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Efficiency of CAT and L-SIGN as alternative or co-receptors for SARS-CoV-2
Spike Protein

12.1. Abstract:

The COVID-19 disease, which is caused by SARS-CoV-2, has been spreading rapidly over the world
since December 2019 and has become a serious threat to human health. According to reports, SARS-
CoV-2 infection has an impact on several human tissues, including the kidney, gastrointestinal system,
and lung. The Spike (S) protein from SARS-CoV-2 has been found to primarily bind ACE2. Since the
lungs are the organ that COVID-19 is most likely to infect, the comparatively low expression of this
recognized receptor suggests that there may be alternative co-receptors or alternative SARS-CoV-2
receptors that cooperate with ACE2. Recently, many candidate receptors of SARS-CoV-2 other than
ACE2 were reported to be specifically and highly expressed in SARS-CoV-2 affected tissues. Among
these receptors, the binding affinity of CAT and L-SIGN to the S protein has been reported to be higher
in one of the recent studies. So, it will be significant to understand the binding interactions between
these potential receptors and the RBD region of the S protein. In this study, we compared the interaction
profile of the RBD of the S protein of SARS-CoV-2 with CAT and L-SIGN receptors. From the MD
simulation study, the S protein employs special techniques to have stable interactions with the CAT and
L-SIGN receptors (AGoind = -39.49 kcal/mol and -35.11 kcal/mol, respectively). SARS-CoV-2 may
result in greater virulence as a result of the S protein-CAT complex's stability and the greater affinity of

spike protein for the CAT receptor.

12.2. Introduction:

The coronavirus disease that has been a threat to human health and society was caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. According to the phylogenetic analysis
of the whole viral genome consisting of 29,903 nucleotides, the virus was found to be most closely
related to a group of SARS-like coronaviruses that had previously been detected in bats in China with
89.1% nucleotide similarity [2]. More than 6,873,799 fatalities had been documented globally as of May
2023, and the figure continues to rise. Fever, cough and myalgia or fatigue were found to be the common
symptoms of COVID-19 illness and sputum production, headache, hemoptysis, and diarrhea were found
to be lesser common symptoms. Complications included acute respiratory distress syndrome,
RNAaemia, acute cardiac injury and secondary infection [3]. Infectivity based natural selection was
discovered as the mechanism for SARS-CoV-2 evolution and transmission. Studies suggest that the

RBD co-mutations will have high chances to grow into dominating variants which may be the main
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cause for the transition of CoV [4-7]. In order to develop possible antiviral drugs against this virus, it is
imperative that the path ways of SARS-CoV-2 entry into the host be thoroughly studied [8]. The entry
of the SARS-CoV-2 into the host cell is said to be dependent on the spike (S) protein and binding to the
major functional receptor ACE2 [9]. A receptor-binding domain (RBD) is a key part of a virus located
on the spike domain that allows it to dock to body receptors to gain entry into cells and lead to infection.
RBD is a short immunogenic fragment from a virus and why studies focus mainly on the RBD instead
of the whole spike is that it binds to a specific receptor sequence which is required to interact with the
endogenous receptors to facilitate membrane fusion and delivery to the cytoplasm. Moreover, RBD is
also treated as the primary target in the prevention and treatment of viral infections, including severe
acute respiratory syndrome corona virus 2 (SARS-CoV-2), the virus that causes COVID-19. Another
reason why RBD is considered a core for study is because of its confirmation. The SARS-CoV-2 RBD
has a twisted 5-stranded antiparallel beta-sheet with short connecting helices and loops. In the core,
between the f4-7 strands, there is an additional extended insertion containing short B5 6 strands. This
extension is where the receptor-binding motif (RBM) is, which contains the contacting residues that
enable it to bind to ACE2. The binding of the RBD on the spike domain is a critical step that allows
coronaviruses to bind to target body receptors (such as ACE2 on respiratory epithelial cells) and enter
cells to cause infection. The RBD is therefore an important target for neutralizing antibodies [10-15].
Studies mainly involved the Receptor binding domain (RBD) of spike protein, the accessibility of RBD
to ACE2, its key residues for stronger binding to ACE2 which is the origin of the stronger binding, and
its potential sites for drug and antibody design were explored [16-18]. However, there are limitations in
considering exclusively the RBD region as the mutations are found to appear in the other regions of the
spike protein which either strengthen the interaction between the spike and ACE2 receptor or weaken
the interactions. So, considering only the RBD region may limit the study of the effect of the other
mutations occurring outside the RBD region. Moreover, the receptors and co receptors are found to bind
to a few residues present outside the receptor binding domain. So, considering the RBD only may not
give us accurate results in some cases [19, 20]. According to the previous studies, it has been determined
that the ACE2 receptor, which works as a primary receptor for virus entry is primarily expressed in
lungs, liver cholangiocyte, colon colonocytes, esophagus keratinocytes, ileum ECs, rectum ECs,
stomach epithelial cells, and kidney proximal tubules [21]. Moreover, it was also found the ex pression
of the primary receptor of SARS-CoV-2 that is ACE2 was found to be relatively low in those organs,
which may suggest that other alternative receptors like CAT and L SIGN are involved in facilitating the
entry of SARS-CoV-2 inside the host cell [22, 23]. CAT is a catalase that is mainly expressed by the

protein class: Cancer-related genes, Disease-related genes, Enzymes, FDA-approved drug targets,
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Human disease-related genes, Metabolic proteins, and Plas ma proteins. Most importantly, CAT is a key
antioxidant enzyme, that is specifically expressed in the lungs, kidney, and intestine which are the most
affected tissues during COVID-19. According to the Human Protein Atlas, overexpression of CAT has
been reported to reduce renal oxidative stress, prevent hypertension and show a correlation with ACE2
expression. Intriguingly, ACE2 deficiency can increase NADPH-mediated oxidative stress in the
kidney, suggesting a possible link with CAT. Furthermore, a study by Dongjie Guo and his group
suggested that protein-protein interaction simulations revealed that CAT could bind to S protein with a
higher binding affinity than ACE2 [24]. Also, there is strong evidence that the S protein binding protein
associated with SARS-CoV-2 and CAT interact. In addition, their results of intracellular localization
demonstrated the presence of CAT protein and ACE2 in both the extracellular area and cell membrane.
Therefore, they have concluded that the binding efficiency of ACE2 is significantly influenced by CAT,
which in turn affects COVID 19 susceptibility [25]. Moreover, studies also suggested that L-SIGN could
also bind to SARS-CoV-2 S protein and act as an alternative or co-receptor of spike.
Immunofluorescence staining of human tissues revealed prominent expression of CD209L(L-SIGN) in
the lung and kidney epithelium and endothelium, the most infected organ during COVID-19. Multiple
biochemical as says using a purified recombinant SARS-CoV-2 spike receptor binding domain (S-RBD)
or S1 encompassing both NTB and RBD and ectopically expressed L-SIGN, revealed that CD209L
interact with S-RBD. L-SIGN contains two N glycosylation sequons, at sites N92 and N361, but only
site N92 is occupied. Removal of the N-glycosylation at this site enhances the binding of S-RBD with
L-SIGN. L-SIGN also interacts with ACE2, suggesting a role for heterodimerization of L-SIGN and
ACE2 in SARS-CoV-2 entry and infection in cell types where both are present. Studies suggest that L-
SIGN serves as alternative receptors for SARS-CoV-2 in disease-relevant cell types, including the
vascular system. This property is particularly important in tissues where ACE2 has low expression or is
absent and may have implications for antiviral drug development. Moreover, the loss of L-SIGN in mice
significantly reduced SARS-CoV infection, further emphasizing the critical role of L-SIGN in SARS-
CoV infection. Furthermore, L-SIGN both appear to have higher affinities with SARS-CoV-2 S protein
even than ACE2, suggesting that these two proteins may function as the alternative receptors
independent of ACE2 [26, 27]. Recent studies suggest that a number of ACE2 interacting proteins that
were specifically produced in infected tissues and exhibited high affinity for the S protein may function
as ACE2 co-receptors to effectively bind to the S protein and promote efficient entry of SARS-CoV-2
into the host cells. On the other hand, future studies focus on other new receptors in addition to the
ACE2 co-receptor. Many human cellular glycoprotein that can serve as an alternative receptor for

SARS-CoV-2 apart from ACE2 has been report ed in recent studies [24]. Sequencing of the human lung
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cDNA inserts showed that each of the cloned cell lines contained cDNA that encoded human, L-SIGN
(also called CD209L). The findings of that study indicate that ACE2 and L-SIGN may be involved in
virus infection and pathogenesis by the large S glycoprotein of SARS-CoV-2 [28, 29]. In recent studies,
many candidate receptors for SARS CoV-2 have been identified which were particularly and abundantly
expressed in tissues that have been exposed to the virus. Dongjie Guo and his group in their recent study
reported five potential receptors, namely CAT, L-SIGN, DC-SIGN, MME and AGTR2. These receptors
not only showed distinct expression levels in the lungs and other organs infected with COVID-19 but
also had higher binding affinities with S protein than ACE2 [24]. These findings led them to hypothesize
that such receptors would serve as co- or alternate receptors for SARS-CoV-2, and they anticipated that
the binding hot spots at the receptor-S protein binding inter faces could serve as COVID-19 therapeutic
targets. In this study, we compared the interaction profile of the Receptor Binding Domain of spike
protein (RBD of S protein) with the CAT and L-SIGN receptors. We observed through the MD
simulation analysis that the S protein employs specific methods to have a stable interaction with the
CAT and L-SIGN receptors. The binding affinity of the S protein bound to the CAT receptor complex
was found to be indeed high (AGying = -39.49 kcal/mol) in comparison with the S protein bound to L-
SIGN receptor complex (AGupina = -37.20 kcal/mol).

12.3. Materials and Method:
12.3.1. Online resources

The 3D structure of the RBD of the S protein was retrieved from the RBD of the S protein-ACE2
complex structure (PDB Id: 6lzg) available in the RCSB-PDB [30] using the CHIMERA package [31].
The glycosylation is not considered in the modelling of the structure of spike protein. The 3-D structure
of the CAT receptor was not available in the RCSB. So, to predict the 3-D structure of CAT, the amino

acid sequence was obtained from Ensemble (https://asia.ensembl.org/index.html).

12.3.2. Protein structures prediction

The 3-D structure of the L-SIGN receptor was down loaded from the RCSB-PDB with PDB Id 1XPH
and that for the CAT receptor was predicted by submitting its amino acid sequence in the online server
I-TASSER [32]. For the CAT receptor, five models were derived using I-TASSER, and the model with

the highest C-score was selected as the best one and used as the basis for the subsequent study.

12.3.3. Preparation of SARS-CoV-2 RBD of S Protein-Receptor complexes
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The two complexes (S protein-L-SIGN and S protein CAT) were prepared using the HADDOCK online
docking server [33] and the 3D structures of both complexes are shown in Figure 12.1.

(B)

(A) CAT RECEPTOR

Figure 12.1. The 3-D structure of (A) SARS-CoV-2 spike receptor-binding domain bound with L-
SIGN (S protein-L-SIGN) and (B) SARS-CoV-2 spike receptor-binding domain bound with CAT (S
protein-CAT).

12.3.4. Molecular Dynamics Simulations
Energy minimization was carried out for the two complex systems (SARS-CoV-2 S-L-SIGN complex

and SARS-CoV 2 S-CAT complex) in two steps, first is the steepest descents method, followed by
conjugate gradient minimization. Then, we performed the MD simulation using the AMBER ff14SB
force field and AMBER software package [34-36] for the two complex systems. Appropriate numbers
of counter ions were added to the two complex systems to ensure their overall neutrality. With the TIP3P
water model [37, 38], the two complex systems were solvated using an explicit solvent and a solvent
buffer of 10 in all directions. In the first step of minimization, the S receptor-binding domain and the
two receptors (CAT and L-SIGN), the energy was minimized for all the water molecules and counterions
for 10000 steps of steepest descents (SD) followed by 10000 steps of the con jugate gradient (CG). The
second step in minimization was carried out in order to eliminate the conflicting contacts and was
performed on the entire complex system. This process was continued for 8000 steps for CG
minimization and 12000 steps for SD minimization. After that, both complex systems were heated
gradually under constant volume (NVT) conditions from 0 to 300 K, applying harmonic restraints to the
solute atoms with a force constant of 10 kcal/mol/2, and performing three rounds of 3000 ps equilibration
with a force constant of 5.0 kcal/mol/2. The NPT ensemble was then used to run 100 ns MD simulations
without any constraints. We limited the direct space sum to treat the long-range electrostatic interactions
using the Particle Mesh Ewald [39, 40] approach with a non-bonded cutoff of 12.0. All the bonds present
in the system were constrained using the SHAKE algorithm [41]. Throughout the simulation, the

Berendsen weak coupling algorithm [42] maintained a constant temperature and pressure (0.5 ps of heat
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bath and 0.2 ps of pressure relaxation). The MD simulation time step was set at 2 fs, and the MD file

was sampled every 10 ps.

