Supplementary information: Figures

W SIA:N2

W SIA:NG

W SIA:N9
HSIAB

O AXP:N2
OAXP-H:N2
BEQP:N2
BEQP:N9
BEQP.B
HEQP-H:N2
EEQP-H:N9
HEQP-H:B
BEDAN:N2
HEDAN:N9
HEDAN:B
O4AM:NS
ARG 118 ASP 151 ARG 152 WOAM:NO
H49A:N9
HZMR:N9
EZMR:B
oOG21:N9
oG21:B

W G20:N9
B G28:N9
OG39:N9
EBCZ:N9
OABX:N9
HABW:N9
EST1:N2
EST1:B
OST2:N2
ARG 224 GLU 276 ARG 292 B ST2-H:N2
OST3:N2
O ST3-H:N2
EST4:B

B ST5:N2
OST6:N2
OFDI:B
HIBA:B
HIBA-H:B
ORA2:B
RA2-H:B
HRAIB

P
AN

e
S

ARG 371 TYR 406

Figure S1.  Individual contributions from conserved functional residues and calcium
ion to electrostatic energies of neuraminidase interaction with the inhibitor C2-group
[kJ/mol].
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Figure S2.  Individual contributions from conserved functional residues and calcium

ion to electrostatic energies of neuraminidase interaction with the inhibitor C3-group
[kJ/mol].
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Figure S3. Individual contributions from conserved functional residues and the calcium
ion to electrostatic energies of neuraminidase interaction with the inhibitor C4-group
[kJ/mol].
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Figure S4.  Individual contributions from conserved functional residues and the

calcium ion to electrostatic energies of neuraminidase interaction with the inhibitor C5
group [kJ/mol].
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Figure S5. Individual contributions from conserved functional residues and the calcium
ion to electrostatic energies of neuraminidase interaction with the inhibitor C6-group
[kJ/mol].
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Figure S6. Individual contributions from conserved functional residues and the calcium
ion to electrostatic energies of neuraminidase interaction with the inhibitor O-group
[kJ/mol].



Table S1. I nfluenza neuraminidase:inhibitor complexes.
No. PDBa Mutation” Proteirg Inhibitor® Inhibitor  pK;®® plCs~®
code charge charge
1 N2* 2BAT Asp339Asn 2 SIA -1 ~3.00"
2 N2 1INW 2 AXP 2 - like SIAZ
3 N2 1INW 2 AXP-H -1
4 N2 1INX 1 EQP 2 - ~4.00°
5 N2 1INX 1 EQP-H -1
6 N2 1IVF 1 DAN -1 540 5.82°
7 N2  1IVD 1 ST1 -1 - 3.12°
8 N2 1IvVC 1 ST2 -1 - <2.00’
9 N2 1vC 1 ST2-H 0
10 N2 1VE 1 ST3 -1 - <2.00°
11 N2 1IVE 1 ST3-H 0
12 N2 1INGA 1 ST5 -1 - 2.40°
13 N2 1INGB 1 ST5 -1
14 N2 1INH:A 1 ST6 0 - 2.30°
15 N2 1INHB 1 ST6 0
16 N6 1WIX:A 2 SIA -1 - -
17 N6 1WIX:B 3 SIA -1
18 N6 1WIX:C 3 SIA -1
19 N6 1WIX:D 2 SIA -1
20 N6 1W20:A 2 SIA -1
21 N6 1W20:B 2 SIA -1
22 N6 1W20.C 2 SIA -1
23 N6 1W20.D 2 SIA -1
24 N6 1W2LA 2 SIA -1
25 N6 1W2LB 2 SIA -1
26 N6 1W2LC 2 SIA -1
27 N6 1W2LD 2 SIA -1
28 N9 1IMWE -1 SIA -1 4.26"
29 N9 2QWB  Arg292lys' -1 SIA -1 274"
30 N9 1INY Ser370Leu -1 EQP -2 - ~3.00™
31 N9 1INY Ser370Leu -1 EQP-H -1
32 N9 1F8B -1 DAN -1 5.30,° 5.58"
33 N9 1NNB -1 DAN -1
34 N9 2QWC  Arg292Lys' -1 DAN -1 3.55%
35 N9 1F8C -1 4AM 0 6.83,°7.40," 7.41°
36 N9 2QWD  Arg292Lys' -1 4AM 0 4.85"
37 N9 1F8D -1 9AM 0 3.407
38 N9 1F8E -1 49A 1 4827
39 N9 1INNC -1 ZMR 0 8.71,78.89,79.19"
40 N9 2QWE  Arg292lys' -1 ZMR 0 7.48%
41 N9 1BJ 0 G21 0 9.19°
42 N9 2QWF  Arg292Lys" 0 G20 0 5.67°
43 N9 2QWI 0 G20 0 8.36,%° 9.28"°
44 N9 2QWG  Arg292Lys" 0 G28 0 - 3.647
45 N9 20WJ -1 G28 0 9.41"® 6.64%
46 N9 2Q0WH  Arg292Lys" -1 G39 0 - <4.52°4.89%



