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Abstract

The proofreading 3’—5’ exonuclease is an indispensable class of exonucleases that maintains the integrity of genomes
in all organisms, from viruses to humans. It plays a crucial role in regulating the fidelity of genome replication and its
diversity. Typically, they are placed on the same polypeptide along with the DNA polymerases as a separate domain or
as an associated enzyme of the replicase multienzyme complexes. In the non-segmented, positive-strand, bat-borne RNA
viruses like Severe Acute/Middle East Respiratory Syndrome Coronaviruses (SARS-CoVs and MERS-CoV), it is found
placed along with the methyltransferase (MTase) gene of the non-structural protein, NSP14. However, in the non-
segmented, negative-strand, bat-borne RNA viruses like Marburg, Ebola and Nipah viruses, it is not found along with the
MTase gene, but identified within a novel type of capping enzyme, viz. guanosine diphosphate
polyribonucleotidyltransferase (PRNTase). Despite this difference in genomic organization, the proofreading
exonucleases in both groups belong to the DEDD superfamily and share a conserved active site and catalytic mechanism.
Specifically, they utilise a completely conserved histidine residue that functions as a proton acceptor from a metal-
activated water molecule, enabling the excision of incorrectly incorporated nucleotides during genome replication. To
the best of my knowledge, this study provides the first evidence for the presence of a DEDD superfamily proofreading
exonuclease domain embedded within the PRNTase domain in non-segmented, negative-sense bat-borne RNA viruses
such as Marburg, Ebola, and Nipah viruses.

Keywords: Bat-borne human viruses; SARS-CoVs; Marburg virus; Ebola virus; Nipah virus; Guanosine diphosphate
polyribonucleotidyltransferase; PRNTase; Methyltransferase; Proofreading exonucleases; DEDD superfamily of
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1. Introduction

Viruses are ubiquitous in nature and are found to infect and proliferate in all kingdoms of life. They adapt their lifecycle
to the organism they infect and after successful infection, they mainly make use of the host machineries for their survival
and proliferation. Based on the genetic material they possess, they are broadly classified into RNA and DNA viruses.
Both types of viruses cause diseases in plants, animals and humans of endemic and pandemic proportions, resulting in
major global healthcare crises and unprecedented economic losses. However, the majority of human and animal
diseases of endemic and pandemic nature are caused by the RNA viruses like SARS-CoVs, MERS-CoV, Marburg, Ebola,
Nipah, Rabies, etc. [1]. The genome of RNA viruses is further classified into segmented and non-segmented types and
further into positive- or negative-strand subtypes, depending on whether they possess a positive- or a negative-strand
RNA genome. Both types cause severe viral diseases of both endemic and pandemic proportions, necessitating a deeper
understanding of their pathogenic and replication mechanisms in order to develop effective therapeutic interventions
[2]. For example, Measles, Mumps, Influenza viruses (A, B and C), Nipah, Hendra, Cedar, Ebola, Marburg, Rabies, etc.
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belong to the negative-strand RNA viruses and SARS-CoVs, MERS-CoV, Polio, Hepatitis C, Dengue, Zika, Yellow fever,
Rubella, Encephalomyocarditis, HIVs, etc. belong to positive-strand RNA viral types. The Marburg, Ebola, Nipah viruses
which are analysed in this communication are bat-borne viruses and belong to the same order Mononegavirales, as all
of them possess a non-segmented, negative-strand genome and are found to infect both animals and humans. In addition
to Marburg, Ebola, Nipah viruses, other members that also cause deadly human diseases in this order include rabies
virus, human respiratory syncytial virus, measles and mumps viruses, etc. The order includes eleven viral families,
viz. Artoviridae, Bornaviridae, Filoviridae, Lispiviridae, Mymonaviridae, Nyamiviridae, Paramyxoviridae, Pneumoviridae,
Rhabdoviridae, Sunviridae, and Xinmoviridae [3]. Both Marburg and Ebola viruses belong to the same Family, viz.
Filoviridae, and belong to the Genera, Marburgvirus and Ebolavirus, respectively, whereas the Nipah virus belongs to
the Family, Paramyxoviridae and belongs to the Genus, Henipavirus. The Marburg and Ebola viruses cause severe
haemorrhagic fever and death within a matter of days, whereas the Nipah virus causes acute respiratory infection and
fatal encephalitis (swelling of the brain) with high fatality rates of up to 75%. Interestingly, all the three viruses use
fruit bats as their natural reservoir and use primates and pigs as their intermediary hosts, respectively. Importantly,
vaccines or antivirals are not available for these viruses, (vaccine is available only for the Zaire strain of Ebola virus and
not for other strains of Ebola). The Marburg virus was first identified in 1967 in Marburg, Germany, and the Ebola virus
was first identified in 1976 near the Ebola River in the Democratic Republic of the Congo (DRC) and the Nipah virus
was first reported from Malaysia in 1998. All three viruses cause deadly human diseases, e.g., Marburg and Ebola viruses
cause a severe haemorrhagic fever and multiorgan failure in humans, whereas the Nipah virus causes fatal encephalitis
and brain damage. As the Nipah and Marburg viruses do not have any vaccine or antivirals to control them, the reported
fatality rates are extremely high and reported up to 90% (as compared to the COVID-19 pandemic, which was only about
1% global average). It is interesting to note that bats are the natural reservoirs for these endemic/pandemic viruses.
For example, reports confirm that SARS-CoV-1 and -2 and MERS-CoV originally originated from common bats like
horseshoe bats (Rhinolophus sp.), whereas the other three viruses, viz. Marburg, Ebola and Nipah are from fruit bats.

1.1. Replication/Transcription and Proofreading Enzymes in Marburg, Ebola and Nipah Viruses

In these non-segmented, negative-strand RNA viruses, both transcription and replication are accomplished by the same
enzyme, viz. by an RNA-dependent RNA polymerase (RdRp, EC 2.7.7.48). In fact, this enzyme forms a part of a large
protein known as L-protein of Mr of ~250 kDa. Other components of the L-protein are the guanosine diphosphate
polyribonucleotidyltransferase (PRNTase, a capping enzyme), a Connector Domain (CD) and a Methyltransferase
(MTase). The MTase exhibits a dual specificity i.e., it methylates the ribose at 2'-0 position on the first nucleotide of the
transcript and then methylates the capped 5’-guanylate at N-7 position. The CD and the C-terminal domain (CTD), both
with nonenzymatic functions, flank the MTase. The phosphoprotein, P acts as a non-catalytic cofactor for the RdRp. It
is interesting to note that a DEDD superfamily of PR exonuclease active site amino acids are found located within the
PRNTase domain of the L-Protein (Fig. 1A). Interestingly, all these enzymes are considered for the development of
potential antiviral drugs for effective control of these viruses, which is further elaborated in the following sections.

1.2. Viral RdRp as a Potential Drug Target

Consistent with their shared genome structure, the non-segmented, negative-strand RNA viruses have evolved similar
ways to transcribe their genome into mRNAs and then to replicate to produce new genomes. A single viral RdRp (of the
L-protein) performs both the transcription as well as replication of the viral genome. In the first phase of its lifecycle,
i.e, after viral entry via receptor binding and membrane fusion, the viral mRNAs are transcribed, which are then capped,
methylated by the other two enzymes of the L-protein. The poly-A tails are added to the mRNAs at their 3’-ends by a
stuttering mechanism at a slippery stop-site present at the end of the viral genes. The capped and tailed mRNAs are then
translated into viral proteins using the host machinery. In the transcription mode, the RdRp performs the sequential
transcription of all the mRNAs using a ‘termination-reinitiation’ mechanism responding to ‘gene-start’ and ‘gene-end’
signals. Some polymerases could also disengage from the template at each gene junction, resulting in a decreasing
abundance of transcripts from the 3' to the 5' end of the genome. Once enough nuclear capsid proteins (N) are made
from its mRNA, the viral RNA is now tightly encapsidated by the N and now, the RdRp switches from transcription to
the replication mode which is tightly linked to the intracellular N protein concentrations. It is interesting to note that in
the replication mode, the polymerase replicates the whole viral genome without recognizing the transcription signals,
and the replicated genome is not capped or polyadenylated. Thus, the viral RNA replication is a two-step process, i.e., in
the first step, a full-length copy of the genome with positive polarity is synthesized, which is also known as the
antigenomic RNA, the plus-strand, intermediate RNA. The antigenomic RNA is concurrently encapsidated by the viral
nucleoprotein, N. The encapsidated antigenomic RNA now serves as a template for the synthesis of viral genomic RNA,
i.e,, the negative-strand genomic RNA [4]. Thus, the RdRp of these negative-strand RNA viruses plays a dual role, first as
a transcriptase, and then as a replicase (except in retro viruses) in animal and human cells. Therefore, RARps from these
viruses have been the main target for antiviral drug development to control the proliferation of these viruses in animal
and human cells.
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1.3. PR Exonucleases and Their Classification

The viral RdRps (EC 2.7.7.48) belong to the Main class of ‘Transferases’ and are thus, involved in the transfer of
ribonucleoside triphosphates (NTPs) to the 3’ growing end of the nascent RNA chain [5]. Unlike the prokaryotic and
eukaryotic RNA polymerases, the viral RdARps make a high rate of error (~10-4) during copying of the viral genomes [6].
This is attributed mostly due to lack of an effective proofreading function in most of these RNA viruses. However, the
lack of efficient proofreading activity also favours constant creation of new genetic variants to adapt to constantly
changing environmental conditions. Interestingly, such mutations may result in ‘loss-of-function’ or ‘gain-of-function’
where both are exploited by these viruses for their successful adaptation to new environments [6, 7]. However, to
maintain the integrity of their genomes and their identity, they are also equipped with a PR mechanism and is discussed
further.

