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ABSTRACT: Hantaviruses are pathogens that belong to the Bunyaviridae family which are segmented negative-strand RNA 
viruses. Just as many other negatively stranded RNA viruses, its RNA-dependent RNA polymerase (RdRp), also referred to as L 
protein of hantaviruses, lacks capping activity, which enhances mRNA processing, mRNA export, and translation. Hantaviruses, 
on the other hand, employ the use of “cap snatching”, in which 5′ capped oligonucleotides are cleaved from infected cell transcripts 
and used as primers to initiate the viral mRNA synthesis and it is known that the cytotoxicity of a hantavirus depends on the 
effectiveness of its cap-snatching domain. In this article, the correlation between the viral toxicity and its cap-snatching domain 
(first 220 amino acids of the L protein) is explored. As it has been found by aligning the RdRp residue cap-snatching domains, 
certain mutations can completely reduce the viral cytotoxicity. 
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�   Introduction
Hantaviruses belong to the Bunyaviridae family, which is a 

group of segmented negative-strand RNA viruses that include 
ones which cause severe human diseases.¹-³ Hantaviruses get 
significant attention as emerging pathogens which are expand-
ing their global distribution. ⁴-⁷ In Asia, the prototypic Hantaan 
virus is a causative agent for hemorrhagic fever with the renal 
syndrome with fatality rates of about 3 %. In South and North 
Americas, the hantaviruses Sin Nombre and Andes are associ-
ated with hantavirus cardiopulmonary syndrome with up to 40 
% mortality. ⁷-¹² There is currently no licensed vaccine against 
hantaviruses and therapeutic options are limited.¹³

Just as many other RNA viruses, hantavirus RNA dependent 
RNA polymerase uses a unique “cap snatching” mechanism for 
transcription initiation, as viral mRNAs are around 100 nu-
cleotides shorter than parent genomic viral RNAs, and lack a 
poly-A tail. 1-3 During the cap-snatching process, 10-14 nucle-
otides’ long 5′-capped oligonucleotides are cleaved from host 
cell transcripts and used as primers to initiate the viral mRNA 
synthesis, following a prime-and-realign mechanism. Viral 
mRNAs are translated into the cell cytoplasm by the host cell 
translation machinery. ⁴-⁷ (Figure 1) 

Viral RdRp also replicates the genome through the process 
of complementary cRNA synthesis. Complementary cRNAs 
are the precise complement of genomic viral RNA (vRNA) and 
performance templates for the synthesis of the negative-sense 
viral genome. Viral assembly and maturation occur on the cell 
surface or on the Golgi body. Virions that mature on the Golgi 
body are transported to the cell surface through the vesicular 
secretory pathways located in the cytoplasm. As a result, new 
virions bud off the host cells from the cytomembrane.1-3

RNA-dependent RNA-polymerase:
Hantavirus RdRp (RNA dependent RNA polymerase) is 

a large protein with a mass of 250-280 kDa. RdRp medi-
ates both transcription and replication of the viral genome. 
During transcription, RdRp synthesizes viral mRNA from a 
negative-sense vRNA template.¹-³ During replication, RdRp 
replicates the viral RNA genome via a cRNA intermediate. 
Thus, it is likely that hantavirus RdRp has multiple activities, 
including endonuclease (cap-snatching activity),replicase, 
transcriptase, and RNA helix unwinding activities.¹³

Due to their essential role in virus multiplication, the con-
served endonucleases of RdRp of segmented negative-strand 
RNA virus polymerases are of great interest to basic virus re-
search. Their enzymatic activity makes them attractive drug 
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Figure 1: The cap-snatching mechanism. The diagram illustrates the 
cap-snatching mechanism of the RdRp and how it is involved in the viral 
replication in the host cell.¹⁴
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targets for therapeutic intervention. Here, previous studies 
were confirmed and extended, providing further evidence for 
the importance of the cap-snatching domain for viral toxic-
ity.¹³ 