47 N9 2QWK 0 G39 0 9.96% 8.70,%29.10%
48 N9 1IL7F 0 BCZ 0 10.82*

49 N9 1L7G Glu119Gly" 1 BCZ 0 -

50 N9 1L7H Arg292Lys" 0 BCz 0 -

51 N9 1XOE -1 ABX 0 6.82, 7.43%® 7.39%

52 N9 1XOG -1 ABW -1 - 6.39%

53 B/B' 1INSCA 4 SIA -1 - <2.00,* 3.00%
54 B/B 1NSCB 4 SIA -1

55 B/ 1INV 3 EQP 2 - ~4.00™

56 B/L 1INV 3 EQP-H -1

57 B/B 1NSD:A 4 DAN -1 - 4.82°

58 B/B 1NSD:B 4 DAN -1

59 B/B 1A4G:A 4 ZMR 0 8.85%

60 B/B 1A4GB 4 ZMR 0

61 B/B 1A4QA 4 G21 0 - 5.07%

62 B/B 1A4QB 4 G21 0

63 B/L 1IVB 3 ST1 -1 - 3.12%

64 BI/IL 1INF Arg382Lys 3 ST4 0 - 5.00°

65 B/L 1B9S 4 FDI -1 - <3.18%%

66 B/L 1VCJ 3 IBA 0 - 4.59%

67 BIL 1VCJ 3 IBA-H 1

68 B/L 1B9V 4 RA2 -1 - 3.57,%73.65,%3.98"
69 B/L 1B9V 4 RA2-H 0

70 B/L 1B9T 3 RAI 0 - 510 %

4Chain identificator is denoted after colon.

® Residue numbers like in original PDB structures.

¢ The charge of polipeptide chain plus calcium ion.

4| nhibitors and their protonation state used in cal culations are shown in Scheme 1.
" AITokyo/3/67 (H2N2)

€ A/duck/England/56(H11NG)

9A/tern.Australia/G70C/75 (H11N9)

" Mutation in active site

' B/Beijing/1/87

I B/Lee/40
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Tables S2-S3

Residues flipped by reduce

P
o

AR, BEDPPDPPOOWOWWWWWWWWWWNDNDNDNDNDNDNDNDNNNNNRERERPERPRPERPERPRERPRPERPRERRR:

PDB
Code

2BAT
2BAT
2BAT
2BAT
2BAT
2BAT
2BAT
2BAT
2BAT
2BAT
2BAT
2BAT
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INW
1INX

1INX

1INX

1INX

1INX

1INX

1INX

1INX

Residue
Name

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN

Residue Number

104
142
161
334
356
387
393
419
131
226
168
274
142
334
356
358
387
393
419
131
226
155
168
184
274
142
334
356
358
387
393
419
131
226
155
168
184
274
104
142
161
334
356
387
393
419
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1INX
1INX
1INX
1INX
1INX
1INX
1INX
1INX
1INX
1INX
1INX
1INX
1INX
1INX
1INX
1INX
1INX
1INX
1IVF
1IVF
1IVF
1IVF
1IVF
1IVF
1IVF
1IVF
1IVF
1IVF
1IVF
1IVF
1IVF
1IVF
1IvD
1IvD
1IvD
1IvD
1IvD
1IvD
1IvD
1IvD
1IvD
1IvD
1IvD
1ivC
1ive
1ive
1ivC
1ivC
1ive
1ivC

GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
GLN
HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN

131
226
168
184
274
104
142
161
334
356
387
393
419
131
226
168
184
274
104
142
161
334
356
358
387
393
136
220
226
168
184
274
104
161
334
387
393
402
419
131
173
226
150
104
142
334
387
393
402
419
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1ve
1livC
1ive
1ivC
1ive
1ivC
1ive
1ive
1ivC
1IvC
1ive
1ive
1ivC
1ve
1ivC
1ive
1ivC
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1IVE
1ING
1ING
1ING
1ING
1ING
1ING
1ING
1ING
1ING
1ING
1ING

GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
GLN
HIS

HIS

131
226
155
184
274
104
142
334
387
393
402
419
131
226
155
184
274
142
161
221
387
402
419
131
220
168
184
274
142
161
221
387
402
419
131
220
168
184
274
104
161
221
334
387
465
173
220
347
144
191



12
12
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
14
14
14
14
14
14
14
14
14
14
15
15
15
15
15
15
15
15
15
16
16
16
16
16
16
16
16
16
16
16
16
16
16

1ING
1ING
1ING
1ING
1ING
1ING
1ING
1ING
1ING
1ING
1ING
1ING
1ING
1ING
1ING
1ING
1ING
1INH
1INH
1INH
1INH
1INH
1INH
1INH
1INH
1INH
1INH
1INH
1INH
1INH
1INH
1INH
1INH
1INH
1INH
1INH
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
GLN
HIS

HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
HIS

HIS

HIS

264
274
104
161
221
334
387
402
402
465
173
220
347
184
191
264
274
104
142
387
393
402
419
131
226
144
274
104
387
393
419
465
465
131
226
274

92
152
340
342
400
406
408
422
427
449
233
119
150
240



16
16
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
18
18
18
18
18
18
18
18
18
18
18
18
18
19
19
19
19
19
19
19
19
19
19
19
19
19
20
20
20
20
20
20

IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
IW1X
1wW20
1wW20
1W20
1W20
1wW20
1W20

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
HIS

HIS

HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
HIS

HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN

281
467
1152
1207
1340
1342
1400
1405
1406
1408
1427
1449
1142
1233
1119
1240
1281
1467
2152
2207
2340
2406
2408
2422
2449
2233
2119
2150
2240
2281
2467
3152
3340
3342
3400
3406
3422
3427
3449
3233
3119
3150
3240
3281
92
152
340
342
406
408



20
20
20
20
20
20
20
20
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
22
22
22
22
22
22
22
22
22
22
22
22
22
23
23
23
23
23
23
23
23
23
23
23
23
24

1wW20
1W20
1wW20
1W20
1wW20
1W20
1W20
1W20
1W20
1W20
1wW20
1wW20
1W20
1wW20
1W20
1W20
1W20
1wW20
1W20
1W20
1wW20
1W20
1W20
1W20
1wW20
1W20
1wW20
1W20
1wW20
1W20
1wW20
1wW20
1W20
1W20
1W20
1W20
1W20
1wW20
1W20
1wW20
1W20
1wW20
1W20
1W20
1wW20
1wW20
1W20
1W20
1W20
w21

ASN
ASN
ASN
GLN
HIS

HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
HIS

HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
HIS

HIS

HIS

ASN

422
427
449
233
150
240
281
467
1152
1207
1340
1342
1400
1405
1406
1408
1422
1427
1449
1142
1233
1240
1281
1467
2152
2207
2340
2406
2408
2422
2427
2449
2233
2150
2240
2281
2467
3152
3207
3340
3342
3406
3422
3427
3449
3233
3150
3240
3281
92



24
24
24
24
24
24
24
24
24
24
24
24
24
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
26
26
26
26
26
26
26
26
26
26
26
26
26
27
27
27
27
27
27
27
27

w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21
w21

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
HIS

HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
HIS

HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN

152

340

342

406

408

422

427

449

233

150

240

281

467
1152
1207
1340
1342
1400
1405
1406
1408
1422
1427
1449
1142
1233
1240
1281
1467
2152
2207
2340
2406
2408
2422
2427
2449
2233
2150
2240
2281
2467
3152
3207
3340
3342
3406
3422
3427
3449



27
27
27
27
28
28
28
28
28
28
28
28
28
28
28
28
28
28
29
29
29
29
29
29
29
29
29
29
29
29
30
30
30
30
30
30
30
30
30
30
30
30
30
31
31
31
31
31
31
31

1W21
1wW21
1W21
1W21
IMVE
IMVE
1IMVE
1IMVE
IMVE
IMVE
1IMVE
1IMVE
IMVE
IMVE
IMVE
IMVE
IMVE
IMVE
2QWB
2QWB
2QWB
2QWB
2QWB
2QWB
2QWB
2QWB
2QWB
2QWB
2QWB
2QWB
1INY
1INY
1INY
1INY
1INY
1INY
1INY
1INY
1INY
1INY
1INY
1INY
1INY
1INY
1INY
1INY
1INY
1INY
1INY
1INY

GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN

3233
3150
3240
3281
95
170
216
221
294
338
344
346
400
392
395
98
144
233
95
170
221
344
346
400
392
395
98
144
233
274
95
171
200
201
217
222
295
330
346
399
394
98
234
95
171
200
201
217
222
295



31
31
31
31
31
31
32
32
32
32
32
32
32
32
32
32
32
32
32
33
33
33
33
33
33
33
33
33
34
34
34
34
34
34
34
34
34
34
34
34
34
34
35
35
35
35
35
35
35
35

1INY
1INY
1INY
1INY
1INY
1INY
1F8B
1F8B
1F8B
1F8B
1F8B
1F8B
1F8B
1F8B
1F8B
1F8B
1F8B
1F8B
1F8B
INNB
INNB
INNB
INNB
INNB
INNB
INNB
INNB
INNB
2QWC
2QWC
2QWC
2QWC
2QWC
2QWC
2QWC
2QWC
2QWC
2QWC
2QWC
2QWC
2QWC
2QWC
1F8C
1F8C
1F8C
1F8C
1F8C
1F8C
1F8C
1F8C

ASN
ASN
ASN
GLN
HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN

330
346
399
394

98
234

95
170
216
221
294
344
346
400
392
395

98
144
233
147
200
345
348
443
137
457

99
314

95
170
216
221
338
344
346
400
392
395

98
144
233
274

95
170
216
221
294
346
400
392



35
35
35
35
36
36
36
36
36
36
36
36
36
36
36
36
36
37
37
37
37
37
37
37
37
37
37
37
37
37
37
38
38
38
38
38
38
38
38
38
38
38
38
38
39
39
39
39
39
39

1F8C
1F8C
1F8C
1F8C
2QWD
2QWD
2QWD
2QWD
2QWD
2QWD
2QWD
2QWD
2QWD
2QWD
2QWD
2QWD
2QWD
1F8D
1F8D
1F8D
1F8D
1F8D
1F8D
1F8D
1F8D
1F8D
1F8D
1F8D
1F8D
1F8D
1F8D
1F8E
1F8E
1F8E
1F8E
1F8E
1F8E
1F8E
1F8E
1F8E
1F8E
1F8E
1F8E
1F8E
INNC
INNC
INNC
INNC
INNC
INNC

GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN

395

98
144
233

95
170
216
221
344
346
400
392
395

98
144
233
274

95
170
216
221
294
338
344
346
400
392
395

98
144
233

95
170
216
221
294
344
346
400
392
395

98
144
233

95
170
216
221
294
346



39
39
39
39
39
39
40
40
40
40
40
40
40
40
40
40
40
40
41
41
41
41
41
41
41
41
41
41
41
41
41
42
42
42
42
42
42
42
42
42
42
42
43
43
43
43
43
43
43
43

INNC
INNC
INNC
INNC
INNC
INNC
2QWE
2QWE
2QWE
2QWE
2QWE
2QWE
2QWE
2QWE
2QWE
2QWE
2QWE
2QWE
1BJI
1BJI
1BJI
1BJI
1BJI
1BJI
1BJI
1BJI
1BJI
1BJI
1BJI
1BJI
1BJI
2QWF
2QWF
2QWF
2QWF
2QWF
2QWF
2QWF
2QWF
2QWF
2QWF
2QWF
2QWI
2QWI
2QWI
2QWI
2QWI
2QWI
2QWI
2QWI

ASN
GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN

400
392
395

98
144
233

95
170
221
344
346
400
392
395

98
144
233
274

95
170
216
221
294
346
400
392
395

98
144
233
274

95
170
216
221
346
400
392
395

98
144
233

95
170
216
338
346
400
392
395



43
43
43
44
a4
44
a4
a4
44
44
a4
a4
44
45
45
45
45
45
45
45
45
45
45
45
45
46
46
46
46
46
46
46
46
46
46
46
46
47
47
47
47
47
47
47
47
47
47
47
47
48

2QWI
2QWI
2QWI
2QWG
2QWG
2QWG
2QWG
2QWG
2QWG
2QWG
2QWG
2QWG
2QWG
20WJ
20WJ
20WJ
2QWJ
2QWJ
2QWJ
20WJ
2QWJ
2QWJ
20WJ
20WJ
20WJ
2QWH
2QWH
2QWH
2QWH
2QWH
2QWH
2QWH
2QWH
2QWH
2QWH
2QWH
2QWH
2QWK
2QWK
2QWK
2QWK
2QWK
2QWK
2QWK
2QWK
2QWK
2QWK
2QWK
2QWK
1L7F

HIS
HIS
HIS
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS
HIS
HIS
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS
HIS
HIS
HIS
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS
HIS
HIS
HIS
ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS
HIS
HIS
ASN

98
144
233

95
170
221
346
400
392
395

98
144
233

95
170
221
294
346
400
392
395

98
144
233
274

95
170
216
221
346
400
392
395

98
144
233
274

95
170
216
221
344
346
400
392
395

98
144
233

95



48
48
48
48
48
48
48
48
48
48
48
48
49
49
49
49
49
49
49
49
49
49
49
49
50
50
50
50
50
50
50
50
50
50
50
51
51
51
51
51
51
51
51
51
52
52
52
52
52
52

1L7F
1L7F
1L7F
1L7F
1L7F
1L7F
1L7F
1L7F
1L7F
1L7F
1L7F
1L7F
1L7G
1L7G
1L7G
1L7G
1L7G
1L7G
1L7G
1L7G
1L7G
1L7G
1L7G
1L7G
1L7H
1L7H
1L7H
1L7H
1L7H
1L7H
1L7H
1L7H
1L7H
1L7H
1L7H
1XOE
1XOE
1XOE
1XOE
1XOE
1XOE
1XOE
1XOE
1XOE
1XOG
1XOG
1XO0G
1XO0G
1XOG
1XO0G

ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN
GLN
HIS

HIS

ASN
ASN
ASN
ASN
ASN
ASN

170
216
221
294
338
346
400
392
395

98
233
274

95
170
216
221
294
346
400
392
395

98
233
274

95
170
216
221
338
346
400
392
395
233
274
172
210
331
346
348
443
137

99
314
172
201
210
339
346
348



52
52
52
52
52
53
53
53
53
54
54
54
55
55
55
55
55
55
55
56
56
56
56
56
56
56
57
57
57
57
58
58
58
59
59
59
59
59
60
60
60
60
60
61
61
61
61
62
62
62

