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Abstract 
The NbDEK gene produces a calpain-type cysteine protease that affects Nicotiana benthamiana leaf 
development. This enzyme's mechanism is unknown. This study aims to characterize the structure and 
mechanism of calpain-type cysteine protease (NbDEK) from Nicotiana benthamiana. UniProtKB 
sequence query for NbDEK from Nicotiana benthamiana (Q6SSJ2) ExPASy's ProtParam, 
PeptideMass, JPred 4, and GOR V were used to predict physicochemical primary and secondary 
structures. NbDEK from Nicotiana benthamiana was thermally stable with a 100.12 index. It has 
45.19% random coil and 43.88% -helix, indicating a globular, compact, and stable protein. Multiple 
sequence alignment using Clustal Omega confirmed that NbDEK from Nicotiana benthamiana has the 
conserved catalytic triad Cys-71, His-229, and Asn-249, along with conserved residues Gln-65, Trp-
72, Gly-160-161, Pro-250, and Trp-251. 3D structure prediction was made using homology modeling 
(SWISS-MODEL). The highly conserved active site was seen in a 3D superimposition of NbDEK from 
Nicotiana benthamiana and DEK1. AutoDock Vina confirmed the molecular interaction efficiency 
between Nicotiana benthamiana's NbDEK and E-64 protease inhibitor (-7.4 kcal/mol). Overall, the 
NbDEK from Nicotiana benthamiana has potential function as the well-characterized DEK1 and may 
be inhibited by the E-64 protease inhibitor. 
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Introduction 
The tobacco relative Nicotiana benthamiana is used extensively in molecular agriculture for transient 
expression of recombinant proteins (Tsekoa et al., 2020). In addition, its big leaves are easily penetrated 
to produce the required protein, and its reactivity to Agrobacterium tumefaciens is poor, allowing for high 
quantities of transgenic transcripts (Bombarely et al., 2012). The calpain-type cysteine protease 
produced by the NbDEK gene has been thought to play a function in Nicotiana benthamiana leaf 
development. 

Calpain-type cysteine protease directs cell fate and specification during leaf development. The 
molecular mechanism of DEK action in plant cell fate determination has not been elucidated in 
dicotyledonous plants. Plant calpain-type cysteine protease has no recorded protein-ligand interaction. 
Research suggests E-64 inhibits cysteine protease (Matsumoto et al., 1999). Research on calpain-type 
cysteine protease in leaf development will increase molecular farming production. 

This study uses bioinformatics to predict and examine calpain-type cysteine protease from 
Nicotiana benthamiana as a leaf-development enzyme. Homology modeling is used to create a 3D 
model of the Nicotiana benthamiana calpain-type cysteine protease, then superimposed with the 
reference protein structure model. To understand the protein's putative catalytic function, the features 
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of the predicted protein 3D structure and its binding affinity to the E-64 are investigated. 
 

Materials and methods 
As the query sequence, the calpain-type cysteine protease from Nicotiana benthamiana with accession 
number Q6SSJ2 is retrieved from UniProtKB. The sequence of the Arabidopsis thaliana calpain-type 
cysteine protease with accession number Q8RVL2 is retrieved from UniProtKB as the reference protein 
utilized in the superimposition. ProtParam and PeptideMass are then used to find the essential 
physicochemical characteristics in the query sequence for the physicochemical properties  study. 
Following that, the secondary structure prediction is performed using the JPred and GOR V algorithms, 
which predict the query protein's alpha- helices, beta-sheets, coils, and turns. 

Using NCBI BLASTp, the top ten homolog proteins of the query protein are then chosen. Clustal 
Omega is then used to do multiple sequence alignment for these top ten homologous sequences with 
the query sequence and reviewed reference protein sequence. Following that, the tertiary structure 
prediction of the query protein sequence is performed using homology modeling by SWISS-MODEL. 
The predicted 3D structures are then verified using the MolProbity and Saves v6.0 services. 
3D structural superimposition is performed using PyMOL for comparison with the reference protein. 
The last stage is molecular docking, which is performed between the query protein and E-64 protease 
inhibitor to examine binding affinity using AutoDock Vina. PyMOL is used to show the data for 
comparison and analysis. 
 