Importance and Hypothesis:
In the infected host cell, cap-snatching is a mechanism of 

great interest as it is responsible for the initiation of virus 
replication. Consequently, the interruption in cap-snatching 
through certain mutations in the viral RdRp will inhibit virus 
replication and will likely improve the prognosis of hantavirus 
disease. Our studies present the mutations of the cap-snatch-
ing domain of five different hantaviruses, as it was believed 
that certain mutations would completely reduce the viruses’ 
cytotoxicity or make them even more dangerous. The study 
was executed to give a deeper insight into the RdRp endo-
nuclease domain and its mutations. Identification of certain 
mutations will potentially reveal a novel therapeutic target for 
combating this viral illness.
�   Methods
Sequence alignment:
The sequence alignment was executed by web platforms 

such as NCBI Protein Blast (National Institute of Health, 
Maryland, US) and Clustal W (EMBL-EBI, Cambridgeshire, 
UK).²⁶ The sequences of Andes and Maporal virus were com-
pared to Hantaan virus endonuclease (access ID is 5ize at 
Protein Data Bank (PDB) RCSB, US). The first 220 amino 
acids in the sequence were taken out to the whole L protein se-
quence, to focus on the cap-snatching domain only. Only then 
they were aligned and checked for mutations. The reference 
codes used for L Protein Cap-snatching domains of hantavi-
ruses are as follows: Puumala virus (GenBank: BAJ14125.1), 
Hantaan virus (GenBank: AAG10042.1), Maporal virus 
(NCBI Reference Sequence: YP_009362282.1), Tula virus 
(NCBI Reference Sequence: NP_942124.1), Andes virus 
(GenBank: AAG22533.4).

Swiss-Model:
The Andes hantaviruses (PDB: 5hsb) and Hantaan virus 

(PDB: 5ize1.A) templates for MAPV modeling were select-
ed in SWISS-MODEL (Swiss Institute of Bioinformatics, 
Basel, Switzerland) template library supported Protein Data 
Bank (PDB) by NCBI.¹⁴ The protein sequences were copied 
and aligned with the corresponding template sequences. The 
variable regions which include insertions and deletions were 
rebuilt by the fragment library. The side chains were added 
later. Consistent with land Protocols, the geometry of the 
model was maintained by a physical phenomenon. The mod-
el also can be built by using PROMOD-II. The standard of 
the model was estimated by QMEAN. A score closer to 0 
demonstrates the best quality. The scores relatively closer -1 
were not used. QMEAN consists of four components: (i) the 
neighboring Cβ atoms’ interaction value, (ii) all atoms inter-
action, (iii) the solvation potential, (iv) the torsion potential. 
All scores were recorded. The similarity of organic compound 
alignment was estimated by the ‘local quality estimate’ anal-
ysis executed by the server. The values smaller than 0.6 were 
avoided and only the upper values were accepted. Conse-
quently, the model was tested for the standard by comparing 

avoided and only the upper values were accepted. Conse-
quently, the model was tested for the standard by comparing 
its QMEAN mean score to other rebuilt models. The model 
was illustrated with its variance. Importantly, the model was 
accepted if it is within the range of mean giving only one unit 
of ordinary deviation.

The model of hantaviruses comes with manganese atoms; 
therefore, it is important to pick the high-quality ligand 
alignment. The ligand modeling was selected by using four 
criteria based on the template alignment of the model: (i) 
the biologically relevant ligands, (ii) the ligand contact with 
the model, (iii) the absence of ligand clashing, (iv) the con-
served sequences alignment where they interact with ligands. 
The loss of one of the standards accustomed assumes that the 
model does not satisfy the analysis. At the same time, the ac-
curacy of the tertiary structure was estimated by the GMQE 
score, which ranges from 0 to 1. The upper score shows the 
upper reliability of the structure.

