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AlM;:

ldentify allosteric inhibitors alternative to active site
inhibitors.

How the behavior of allosteric inhibitors changes in
the presence of the evolutionary mutations?

Allostery and mutations: Not commonly used biological
phenomena in the early computational drug discovery
stages.



Outline of study/talk

e STEP 1: Identification of MP™ mutations and their effects on the structure

e STEP 2: Identification of potential allosteric site(s) and effects of mutations on
allosteric and active sites

e STEP 3: Identification of potential allosteric modulators (SANCDB) against
reference structure

* STEP 4: Identification of functionally important residues and allosteric
communication paths within protein-inhibitor complexes, and changes in the
presence of mutations
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BASIC CONCEPTS



Two types of FDA approved drugs:

Orthosteric drugs
Allosteric drugs



Definitions — Orthosteric site & drug

Orthosteric site:

_ _ PROTEIN STRUCTURE
The functional site, e.g., Scaffold to support and
active sites for enzymes, or position active site
protein-protein binding sites
for receptors.

ACTIVE SITE

Orthosteric drugs bind to the
functional site of a protein,
compete with endogenous

By Thomas Shafee - Own work, CC BY 4.0;

regUIatOrS and blOCk the https://commons.wikimedia.org/w/index.php?curid=45801894
activity directly.



https://commons.wikimedia.org/w/index.php?curid=45801894
https://commons.wikimedia.org/w/index.php?curid=45801894
https://commons.wikimedia.org/w/index.php?curid=45801894

Definitions — Allostery, allosteric site & drug

Two Greek words: “allos” - other/alternate & “stereo” - solid shapes.

Allosteric site: A site away from the

orthosteric site but whose perturbation by Allosteric
binding an effector affects the

conformation/function at the orthosteric site PROTEIN

Active

— allosteric communication. site

Allosteric drugs modify the functional
conformation and/or the active site of the

target protein from a distance - allosteric site.



Perturbation is the key to allosteric behavior, and effectors that can cause perturbation are:

O
Post-translational modifications 85;':
Allosteric : L
site Ligand binding
PROTEIN -
Active / [ ]
site DNA/RNA binding

Mutations




FDA approved drugs: Orthosteric versus allosteric

* The first discovery of allosteric
systems > 60 years.

“ u ..
History of allostery

ﬂrst allosteric drug®

Alloster: approved by FDA “‘

Allosteric effectors netwof l :

. . o includepHand T | -

* The concept of using allosteric sites as el l l: :
drug targets is still not common.

Allostery
Concepts,
. Methods,
. Applications
)
L
.

. 1999
e ~3700 FDA approved drugs.

LS L 4
L\ LV 7

* o*
. p 1984-1987 .
Bohr Effegf . Allostery is proposed to be
- ‘-1955‘1956 I an intrinsic property of
[ | . = all dynamic proteins
l “ 1961 : Allostery without
. 24 conformational change
: 19.04 ‘.I “ Conf ti lecti
ontormation selection
° 19 Of t h e m a I | OSte rl C d rugs . Term “Allosteric” and population shift
first introduced

* 19 versus ~ 3681 drugs = hints at the

Liu and Nussinov, 2016;
difficulty of designing allosteric drugs.

https://doi.org/10.1371/journal.pcbi.1004966



https://doi.org/10.1371/journal.pcbi.1004966
https://doi.org/10.1371/journal.pcbi.1004966
https://doi.org/10.1371/journal.pcbi.1004966

Difficulty is due to:

* [dentification of allosteric sites (shallow, cryptic pockets ...) —
serendipity

e Demonstration of the effects of allosteric modulators
e inhibitor
e activator



Allosteric drugs have benefits over orthosteric
drugs:

v’ Allosteric sites are less conserved
compared to active sites, therefore
allosteric modulators are highly specific,
hence may be less toxic to host.



Allosteric drugs versus orthosteric drugs: Specificity - toxicity

Allosteric
Drug

Allosteric i % |

Site G \ j ‘\
Homolog 1 . Homolog 2 . Homolog 3 .

Orthosteric
Site

Orthosteric
Drug

Nussinov and Tsai, Current Pharmaceutical Design, 2012



Allosteric drugs have benefits over orthosteric
drugs:

v'Unlike orthosteric drugs that compete
with the substrate and cofactors, allosteric
drugs can be active even in the presence of
the native substrates, and thus reduce the
chances of pathogen developing
resistance by increasing the substrate
concentrations and/or mutations.