The PR 3’>5’ exonucleases (EC 3.1.11.x) are an indispensable class of exonucleases, evolved to maintain the integrity
of the genome in all living organisms. This is because, even one mistake in critical areas of an important protein or an
enzyme is detrimental to the survival of organisms. These PR exonucleases usually exist either as an independent
domain from the polymerase domain on the same polypeptide chain as a multifunctional enzyme (MFE) or as an
independent, accessory subunit in the replicase multienzyme complex (MEC). For example, in the bacterial DNA
polymerases I, three different enzymes are present on a single polypeptide as three distinct domains and exhibit three
different activities, viz. i) polymerization, ii) proofreading, and iii) DNA repair. The second type of PR exonuclease exists
as an independent subunit of a MEC, e.g., the e-subunit (a Zn2*-dependent 3'—>5' exonuclease) of the bacterial DNA
replicases [8]]. However, in some viruses it is located along with nucleic acid modifying enzymes. For example, in SARS-
and MERS-CoVs, the PR exonuclease is found in the non-structural protein (NSP14) along with the methyltransferase
[9] (Fig. 2B). But, in the non-segmented, negative-strand viruses like Marburg, Ebola and Nipah, a PR exonuclease
domain is identified, but not with the RdRp or with the MTase, but on a different enzyme, viz. witin the PRNTase (which
transfers the 5’-monophosphate of the nascent RNA transcript onto a GDP acceptor) (Fig. 2A).

Based on the active site amino acids, the PR exonucleases are broadly classified into two superfamilies, viz. DEDD and
Polymerase and Histidinol Phosphatase (PHP) [10,11]. The PR exonucleases of the bacterial and viral RdRps use four
acidic amino acids in the active site, viz. DEDD, for metal-binding and catalysis, and hence, they are classified under the
DEDD superfamily. Whereas the DNA polymerases X, the co-editing exonuclease of DNA polymerases Il [11] and YcdX
phosphoesterases [12] use PHP superfamily, which is essentially a Zn-based enzyme, with the active site amino acid
structure, HxH-E-H-D. It uses His residues for metal-binding and catalysis [9]. [t is interesting to note that the PA subunit
of the human influenza viruses uses both types of PR exonucleases [13]. The DEDD superfamily consists of two
subfamilies, viz. DEDD(Y) and DEDD(H), depending upon whether they employ an invariant Y or a H as the proton
acceptor during catalysis [Table 2]. The RdRps in the positive-strand of SARS-CoVs, SARS-related CoVs and other human
CoVs belong to the DEDD(H) subfamily and is located along with the MTase gene [9]. In the positive-strand viruses like
Marburg, Ebola and Nipah, a similar PR exonuclease is identified within the PRNTase domain and it also belongs to the
DEDD(H) type which has not been reported so far in these types of non-segmented, positive-strand RNA viruses. This
3'>5" PR exonuclease is also considered as a potential drug target to contain the proliferation of these deadly RNA
viruses.

Maintenance of genome stability is very important for all living organisms and it relies mainly on the error-free
replication of genomes by DNA and RNA polymerases. This is equally important for viruses also. Too many uncorrected
mutations during replications could lead to an "error catastrophe,” where the viruses could literally mutate itself to
death. To overcome this problem, the DNA and RNA polymerases exhibit strong discrimination for nucleoside
triphosphates (NTPs) and deoxynucleoside triphosphates (dNTPs) and rarely insert a wrong nucleotide during the
replication process and hence, their error rate is very, very minimum and is usually in the order of 10-6-10-2and 10-* to
106, respectively. To overcome even this minimal error rates during replications, these crucial polymerases are
invariably associated with PR mechanisms to correct any insertion error(s) during genome replication. However, when
a mismatch is encountered by the DNA or RNA polymerases during replication, the polymerases stall/pause, which in-
turn activates the PR function that promptly excises the mismatch. The PR exonuclease belongs to 3'=5’ type and they
excise any wrongly added nucleotide from the 3’-growing end, and thus, helping the polymerases to perform error-free
genome replication. Following the excision of the wrong base, the correct base is inserted and replication proceeds. This
important PR step in living organisms ensures the original DNA/RNA template is copied without any mistake and passed
on to the next generation. Thus, the PR functions play a crucial role in maintaining the integrity of genomes. It is
interesting to note that the SARS-CoV-2 PR exonuclease knockout mutant was unable to replicate, suggesting
possibilities for development of effective antivirals for PR exonucleases to contain these RNA viruses [9].

2248


https://en.wikipedia.org/wiki/Ribonucleotide
https://en.wikipedia.org/wiki/Ribonucleotide
https://en.wikipedia.org/wiki/Ribonucleotide

World Journal of Advanced Research and Reviews, 2026, 30(01), 2246-2261

1.4. PRNTase: A Novel, Capping Enzyme of RNA Viruses as a Potential Drug Target

After, RdRp and PR exonuclease, the third line of potential antiviral development strategies are directed towards the
capping enzyme, the PRNTase (EC 2.7.7.88). PRNTase catalyzes the transfer of 5'-triphosphate of nascent mRNAs to a
GDP molecule, forming the essential cap structure on mRNAs with concomitant release of an inorganic pyrophosphate.
This novel strategy is followed in a large number of the negative-strand RNA viruses, like, Marburg, Ebola, Nipah, Rabies,
Vesicular Stomatitis Virus, etc. [14, 15], where the PRNTase is invariably a part of the L-protein. Interestingly, this
mechanism of capping of an mRNA is distinctly different from the mRNA capping mechanism of the host cells and hence,
is considered as a potential target for antiviral drug development without affecting the host cells. It should be noted that
the 5'-cap structure is an essential component of all eukaryotic mRNAs, because it confers stability to mRNAs, facilitates
the capped mRNAs for initiation of translation by recruiting the ribosome machinery, protects the mRNAs from
degradation by exonucleases and also evades antiviral host immune response. It is interesting to note that two types of
capping mechanisms operate in biological systems. For example, all known eukaryotic and some viral (dsRNA and DNA
viruses) mRNAs are capped by a type of capping enzyme system that transfers a GMP moiety to the 5’-diphosphate-end
of the acceptor mRNA (i. e., after the removal of the terminal y-phosphate by a triphosphatase) to generate the cap
structure, 5’-G-ppp-mRNA. However, the negative-strand RNA viruses of the order Mononegavirales, where most of the
deadly human viruses belong to, possess an unconventional capping mechanism, in which a GDP is transferred
(produced by the action of the GTPase associated with the L-protein) to the 5’-p of the mRNAs to from 5’-G-ppp-mRNA
with the release of an inorganic pyrophosphate (PPi). This novel mRNA capping mechanism by PRNTase is present as
an enzymatic domain in the multifunctional L-protein of the non-segmented, negative-strand RNA viruses like Nipah,
Hendra, Cedar, Lyssavirus, Ebola, Marburg, Rabies, etc. In these viruses, the PRNTase use an invariant ~-HR- pair to add
the 5'-cap structure to the nascent mRNAs by covalent catalysis [16]. In other words, the PRNTase domain carries out
mRNA capping with a nucleophilic His residue of the invariant -HR- motif. A lone pair of electrons at the N2 position of
the His nucleophilically attacks the a-phosphate in the 5'-triphophate group of the mRNA-start, resulting in the
formation of a covalent enzyme-(hystidyl-N¢Z)-pRNA intermediate (called L-pRNA) with the concomitant release of the
inorganic pyrophosphate (PPi). In the second step, the L-pRNA transfers the pRNA to the GDP molecule, resulting in the
formation of the 5’ cap structure, 5'-Gppp-mRNA. The conserved R residue of the -HR- motif is also essential for the
intermediate formation such as binding to the 5'-triphosphate group of 5-ppp-mRNA and donating a proton to the
pyrophosphate leaving group resulting in the formation of an inorganic pyrophosphate (PPi) [16, 17]. Furthermore, Li
et al. [18] reported that RNA capping with GTP is abolished with the H-A or R—»A mutation of the -HR- motif.
Interestingly, as the capping mechanism of these viruses is different from the host cell capping mechanism, it is also
considered as a potential drug target to contain the spread of these viruses. It is interesting to note that a similar capping
mechanism, i.e., the GDP addition to the 5’ppp-mRNA is also reported for the non-segmented, positive-strand, bat-borne
viruses like the SARS-CoVs, suggesting that it is a common mechanism in these non-segmented RNA viruses [19]. Figures
2A and 2B show their organization in non-segmented, negative- and positive-strand RNA viruses, respectively.
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Figure 1A Organization of the PR exonuclease (PR-exo) domain in the PRNTase region of the L-protein in Marburg
(2331), Ebola (2212) and Nipah (2244) viruses

Figure 1B Organization of PR exonuclease and MTase domains in the non-structural protein (NSP-14) of SARS- and
MERS-CoVs. (Amino acids 1-287 represent PR exonuclease domain, and 288-527 represent N7-MTase domain in
SARS-CoV-1 &-2 and 288-524 in MERS-CoV)

