMRICGSCRDRRKHKIQ------QQNSV
  6 655e ln e      a     L6 1 Ggq gL5 G S L3  E      e                          

      
      
 : 480
 : 479
 : 465
 : 475
 : 483
 : 526
 : 615
 : 601
 : 759
 : 597
      

             
             
hASIC1a    : 
cASIC1     : 
rASIC1b    : 
hASIC2a    : 
hASIC3     : 
rASIC2b    : 
hASIC4     : 
hENaC-alph : 
MEC4_C.ele : 
PPK-dros.m : 
             

                                                                    
         *       900         *       920         *       940        
DKGVALSLDDVKRHNPCESLR---GHPAGMTYAANILPHHPARGTFEDFTC-----------------
DKGVALSMDDVKRHNPCESLR---GHPAGMTYAANILPHHPARGTFEDFTC-----------------
DKGVALSLDDVKRHNPCESLR---GHPAGMTYAANILPHHPARGTFEDFTC-----------------
DENVST----------CDTMP---NHSETISHTVN-VPLQTTLGTLEEIAC-----------------
TNLLQEGLGSHRTQVPHLSLG---PRPPTPPCAVTKTLSASHRTCYLVTQL-----------------
DENMST----------CDTMP---NHSETISHTVN-VPLQTALGTLEEIAC-----------------
GGISTLGLQELKEQSPCPSRGRVEGGGVSSLLPNHHHPHGPPGGLFEDFAC-----------------
AQEVASTLASSPPSHFCPHPMSLSLSQPGPAPSPALTAPPPAYATLGPRPSPGGSAGASSSTCPLGGP
AKKIASGSF-----------------------------------------------------------
DLPEENSEN-----------------------------------------------------------
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Supplemental Figure S1. Alignment of ASICs and other family members. Alignment of ASIC1-4 and ENaCα
(human), MEC-4 (C. elegans) and Pickpocket (PPK, drosophila), indicating Glu and Asp residues with pKa > 8 in 
blue, with 8 > pKa > 5 in red. Numbers of the amino acid residue in hASIC1a is indicated above the columns and 
is framed if the residue is conserved within the pH-gated ASIC subunits (ASIC1a, -1b, 2a and 3). GenBank
accession numbers are AAB48981.1 (hASIC1a), AAY28986  (cASIC1), EDL86974 (rASIC1b), AAH75042 
(hASIC2a), AAC64188 (hASIC3), EDM05432 (rASIC2b), EAW70762 (hASIC4), BAG65217 (ENaC-α), AAC47265
(MEC-4), and AAF53394 (PPK).
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Supplemental Figure S2. Absence of window current in the E413Q/E418Q double mutant. 
A, Typical traces in response to acidification to the pH indicated, during the time indicated by the black bar. 
B, Activation and SSIN curves of hASIC1a wt and the mutant E413Q/E418Q. For the pH range 7.1 to 6.4 
(black lines, left axis). In grey, the sustained current amplitude, normalized to the peak current amplitude 
at pH 4.5, is indicated on a 100-fold expanded scale (right axis, n=5-8). This figure  shows that in the two 
mutants represented, the currents inactivate as wt, and that there is no sustained current different from wt.  

Supplemental Figure S2. Absence of window current in the E413Q/E418Q double mutant
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proximity of Cs 467 proximity of Cs 468
residue 3HGC 3HGC-Cs delta residue 3HGC 3HGC-Cs delta
E97 1 11.43 11.42 -0.01 D296 1 8.53 8.53 0.00

2 11.54 11.53 -0.01 2 6.28 6.29 0.01
E219 1 7.25 7.07 -0.18 D298 1 8.33 8.33 0.00

2 8.32 8.01 -0.31 2 6.77 6.77 0.00
E235 1 3.54 3.54 0.00 D300 1 6.84 6.84 0.00

2 -1.01 -1.01 0.00 2 10.18 10.18 0.00
D237 1 6.07 6.08 0.01 D303 1 6.90 6.90 0.00

2 7.49 7.49 0.00 2 5.51 5.51 0.00
E242 1 6.46 6.40 -0.07 D313 1 12.32 12.32 0.00

2 6.81 6.73 -0.08 2 16.96 16.97 0.01
D259 1 4.13 4.12 -0.01

2 3.27 3.27 0.00
D347 1 8.90 8.90 0.00 proximity of Cs 469/470

2 8.04 8.04 0.00 residue 3HGC 3HGC-Cs delta
D351 1 3.67 3.67 0.00 E427 1 7.38 4.46 -2.92

