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ABSTRACT 
Chrysin, a predominant compound in Propolis, possesses diverse bioactivities, 
including antiviral properties. However, its antiviral efficacy against the 
Indonesian Foot-and-Mouth Disease Virus (FMDV) serotype remains 
unexplored. This study investigates Chrysin's inhibitory potential against 
FMDV Indonesian serotype by targeting the 3C Protease (3CP), a vital 
enzyme for viral replication. Multiple sequence alignment was used to reveal 
unique characteristics of the Indonesian serotype's 3CP compared to global 
serotypes. Density Functional Theory (DFT) calculations assessed Chrysin's 
interaction with 3CP based on electronegativity features. Molecular docking 
and molecular dynamics analyses evaluated Chrysin's inhibitory activity 
against 3CP, using homology modeling for the Indonesian serotype's 3CP 
structure. Luteolin, a known FMDV 3CP inhibitor with a similar structure to 
Chrysin, served as a reference. Results showed distinct 3CP sequences in the 
Indonesian serotype compared to O serotypes and others. Chrysin exhibited 
potential electron-donor activity with lower HOMO and LUMO values than 
Luteolin, but they had similar energy gaps, i.e., 4.016 and 4.044 eV, 
respectively. Molecular docking indicated similar binding affinities, with 
Chrysin (-6.365 kcal/mol) and Luteolin (-6.864 kcal/mol) bound to active site 
residues. Molecular dynamics analysis demonstrated stable 3CP-Chrysin and 
3CP-Luteolin complexes, with minor differences in Radius of gyration (Rg) 
and Root-Mean-Square Fluctuation (RMSF) below 1 Å. From the ligand 
stability point of view, Chrysin had comparable stability with Luteolin. 
However, Chrysin formed fewer hydrogen bonds and displayed greater free-
binding energy than Luteolin during simulation periods. These findings 
suggest that Chrysin holds promise as an inhibitor of the Indonesian 
serotype's FMDV 3C Protease. 
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INTRODUCTION 
The recent Foot-Mouth-Disease (FMD) outbreak in Indonesia has struck 
cattle farming in Indonesia. The outbreak affected 20 provinces, which 
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was first reported in East Java province before it had widespread across 
the Indonesian archipelago. Although no zoonotic case was reported, the 
outbreak has affected human welfare by attacking economic values since 
livestock is categorized as a valuable asset in the community (IFRC 
2022). As acute and systemic domestic animal diseases, FMD was caused 
by FMD Virus (FMDV) infection. Seven serotypes have been identified: 
A, O, C, Asia1, and South African Territories (SAT) serotypes SAT1, 
SAT2, and SAT3 (Grubman & Baxt 2004), and Indonesian serotype is 
classified as serotype O (Carrillo et al. 2005). The genetic diversity of 
FMDV, as represented by various serotypes, impacts both its 
antigenicity and viral structure, thereby hindering effective control 
through cross-protection measures, including vaccination (Li et al. 2021; 
Tesfaye et al. 2022). Hence, a promising approach to control FMDV in-
volves targeting the non-structural proteins of the virus (Curry et al. 
2007), as most vaccines primarily target structural proteins (typically 
inactivated or live-attenuated forms) (Kamel et al. 2019). 

Non-structural proteins are typically enzymes that play a role in 
the assembly of viral structures (Han et al. 2015). Upon infection, FMDV 
will quickly transcribe and translate its genome to construct both 
structural and non-structural proteins, then produces a new virus particle 
(Wang et al. 2015). Those processes are mainly orchestrated by 3 Cyste-
ine Protease (3CP), a non-structural protein and also an enzyme that cat-
alyzes the cleaving of immature proteins into mature viral particles 
(Wang et al. 2015). Most drugs have been developed targeting this 
enzyme due to its essential activity in increasing viral load (Curry et al. 
2007; Roqué Rosell et al. 2014). Besides, some natural products like 
Luteolin, Isoginkgetin, Andrographolide, and Deoxyandrographolide 
have also been evaluated to have antiviral activity through inhibition of 
3CP of FMDV serotype A (Theerawatanasirikul et al. 2021; 
Theerawatanasirikul et al. 2022). Nevertheless, there is no information 
on the inhibitory activity against 3CP from the Indonesian serotype, 
since Indonesian serotype was classified into serotype O (Carrillo et al. 
2005). Still, there is an opportunity for natural products to be involved in 
the development of controlling FMDV infection. 