2. Materials and Methods

Full-length L-protein sequences from the Marburg, Ebola and Nipah viruses are obtained from PUBMED and SWISS-
PROT databases. The advanced version of Clustal Omega was used for protein multiple sequence alignment (MSA)
analysis. Along with the conserved motifs and sequence similarities identified by the bioinformatics analysis, the data
already available from biochemical, SDM experiments and X-ray crystallographic analyses on these enzymes were used
to arrive at the possible active amino acids in the PR exonucleases of the Marburg, Ebola and Nipah viruses.
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3. Results and Discussion

3.1. Identification of PR Exonuclease Domain in the Marburg Virus

Figure 2 shows the PRNTase region in the L-protein of different strains of the Marburg virus (only the region required
for the discussion is shown here). The Marburg virus strain Musoke (MARV/Mus) is a highly virulent variant of the
Marburg virus identified from a 1980 human case in Kenya and it is used as the standard strain and highlighted in
yellow. It is frequently used in research to study Marburg viral pathogenesis and evaluate medical countermeasures.
Besides, Musoke is a cornerstone strain for understanding filovirus infections, which is characterized by a severe, often
fatal haemorrhagic fever and multi-organ failure in humans and non-human primates. The tentative region that
harbours the PRNTase region is shown with arrow marks. Interestingly, a complete set of conserved PR exonuclease
active site amino acids are identified in this region and highlighted in blue. It is clear from the conserved motifs and
amino acids that it belongs to the DEDD-exonuclease superfamily. It is interesting to note that the DEDD superfamily PR
exonuclease is the most common PR enzyme among the DNA/RNA polymerases as shown in Table 1. The Marburg virus
uses a completely conserved H within the region as the proton acceptor from a metal-bound water molecule to initiate
the PR activity as shown in Fig. 6. The proposed mechanism of action for the DEDD superfamily of exonucleases is
already explained by Palanivelu [20]. Additionally, a putative Zinc-binding motif (ZBM) is also observed in the PRNTase
region of the Marburg virus (highlighted in orange).

CLUSTAL O (1.2.4) MSA of the PRNTase region of the L-proteins from different strains of the Marburg virus and from

different regions
—» PRNTase
tr|ROA3Q8UTG4|A0RA3Q8UTG4_9MONO LASIGTAFERGISETRHIFPSRWVAAFHSFTAVNLLNSTHLGFPAN |[TSLDIVSLGEPLTY 900
tr|ROROU2VUES |AOROUZVUES_9MONO LASIGTSFERGASETRHIFPSRWIAAFHSMLAVNLLNQNELGFPLG |FSIDVSCFKEPLTF 809
sp|QlPDC4|L_MABVR LASIGTSFERGASETRHIFPSRWIAAFHSMLAVNLLNQNELGFPLG |FSIDVSCFKEPLTF 809
tr|QlPDA3|QIPDA3_IMONO LASIGTSFERGASETRHIFPSRWIAAFHSMLAINLLNQNELGFPLG |FSIDVSCFKEPLTF 8§09
sp|Q6UYE3 | L. MABVO LASIGTSFERGTSETRHIFPSRWIASFHSMLAINLLNQNHLGFPLG |[FNIDISCFKEPLTF 8089
splP31352|L_MABVM LASIGTSFERGTSETRHIFPSRWIASFHSMLAINLLNQNHLGFPLG |[FNIDISCFKEPLTF 899
tr1QlPD47|QlPD47_MABVA LASIGTSFERGTSETRHIFPSRWIASFHSMLAINLLNQNELGFPLG |[FNIDISCFKEPLTF 8§09
sp|P35262 |1 _MRBVE LASIGTSFERGTSETRHIFPSRWIASFHSMLAINLLNQNHELGFPLG |[FSIDISCFKEPLTF 8099
tr|GYHWES|GIHWES IMONO LASIGTSFERGTSETRHIFPSRWIASFHSMLAINLLNQNELGFPLG |FSIDISCFKEPLTF 809
- ok ko hkk ok kkkkkkk gk kk ok ko kkdkk _kkkkk W ok: | : kkkk
tr |R0RA300UTG4 |ROA3Q0UTG4_SMONC PGQADESDFVMNPLGLNVEGSRDITTY LROIVRONITLTSONRVINSLEHT IEhEEV 1020
tr |R0RADU2VUES |ROAOU2VUES_SMONC PGLADASDFVMNELGLNVPGSREI ITFLROTVRENITITSONRIINSLFHIGS ORV 1019
sp |Q1PDC4 |L_MABVR PGLADASDFVMNELGLNVEGSREI ITFLRQTVRENITITSONRIINSLEHIGS, QRV 1019
tr |Q1PDA3 |Q1PDA3_SMONOC PGLADASDFVMNPLGLNVPGSREI ITFLRQTVRENITITSONRIINSLFHIGS, QRV 1019
sp |QEUYE3 |L_MABVO PGLADASDFVMNFLGLNVFPGSREIITFLRQTVRENITITSONRIINSLFHIGS, QEV 1019
sp |P31352 |IL_MABVM PGLADASDFVMNPLGLNVPRSKEI ITFLROTVRENITITSONRIINSLFHIGSDLEDQRV 1019
tr |Q1PD47 |Q1PD47_MABVA PGLADASDFVMNFLGLNVPGSREI ITFLROTVRENITITSONRIINSLFHIGS ORV 1019
sp |[P35262 |L_MABVE PGLADASDFVMNELGLNVEGSREI ITFLRQTVRENITITSONRIINSLFHIGS, QRV 1019
tr |GSHWES |GY9HWES SMONO PGLADASDFVMNPLGLNVPGSREI ITFLROTVRENITITSONRIINSLFHIGSPLEDORV 1019
N
trIR0A308UTG4 |A0A3Q8UTGS_SMONO LTRERWRHWFSYLDNFDEDLSDSLOTLHC TADLLRAYSWDDVLOGEELIGATLHCEL 1140
tIIAOAOU2VUGS|A0A0U2VUGS_9MONO LTESEWESWFSYIDALDDDLSESLERFIC ANFLERAYSWSDVLEGERLIGATLACLL 1138
splQlPDC4|L7MABVR - LTESEWESWFSYIDALDDDLSESLEEFIC ANFLEARYSWSDVLEGERLIGATLHCLL 1138
trIQLPDA3|QLPDA3_SMONO LTRESRWESWFSY IDALDDDLSESLERFIC ANFLRAYSWSDVLEGEELIGATLHELL 1139
splCeUYE3 | L MABVE LTRNEWESWFSYIDALDDDLSESLERFTC ANFLERAYSWSDVLEGERLIGATLACLL 1138
sp|P3l352|L:MABVM LTRNRWEKSWFSYIDALDDDLSESLERFTCTVDVANFLRAYSWSDVLEGERLIGATLPCLL 1139
tIIQlPD47|QlPD4T_MRBVR LTRNEWESWFSYIDALDDDLSESLEERFTC ANFLEAYSWSDVLEGERLIGATLHCLL 1139
sp|P35262|L_MABVE LTRNRWESWFSYIDALDDDLSESLERFYCEWOI ANFLRAYSWLDVLEGERLIGATLHCELL. 1139
tIIGQHWESIGEHWES_QMONO LTRNEWESWFSYIDALDDDLSESLERFTC ANFLERAYSWSDVLEGERLIGATLACLL 1138
Kk g kg Anmkgk shakusihs. s NI * zc khwkhk khkdg kg kannswill *
tr |[R0R308UTG4 |RO0RA30BUTG4E SMONO EQFTAHWERYDOQTLYN-———————————————— Y. NVEPEREICEMEEYISCRARLDETIV 1184
tI|AOAOU2VU68IAOAOU2VU68:9MONO EQFNVEWVNLSEDLEEQFELSSDLGSPTDLLOYD GLHSEGRDNARELNYV LDREIV llag
sp 1QLPDC4 |L_MABVR EQFNVEWVNLSEDLKEQFRLSSDLGSPTDLLOYDENGLESKGADNAELNYVHCALDREIV 1199
trIQLPDA3|QLPDA3_SMONO EQFNVEWVNLSEDLKEQFRLSSDLGSPTDLLOYDENGLESKGADNAELNYVYCALDREIV 1199
splQeUYE3 | L MABVE EQFEVEWINLSEDLREQFNLSSESELT INLLPYD, LERLGGSHDTELNYVICRALDREVV 114@8
sp|P31352|L:MABVM EQFEVEWINLSEDLREQFNLSSDSKSTINLLEYDCRELRLEGSNDTELNYVSCALDREVV llag
txIQLPD47 |Q1PD47_MABVA EQFEVEWINLSEDLREQFNLSSDAEST INFLEYD LELGGSNDTELNYVICALDREVY 1199
splP35262|L MABVE EQFEVEWINLSEDLREQFNMSSESESTINLLPYD, LERLGRSNDTELNYVI3CRALDREVV 114@8
tIIGQHWESIGEHWES_QMONO EQFEVEWINLSEDLREQFNLSSESESTINLLPYD) LERLGRSNDTELNYV LDREVV llag
ek gk HE T pEpAEE Ay R
tIIAOASQSUTG4IAOASQSUTG44SMONO QRHPNADRLSWTIGNHAPYIGSRTEDEIGHPPYEV! SAAFREETVEIVSEMLWVTOGLN 1244
tx |A0ROU2VUES |AOAOU2VUES_SMONO QRHPSDNRLAWT IGNRAPYIGSRTEDEIGY PPLEVHCPSAALEEATEMVSRLLWVIQGTA 1259
sp|QLPDC4 |L_MABVR ORHPSDNRLAWT IGNRAPYIGSRTEDEIGY PPLEVHCPSAALEEATEMVSRLLWVIQGTA 1259
tIIQlPDA3|QIPDA3 SMONO QFHPSDNRLAWTIGNRAPYIGSRTEDEIGYPPLRYV, SAALEEATEMVSRLLWVTOGTA 1258
splQGUY63|L_MABV6 QOFEHPSVERLAWTIGNRAPYIGSRTEDEIGY PPLRYV, SARLEEATEMVSRELLWVIQGTA 1259
=pIP31352 |L_MABVM QEHPSVNRLAWTIGNRAPYIGSRTEDEIGY PPLEVNCPSAALEEATEMVSRLLWVIQGTA 1259
txIQLPD47 |Q1lPD47_MABVA ORHPSVNRLAWT IGNRAPYIGSRTEDEIGY PPLEVHCPSAALREEATEMVSRLLAWVIQGTA 1259
sp|P35262|L_MABVP QFEHPSVNRLAWTIGNRAPYIGSRTEDEIGY PPLRYV, SAALEEATEMVSRLLWVIQGTA 1258
tr |GOHWES |GOHWES_SMONO QEHPSVNRLAWT IGNRAPYIGSRTEDEIGY PPLEVHCPSAALEEATEMVSRLLWVIQGTA 1259
k kA kg kA g ok k ko k kb k3 kg kA kg kg g kg Ak gk
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https://www.google.com/search?q=Marburg+virus+strain+Musoke&sca_esv=eeac5553ac719be9&sxsrf=ANbL-n7rwcsuRjpfBnRl12AIu6d7bCk7rA%3A1771613666445&source=hp&ei=4q2Yadr7GN2wur8P-uCh4Qs&iflsig=AFdpzrgAAAAAaZi78uZEY3pPXfO0a0Ow7oytmw97pA3N&oq=Musoke&gs_lp=Egdnd3Mtd2l6IgZNdXNva2UqAggEMgsQLhiABBjHARivATIFEAAYgAQyBRAAGIAEMgUQABiABDIFEAAYgAQyBRAuGIAEMgwQLhiABBixAxgKGAsyCRAAGIAEGAoYCzIJEC4YgAQYChgLMgkQABiABBgKGAtIj0ZQsQlYnhpwAXgAkAEAmAGNAaAB-gWqAQMwLja4AQHIAQD4AQGYAgegAr4GqAIKwgIKEAAYAxjqAhiPAcICChAuGAMY6gIYjwHCAgsQABiABBixAxiDAcICDhAuGIAEGLEDGIMBGIoFwgIOEC4YgAQYsQMY0QMYxwHCAg4QABiABBixAxiDARiKBcICCxAuGIAEGNEDGMcBwgIREC4YgAQYsQMYxwEYjgUYrwHCAg4QABiABBixAxiKBRiNBsICCBAAGIAEGLEDwgILEC4YgAQYsQMY5QTCAggQLhiABBixA8ICBxAuGIAEGArCAgwQABiABBixAxgKGAuYAxTxBd_um5Wjwu6jkgcDMS42oAfqSbIHAzAuNrgHqQbCBwUyLTUuMsgHMoAIAA&sclient=gws-wiz&mstk=AUtExfCwxEj_0-KNceAAIFxUIvOdJ9jyUTIgwaMuLlI2lZWbMFbWASeGwE9WAG8uIG9xhohiCGi5IL13TTAt6x8nvzSHe6P3XdJh6bMsbvsYEfiS3WP8ZiX6BpPvx-TOXZsXjk-ZH0txcBJU-5V3p_v3s7GsIbhmmJ8F42VCX_2mCVW_6eo&csui=3&ved=2ahUKEwjjiOn98-iSAxV_NEQIHQxRJsMQgK4QegQIARAB
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tr |[R0A308UTG4 |A0A3QEUTGS_SMONO GEEDFIEPFVEARINLPLETLENFLPTHYSGNI DDYGOHSFMANRMSNSSTRMITI 1304
tr |R0R0UZVUES |AORAOUZVUEE SMONO DRERLLIPLLNSREVNLDYQTVLNFLPTHYSGNI DDYGQHSFMANRMSNTSTRAITI 1319
=p|QLFDC4 |L_MRBVE DREELLIPLLNSRVNLDYQTVLNFLPTHYSGNI DDYGOHSFMANRMSNTSTRAIT 1319
tr|QLPDA3|QLIPDA3 SMONOC DREFRLLIPLLNSEVNLDYQTVLNFLPTHYSGNI DPYGQHSFMANRMSNTSTRAIT 1319
=p|Q6UYE3 |L_MRBVO DREELLIPLLNSRVNLDYQTVLNFLPTHYSGNI DpYGOHSFMANRMSNTSTRAITI 1319
sp|P31352|L_MABVM DREFLLIPLLNSRVNLDYQTVLNFLETHYSGNIVHRYNDQYGQHSFMANRMSNTSTRAII 1319
tr|QlPD47IQ1FPD47_ MRABVA DREELLIPLLNSRVNLDYQTVLNFLPTHYSGNI DDYGOHSFMANRMSNTSTRAIT 1319
sp|P35262 |L_MABVE DREELLIPLLNSRVNLDYQTVLNFLPTHYSGNI DLYGOHSFMANRMSNTSTRAII 1319
tr|GYHWES |GSHWES SMONO DREELLIPLLNSEVNLDYQTVLNFLPTHYSGNI DDYGOHSFMANRMSNTSTRAIT 1319
sk ry Rgpagrhrhd kg dk Ak dddd kb B R