Theoretical pl/Mw:
The calculation of theoretical pl/Mw of each N terminus 

cap-snatching domain was executed by ExPASy pl/Mw com-
puting tool. The first 220 amino acids in the sequence of each 
chosen hantavirus were applied.  Protein pI is calculated using 
pK values of amino acids, which were defined by examining 
polypeptide migration between pH 4.5 to 7.3 in an immobi-
lized pH gradient gel environment with 9.2 M and 9.8 M urea 
at 15 °C or 25 °C. Protein Mw was calculated by the addition 
of average isotopic masses of amino acids in the protein and 
the average isotopic mass of one water molecule. Molecular 
weight values were given in Dalton (Da). 
�   Results and Discussion
Previous studies have shown the existence and the func-

tionality of an endonuclease in the N-terminal domain of the 
hantavirus genus. This research sought to demonstrate certain 
mutations in the cap-snatching domain of the 5 hantaviruses. 
It has shown that there are certain amino acids, the mutations 
of which, will completely decrease the toxicity of the virus and 
consequently its lethality. 

First, the N terminus (first 220 amino acids of the L protein) 
of five hantaviruses were aligned, showing the evolutionary 
distances between them (Figure 2). This shows how Tula and 
Puumala viruses are closely related. They are 85.91 % identi-
cal (Table 1), which would explain their similar cytotoxicity 
with mortality rates of less than 1 %.¹⁵-¹⁸ At the same time, 
it was observed that about 13 % of the protein sequence dif-
ferentiates Puumala and Tula viruses from a toxic Andes virus 
which has a mortality rate of between 40 % and 50 % in South 
America.¹⁹ As a result, it can be assumed that this 13 % of 
the protein cap-snatching domain significantly changes the 
cytotoxicity of the virus. This shows that by looking at those 
mutations that are present in one virus and do not occur in the 
other one, which mutations actually do affect the toxicity of 
the hantavirus can be determined.

A detailed alignment of five hantaviruses was executed, al-
lowing exact mutations and differences between the highly 
toxic and relatively safe viruses to be seen (Figure 3). To illu-
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minate insignificant mutations that are very unlikely to change 
the functionality of the cap-snatching domain, the mutations 
in which the amino acid was replaced by the one with a simi-
lar functional group and properties were ignored. For instance, 
the tenth amino acid in the sequence is K in Hantaan but R 
in the other 4 hantaviruses, however, they both are positively 
charged, thus their functionality is very similar, and it should 
not strongly affect the functionality of the virus. 
Table 1: The genetic distance difference in the percentage value of five 
hantaviruses. The table was built by the comparison of the L protein 
cap-snatching domain performed by the Clustal Omega web platform 
(version by 23 August 2020).

Figure 2: Phylogenetic tree of five Hantaviridae genus species and their 
genetic difference distance. The diagram shows the phylogenetic tree 
between five hantaviruses, illustrating the common ancestors based on the 
L protein alignment. The cladogram was built by the Clustal Omega web 
platform (version by 23 August 2020).

Figure 3: Alignment of the 220 amino acids of the L protein cap-snatching 
domains. The figure illustrates the alignment of the active centers of  5 
Hantaviruses. The red color stands for a hydrophobic residue, green - polar 
and blue - negative with pink - positive. The numbers on the right side of 
the row tell the number of amino acids in the row, performed by the Clustal 
Omega web platform (version by 23 August 2020).

Next, the active sites of each of the endonuclease domains 
with the most conserved amino acids were defined (Figure 
4). None of the mutations in the conserved amino acids were 
found. Therefore, it can be concluded that the observation sup-
ports previous studies which imply that one of the mutations 
in the conserved amino acids would fully decrease the endo-
nuclease activity of the protein, as these amino acids (H 36, 
E 54, D 97, E 110, T 112) are bonded with manganese at-
oms ligands. ²⁰,²¹,¹³ This helps to better understand the nature 
of the mutations and their specific location in the sequence 
which can be linked to its significance in the efficiency of the 
cap-snatching domain.²²

Subsequently, the cap-snatching domains of both Andes 
and Hantaan viruses were aligned in 3D, as Andes’s N termi-
nus domain is evolutionarily the closest to Hantaan’s domain. 
Moreover, both of them have a mortality of HNDV 10 – 12 % 
and ANVD 30 %. The most functionally important mutations 
are shown in the diagram (Figure 5). The 3D alignment reveals 
that the activities of both hantaviruses are similar and consid-
ering their relatively high cytotoxic activity it can be implied 
that the mutations on the cap-snatching domains do indeed 
affect its cytotoxicity.