1XOG
1XOG
1XOG
1XOG
1XOG
INSC
INSC
INSC
INSC
INSC
INSC
INSC
1INV

1INV

1INV

1INV

1INV

1INV

1INV

1INV

1INV

1INV

1INV

1INV

1INV

1INV

INSD
INSD
INSD
INSD
INSD
INSD
INSD
1A4G
1A4G
1A4G
1A4G
1A4G
1A4G
1A4G
1A4G
1A4G
1A4G
1A4Q
1A4Q
1A4Q
1A4Q
1A4Q
1A4Q
1A4Q

ASN
GLN
GLN
HIS

HIS

ASN
ASN
GLN
HIS

ASN
ASN
HIS

ASN
ASN
ASN
GLN
GLN
HIS

HIS

ASN
ASN
ASN
GLN
GLN
HIS

HIS

ASN
ASN
GLN
HIS

ASN
ASN
HIS

ASN
ASN
ASN
GLN
HIS

ASN
ASN
ASN
ASN
HIS

ASN
ASN
GLN
HIS

ASN
ASN
ASN

443
137
457

99
314
168
339

87
133
108
168
133
144
169
340

93
453
134
215
144
169
340

93
453
134
215
168
339

87
133
108
168
133
168
229
339

92
133
108
143
168
229
133
168
339

92
133
108
143
168



62
62
63
63
63
63
63
63
63
63
64
64
64
64
64
64
64
65
65
65
65
65
66
66
66
66
66
66
67
67
67
67
67
67
68
68
68
68
68
68
69
69
69
69
69
69
70
70
70
70

1A4Q
1A4Q
11VB

11VB

11VB

11VB

11VB

11VB

11VB

11VB

1INF

1INF

1INF

1INF

1INF

1INF

1INF

1B9S
1B9S
1B9S
1B9S
1B9S
1VCJ
1VCJ
1VCJ
1VCJ
1VCJ
1VCJ
1VCJ
1VCJ
1VCJ
1VCJ
1VCJ
1VCJ
1BV
1BV
1B9V
1BV
1B9V
1BV
1B9V
1BV
1BV
1B9V
1BV
1BV
1BOT
1BOT
1BOT
1BOT

ASN
HIS

ASN
ASN
ASN
ASN
GLN
GLN
HIS

HIS

ASN
ASN
ASN
ASN
ASN
GLN
HIS

ASN
ASN
ASN
GLN
HIS

ASN
ASN
ASN
GLN
GLN
HIS

ASN
ASN
ASN
GLN
GLN
HIS

ASN
ASN
ASN
ASN
ASN
GLN
ASN
ASN
ASN
ASN
ASN
GLN
ASN
ASN
ASN
ASN

229
133
169
220
294
340

93
453
134
439
144
169
220
230
340

93
215
169
284
340

93
134
144
169
340

88

93
134
144
169
340

88

93
134
144
169
230
340
373

93
144
169
230
340
373

93
144
169
198
230



70
70
70
70
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1B9T
1B9T
1B9T
1B9T

ASN
GLN
GLN
HIS

340
88
93

134

Protonation sites for histidine residues

PDB
Code

2BAT
1INW
1INW
1INX
1INX
1IVF
1IVD
1IVC
1IVC
1IVE
1IVE
1ING
1ING
1INH
1INH
1W1X
1W1X
1W1X
1W1X
1W20
1W20
1W20
1W20
1W21
1W21
1W21
1W21
1IMVE
2QWB
1INY
1INY
1F8B
INNB
2QWC
1F8C
1F8D
2QWD
1FSE
INNC
2QWE
1BJI

list of hydrogens attached to side-chain nitrogens, first, hydrogen name then after underscore, t

HD1_144
HD1_144
HD1_144
HD1_144
HD1_ 144
HE2 144
HE2 144
HE2 144
HE2 144
HE2 144
HE2 144
HE2_ 144
HE2_ 144
HE2_ 144
HE2_ 144
HD1_104
HD1_104
HD1_104
HD1_104
HD1_104
HD1_104
HD1_104
HD1_104
HD1_104
HD1_104
HD1_104
HD1_104
HD1_98
HD1_98
HD1 98
HD1_98
HD1_98
HD1_99
HD1_98
HD1_98
HD1_98
HD1_98
HD1_98
HD1_98
HD1_98
HD1_98

HD1_150
HE2 144
HE2 144
HE2_ 150
HE2_ 150
HE2_150
HD1_150
HE2_150
HE2_150
HE2_150
HE2_150
HE2_150
HE2_150
HE2_ 150
HE2_ 150
HE2_ 119
HE2_104
HE2_104
HE2_ 119
HE2_ 119
HE2_119
HE2_ 119
HE2_119
HE2_119
HE2_119
HE2_ 119
HE2_119
HD1_144
HD1_144
HE2 144
HE2 144
HD1_144
HE2_ 145
HD1_144
HD1_144
HD1_144
HD1_144
HD1_144
HD1_144
HD1_144
HD1_144

HE2_155
HE2_ 150
HE2_150
HE2_ 155
HE2_ 155
HE2_155
HE2_155
HE2_155
HE2_155
HE2_155
HE2_155
HE2_ 155
HE2_ 155
HE2_ 155
HE2_ 155
HD1_150
HD1 119
HD1 119
HD1_150
HD1_150
HD1_150
HD1_150
HD1_150
HD1_150
HD1_150
HD1_150
HD1_150
HE2_150
HE2_150
HE2_150
HE2_150
HE2_150
HE2 151
HE2_150
HE2_150
HE2_150
HE2_150
HE2_150
HE2_150
HE2_150
HE2_150

