Supplementary figure S1

UniProt KB s173 s422
[DSDCO7 168 -TQEW SGSGT-LT- 178 418 -FTY SHFAVP- 426|
AOAOBBAQX6 168 -TQEW SGSAT-LT- 178 418 -FTY SHFAVP- 426
AOAOBBAX67 168 -TQEW SGSAT-LT- 178 420 -—Y SHFAVP- 426
D5DC38 205 -TQEW SGSAT-LT- 215 457 --Y SHFAVP- 463
AOAOMOL610 178 -TQEW SGSAT--L- 187 428 -FTY SHFAIP- 436
M5P1E7 168 -TQEW SGSAT-LT- 178 419 -FTY SHFAVP- 427
AOALC3SJ80 168 -TQEW SGSAT-LT- 178 419 -FTY SHFAVP- 427
AOALI6GYT2 166 -TQEW SGSAT-LT- 176 417 -FTY SHFAVP- 425
H1AD49 166 -TQEW SGSAT-LT- 176 417 -FTY SHFAVP- 425
AOAOJBEL77 168 -TQEW SGSAT-LT- 178 419 -FTY SHFAVP- 427
AOA150L1X8 160 -TQEW SGSAT-LT- 170 412 -—Y SHFAVP- 418
AOAOH3E6H5 159 -TQEW SGSAT-LT- 169 411 --Y SHFAVP- 417
X5A0M2 168 -TQEW SGSAT-LT- 178 424 -FTY SHFAVP- 432
P05655 159 -TQEW SGSAT-FT- 169 410 Y SHFAVP- 416
FOWBBO 161 -TQEW SGSAT-FT- 171 412 Y SHFAVP- 418
AOAOBIIVM5 168 -TQEW SGSAT-LT- 178 424 -FTY SHFAVP- 432
AOAL50F2K5 159 -TQEW SGSAT-FT- 169 410 Y SHFAVP- 416
AOAOD1KBLO 159 -TQEW SGSAT-FT- 169 410 -—Y SHFAVP- 416
AOAOAOTXJ4 159 -TQEW SGSAT-LT- 169 410 --Y SHFAVP- 416
AOAOB2FGL3 168 -AEEW SGSAT-LT- 178 423 Y SHFAIP- 429
AOAOQIMRD7 168 -AEEW SGSAT-LT- 178 424 Y SHFAVP- 430
R4K861 167 -TQEW SGSAT-LT- 177 425 --Y SHFAVP- 431
AOAOF7F8Z7 168 -TQEW SGSAT-LT- 178 424 -FTY SHFAVP- 432
MOTNMS 159 -TQEW SGSAT-LT- 169 410 --Y SHFAVP- 416
AOALJI6F5C5 159 -TQEW SGSAT-FT- 169 410 Y SHFAVP- 416
AOA172XPM6 179 -TQEW SGSAT-FT- 189 430 -—Y SHFAVP- 436
AOAOQ7J931 168 -AEEW SGSAT-LT- 178 424 -—Y SHFAVP- 430
AOAOQOK3KS 168 -AEEW SGSAT-LT- 178 424 Y SHFAVP- 430
AOAOD7XQE2 159 -TQEW SGSAT-FT- 169 410 --Y SHFAVP- 416
R4KIXO0 167 -AEEW SGSAT-LT- 177 423 TFTY SHFAVP- 432
X4ZKX5 168 -AEEW SGSAT-LT- 178 423 --Y SHFAVP- 429
AOAOBOHVLE 168 -AEEW SGSAT-LT- 178 423 Y SHFAIP- 429
AOAOEACZX7 176 -AEEW SGSAT-LT- 186 431 --Y SHFAIP- 437
AOAOQIS332 168 -AEEW SGSAT-LT- 178 422 -—Y SHFAVP- 428
AOAOBILUDO 168 -AEEW SGSAT-LT- 178 423 Y SHFAIP- 429
AOAOF7FOT7 168 -AEEW SGSAT-LT- 178 423 Y SHFAIP- 429
AOAOH3J194 168 -TQEW SGSAT--L- 177 425 -FTY SHFAIP- 433
AOAOM3RANO 168 -TQEW SGSAT-LT- 178 426 FN-Y AHFVIP- 434
AOAOBOHRP3 168 -GEEW SGSAT-LT- 178 423 Y SHFAIP- 429
R4KCF3 171 -AEEW SGSAT-LT- 181 425 -FTY SHFAVP- 433
AOAOD5NQO5 168 -AEEW SGSAT-LT- 178 424 Y AHFAIP- 430
V6IVO4 167 -TQEW SGSAT--L- 176 424 -FTY SHFAVP- 432
AOAOM2P9I7 169 -TEEW SGSAT-LT- 179 425 Y AHFAIP- 431
AOAOD5NDA2 168 -AEEW SGSAT-MT- 178 423 Y AHFAIP- 429
AOAOLBF229 165-TQEW SGSAT-LT- 175 422 -FTY SHFAVP- 430
AOAL17T1Y9 166 -SEEW SGSAT-LT- 176 421 -—Y AHFATP- 427
V6JOB5 168 -AEEW SGSAT-LT- 178 421 --Y SHFAVP- 427
AOAL79T2D2 169 -AEEW SGSAT-FT- 179 424 Y AHFAIP- 430