Propolis, also known as bee glue, is one of the products from bee 
farms. It is collected by bee workers from various plants' resinous 
secretion and mixed with a salivary and enzymatic substance to produce 
a wax-like substance (Anjum et al. 2019). Beyond the plant resins and 
essential oils, propolis also contains several bioactive molecules ranging 
from polyphenols to several minerals (Trusheva et al. 2011; Anjum et al. 
2019). Due to its rich active compound, propolis has been widely used as 
an active pharmaceutical ingredient with countless biological activities 

(Rosyidi et al. 2018; Šuran et al. 2021; Zulhendri et al. 2021; Hidayat et 
al. 2022) Among several bioactive molecules in propolis, Chrysin 
constitutes the largest compounds (Wang et al. 2015). A previous study 
reported that Chrysin could inhibit the activity of 3CP of Enterovirus 71 
and Coxsackievirus B3 as the primary infectious agent in Hand-Foot-and
-Mouth Disease (HFMD)(Wang et al. 2014; Song et al. 2015). However, 
there is no information regarding the activity of Chrysin against the 3CP 
of FMDV.  

Density functional theory (DFT) is a widely used computational 
method in chemistry and materials science to calculate the electronic 
structure of molecules and solids. One of the applications of DFT is in 
mapping the electronegativity of ligands prior to the molecular docking 
process (Yele et al. 2021). Electronegativity quantifies an atom's ability 
to attract electrons to itself in a chemical bond. The objective of molecu-
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lar docking is to predict the binding affinity between a ligand and a pro-
tein. As it influences the distribution of electrons in the ligand and the 
protein, the electronegativity of a ligand may influence its binding affini-
ty to a protein (Palko et al. 2021). Employing quantum mechanical meth-
od to predict the electronegativity, as DFT does, would be useful in im-
proving binding affinity estimations (Ryde & Söderhjelm 2016). Moreo-
ver, the DFT technique also produced a geometry- optimized and energy
-minimized structure (Bálint & Jäntschi 2021), which helps to reach the 
optimum molecular docking analysis (Ramírez-Velásquez et al. 2022). 
Therefore, by combining the DFT technique, molecular docking, and 
molecular dynamics approach, this study will explore the potential 
activity of Chrysin as the inhibitor of 3CP of FMDV, particularly for In-
donesian serotype. 

 
MATERIALS AND METHODS 
Alignment of 3CP of FMDV serotypes 
Amino acid sequences of several 3CPs from available FMDV serotypes 
were retrieved from GenBank database. The detailed identities of select-
ed sequences as mentioned in the supplementary file table S1. Sequence 
alignment was performed in BioEdit software (Hall 1999) with the de-
fault parameters.  

 
Protein Modeling and Binding Site Determination 
The 3D structure of 3CP was homology-modeled by SwissModel 
(Waterhouse et al. 2018) according to the sequence obtained from the 
GenBank protein database with accession number AAT01756.1 (Carrillo 
et al. 2005). The structure of 3CP from FMDV serotype A10 (Protein 
Data Bank Identity, PDB ID: 2WV5) was used as the template. The ac-
tive site residues were selected according to the previous elucidated 
structure, i.e., 2WV5 (Zunszain et al. 2010). Those active site then select-
ed to guide the molecular docking step. 

 
Ligand Structure Retrieval 
Chrysin' and Luteolin’s Three-dimensional (3D) structure was retrieved 
from the PubChem database (Kim et al. 2023) with compound identity 
(CID) 5281607 and 5280445, respectively. The isomeric Simplified Mo-
lecular-Input Line-Entry System (SMILES) was used for geometry opti-
mization in the subsequent analysis. 

 
Geometry Optimization and Density-Functional Theory Calculation 
The 3D of Chrysin and Luteolin was built by Avogadro 1.2.0 software 
(Hanwell et al. 2012) according to the SMILES code. The geometry opti-
mization was performed by ORCA 5.0.3 (Neese et al. 2020). The input for 
ORCA software was generated by Avogadro extension with B3LYP hy-
brid functional and def2-SVP basis set (Weigend & Ahlrichs 2005; Siis-
konen & Priimagi 2017) settings. The Density Functional Theory (DFT) 
calculation output was analyzed and visualized using Avogadro to study 
the electronegativity properties of Chrysin and Luteolin. This involved 
representing the Highest Occupied Molecular Orbital (HOMO) and 
Lowest Unoccupied Molecular Orbital (LUMO) as blue for atoms with 
positive energy and red for atoms with negative energy. In addition, the 

value of the energy gap (ΔE) was calculated by the following equation 
(Rammohan et al. 2020; Maqsood et al. 2022): 