12.3.5.  Analysis of MD simulation trajectories

From the corresponding 100 ns MD trajectory files, the conformational dynamics and other important
structural characteristics of both complexes (S protein-CAT and S pro tein-L-SIGN) were analysed. The
following analysis: RMSD, RMSF and inter molecular hydrogen bond analysis were carried out using
cpptraj module [43] of the AMBER software package and xmgrace plotting tool was used for generating
the plots. From the highly populated clusters, the RMSD clustering algorithm was used to extract the
lowest energy conformer of each complex (S protein-L-SIGN and S protein-CAT), which was then
uploaded to the PDBsum server for analysis for residue-specific interactions, which are thought to be
essential for understanding the nature of interactions. Schematic representations of the non-bonded
interactions between amino acid residues at the interface of molecules in a multimer complex are
gathered from the da tabase PDBsum server [44]. Snapshots of the SARS-CoV-2 L-SIGN-S Protein
complex and SARS-CoV-2 CAT-S Protein structures at a discrete distance of separation (in A) be tween
their centre of mass are shown in Figure 12.2 and 12.3. A similar protocol was employed in our earlier

studies on SARS-CoV-2 variants [45-47].

Figure 12.2. Conformational Snapshots of SARS-CoV-2 L-SIGN-Spike Protein structures at discrete
interval of simulation time
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Figure 12.3. Conformational Snapshots of SARS-CoV-2 CAT-Spike Protein structures at
discrete interval of simulation time.

12.3.6. Binding Free energy calculations.

HawkDock, a web server to predict the BFE and analyze the protein-protein complex based on
computational docking and Generalized Born surface area continuum solvation (MM/GBSA) methods,
was used to calculate the binding free energies of the (S protein-L-SIGN) and (S protein-CAT)
complexes [48-50]. The overall binding free energies for the (S protein-L-SIGN) and (S protein-CAT)
complexes were determined along with the other derived components (VDW, ELE, GB and SA)

contributing to the overall BFE of the two complexes.

12.4.Results and Discussion:
12.4.1. MD Simulation analysis

To study the dynamic properties of the two complexes (SARS-CoV-2 Spike RBD bound with L-SIGN
and CAT), we carried out 100 ns of MD simulation.
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12.4.1.1.RMSD Analysis.

100 ns of MD simulation studies were carried out for both the complexes (S protein-L-SIGN) and (S protein-
CAT) in order to get the dynamic properties of the two complexes. The RMSD (root mean square deviation)
values of the back bone atoms of the complexes were obtained based on the average deviations in the
atomic locations and the stability throughout the trajectory of 100 ns of the MD simulations is analyzed
as depicted in Figure 12.4. The RMSD of L-SIGN as well as the CAT complex appeared to be stable
after 10 ns, revealing that good convergence was achieved for each system. The average of RMSD is
found to be approximately 2.09 A (£ 0.13) for the S protein-L-SIGN complex structure and 1.83 A (+
0.16) for the S protein-CAT complex structure, inferring greater stability of the S protein-CAT complex
as compared to the S protein-L-SIGN complex. Moreover, we also found the average of RMSD for the
S protein-ACE2 complex structure to be 1.84 A (+ 0.12) according to our previous study [51]. Further,
it was noticed that the stability of the S protein increases when bound to the receptors (CAT, L-SIGN
and ACE2).
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Figure 12.4. The RMSD of the backbone Ca atoms for (4) S protein-L-SIGN complex and (B) S
protein-CAT complex

12.4.1.2.RMSF Analysis

We have analysed the root mean square fluctuations of backbone Ca atoms in the S protein-L-SIGN

complex (Figure 12.5) and S protein-CAT complex (Figure 12.6). We observed a significant difference

in the flexibility of both complexes. When compared with the RMSF of the S protein-ACE2 complex
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from our previous study [51], it was observed that the fluctuation in the S protein decreases when it is
bound to the CAT and L-SIGN receptors. The S protein-L-SIGN and S protein-CAT complexes are
therefore likely to be more stable than the S protein-ACE2 complex.
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Figure 12.5. The RMSF for the backbone Ca atoms (A) S protein (B) L-SIGN in S
protein-L-SIGN complex.
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12.4.1.3.Hydrogen bond Analysis

The hydrogen bonds play an important role in conferring stability to the protein complexes. So, here
we calculated and plotted the number of intermolecular hydrogen bonds present in the (S protein-L-
SIGN) and (S protein-CAT) complexes as depicted in Figure 12.7. The number of inter-molecular hy
drogen bonds was found to be slightly higher in the S pro tein-CAT complex than in the S protein-L-
SIGN complex hence inferring greater stability to the complex. Also, the number of inter-molecular
hydrogen bonds for both com plexes was found to be relatively higher than the S protein ACE2
complex [51].

30 L) I Al l Ll l Ll l Ll

i (A) —— SARS-CoV-2 S protein (acceptor)-LSIGN receptor (donor) | |
25+ —— SARS-CoV-2 S protein (donor)-LSIGN receptor (acceptor) | _|
20 -
15
10

S |
[

|
N Cm ot d abi
20000 40000 60000 80000
3() Ll l Ll ' Ll l Ls l L}
(B) — SARS-CoV-2 S protein (acceptor)-CAT receptor (donor) 7
25 —— SARS-CoV-2 S protein (donor)-CAT receptor (acceptor) | _|

No. of intermolecular H-bonds

0 30000 40000 60000 80000 100000

Time (ps)
Figure 12.7. The number of intermolecular hydrogen bonds between S protein and receptors
in (A) S protein-L-SIGN complex (B) S protein-CAT complex obtained from 100ns of MD
simulation
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In Table 12.1-12.4, we have listed out the intermolecular hydrogen bonds noticed between the S protein
(acceptor/donor) and receptors (CAT, L-SIGN) (donor/acceptor) during the last 20 ns of MD simulation
for both the complexes.

Table 12.1. Hydrogen bond analysis of S protein-L-SIGN complex during the last 20 ns of MD

simulation with S protein as acceptor and L-SIGN as donor.

Average Average

#Acceptor DonorH Donor Frac Distance (&) Angles (%)

ASN 108@O ALA 334@H ALA 334@N 0.2848 2.8614 154.9717
GLU 8@OE1 ARG 308@HH21 | ARG 308@NH2 0.1338 2.8085 152.6348
GLU 8@OE1 ARG 308@HE ARG 308@NE 0.1322 2.8337 156.2533
GLU 8@OE2 ARG 308@HH21 | ARG 308@NH2 0.1237 2.8006 153.867
ASN 22@O0ODl1 GLN 469@HE21 GLN 469@NE2 0.1182 2.8541 160.1179
ASN 2@ODI1 LYS 388@HZ2 LYS 388@NZ 0.095 2.814 155.247
ASN 28@OD1 LYS 388@HZ3 LYS 388@NZ 0.092 2.8148 155.7004
ASN 28@OD1 LYS 388@HZ2 LYS 388@NZ 0.0853 2.8167 155.4032
GLU 8@OE2 ARG 308@HE ARG 308@NE 0.0836 2.8348 155.9654
ASN 2@OD1 LYS 388@HZ1 LYS 388@NZ 0.0815 2.8058 155.5292
ARG 23@O ARG 467@HE ARG 467@NE 0.08 2.8295 151.1265
ASN 22@O0ODl1 ARG 467@HH21 | ARG 467@NH2 0.0784 2.842 153.0776
ASN 22@OD1 ARG 467@HE ARG 467@NE 0.0774 2.8655 154.9174
ASN 2@ODI1 LYS 388@HZ3 LYS 388@NZ 0.0733 2.8128 156.2279
SER 41@0G LYS 319@HZ1 LYS 319@NZ 0.071 2.8584 153.968
SER 41@0OG LYS 319@HZ2 LYS 319@NZ 0.0708 2.8574 154.1554
ASN 28@OD1 LYS 388@HZ1 LYS 388@NZ 0.068 2.8222 155.5825
ASN 22@OD1 GLN 469@HE22 | GLN 469@NE2 0.062 2.8552 161.4501
SER 41@0G LYS 319@HZ3 LYS 319@NZ 0.0611 2.8541 153.5588
ARG 25@0O GLN 469@HE21 GLN 469@NE2 0.045 2.8768 161.9907
ARG 25@0 ARG 467@HHI11 | ARG 467@NH1 0.0406 2.828 153.0566
SER 27@O LYS 390@HZ1 LYS 390@NZ 0.0358 2.8134 153.267
PRO 195@OXT | THR 376@HG1 THR 376@O0G1 0.0352 2.7029 163.2477
SER 27@O LYS 390@HZ3 LYS 390@NZ 0.0266 2.8213 153.8259
SER 27@O LYS 390@HZ2 LYS 390@NZ 0.0256 2.8167 153.2492
ASN 28@O LYS 388@HZ3 LYS 388@NZ 0.0256 2.8272 152.0951
ALA 20@O GLN 469@HE21 GLN 469@NE2 0.0245 2.8729 161.9902
GLU 139@OE2 | LYS 474@HZ1 LYS 474@NZ 0.0243 2.8081 159.2613
PRO 195@O THR 376@HG] THR 376@O0G1 0.024 2.7039 165.2798
TRP 21@0O GLN 469@HE21 GLN_469@NE2 0.0237 2.8866 159.1855
GLU 139@OE2 | LYS 474@HZ3 LYS 474@NZ 0.0204 2.8112 159.2395
ASN 28@O LYS 390@HZ2 LYS 390@NZ 0.0204 2.8415 150.4481
ARG 23@0O ARG 467@HH21 | ARG 467@NH2 0.0198 2.8194 145.968
ASN 2@OD1 LYS 390@HZ1 LYS 390@NZ 0.0174 2.8283 151.1424
ASN 28@O LYS 390@HZ3 LYS 390@NZ 0.017 2.8367 150.6502
SER 39@O LYS 319@HZ3 LYS 319@NZ 0.0169 2.82 148.3886
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SER_39@O LYS 319@HZ1 LYS 319@NZ 0.0163 2.8148 149.7552
SER 39@O LYS 319@HZ2 LYS 319@NZ 0.0161 2.82 150.317
ASN 28@O0 LYS 390@HZ1 LYS 390@NZ 0.0159 2.8453 149.6366
ASN 11@OD! | THR 307@HG! | THR 307@OGI 0.0156 2.7416 161.6031
ASN 2@OD1 LYS 390@HZ3 LYS 390@NZ 0.0155 2.8212 151.0807
ALA 40@0 LYS 319@HZ2 LYS 319@NZ 0.015 2.8329 156.3451
SER 27@0G ARG 467@HH21 | ARG 467@NH2 0.0138 2.855 155.5724
GLU 139@OEl | LYS 474@HZ!1 LYS 474@NZ 0.0136 2.8077 156.6223
ASP 32@OD1 | GLN 373@HE22 | GLN 373@NE2 0.0134 2.8296 163.6244
ASN 2@OD1 LYS 390@HZ2 LYS 390@NZ 0.013 2.8267 150.9027
THR 1@0O GLN 392@HE22 | GLN 392@NE2 0.0111 2.8658 157.111
ASN 28@O LYS 388@HZ2 LYS 388@NZ 0.011 2.8348 148.557
ASN 28@O LYS 388@HZ1 LYS 388@NZ 0.0099 2.8463 150.1378
SER 137@HB3 | ILE 473@HA ILE 473@CA 0.009 2.9307 146.2025
ARG 23@0 GLN 469@HE22 | GLN 469@NE2 0.0082 2.8542 158.4547
GLU 139@OE2 | LYS 474@HZ2 LYS 474@NZ 0.0078 2.8046 158.155
ARG 14@HG2 | ASN 552@HA ASN 552@CA 0.0075 2.9432 146.1692
ASN 2@OD1 LYS 390@H LYS 390@N 0.0071 2.8806 156.8198
GLY 7@HA3 ALA 312@HA ALA 312@CA 0.0064 2.9299 141.913
ALA 40@0 LYS 319@HZ3 LYS 319@NZ 0.0062 2.8284 150.4823
SER 41@HG LYS 319@HZ3 LYS 319@NZ 0.006 2.8668 151.1486
ASN 28@HD21 | LYS 388@HG2 | LYS 388@CG 0.0057 2.8731 149.1621
ASN 108@HA | LEU 332@HA LEU 332@CA 0.0057 2.9251 142.4389
ARG 23@O GLN 469@HE21 | GLN 469@NE2 0.0054 2.8469 152.9002
SER 41@HG LYS 319@HZ1 LYS 319@NZ 0.005 2.8814 147.5267

Table 12.2. Hydrogen bond analysis of S protein- L-SIGN complex during the last 20 ns of MD
simulation with S protein as donor and L-SIGN as acceptor.