Results and discussion 
The automatically annotated unreviewed query amino acid sequence of calpain type cysteine protease 
from Nicotiana benthamiana (NbDEK) with accession number Q6SSJ2 was retrieved from 
UniProtKB/TrEMBL in FASTA sequence format. The sequence of the manually annotated calpain type 
cysteine protease from Arabidopsis thaliana (DEK1) was acquired from UniProtKB/Swiss-Prot in FASTA 
format. 
 
Table 1: The comparison of the outputs of ProtParam for query NbDEK with accession number 
Q6SSJ2 and reviewed DEK1 with accession number Q8RVL2 

Parameters NbDEK DEK1 

No. of amino acids 2142 2151 

Molecular weight (Da) 236791.67 238264.34 

Theoretical Pi 6.09 6.15 

 
Negatively charged residue (Asp+Glu) 

 
223 

 
227 

Positively charged residue (Arg+Lys) 203 210 

Extinction coefficient (M-1 cm-1) at 280 nm 405775 404160 

Instability index 40.16 42.27 

Aliphatic index 100.12 96.88 

Grand average of hydropathicity (GRAVY) 0.127 0.056 

 
ExPASy's ProtParam and PeptideMass services were used to conduct investigation of the query 
NbDEK, accession number Q6SSJ2, for its physicochemical parameters. ProtParam was also used to 
analyse the physicochemical characteristics of the reference protein DEK1 (accession number 
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Q8RVL2). The outputs were tabulated in Table 1. The molecular weight (Da) and theoretical Pi of the 
NbDEK are 236791.67 Da and 6.09 respectively. The theoretical pI of NbDEK is slightly lower than 7, 
meaning that the NbDEK is slightly acidic (Sahay et al., 2020). The negatively charged residues 
(Asp+Glu) of NbDEK is 223, while the positively charged residues (Arg+Lys) of NbDEK is 203. Its 
negatively charged residues are more than the positively charged residues. This suggested that NbDEK 
is an intracellular protein based on the negative-outside rule (Baker et al., 2017). The extinction 
coefficient of NbDEK at 280 nm was 405775 M-1 cm-1 which is higher than the extinction coefficient of 
DEK1, 404160 M-1 cm-1 due to the higher concentration of tyrosine residues, Tyr (2.8%) than DEK1, in 
agreement with the report of Satyanarayana et al. (2018). The instability index of NbDEK (40.16) that 
is greater than 40 as shown in Table 1 indicates the NbDEK protein may be unstable (Mukesh Kumar 
et al., 2018). The high aliphatic index of NbDEK (100.12) suggests the NbDEK is thermally stable. The 
positive GRAVY of NbDEK (0.127) suggest that the protein is generally hydrophobic, similar to the DEK1 
which have positive GRAVY score 0.056. 
 
Table 2: Prediction of secondary structure of query NbDEK with accession number Q6SSJ2 
  JPred 4  GOR IV 

Length Percentage (%) Length Percentage (%) 

Alpha helix (Hh) 940 43.88 707 33.01 

Extended strand (Ee) 234 10.92 476 22.22 

Random coil (Cc) 968 45.19 959 44.77 

 
The secondary structure of NbDEK was predicted by using the JPred 4 and GOR IV server. The 

outputs from both JPred 4 and GOR IV are tabulated in Table 2 for comparison. For NbDEK, the random 
coil was determined to be the most prevalent secondary structural component. This indicated the 
stability of the model of NbDEK and its enzyme functionality, in agreement with the report of 
Satyanarayana et al. (2018) that flexibility and structural variations of proteins, such as enzyme turnover, 
are largely due to the presence of random coils. The model's great conservation and stability were 
highlighted by the prominence of its coiled regions (Hasan et al., 2015). Besides, the second highest 
secondary structure for NbDEK is the alpha helix. The NbDEK could be assumed to be present in the 
transmembrane region due to its coiling nature and globular structure (Satyanarayana et al., 2018). This 
is in conformity with the report of Guzzi et al. (2017) where the most common protein structure element 
that crosses biological membranes in the form of transmembrane proteins are the helices. 