AOA168MGV8 168 -AEEW SGSAT-MT- 178 425 Y AHFAIP- 431
AOAOH3J026 167 -AEEW SGSAT-LT- 177 427 Y SHFAVP- 433
AOAOJIILQY 169 -AEEW SGSAT-FT- 179 425 Y AHFAIP- 431
AOAIDOMY97 152 -AEEW SGSAT-LT- 162 412 Y SHFAVP- 418
AOA176J9D4 167 -DQDW SGSAI-MT- 177 418 FN-Y AHYAIP- 426
Qo7I81 165 -TQEW SGSAT-LT- 175 425 --Y SHFAVP- 431
W4D9G7 170 -AEEW SGSAT-MT- 180 427 --Y AHFAIP- 433
AOAOUIQNOO 158 -AEEW SGSAT-LT- 168 413 --Y SHFAVP- 419
AOAOMAGCS52 157 -SEEW SGSAT-LT- 167 412 Y AHFVIP- 418
AOAO9BFE22 169 -AEEW SGSAT-FT- 179 425 -—Y AHYAIP- 431
AOAOHAKAO9 169 -AEEW SGSAT-FT- 179 426 --Y AHYAIP- 432
G7VYN5 168 -SEEW SGSAT-LT- 178 422 --Y AHFAIP- 428
AOAL72ZF36 189 -SEEW SGSAT--L- 198 444 -—Y AHFAIP- 450
EORG62 221-SEEW SGSAT-LT- 231 475 --Y AHFAIP- 481
AOA160IQP4 168 -SEEW SGSAT-FT- 178 424 --Y AHYAIP- 430
AOAO74LH66 168 -SEEW SGSAT-LT- 178 422 --Y AHFAIP- 428
AOAOBAGQGO 169 -SEEW SGSAT-FT- 179 425 Y AHYAIP- 431
AOAOVSIYBY 168 -SEEW SGSAT-FT- 178 424 ——Y AHYVIP- 430
082854 169 -TQEW SGSAT-LT- 179 426 -HTY SHCGIP- 434
AOA1E3L5N1 186 -SEEW SGSAT-MT- 196 441 --Y AHFAIP- 447
AOAOD7X3V9O 168 -AEEW SGSAT-LT- 178 422 Y AHFAIP- 428
AOAOH3J4D7 339 -TEEW SGSAT--L- 348 597 FT-Y SHFAIP- 605
AOAOMAFKS3 147 -TQEW SGSAT--L- 156 406 --Y AHFVIP- 412
E6U567 163 -TEEW SGSAT--L- 172 415 TFTY SYYAIP- 424
AOAOVBJICA 174-IEEW SGSAL-FT- 184 430 -—Y AHYVIP- 436
AOAO24PB57 168 -SEEW SGSAT-FT- 178 426 Y AHYVIP- 432
AOAOMOG105 166 -VEEW SGSAL-FT- 176 422 --Y AHYVIP- 428
AOAO75LN24 170 -QEEW SGSAA-FI- 180 425 --Y AHYVIP- 431
AOAONIT3P2 300 -KQQW SGSAT--V- 309 552 TDTY SYYAVP- 561
AOAON1U2QO0 313 -EQQW SGSAT--V- 322 565 TDTY SYYAVP- 574
AOA192S224 312 -EQQW SGSAT-V- 321 564 TDTY SYYAVP- 573
QO3WB9 315 -QQQW SGSAT--V- 324 567 TDTY SYYAVP- 576
Q70XJ9 377 -YQEW SGSAI-V- 386 638 TATY SYYAVP- 647
G2KV82 378 -YQEW SGSAI-V- 387 639 TATY SYYAVP- 648
AOAOKBMV50 181 -VGEW SGSTV-LM- 191 446 --Y SYLVIP- 452
AOAOKBMPCO 181 -VGEW SGSTVLMS-192 446 --Y SYLVVP- 452
Q8GGV4 315-FQEW SGSAI-V- 324 576 TATY SYYAVP- 585
QU3WBS 297 -SQQW SGSAT--V- 306 548 TNSYSYYALP- 557
10QHA9 344 -DQQW SGSAT--V- 353 613 TSTY SYYAVP- 622
B3XLE9 331 -TQEW SGSAI-V- 340 591 TATY SYYAVP- 600
AOAORIPFIO 258 -YQEW SGSAI-V- 267 519 TATY SYFAVP- 528
F8DRCO 129 -TQEW SGSAI-V- 138 388 TATY SYYAVP- 397
Q683P2 336 -TQEW SGSAI-V- 345 595 TATY SYYAVP- 604
E9DPX9 323 -DQQW SGSAT-V- 332 592 TSTY SYYAVP- 601
D3WYWO  315-LQEW SGSAI-V- 324 578 TATY SYYAVP- 587
AOAORIX7N7 245-FQEW SGSAI-V- 254 506 TATY SYYAVP- 515
AOAOSINSPO 129 -SQEW SGSAV--L- 138 389 TATY SYYAVP- 398
TOVB16 150 -DQQW SGSAT--V- 159 419 TSTY SYYAVP- 428
AOAOUSKEWO 336 -SQEW SGSAV--L- 345 596 TATY SYYAVP- 605
AOAO741Z03 351 -DQQW SGSAT--V- 360 620 TSTY SYYAVP- 629