Andes virus is similar to the Maporal virus by 88.18 %, be-
ing the closest related species in the Hantaviridae genus out 
of the five which have been chosen for this study. However, 
the mortality of the Maporal virus is about 1 %.²³-²⁶ All of the 
important mutations in the cap-snatching domain are shown 
Figure 6. It can be concluded that each of these mutations may 
decrease the toxicity of the Andes virus.

Figure 8: The protein sequence of the L Protein cap-snatching domain of 
five hantaviruses (220 amino acids). The diagram shows the amino sequence 
of the cap-snatching domains (first 220 amino acids). The connotation of 
each sequence above shows the isoelectric point and molecular weight of the 
protein sequence with the overall number of charged and polarized amino 
acids in the residue. This allows us to better understand the nature of the 
protein N terminus executed by the ExPASy - Compute pl/Mw tool.
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 Moreover, the Andes virus N Terminus model was used as 
a reference for Tula and Puumala viruses to demonstrate the 
important mutations with each of these viruses. Each of the 
demonstrated mutations on the Andes hantavirus cap-snatch-
ing domain reduces the cytotoxicity of the virus. This has 
revealed some common mutations such as ANDV E (141) and 
TULA H (141) with PUUM I (141). 

This conclusion was revealed by executing a similar oper-
ation with Tula and Puumala virus. Tula and Andes viruses 
cap-snatching domains are similar with 77.27 % homology. 
The important mutations are shown below in Figure 7. 

Andes and Puumala are similar with 76.82 % homology. 
Then their 3D models were also aligned, demonstrating the 
important mutations which result in such a big difference in 
cytotoxicity and as a result of mortality (Figure 8).

Figure 5: The 3D alignment of the Hantaan virus with Andes Virus. The 
diagram shows the important mutations on the aligned 3D models of the 
Andes virus and Hantaan virus L protein cap-snatching domain. The figure 
illustrates that the active site of the protein in both viruses is relatively 
similar.

Figure 6: The comparison of the Maporal virus mutations on the Andes 
virus cap-snatching domain. The mutations of the Maporal hantavirus are 
displayed on the Andes virus cap-snatching domain. Each of these mutations 
significantly decreases viral toxicity.

�   Conclusions
Hantaviruses are viruses that belong to the Bunyaviridae 

family which are segmented negative-strand RNA virus-
es. This means that its RNA-dependent RNA polymerase 
(RdRp) lacks capping activity and instead it makes use of a 
"cap-snatching" mechanism in which 5′ capped oligonucle-
otides are cleaved from infected cell transcripts and used as 
primers to initiate the viral mRNA synthesis and it is known 
that the cytotoxicity of a hantavirus depends on its effectiveness 
of cap-snatching domain. According to our hypothesis, there 
may be certain mutations in the cap-snatching domain of the 
hantaviruses which would completely reduce the cytotoxicity 
of the virus or make it hypertoxic. Our experiment has aligned 
the viruses’ endonuclease domains and demonstrated the most 
significant mutations in the amino sequences. By comparing 
the toxicity of the virus, which is linked to its mortality, it could 
be concluded that these mutations either reduce or increase 
their cytotoxicity, which proves our hypothesis. 

Figure 7: The comparison of the Tula virus mutations on the Andes virus 
3D model. The Protein Data Bank Fasta file for the ANDV L Protein cap-
snatching domain was used as a reference model to build the TULA virus 
cap-snatching domain. The model represents the mutations by comparing 
the number of the amino residue and the hantavirus revealing the mutations 
which decrease the toxicity of the virus.

Figure 8: The comparison of the Puumala virus mutations on the Andes 
virus 3D model. The Protein Data Bank Fasta file for the ANDV L Protein 
cap-snatching domain was used as a reference model to build the PUUM 
virus cap-snatching domain. The model represents the mutations that 
appeared in the PUUM domain confirmation.
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