Allosteric drugs versus orthosteric drugs: Resistance

@D
Allosteric
Site PL\U ,‘-gﬂ
Agonist
Or
Substrate
Orthosteric
.f' B ¥
J!! f;.

Site

Nussinov and Tsai, Current Pharmaceutical Design, 2012



Resistance =2 brings us to other biological phenomenon:

NONSYNONYMOUS SUBSTITUTION
a nucleotide mutation that alters the amino
acid sequence of a protein

" MISSENSE MUTATIONS NONSENSE MUTATIONS
mutations in a single nucleotide * a mutation in the DNA sequence
that result in the substitution of a causes a protein to terminate

SYNONYMOUS SUBSTITUTIONS

a nucleotide mutation that does not alter
amino acid sequences

s *
A
L
.
L]
.
L]
» -
]
u

. different amino acid, resultingina prematurely by changing the
change to the protein encoded. ¢ original amino acid to a stop
codon.



STEP 1:
Identification of mutations and
effects on the reference MP™ protein
structure



Main Protease - MP™©

* 3C-like protease

* a conserved protein present in all members of
the Coronavirinae subfamily

does not have a human homolog — good drug target

functions as a homodimer

I(l

Each monomer is call “protomer”

SARS-CoV MP homolog

 Homo-dimerization plays an important role in the catalytic activity of MPr
* Only one of the dimers was shown to be active at a time in SARS-CoV MP™



Main Protease - MPM©

e comprises three domains (I-11l)

e chymotrypsin-like domain |
(residues 10-99)

e picornavirus 3C-protease like domain Il
(residues 100-182)

* domain Il (helical domain)
(residues 198-303)

form a hydrophobic substrate
binding site, with catalytic residues
HIS41 and CYS145

connected to domain Il by a 15 residue
linker loop, and was shown to regulate
enzymatic activity in SARS-CoV.



Main Protease - MPM©

* The majority of the dimer contact
interface is a result of interactions
present between domain Il (protomer 1)
and the N-finger (protomer 2).

* In the same manner, the N-finger from
protomer 1 contacts domain Il from
protomer 2.

* Dimer stability!

.- ~

Active site




Reference sequence/structure: PDB ID: 5RFV
50 distinct mutant sequences were filtered: GISAID

Table 1: List of missense mutations in SARS-CoV-2 MP™. Samples with noticeably large
differences in C, RMSD from the reference protease are marked with an asterisk.

GISAID ID Mutation | GISAID ID Mutation GISAID ID Mutation

EPI_ISL _425319*| A7V EPI_ISL_425284*| A116V EPI_ISL_424470* T196M

EPI_ISL_420422 | G15D EPI_ISL_421005*| P108S EPI_ISL_423642 | T201A

EPI_ISL_420181 | G15S EPI_ISL_422860*| A129V EPI_ISL_419256*| L220F

EPI_ISL_425242 | G15S,D48E| EPI_ISL_420579 | P132L EPI_ISL_421506 | L232F

EPI_ISL_423772*| M171 EPI_ISL_425655 | T1351 EPI_ISL_425235 | A234V

EPI_ISL_425342 | V20L EPI_ISL_420182 | 1136V EPI_ISL_426097*| K236R

EPI_ISL_421312*| T451 EPI_ISL_420510*| N151D EPI_ISL_416720*| Y237H

EPI_ISL_425839*| M491 EPI_ISL_415503 | V1571 EPI_ISL_425886*| D248E

EPI_ISL_418269*| R60C EPI_ISL_426028 | V157L EPI_ISL_418075 | A255V

EPI_ISL_420306 | K61R EPI_ISL_417413 | C160S EPI_ISL_422919 | 1259T

EPI_ISL_421763*| A70T EPI_ISL_418082 | A173V EPI_ISL_423725*| A260V

EPI_ISL_413021 | G71S EPI_ISL_423288 | P184S EPI_ISL_425498*| V261A

EPI_ISL_415643 | L89F EPI_ISL_420241*| P184L EPI_ISL_421380*| A266V

EPI_ISL_420059 | K9OR EPI_ISL_419710*| A191V,L220F| EPI_ISL_420610*| N274D

EPI_ISL_419756 | P99L EPI_ISL_415610*| A193V EPI_ISL_425643 | R279C Domain Il N\
EPI_ISL_425132 | Y101C EPI_ISL_421515*| T198I EPI_ISL_422184*| S301L \
EPI_ISL_419984* R105H EPI_ISL_423007 | T1901I

DA48E variant (from sample EPI ISL 425242)
lead to a novel “TSEEMLN"" motif at the
substrate binding flap, which may have an
impact on substrate binding affinity or
even specificity.

pro

Figure 1: Mapping of the positions showing unique mutations from the reference M
sequence. For clarity, domains (I-III) are coloured (red, blue and orange respectively) only
for one of the monomers, while the other is represented as a grey surface. The domain linker
region is in green and the N-finger is in cyan. The size of the labels denotes the number of
unique mutations recorded at that position.