ΔE = ELUMO – EHOMO         (1) 
Also, ionization potential (IP) and electron affinity (EA) were also deter-
mined according to the Hartree−Fock (HF) model with the following 
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equations (Rammohan et al. 2020; Hossen et al. 2021): 
IP = – EHOMO          (2) 
EA = – ELUMO         (3) 
 

Molecular Docking 
AutoDock Vina version 1.2.3 was employed to do molecular docking in a 
PyRx packages (Trott & Olson 2010; Dallakyan & Olson 2015; Eber-
hardt et al. 2021) according to the previous workflow (Hermanto et al. 
2019). The 3D structure of Chrysin was inserted into PyRx software by 
OpenBable software (O’Boyle et al. 2011). The structure was energy-
minimized using a universal force-field (uff) before the docking process. 
The docking was performed by setting 3CP and Chrysin as macromole-
cule and ligand, respectively. The docking will provide the ligand's bind-
ing energy and the binding pose. The structural interaction between 3CP 
and Chrysin was analyzed by Discovery Studio 2019 and visualized by 
PyMOL. 

 
Molecular Dynamics and Free Binding Energy Calculation 
YASARA 20.12.24 was employed to perform the molecular dynamics 
analysis (Krieger & Vriend 2015). The system was set as the previous 
study (Hermanto et al. 2022): pH 7.4; 0.9% NaCl concentration; 0.997 
water density; 1 atm pressure, and 310°K temperature, cubic grid shape, 
50 ns simulation time under AMBER14 forcefield (Maier et al. 2015). 
The structural dynamics were presented as the Root-Mean-Square Devi-
ation (RMSD) of atom position or Root-Mean-Square Fluctuation 
(RMSF) of the residue's atoms. Furthermore, the free binding energy is 
also calculated according to the Molecular Mechanics – Poisson-
Boltzmann Surface Area (MM-PBSA) (Homeyer & Gohlke 2012) equa-
tion in YASARA binding energy macros. 

 
RESULTS AND DISCUSSION 
Amino Acid Mutation of 3CP of Indonesian Serotypes Compared to 
Other Variants 
The amino acid sequences alignment revealed slight variations in the ar-
rangement of amino acids among Indonesian serotypes compared to oth-
er serotypes, excluding SAT serotypes. In particular, significant differ-
ences were observed at positions T104 and D177 among O serotypes, 
with most O serotypes having amino acids V and E. Notably, the se-
quences of the 3CP of Indonesian serotypes were distinct from other O 
serotypes, suggesting a unique structure for the 3CP of Indonesian sero-
types. However, there were no mutations in the active site residues of 
Indonesian serotypes when compared to all the analysed serotypes (see 
supplementary file figure S1). 
  
Structural Stability of 3CP of Indonesian Serotypes 
Since the amino acid sequences of 3CP of Indonesian serotypes were dif-
ferent compared to the other O serotypes, the structural instability may 
happen. In addition, there is no available crystallographic structure of 
Indonesian serotypes in the database. Therefore, homology modelling 
was performed to obtain the 3D structure of 3CP of Indonesian sero-
types. Upon modelling, the structure was then evaluated for its stability 
using molecular dynamics analysis compared to the available experi-
mental structure of 3CP protein, i.e., 2WV5. 

The modelling process resulted in a highly similar structure to the 
template, with both structures having a root mean square deviation 
(RMSD) of less than 1 Å (see figure 1A). The structural stability, as indi-



J. Tropical Biodiversity and Biotechnology, vol. 09 (2024), jtbb83140 

-5- 

cated by the Radius of Gyration (Rg) and the RMSD of backbone atoms, 
also showed similarities between the model and the template. The Rg 
values revealed that both structures exhibited similar compactness, with 
minimal differences of less than 1 Å. Although minor fluctuations oc-
curred during the initial 0-15 ns of the simulation, these differences were 
still within the range of less than 1 Å (figure 1B). The stability of the 
backbone atoms, as depicted in figure 1C, also demonstrated these small 
fluctuations. However, both structures experienced stabilization after the 
15th ns of the simulation period, despite the presence of slight differences 
(figure 1C). Thus, small variations in the amino acid sequences of the 
3CP of Indonesian serotypes have a small influence on the stability of its 
structure. 