AOAOE2EKCS
AOAOR1IWJHS
D6S431
V5P4J0
J3JQ55
F4AFU1

310 -TQEW SGSAT--V-
270 -LQQW SGSAT--L-
318 -LQQW SGSAV--V-
335-IQQW SGSAT--L-
340 -TQQW SGSAT--V-
294 -LQEW SGSAI--V-

AOA1B3PWG6 135 -LQEW SGSAI--V-

AOAOUS5JV84
C2EU18
AOAOR1YAN1
G5JYF4
JOYHQ1
AOAOR1S7UO
AOA087QE01
D3WYV9
Q7X481
AOAOU3F832
AOA175D284
AOA175CSP9
AOA175CNS55
AOAOR1XZ34
AOAOR1XTI2
AOA139NHY8
AOAOR1UHS5
AOAORINSLS
AOAOR2HHK9
AOA1C2D650
AOA109DGA4
AONI59
AOAOR2DDEO

327 -SQEW SGSAV--L-
276 -HQQW SGSAT-K-
365 -HQRW SGSAC--V-
360 -TQQW SGSAT--V-
299 -NQEW SGSAT--L-
293 -LQQW SGSAV--V-
137 -IQQW SGSAT--L-
329-IQQW SGSAT--L-
420 -SQEW SGSAV--V-
366 -EQQW SGSAT--V-
342 -NQEW SGSAT--L-
277 -NQEW SGSAT--L-
167 -NQEW SGSAT--L-
292 -RQEW SGSAT--V-
333 -AQEW SGSAT--V-
342 -TQQW SGSAA--V-
226 -DQEW SGSAT--V-
320 -SQEW SGSAT--V-
192 -KSEW
308 -DQEW SGSAT--M-
302 -DQEW SGSAT--V-
353 -AEQW SGSAV--L-
84 -IQQW SGSAT--L-

AOAORIWQB6 365 -TGHW SGSAT--V-

AOAOR2HFP4
GOWIM3
ROX6M9
D2WS87
AOA165YYU9
KONWZ7
AOALIOCKWO
D8FQV7
AOAOR2N919
FOHVA2

339 -QQEW SGSTVMLH-
375 -SQQW SGSAI--L-
140 -DQEW SGSAY-PL-
354 -DQEW SGSAY-PL-
355 -DQEW SGSAY-PL-
401 -TGQW SGSAM--L-
406 -DQEW SGSAY----
384 -TGQW SGSAM--L-
384 -TGQW SGSAM--L-
387 -TGQW SGSAM--L-

AOAOR1IMDC7 366 -TGQW SGSAM--L-

AOAONOCQ12
AOAORIFW02
L5NBPO
AOAOQILAQ7
AOA0J5X6D2
B1T3G3
AOA1B4BACS
AOA118HUS4
AOAOBOD7L4
AOA087NZI9
AOAOBOD3DS
AOAODOGZ86
AOA071MG51
L5N6Q3
AOAO81VAY8
L5N874
A2VZ58
Q2T433
AOA103U6L5
AOAQ96YXB8
12DVR3
AOA088TRL1
AOAODBUVES
AOA1JOT6DO
AOA1J0SIUB
AOA1JOSEW7
AOAOJ5GNX9
AOAQ95EEN9
U2G5W0
B1G3X6
AOA0J6MDB3
AOAOD5L6T3
AOAOS3EPZ1
RAKDH7
AOA151A9R2
AOA157ZW82
AOAOPIEBQ6

296 -TQQW SGSAVKLD-
83 -TGQW SGSAM--L-
547 -SRQW AGSAM--V-
142 -SRQW AGSSV--I-
190 DNAEW SGSAR--L-
174 NNAEW SGSAR--L-
175 NNAEW SGSAR--L-
191 NNAEW SGSAR--L-
142 -SRQW AGSAM--M-
191 NNAEW SGSAR--L-
123 -SRQW AGSAM--I-
191 NNAEW SGSAR--L-
190 NNAEW SGSAR--L-
139 -SRQW AGSAM--L-
190 NNAEW SGSAR--L-
137 -SRQW AGSAM--M-
206 NNAEW SGSAR--L-
178 NNAEW SGSAR--L-
190 NNAEW SGSAR--L-
192 NNAEW SGSAR--L-
174 NNAEW SGSAR--L-
190 NNAEW SGSAR--L-
163 NNAEW SGSAR--L-
168 HQTQW SGSAR--I-
201 HQTQW SGSAR--I-
187 HQTQW SGSAR--I-
121 -HMQW AGSAM--L-
190 NNAEW SGSAR--L-
151 NNAEW SGSAR--L-
195 QNAEW SGSAR--L-
190 NNAEW SGSAR--L-
188 NNAEW SGSAR--L-
185 HQTQW SGSAR--I-
146 -SRQW AGSAM--L-
144 -HHQW AGSAM--Y-
189 NNAEW SGSAR--L-
145 -HMQW AGTAM--L-

AOAOHOSMM9 93 -SRQW AGSAM--M-

WOJWX8
AOAOA6Q5Q9
LOXHV2
B2JVY2
M0GZM4
AOA154UZ40
AOAOW1R697
MOBV67
G7LSK3
AOAOHOSLX3
AOALHSVTP1
D2SON4
AOAOU3PY74
AOAOM2HA26
L97773
E7QMQ2
AOA166RTL7
AOAONOJIHF5
AOA1B1BID6
AOAOG4AIRN2

143 -HHQW AGSAM--Y-
184 NNAEW SGSAR--F-
143 -HHQW AGSAM--Y-
195 DNAEW SGSAR--L-
115 -HHQW AGSAM--Y-
187 QQAEW SGSTR--I-

118 -SRQW AGSAL--Y-
135 -HHQW AGSAM--Y-
149 -AREW AGTPV-LL-
123 -HMQW AGTAM--L-
144 -HHQW AGSAM--Y-
144 -HHQW AGSAM--Y-
181 HQTQW SGSAR--V-
200 HQTQW SGSAR--I-

144 -HHQW AGSAM--Y-
109 -HHQW AGSAM--Y-
111 -SRQW AGSAL--L-
191 HQTQW SGSAR--V-
194 HQTQW SGSAR--V-
146 -TREW AGTPI-LL-

SGSTTMMH-

319
279
327
344
349
303
144
336
285
374
369
308
302
146
338
429
375
351
286
176
301
342
351
235
329
203
317
311
362
93

374
350
384
150
364
365
410
414
393
393
396
375
307
92

556
151
200
184
185
201
151
201
132
201
200
148
200
146
216
188
200
202
184
200
173
178
211
197
130
200
161
205
200
198
195
155
153
199
154
102
152
194
152
205
124
197
127
144
159
132
153
153
191
210
153
118
120
201
204
156