Estimation of the protein backbone flexibility from MD using C,, ;. RMSD

Some examples to highly divergent ones: A7V A266V A70T M171 A116V
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Figure 3: (A) Violin plots of C, RMSD values for the reference (in grey) and the mutant (coloured in blue) MP™, showing the
25th, 50th and 75th percentiles in dotted lines inside the kernel density plots. Distributions are scaled by area, and have been
sorted by the KDE D; distance (shown above each distribution) computed between the each sample and the reference protease.

e A7V occurs on the N-finger, which is a critical region for MP™ dimer stability.

« M17I occurs on an internal loop that connects a strand to a helix in domain |I.

e A70T occurs on solvent-exposed loop in the same domain.

e A116V occurs in a buried strand within domain II.



N-finger can adopt a range of equilibrium conformations, with

some showing protomer symmetries and others not l
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Figure 5: Kernel density distributions of RMSD values for the N-finger region across the mutant and reference protease
complexes. The violin plots are split in two for each protein sample, showing the RMSD values for chains A (in blue) and B (in
red). The tips of the distributions mark the minimum and maximum values for both chains combined in each complex. Samples
have been sorted by increasing median distance between the chains, also shown (in A) at the top of each sample distribution.



Interprotomer distances are estimated using COM distance

€9.T2v 1Sl 1d3
90STZ¥ 1Sl Id3
0T9GT¥ 1Sl Id3
0ZL9T¥ 1Sl Id3
988GZv 1Sl Id3
08€TZY 1Sl Id3
ZLLETY 1SI 1d3
¥866Tv 1Sl Id3
69281 1SI 1d3
18T0Z¥ 1Sl Id3
£609Zv S| 1d3
01902Z¥ 1Sl 1d3
€¥9GZv 1Sl 1d3
Z810Z¥ 1SI 1d3
S00TZY 1Sl Id3
¥82SZy 1SI 1d3
ZveSTy 1S 1d3
€¥9STY 1Sl Id3
§59GZv 1Sl 1d3
6TEGZY 1Sl Id3
098zzv_1SI Id3
28081 1Sl Id3
€0GGTY 1Sl I1d3
6162Zv 1Sl Id3
STSTZY 1Sl 1d3
€TvLIv 1Sl I1d3
¥81ZZv 1Sl Id3
6€8GZY 1Sl Id3
L00EZY TSI 1d3
SL08TY 1Sl Id3
90€0Z¥_1SI Id3
0LvvZy 1SI 1d3
0TS0ZP _1SI 1d3
SzLELy TSI 1d3
ZTIETZY 1SI 1d3
6.S0Zv 1SI Id3
Zv9ETy 1S 1d3
2Zy0zy 1S 1d3
Zvzsey 1S 1d3
65002 1Sl Id3
0TL6T¥ 1Sl Id3
9G/6Tv 1Sl Id3
SE€TSZY 1Sl 1d3
867Gy 1Sl Id3
ZETSTY 1SI 1d3
9GZ6TY 1SI 1d3
TZOETY 1Sl Id3
88zezy 1Sl Id3
1#20Zv 1S 1d3
8209z 1SI 1d3

00°0 aseajoud ulew
N © N O 1N © 1IN O 1N o
0 0 NN O © In I & <
N N N N N NN N NN

wiu) aduelsip NOD Jawojoidiaiul

Samples
Distributions of interprotomer COM distances across samples, arranged in as-

cending order of the KDE d;.

The reference protease is in grey while the mutants are

coloured from yellow to red, in increasing order of distance from the reference KDE.