 
Electronegativity Properties 
Chrysin, classified as a flavonoid based on its chemical structure, consists 
of two benzene rings and an additional oxygen-containing ring. It shares 
a similar structure with Luteolin, a compound known for its inhibitory 
activity against 3CP of FMDV as confirmed by Theerawatanasirikul et 
al. (2021). It is worth noting that Luteolin and Chrysin, two flavonoids, 
exhibit minor differences in their structures. These differences primarily 
occur in the hydroxylation patterns of the B-ring, where Luteolin pos-
sesses hydroxyl groups at positions 3' and 4', while chrysin lacks hydrox-
yl groups at these positions (figure 2A). Consequently, conducting a 
DFT analysis to evaluate their electronic properties and predict similar 
bioactivity against 3CP becomes an intriguing task. 

The computational analysis using DFT reveals the favorable inter-
action potential between Chrysin and 3CP based on their respective elec-

tronegativity profiles, particularly considering the ΔE value. Notably, 

Chrysin exhibits a ΔE value similar to that of Luteolin, a known inhibitor 

of 3CP (see Figure 2B). ΔE, obtained by calculating the energy difference 
between the LUMO and the HOMO, reflects the molecules' capability in 

Figure 1. Structural differences and stability assessment of the 3CP of Indonesian serotypes with the template 
structure (PDB ID: 2WV5). Structural alignment of the model from 3CP of Indonesian serotypes (green ribbon) 
with the template (magenta ribbon) (A) along with the stability measures according to the Rg (B) and the RMSD of 
backbone atoms (C).  
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electron transfer mechanisms (Rammohan et al. 2020). A smaller ΔE val-
ue indicates more efficient electron transfer (Islam 2015; Rammohan et 
al. 2020). Consequently, Chrysin is expected to have superior binding 
affinity towards the target protein compared to Luteolin. Furthermore, 
the IP and EA were determined using the Hartree-Fock (HF) model 
(Amati et al. 2020; Hossen et al. 2021). Molecules with lower ionization 
potentials and higher electron affinities possess increased reactivity and 
are more likely to engage in electron transfer or interaction (Rammohan 
et al. 2020). Hence, both Chrysin and Luteolin exhibit comparable inter-
action potential with Chrysin favoring an electron-donor role, while Lu-
teolin acts as an electron acceptor during their interaction with 3CP 
(figure 2B). 

The distribution map of HOMO and LUMO properties showed a 
similar pattern between Chrysin and Luteolin. Nonetheless, minor varia-
tions were observed, specifically in the B ring of both molecules (Figure 
2C). Consistent with previous discussions on the impact of different func-
tional groups on energy density (Xu et al. 2021), the presence of two hy-
droxyl groups appears to have an effect on the distribution of HOMO 
and LUMO for each molecule. Due to its hydroxyl groups, it is plausible 
that Luteolin possesses better activity compared to Chrysin. Despite this, 
based on their electronic properties, Chrysin and Luteolin are likely to 
interact similarly as inhibitors. 

 
Binding of Chrysin to 3CP 
As depicted in Figure 3A, the binding of Chrysin to the 3CP displayed a 
highly similar conformation to Luteolin. Both compounds demonstrated 
binding at comparable energies, although Chrysin displayed a higher 
binding energy than Luteolin. Notably, Chrysin and Luteolin shared a 
number of amino acid residues, and interactions occurred at the active 
site positions, specifically VAL 138, MET 141, TYR 152, and THR 156. 
Interestingly, Chrysin formed a greater number of hydrogen bonds dur-
ing its binding to 3CP than Luteolin did. Chrysin formed hydrogen 
bonds with PHE 150, TYR 152, and GLY 185, whereas Luteolin bonded 
carbon to hydrogen with ALA 152. In addition, as shown in Figure 3B, 

Figure 2. The structure and electronic properties of Chrysin and Luteolin. Both Chrysin and Luteolin have similar 
properties according to the chemical structure (A), electronegativity properties (B) and the HOMO and LUMO 
position (C) according to the DFT calculations.  
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both complexes were strengthened by hydrophobic bonds in their B- and 
A-rings as well as multiple Van der Waals interactions (Figure 3B). 
Chrysin is predicted to inhibit 3CP in a manner similar to that of Luteo-
lin, based on the observed interaction patterns. 

