
Since December 2019, over 30 000 000 cases of COVID-19 and 1 million deaths have been
reported byWHO (1).

Currently, there are no prophylactic or therapeutic agents specific for SARS-CoV-2 infection (2).

Giving the enormous impact of the COVID-19 pandemic on society and economy and on human
health and well-being, there is an urgent need for new antiviral therapies.

The important role that Spike (S) and Polymerase (Pol) proteins have in viral infection and
pathogenesis highlights their promising role as potential anti-CoV targets.
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Fig. 1. Schematic illustration of SARS-CoV-2 S protein. Adapted from (3).

Objective: explore conserved druggable regions in SARS-CoV-2 S and Pol protein structures and
identify druggable hot spots for the development of new therapies against beta-CoVs (SARS-
CoV-2, SARS-CoV and MERS-CoV).

Fig. 2. Domain structure of the main subunit (nsp12) of Pol protein.

Sequence datasets: 1,065 (S) and 1106
(Pol) sequences (SARS-CoV-2, SARS-CoV
and MERS-CoV) from all continents,
retrieved from public databases.

Amino acid (aa) conservation was
calculated and druggability was predicted
using computational methods (4-6).

Conclusions
Potential binding pockets can be found in highly conserved regions either in SARS-CoV-2, SARS-CoV and MERS-CoV S and Pol proteins, underpinning their
promising role as antiviral targets.

The disclosed hot spots represent attractive targets for structure-function studies and pharmacological modulation.

This study lays the basis for structure-based design of antiviral molecules against a broad spectrum of Beta-CoV.
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⍺1 ⍺1 ⍺1 ⍺1 ⍺1 ⍺1 η1 η1 η1 η1 β1 β1 β1 β1 β1 ⍺2 ⍺2 ⍺2 ⍺2 ⍺2 β2 β2 β2 β2 β2
helix helix helix helix helix helix helix helix helix helix strand strand strand strand strand helix helix helix helix helix strand strand strand strand strand

CDP6 CDP6 CDP2
CDP1 CDP1 CDP1 CDP1 CDP6 CDP6 CDP1 CDP1 CDP1 CDP6 CDP6 CDP6 CDP6 CDP5 CDP6 CDP1 CDP2 CDP2 CDP1 CDP1 CDP2 CDP1 CDP1 CDP1 SP1 CDP2 SP1 CDP2 SP1

Spike-RBD residue 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 381
Druggability Score 0 0 2 2 0 3 3 2 2 3 3 2 2 2 2 2 0 0 0 0 2 2 3 2 0 0 0 0 0 2 2 2 3 3 3 3 3 0 3 0 3 3 1 3 3 3 3 3 1

Conservation Score: hSARSr-CoV 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 9,1 11,0 6,4 11,0 11,0 11,0 11,0 11,0 6,3 11,0 11,0 9,3 11,0 11,0 11,0 11,0 11,0 11,0 10,9 11,0 10,2 10,6 11,0 11,0 11,0 11,0 7,3 3,9 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0

* * ! ! * * ! ! * * * * * ! * * * * ! ! ! ! ! ! ! ! ! ! ! !
Conservation Score: SARSr- and MERSr-CoV 7,9 8,5 4,2 11,0 6,9 11,0 7,9 6,4 9,0 9,0 8,5 8,5 10,8 6,5 5,0 6,8 7,2 11,0 11,0 7,9 7,4 6,4 11,0 5,7 5,7 7,9 8,5 10,5 11,0 6,9 6,4 9,0 7,6 7,8 6,3 10,9 7,4 8,5 6,9 4,9 8,2 7,9 8,5 7,4 11,0 7,3 11,0 7,4 7,4

* ! * * * * * ! * ! * ! !

β3 β3 β3 β3 β3 β3 β3 β3 β3 β3 β3 η2 η2 η2 η2 η2 η2 ⍺3 ⍺3 ⍺3 ⍺3 ⍺3 ⍺3
strand strand strand strand strand strand strand strand strand strand strand helix helix helix helix helix helix helix helix helix helix helix helix

CDP2 CDP2 CDP2 CDP5 CDP6 CDP6 CDP6 SP2 SP1 SP1 CDP4 CDP4 CDP4 CDP4 CDP4 CDP4 CDP4 CDP4 CDP4 CDP4 CDP4 CDP5 CDP5 CDP5 CDP5

Spike-RBD residue 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399 400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 428 429 430
Druggability Score 2 1 3 3 1 3 3 0 2 1 1 0 0 1 3 2 1 2 0 0 0 2 1 1 1 3 3 2 3 3 1 1 1 0 0 1 1 1 0 0 1 1 1 1 3 0 3 3 3

Conservation Score: hSARSr-CoV 11,0 11,0 6,4 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 6,4 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 9,1 9,1 11,0 11,0 9,1 11,0 10,9 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 2,6 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 5,3

* ! ! ! * ! * * * ! ! * ! ! ! ! !
Conservation Score: SARSr- and MERSr-CoV 10,0 11,0 9,0 8,4 7,4 9,0 7,1 7,9 6,4 11,0 10,5 7,1 8,1 9,0 6,9 7,4 11,0 6,9 11,0 7,0 6,2 6,7 5,3 7,4 5,8 6,4 7,4 8,5 8,8 8,5 7,4 8,5 7,1 9,0 11,0 3,3 11,0 8,5 8,5 10,5 11,0 11,0 11,0 6,9 8,5 5,5 7,9 6,4 6,3