Average Average

#Acceptor DonorH Donor Frac Distance (A) Angles (°)
ASP 551@OD1 ARG 14@HH21 ARG 14@NH2 0.5133 2.8003 159.8873
THR 330@O ASN 108@HD22 ASN 108@ND2 0.4934 2.8511 161.7927
ASP 551@OD2 ARG 14@HE ARG 14@NE 0.4498 2.841 160.421
ASP 551@0OD2 ARG 14@HH21 ARG 14@NH2 0.3548 2.8061 157.2295
ASP 551@0OD2 ARG 14@H ARG 14@N 0.3527 2.854 159.5868
ASP 551@0OD2 THR 13@H THR 13@N 0.263 2.858 154.3543
GLU 315@OE2 ASN 11@HD22 ASN 11@ND2 0.2415 2.8214 163.6516
ASP 551@ODl1 ARG 14@HE ARG 14@NE 0.2245 2.8462 160.8716
ASP 551@ODl1 ARG 14@H ARG 14@N 0.2143 2.8426 157.9829
ARG 331@O ASN 107@HD22 ASN 107@ND2 0.182 2.8382 160.9025
ASP 551@ODl1 THR 13@H THR 13@N 0.1804 2.8538 156.7026
ALA 468@O ARG 134@HHI11 ARG 134@NHI1 0.1742 2.8175 150.8829
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GLU 387@O ASN 28@HD21 ASN 28@ND2 0.1586 2.854 157.3339
VAL 466@0 ARG 25@HHI1 | ARG 25@NHI 0.1575 2.8117 157.4791
GLU 315@OE2 SER 41@HG SER 41@0G 0.153 2.6699 162.6543
ALA 380@0 ASN 2@HD22 ASN 2@ND2 0.1452 2.8483 162.2086
GLN 469@OE1 ARG 25@H ARG 25@N 0.1312 2.8586 161.8669
GLU 465@OEl SER 27@HG SER 27@O0G 0.1289 2.6691 163.6608
GLN 469@OE1 ARG 23@H ARG 23@N 0.114 2.8736 160.2489
GLU 315@OEl SER 41@HG SER 41@0G 0.1006 2.6836 163.3554
GLU 377@OEl LYS 54@HZ2 LYS 54@NZ 0.0972 2.7854 159.9101
GLU 377@OE2 LYS 54@HZ3 LYS 54@NZ 0.0789 2.7782 159.6595
GLU 377@0 THR 1@HGI THR 1@OG! 0.0744 2.7271 163.33
ALA 381@0 ASN 2@H ASN 2@N 0.0738 2.8679 161.1065
LYS 390@O0 THR 1@H2 THR 1@N 0.0728 2.8182 152.3783
LYS 390@O THR 1@H]1 THR 1@N 0.0687 2.8196 152.2007
GLN 464@0 ARG 25@HHI1 | ARG 25@NHI 0.0596 2.8477 156.673
GLU 377@OEl LYS 54@HZ1 LYS 54@NZ 0.0545 2.7812 158.0505
LYS 390@O THR 1@H3 THR 1@N 0.0539 2.8195 151.2948
GLU 465@OE2 SER 27@HG SER 27@0G 0.0536 2.6935 162.121
GLU 377@OE2 LYS 54@HZ2 LYS 54@NZ 0.0516 2.7939 156.0613
ALA 312@0 ASN 11@HD21 ASN 11@ND2 0.0494 2.8467 158.4731
ASP 549@OD1 LYS 24@HZ3 LYS 24@NZ 0.0491 2.8186 154.7262
GLU 377@OE2 LYS 54@HZ1 LYS 54@NZ 0.0435 2.7819 157.049
ASP 551@OD1 THR 13@HGI THR 13@0G1 0.0422 2.7106 161.0699
ASP 549@O0D2 LYS 24@HZ1 LYS 24@NZ 0.042 2.8214 154.0752
LYS 333@0 ASN 108@HD22 | ASN 108@ND2 0.038 2.8701 154.7872
ASP 549@OD1 LYS 24@HZ1 LYS 24@NZ 0.036 2.8207 155.1742
ASP 549@O0D2 LYS 24@HZ3 LYS 24@NZ 0.0356 2.8274 152.5154
GLU 387@OEI ASN 28@HD21 ASN 28@ND2 0.0353 2.8429 160.2944
ASP 549@O0D2 LYS 24@HZ2 LYS 24@NZ 0.0347 2.8261 154.0473
GLU 387@OE2 ASN 28@HD21 ASN 28@ND2 0.0306 2.841 159.47
GLU 374@OE2 LYS 54@HZ!1 LYS 54@NZ 0.0302 2.79 157.2421
GLU 374@OEl LYS 54@HZ1 LYS 54@NZ 0.0291 2.7835 156.5435
ASP 551@O0D2 THR 13@HGI THR 13@OG1 0.028 2.7184 159.6033
ASP 549@0O LYS 24@HZ1 LYS 24@NZ 0.0263 2.8342 153.112
GLU 374@OE] LYS 54@HZ3 LYS 54@NZ 0.0257 2.7808 157.1073
ASP 549@OD1 LYS 24@HZ2 LYS 24@NZ 0.0254 2.8245 154.3738
GLU 374@OE2 LYS 54@HZ2 LYS 54@NZ 0.022 2.7738 157.7041
GLU 374@OE2 LYS 54@HZ3 LYS 54@NZ 0.0214 2.7835 157.3532
GLU 364@OE]I THR 1@H3 THR 1@N 0.0204 2.8073 155.9293
GLU 364@OE]I THR 1@H]I THR 1@N 0.019 2.813 154.2079
LEU 378@O THR 1@HGI THR 1@O0G1 0.0178 2.773 161.9267
GLU 374@OE]I LYS 54@HZ2 LYS 54@NZ 0.0175 2.7843 156.3019
ASP 549@0 LYS 24@HZ2 LYS 24@NZ 0.0165 2.8339 151.2607
ASP 549@0 LYS 24@HZ3 LYS 24@NZ 0.0163 2.832 151.4358
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GLU 315@OE2 | ASN 11@HD21 ASN_11@ND2 0.0161 2.8017 163.1959
THR 307@O ASN 11@HD21 ASN 11@ND2 0.0158 2.8727 157.9253
GLN 392@OEl THR 1@HI THR 1@N 0.0158 2.827 149.8726
GLN 392@OEl THR 1@H3 THR 1@N 0.0158 2.8226 149.8199
GLN 392@OE! THR 1@H2 THR 1@N 0.0151 2.8312 149.8318
LYS 388@O ASN 2@HD21 ASN 2@ND2 0.0141 2.8537 153.3506
THR 376@0G1 THR 1@HG! THR 1@OG! 0.0132 2.813 159.9506
GLU 377@OEI LYS 54@HZ3 LYS 54@NZ 0.0128 2.7961 155.1329
GLU 364@OE! THR [@H2 THR 1@N 0.0114 2.806 157.014
ARG 308@O ASN 11@HD22 | ASN 11@ND2 0.0113 2.8662 150.3261
ASN 552@HA ARG 14@HG2 ARG 14@CG 0.0106 2.9427 144.2634
LEU 332@O ASN 107@HD22 | ASN 107@ND2 0.01 2.8469 158.5659
THR 330@0G1 ASN 108@HD22 | ASN 108@ND2 0.01 2.9006 164.7733
GLU 315@OE2 SER 39@HG SER 39@0G 0.0096 2.7025 162.5934
ARG 308@O ASN 11@HD21 ASN_11@ND2 0.0095 2.863 153.3976
GLN 469@HB2 | ARG 23@H ARG 23@N 0.0091 2.8843 151.0592
GLU 364@OE! THR 1@HGI THR 1@0G! 0.0085 2.6952 161.035
LEU 391@0 THR 1@H2 THR 1@N 0.0077 2.8585 145.8976
ILE 473@HA SER 137@HB3 SER 137@CB 0.0077 2.9308 147.907
LYS 388@O ASN 2@HD22 ASN 2@ND2 0.0076 2.8473 152.4258
GLU 364@OE2 THR 1@H3 THR 1@N 0.0076 2.8109 149.8045
LEU 391@O THR 1@H3 THR 1@N 0.0072 2.8585 144.5775
GLU 315@OEl SER 39@HG SER 39@0G 0.0072 2.7122 163.427
GLN 469@HE21 | ASN 22@HA ASN 22@CA 0.0069 2.8969 143.4412
VAL 550@0 ASN 22@HD21 ASN 22@ND2 0.0067 2.9047 156.9303
GLU 364@OE2 THR 1@H1 THR_1@N 0.0065 2.7952 151.6534
LYS 388@O THR 1@HI THR 1@N 0.0064 2.7993 144.1739
ASP_551@OD2 ARG 14@HHI2 | ARG 14@NHI 0.0064 2.7988 157.4174
ALA 311@0 GLY 7@H GLY 7@N 0.006 2.8608 155.8292
ARG 331@0 ASN 108@HD22 | ASN 108@ND2 0.006 2.8744 160.9081
GLU 364@OE2 THR 1@H2 THR_1@N 0.006 2.7891 152.0915
LEU 391@O THR 1@HI1 THR 1@N 0.0058 2.8702 145.8486
THR_376@0G! LYS S4@HZ1 LYS 54@NZ 0.0058 2.8614 158.5293
GLN_464@OE1 ARG 25@HHI2 | ARG 25@NH1 0.0056 2.8171 152.679
LEU 332@O ASN 107@HD21 | ASN 107@ND2 0.0054 2.8388 146.6063
THR 376@OG! LYS 54@HZ3 LYS 54@NZ 0.0054 2.8474 157.9546
LEU 385@HD11 | ASN 2@H ASN 2@N 0.0052 2.8089 149.9837
LYS 388@O THR 1@H3 THR 1@N 0.0051 2.8321 145.3553
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Table 12.3. Hydrogen bond analysis of S protein-CAT complex during the last 20 ns of MD
simulation with S protein as acceptor and CAT as donor.

Average Average

#Acceptor DonorH Donor Frac Distance (A) Angles (%)