The 3CP enzyme plays a crucial role in the reproductive cycle of 
FMDV by processing the polyprotein precursor to form new viral parti-
cles (Wang et al. 2015). Previous studies have identified natural com-
pounds capable of reducing viral load by inhibiting the 3CP, particularly 
for FMDV serotype A (Theerawatanasirikul et al. 2021; 
Theerawatanasirikul et al. 2022). One such compound is Luteolin 
(Theerawatanasirikul et al. 2021), which shares a similar chemical struc-
ture with Chrysin, the molecule of interest in this study. Both Chrysin 
and Luteolin interact effectively with key catalytic residues of the 3CP 
(figure 3). While Chrysin exhibits a higher binding energy than Luteolin, 
it forms a greater number of hydrogen bonds. As hydrogen bonds signifi-
cantly contribute to the stability of protein-ligand interactions (Chen et 
al. 2016), Chrysin may serve as a more suitable candidate for comparison 
with Luteolin as an inhibitor of the 3CP. Furthermore, this study sug-
gests that Luteolin may also exhibit similar inhibitory activity against 
the 3CP of FMDV serotype O, as previous investigations primarily fo-
cused on its inhibitory effects against serotype A. 

 
Structural Dynamics of Chrysin-Bounded 3CP 
The RMSD measures the deviation of an atom's position during simula-
tions and indicates the instability of the structure (Sargsyan et al. 2017). 
Comparing the binding of Chrysin and Luteolin to 3CP, the RMSD of 
the atom backbone indicates that Chrysin-bounded 3CP is more stable 
(figure 4A). The Rg was also employed to evaluate the structural com-
pactness of 3CP bound to Chrysin and Luteolin. A lower Rg value indi-
cates greater density (Meylani et al. 2023). Until the end of the simula-
tion, 3CP-Chrysin exhibited slightly fluctuating Rg values around 8 ns 

Figure 3. Structural conformation, binding energy and binding site of the Chrysin compared to the Luteolin to the 
3CP. The 3D of the 3CP was visualized in green ribbon, while the Chrysin and the Luteolin were displayed in red 
and cyan sticks, respectively (A). Amino acids interaction was displayed in 2D map with amino acids visualized as a 
circular disc, and the color refers to each interaction chemistry (B). 
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and lower Rg than 3CP-Luteolin (Figure 4B). Les disparities were negli-
gible, less than 1 Å. The RMSF values, which indicate residual flexibility 
(Khan et al. 2021), differed lightly between 3CP-Chrysin and 3CP-
Luteolin. Certain residues, including LYS 75, ARG 106, MET 141, ALA 
158, and the C-terminal residues of 3CP, had higher RMSF values de-
spite not being catalytic sites (Figure 4C). Only MET 141 interacted 
with Chrysin through Van der Waals forces. Terminal chain instability is 
a common characteristic of proteins (Iwakura & Honda 1996). Since lig-
and-induced protein conformation influences the affinity of the protein 
for the ligand (van den Noort et al. 2021), the degree of stabilization will 
minimize the dissociation of the protein-ligand complex to perform its 
bioactivity (Glas et al. 2017). The minimal effect of the compounds on the 
3CP’s structural stability, particularly Chrysin, suggests the possibility 
to inhibit the activity of 3CP in a stable complex formation. 

From the compounds’ structures and interactions point of view, 
Chrysin showed relatively stable conformation compared to the Luteolin. 
Although dramatic fluctuations appeared at around 20-30 ns, the value 
was less than 1 Å. A Similar event was also displayed by Luteolin, which 
showed some fluctuations during 7-10 ns of simulations (Figure 5A). 
However, Chrysin exhibited lower number of formed hydrogen bonds 
(Figure 5B) and described higher free-binding energy than Luteolin 
(Figure 5C). Previous study demonstrated that thermodynamic stability, 
which relates to binding affinity, does not require structural stability 
(Majewski et al. 2019). However, structural stability incurs an entropic 
penalty that hinders complex formation (Majewski et al. 2019). Hydro-
gen bonds contribute to this penalty, promoting a stable protein-ligand 
complex (Majewski et al. 2019). Hence, Chrysin may be less effective to 

Figure 4. The structural stability of the 3CP upon binding with the Chrysin compared to the Luteolin. The struc-
tural stability was assessed through the value of the RMSD of backbone atoms (A), the radius of gyration (B), and 
the RMSF of each residue (C) of 3CP. 