Figure 8



G680 —~mmm——_ | G00TZP_1SI Id3
Ll ————— Tv20Zv_1SI_Id3
. Il oc/6Tv151 143

Ve ~— 6£85Z_1SI_Id3
619 |~ Z€TSey 1Sl 143
[6'S —~—— 96261y _1SI_1d3
95— T 098ZZv_1SI_1d3
67'S L00€2¥_1SI_Id3
96— —— €IvLTIv_1SI_Id3
8Ly —  —m— 18T0Z¥_1SI_Id3
1Y | — TZ0€TY_1SI_Id3
LY e ——— 69281 1SI_Id3
BE Y~ 9885Z¥_1SI_Id3
Y | —~m— 0TL6T¥_1SI_Id3
VT —~——— GISTZY 1Sl Id3
07 ————— ZIETZY TSI 1d3
6 e ——— €¥9G2v_1SI_Id3
U i ————— 44374 2 S HEE!
00 i Zv9€edy 1Sl Idd
£ 9 T T ———— ¥82SZ¥ S| 1d3

01S0ZY_1SI_Id3
6TESZY 1Sl Id3
GL08TY 1Sl _Id3
0Lty 1Sl 1d3
887EZ¥ 1SI_Id3
ZZvozy 1Sl Id3
0T9STY 1Sl Id3
G596z 1Sl Id3
Zvzsey 1Sl 1d3
86vGZY_1SI_Id3
¥8TZzy 1Sl Id3
0T190Z¥_1SI_Id3
€¥9STY 1SI_Id3
£609Z¥_1SI_Id3
2808TY_1SI_Id3
0ZL9TY 1Sl Id3
65002t _1SI_Id3
90STZY 1Sl Id3
GeZSZy_1SI 1d3
08€TZY_1SI_Id3
€0SSTY 1Sl Id3
ZLLE2Y 1Sl Id3
SzLEZY S| Id3

€0 | ———i——— 8661 _1SI_Id3
600 —————r 6.S0¢Z¥_11SI_Id3
vTo e —— 8¢09¢v 1Sl Id3

€9/T2v_1SI_Id3
61622y _1SI_Id3
90£02_1SI_Id3

Z8T10¢v 1SI Id3
aseajoud ulew

Inter-domain angles in each protomer of Mpro are calculated

g Mmoo Mg ms 9
—~ 00 1N M O I~ 1IN N O I~
O NN~ O O O N Wn
~ = - - A A A A A -
(so24bap) 9|buy

The violin plots are split in two for each

protein, showing the inter-domain angles for chains A (in blue) and B (in red). The tips of
the distributions mark the minimum and maximum values for both chains combined in each

protein complex.

Samples

stributions of inter-domain angles (domains I-1I-11I) across

.

Kernel density di

the mutant and reference protease complexes.

Figure 10



STEP 2:
Identification of potential allosteric
site and effects of mutations on
allosteric and active site



Dual allosteric pockets coinciding with various stabilizing and functional
components of the substrate binding pocket is identified
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Figure 12: Pocket detectlon using combined predictions from FTMap and PyVOL. FTMap
probes are shown as stick figure representations, while those from PyVOL are shown as
surfaces. The protomers are depicted as cartoon representations, in grey and light orange.



An asymmetry in compaction between substrate binding pockets coming from
each protomer in each sample is observed

L8°0
890
89°0
090
€S0
LY'0
0
6€£°0
9€0
9€0
9€'0
Y€
€€0
€E€°0
€€0
0€0
8¢°0
920
920
SC0
S0
€20
€C0
2zo
(44l
120
020
02’0
0’0
0’0
8T0
LTO
STO
STO
€T0
¢L:o
IT0
IT0
IT0
0T0
0T0
600
700
700
700
€00
€00
200
200
100
000

0.94
0.75

00d JnAkjeie)