2 7.27 7.27 0.00 2 3.59 1.42 -2.17
E355 1 5.20 5.20 0.00 D434 1 43.92 0.99 -42.93

2 6.68 6.68 0.00 2 36.43 1.47 -34.96
E63 1 19.97 14.78 -5.19

2 18.22 12.59 -5.64
D78 1 9.98 9.95 -0.02

2 2.61 2.58 -0.02
H70 4.50 4.03 -0.47
H72 0.17 -0.03 -0.19
H73 5.26 5.18 -0.08

Supplemental Table S4. pKa values calculated from the 3HGC-based model in the 
absence or presence of bound Cs+ ions

Cs+468

Cs+467

Cs+469

Cs+470
Supplemental Table S4. pKa values calculated from the 
3HGC-based model in the absence or presence of bound 
Cs+ ions.
pKa values were calculated for residues in the proximity of 
Cs+ ions in the 3IJ4 structure. The calculation was performed 
in the hASIC1a model derived from the 3HGC structure, in 
which the Cs+ ions had been placed. The table shows the 
pKa values for the 3HGC model, for the 3HGC model 
containing the Cs+ ions, and the column "delta" displays their 
difference. The inserted figure represents the 3IJ4 structure 
and indicates the position of Cs+ ions 467 and 468 of one 
subunit, and of Cs+ ions 469 and 470 (all shown in purple) in 
the channel pore. The Cl- ions are shown in green.
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Supplemental Table S5. Comparison of pH50-shifts relative to wt in this 
compared to previous studies  
 
Residue pH50-shift 

relative to 
wt in this 

study 

compared mutation pH50-shift 
relative to wt 

Reference 

E113 < 0.1 ASIC2a E112Q < 0.1 (1) 
E136 < 0.1 ASIC2a E135Q -0.13 (1) 
D164 -0.10 ASIC2a D163N < 0.1 (1) 
D183 -0.10 ASIC2a D182N +0.34 (1) 
D223 < 0.1 rASIC1a D223N < 0.1 (2) 
E228 -0.13 rASIC1a E228Q < 0.1 (2) 
E235 < 0.1 b rASIC1a E235Q -0.2 (2) 
E254 < 0.1 rASIC1a E254Q < 0.1 (2) 
E344 < 0.1 rASIC1a E342Q < 0.1 (2) 
D347 -0.19 a cASIC1 D346N -0.3 c (3) 
E413Q -0.10 rASIC1a E411Q -0.1 (2) 
E418Q -0.19 a rASIC1a E418Q -0.15 (2) 
 
The pH50 values of mutants of D303, E315, E321 and E355 have not been 
determined previously, and SSIN has been analyzed for none of these residues to 
our knowledge. pH50 data are reported from ASIC1 where available, and for some 
mutants from ASIC2a. rASIC1a, rat ASIC1a ; cASIC1, chicken ASIC1. a, difference 
from wt statistically tested (p < 0.05). b, nH, Hill coefficient significantly different from 
wt (p < 0.05). c, for this mutant a marked decrease in the Hill coefficient was reported.  
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Supplemental Table S6. Numbering and species of ASIC residues cited in the 
discussion 
 

Cited study Residue in 
this study Position Species a Reference 
Y71 72 r (4) 
H72 72 r (2) 
H73 73 r (2) 
H73 72 ASIC2a (5) 
D78 78 r (2) 
E79 79 rASIC3 (6) 
K105 105 r (2) 
N106 106 r (2) 
D107 107 r (2) 
R190 190 r (2) 
E235 235 r (2) 
D237 237 r (2) 
E238 238 r (2) 
D253 253 r (2) 
E254 254 r (2) 
W287 288 r (4) 
D347 346 c (3) 
D351 350 c (3) 
D357 357 h (7) 
D357 355 r (2) 
Q358 358 r (8) 
Q358 358 h (7) 
E359 359 r (8) 
E413 411 r (2) 
E418 416 r (2) 
a, and indication of ASIC isoform, if different from ASIC1a. r, rat; c, chicken, h, human. 
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