HD1_168
HE2_155
HE2_155
HD1_168
HD1_168
HD1_168
HD1_168
HE2_168
HE2_ 168
HD1_168
HD1_168
HE2_ 168
HE2_ 168
HE2_168
HE2_ 168
HE2_ 156
HD1_150
HD1_150
HD1_156
HD1_156
HD1_156
HE2_ 156
HD1_156
HD1_156
HD1_156
HE2_ 156
HD1_156
HE2_ 184
HE2 184
HE2_185
HE2_185
HE2 184
HE2_186
HE2_ 184
HE2 184
HE2_ 184
HE2_ 184
HE2_ 184
HE2 184
HE2_ 184
HE2_ 184

HE2_ 184
HD1 168
HD1_168
HE2_ 184
HE2 184
HE2_ 184
HE2_ 184
HE2_ 184
HE2_ 184
HE2_ 184
HE2 184
HE2_ 184
HE2_ 184
HE2_184
HE2_ 184
HE2 191
HD1_156
HE2_ 156
HE2 191
HE2 191
HE2_ 191
HE2 191
HE2_ 191
HE2_ 191
HE2_ 191
HE2 191
HE2 191
HE2_ 233
HE2 233
HE2_ 234
HE2_ 234
HE2_ 233
HE2_ 235
HE2_ 233
HE2 233
HE2 233
HE2 233
HE2_ 233
HE2 233
HE2 233
HE2_ 233

HE2_ 191
HE2_ 184
HE2_ 184
HE2 191
HE2_ 191
HE2_ 191
HD1 191
HE2_ 191
HE2 191
HE2_ 191
HE2_ 191
HE2 191
HE2 191
HE2_ 191
HE2 191
HE2_ 240
HE2_ 191
HE2_ 191
HE2_ 240
HE2_ 240
HE2_ 240
HE2_ 240
HE2_ 240
HE2_ 240
HE2_ 240
HE2_ 240
HE2_ 240
HE2 274
HE2 274
HE2 275
HE2 275
HE2 274
HD1 276
HE2 274
HE2 274
HE2 274
HE2 274
HE2 274
HE2 274
HE2 274
HD1 274

HE2_ 264
HE2_ 191
HE2_ 191
HE2 264
HE2 264
HE2 264
HE2 264
HE2_ 264
HE2_ 264
HE2 264
HE2 264
HE2_ 264
HE2_ 264
HE2_264
HE2_ 264
HE2 281
HE2_ 240
HE2_ 240
HE2 281
HE2 281
HE2 281
HE2 281
HE2 281
HE2 281
HE2 281
HE2 281
HE2 281
HD1 312
HD1 312
HD1 313
HD1 313
HD1 312
HD1 314
HD1 312
HD1 312
HD1 312
HD1 312
HD1 312
HD1 312
HD1 312
HE2 274

HE2_274
HE2 264
HE2 264
HE2_ 274
HE2_ 274
HE2_274
HE2_274
HE2 274
HE2 274
HE2_274
HE2_ 274
HE2 274
HE2 274
HE2 274
HE2 274
HD1 319
HE2_281
HE2_ 281
HD1 319
HD1 319
HD1 319
HD1 319
HD1 319
HD1_319
HD1_319
HD1 319
HD1 319

HD1 312



42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

2QWF
2QWI
2QWG
2QWJ
2QWH
2QWK
1L7F
1L7G
1L7H
1XOE
1X0G
INSC
INSC
1INV
1INV
INSD
INSD
1A4G
1A4G
1A4Q
1A4Q
11VB
1INF
1B9S
1VCJ
1VCJ
1B9V
1BV
1B9T

HD1_98
HD1_98
HD1_98
HD1_98
HD1_98
HD1_98
HD1 98
HD1_98
HD1 98
HD1_99
HD1_99
HD1_100
HD1_100
HD1 101
HD1 101
HD1_100
HD1_100
HD1_100
HD1_100
HD1_100
HD1_100
HD1 101
HD1 101
HD1_101
HD1 101
HD1 101
HD1 101
HD1 101
HD1 101

HD1_144
HD1_144
HD1_144
HD1_144
HD1_144
HD1_144
HE2 144
HE2_144
HE2 144
HE2_ 145
HE2_145
HD1 128
HD1 128
HD1 129
HD1 129
HD1 128
HD1 128
HD1 128
HD1 128
HD1 128
HD1 128
HD1_ 129
HD1 129
HD1 129
HD1 129
HD1 129
HD1 129
HD1 129
HD1 129

HE2_150
HE2_150
HE2_150
HE2_150
HE2_150
HE2_150
HE2_150
HE2_150
HE2_ 150
HE2_ 151
HD1_151
HE2_133
HE2_ 133
HE2_134
HE2_ 134
HE2_133
HE2_ 133
HE2_133
HE2_ 133
HE2_ 133
HE2_133
HE2_134
HE2_ 134
HE2_ 134
HE2_134
HE2_ 134
HE2_134
HE2_ 134
HE2_134

HE2_ 184
HE2 184
HE2_ 184
HE2 184
HE2_ 184
HE2_ 184
HE2_184
HE2 184
HE2_ 184
HE2_ 186
HE2_ 186
HD1_154
HD1_154
HD1_155
HD1_155
HD1_154
HD1_154
HD1_154
HD1_154
HD1_154
HD1_154
HD1_155
HD1_155
HD1_155
HD1_155
HD1_155
HD1_155
HD1_155
HD1_155