PRNTAse +—— — CD

tr |AOA3QBUTG4 |AORA3Q8UTG4_SMONO NVPAQYLSFSKPLSVDLSKYRENELIYDPDPLSSGI | KGRTRELNPAALSLDINRSDINSY 1424
tr |AOAQU2VUES |AOAOUZVUES_SMONO HVPSEYLFFDKPLDVDLNKYMINELVYDNDPLCSGI | KGRLGRVSRSTLSLSINVSDIGSY 1439
sp|Q1PDC4 |L_MABVR HVPSEYLFFDEPLDVDLNKYMDNELVYDNDPLCSGI | KGRLGRVSRSTLSLSINVSDIGSY 143%
tr|QlPDA3 |Q1PDA3_SMONO HVPSEYLFFDEPLDVDLNKYMDNELVYDNDPLCSGI | RKGRLGRVSRSTLSLSINVSDIGSY 1439
sp |QEUYE3 |L_MABVO HVPSEYLFFDEPLDVDLNEYMINELVYDNDPLCSGI | KGRLGRVSRSTLSLSINVSDIGSY 1439
sp |P21352 |L_MABVM HVPSEYLYFDKPLDVDLNKYMDNELVYDNDPLCSGI | KGRLGRVSRSTLSLSINVSDIGSY 1439
tr|Q1PD47 |Q1PD47_MABVA HVPSEYLFFDEPLDVDLNKYMDNELVYDNDPLCSGI | KGRLGRVSRSTLSLSINVSDIGSY 1439
sp|P35262 |L_MABVP HVPSEYLFFDEPLDVDLNEKYMDNELVYDNDPLCSGI | KGRLGRVSRSTLSLSINVSDIGSY 1439
tr |GYHWES |GOHWES_SMONO HVPSEYLFFDEPLDVDLNEYMINELVYDNDPLCSGI | KGRLGRVSRSTLSLSINVSDIGSY 1439
:AA::Ai Avkkk‘lll.ll :!AA:AA AAA‘Alk‘rlll - ::Aiivkk All‘ll

//End of Marburg viral L protein sequences

tr |AOA3Q8UTG4 |AORA3Q8UTG4_SMONO ICENHLI EKCCTNADdHLVKLDFLKNTTVHEEKFLNRIVGLIIMF GIN--=--=-= 2276
tr |AOAQU2VUES |AOAOUZVUES_SMONO VCITHVDHECIGCERRLLLELDFVRNTEIAEQRLLNRVIGYILFFHFGFSRPE———— 2327
sp |Q1PDC4 |L_MABVR VCITHVDHECIGCERRLLLELDFVRNTEIAEQRLLNRVIGY ILFFHFGFSRPE———— 2327
tr |Q1PDA3 |Q1PDA3_SMONO VCITHVDHECIGCERALLLELDEVENTKIAEQRLLNRVIGY ILFFHFGFSRPE———— 2327
sp |QEUYES |L._MRBVO VCIVHVDHECFGCERHLLLELDFIRNTKIAEQRLLNRVIGY ILFFHFGLSKSRSLRA 2331
sp |P31352 |L_MABVM VCIVHVDHECSGCERRLLLELDFIRNTRKIAEQRLLNRVIGYILFFPFGLFRSGSLRA 2331
tr|Q1PD47 |Q1PD47_MABVA VCIVHVDHECFGCERRLLLELDFIRNTEIAEQRLLNRVIGY ILFFHFGLFKSGSLRA 2331
sp|P35262 |L_MABVP VCIVHVDHECFGCEFRLLLELDEFIRNTKIAEORLLNRVIGY ILFFRFGLFESESLTA 2331
tr |GYHWES |GOHWES_SMONO VCIVHVDHECFGCEFRLLLELDFIRNTKIAEQRKLLNRVIGY ILFFHEGLFESESLRA 2331
sk k. ok o RrEAkk L ckk | okk ok akkk gk ko kH ko