572
535
577
597
602
557
398
587
536
624
622
555
552
399
591
670
635
598
533
423
554
593
604
484
580
455
568
562
609
360
624
605
635
436
650
651
670
702
653
653
656
635
627
352
770
374
450
434
435
451
376
451
357
451
450
366
450
372
466
438
450
452
434
450
423
428
461
447
366
450
411
455
450
448
444
378
358
449
389
328
357
444
357
455
329
446
335
349
371
359
358
358
440
459
358
323
327
450
452
368

TATY SYYAVP-
TATY SYYAVP-
TATY SYYAVP-
TATY SYYAVP-
TATY SYYAVP-
TATY SYYAVP-
TATY SYYAVP- 407
TATY SYYAVP- 596
TSTY SYYAMP- 545
TATY AYYAVP- 633
TATY SYYAVP- 631
ADTY SYYAVP- 564
TATY SYYAVP- 561
TATY SYYAVP- 408
TATY SYYAVP- 600
TNTY SWYTVP- 679
TSTY SYYAVP- 644
TDTY SYYAVP- 607
TDTY SYYAVP- 542
TDTY SYYAVP- 432
TATY SYYAIP- 563
TSTY SYYPVP- 602
TATY SYYAVP- 613
TATY SYYPVP- 493
TSTY SYYAVP- 589
---Y AYLVVR- 461
TSTY SYYAVP- 577
TSTY SYYAVP- 571
TFTY SYFAIR- 618
TATY SYYAVP- 369
TATY SYFAVK- 633
TETY SFYPIN- 614
TENY SYFAIK- 644
TATY SYYAVP- 445
TATY SYYAVP- 659
TATY SYYAVP- 660
TATY SYYVVK- 679
TATY SYYAVL- 711
TATY SYYVVK- 662
TATY SYYVVK- 662
TATY SYYVVK- 665
TATY SYYVVK- 644
---Y SYYIMPT 634
TATY SYYVVN- 361
YQTYSWTVMP- 779
YQSYSWMVMS-383
FQSYSHYVMP- 459
FQSYSHYVMP- 443
FQSYSHYVMP- 444
FQSY SHFVMP- 460
FMTY SHAVMP- 385
FQSY SHYVMP- 460
YQTY SWMVMT-366
FQSYSHYVMP- 460
FQSYSHYVMP- 459
FQTY SWAVLP- 375
FQSY SHYVMP- 459
YQSYSWTVMP- 381
FQSYSHYVMP- 475
FQSY SHYVMP- 447
FQSY SHYVMP- 459
FQSYSHYVMP- 461
FQSYSHYVMP- 443
FQSY SHYVMP- 459
FQSY SHYVMP- 432
FQSYSHYVMP- 437
FQSYSHYVMP- 470
FQSY SHYVMP- 456
FQAY SWWAAP-375
FQSY SHYVMP- 459
FQSY SHYVMP- 420
FQSYSHYVMP- 464
FQSY SHYVMP- 459
FQSY SHYVMP- 457
FQSYSHYVMP- 453
YQTY SWYVMP-387
FQAY SWLAMP- 367
FQSY SHYVMP- 458
YQAYSWMVLP- 398
YQAYSWLVLP- 337
FQGYSWLAMP- 366
FQSYSHYVMP- 453
FQGYSWLAMP- 366
FQSY SHYVMP- 464
FQAY SWLVMP- 338
FQAYSSYILP- 455
FQAYSWLAYD- 344
FQAY SWLAMP- 358
YQTY SHYVMP- 380
YQAYSWMVLP- 368
FQAY SWLAMP- 367
FQAY SWLAMP- 367
FQAY SHYVMP- 449
FQAY SHYVMP- 468
FQGYSWLAMP- 367
FQAY SWLAMP- 332
FQAY SWLAFP- 336
FQAY SHYVMP- 459
FQAY SHYVMP- 461
FQTY SHYVMP- 377

581
544
586
606
611
566



V2K9M5 177 HNAEW SGSTR-I-
AOAOB7LKI7 187 QQAEW SGSAR--I-
AOAOW1SVT4 110 -QRQW AGSAM--Y-
D2TXF7 127 -EREW AGTPI-LL-
B2IF78 185 QNAEW SGGAR--F-
AOAONSWEDO 134 -TREW AGSPI-LL-
AOAOC2F2E1 132 -TREW AGSPI-LL-
AOAOLIMCV3 134 -AREW AGTPI-LL-
AOA1D2Q908 93 -SRQW AGSAL--L-
Q75UJ7 213 HQTQW SGSAR--V-
AOAOM3RQQ4 187 QQAEW SGSAR--I-
AOAOABPF55 184 HQTQW SGSAR--I-
D2TZ17 125 -SREW AGTPI--L-
AOAOVBHV58 191 HQTQW SGSAR--V-
AOALI3BQ87 109 -SRQW AGSTM--V-
AOAL60KTI7 93 QQTQWSGSAR--I-
M1Qz44 126 -TREW AGTPI-LL-
E7QVS7 113 -SRQW AGSTL--L-
LOXWKS 116 -SRQW AGSAL--Y-
M5B6V8 187 QQAEW SGSAR--I-
AOAOD6QSI7 188 NNAEW SGSTR--LL
AOA095VQ79 127 -TREW AGTPI--L-
LOK208 128 -SRQW AGSAL--Y-
AOAOCAWLD3 188 HQTQW SGSAR--I-