4+

Zv9ogcy 11SI I1d3
9G/61v_1SI_Id3
0T90¢¥ 1Sl _Id3
86¥S¢Zv S| _Id3
S/L081% 1Sl Id3
786611 _1SI_Id3
CIETCY 1S 143
aseajoud ulew
0Lv¥Z¥ 1Sl _Id3
61ESZY 1Sl _Id3
ZZv0ocy 1Sl _Id3
616¢Z¥_1SI_Id3
6.S0¢v 1Sl _Id3
¥812¢¥_1SI_Id3
T8TO0Z¥_ 1Sl _Id3
Z810¢¥ _1SI _Id3
T¥20cy_ 1Sl _Id3
L609¢% TSI _1d3
90€£0Z¥_1SI_Id3
9884G¢¥ 1Sl Id3
€Y9STY 1Sl _Id3
098¢Z¥ 1Sl _Id3
ZveSey 1SI 143
6S00Z%_1SI_Id3
ZLLETY TSI 143
ZETSZY 1Sl |43
Z8081v 1Sl _Id3
TZOETY Sl _Id3
€9/.T¢¥ 1Sl 143
€¥9S¢Z¥_1SI_Id3
90S1Z¥ 1Sl _Id3
88¢ely 1Sl _Id3
€0SSTY 1Sl Id3
ETvLIV_SI_Id3
S00TZv_ 1Sl _Id3
0TS0Z¥_1SI_Id3
02/91¥_ 1Sl _Id3
0TL6T¥ 1Sl _Id3
0T9ST¥_1SI_Id3
GE€ZSeYy 1Sl 1d3
08ETZY_1SI_Id3
8¢09¢v¥ 1Sl Id3
9GZ61¥_1SI_Id3
GTISTZY 1Sl Id3
L00ECY_1SI_Id3
69¢81¢ 1Sl _Id3
GG94G¢ZY 1Sl Id3
Zvzsey 1Sl 1d3
6£8SZ¥ 1Sl _Id3
G¢LEZY Sl Id3
¥87S¢y 1Sl I1d3

Quartiles for each

Samples

Kernel density distributions of R, values for the substrate binding site from
The maxima and minima are across protomers.

each protomer of MP™, arranged in ascending order of difference in median from each chain.
The differences, shown at the top are in nanometres. Chain A values are in red while chain

binding site are shown as dotted lines.

B values are in blue.

Figure 13



ity and vice-versa

ing cav

The interprotomer (allosteric) pockets may play an important role
ffecting the degree of compaction of the bind
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Samples
Kernel density distributions of R, values across samples for the mirrored interfa-

cial (and potentially allosteric) pockets. The differences, shown at the top are in nanometres.

Figure 15



STEP 3:
Identification of potential allosteric
modulators



SANCDB compounds have relatively different behavior in the MP™ protein of SARS-CoV-2 and of HCoV-0C43
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Potential allosteric modulators in the presence of mutations




Six allosteric modulators were stable only on the 3 mutant systems

Isolate Position 302 (303 |467 |468 (469 |630 |Consensus

EPI_ISL 413021 G71S X X X X 4
EPI ISL 415503 V1571 X X 2
EPI_ISL 415610 A193V X X X X X 5
EPI_ISL 415643 L89F X X X 3
EPI_ISL 416720 Y237H X X X 3
EPI_ISL 417413 C160S X X 2
EPI ISL 418075 A255V X X 2
EPI_ISL 418082 Al73V X X X X X X 6
EPI_ISL 418269 R60C X X X 2
EPI ISL 419256 L220F X X X 3
EPI_ISL 419710 A191V, L220F X X X X 4
EPI ISL 419756 P99L X X X 3
EPI_ISL 419984 R105H X X X X 4
EPI_ISL 420059 K90R X X X 3
EPI ISL 420181 G15S X X X X 4
EPI_ISL 420182 1136V X |[x |x 3
EPI_ISL 420241 P184L X X 2
EPI_ISL 420306 K61R X X X 3
EPI_ISL 420422 G15D X X |x |x 4
EPI _ISL 420510 N151D X X 2
EPI_ISL_420579 P132L X X X 3
EPI_ISL 420610 N274D X X X X X X 6
EPI _ISL 421005 P108S X X X 3
EPI_ISL 421312 T451 X X X X 4
EPI_ISL 421380 A266V X X X X X 5

Isolate Position 302 |303 |467 |468 |469 (630 [Consensus
EPI_ISL 421506 L232F X X X X 4
EPI _ISL 421515 T198I X X X 3
EPI_ISL 421763 A70T X |Ix x|x 4
EPI_ISL 422184 S301L X X X 3
EPI_ISL 422860 Al129V X X X 3
EPI_ISL 422919 1259T X X X 3
EPI _ISL 423007 T1901 X X X X 4
EPI_ISL 423288 P184S X X X X 4
EPI_ISL 423642 T201A X X X X 4
EPI_ISL 423725 A260V X X X X X 5
EPI_ISL 423772 M171 X X X X 4
EPI _ISL 424470 T196M X X X X 4
EPI_ISL 425132 Y101C X X X X 4
EPI_ISL 425235 A234V X X X 3
EPI _ISL 425242 G15S, D48E X X X X X 5
EPI_ISL 425284 AlleV X X X X 4
EPI_ISL 425319 ATV X X X 3
EPI_ISL 425342 V20L X X X X 4
EPI_ISL 425498 V261A X |x |x 3
EPI ISL 425643 R279C X X X X X X 6
EPI_ISL 425655 T1351 X X X X 4
EPI_ISL 425839 M49l1 X X X X X 5
EPI _ISL 425886 D248E X X X X 4
EPI_ISL 426028 V157L X X x| 4
EPI_ISL 426097 K236R X X X X X 5
20 22 29 43 41 30
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SANCO00468