IAOA3Q8U7G4 _9MONO RNA-directed RNA polymerase L, Dianlovirus menglaense

IAOAQU2VUG68 _9MONO RNA-directed RNA polymerase L, Orthomarburgvirus marburgense
Q1PDC4|L_MABVR RNA-directed RNA polymerase L, Lake Victoria marburgvirus (strain Ravn-87)
Q1PDA3 9MONO RNA-directed RNA polymerase L, Lake Victoria m arburgvirus - DRC1999
Q6UYG63L_MABVO RNA-directed RNA polymerase L, Lake Victoria Marburgvirus, (strain Ozolin-75)
[P31352|]L_MABVM RNA-directed RNA polymerase L, Lake Victoria m arburgvirus (strain Musoke)
Q1PD47 MABVA RNA-directed RNA polymerase L, Lake Victoria marburgvirus (strain Angola 2005)
[P35262|L _MABVP RNA-directed RNA polymerase L, Lake Victoria Marburgvirus (strain Popp-67)
GOHWES8 9IMONO RNA-directed RNA polymerase L, Lake Victoria marburgvirus — Leiden

Figure 2 MSA of the PRNTase region of the L-protein from different strains of the Marburg virus and from
different regions. CD, Connector Domain

3.2. Identification of PR Exonuclease Domain in Ebola Virus

Figure 3 shows the PRNTase region in the L-protein of different strains of Ebola virus (only the region required for the
discussion is shown here). Ebola virus and its genus was originally named after Zaire (now the DRC), the country where
it was first described and is used as the standard strain and highlighted in yellow. The tentative region that harbours
the PRNTase region is shown with arrow marks. Interestingly, a complete set of conserved PR exonuclease active site
amino acids are identified in this region and highlighted in blue. It is clear from the conserved motifs and amino acids,
the PR exonuclease belongs to the DEDD-exonuclease superfamily. It is interesting to note that the DEDD superfamily
PR exonuclease is the most common enzyme among the DNA/RNA polymerases as shown in Table 1. The Ebola virus
uses a completely conserved H within this region as the proton acceptor from a metal-bound water molecule to initiate
the PR activity as shown in Fig. 6. The proposed mechanism for the DEDD superfamily of exonucleases is already
explained by Palanivelu [20]. A putative ZBM is also observed in the Ebola virus PRNTase region and is highlighted in
orange.

CLUSTAL O (1.2.4) MSA of the PRNTase region of the L-proteins of different strains of Ebola virus and from different
regions.
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https://en.wikipedia.org/wiki/Democratic_Republic_of_the_Congo
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* Kk kK kKKK KA F* K ek kA kkkkkk ek kKo e kKKK KK kKK hK kKX KK KKK KKK