VAL 75@O SER 441@H SER 441@N 0.7047 2.8555 160.1122
ASP 73@OD1 ARG 322@HH22 | ARG 322@NH2 0.7035 2.7892 161.6997
ASP 73@OD2 ARG 322@HHI11 | ARG 322@NH1 0.6994 2.8093 163.5115
PRO 167@O GLN 670@HE21 | GLN 670@NE2 0.5853 2.845 162.4634
ARG 76@O SER 449@HG SER 449@OG 0.554 2.7448 161.7508
GLN 174@OEl ALA 659@H ALA 659@N 0.5418 2.8713 160.5658
GLU 74@0O ASP 444@H ASP 444@N 0.5283 2.8407 151.0588
GLU 74@0O GLU 443@H GLU 443@N 0.4858 2.8759 152.9664
GLY 115@0 ASN 696@H ASN 696@N 0.3154 2.8602 159.6656
GLN 174@OEl ILE 658@H ILE 658@N 0.2989 2.8604 150.8622
GLN 77@O ALA 446@H ALA 446@N 0.2406 2.893 160.2217
ASN 169@OD1 LEU 662@H LEU 662@N 0.1466 2.9156 160.1472
ASP 95@0OD2 ARG 447@HHI11 | ARG 447@NH1 0.1412 2.792 154.7283
ASP 73@0OD2 ARG 322@HH22 | ARG 322@NH2 0.1384 2.8125 156.3612
THR 168@OG1 GLY 660@H GLY 660@N 0.1254 2.9125 156.8478
GLN 82@OE1 GLN 450@HE21 | GLN 450@NE2 0.1132 2.8517 161.5789
GLN 166@OEl GLN 670@HE22 | GLN 670@NE2 0.106 2.8639 162.5295
GLN 77@O ARG 447@H ARG 447@N 0.1001 2.8466 146.8759
ASP 95@O0D1 ARG 447@HHI11 | ARG 447@NH1 0.0941 2.8013 154.1576
VAL 171@O ARG 322@HHI12 | ARG 322@NH1 0.0936 2.811 152.712
ASP 95@0D2 ARG 447@HH22 | ARG 447@NH2 0.0855 2.824 150.3213
GLN 77@O GLN 450@HE21 | GLN 450@NE2 0.0766 2.8289 157.8841
ASP 95@O0D1 ARG 447@HH22 | ARG 447@NH2 0.0751 2.8222 151.4778
ASN 116@OD1 ASN 696@HD22 | ASN 696@ND2 0.0708 2.8708 161.5225
THR 83@O GLN 450@HE22 | GLN 450@NE2 0.0646 2.8708 159.1468
GLN 77@OE1 SER 449@HG SER 449@0G 0.0532 2.724 159.9681
ASN 149@O HIE 713@HE2 HIE 713@NE2 0.0523 2.8452 157.6379
ARG 76@HD2 VAL 442@HA VAL 442@CA 0.0493 2.9343 148.3705
GLN 166@O GLY 660@H GLY 660@N 0.049 2.8668 161.5909
ASN 116@ODI1 ASN 696@HD21 | ASN 696@ND2 0.0458 2.847 161.0551
GLN 77@O GLN 450@HE22 | GLN 450@NE2 0.0444 2.8343 153.5234
ILE 78@O ALA 445@H ALA 445@N 0.0428 2.8357 145.1541
VAL 113@0 LYS 694@HZ1 LYS 694@NZ 0.0418 2.8156 149.4991
VAL 113@O LYS 694@HZ3 LYS 694@NZ 0.0394 2.8147 151.7217
SER 111@O LYS 694@HZ3 LYS 694@NZ 0.0382 2.8303 151.9852
VAL 113@O LYS 694@HZ2 LYS 694@NZ 0.0372 2.8192 150.017
SER 111@O LYS 694@HZ1 LYS 694@NZ 0.0358 2.8379 152.3057
SER 111@O LYS 694@HZ2 LYS 694@NZ 0.0308 2.8368 152.2202
GLU 74@H SER 441@HB3 SER 441@CB 0.03 2.8833 145.5468
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THR 168@H ALA 659@HA ALA 659@CA 0.0286 2.9008 153.4567
GLN 174@HE21 | GLU 656@HA GLU 656@CA 0.0272 2.9085 146.3871
GLN 161@OEl | LYS 663@HZ2 | LYS 663@NZ 0.0263 2.8187 153.5414
ASP_110@0 LYS 694@HZ1 LYS 694@NZ 0.0261 2.8261 152.1725
ASN 169@OD1 | HIE 661@H HIE 661@N 0.0246 2.8644 151.2584
ASN 116@0 LYS 694@HZ2 | LYS 694@NZ 0.0246 2.8298 157.997
GLY 115@0 LYS 694@HZ2 | LYS 694@NZ 0.0232 2.8179 154.3661
ASN 169@HD21 | HIE 661@H HIE 661@N 0.0224 2.8979 146.213
GLN 82@OEl GLN 450@HE22 | GLN 450@NE2 0.0217 2.8732 157.7109
GLN 161@OEl | LYS 663@HZ3 | LYS 663@NZ 0.0216 2.8232 152.2353
THR 83@O0G1 GLN 450@HE22 | GLN 450@NE2 0.0211 2.8696 154.4757
GLU 74@H SER 441@HB2 SER 441@CB 0.0208 2.8321 146.6557
GLN 161@OEl | LYS 663@HZ1 LYS 663@NZ 0.0199 2.8161 153.4922
TYR 163@O TYR 695@HH TYR 695@OH 0.0198 2.7752 156.1283
ASP 110@0O LYS 694@HZ2 | LYS 694@NZ 0.0192 2.8242 151.0537
ASP_110@0 LYS 694@HZ3 | LYS 694@NZ 0.0185 2.8185 152.5714
GLY 115@0 LYS 694@HZ3 | LYS 694@NZ 0.0173 2.8178 154.4665
TYR 173@HB3 | GLY 660@HA2 | GLY 660@CA 0.0171 2.9391 142.9172
ASN 116@0 LYS 694@HZ1 LYS 694@NZ 0.0168 2.828 157.2326
GLY 172@0 ARG 322@HHI11 | ARG 322@NHI 0.0166 2.8205 146.4888
GLN 166@OEl | TYR 695@HH TYR 695@OH 0.0161 2.7512 159.7219
GLU 74@HB3 SER 441@HB2 SER 441@CB 0.0152 2.9202 140.9111
PRO 80@O ARG 447@HH22 | ARG 447@NH2 0.0149 2.8414 149.6966
ASN 116@0 LYS 694@HZ3 | LYS 694@NZ 0.0144 2.8275 158.6773
TYR 173@HB2 | GLY 660@HA2 | GLY 660@CA 0.0144 2.9413 141.6586
GLY 114@0 ASN 696@HD22 | ASN_696@ND2 0.0138 2.8462 156.6316
GLY 115@0 LYS 694@HZ1 LYS 694@NZ 0.0136 2.8196 152.5946
SER 43@0 ARG 653@HH21 | ARG 653@NH2 0.0124 2.8519 1513182
SER 43@0G LYS 652@HZ1 LYS 652@NZ 0.0116 2.8702 149.7739
PRO 167@HD3 | LEU 691@HB3 | LEU 691@CB 0.0113 2.9349 142.9347
ALA_40@0 LYS 652@HZ3 | LYS 652@NZ 0.011 2.8153 151.0345
ASN 169@H GLY 660@HA3 | GLY 660@CA 0.011 2.8581 149.7505
SER_162@0G LYS 663@HZ1 LYS 663@NZ 0.0108 2.8577 151.7519
GLN 82@HE21 | ARG 447@HA ARG 447@CA 0.0106 2.877 143.516
GLY 114@0 GLU 698@H GLU 698@N 0.0104 2.8776 154.6572
GLN_77@HA SER 449@HB2 SER 449@CB 0.0102 2.9301 140.9467
GLN 82@OEIl ARG 447@HE ARG 447@NE 0.0098 2.8295 156.0532
GLY 172@HA2 | ASN 657@HA ASN_657@CA 0.0096 2.9423 144.9956
SER 43@0G LYS 652@HZ3 | LYS 652@NZ 0.0094 2.8696 149.6534
GLN 82@OEIl ARG 447@HHI12 | ARG 447@NH1 0.0092 2.8246 156.3896
THR 168@HG! | GLY 660@H GLY 660@N 0.0092 2.9334 148.2941
GLY 170@H GLY 660@HA3 | GLY 660@CA 0.009 2.8524 142.1464
SER 43@0G LYS 652@HZ2 | LYS 652@NZ 0.0087 2.8633 150.6857
GLU 74@HB2 SER 441@HB2 SER 441@CB 0.0087 2.9254 140.2436
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TYR 163@0 LYS 699@HZ2 | LYS 699@NZ 0.0086 2.8344 160.2672
GLY 115@0 ALA 697@H ALA 697@N 0.0086 2.9151 160.5222
PRO 167@HA ALA 659@HA ALA 659@CA 0.0086 2.9275 144.3862
GLN 166@HE22 | LYS 694@HB2 | LYS 694@CB 0.0079 2.9103 143.8331
SER 162@0G LYS 663@HZ3 | LYS 663@NZ 0.0078 2.8646 150.2729
PRO 167@HD3 | LEU 691@HG LEU 691@CG 0.0076 2.9406 143.7664
ASN 116@HA ASN 696@H ASN 696@N 0.0076 2.8884 144.4572
ALA 40@0 LYS 652@HZ1 LYS 652@NZ 0.0075 2.8212 147.5299
TYR 176@HH GLU 656@HB3 | GLU 656@CB 0.0073 2.892 142.9173
ARG 76@HB2 VAL 442@HA VAL 442@CA 0.0072 2.9135 139.1321
ILE 78@HG21 ASP 444@HA ASP 444@CA 0.0071 2.9436 143.3538
SER 162@0G LYS 663@HZ2 | LYS 663@NZ 0.007 2.8649 149.2892
GLY 72@0 SER 396@HG SER 396@0G 0.0069 2.8116 155.8801
ARG 71@HE ARG 322@HH22 | ARG 322@NH2 0.0069 2.8941 140.6713
SER 43@0 ARG 653@HH22 | ARG 653@NH2 0.0066 2.8307 150.1017
GLN 166@OEl | ALA 665@H ALA 665@N 0.0066 2.9022 154.4796
GLN 174@HE21 | ILE 658@HG22 | ILE 658@CG2 0.0066 2.8718 145.5068
GLN 174@HE21 | ILE 658@HG23 | ILE 658@CG2 0.0065 2.8924 144.3953
PRO 80@O ARG 447@HHI11 | ARG 447@NH]1 0.0065 2.8354 152.0107
ASP 95@OD1 ARG 447@HH12 | ARG 447@NH]1 0.0064 2.8249 158.9373
GLY 115@HA2 | LYS 694@HA LYS 694@CA 0.0062 2.9325 140.9355
ASN 118@OD1 | LYS 694@HZ3 | LYS 694@NZ 0.006 2.8266 150.8576
GLN 77@HE22 | GLN 450@HB2 | GLN 450@CB 0.0059 2.8839 146.0987
ILE 78@HG23 ASP 444@HA ASP_444@CA 0.0059 2.9446 142.8395
ASN 105@OD1 | LYS 652@HZ3 | LYS 652@NZ 0.0058 2.8253 151.474
GLU 74@OEl SER 396@HG SER 396@0G 0.0058 2.658 160.023
ARG 76@HA LEU 440@HD23 | LEU 440@CD2 0.0058 2.9439 145.2484
GLU 74@OE2 ARG 653@HE ARG 653@NE 0.0056 2.8708 153.7432
GLN_174@HE22 | HIE 687@HE2 HIE 687@NE2 0.0056 2.9051 146.8238
PRO 80@0 ARG 447@HHI12 | ARG 447@NH1 0.0055 2.8268 146.2336
ASP_73@OD1 ARG 322@HHI11 | ARG 322@NHI1 0.0053 2.9128 144.0935
ILE 78@HG22 ASP 444@HA ASP 444@CA 0.0053 2.9416 143.6256
SER_162@0O LYS 663@HZ3 | LYS 663@NZ 0.0052 2.8386 152.0758
ALA 79@HB3 ALA 446@H ALA 446@N 0.0052 2.8686 146.9945
ALA 79@HBI ALA 446@H ALA 446@N 0.005 2.8826 148.63

Table 12.4. Hydrogen bond analysis of S protein-CAT complex during the last 20 ns of MD

simulation with S protein as donor and CAT as acceptor.