Q8vws7 195 HQTQW SGSAR--V-
LOXOM4 131 -SRQW AGSAL--YD
H8NN15 127 -TREW AGTPI-LL-
Q97179 136 -SRQW AGSAI--L-

AOA093RRW6 139 -TREW AGTPI-LL-
U1QPQ6 266 AQTEW SGSAR-LM-
AOAOW1RPM8 110 -QRQW AGSAM--Y-
MOLH18 116 -QRQW AGSAL--H-
MOKFF1 116 -QRQW AGSAL--Y-
AOAONOBN41 116 -QRQW AGSAL--Y-
AOA085JPU4 132 -TREW AGTPI--L-
AOAOQYLHL1 196 -NTEW SGSTR--L-
V3SZ36 127 -TREW AGTPI-LL-
Q0B2G3 191 QNAEW SGSAR--L-
AOAL1G3CWYO0 185 HQTQW SGSAR--I-
AOAOA5GDJ8 144 -SRQW AGSAF--V-

D5UCP7 173 -SREW AGSTV--L-
B2VCC3 127 -TREW AGTPI-LL-
AOA1H6C5I12 119 -QRQW AGSAL--Y-
Q9EVD6 262 AQTEW SGSAR-LM-
J2ZCR9 113 -SRQW AGSAL--Y-
C7P4M9 116 -QRTW AGSAL--Y-

AOALE4DEYS5 196 HQTEW SGSTR-IF-
AOA191WKG8 189 HYTQW SGSTR--L-
AOA134DFV7 181 HQTEW SGSTR--I-
AOA0Q5JWQ9 169 -QTEW SGSTR-IF-

V2TN31 125 -SREW AGTPI-LL-
AOA085JPU2 202 -TREW AGTPV-LL-
V6KQL7 146 -SRQW AGSAA--L-
AOALF1FDB9 267 AQTEW SGSAR-LM-
HOQIR1 196 -NTEW SGSTR--L-
C9Ysz3 146 -SREW AGSTA-LV-

AOAOQ9D1R4 232 TVTEW SGSTR--L-
AOAOM3KKUG6 127 -TREW AGTPI-LL-

AOA095TIZ3 127 -TREW AGTPI-LL-
MODH53 114 -SRQW AGSAL--H-
MO0JO75 116 -QRQW AGSAL--Y-

AOA104J743 192 ENAEW SGSAR--L-
AOAOQ5HDG6 196 -NTEW SGSTR--L-
MOGXL5 158 -NQTW AGSAM--Y-
AOA1HBN3T7 117 -SRQW AGSAL--Y-
AOA1B4PL96 168 ENAEW SGSAR--L-
AOAOS7CUKO 197 -NTEW SGSTR-LM-
F3P8X6 259 AQTEW SGSAR-LM-
AOA1J8TV15 160 -NAEW SGSAR--LT
AOA151AFN1 111 -SRQW AGSAL--L-
FOMAA7 196 -NTEW SGSTR--L-
AOAOB5GWQ1 116 -QRQW AGSAL--Y-
AOAO60QGNS5 212 ITAEW SGSMR--L-
BILT89 114 -QRQW AGSAL--Y-
AOAOQYP4H7 195 -NTEW SGSTR--L-
AOAOBADM97 196 -NTEW SGSTR--L-
B1SXR4 105 QNAEW SGSAR--L-
AOAOX8Q1Q2 127 -TREW AGTPV-LL-
F9EFCY 236 -QTEW SGSARLM--
AOA198GRI2 136 -SREW AGTPV-LL-
AOA101L5A7 197 -NTEW SGSTR-LM-
AOA067ZIN6 125 -SWEW SGCAV--M-
V5ZCQ6 127 -TREW AGTPI-LL-
MOE014 114 -QRQW AGSAL--Y-
AOA1HBVTG6 158 -NQTW AGSAM--Y-
AOALESFSI9 189 -KAEW SGSTR-IF-
AOAOX8JFA4 252 -QTEW SGSAR-LM-
AOAONOBRO7 119 -QRQW AGSAL--Y-
AOAOK1IUB3 110 -QRQW AGSAM--Y-
AOAOD1BOA9 196 -NTEW SGSTR--L-
AOAONOAA97 132 -SREW AGSTA-LI-
AOA176UEP8 196 -NTEW SGSTR-LM-
AOA175J219 172 -NTEW SGSTRLM--
FBESF2 109 -TAEW SGGTI--MA
AOA024H7H3 228 -NTEW SGSTR--L-
AOALEBFU42 197 -NTEW SGSTR-LM-
AOAOCIE1V1 197 -NTEW SGSTR-LM-
DIX8LY 152 -SREW AGSTA-LI-
D8JIC2 111 -SRQW AGSAL--L-
AOAOQ7MQB2 242 TVTEW SGSTR--L-
AOA066Y377 146 -SREW AGSAA-LI-
AOAOQ4ANLU3 136 -VREW AGSPV-LL-
Q43998 220 NQAEW SGSSR--L-

187
197
119
137
195
144
142
144
102
223
197
194
134
201
118
103
136
122
125
197
199
136
137
198
205
141
137
145
149
277
119
125
125
125
141
205
137
201
195
153
182
137
128
273
122
125
207
199
191
179
135
212
155
278
205
156
242
137
137
123
125
202
205
167
126
178
207
270
170
120
205
125
222
123
204
205
115
137
246
146
207
134
137
123
167
199
262
128
119
205
142
206
182
119
237
207
207
162
120
252
156
146
230

437
446
332
349
457
356
354
356
308
472
446
444
347
450
327
352
348
328
347
446
449
349
355
447
454
363
349
368
361
554
332
335
335
335
354
460
349
451
444
377
408
349
338
548
332
334
455
449
440
428
347
424
380
556
460
380
503
349
349
334
335
452
461
384
336
428
463
548
420
329
461
335
473
333
459
461
365
349
519
358
461
356
349
333
384
437
538
338
332
460
366
460
437
339
493
462
462
386
330
513
380
358
481