RdRp —» PRNTase
tr|GBEFI9|GBEFI9 9MONO TASCGIFLKPEETFVHSGFIYFGKKQYLNG [VQLPQSLKTAARMAPLSDATFDDLOGTLAS 836
tr|AOACD3VMIS8 |AOACD3VMIS 9MONO TASCGIFLKPEETFVHSGFIYFGKKQYLNG [VQLPQSLKTAARMAPLSDATFDDLOGTLAS 836
tr|AOA343FEQF6|AOA343EQF6_9IMONO TSACGIFLKPEETFVHSGFIYFGKKQYLNG [VQLPQSLKTAARMAPLSDATFDDLOGTLAS 839
sp1005318|L_EBOZM TSACGIFLKPDETFVHSGFIYFGKKQYLNG |VQLPQSLKTATRMAPLSDATFDDLQGTLAS 839
tr | AOAOE3KNS53| AOAOE3KN53 9MONO TSACGIFLKPDETFVHSGFIYFGKKQYLNG |VQLPQSLKTATRMAPLSDATFDDLQGTLAS 839
tr|B8XCP4|B8XCP4 9MONO TSACGIFLKPDETFVHSGFTYFGKKQYLNG |VQLPQSLKTATRTAPLSDATFDDLQGTLAS 839
tr | AOAOU3BG92 | AOAOU3BGI2 9MONO TSACGIFLKPDETFVHSGFIYFGKKQYLNG |VQLPQSLKTATRTAPLSDATFDDLQGTLAS 839
tr | BEXCNS | B8XCN5_9MONO TSACGIFLKPDETFVHSGFIYFGKKQYLNG |VQLPQSLKTATRTAPLSDATFDDLQGTLAS 839
tr | R4QUHS | RAQUHS_9IMONO TSACGIFLKPDETFVHSGFIYFGKKQYLNG |VQLPQSLKTATRTAPLSDATFDDLQGTLAS 839
sp|Q5XX01|1L_EBOSU TSACGIFLKPDETFVHSGFIYFGKKQYLNG | IQLPQSLKTAARMAPLSDATFDDLQGTLAS 840
sp | Q8JPX5 | 1_EBORR TSACGIFLKPDETFVHSGFIYFGKKQYLNG |VQLPQSLKTAARMAPLSDATFDDLQGTLAS 839
*: :*******:*******************"Z*********:*:*****************
tr|G8EFI9|G8EFI9 9MONO ASATDLVLNPLGLNYPGAQDLTSFLRRIVRQSTTFHSKNKLINSLFHANADEEPEYLCEW 1016
tr | AOACD3VMI8|AOACD3VMI8 9MONO ASATDLVLNPLGLNYPGAQDLTSFLRRIVRQSTTFHSKNKLINSLFHANADLEPEYLCEW 1016
tr | AOA343EQF6|AOA343EQF6 9MONO CSATDFVLNPSGLNVPGSQDLTSFLRQTVRRTITLSAKNSLINTLFHASADEEPEMVCKW 1019
sp1005318|L_EBOZM CTAIDFVLNPSGLNVPGSQDLTSFLRQIVRRTITLSAKNKLINTLFHASADFEDEMVCKW 1019
tr | AOAOE3KN53| AOAOE3KN53_9MONO CTAIDFVLNPSGLNVPGSQDLTSFLRQTVRRTITLSAKNKLINTLFHAS 1019
tr | B8XCP4|B8XCP4 9MONO CSATDFVLNPSGLNVPGSQDLTSFLRQTVRRTITLSAKNKLINTLFHSS 1019
tr|AOAOU3BGI2|AOAOU3BGI2 9IMONO CSAIDFVLNPSGLNVPGSQDLTSFLRQIVRRTITLSAKNKLINTLFHSS 1019
tr|B8XCNS|B8XCN5_ 9MONO CSAIDFVLNPSGLNVPGSQDLTSFLRQIVRRTITLSAKNKLINTLFHSS 1019
tr|R4QUHS | R4QUHS 9IMONO CSAIDFVLNPSGLNVPGSQDLTSFLRQIVRRTITLSAKNKLINTLFHSS 1019
sp | Q5XX01|L_EBOSU CSATDFVLNPGGLNVPGSQDLTSFLRQTVRRSTTLSARNKLINTLFHAS 1020
sp | Q8JPX5 | L_EBORR CSATDFVLNPSGLNVPGSQDLTSFLRQTVRRSTTLTARNKLINTLFHAS 1019
.:***:**** * kK **:********:***::**: ::*.***:***:.
tr|GBEFI9|G8EFI9 9MONO KRWQLWFSYMDQYDEDLGDVIGQLTC DIEANVLREYSWSHVLQGRRLIGATLHCNVPEQF 1136
trlAOACD3VMI8\AOXCD3VMI8 9MONO KRWQLWFSYMDQYDEDLGDVIRQLTC DANVLREYSWSHVLQGRRLIGATLHCVPEQF 1136
tr|A0A343EQF6\AOA343EQF679MONO QRWGLWFSYLDQCDQALAEALDKIHC DILAQILREYSWAHLLEGRRLIGATLHCMLEQF 1139
sp|Q05318\L7EBOZM - QRWSLWFSYLDHCDNILAEALTQITCTVDLAQILREYSWAHILEGRPLIGATLPCMIEQF 1139
tr | AOAOE3KN53 |AOAOE3KN53 9MONO QRWSLWFSYLDHCDNILAEALTQITC DLAQILREYSWAHILEGRPLIGATLHCMIEQF 1139
tr | B8XCP4 |B8XCP4 9MONO B QRWSLWFSYLDHCDQVLADALTQITC DLAQILREYTWAHILEGRQLIGATLHCILEQL 1139
trlAOAOUBBG92\AOXOU3BG92 9MONO QRWSLWFSYLDHCDQVLADALTQITC DLAQILREYTWAHILEGRQLIGATLHCILEQL 1139
tr | BBXCN5 |B8XCN5 9MONO - QRWSLWFSYLDHCDQVLADALIKVYC DLAQILREYTWAHILEGRQLIGATLHCMLEQF 1139
tr|R4QUH5\R4QUH579MONO QRWSLWFSYLDHCDQVLADALIKVYC DLAQILREYTWAHILEGRQLIGATLHCMLEQFE 1139
sp|Q5XX01|L EBOSU QRWNLWFSYLDHCDPALMEAIQPIHKC DIAQILREYSWAHILDGRQLIGATLHC[ PEQF 1140
SP|Q8JPX5\L:EBORR QRWNLWFSYLDHCDQLLADALQKIJC DLAQILREYTWSHILEGRSLIGATLHCMVEQF 1139
P 55 P s R
tr|GBEFI9|G8EFI9 9MONO ELTWLTGDKACKHCPSKLRDKKKPYVSAALVDKIISQRPSYHRLSWTIGTLTPYIGSRTE 1196
trlAOACDBVMIS\AOXCD3VM18 9MONO ELTWLTGDKACKHCPSKLRGKKKPYVSAALVDKIISQRPSYHRLSWTIGTLTPYIGSRTE 1196
tr|AOA343EQF6\AOA343EQF6:9MONO QVWWLKPYEQCPACNSLKDAGASPYVSAATIKQNIVSAWPNRARLSWTIGDGIPYIGSRTE 1199
Sp|QO5318\L_EBOZM KVFWLKPYEQCPQCSNAKQPGGKPFVSVAVKKHIVSAWPNASRISWTIGDGIPYIGSRTE 1199
tr | AOAOE3KNS53 |AOAOE3KN53 9MONO KVFWLKPYE(QC| CENAKQPGGKPFVSVAVKKHIVSAWPNASRISWTIGDGIPYIGSRTE 1199
tr | B8XCP4 |B8XCP4 9MONO - NVIWLKPYEHC| CAKSANPKGEPFVSIAIKKHVVSAWPDQSRLSWTIGDGIPYIGSRTE 1199
tr|AOAOU3BG92\AOXOU3BG92 9MONO NVIWLKPYEHC| CAKSANPKGEPFVSIAIKKHVVSAWPDQSRLSWTIGDGIPYIGSRTE 1199
tr | B8XCN5 |B8XCN5 9MONO - NVFWLKSYE(C| CAKSRNPKGEPFVSIAIKKQVVSAWPNQSRLNWTIGDGVPYIGSRTE 1199
tr|R4QUH5\R4QUH579MONO NVFWLKSYE(C| CARSRNPKGEPFVSIAIKKQVVSAWPNQSRLNWTIGDGVPYIGSRTE 1199
sp | Q5XX01 | L EBOSG QTTWLKPYEJQC| CESTN--NSSPYVSVALKRNVVSAWPDASRLGWTIGDGIPYIGSRTE 1198
sp|Q8JPX5\L:EBORR KVKWLGQYEHC| CENKK--GSNAYVSVAVKDQVVSAWPNTSRISWTIGSGVPYIGSRTE 1197
SO sk K: aaak kL kr kxEE kA Ak ek
tr|GBEFI9|G8EFI9 9MONO DKIGQSAFKPHCPSAALRETIELASRILWVTQGSSQAEDIIRPFCEARINLPVQELFKLL 1256
trIAOACD3VMI8\AOXCD3VMI879MONO DKIGQSAFKPHCPSAALRETIELASRILWVTQGSSQAEDIIRPFCEARINLPVQELFKLL 1256
tr | AOA343EQF6|AOA343EQF6 9MONO DKIGQPAIKPHCPSAALREAIELASRLTWVTQGGANSDLLIKPFLEARVNLSVEEILQOMT 1259
sp|Q05318|L EBOZM - DKIGQPAIKPKCPSAALREAIELASRLTWVTQGSSNSDLLIKPFLEARVNLSVQEILQOMT 1259
trlAOAOEBKNgB\AOAOE3KN53 9MONO DKIGQPAIKPHCPSAALREAIELASRLTWVTQGSSNSDLLIKPFLEARVNLSVQEILQOMT 1259
tr | B8XCP4 | B8XCP4 9MONO - DKIGQPAIKPHCPSAALREAIELTSRLTWVTQGGANSDLLVKPFIEARVNLSVQEILQOMT 1259
trlAOAOUBBG92\AOXOU3BG92 9MONO DKIGQPAIKPHCPSAALREAIELTSRLTWVTQGGANSDLLVKPFIEARVNLSVQEILQOMT 1259
tr | BBXCN5 | B8XCN5 9MONO - DKIGQPAIKPHCPSAALREAIELTSRLTWVTQGGANSDLLVKPFVEARVNLSVQEILQOMT 1259
tr|R4QUH5\R4QUH5_9MONO DKIGQPAIKPHCPSAALREAIELTSRLTWVTQGGANSDLLVKPFVEARVNLSVQEILQOMT 1259
sp|Q5XX01|L EBOSG DKIGQPAIKPHCPSAALREAIELTSRLTWVTQGSANSDQLIRPFLEARVNLSVQEILQMT 1258
SP|Q8JPX5\L:EBORR DKIGQPAIKPHCPSSALKEAIELASRLTWVTQGGSNSEQLIRPFLEARVNLSVSEVLQOMT 1257
skt kx kg ofbex 3ok kg Ak kg g KRRk s s sk Kkkzkk K kizas
tr|G8EFI9|G8EFI9 9MONO PSHYSGNI 0YGPRSFMANRMSNTATRI IVSTNTLGPYSGGGQAARDSNIIFONV 1316
tr|AOACD3VMIS |AOACD3VMI8 9MONO PSHYSGNI YGPRSFMANRMSNTATRIIVSTNTLGPYSGGGQAARDSNIIFONV 1316
tr |AOA343EQF6|AOA343EQF6 9MONO PSHYSGNT YSPHSFMANRMSNSATRLIVSTNTLGEFSGGGQSARDSNIIFONV 1319
Sp|Q05318 |L_EBOZM PSHYSGNIVHRYNDQYSPHSFMANRMSNSATRLIVSTNTLGEFSGGGQSARDSNIIFQNV 1319
tr|AOAOE3KN53|A0AOE3KNS3 9MONO PSHYSGNIVHR YSPHSFMANRMSNSATRLIVSTNTLGEFSGGGQSARDSNIIFQNV 1319
tr|B8XCP4|B8XCP4 9MONO PSHYSGNI YSPHSFMANRMSNSATRLVVSTNTLGEFSGGGQSARDSNIIFONV 1319
tr|AOAOU3BGY2 |AOAOU3BGYI2 9MONO PSHYSGNT YSPHSFMANRMSNSATRLVVSTNTLGEFSGGGQSARDSNIIFONV 1319
tr|B8XCN5|B8XCNS5_ 9MONO PSHYSGNI YSPHSFMANRMSNSATRLVVSTNTLGEFSGGGQSARDSNIIFQNV 1319
tr |[RAQUH5 |R4QUHS 9IMONO PSHYSGNT YSPHSFMANRMSNSATRLVVSTNTLGEFSGGGQSARDSNIIFONV 1319
Sp|Q5XX01|L_EBOSU PSHYSGNT YSPHSFMANRMSNTATRLMVSTNTLGEFSGGGQAARDSNIIFONV 1318
sp|08JPX5|L_EBORR PSHYSGNI 0YSPHSFMANRMSNTATRLIVSTNTLGEFSGGGQAARDSNIIFONV 1317
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PRNTase €¢— CD
tr | GBEFI9|G8EFI9 9MONO INFAVAVLDIQNSFLDQPMSEFKHIHLHIKDCCTREVPSQYLTYKANFGMNLQKYQ|SNEL 1376
tr | AOACD3VMI8 | AOACD3VMI 879MONO INFAVAVLDIQNSFLDQPMSEFKHIHLHIKDCCTREVPSQYLTYKANFGMNLQKYQ |SNEL 1376
tr | AOA343EQF6|AOA34 3EQF679MONO INYAVALFDIRFRNKDPSSIPFNRAHLHLTRCCTREVPAQYLTYTTTLKLDLTRYK |DNEL 1379
sp Q05318 |L_EBOZM INYAVALFDIKFRNTEATDIQYNRAHLHLTKCCTREVPAQYLTYTSTLDLDLTRYR |ENEL 1379
tr | AOAOE3KNS53 |AOAOE3KN53_9MONO INYAVALFDIKFRNTEATDIQYNRAHLHLTKCCTREVPAQYLTYTSTLDLDLTRYR |ENEL 1379
tr|B8XCP4|B8XCP4_9MONO INFAVALFDLRFRNVATSSIQHHRAHLHLSKCCTREVPAQYLVYTSTLPLDLTRYR |DNEL 1379
tr|AOAOU3BG92 |AOAOU3BGI2_9MONO INFAVALFDLRFRNVATSSIQHHRAHLHLSKCCTREVPAQYLVYTSTLPLDLTRYR [DNEL 1379
tr | B8XCNS5|B8XCN5_9MONO INFSVALFDLRFRNTETSSIQHNRAHLHLSQCCTREVPAQYLTYTSTLSLDLTRYR |ENEL 1379
tr|R4QUHS5 |R4QUHS5_9MONO INFAVALFDLRFRNTETSSIQHNRAHLHLSQCCTREVPAQYLTYTSTLSLDLTRYR |ENEL 1379
sp | Q5XX01|L_EBOSU INFAVALYDIRFRNTCTSSIQYHRAHIHLTNCCTREVPAQYLTYTTTLNLDLSKYR |NNEL 1378
sp | Q8JPX5|L_EBORR INLAVALYDIRFRNTNTSDIRHNRAHLHLTECCTKEVPAQYLTYTSALNLDLSRYR|DNEL 1377
Kok kk ks B T T