 

 

Figure 5. The stability of compounds and complexes interactions during molecular dynamics simulation. The sta-
bility of compounds as the ligands were displayed as the RMSD of ligand structure (A), while the interaction sta-
bility was assessed through the number of hydrogen bonds (B) and free-binding energy calculations (C). 
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interact with 3CP than Luteolin due to lower number of hydrogen bonds. 
Still, the differences of both compounds are plausible to perform a similar 
activity in inhibiting 3CP of FMDV. Nonetheless, experimental evidenc-
es are still required to validate the inhibitory properties of Chrysin 
against 3CP.  

 
CONCLUSIONS 
Indonesian serotype of FMDV had unique amino acid substitution at 
T104 and D177 compared to another O serotype. On the other hand, 
Chrysin has the potential as a 3CP inhibitor through its electronegativity 
properties, mainly at the benzene and carbonyl ring, as well as the hy-
droxyl group. Chrysin bound with several active sites, i.e., VAL 138, 
MET 141, TYR 152, and THR 156. The binding of Chrysin to 3CP re-
mained stable without affecting the protein structure's integrity. Chrysin 
also showed stable structural conformation, although possessed fewer 
hydrogen bonds and higher free-binding energy than Luteolin. Still, 
Chrysin had promising potential to control FMDV infection by limiting 
viral replication through 3CP inhibition. Experimental validation is war-
ranted to confirm these predictions and determine the therapeutic effica-
cy of Chrysin in combating FMDV infections. 
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SUPPLEMENTARY FILES 
 
Table S1. The list of the amino acid sequences of 3CP from other serotype of FMDV along with the accession code 
in GenBank database.  

No. Locality GenBank ID 
1. Indonesia AAT01756.1 
2. United Kingdom AAT01779.1 
3. Belgium AAT01760.1 
4. Italy AAT01773.1 
5. Poland AAT01769.1 
6. Iran AAT01777.1 
7. Turkey AAT01766.1 
8. South Korea AAT01767.1 
9. Philippines AAT01754.1 
10. India AAT01771.1 
11. Taiwan AAT01778.1 
12. Japan BAC06475.1 
13. China AAM33345.1 
14. South Africa AAK97007.1 
15. South Africa AAK97010.1 
16. South Africa AAK97009.1 
17. India ACJ02480.1 
18. South Africa AAM53441.1 
19. India AAC36727.1 
20. Argentina AAT01712.1 
21. Argentina AAT01710.1 
22. Uruguay AAT01744.1 
23. Uruguay AAT01745.1 
24. Netherland AAT01694.1 
25. Germany AAT01702.1 
26. Great Britain AAT01695.1 
27. France AAT01723.1 
28. Italy AAT01735.1 
29. Spain AAT01721.1 
30. Philippines AAT01736.1 
31. Thailand AAT01698.1 
32. Turkey AAT01708.1 
33. Iran AAT01708.1 
34. Iran AAT01734.1 
35. Iraq AAT01705.1 
36. Iraq AAT01706.1 
37. Kenya AAT01704.1 
38. Kenya AAT01709.1 
39. Lebanon AAT01742.1 
40. Lebanon AAT01743.1 
41. Pakistan AAT01738.1 
42. Israel AAT01739.1 
43. China AAQ90285.1 
44. Great Britain AAT01753.1 
45. Switzerland AAT01747.1 
46. Germany AAT01748.1 
47. Brazil AAT01749.1 
48. Brazil AAT01750.1 
49. Argentina AAT01751.1 
50. Argentina AAT01752.1 
51. Botswana AAT01788.1 
52. Zimbabwe AAT01789.1 
53. United Kingdom AAT01782.1 
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No. Locality GenBank ID 

54. Israel AAT01787.1 
55. South Africa AAT01785.1 

56. Namibia AAT01786.1 

57. Kenya AT01792.1 

58. Botswana AAT01794.1 

59. Zimbabwe AAQ11227.1 

 

Table S1. Contd.  

Figure S1. Multiple pairwise alignment of the 3CP sequences among several serotypes worlwide, including Indo-
nesian serotype. The highlighted sequences indicated the active site residues. 
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