FQSYSHYVMP- 446
FQAYSHYILP- 455
FQAY SWLVYD- 341
FQTY SHYVMP- 358
FQSYSHYVMP- 466
FQTY SHYVMP- 365
FQTY SHYVMP- 363
FQTY SHYVMP- 365
FQAY SWLAFG- 317
FQAY SHYVMP- 481
FQAYSSYILP- 455
FQSYSHYVMP- 453
YQTY SHYVMP- 356
FQAY SHYVMP- 459
FQSYSWTAYD- 336
FEVY SHYVMP- 361
FQTY SHCVMP- 357
FQAY SWLAFG- 337
FQTY SWLAYP- 356
FQAYSSYILP- 455
FQAY SHYVMP- 458
LQTY SHCVMP- 358
FQTY SWLAYP- 364
FQSYSHYVMP- 456
FQAY SHYVMP- 463
FQTY SWLAYP- 372
FQTY SHCVMP- 358
YQTYSWYLVS- 377
FQTY SHYVMP- 370
FQSY SHYVMP- 563
FQAY SWLVYD- 341
FQSY SWMAFP- 344
FQSY SWMAFP- 344
FQSY SWMAFP- 344
LQTY SHCVMP- 363
FQAY SHYVQP- 469
FQTY SHYVMP- 358
FQSY SHYVMP- 460
FQSYSHYVMP- 453
FQAYSWLVLP- 386
LQNY SDYVMP- 417
FQTY SHYVMP- 358
FQAY SWMAFP- 347
FQSY SHYVMP- 557
FQAY SWLAFD- 341
FQAY SWMVFP- 343
FQAY SHYVMP- 464
FQSYSHYVMP- 458
FQAY SHYVMP- 449
FQAY SHYVMP- 437
FQTY SHYVMP- 356
YQTY SHCVMP- 433
TQQYSHYVMP- 389
FQSY SHYVMP- 565
FQAY SHYVQP- 469
TQQYSHYVMP- 389
FQAY SHYVMP- 512
FQTY SHYVMP- 358
YQTY SHCVMP- 358
FQAY SWLAYD- 343
FQSY SWMAFP- 344
FQSY SHYVMP- 461
FQAY SHYVQP- 470
FQTY SWLAMP- 393
FQAY SWLAFG- 345
FQSY SHYVMP- 437
FQAY SHYVQP- 472
FQSY SHYVMP- 557
FQSY SHYVMP- 429
YQAYSWLAFP- 338
FQAY SHYVQP- 470
FQSY SWMAFP- 344
FQSY SHYVMP- 482
FQAY SWMAFA- 342
FQAY SHYVQP- 468
FQAY SHYVQP- 470
FQSYSHYVMP- 374
YQTY SHYVMP- 358
YQSYSHYVMP- 528
FQTY SHYVMP- 367
FQAY SHYVQP- 470
YETY SHFVDP- 365
FQTY SHYVMP- 358
FQAY SWMAFA- 342
FQTY SWLAMP- 393
FQSY SHYVMP- 446
YQSYSHYIQP- 547
FQAY SWMAFA- 347
FQAY SWLVYD- 341
FQAY SHYVQP- 469
TQQYSHYVMP- 375
FQAY SHYVQP- 469
FQAY SHYVQP- 446
TESY AHYMMN- 348
FQAY SHYVQP- 502
FQAY SHYVQP- 471
FQAY SHYVQP- 471
TQQYSHYVMP- 395
YQAY SWVAFS- 339
FQAY SHYVMP- 522
TQQYSHYVMP- 389
YQTY SHYVMP- 367
FQSYSHYVMP- 490

AOQJRY6
ADAOQIMVI3
A0A165MVN1L
F8DT26
MOHDY5
G6XK22
AOA061M1J7
F8ESF3
AOA0S9COKO
F8DT27
AOA117PKG5
AOAOL1LJI38
SOAKW9
AOAIHONN82
MONGE2
AOA1D9FOW2

187 -NTEW SGSTR--L-
196 -NTEW SGSTR--L-
116 -QRQW AGSAL--Y-
114 -SWEW SGCTI--M-
110 -QRQW AGSAM--Y-
103 -DWEW SGCSV--M-
218 QQAEW SGSTR--I-
114 -SWEW SGCTI--M-
196 -NTEW SGSTR-PM-
109 -TAEW SGGTI--M-
117 -SRQW AGSAA-LV-
195 -NTEW SGSTR-LM-
127 -TREW AGTPI-LL-
127 -TREW AGTPI-LL-
114 -QRQW AGSAL--Y-
184 -NTEW SGSTR-LM-

AOAOWOMAMS5127 -TREW AGTPI-LL-

V4XN15
AOAOMOULUO
AO0A031J2V3
MOPB46
AOAOPOWV21
AOA1BSEN02
AOAOA2UPW?2
AOA0Q4E593
V4YJ78
AOAONSSEY1
AOAOH3J1D5
F2ZTF2
AOAQPILIT3
AOA1H2NRS56
AOAOAOB8Z4
AOAOPOWES9
MOP9JO
AOAOP9IMAL

114 -QRQW AGSAL--Y-
193 -NTEW SGSAR--L-
127 -TREW AGTPI-LL-
114 -QRQW AGSAL--Y-
150 -TREW AGTPILL--
127 -TREW AGTPI-LL-
148 -SRQW AGSAF--V-
127 -TREW AGTPI-LI-
116 -QRQW SGAAV--Y-
136 -TREW AGTPV-LL-
207 -TREW AGSAF--V-
127 -TREW AGTPI-LL-
136 -TREW AGTPV-LL-
127 -TREW AGTPI-LL-
153 -SREW AGSTV--V-
149 -TREW AGTPV-LL-
133 -QRQW AGSAL--Y-
166 -TREW AGTPI-LL-