Average Average
#Acceptor DonorH Donor Frac Distance (A) Angles ()
ASP 444@O ARG 76@H ARG 76@N 0.9486 2.8111 164.6075
LEU 662@0O THR 168@HG1 THR 168@0OG1 0.7456 2.7476 162.9437
GLU 656@OE2 ASN 107@HD22 | ASN 107@ND2 0.6328 2.8281 164.8966
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GLU 443@OEl | ARG 71@HH22 | ARG 71@NH2 0.5279 2.7773 158.4681
GLU 443@0 GLN 77@H GLN 77@N 0.4509 2.8784 151.9572
ASN 657@0 VAL 171@H VAL 171@N 0.4257 2.8769 160.8309
ASN 657@OD1 | GLY 172@H GLY 172@N 0.3812 2.8824 159.2124
GLU 443@0 ILE 78@H ILE 78@N 0.3805 2.8534 153.869
GLU 656@OEl | ASN 105@HD22 | ASN 105@ND2 0.3597 2.8459 161.8646
ASP 319@OD2 | ARG 76@HHI2 | ARG 76@NHI1 0.3402 2.7967 153.1788
ASP 319@OD! | ARG 76@HHI1 | ARG 76@NHI1 0.2814 2.7991 159.2412
ASP 319@OD2 | ARG 76@HH22 | ARG 76@NH2 0.2684 2.8098 149.8818
GLU 443@OE2 | ARG 71@HH22 | ARG 71@NH2 0.237 2.7766 159.3117
ASP_693@0O GLN 166@HE22 | GLN 166@NE2 0.2046 2.85 161.552
GLU 656@OE2 | GLN 174@HE22 | GLN 174@NE2 0.1957 2.7977 150.4254
ASP 444@OD2 | LYS 46@HZ1 LYS 46@NZ 0.1766 2.7718 156.6219
GLU 656@OEl | ASN 105@HD21 | ASN 105@ND2 0.1554 2.8384 163.2509
ASP 444@OD2 | LYS 46@HZ2 LYS 46@NZ 0.1496 2.7715 157.1805
HIE 661@NDI ASN 169@HD21 | ASN 169@ND2 0.1416 2.917 152.9534
ASP 444@OD2 | LYS 46@HZ3 LYS 46@NZ 0.1344 2.7708 156.9466
ILE 658@O0 THR 168@H THR 168@N 0.1256 2.9028 157.8484
ASP 693@OD2 | GLY 115@H GLY 115@N 0.1202 2.8683 158.4398
GLN 450@OE! | GLN 77@HE22 | GLN 77@NE2 0.1191 2.8366 158.18
ASP 444@OD1 | LYS 46@HZ1 LYS 46@NZ 0.1185 2.7723 156.8832
SER 441@0 GLU 74@H GLU 74@N 0.0957 2.9153 159.6169
ASP 444@OD!1 | LYS 46@HZ3 LYS 46@NZ 0.0914 2.773 158.7997
GLU 443@OEl | ARG 71@HHI2 | ARG 71@NHI 0.0892 2.8479 148.3398
HIE 687@NDI ASN 108@HD22 | ASN 108@ND2 0.0812 2.9122 160.093
GLN 450@OE! | GLN 82@HE22 | GLN 82@NE2 0.0724 2.8423 159.8648
ASP 444@0 GLN 77@H GLN_77@N 0.0688 2.802 141.8012
ASP 319@0D2 | ARG 76@HHI1 | ARG 76@NHI1 0.0648 2.7982 156.7966
ASP 444@OD1 | LYS 46@HZ2 LYS 46@NZ 0.0636 2.7799 156.3437
ARG 447@0 GLN 82@HE21 GLN_82@NE2 0.0573 2.8827 156.3259
LYS 694@O GLN 166@HE22 | GLN 166@NE2 0.0561 2.8528 151.7299
ALA 659@HA THR 168@H THR 168@N 0.0518 2.8779 149.9434
GLN 450@OE! | THR 83@HG! THR 83@OG! 0.0515 2.7683 160.5969
TYR 695@OH SER_162@HG SER_162@0G 0.0513 2.8218 160.037
VAL 442@HA ARG 76@HD2 ARG 76@CD 0.051 2.9208 142.8311
GLN 450@OE! | THR 83@H THR 83@N 0.0472 2.8485 160.4471
ASP 693@OD1 GLY 115@H GLY 115@N 0.0459 2.8846 158.5326
CYS_655@0 GLN 174@HE21 | GLN 174@NE2 0.0424 2.8983 154.3182
GLU 649@OE! | SER 43@HG SER 43@0G 0.04 2.7099 163.1139
ASN 657@0 GLY 172@H GLY 172@N 0.0389 2.8959 154.2287
HIE 637@O ASN_108@HD21 | ASN_108@ND2 0.0363 2.8636 152.6256
SER 441@HB3 GLU 74@H GLU 74@N 0.0362 2.8584 143.7025
SER_449@0 GLN 77@HE22 | GLN 77@NE2 0.0357 2.8697 159.5434
GLU 656@OEl | ASN 107@HD22 | ASN 107@ND2 0.0305 2.8415 164.3923
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GLU 649@OE2 | SER 43@HG SER 43@0G 0.0287 2.6952 164.0282
GLN 450@OE! | GLN 82@HE21 | GLN 82@NE2 0.0287 2.842 159.9156
GLU 656@OE2 | ASN 105@HD22 | ASN 105@ND2 0.0284 2.8511 160.4425
HIE 661@H ASN 169@HD21 | ASN 169@ND2 0.0276 2.8945 144.6222
SER 449@0G ARG 76@HH21 | ARG 76@NH2 0.0264 2.879 156.9624
SER_686@0O ASN 108@HD21 | ASN 108@ND2 0.0264 2.859 150.5495
ASP 319@OD! | ARG 76@HE ARG 76@NE 0.025 2.8722 149.8167
LYS 663@O GLN 166@HE22 | GLN 166@NE2 0.0228 2.8465 156.343
ASP 444@HB3 | GLU 74@HA GLU 74@CA 0.0226 2.933 140.9535
LYS 663@0 GLN 166@HE21 | GLN 166@NE2 0.0216 2.8587 152.3819
GLU 698@OE2 | ASN 116@HD22 | ASN 116@ND2 0.0214 2.8206 161.7276
PHE 395@HE2 | VAL 171@H VAL 171@N 0.0203 2.8088 146.2483
GLU 656@OE2 | ASN 105@HD21 | ASN 105@ND2 0.0202 2.8515 156.9697
SER 441@HB2 | GLU 74@HB3 GLU 74@CB 0.0192 2.9165 140.4043
GLU 698@OEl | ASN 116@HD22 | ASN 116@ND2 0.0189 2.8218 162.5682
SER 449@0 GLN 77@HE21 | GLN 77@NE2 0.0169 2.883 159.6835
GLY 660@HA3 | ASN 169@H ASN 169@N 0.0165 2.84 151.4003
LYS 372@0 ASN 169@HD22 | ASN 169@ND2 0.016 2.8654 160.0378
ALA 690@0 LYS 112@HZ3 LYS 112@NZ 0.0156 2.8182 154.2844
LEU 691@HB3 | PRO 167@HD3 | PRO 167@CD 0.0154 2.9432 145.9466
ALA 690@0 SER 111@HG SER 111@0G 0.0147 2.7396 160.6911
ASP 319@0D2 | ARG 76@HE ARG 76@NE 0.0143 2.8541 151.0787
ARG 447@HA GLN 82@HE21 | GLN 82@NE2 0.0136 2.8175 143.7613
HIE 713@0 ASN 149@HD21 | ASN 149@ND2 0.0134 2.8577 158.74
VAL 442@HA ARG 76@HB2 ARG 76@CB 0.0133 2.9318 140.514
GLU 443@OE2 | ARG 71@HHI2 | ARG 71@NHI 0.0131 2.857 147.5152
ILE 658@HG23 | GLN 174@HE21 | GLN 174@NE2 0.013 2.8353 143.1683
GLN 450@OE! | GLN 77@HE21 | GLN 77@NE2 0.012 2.8561 154.69
ILE 658@HG22 | GLN 174@HE21 | GLN 174@NE2 0.0118 2.8359 143.9562
ILE 658@O GLY 170@H GLY 170@N 0.0118 2.9043 145.4256
SER_449@HG GLN_77@HA GLN_77@CA 0.0115 2.9165 142.1307
ASP 693@OD2 | LYS 112@HZ2 LYS 112@NZ 0.0114 2.8069 158.9852
ILE 658@HG12 | GLN 174@HE21 | GLN 174@NE2 0.0109 2.8681 143.7305
ALA 659@HA PRO 167@HA PRO 167@CA 0.0108 2.931 144.078
ALA 659@0 TYR 173@H TYR 173@N 0.0107 2.8773 149.4746
GLY 660@HA2 | TYR 173@HB3 | TYR 173@CB 0.0102 2.9298 142.4943
ARG 322@HH22 | ARG 71@HE ARG 71@NE 0.0102 2.9001 142.5842
LEU 691@HG PRO 167@HD3 | PRO_167@CD 0.0093 2.9391 144.9276
SER 449@HB2 | GLN 77@HA GLN 77@CA 0.009 2.9364 144.8425
LYS 694@HA GLY 115@HA2 | GLY 115@CA 0.009 2.9407 142.056
GLY 660@HA3 | GLY 170@H GLY 170@N 0.0089 2.7849 142.2742
ALA 445@HB2 | ALA 79@HA ALA 79@CA 0.0084 2.9494 145.5964
ASN 657@HA GLY 172@HA2 | GLY 172@CA 0.0084 2.9308 143.4228
ASN_696@0 TYR 117@H TYR 117@N 0.0082 2.9065 152.9378
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ALA 690@HA LYS 112@HA LYS 112@CA 0.008 2.9379 1473597
GLY 660@H GLY 170@H GLY 170@N 0.008 2.8961 145.1211
ASP 693@OD2 | GLY 114@H GLY 114@N 0.0078 2.8282 151.0401
ASP 444@HB2 | GLU 74@HA GLU 74@CA 0.0075 2.932 140.1817
ILE 658@HG21 | GLN 174@HE21 | GLN 174@NE2 0.0074 2.8413 143.9813
PRO 374@O THR 168@HG] | THR 168@OG] 0.0074 2.793 162.0434
ALA 446@0 GLN 82@HE21 GLN 82@NE2 0.0074 2.8842 158.7513
GLY 660@HA2 | TYR 173@HB2 | TYR 173@CB 0.0073 2.9389 140.9048
LEU 662@0 GLN 166@HE22 | GLN 166@NE2 0.0072 2.8471 154.1032
SER 441@HB2 | GLU 74@H GLU 74@N 0.0068 2.6708 142.1302
ALA 445@HB1 | ALA 79@HA ALA 79@CA 0.0068 2.9442 145.345
ASP 693@OD! | LYS 112@HZ2 LYS 112@NZ 0.0064 2.8094 154.5995
ASP 444@HB3 VAL 75@HA VAL 75@CA 0.0062 2.9406 138.9447
LYS 694@HE2 SER 111@HA SER 111@CA 0.0062 2.8984 143.8195
GLU 656@HG2 | ASN 105@HD21 | ASN 105@ND2 0.0061 2.7647 143.4448
LEU 691@HD23 | ASN 107@HD21 | ASN 107@ND2 0.0061 2.8335 148.0548
GLU 656@HG2 | ASN 105@HD22 | ASN 105@ND2 0.0059 2.7769 150.8676
LEU 440@HD23 | ARG 76@HA ARG 76@CA 0.0058 2.9436 146.6591
GLU 656@OEl | ASN 107@H ASN 107@N 0.0057 2.8603 164.4997
SER 449@HB2 | GLN 77@HB2 GLN 77@CB 0.0056 2.9403 143.2858
ARG 322@HH22 | ARG 71@HH21 | ARG 71@NH2 0.0054 2.9135 141.4983
LYS 652@O ASN 105@HD21 | ASN 105@ND2 0.0054 2.8489 148.7985
ARG 325@HH21 | ARG 76@HHI2 | ARG 76@NHI 0.0052 2.9262 146.5059
LEU 691@HD22 | ASN 107@HD21 | ASN 107@ND2 0.0052 2.8361 148.742
ALA 690@0 LYS 112@HZ1 LYS 112@NZ 0.0052 2.8194 153.7032
TYR 695@HH SER_162@HG SER_162@0G 0.0051 2.8994 148.4591
SER_710@0 ASN 149@HD21 | ASN 149@ND2 0.0051 2.8584 153.6397
GLN 670@HE22 | GLN 166@HB3 | GLN 166@CB 0.005 2.921 144.206
GLN 450@HE22 | GLN 77@HE22 | GLN 77@NE2 0.005 2.8928 149.5039
GLU 656@HB3 | TYR 176@HH TYR 176@OH 0.005 2.7949 143.903
LEU 662@HB2 | THR 168@HB THR_168@CB 0.005 2.9385 139.612

12.4.1.4. Determination of the protein-protein interface interactions of
the (S protein-L-SIGN) and (S protein-CAT) complexes.

An interface area is usually defined as a region where two sets of proteins come in contact with each
other. Surface residues are often characterized by extensive surface areas that are accessible to the
available solvent. In order to determine the interface statistics for the (S protein-L-SIGN) and (S protein-
CAT) complexes, we submitted the lowest energy structure extracted from the 100 ns MD simulation
trajectory using the RMSD clustering algorithm to the PDBsum server. The interface statistics for both

complexes have been shown in Table 12.5.
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Table 12.5. Protein-Protein interface interaction statistics for the S protein-L-SIGN and S
protein-CAT complexes obtained from PDBsum server.

Complex system | Chain No. of | Interface | No. of salt | No. of | No. of | No. of non-
interface | area (A?) | bridges disulphide hydrogen | bonded
residues bonds bonds contacts

S-protein-L- S protein | 14 807 2 - 12 103

SIGN

L-SIGN | 14 819
receptor
S-protein- CAT S protein | 29 1803 4 - 25 236
CAT 31 1747
receptor

The interface area shared by the S protein chain and the CAT chain in S protein-CAT complex was
observed to be 1803 A% and 1747 A% respectively, while in the S protein-L-SIGN complex, the interface
area shared by the S protein chain and the L-SIGN chain involved in the interaction was observed to be
807 A% and 819 A?respectively. Salt bridges, hydrogen bonds, and non-bonded contacts all played a
role in stabilising both the (S protein-L-SIGN) and (S protein-CAT) complexes. From Table 12.5, we
can see the presence of four salt bridges, two hundred and thirty-six non-bonded contacts and twenty-
five hydrogen bonds at the interface of S protein and CAT in the S protein-CAT complex. However, at
the interface of S protein and L-SIGN in the S protein-L-SIGN complex, we observed two salt bridges
one hundred and three non-bonded contacts and twelve hydrogen bonds. An increase in the number of
hydrogen bonds from twelve to twenty-five can be seen in the S protein-CAT complex. Overall, we see
that the S protein-CAT complex has more intermolecular interactions and a larger common interface
area shared by the S protein and CAT than the S protein-L-SIGN complex. Additionally, when compared
our analysis with the results obtained for the S protein-ACE2 complex in our earlier studies and we
found the number of intermolecular contacts and the interface area shared by S protein and receptors
(CAT and L-SIGN) are higher. As a result, it can be concluded that the S protein-CAT complex had
higher stability than the S protein-L-SIGN complex.

The residues that were involved in the interaction between the RBD of S protein and the receptors (L-

SIGN and CAT) have been shown in Figure 12.8A and 12.8B respectively.
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Figure 12.8. Intermolecular interactions at residue level between (A) S protein-L-SIGN
and (B) S protein-CAT complex.

The detailed contributions of each interface residue stabilizing the (S protein-L-SIGN) and (S protein-
CAT) complexes were analysed and are summarized in Table 12.6, 12.7, 12.8 and 12.9, 12.10, 12.11.

Table 12.6: List of atom-atom interactions (Hydrogen bonds) across protein-ligand interface
in Spike Protein (Chain A) and L-SIGN receptor (Chain B) complex from PDBsum server

Spike Protein (Chain A) L-SIGN receptor (Chain B)
Slno. | Atom | Atom | Res Res Hydrogen bonds | Atom | Atom | Res Res

no. name | name | no. | Chain no. name | name | no. | Chain | Distance

1 13 | OGl | THR [333 ]| A <--> 5945 | OGl | THR | 181 | B 2.7
2 25| OD1 | ASN [ 334 | A <--> 6127 | NZ LYS | 193 | B 2.74
3 177 | N THR | 345 | A <--> 8681 | OD2 | ASP | 356 | B 2.93
4 191 | N ARG | 346 | A <--> 8681 | OD2 | ASP | 356 | B 3.04
5 204 | NE ARG | 346 | A <--> 8683 | O ASP | 356 | B 2.78
6 204 | NE ARG | 346 | A <--> 8681 | OD2 | ASP | 356 | B 3.17
7 403 | NH1 | ARG | 357 | A <--> 7393 | O VAL | 271 | B 2.75
8 437 | OG SER | 359 | A <--> 7375 | OE2 | GLU | 270 | B 2.6
9 454 | O ASN | 360 | A <--> 6127 | NZ LYS | 193 | B 2.83
10 449 | OD1 | ASN | 360 | A <--> 6127 | NZ LYS | 193 | B 291
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Table 12.7: List of atom-atom interactions (non-bonded contacts) across protein-ligand
interface in Spike Protein (Chain A) and L-SIGN receptor (Chain B) complex from PDBsum

server
Spike Protein (Chain A) L-SIGN receptor (Chain B)
S. Non-
No. | Atom | Atom | Res Res bonded Atom Atom | Res Res