HE2_ 233
HE2 233
HE2_ 233
HE2 233
HE2_ 233
HE2 233
HE2_ 233
HE2_ 233
HE2_ 233
HE2_ 235
HE2_ 235
HE2 172
HE2 172
HE2_ 173
HE2 173
HE2 172
HD1 172
HE2 172
HE2 172
HE2 172
HE2 172
HD1 173
HD1 173
HD1 173
HD1 173
HD1 173
HD1 173
HD1 173
HE2_ 173

HD1 274
HD1 274
HD1 274
HE2 274
HE2 274
HD1 274
HD1 274
HD1 274
HD1 274
HD1 276
HE2 276
HE2_ 182
HE2 182
HE2_ 183
HE2 183
HE2_ 182
HE2 182
HE2_ 182
HE2 182
HE2 182
HE2_ 182
HE2_ 183
HE2_ 183
HE2 183
HE2_ 183
HE2 183
HE2_ 183
HE2_ 183
HE2 183

HE2 274
HE2 274
HE2 274
HD1 312
HD1 312
HE2 274
HE2 274
HE2 274
HE2 274
HD1 314
HD1 314
HE2 214
HE2 214
HE2 215
HE2 215
HE2 214
HE2 214
HE2 214
HE2 214
HE2 214
HE2 214
HE2 215
HD1 215
HE2 215
HD1 215
HD1 215
HD1 215
HD1 215
HD1 215

HD1 312
HD1 312
HD1 312

HD1 312
HD1 312
HD1 312
HD1 312

HD1 272
HD1 272
HD1 219
HD1 219
HD1 272
HD1 272
HD1 272
HD1 272
HD1 272
HD1 272
HD1 219
HD1 219
HD1 219
HE2_219
HE2_ 219
HE2_219
HE2_ 219
HD1 219



Tables S4-S5

Whole inhibitor

NA
strain
N2
N2
N2
N2
N2
N2
N2
N2
N2
N2
N2
N2
N2
N2
N2
N2
N2
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6

N6
N9
N9
N9
N9
N9
N9

N9
N9
N9
N9
N9
N9
N9

structure
2BAT
1INW
1INW
1INX
1INX
1IVF
1IvD
1livC
1livC
1IVE
1IVE
1ING A
1ING B
1ING averaged
1INH A
1INHB
1INH averaged
IW1X A
1IWi1X B
1Iwix c
1IWi1X D
1W20 IA
w20 B
w20 C
w20 D
IW21 A
w21 B
wz21cC
w21 D
N6:SIA
averaged
1MVE
2QwWB
1INY
1INY
1F8B
1INNB
N9:DAN
averaged
2QwWcC
1F8C
2QWD
1F8D
1F8E
INNC

>
n
gl
W
w
©
>
7
=)

£% 5353535353555 35353s3:533533:358888888+8¢8

Arg292Lys
Ser370Lys
Ser370Lys
wt
wit

wit
Arg292Lys
wit
Arg292Lys
wit
wt
wit

inh

inhibitor charge ARG 118

SIA -1 -257
AXP -2 -507
AXP-H -1 -284
EQP -2 -522
EQP-H -1 -294
DAN -1 -238
ST1 -1 -258
ST2 -1 -281
ST2-H 0 -94
ST3 -1 -231
ST3-H 0 -55
ST5 -1 -216
ST5 -1 -216
ST5 -1 -216
ST6 0 -134
ST6 0 -134
ST6 0 -134
SIA -1 -252
SIA -1 -230
SIA -1 -281
SIA -1 -292
SIA -1 -278
SIA -1 -273
SIA -1 -290
SIA -1 -275
SIA -1 -278
SIA -1 -273
SIA -1 -290
SIA -1 -275
SIA -1 -274
SIA -1 -310
SIA -1 -280
EQP -2 -490
EQP-H -1 -246
DAN -1 -331
DAN -1 -302
DAN -1 -317
DAN -1 -301
4AM 0 -103
4AM 0 -95
9AM 0 -159
49A 1 39
GNA 0 -125

ASP 151

269
439
217
459
224
236
237
246

-3
261
-11
236
237
237

90

90

90
281
198
289
287
201
284
288
289
201
284
288
289

280
234
242
373
147
256
258

257
250
-166
-141
68
-284
-76

ARG 152

-218
-397
-243
-415
-256
-255
-220
-252
-20
-213
21
-186
-186
-186
-12
-12
-12
-246
-268
-248
-235
-236
-250
-239
-242
-236
-250
-239
-242

-244
-243
-229
-373
-222
-243
-243

-243
-263
-30
-10
-57
150
-18

ARG 224

-144
-291
-152
-282
-142
-180
-179
-125
70
-136
53
-138
-137
-137
116
116
116
-127
-146
-141
-127
-120
-127
-123
-134
-120
-127
-123
-134

-129
-128
-126
-279
-148
-128
-116

-122
-134
30
55
113
285
42
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2QWE