//End of Ebola viral L protein sequences

tr |G8EFI9|G8EFI9_9MONO DOAERKLLNRIYVGLVQFFPDGL|————— 2196

tr | AOACD3VMIS8 |AOACD3VMI8 SMONO DOQAERKLLNRIVGLVQFFPDGLf————— 2196

tr | AOA343EQF6|AO0A343EQF6_9MONO PESELKLLERYTGFLTLEFPEGFPNPP-- 2210

sp|Q05318|L_EBOZM QODSEVKLIERITGLLSLEPDGLYRFD-- 2212

tr | AOAOE3KNS53 |A0A0E3KN5379MONO QODSEVKLIERITGLLSLEPDGLYRFD-- 2212

tr |B8XCP4|B8XCP4_ 9MONO QDSEIKLIDRITGLLSLYPNGEFR---- 2210

tr | AOAOU3BG92 |A0AOU3BG9279MONO ODSEIKLIDRITGLLSLYPNGEFR---- 2210

tr | B8XCN5|B8XCN5_9MONO QODSEAKLMERITGFLGLYPNGINA-—--—- 2210

tr | R4AQUHS |R4QUHS5_9MONO QODSEVKLMERITGFLGLYPNGINT---- 2210

sp|Q5XX01|L_EBOSU SDAEIKLMDRITSLVNMEPEGFRSSSV- 2210

sp | Q8JPX5|L_EBORR RDAEIKLIERITGLMRFYPEGLIIYSNHT 2212

PR P T

G8EFI9_9MONO RNA-directed RNA polymerase L, Cuevavirus lloviuense
IAOACD3VMI8_9MONO RNA polymerase, Cuevavirus lloviuense

IAOA343EQF6_9MONO RNA-directed RNA polymerase L, Bombali virus
Q05318|L_EBOZM RNA-directed RNA polymerase L, Zaire Ebolavirus (strain Mayinga-76)
IAOAOE3KN53_9MONO RNA-directed RNA polymerase L, Ebola virus

B8XCP4_9MONO RNA-directed RNA polymerase L, Tai Forest ebolavirus
AOAOU3BG92_9MONO RNA-directed RNA polymerase L, Tai Forest ebolavirus
B8XCN5_9MONO RNA-directed RNA polymerase L, Bundibugyo virus
R4QUH5_9MONO RNA-directed RNA polymerase L, Bundibugyo virus
Q5XX01|L_EBOSU RNA-directed RNA polymerase L, Sudan ebolavirus (strain Human/Uganda/Gulu/2000)
Q8JPX5|L_EBORR RNA-directed RNA polymerase L, Reston ebolavirus (strain Reston-89)

Figure 3 MSA of the PRNTase region of the L-protein of different strains of Ebola virus and from different regions

3.3. Identification of PR Exonuclease Domain in Nipah virus

Figure 4 shows the PRNTase region in the L-protein of different strains of Nipah virus (only the region required for the
discussion is shown here). The Nipah virus which was first reported from Malaysia is used as the standard strain and is
highlighted in yellow. The tentative region that harbours the PRNTase region is shown with arrow marks. Interestingly,
a complete set of conserved PR exonuclease active site amino acids are identified in this region and highlighted in blue.
Itis clear from the conserved motifs and amino acids, the PR exonuclease belongs to the DEDD-exonuclease superfamily.
It is interesting to note that the DEDD superfamily PR exonuclease is the most common enzyme among the DNA/RNA
polymerases as shown in Table 1. The Nipah virus uses a completely conserved H as the proton acceptor from a metal-
bound water molecule to initiate the PR activity as shown in Fig. 6. The proposed mechanism for the DEDD superfamily
of exonucleases is already explained by Palanivelu [20]. The Nipah viral PRNTase region exhibits a putative ZBM
(highlighted in orange) as observed in the Marburg and Ebola viruses.

CLUSTAL O (1.2.4) MSA of the PRNTase region of the L proteins from different Nipah viral strains.

RdARp —» PRNTase
382J54 | AOAB382JS4_9MONO VGYGLNILKTIQQLHISLQFSINE |TMTKDVVTPLINNQSWFLSACLMPAPLGGFNYLNLS 996
Y2E3U6 | AOA9Y2E3U6_9MONO VGYGLNILKTIQQLHIALQFSINE |TMTKDVVMPLIQNQSWILSACLLPAPLGGFNYLNLS 996
ATOTTJ8 | AOAATOTTJIS_9MONO FGYALNILKTLQQLVLSLKFTINE |TLTPDITSPIINNPLWLLTATLVPAPLGGFNYLNMS 946
38ZKA8 | AOAB38ZKA8_9MONO IGYALNILKTIQQICISLKFSINE |TMTPDVTNPILHNVNWLLTACIMPASLGGFNYLNLS 998
AEOHRD4 | AOAAEOHRD4_ 9MONO IGYSLNILKTLQQVCISLKFSINE |TMTPDVTNPILHNINWLLTACLMPASLGGFNYLNLS 998
hUOQM20 | AOAAUOQM20_ 9MONO IGYALNILKTIQQLTISLKFSINE |TMTPDITNPLIQNIDWLLTACLVPASLGGENYLNIS 998
AE8XQPS5 | AOAAESXQPS5_9MONO IGYALNILKTLQQLVISLKFSINE |TMTPDVTNPLIQNINWLLTACLVPSSLGGENYLNIS 998
hX3C928 | AOAAX3C928_9MONO VGYSLNILKTIQQIVVSLKFSINE |TMTPDVTNPLIQNVNWLLTACLMPASLGGENYLNLS 998
G1|W8SYGL_9MONO IGYSLNVLKTIQQIIVSLKFSINE |TMTPDVTNPLIQNINWLLTACLMPASLGGFNYLNLS 998
P4|H9M6P4_9MONO FGFCLNYLKTMQQLSISLNFSINE |TITDDIKMAFTNHPEWYKISSMIPAALGGFNYLNVS 1013
85KRV3 | AOA185KRV3_9MONO SGYLINVLKTIQQINISLSFNINE |CMTDDIIRPFRDNPNWIKHAALIPASLGGLNYMNMS 1259
FO|L_NIPAV VGYCINILKVIQQLLISTEFSINE |TLTLDVTSPISNNLDWLITAALIPAPIGGENYLNLS 1005
44 |L_HENDH VGYCINVLKVIQQLLISTEFSINE |TLTADVTSPISNNLDWLVTASRIPAPIGGENYLNLS 1005
P9|G5CPP9_9MONO VGYCINVLKVIQQLLISTEFSINE |TLTADVTSPISNNLDWLVTASLIPAPIGGFNYLNLS 1005
99| F4YH99_ 9MONO VGYCINVLKVIQQLLISTEFSINE |TLTADVTSPISNNLDWLVTASLIPAPIGGFNYLNLS 1005
Koo ik Kk skks sa kL kkk | sk ks L. L ks akkakk kK
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382754 | AOAB38ZJS4_9MONO OSITKTIKNVTARVILSNSKNPLLKGLFHHDFHN AAFLMDRSIIIPRAAHEIVEN 1116