no. name | name | no. Chain | contacts no. name | name | no. Chain | Distance

1 7| CB THR 333 | A <--> 5945 | OG1 THR 181 | B 3.68
2 13 | OGl THR 333 | A <--> 5937 | CA THR 181 | B 3.79
3 13 | OGl THR 333 | A <--> 5939 | CB THR 181 | B 3.35
4 13 | OGl1 THR 333 | A <--> 5945 | OG1 THR 181 | B 2.7
5 13 | OGl THR 333 | A <--> 5941 | CG2 THR 181 | B 3.24
6 9 | CG2 THR 333 | A <--> 5945 | OG1 THR 181 | B 3.71
7 25 | OD1 ASN 334 | A <--> 6124 | CE LYS 193 | B 3.48
8 25 | OD1 ASN 334 | A <--> 6127 | NZ LYS 193 | B 2.74
9 162 | ND2 ASN 343 | A <--> 4886 | C ALA 117 | B 3.77
10 162 | ND2 ASN 343 | A <--> 4887 | O ALA 117 | B 3.57
11 162 | ND2 ASN 343 | A <--> 4882 | CB ALA 117 | B 3.9
12 169 | CA ALA 344 | A <--> 8679 | CG ASP 356 | B 3.89
13 169 | CA ALA 344 | A <--> 8680 | ODI ASP 356 | B 3.84
14 169 | CA ALA 344 | A <--> 8681 | OD2 ASP 356 | B 3.86
15 175 | C ALA 344 | A <--> 8681 | OD2 ASP 356 | B 3.73
16 171 | CB ALA 344 | A <--> 8679 | CG ASP 356 | B 3.79
17 171 | CB ALA 344 | A <--> 8681 | OD2 ASP 356 | B 3.68
18 177 | N THR 345 | A <--> 8679 | CG ASP 356 | B 3.5
19 177 | N THR 345 | A <--> 8680 | ODI ASP 356 | B 3.49
20 177 | N THR 345 | A <--> 8681 | OD2 ASP 356 | B 2.93
21 179 | CA THR 345 | A <--> 8681 | OD2 ASP 356 | B 3.62
22 189 | C THR 345 | A <--> 8681 | OD2 ASP 356 | B 3.77
23 181 | CB THR 345 | A <--> 8681 | OD2 ASP 356 | B 3.81
24 191 | N ARG 346 | A <--> 8681 | OD2 ASP 356 | B 3.04
25 195 | CB ARG 346 | A <--> 8683 | O ASP 356 | B 3.8
26 198 | CG ARG 346 | A <--> 8683 | O ASP 356 | B 3.82
27 201 | CD ARG 346 | A <--> 8683 | O ASP 356 | B 3.79
28 204 | NE ARG 346 | A <--> 8682 | C ASP 356 | B 3.66
29 204 | NE ARG 346 | A <--> 8683 | O ASP 356 | B 2.78
30 204 | NE ARG 346 | A <--> 8681 | OD2 ASP 356 | B 3.17
31 206 | CZ ARG 346 | A <--> 8683 | O ASP 356 | B 3.42
32 206 | CZ ARG 346 | A <--> 8681 | OD2 ASP 356 | B 3.39
33 206 | CZ ARG 346 | A <--> 8688 | CB ASN 357 | B 3.88
34 207 | NH1 ARG 346 | A <--> 8693 | ND2 ASN 357 | B 3.46
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35 210 | NH2 ARG 346 | A <--> 8682 | C ASP 356 | B 3.63
36 210 | NH2 ARG 346 | A <--> 8683 | O ASP 356 | B 3.41
37 210 | NH2 ARG 346 | A <--> 8679 | CG ASP 356 | B 3.24
38 210 | NH2 ARG 346 | A <--> 8680 | OD1 ASP 356 | B 3.42
39 210 | NH2 ARG 346 | A <--> 8681 | OD2 ASP 356 | B 2.88
40 336 | ND2 ASN 354 | A <--> 7432 | CB GLN 274 | B 3.86
41 364 | O ARG 355 | A <--> 7422 | CB ALA 273 | B 3.72
42 364 | O ARG 355 | A <--> 7428 | N GLN 274 | B 3.42
43 364 | O ARG 355 | A <--> 7430 | CA GLN 274 | B 3.83
44 364 | O ARG 355 | A <--> 7432 | CB GLN 274 | B 3.42
45 364 | O ARG 355 | A <--> 7439 | OE1 GLN 274 | B 3.61
46 345 | CB ARG 355 | A <--> 7422 | CB ALA 273 | B 3.81
47 348 | CG ARG 355 | A <--> 7422 | CB ALA 273 | B 3.88
48 367 | CA LYS 356 | A <--> 7438 | CD GLN 274 | B 3.83
49 367 | CA LYS 356 | A <--> 7439 | OE1 GLN 274 | B 3.19
50 369 | CB LYS 356 | A <--> 7438 | CD GLN 274 | B 3.71
51 369 | CB LYS 356 | A <--> 7439 | OE1 GLN 274 | B 3.53
52 372 | CG LYS 356 | A <--> 7438 | CD GLN 274 | B 3.83
53 381 | NZ LYS 356 | A <--> 8676 | CB ASP 356 | B 3.79
54 387 | N ARG 357 | A <--> 7439 | OE1 GLN 274 | B 3.76
55 397 | CD ARG 357 | A <--> 7393 | O VAL 271 | B 3.15
56 400 | NE ARG 357 | A <--> 7370 | CG GLU 270 | B 3.71
57 400 | NE ARG 357 | A <--> 7373 | CD GLU 270 | B 3.68
58 400 | NE ARG 357 | A <--> 7393 | O VAL 271 | B 3.86
59 402 | CZ ARG 357 | A <--> 7370 | CG GLU 270 | B 3.36
60 402 | CZ ARG 357 | A <--> 7373 | CD GLU 270 | B 3.69
61 402 | CZ ARG 357 | A <--> 7393 | O VAL 271 | B 3.67
62 403 | NH1 ARG 357 | A <--> 7370 | CG GLU 270 | B 3.33
63 403 | NH1 ARG 357 | A <--> 7378 | N VAL 271 | B 3.56
64 403 | NH1 ARG 357 | A <--> 7392 | C VAL 271 | B 3.73
65 403 | NH1 ARG 357 | A <--> 7393 | O VAL 271 | B 2.75
66 406 | NH2 ARG 357 | A <--> 7370 | CG GLU 270 | B 3.69
67 406 | NH2 ARG 357 | A <--> 7373 | CD GLU 270 | B 3.85
68 406 | NH2 ARG 357 | A <--> 7375 | OE2 GLU 270 | B 3.74
69 434 | CB SER 359 | A <--> 7373 | CD GLU 270 | B 3.44
70 434 | CB SER 359 | A <--> 7374 | OE1 GLU 270 | B 3
71 434 | CB SER 359 | A <--> 7375 | OE2 GLU 270 | B 3.13
72 437 | OG SER 359 | A <--> 7373 | CD GLU 270 | B 3.37
73 437 | OG SER 359 | A <--> 7374 | OEl GLU 270 | B 3.42
74 437 | OG SER 359 | A <--> 7375 | OE2 GLU 270 | B 2.6
75 453 | C ASN 360 | A <--> 6127 | NZ LYS 193 | B 3.67
76 454 | O ASN 360 | A <--> 6127 | NZ LYS 193 | B 2.83
77 448 | CG ASN 360 | A <--> 6108 | OE2 GLU 192 | B 3.73
78 448 | CG ASN 360 | A <--> 6127 | NZ LYS 193 | B 3.54
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79 449 | OD1 ASN 360 | A <--> 6100 | CB GLU 192 | B 3.64
80 449 | OD1 ASN 360 | A <--> 6103 | CG GLU 192 | B 3.67
81 449 | OD1 ASN 360 | A <--> 6108 | OE2 GLU 192 | B 3.79
82 449 | OD1 ASN 360 | A <--> 6121 | CD LYS 193 | B 3.84
83 449 | OD1 ASN 360 | A <--> 6124 | CE LYS 193 | B 3.46
84 449 | OD1 ASN 360 | A <--> 6127 | NZ LYS 193 | B 291
85 450 | ND2 ASN 360 | A <--> 6103 | CG GLU 192 | B 3.86
86 450 | ND2 ASN 360 | A <--> 6106 | CD GLU 192 | B 3.28
87 450 | ND2 ASN 360 | A <--> 6107 | OE1 GLU 192 | B 3.9
88 450 | ND2 ASN 360 | A <--> 6108 | OE2 GLU 192 | B 2.87
89 1640 | C ASN 439 | A <--> 5208 | O ARG 136 | B 3.8
90 1641 | O ASN 439 | A <--> 5211 | CA LEU 137 | B 3.86
91 1641 | O ASN 439 | A <--> 5227 | O LEU 137 | B 3.71
92 1637 | ND2 ASN 439 | A <--> 5213 | CB LEU 137 | B 3.62
93 1642 | N ASN 440 | A <--> 5208 | O ARG 136 | B 3.19
94 1644 | CA ASN 440 | A <--> 5208 | O ARG 136 | B 3.76
95 1644 | CA ASN 440 | A <--> 5211 | CA LEU 137 | B 3.89
96 1644 | CA ASN 440 | A <--> 5226 | C LEU 137 | B 3.84
97 1655 | O ASN 440 | A <--> 5249 | O LYS 138 | B 3.56
98 1646 | CB ASN 440 | A <--> 5184 | O THR 135 | B 3.11
99 1646 | CB ASN 440 | A <--> 5207 | C ARG 136 | B 3.65
100 1646 | CB ASN 440 | A <--> 5208 | O ARG 136 | B 3.32
101 1646 | CB ASN 440 | A <-> 5249 | O LYS 138 | B 3.67
102 1649 | CG ASN 440 | A <--> 5184 | O THR 135 | B 3.41
103 1651 | ND2 ASN 440 | A <--> 5184 | O THR 135 | B 2.78
Table 12.8. List of atom-atom interactions (Salt bridges) across protein-ligand interface in

Spike Protein (Chain A) and L-SIGN receptor (Chain B) complex from PDBsum server

Spike Protein (Chain A)

L-SIGN receptor (Chain B)

Slno. | Atom | Atom | Res Res Atom | Atom | Res Res
no. name | name | no. | Chain | Salt bridges | no. name | name | no. Chain | Distance
1 210 | NH2 ARG | 346 | A <--> 8681 | OD2 | ASP 356 | B 2.88
2 406 | NH2 ARG | 357 | A <--> 7374 | OE1 GLU 270 | B 3.74

Table 12.9: List of atom-atom interactions (Hydrogen bonds) across protein-ligand interface
in Spike Protein (Chain A) and CAT receptor (Chain B) complex from PDBsum server

Spike Protein (Chain A) CAT receptor (Chain B)
Sl.no. | Atom | Atom | Res Res Hydrogen bonds | Atom | Atom | Res Res
no. name | name | no. | Chain no. name | name | no. | Chain | Distance
1 717 | NZ LYS 378 | A <--> 6897 | OD2 | ASP | 249 | B 2.93
2] 1104 | NH2 | ARG | 403 | A <--> 6884 | OE1 GLU [ 248 | B 2.79
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3] 1124 | OD1 | ASP | 405 | A <--> 4941 | NH1 | ARG | 127 | B 291
4| 1125 | OD2 | ASP | 405 | A <--> 4944 | NH2 | ARG | 127 | B 2.7
51 1142 1O GLU | 406 | A <--> 6873 | N GLU | 248 | B 2.78
6| 1158 ] O VAL | 407 | A <--> 6846 | N SER | 246 | B 2.85
7| 1159 | N ARG | 408 | A <--> 6899 | O ASP 1249 | B 2.78
8] 1183 | N GLN | 409 | A <--> 6887 | O GLU | 248 | B 3.09
9| 1183 | N GLN | 409 | A <--> 6899 | O ASP 1249 | B 2.96
10 | 1199 | O GLN | 409 | A <--> 6910 | N ALA | 251 | B 3.02
11 | 1194 | OE1 | GLN | 409 | A <--> 6970 | OG SER | 254 | B 3.01
12 | 1195 | NE2 | GLN | 409 | A <--> 6985 | OE1 | GLN | 255 | B 2.79
13 ] 1200 | N ILE 410 | A <--> 6887 | O GLU | 248 | B 3.09
14 | 1615 | ND2 | ASN | 437 | A <--> 10248 | OE1 | GLU | 461 | B 3.24
15 ] 1640 | ND2 | ASN | 439 | A <--> 10248 | OE1 | GLU | 461 | B 2.82
16 | 2509 | O SER | 494 | A <--> 10354 | NZ LYS | 468 | B 2.95
17 | 2506 | OG SER | 494 | A <--> 10354 | NZ LYS | 468 | B 2.71
18 | 2570 | NE2 | GLN | 498 | A <--> 10839 | O ASP | 498 | B 2.84
19 | 2570 | NE2 | GLN | 498 | A <--> 10861 | O LYS [ 499 | B 2.97
20 | 2588 | O PRO | 499 | A <--> 10469 | NE2 | GLN | 475 | B 2.98
21 | 2599 | OG1 | THR | 500 | A <--> 10295 | N GLY | 465 | B 2.8
22| 2624 | N VAL | 503 | A <--> 10265 | O ASN | 462 | B 2.96
23 | 2640 | N GLY | 504 | A <--> 10260 | OD1 | ASN | 462 | B 2.87
24 | 2679 | OE1 | GLN | 506 | A <--> 10266 | N ILE | 463 | B 2.78
25 | 2679 | OE1 | GLN | 506 | A <--> 10285 | N ALA | 464 | B 2.97

Table 12.10. List of atom-atom interactions (non-bonded contacts) across protein-ligand
interface in Spike Protein (Chain A) and CAT receptor (Chain B) complex from PDBsum

server.
Spike Protein (Chain A) CAT receptor (Chain B)