* * * * * * * *

β4 β4 β4 β4 β4 β4 β4 ⍺1' ⍺1' ⍺1' ⍺1' β1' β1' β1'
strand strand strand strand strand strand strand helix helix helix helix strand strand strand
CDP5 CDP2 SP1 CDP2 CDP1 CDP1 SP2 CDP3 CDP3 CDP3 CDP3 CDP5 CDP3 CDP3 CDP3 CDP3 CDP3 CDP3

Spike-RBD residue 431 432 433 434 435 436 437 438 439 440 441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479
Druggability Score 2 3 3 1 1 3 0 0 0 0 2 2 0 0 0 0 0 2 0 2 2 0 2 3 0 3 3 3 2 0 1 1 1 3 1 1 3 0 3 2 3 3 3 2 0 0 0 0 2

Conservation Score: hSARSr-CoV 11,0 11,0 11,0 7,3 10,9 11,0 11,0 6,4 5,3 11,0 7,3 11,0 6,4 4,4 4,4 4,4 11,0 11,0 11,0 11,0 11,0 2,6 11,0 11,0 4,4 7,3 11,0 6,4 6,4 6,4 11,0 9,1 11,0 11,0 11,0 11,0 11,0 11,0 11,0 6,4 3,5 3,5 10,1 4,4 6,4 6,4 6,4 4,4 11,0

* ! ! ! * * * * * ! ! ! ! ! ! *
Conservation Score: SARSr- and MERSr-CoV 7,4 11,0 9,0 9,4 7,4 5,9 8,5 5,5 4,9 8,0 4,4 5,9 6,4 4,4 6,1 4,4 7,4 7,1 7,4 7,6 9,7 2,9 11,0 6,4 3,5 3,7 7,4 5,6 5,4 4,4 11,0 6,7 6,9 5,4 7,9 7,4 10,0 9,5 8,5 5,4 3,4 5,9 5,8 4,1 5,0 4,8 4,4 4,8 9,6

! * * * ! * *

β2' β2' β2' η1' η1' η1' β5 β5 β5 β5 β5 β5 β5 β5 β5 β5
strand strand strand helix helix helix strand strand strand strand strand strand strand strand strand strand

CDP5
CDP3 CDP3 CDP3 CDP3 SP2 SP2 SP2 SP2 SP2 SP2 CDP1 CDP2 CDP2 CDP5 CDP5 CDP2 CDP2

Spike-RBD residue 480 481 482 483 484 485 486 487 488 489 490 491 492 493 494 495 496 497 498 499 500 501 502 503 504 505 506 507 508 509 510 511 512 513 514 515 516 517 518 519 520 521 522 523 524 525 526
Druggability Score 2 2 2 1 0 0 0 0 0 1 0 3 0 0 2 2 2 2 0 0 0 2 1 1 0 2 0 0 1 2 0 1 1 3 3 3 3 1 0 0 0 0 0 0 1 3 2

Conservation Score: hSARSr-CoV 11,0 6,4 4,4 4,2 0,1 6,4 7,1 11,0 11,0 11,0 4,4 11,0 11,0 5,4 5,4 11,0 11,0 11,0 3,5 6,4 11,0 6,3 11,0 9,1 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 11,0 6,3 11,0 11,0 11,0 11,0 11,0 11,0 11,0

* ! * * * * * ! ! ! ! ! *
Conservation Score: SARSr- and MERSr-CoV 9,7 4,2 5,0 5,9 0,0 5,0 4,1 8,5 6,7 5,6 5,0 6,4 5,9 4,9 5,7 11,0 10,4 7,4 3,7 5,7 8,5 6,1 10,2 6,6 6,9 6,4 7,4 6,4 5,7 7,9 6,4 9,0 6,4 9,5 8,5 11,0 7,9 9,0 7,4 5,5 7,9 8,5 7,9 8,5 11,0 11,0 7,4

* * * * * ! !

Druggability score scale 0 1 2 3 Conservation score scale 0-3 4-5 6-7 8-9 10-11

Variable  Conserved

Fig. 4. Overall alignment of S-RBD druggability and conservation scores for each residue position.

S1 subunit exhibits higher
conservation (99.8%) when
compared to S2 (95.6%) in
SARS-CoV-2. But, in SARS-
CoV and MERS-CoV, S2
presents an higher
conservation.

Fig. 5. Nsp12-subunit druggable sites and respective scores.

327 residues were ranked with the maximum druggability score
in both monomeric and tetrameric conformations of SARS-CoV-
2 Pol.

Fingers subdomain (aa 398-580; 627-686) - which is highly
conserved across SARS-CoV-2, SARS-CoV and MERS-CoV - is the
most promising region.

This subdomain is close to the putative binding site of
remdesivir.

We identified 181 new potential hot spot residues for the human
SARS-CoV-2 and 72 new hot spot residues for the SARS-CoV,
SARS-CoV-2 and MERS-CoV S protein.

S1-RBD and -SD1; and S2-CR, -HR1 and –CH domains are the
most promising druggable S regions.

Fig. 3. Three-dimensional sequence conservation of SARS-CoV and
SARS-Cov-2 S protomer. Adapted from (3).

Fig. 6. Top four larger consensus druggable pockets (CDP) of SARS-CoV-2 Pol, common to both
conformations.

We discovered 15 consensus druggable pockets, that can act as
antiviral targets for the development of new therapeutic
strategies against SARS-CoV-2.

Source: Protein Data Bank (7)
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