12 Name

SMILES

Entry name: 4-Hydroxy-3-methoxybenzoic
Structure acid

Properties
& Formula: CoHg04 o CHs SMILES:
Source Organism |
. o COclcc(C(=0)0)ccclo
S Clecaton Molecular mass: 168.15 HO
o Use Search PubChem SMILES
& Author ChEMBL 1D: CHEMBL120568 OH
Scaffold SMILES:
1 Reference
& Advanced ChemSpider ID: 8155 clcccccl
ZINC ID: ZINC00338275 Downloads &
PubChem ID: CID: 8468 View analogs

References

= Koorbanally et al. (2004) Bufadienolides frem Drimia robusta and Urginea epigea (Hyacinthaceae)

CAS No. 121-34-6

« Koorbanally et al. (2005) A novel homoisoflavonoid from Drimia delageensis (Urgineoideae: Hyacinthaceas)

Classifications

= Aromafic acid

= Benzene and substituted derivatives (Classyfire)

Other Names

= 4-Hydroy-3-Methoxybenzoic Acid

» Benzoic Acid, 4-Hydrosy-3-Methoxy-
= Vanillic Acid

= 2-Methoxy-4-Carboxyphenol

= 3-Methouy-4-Hydroxybenzoic Acid

»  MNsc 3987

« NscB74322

= Ma

= M-Methoxy-P-Hydroxy-Benzoic Acid

Source Organisms

= Drimia robusta
» Drimia delagoensis

Compound Uses
None Recorded




STEP 4:

Hub (centrality) residues and
allosteric communication paths (if
any) and changes in the presence of
mutations






Analysis of missense mutations: Proposed protocol
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FIGURE 3.3

The node at the center of the cluster in the upper right would have a high degree
centrality, even though it is far from the dense center of the network.

betweenness centrality (BC),
closeness centrality (CC),
degree centrality (DC),
eigencentrality (EC),

katz centrality (KC)

The averaged BC metric is defined as how often a
residue is traversed along the shortest paths
connecting every other residue pairs.

Averaged CC of a residue is calculated as the
reciprocal of the average number of the shortest
paths linking a residue n and all other residues in the
network

DC defines the number of neighboring nodes (the
local connectivity) around a given node.

EC measures the high centrality given to high
degree residue, or to a residue that is connected to
other high degree residues.

KC measures the relative degree of influence of a
residue i within connected residues in a network.




The term “centrality” is used as a measure of how

central a residue is in the protein network, and several
centrality metrics derived from the social sciences
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MID-TASK: a software suite for analyzing
molecular dynamics trajectories
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ARTICLE INFO ABSTRACT
Afﬁfff‘ history: ) The web server, MDM-TASK-web, combines the MD-TASK and MODE-TASK software suites, which are
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non-conventional approaches, such as dynamic residue network analysis, perturbation-response scan-
ning, dynamic cross-correlation, essential dynamics and normal mode analysis. Altogether, these tools
allow for the exploration of protein dynamics at various levels of detail, spanning single residue pertur-
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Heat map for the potential hubs according to averaged EC metric for the reference and 50 mutant proteins
in allosterically bound state to SANC00302 and SANC00468.
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The communication path traced by averaged EC hubs,
starting from the allosteric ligand towards the catalytic residue

(A) MPr-SANCO00302 reference protein — ligand complex. Allosteric modulator is in green.

(B) (B) Mutant MPr (G71S)-SANC00302 complex. Mutant (in purple) indicated by arrow.

(C) C) MPro- SANCO00468 reference protein — ligand complex. Allosteric modulator is in purple.
(D) (D) Mutant MPr (A173V)-SANC00468 complex.



Conclusion

Collectively, our approaches offer routes for novel
rational drug discovery methods and provide
computationally feasible platforms
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