Isl(l). Atom | Atom | Res Res Non-bonded | Atom | Atom | Res Res
no. name | name | no. Chain | contacts no. name | name | no. Chain | Distance
1 624 | O ALA 372 | A <--> 10117 | OE2 GLU 454 | B 3.76
2 717 | NZ LYS 378 | A <--> 6897 | OD2 ASP 249 | B 2.93
3 741 | CD1 TYR 380 | A <--> 6939 | NH2 ARG 252 | B 3.48
4 743 | CEl TYR 380 | A <--> 6939 | NH2 ARG 252 | B 3.65
5 746 | OH TYR 380 | A <--> 6904 | CB ALA 250 | B 3.35
6 1098 | NE ARG 403 | A <--> 4944 | NH2 ARG 127 | B 3.57
7 1100 | CZ ARG 403 | A <--> 6884 | OEI GLU 248 | B 3.87
8 1104 | NH2 ARG 403 | A <--> 6880 | CG GLU 248 | B 3.63
9 1104 | NH2 ARG 403 | A <--> 6883 | CD GLU 248 | B 3.54
10 1104 | NH2 ARG 403 | A <--> 6884 | OE1 GLU 248 | B 2.79
11 1127 | O ASP 405 | A <--> 6892 | CB ASP 249 | B 3.43
12 1120 | CB ASP 405 | A <--> 6856 | O SER 246 | B 3.66
13 1120 | CB ASP 405 | A <--> 6877 | CB GLU 248 | B 3.51
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14 1123 | CG ASP 405 | A <--> 4941 | NH1 ARG 127 | B 342
15 1123 | CG ASP 405 | A <--> 4944 | NH2 ARG 127 | B 3.56
16 1124 | OD1 ASP 405 | A <--> 4940 | CZ ARG 127 | B 3.81
17 1124 | OD1 ASP 405 | A <--> 4941 | NH1 ARG 127 | B 291
18 1124 | OD1 ASP 405 | A <--> 4944 | NH2 ARG 127 | B 3.76
19 1125 | OD2 ASP 405 | A <--> 4940 | CZ ARG 127 | B 3.48
20 1125 | OD2 ASP 405 | A <--> 4941 | NH1 ARG 127 | B 3.32
21 1125 | OD2 ASP 405 | A <--> 4944 | NH2 ARG 127 | B 2.7
22 1128 | N GLU 406 | A <--> 6856 | O SER 246 | B 3.78
23 1128 | N GLU 406 | A <--> 6850 | CB SER 246 | B 3.77
24 1130 | CA GLU 406 | A <--> 6850 | CB SER 246 | B 3.76
25 1130 | CA GLU 406 | A <--> 6892 | CB ASP 249 | B 3.69
26 1141 | C GLU 406 | A <--> 6850 | CB SER 246 | B 3.57
27 1141 | C GLU 406 | A <--> 6888 | N ASP 249 | B 3.37
28 1141 | C GLU 406 | A <--> 6892 | CB ASP 249 | B 3.65
29 1142 | O GLU 406 | A <--> 6846 | N SER 246 | B 3.82
30 1142 | O GLU 406 | A <--> 6848 | CA SER 246 | B 3.54
31 1142 | O GLU 406 | A <--> 6855 | C SER 246 | B 3.09
32 1142 | O GLU 406 | A <--> 6856 | O SER 246 | B 3.15
33 1142 | O GLU 406 | A <--> 6850 | CB SER 246 | B 3.44
34 1142 | O GLU 406 | A <--> 6857 | N VAL 247 | B 3.55
35 1142 | O GLU 406 | A <--> 6871 | C VAL 247 | B 3.87
36 1142 | O GLU 406 | A <--> 6873 | N GLU 248 | B 2.78
37 1142 | O GLU 406 | A <--> 6875 | CA GLU 248 | B 3.48
38 1142 | O GLU 406 | A <--> 6886 | C GLU 248 | B 3.59
39 1142 | O GLU 406 | A <--> 6877 | CB GLU 248 | B 3.9
40 1142 | O GLU 406 | A <--> 6888 | N ASP 249 | B 3.09
41 1132 | CB GLU 406 | A <--> 6850 | CB SER 246 | B 3.52
42 1143 | N VAL 407 | A <--> 6888 | N ASP 249 | B 3.63
43 1143 | N VAL 407 | A <--> 6890 | CA ASP 249 | B 3.89
44 1143 | N VAL 407 | A <--> 6898 | C ASP 249 | B 3.84
45 1143 | N VAL 407 | A <--> 6899 | O ASP 249 | B 3.89
46 1143 | N VAL 407 | A <--> 6892 | CB ASP 249 | B 3.71
47 1145 | CA VAL 407 | A <--> 6898 | C ASP 249 | B 3.7
48 1145 | CA VAL 407 | A <--> 6899 | O ASP 249 | B 3.29
49 1157 | C VAL 407 | A <--> 6888 | N ASP 249 | B 3.82
50 1157 | C VAL 407 | A <--> 6899 | O ASP 249 | B 3.46
51 1158 | O VAL 407 | A <--> 6829 | CA LEU 245 | B 3.66
52 1158 | O VAL 407 | A <--> 6844 | C LEU 245 | B 3.69
53 1158 | O VAL 407 | A <--> 6831 | CB LEU 245 | B 3.83
54 1158 | O VAL 407 | A <--> 6846 | N SER 246 | B 2.85
55 1158 | O VAL 407 | A <--> 6848 | CA SER 246 | B 3.72
56 1158 | O VAL 407 | A <--> 6855 | C SER 246 | B 3.75
57 1158 | O VAL 407 | A <--> 6857 | N VAL 247 | B 3.42
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58 1149 | CGl1 VAL 407 | A <--> 6909 | O ALA 250 | B 3.82
59 1153 | CG2 VAL 407 | A <--> 6826 | O ASN 244 | B 3.44
60 1153 | CG2 VAL 407 | A <--> 6846 | N SER 246 | B 3.78
61 1159 | N ARG 408 | A <--> 6886 | C GLU 248 | B 3.53
62 1159 | N ARG 408 | A <--> 6887 | O GLU 248 | B 3.71
63 1159 | N ARG 408 | A <--> 6888 | N ASP 249 | B 3.58
64 1159 | N ARG 408 | A <--> 6898 | C ASP 249 | B 3.75
65 1159 | N ARG 408 | A <--> 6899 | O ASP 249 | B 2.78
66 1161 | CA ARG 408 | A <--> 6899 | O ASP 249 | B 3.72
67 1181 | C ARG 408 | A <--> 6887 | O GLU 248 | B 3.88
68 1181 | C ARG 408 | A <--> 6899 | O ASP 249 | B 3.57
69 1182 | O ARG 408 | A <--> 6914 | CB ALA 251 | B 3.76
70 1163 | CB ARG 408 | A <--> 6859 | CA VAL 247 | B 3.8
71 1163 | CB ARG 408 | A <--> 6871 | C VAL 247 | B 3.66
72 1163 | CB ARG 408 | A <--> 6873 | N GLU 248 | B 3.71
73 1163 | CB ARG 408 | A <--> 6887 | O GLU 248 | B 3.85
74 1172 | NE ARG 408 | A <--> 4892 | OD2 ASP 124 | B 3.73
75 1174 | CZ ARG 408 | A <--> 4892 | OD2 ASP 124 | B 3.58
76 1178 | NH2 ARG 408 | A <--> 4887 | CB ASP 124 | B 3.59
77 1178 | NH2 ARG 408 | A <--> 4890 | CG ASP 124 | B 3.46
78 1178 | NH2 ARG 408 | A <--> 4892 | OD2 ASP 124 | B 2.73
79 1183 | N GLN 409 | A <--> 6887 | O GLU 248 | B 3.09
80 1183 | N GLN 409 | A <--> 6899 | O ASP 249 | B 2.96
81 1185 | CA GLN 409 | A <--> 6887 | O GLU 248 | B 3.9
82 1185 | CA GLN 409 | A <--> 6899 | O ASP 249 | B 3.8
83 1198 | C GLN 409 | A <--> 6887 | O GLU 248 | B 3.84
84 1198 | C GLN 409 | A <--> 6899 | O ASP 249 | B 3.6
85 1198 | C GLN 409 | A <--> 6910 | N ALA 251 | B 3.89
86 1199 | O GLN 409 | A <--> 6899 | O ASP 249 | B 3.87
87 1199 | O GLN 409 | A <--> 6902 | CA ALA 250 | B 343
88 1199 | O GLN 409 | A <--> 6908 | C ALA 250 | B 3.62
89 1199 | O GLN 409 | A <--> 6910 | N ALA 251 | B 3.02
90 1199 | O GLN 409 | A <--> 6986 | NE2 GLN 255 | B 3.28
91 1193 | CD GLN 409 | A <--> 6985 | OE1 GLN 255 | B 3.53
92 1193 | CD GLN 409 | A <--> 6986 | NE2 GLN 255 | B 3.36
93 1194 | OE1 GLN 409 | A <--> 6967 | CB SER 254 | B 3.61
94 1194 | OEl GLN 409 | A <--> 6970 | OG SER 254 | B 3.01
95 1194 | OE1 GLN 409 | A <--> 6984 | CD GLN 255 | B 3.69
96 1194 | OEl GLN 409 | A <--> 6985 | OEl GLN 255 | B 341
97 1194 | OE1 GLN 409 | A <--> 6986 | NE2 GLN 255 | B 3.27
98 1195 | NE2 GLN 409 | A <--> 6984 | CD GLN 255 | B 3.42
99 1195 | NE2 GLN 409 | A <--> 6985 | OEl GLN 255 | B 2.79
100 1195 | NE2 GLN 409 | A <--> 6986 | NE2 GLN 255 | B 3.07
101 1200 | N ILE 410 | A <--> 6887 | O GLU 248 | B 3.09
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102 1200 | N ILE 410 | A <--> 6899 | O ASP 249 | B 3.67
103 1217 | C ILE 410 | A <--> 6900 | N ALA 250 | B 3.89
104 1217 | C ILE 410 | A <--> 6902 | CA ALA 250 | B 3.63
105 1218 | O ILE 410 | A <--> 6890 | CA ASP 249 | B 3.67
106 1218 | O ILE 410 | A <--> 6898 | C ASP 249 | B 3.54
107 1218 | O ILE 410 | A <--> 6896 | OD1 ASP 249 | B 3.74
108 1218 | O ILE 410 | A <--> 6900 | N ALA 250 | B 3.07
109 1218 | O ILE 410 | A <--> 6902 | CA ALA 250 | B 3.16
110 1218 | O ILE 410 | A <--> 6904 | CB ALA 250 | B 3.52
111 1206 | CG2 ILE 410 | A <--> 6887 | O GLU 248 | B 3.51
112 1206 | CG2 ILE 410 | A <--> 6885 | OE2 GLU 248 | B 3.44
113 1221 | CA ALA 411 | A <--> 6904 | CB ALA 250 | B 3.62
114 1223 | CB ALA 411 | A <--> 6902 | CA ALA 250 | B 3.89
115 1223 | CB ALA 411 | A <--> 6904 | CB ALA 250 | B 3.45
116 1262 | NE2 GLN 414 | A <--> 6984 | CD GLN 255 | B 3.84
117 1262 | NE2 GLN 414 | A <--> 6985 | OE1 GLN 255 | B 3.82
118 1262 | NE2 GLN 414 | A <--> 6986 | NE2 GLN 255 | B 3.6
119 1613 | CG ASN 437 | A <--> 10248 | OE1 GLU 461 | B 3.89
120 1614 | OD1 ASN 437 | A <--> 10248 | OEl GLU 461 | B 3.69
121 1615 | ND2 ASN 437 | A <--> 10244 | CG GLU 461 | B 3.5
122 1615 | ND2 ASN 437 | A <--> 10247 | CD GLU 461 | B 3.73
123 1615 | ND2 ASN 437 | A <--> 10248 | OE1 GLU 461 | B 3.24
124 1635 | CB ASN 439 | A <--> 10248 | OE1 GLU 461 | B 3.35
125 1638 | CG ASN 439 | A <--> 10248 | OEl GLU 461 | B 3.56
126 1640 | ND2 ASN 439 | A <--> 10247 | CD GLU 461 | B 3.82
127 1640 | ND2 ASN 439 | A <--> 10248 | OEl GLU 461 | B 2.82
128 1654 | ND2 ASN 440 | A <--> 10784 | CB ALA 495 | B 3.33
129 1782 | CE2 TYR 449 | A <--> 10850 | CD LYS 499 | B 3.83
130 2263 | OG SER 477 | A <--> 3054 | CB SER 4| B 3.77
131 2508 | C SER 494 | A <--> 10354 | NZ LYS 468 | B 3.69
132 2509 | O SER 494 | A <--> 10354 | NZ LYS 468 | B 2.95
133 2503 | CB SER 494 | A <--> 10354 | NZ LYS 468 | B 3.76
134 2506 | OG SER 494 | A <--> 10351 | CE LYS 468 | B 3.31
135 2506 | OG SER 494 | A <--> 10354 | NZ LYS 468 | B 2.71
136 2533 | CA GLY 496 | A <--> 10301 | O GLY 465 | B 3.32
137 2536 | C GLY 496 | A <--> 10289 | CB ALA 464 | B 3.67
138 2537 | O GLY 496 | A <--> 10289 | CB ALA 464 | B 3.88
139 2538 | N PHE 497 | A <--> 10289 | CB ALA 464 | B 3.74
140 2556 | C PHE 497 | A <--> 10799 | CD1 LEU 496 | B 3.57
141 2557 | O PHE 497 | A <--> 10808 | O LEU 496 | B 3.07
142 2557 | O PHE 497 | A <--> 10799 | CD1 LEU 496 | B 3.29
143 2558 | N GLN 498 | A <--> 10289 | CB ALA 464 | B 3.69
144 2560 | CA GLN 498 | A <--> 10808 | O LEU 496 | B 3.59
145 2573 | C GLN 498 | A <--> 10289 | CB ALA 464 | B 3.76
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146 2574 | O GLN 498 | A <--> 10287 | CA ALA 464 | B 34
147 2574 | O GLN 498 | A <--> 10289 | CB ALA 464 | B 3.05
148 2562 | CB GLN 498 | A <--> 10469 | NE2 GLN 475 | B 3.74
149 2565 | CG GLN 498 | A <--> 10808 | O LEU 496 | B 3.58
150 2565 | CG GLN 498 | A <--> 10839 | O ASP 498 | B 3.24
151 2568 | CD GLN 498 | A <--> 10839 | O ASP 498 | B 3.48
152 2570 | NE2 GLN 498 | A <--> 10839 | O ASP 498 | B 2.84
153 2570 | NE2 GLN 498 | A <--> 10860 | C LYS 499 | B 3.82
154 2570 | NE2 GLN 498 | A <--> 10861 | O LYS 499 | B 2.97
155 2588 | O PRO 499 | A <--> 10464 | CG GLN 475 | B 3.57
156 2588 | O PRO 499 | A <--> 10467 | CD GLN 475 | B 3.74
157 2588 | O PRO 499 | A <--> 10469 | NE2 GLN 475 | B 2.98
158 2579 | CG PRO 499 | A <--> 10754 | CG1 ILE 493 | B 3.64
159 2576 | CD PRO 499 | A <--> 10808 | O LEU 496 | B 3.82
160 2576 | CD PRO 499 | A <--> 10797 | CG LEU 496 | B 3.84
161 2576 | CD PRO 499 | A <--> 10809 | N LEU 497 | B 3.85
162 2576 | CD PRO 499 | A <--> 10811 | CA LEU 497 | B 3.83
163 2589 | N THR 500 | A <--> 10284 | O ILE 463 | B 3.58
164 2602 | O THR 500 | A <--> 10284 | O ILE 463 | B 3.81
165 2599 | OG1 THR 500 | A <--> 10287 | CA ALA 464 | B 3.32
166 2599 | OG1 THR 500 | A <--> 10293 | C ALA 464 | B 3.56
167 2599 | OG1 THR 500 | A <--> 10295 | N GLY 465 | B 2.8
168 2599 | OG1 THR 500 | A <--> 10297 | CA GLY 465 | B 3.64
169 2595 | CG2 THR 500 | A <--> 10337 | O LEU 467 | B 3.8
170 2607 | CB ASN 501 | A <--> 5785 | CG PRO 179 | B 3.79
171 2607 | CB ASN 501 | A <--> 10328 | CD1 LEU 467 | B 3.8
172 2610 | CG ASN 501 | A <--> 10310 | NDI HIE 466 | B 3.84
173 2610 | CG ASN 501 | A <--> 10326 | CG LEU 467 | B 3.8
174 2610 | CG ASN 501 | A <--> 10328 | CD1 LEU 467 | B 3.44
175 2611 | OD1 ASN 501 | A <--> 10297 | CA GLY 465 | B 3.54
176 2611 | OD1 ASN 501 | A <--> 10300 | C GLY 465 | B 3.75
177 2611 | OD1 ASN 501 | A <--> 10302 | N HIE 466 | B 3.54
178 2611 | OD1 ASN 501 | A <--> 10310 | ND1 HIE 466 | B 3.81
179 2611 | OD1 ASN 501 | A <--> 10319 | N LEU 467 | B 3.59
180 2611 | OD1 ASN 501 | A <--> 10323 | CB LEU 467 | B 3.63
181 2611 | OD1 ASN 501 | A <--> 10326 | CG LEU 467 | B 3.57
182 2611 | OD1 ASN 501 | A <--> 10328 | CD1 LEU 467 | B 3.52
183 2612 | ND2 ASN 501 | A <--> 10310 | ND1 HIE 466 | B 3.02
184 2612 | ND2 ASN 501 | A <--> 10311 | CEl HIE 466 | B 3.27
185 2617 | N GLY 502 | A <--> 10284 | O ILE 463 | B 3.61
186 2617 | N GLY 502 | A <--> 10293 | C ALA 464 | B 3.87
187 2617 | N GLY 502 | A <--> 10295 | N GLY 465 | B 3.58
188 2617 | N GLY 502 | A <--> 10297 | CA GLY 465 | B 3.28
189 2619 | CA GLY 502 | A <--> 10265 | O ASN 462 | B 3.33
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190 2619 | CA GLY 502 | A <--> 10283 | C ILE 463 | B 3.88
191 2619 | CA GLY 502 | A <--> 10284 | O ILE 463 | B 3.41
192 2619 | CA GLY 502 | A <--> 10293 | C ALA 464 | B 3.64
193 2619 | CA GLY 502 | A <--> 10294 | O ALA 464 | B 3.59
194 2619 | CA GLY 502 | A <--> 10295 | N GLY 465 | B 3.81
195 2619 | CA GLY 502 | A <--> 10297 | CA GLY 465 | B 3.63
196 2622 | C GLY 502 | A <--> 10265 | O ASN 462 | B 3.63
197 2622 | C GLY 502 | A <--> 10294 | O ALA 464 | B 3.84
198 2622 | C GLY 502 | A <--> 10297 | CA GLY 465 | B 3.81
199 2623 | O GLY 502 | A <--> 10297 | CA GLY 465 | B 3.68
200 2624 | N VAL 503 | A <--> 10264 | C ASN 462 | B 3.82
201 2624 | N VAL 503 | A <--> 10265 | O ASN 462 | B 2.96
202 2638 | C VAL 503 | A <--> 10260 | OD1 ASN 462 | B 3.83
203 2630 | CG1 VAL 503 | A <--> 4935 | CD ARG 127 | B 3.81
204 2640 | N GLY 504 | A <--> 10259 | CG ASN 462 | B 3.85
205 2640 | N GLY 504 | A <--> 10260 | OD1 ASN 462 | B 2.87
206 2642 | CA GLY 504 | A <--> 10260 | OD1 ASN 462 | B 3.56
207 2654 | CG TYR 505 | A <--> 10300 | C GLY 465 | B 3.81
208 2654 | CG TYR 505 | A <--> 10302 | N HIE 466 | B 3.68
209 2664 | CD2 TYR 505 | A <--> 10300 | C GLY 465 | B 3.24
210 2664 | CD2 TYR 505 | A <--> 10301 | O GLY 465 | B 3.25
211 2664 | CD2 TYR 505 | A <--> 10302 | N HIE 466 | B 33
212 2664 | CD2 TYR 505 | A <--> 10304 | CA HIE 466 | B 343
213 2662 | CE2 TYR 505 | A <--> 10301 | O GLY 465 | B 3.83
214 2662 | CE2 TYR 505 | A <--> 10302 | N HIE 466 | B 3.88
215 2662 | CE2 TYR 505 | A <--> 10304 | CA HIE 466 | B 3.43
216 2662 | CE2 TYR 505 | A <--> 10306 | CB HIE 466 | B 3.79
217 2659 | CZ TYR 505 | A <--> 10306 | CB HIE 466 | B 3.86
218 2675 | CG GLN 506 | A <--> 10294 | O ALA 464 | B 3.34
219 2675 | CG GLN 506 | A <--> 10289 | CB ALA 464 | B 3.73
220 2678 | CD GLN 506 | A <--> 10285 | N ALA 464 | B 3.48
221 2678 | CD GLN 506 | A <--> 10294 | O ALA 464 | B 3.87
222 2678 | CD GLN 506 | A <--> 10289 | CB ALA 464 | B 3.6
223 2679 | OE1 GLN 506 | A <--> 10239 | CA GLU 461 | B 3.86
224 2679 | OEl GLN 506 | A <--> 10250 | C GLU 461 | B 3.65
225 2679 | OE1 GLN 506 | A <--> 10252 | N ASN 462 | B 3.46
226 2679 | OEl GLN 506 | A <--> 10254 | CA ASN 462 | B 3.81
227 2679 | OE1 GLN 506 | A <--> 10264 | C ASN 462 | B 3.57
228 2679 | OEl GLN 506 | A <--> 10266 | N ILE 463 | B 2.78
229 2679 | OE1 GLN 506 | A <--> 10268 | CA ILE 463 | B 3.63
230 2679 | OE1 GLN 506 | A <--> 10283 | C ILE 463 | B 3.73
231 2679 | OEl GLN 506 | A <--> 10272 | CG2 ILE 463 | B 3.31
232 2679 | OE1 GLN 506 | A <--> 10285 | N ALA 464 | B 2.97
233 2679 | OE1 GLN 506 | A <--> 10287 | CA ALA 464 | B 3.85
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234 2679 | OE1 GLN 506 | A <--> 10294 | O ALA 464 | B 3.73
235 2680 | NE2 GLN 506 | A <--> 10289 | CB ALA 464 | B 3.72
236 2680 | NE2 GLN 506 | A <--> 10799 | CD1 LEU 496 | B 3.9