1BJI

2QWF

2QWI

2QWG

2QWJ

2QWH

2QWK

1L7F

1L7G

1L7H

1XOE

1X0G

INSC A
INSC B

INSC averaged
1INV

1INV

INSD A
INSD B

INSD averaged
1A4G A

1A4G B

1A4G averaged
1A4Q A

1A4Q B

1A4Q averaged
1IvB

1INF
1B9S
1vCJ
1vCJ
1B9V
1B9V
1BOT
C2-group
NA
strain structure
N2 2BAT
N2 1INW
N2 1INW
N2 1INX
N2 1INX
N2 1IVF
N2 11IvD
N2 1IvC
N2 1IvC
N2 1IVE

Arg292Lys
wit
Arg292Lys
wit
Arg292Lys
wit
Arg292Lys
wit
wit
Glul19Gly
Arg292Lys

£35335353535s5s8:8888s8+s8¢8

>
=
(]
w
(0}
N
—
<
(7]

£3358%s8¢%s

>
n
gl
w
w
©
>
7
=)

£535s85s8:88:3¢s

GNA
G21
G20
G20
G28
G28
G39
G39
BCZ
BCZ
BCZ
ABX
ABW
SIA
SIA
SIA
EQP
EQP-H
DAN
DAN
DAN
ZMR
ZMR
ZMR
DPC
DPC
DPC
ST1
ST4
FDI
IBA
IBA-H
RA2
RA2-H
RAI

inhibitor

SIA
AXP
AXP-H
EQP
EQP-H
DAN
ST1
ST2
ST2-H
ST3

[eNeolNelelolNolNollololNolNe]

OOPFrRPPFRPOPFRPOPFP OOOODO

charge

-1
-2
-1
-2
-1
-1
-1
-1

0
-1

-129
-109
-149
-150
-134
-126
-115
-109
-151
-138
-141
-104
-278
-266
-246
-256
-572
-328
-297
-272
-284
-135
-126
-131
-115
-109
-112
-300
-114
-270
-166

-300
-140
-160

-224
-441
-245
-450
-249
-136
-215
-234
-204
-195

-84
-89
-61
-50
-114
-99
-95
-160
-113
-116
-114
-29
213
192
181
187
457
227
244
242
243

-30
-37
-64

-57
255
43
257
98
-125
274
64
55

ARG 118 ASP 151

191
334
148
353
155

87
169
194
164
196

-97
-209
-90
-218
-94
-51
-98
-114
-97
-114

57
57
81
72
65
66
53
62
52
52
54
64
-131
-140
-147
-144
-263
-125
-141
-145
-143
56
52
54
61
61
61
-165
89
-134
146
371
-138
94
77

ARG 152 ARG 22

-€
-1¢



N2
N2
N2
N2
N2
N2
N2
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6

N6
N9
N9
N9
N9
N9
N9

N9
N9
N9
N9
N9
N9
N9
N9
N9
N9
N9
N9
N9
N9
N9
N9
N9
N9
N9
N9

1IVE
1ING A
1ING B
1ING averaged
1INH A
1INH B
1INH averaged
IW1X A
1IWi1X B
1IwWix C
1IW1X D
1W20 IA
1W20 B
w20 C
1wW20 D
1wW21 A
w21 B
w21 C
w21 D
N6:SIA
averaged
1MVE
2QwWB
1INY
1INY
1F8B
1INNB
N9:DAN
averaged
2QwcC
1F8C
2QWD
1F8D
1F8E
INNC
2QWE
1BJI
2QWF
2QwW
2QWG
2Q0WJ
2QWH
2QWK
1L7F
1L7G
1L7H
1XOE
1X0G
INSC A
INSC B
INSC averaged

£% $355353535s35s35s585353s8888838538¢8

Arg292Lys
Ser370Lys
Ser370Lys
wit
wit

wit
Arg292Lys
wit
Arg292Lys
wit
wit
wt
Arg292Lys
wit
Arg292Lys
wit
Arg292Lys
wit
Arg292Lys
wit
wit
Glul19Gly
Arg292Lys

£25:8%3

ST3-H 0
ST5 -1
ST5 -1
ST5 -1
ST6 0
ST6 0
ST6 0
SIA -1
SIA -1
SIA -1
SIA -1
SIA -1
SIA -1
SIA -1
SIA -1
SIA -1
SIA -1
SIA -1
SIA -1
SIA -1
SIA -1
SIA -1
EQP -2
EQP-H -1
DAN -1
DAN -1
DAN -1
DAN -1
4AM 0
4AM 0
9AM 0
49A 1
GNA 0
GNA 0
G21 0
G20 0
G20 0
G28 0
G28 0
G39 0
G39 0
BCZ 0
BCZ 0
BCZ 0
ABX 0
ABW -1
SIA -1
SIA -1
SIA -1

-169
-180
-180
-180
-216
-216
-216
-213
-202
-245
-252
-239
-235
-251
-238
-239
-235
-251
-238

-236
-263
-231
-431
-213
-205
-173

-189
-194
-187
-175
-173
-167
-177
-180
-172
-185
-186
-204
-194
-253
-249
-251
-237
-239
-183
-209
-225
-222
-224

167
155
155
155
171
171
171
186
128
204
193
202
195
200
202
202
195
200
202

192
145
151
331
141

78

73

76
78
68
65
70
59
66
65
69
69
65
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