AOAOD6MQC3 118 -PHEW SGGLV--M-

AOALJORYIL
AOAOQODH33
AOAOQODCPO
AOAOQOC5HY
AOALG7LTGE
AOAOQOEN77
AOAOPIX5J3
AOAOPSHYUB
AOAONOGDT4
AOAODEMIGL
AOAO99SHE2
UINLK?
AOA099SUS3
AOA1LSZAT6
AOA149TGP1
AOAONBQSQ6
AOAOWOM1Y3
AOAOR2ZJS6
AOAONSRNMS5
AOAOUAB7X9
AOAONSQRV1
AOA1BBVHL6
AOA149TPG7
AOAOSBTHW7
AOAOKBN688
QILBX1
AOAOD6PQ92
AOAOD6MIBA
W8s8J1
A0A102DDZ4

114 -LREW AGSTI-LV-
150 -TREW AGTPI-LL-
166 -TREW AGTPV-LL-
223 -TREW AGTPV-LL-
118 -QRQW AGSAL--Y-
148 -TREW AGTPI-LL-
140 -TREW AGTPI-LL-
183 -TREW AGTPI-LL-
151 -TREW AGTPI-LL-
164 QQAEW SGSTR--L-
143 -TREW AGTPI-LL-
91 -QRQW SGAAV--Y-
127 -TREW AGTPI-LL-
142 -TREW AGTPI-LL-
117 -PWEW SGNLV--M-
147 -TREW AGTPI-LL-
127 -TREW AGTPI-LL-
127 -TREW AGTPI-LL-
157 -TREW AGTPV-LL-
165 -SRNW AGSAL--L-
173 -TREW AGTPV-LL-
135 -PWEW SGSLV--M-
96 -PWEW SGSLV--M-
118 -PWEW SGSLV--M-
135 -PWEW SGSLV--M-
124 -PDEW SGSLV--M-
135 -PWEW SGSLV--M-
132 -PWEW SGSLV--M-
176 -SRQW AGSTI--Y-
144 -SREW SGSAL--F-

196
205
125
123
119
112
228
123
206
118
127
205
137
137
123
194
137
123
202
137
123
160
137
157
137
125
146
216
137
146
137
162
159
142
176
127
124
160
176
233
127
158
150
193
161
174
153
100
137
152
126
157
137
137
167
174
183
144
105
127
144
133
144
141
185
153

451
460
335
341
332
334
479
341
460
339
351
459
349
349
333
449
349
333
451
349
333
372
349
383
349
335
358
433
349
358
349
393
371
352
388
353
364
372
388
445
337
370
362
405
373
425
365
310
349
364
353
369
349
349
379
442
395
366
327
349
366
358
366
371
405
357

FQAY SHYVQP- 460
FQAY SHYVQP- 469
FQSY SWMAFP- 344
YQAY SHYVMT- 350
FQAY SWLVYD- 341
YETY SHFVDP- 343
FQSY SHYFMP- 488
YQAY SHYVMT- 350
FQAY SHYVQP- 469
TEAY AHYIMN- 348
TQQYSHYVMP- 360
FQAY SHYVQP- 468
FQTY SHCVMP- 358
FQTY SHCVMP- 358
FQAY SWMAFA- 342
FQAY SHYVQP- 458
FQTY SHCVMP- 358
FQAY SWMAFA- 342
FQAY SHYIQP- 460
FQTY SHCVMP- 358
FQAY SWMAFA- 342
FQTY SHCVMP- 381
FQTY SHCVMP- 358
FQAYSWIVLP- 392
FQTY SHCVMP- 358
FRSY SWMVYE- 344
FQTY SHCVMP- 367
FQAY SWFVLP- 442
FQTY SHCVMP- 358
FQTY SHCVMP- 367
FQTY SHCVMP- 358
LQNY SHFVMP- 402
FQTY SHCVMP- 380
FQAY SWMAFA- 361
FQTY SHCVMP- 397
YETY SHFVDP- 362
EQAYSWYMMP-373
FQTY SHCVMP- 381
FQTY SHCVMP- 397
FQTY SHCVMP- 454
FQAY SWMAFP- 346
FQTY SHCVMP- 379
FQTY SHCVMP- 371
FQTY SHCVMP- 414
FQTY SHCVMP- 382
FQSY SHYYMP- 434
FQTY SHCVMP- 374
FRSY SWMVYE- 319
FQTY SHCVMP- 358
FQTY SHCVMP- 373
YSTY SHFVDA- 362
FQTY SHCVMP- 378
FQTY SHCVMP- 358
FQTY SHCVMP- 358
FQTY SHCVMP- 388
YQSYSYDVLP- 451
FQTY SHCVMP- 404
YSTY SHFVDA- 375
YSTY SHFVDA- 336
YSTY SHFVDA- 358
YSTY SHFVDA- 375
YETY SHFVDP- 367
YSTY SHFVDA- 375
YCTY SHFVDP- 380
NQTYSYLVLP- 414
LQGYSWWVLP-366



Supplementary figure S1. Extract of the ranked multiple sequence alignment (367
sequences) created for family 68 showing positions S173 and S422; highlighted sequences:
D5DCO07 B. megaterium levansucrase (orange); P05655 B. subtilis levansucrase (green).



Supplementary table SI. Amino acid distribution of the mutated positions in the created
datasets of GH families 68 and 32; values are given in %.

Family 68 (367 sequences)

Family 32 (3951 sequences)

position  Ser Ala Gly Thr other Ser Ala Gly Thr other
S173 67 33 - - - 80 <1 <1 17 3
S422 92 8 - - - <1 94 4 <1 1

position Tyr Phe Trp other Tyr Phe Trp other
Y421 100 - - - 97 1 - 2
Y439 38 61 - 1 2 <1 96 2



Supplementary table Sll. Oligonucleotides for creation of libraries S173/S422, Y421 and
Y439.