Multiple sequence alignment was performed using Clustal Omega to compare the similarities 
and conserved regions of the query NbDEK between Nicotiana benthamiana and other organisms 
selected. The amino sequences of DEK proteins in the multiple sequence alignment are highly 
conserved as shown in Figure 4.2. This is supported by Wang et al., (2003) that found DEK1 proteins 
from various plant species share 70–98% sequence similarity, indicating that this family of proteins is 
highly conserved. The active sites of DEK proteins are well conserved as highlighted in yellow in Figure 
1. This is in agreement with the Wang et al., (2003) that found the catalytic triad Cys-71, His-229 and 
Asn-249, with conserved residues Gln-65, Trp-72, Gly-160–161, Pro-250, and Trp-251 in DEK1 calpain 
domain II and domain III, whereas calpain domain II&III Lys-1 corresponds to Lys-1699 in the full-length 
DEK1 protein sequence (Wang et al., 2003). 
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Figure 1 Highly conserved active sites are highlighted in yellow in the multiple sequence 
alignment of DEK from different organisms, reference DEK1 and target NbDEK 
 
 

 

Figure 2 The matched regions of the superimposed structure of NbDEK (green) and 
DEK1 (magenta, UniProtKB Entry: Q8RVL2) 
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Figure 3 The active site (sticks) of the superimposed structure NbDEK (green) and DEK1 
(magenta) 

 
The superimposition of the NbDEK structure over the well-characterized DEK1 structure 

indicated that the two structures are significantly equivalent, as shown in Figure 2. The NbDEK structure 
only matched the downward sections of DEK1 including the Peptidase C2 calpain catalytic domain and 
the Calpain III domain. However, the NbDEK structure is not exactly matched to the DEK1 structure in 
location. The NbDEK active site (Cys-1752, His-1910, and Asn-1930) is close to the DEK1 active site 
(Cys-1761, His-1919, And Asn-1939), as illustrated in Figure 3. These active sites may provide a similar 
function. 

 
Figure 4 The ligand conformation of E-64 with the highest negative value of binding affinity of 
-7.4 kcal/mol 
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Figure 5 E-64 that is docked at the active site of NbDEK binds with the non-conserved residues 
near the active site. The orange structure represents the predicted ligand binding site by I-TASSER. 
The sphere represents the catalytic triad of NbDEK. 

 
The interaction between the NbDEK and E-64 protease inhibitor was investigated using molecular 
docking using AutoDock Vina. In this investigation, the ligand conformation with the largest negative 
value of binding affinity (kcal/mol) was chosen for examination. Protein–ligand binding only occurs 
spontaneously when the free energy change is negative, and the difference in ∆G levels of complexed 
and unbound free states is proportional to the stability of the protein–ligand interaction (Afriza et al., 2018). 
From the result, the E-64 protease inhibitor showed high binding efficiency to the active site of NbDEK 
with the highest affinity value of -7.4 kcal/mol, as shown in Figure 4. The high binding efficiency of E-64 
toward NbDEK revealed their interaction and association with the active site of NbDEK. However, the E-
64 protease inhibitor does not interact with the conserved residues of active sites and the predicted 
ligand binding site. The E-64 protease inhibitor has a polar interaction with non-conserved residue, Ser-
2096, as shown in Figure 5. While the research from Matsumoto et al., (1999) found a common action 
of these inhibitors for cysteine proteases is a covalent bond formation between the epoxy carbon atom 
of the inhibitor and the Sg atom of the active CYS residue. 
 
Conclusion 
In conclusion, NbDEK was discovered to be conserved with all of the identified functional residues on 
well-characterized DEK1 that regulate leaf development. As a result, NbDEK was proclaimed to have 
the potential to influence cell fate determination and cell specification during leaf development. The E- 
64 protease inhibitor has a significant affinity for NbDEK in its catalytic domain. However, as compared 
to prior research with animal calpain type cysteine protease, E-64 binds to various residues for 
interaction, suggesting that E-64 may have unique effects on NbDEK that require additional 
investigation. 
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