Table 12.11. List of atom-atom interactions (Salt bridges) across protein-ligand interface in
Spike Protein (Chain A) and CAT receptor (Chain B) complex from PDBsum server.

Spike Protein (Chain A) CAT receptor (Chain B)
Slno. | Atom | Atom | Res Res Salt bridges Atom | Atom | Res Res
no. name | name | no. Chain no. name | name | no. Chain | Distance
1 717 | NZ LYS 378 | A <--> 6896 | OD1 | ASP 249 | B 2.93
2| 1104 | NH2 | ARG 403 | A <--> 6884 | OE1 GLU 248 | B 2.79
3 1124 | OD1 | ASP 405 | A <--> 4944 | NH2 | ARG 127 | B 2.7
4| 1175 | NH1 | ARG 408 | A <> 4891 | OD1 | ASP 124 | B 2.73

12.4.1.5. Binding Free energy.

HawkDock, a web server to predict the BFE and analyse the protein-protein complex based on
computational docking and Generalized Born surface area continuum solvation (MM/GBSA) meth
ods, was used to calculate the binding free energies of the (S protein-L-SIGN) and (S protein-CAT)
complexes. The bind ing free energies determined for the (S protein-L-SIGN) and (S protein-CAT)
complexes along with the energy terms, were summarized in Table 12.12. From Table 12.12, it can
be seen that S protein-CAT complex (AGuvina=-39.49 kcal/mol) was energetically more favourable than
the S protein-L-SIGN complex (AGuvind = -37.20 kcal/ mol). Analysing Table 12.12, we observed that
all the derived components (VDW, ELE, GB,SA) from the BFE analysis significantly contributed to
the binding of S protein and receptors (L-SIGN and CAT).

Table 12.12. Binding free energies (kcal/mol) and its derived components of S protein-L-SIGN
and S protein-CAT complexes obtained using HawkDock server.

Components S protein-L-SIGN complex S protein-CAT complex
(kcal/mol) (kcal/mol)

VDW -77.74 -113.38

ELE -404.11 -219.97

GB 457.84 309.66

SA -11.1 -15.8

Total (AGyinding) -35.11 -39.49

VDW = van der Waals contribution; ELE = electrostatic energy; GB = the electrostatic contribution to
the polar solvation free energy, SA= Surface Area and BFE (AGinding)-
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12.4.1.6. Per residue energy decomposition (PRED) analysis

PRED values were calculated in order to get insight into how each individual amino acid residue
contributed to the overall PPI of the (S protein-L-SIGN) and (S protein-CAT) complexes. Figure 12.9
and 12.10 shows the top ten residues contributing to the binding free energy with the most negative
energy values for the S protein-L-SIGN and S protein-CAT complex, respectively. The major binding
energy contributions for S protein-L-SIGN come from the residues ARG375, ILE468, ARG346,
TRP353, ASP467, PHE464, THR470, TYR351, TYR447, LEU452 while in S protein-CAT come from
the residues ARG346, LYS386, SER373, ASN360, ASN440, LEU441, THR345, ALA344, ASN334,
ILE486.

(A) ASP PRO VAL ARG GLY TYR ASN GLN GLU GLN
405 499 507 408 447 505 439 409 406 506

i

(kcal/mol)

RESIDUE-LIGAND
INTERACTION ENERGY

(B) GLU ASP TYR ARG TRP GLY ASP ALA ALA HIE
443 444 695 322 378 660 319 659 445 661

ENERGY (kcal/mol)

RESIDUE-LIGAND INTERACTION

Figure 12.9. Decomposition of binding free energy (kcal/mol) on per residue basis for (A) SPIKE (B)
L-SIGN receptor of the S protein-L-SIGN complex.
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Figure 12.10. Decomposition of binding free energy (kcal/mol) on per residue basis for (A)
SPIKE (B) CAT receptor of the S protein-CAT complex.

12.5. Conclusion:

It is difficult to say whether the S protein of SARS-CoV 2 binding to the ACE2 receptor induces a
more severe form of COVID-19 illness than the binding of these recently found receptors (CAT & L-
SIGN). It is unclear at this time if the S protein's interaction with receptors other than ACE2 is the root
cause of the higher mortality. The current study utilizes MD simulation and other computational
techniques to demonstrate the impact of SARS-CoV-2 RBD towards its binding with the CAT and L-
SIGN. From the RMSD, RMSF, and a number of inter-molecular hydrogen bond analyses, we found
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the S protein-CAT complex to have a greater stability when compared to the S protein-L-SIGN
complex and S protein-ACE2 complex. A similar pattern was found when the number of interactions
between the S protein and receptors was analyzed and it was found that the overall interactions (which
included non-bonded contacts, Hydrogen bonds and salt bridges) are also higher in the S protein- CAT
complex. From the binding free energy calculations of the S protein-CAT and S protein-L-SIGN
complexes, we found that the affinity between S protein and CAT is higher which may infer the higher
stability of the S protein-CAT complex. Higher virulence of SARS-CoV-2 may derive from the S
protein-CAT complex's overall stability and greater affinity of S protein for CAT. The discovery of
novel inhibitors to combat coronavirus strains that are currently on the rise may be aided by the

important interaction studies between the S protein and the receptors.
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