Oligonucleotide Library Sequence

Fragl S173S_rev S173/S422 GATCGGTCTCCGTGCCAGAACCAGACCATTCTTGTGTTTG
Fragl_S173A_rev S173/S422 GATCGGTCTCCGTGCCAGAACCCGCCCATTCTTGTGTTTG
Fragl S173T_rev S173/S422 GATCGGTCTCCGTGCCAGAACCGGTCCATTCTTGTGTTTG
Fragl_S173D_rev S173/S422 GATCGGTCTCCGTGCCAGAACCGTCCCATTCTTGTGTTTG
Fragl S173V_rev S173/S422 GATCGGTCTCCGTGCCAGAACCAACCCATTCTTGTGTTTG
Fragl_S173G_rev S173/S422 GATCGGTCTCCGTGCCAGAACCACCCCATTCTTGTGTTTG
Fragl S173L_rev S173/S422 GATCGGTCTCCGTGCCAGAACCCAGCCATTCTTGTGTTTG
Fragl S173W_rev S173/S422 GATCGGTCTCCGTGCCAGAACCCCACCATTCTTGTGTTTG
Fragl S173F_rev S173/S422 GATCGGTCTCCGTGCCAGAACCGAACCATTCTTGTGTTTG
Frag2_fwd S173/S422 GATCGGTCTCGGCACGTTAACAAAAGATGGTAAAGTTCG
Frag2_S422S_rev S173/S422 GATCGGTCTCGAGGTACAGCAAAGTGAGAATACGTAAATG
Frag2_S422A _rev S173/S422 GATCGGTCTCGAGGTACAGCAAAGTGCGCATACGTAAATG
Frag2_S422H_rev S173/S422 GATCGGTCTCGAGGTACAGCAAAGTGGTGATACGTAAATG
Frag2_S422F rev S173/S422 GATCGGTCTCGAGGTACAGCAAAGTGGAAATACGTAAATG
Frag2_S422G_rev S173/S422 GATCGGTCTCGAGGTACAGCAAAGTGACCATACGTAAATG
Frag2_S422Q_rev S173/S422 GATCGGTCTCGAGGTACAGCAAAGTGCTGATACGTAAATG
Frag2_S422T_rev S173/S422 GATCGGTCTCGAGGTACAGCAAAGTGGGTATACGTAAATG
Frag2_S422V_rev S173/S422 GATCGGTCTCGAGGTACAGCAAAGTGAACATACGTAAATG
Frag2_S422L_rev S173/S422 GATCGGTCTCGAGGTACAGCAAAGTGCAGATACGTAAATG
Frag2_S422W_rev S173/S422 GATCGGTCTCGAGGTACAGCAAAGTGCCAATACGTAAATG
Frag3_fwd S173/S422 GATCGGTCTCTACCTCAAACAAAAGGCG

Y421A-f Y421 GATAAAACATTTACGQcgTCTCACTTTGCTGTACCTCA
Y421V-f Y421 GATAAAACATTTACGttTCTCACTTTGCTGTACCTCA
Y4211-f Y421 GATAAAACATTTACGatcTCTCACTTTGCTGTACCTCA
Y421L-f Y421 GATAAAACATTTACGCtgTCTCACTTTGCTGTACCTCA
Y421IM-f Y421 GATAAAACATTTACGatgTCTCACTTTGCTGTACCTCA
Y421F-f Y421 GATAAAACATTTACGttcTCTCACTTTGCTGTACCTCA
Y421W-f Y421 GATAAAACATTTACGtggTCTCACTTTGCTGTACCTCA
Y421G-f Y421 GATAAAACATTTACGgtTCTCACTTTGCTGTACCTCA
Y421N-f Y421 GATAAAACATTTACGaacTCTCACTTTGCTGTACCTCA
Y421D-f Y421 GATAAAACATTTACGgacTCTCACTTTGCTGTACCTCA
Y421K-f Y421 GATAAAACATTTACGaaaTCTCACTTTGCTGTACCTCA
Y439A-f Y439 GTCGTTATTACAAGCgcgATGACAAATAGAGGC

Y439V-f Y439 GTCGTTATTACAAGCgttATGACAAATAGAGGC

Y439I-f Y439 GTCGTTATTACAAGCatcATGACAAATAGAGGC

Y439L-f Y439 GTCGTTATTACAAGCCctgATGACAAATAGAGGC

Y439M-f Y439 GTCGTTATTACAAGCatgATGACAAATAGAGGC

Y439F-f Y439 GTCGTTATTACAAGCttcATGACAAATAGAGGC

Y439W-f Y439 GTCGTTATTACAAGCtggATGACAAATAGAGGC

Y439G-f Y439 GTCGTTATTACAAGCggtATGACAAATAGAGGC

Y439N-f Y439 GTCGTTATTACAAGCaacATGACAAATAGAGGC

Y439D-f Y439 GTCGTTATTACAAGCgacATGACAAATAGAGGC

Y439K-f Y439 GTCGTTATTACAAGCaaaATGACAAATAGAGGC




Supplementary figure S2
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Supplementary figure S2. Contacts of R353 (343 in B. subtilis levansucrase) are shown
based on PDB 1pt2. Only the fructose moiety is displayed for clarity. Waters (in red) in the
active site are conserved in B. subtilis (1pt2) and B. megaterium (3o0m2) enzymes.



Supplementary figure S3
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Supplementary figure S3. Water channel to the active site. Waters from B. subtilis sucrose-
unbound (1loyg) and bound- (1pt2) levansucrase crystallographic structures are depicted in
white and orange, respectively. Waters from B. megaterium (3om2) 3D structure are
displayed in cyan. Sticks and Surface are from 1oyg, sucrose from 1pt2. Distances are < 4 A
(only 1loyg distances shown). Only conserved waters are shown.