Y2E3U6|AOAIY2E3U6_9IMONO QOSITKTIKNVTARVILSNSRNPLLRGLFHHDFHN AAFLMDRSIIIPRAAHEIIEN 1116

ATOTTJ8 | AOAATITTIS 9IMONO OSITKTIKNVTARLVLSNSVNPILKGLFHSDFHE AKFLMDRNVILPRAAHEILDN 1066

38%KA8 | AOAB38ZKAS_9MONO QSITKTIKNVTARLVLSHAKNPILKGLFHSNYHD ALFLMDRNIIMPRAAHEILDN 1118

ME9HRD4 | AOAAE9HRD4_9MONO QSITKTIKNVTARLVLSHAKNPILKGLFHANYRD AEFLMDRNIIMPRAAHEILDN 1118

hUOQM20 | AOAAUOQM20_9MONO QOSISKTIKNVTARLVLSHAKNPILKGLFHSDYHS ATFLMDRSIIMPRASHEILDN 1118

lES8XQPS | AOAAESXQP5 9MONO QSISKTIKNVTARLVLSNAKNPILKGLFHTSYHE ATIFLMDRSIIMPRAAHEILDN 1118

hX3C928 | AOAAX3C928 9IMONO QSITKTIKNVTARLVLANAKNPILKGLFHTTYHD AEFLMDRSIIMPRAAHEILDN 1118

G1|W8SYG1_9MONO QSITKTIKNVTARLVLSNAKNPILKGLFHNSYHE AEFLMDRNIIMPRAAHEILDN 1118

P4 |HOM6P4_9MONO QSITKMIKTITAKSILSNSKNPLLKGLFHSKSHE AAFLMDRSIIIPRAAHEIIDN 1133

85KRV3 | AOA185KRV3 9MONO QSITKVIKTITARVILRNSVNPLLKGLFHEGAYE ATFILDRRVILPRVGHEILNN 1379

FO|L_NIPAV QSITKTIKNITARTILRNSPNPMLKGLFHDKSFDEDLELASFLMDRRVILPRAAHETLDN 1125

44 |1, HENDH QSITKTIKNITARTILRTSPNPMLKGLFHDKSFEEDLELATFLMDRRIILPRAAHEILDN 1125

P9|G5CPPI_9MONO OSITKTIKNITARTILRTSPNPMLKGLFHDKSFEHDLELATFLMDRRIILPRAAHEILDN 1125

99| FaYHI9 9MONO OSITKTIKNITARTILRTSPNPMLKGLFHDKSFEHDLE[LATFLMDRRIILPRAAHEILDN 1125

Kkk sk Kk skk: sk 1 kkiksEEEK [ | O
A
[ ZBM )
tr|AOAB382JS4 | AOAB382J54 9MONO 1RPE{CPYELARELRSKMWFKLTYGRLI YGLEVPDPLESMRGFTILGSEJCHICPTMATG 1236
tr|AOA9Y2E3U6 | AOAIY2E3U6_9MONO IRPE]CHYELAKHLRSKMWFKLTYGRMI YGLEVPDPLESMRGFTILGSENCHIICETMHTG 1236
tr|AOAATOTTJIS | AOAATITTJIS 9MONO VKET]CHYE]AKNLRNHMWRNLAYGRT I YGLEVPDPTESLHGLI I SGSENCFHCATEGS P 1186
tr\AOAB38ZKA8\AOAB38ZKA879MONO INIKJCHPYELAKHLRNHMWRHLSHGRLIYGLEVPDPLESMKGVIISGSERJCTJCEIECTP 1238
tr\AOAAE9HRD4\AOAAE9HRD479MONO INKNJCHPYELARHLRNHMWRHLSQGRLIYGLEVPDPIESMKGVIITGSERCTIYCTVESTP 1238
tr|AOAAUOQM20 | AOAAUOQM20_9MONO vKvT]ChYE]AKHLRAHMWRRLSQGRLI YGLEVPDPTESMRGTMIMGSERCTYCFSERS P 1238
tr\AOAAEBXQP5\AOAAESXQP579MONO IKPSJCHPYELARHLRSHMWRRLAQGRLIYGLEVPDPIESMQGAIISGSEHCTCTTEQTP 1238
tr\AOAAX3C928\AOAAX3C92879MONO IKPTJCHPYELAKYLRAHMWRRLSQGRLIYGLEVPDPIESMQGSIIRGSEHCPIYCTSERSP 1238
tr\WBSYGl\WBSYGli9MONO IKPTI]C EJLARYLRSHMWRRLSQGRLIYGLEVPDPIESMQGTIIRGSEHCPIYCASEKSP 1238
tr|HOM6P4 | HOM6P4 9IMONO IDYRACH |DLAVALRTHMWRSLAKGREIYGLEVPDPLECSKGVFIKGSEHCHHCE SHSND 1253
tr|AOA185KRV3|AOA185KRV3 9MONO ISLSACHYDFATALRSRMWRKLAKGRLI YGLEVPDPIEAMIGFLILGSENCPICPSGSKN 1499
Sp|Q997F0 |L_NIPAV ISSNTCSVDLARALRSHMWRELALGRVIYGLEVPDALEAMVGRY ITGSLECQICEQGNTM 1245
Sp 089344 | I, HENDH ISPKTCSVDLAKALRCHMWRDLALGRSIYGLEVPDALEAMTGRY I TGSMECQLCDQGNTM 1245
tr\G5CPP9\G5CPP979MONO ISPKTCHPYDLAKALRCHMWRDLALGRSIYGLEVPDALEAMTGRYITGSMHCOYCDOGNTM 1245
tr\F4YH99\F4YH9979MONO ISPKTCEYDLAKALRCHMWRDLALGRSIYGLEVPDALEAMTGRYITGSMECORCPOGNTM 1245
* B * * Kk :** *: kk ok ok ok ok ok kok ok :*. * K kK * *

tr\AOAB38ZJS4\AOAB38ZJS479MONO YCWFFIPKDV VSKPTGSIRVPYIGSTTDERSDIKLGSTKVASKALKSAIRIATVYT 1296

tr\AOA9Y2E3U6\AOA9Y2E3U679MONO YCWFFIPKDV: VTKPTGSIRVPYIGSTTDERSDIKLGSTKVASKALKSAIRIATVYT 1296

tr\AOAATQTTJ8\AOAAT9TTJ879MONO YCWFFIPKEK VTRPTNSIRVPYIGSSTDERSEIRLGSVKSSSRALKAAIRIATVYT 1246

‘tr | AOAB38ZKA8 | AOAB38ZKA8_9MONO YCWFFIPKSV VOKPTNSIRVPYIGSTTDERSEIKLGHVKSTSRALRAAIRIATVYT 1298

tr | AOAAEOHRD4 | AOAAE9HRD4__ 9MONO YCWFFVPKDV VOQKPTNSIRVPYVGSTTEERSEIKLGHVKSSSRALKSAIRIATVYT 1298

tr | AOAAUOQM20 | AOAAUOQM20_ 9MONO YCWFFIPKNM VORPTNCMRVPYIGSSTDERSEIKLGHVKSSSRALKSAVRIATVYT 1298

tr | AOAAES8XQPS5 | AOAAEBXQP5_9MONO YCWFFVPKDM VOQRPTNSMRVPYIGSTTDERSEIKLGHVKSSSRALKSAIRIATVYT 1298

tr\AOAAX3C928\AOAAX3C92879MONO YCWFFIPKGM VHRPTNSIRVPYIGSSTDERSEIKLGHVKSSSRALKSAIRIATVYT 1298

tr\W8SYG1\W8$YG179MONO YCWFFIPKDM VHKPTNSIRVPYIGSSTDERSEIKLGHVKSSSRALKSAIRIATVYT 1298

tr\H9M6P4\H9M6P4_9MONO YTWFFVPRLV VISEMTSIRVPYIGSTTEERSDVKLGTVKNMSRALKAAVRIATVYT 1313

tr |AOA185KRV3 | AOALI85KRV3_9MONO YTWFFIPKDV IDKDHASIRVPYVGSTTEERSEIKLGSVKNPSKSLKSAIRLATVYT 1559

sp 1Q997F0 | L_NIPAV YGWFFVPRDSQLDQVDREHSSIRVPYVGSSTDERSDIKLGNVKRPTKALRSAIRIATVYT 1305

Sp\O89344\L7HENDH YGWFFVPRDSQLDQVNKEHSSIRVPYVGSSTDERSDIKLGNVKRPTRALRSAIRIATVYT 1305

tr\G5CPP9\G5CPP979MONO YGWFFVPRDSQLDPDVNKEHSSIRVPYVGSSTDERSDIKLGNVKRPTRALRSAIRIATVYT 1305

tr |[FAYH99|F4YH99 9MONO YGWFFVPRDSQLDDVNKEHSSTIRVPYVGSSTDERSDIKLGNVKRPTRALRSATIRIATVYT 1305

R P JT T A
tr | AOAB382zJS4 |A0OAB382Z2JS4 9MONO WAYGDDDESWIEAWYLASQRVNIDINLLKSITPISTSNNLA AFSQSTQVKFTGSSLNR 1356
tr\AOA9Y2E3U6|AOA9Y2E3U6:9MONO WAYGDDDESWMEAWYLASQRANIEINMLKSITPISTSNNLA LHDRSTQVKFTGSSLNR 1356
tr\AOAAT9TTJ8|AOAAT9TTJ879MONO WAYGDDEDSWIEAWYLASQRANIELEVLKAITPISTSNNLA LHDRSTQIKFTGSSLNR 1306
tr\AOAB38ZKA8|AOAB38ZKA879MONO WAYGDDEESWLEAWYLASQRTNIDLEILKAITPISTSNNLA LHDRATQVKFENGSSLNR 1358
tr\AOAAEQHRD4|AOAAE9HRD479MONO WAFGDDDESWLEAWYLASQRANIDLEILKAITPISTSNNLA LHDRATQVKFENGSSLNR 1358
tr\AOAAUOQMZO|AOAAUOQM2079MONO WAFGDNDESWLEAWYLASQRANIDLDVLRAITPISTSNNLA LHDRATQVKENGSSLNR 1358
tr\AOAAESXQFS|AOAAE8XQP579MONO WAYGDDDESWLEAWYLASQRVSIDLDVLKAITPISTSNNLA LHDRATQVKENGSSLNR 1358
tr\AOAAX3C928|AOAAX3C92879MONO WAFGDDDESWLEAWYLASQRVNIDLEVLKAITPISTSNNLA LHDRATQVKENGSSLNR 1358
tr\WSSYGlIWSSYG179MONO WAFGDDDESWLEAWYLASQRVNIDLEVLRAITPISTSNNLA LHDRATQVKENGSSLNR 1358
tr | HOM6P4 | HOM6P4_ 9MONO WAFGSDDQSWDEACILANQRANIQLEVLKTITPIATSNNL LHDKTTQFKFAGSVINR 1373
tr | AOA185KRV3|AOALI85KRV3_9MONO WAFGTSDAEWWEAWYLSNQRANIPLDVLKTITPISTSTNI | HDRSTQVKYASTSLNR 1619
sp|Q997F0 | L_NIPAV WAYGDNEECWYEAWYLASQRVNIDLDVLKAITPVSTSNNLSHRLRDKSTQFKFAGSVLNR 1365
sp 1089344 | L_HENDH WAYGDSEESWYEAWYLASQRVNIDIDVLKAITPVSTSNNLSHRLRDRSTQFKLPGSVLNR 1365
tr | G5CPP9|G5CPP9_9MONO WAYGDSEESWYEAWYLASQRVNIDIDVLKAITPVSTSNNLS] LHDRSTQFKFAGSVLNR 1365
tr|F4YH99|F4YH99_ SMONO WAYGDSEESWYEAWYLASQRVNIDIDVLKAITPVSTSNNLS] LHDRSTOQFKFAGSVLNR 1365
vt 1 1 o ) A
PRNTase +—— | —» CD

tr\AOABBSZJS4|AOAB38ZJS479MONO PNCCVIEMSNIPHVPSYLDIPVYKE |LIENPIVYDSNPLIESDONKLELQYWKRGEVNFPE 1476
tr\AOA9Y2E3UGIAOA9Y2E3U679MONO PNCCVIEMPNVPQVPAYLDIPTYKE | LVENPIVYDSNPLIESDONKLELQYWKRGEVNFPE 1476
tr\AOAATBTTJSIAOAAT9TTJ879MONO PNCCVIEMSQLPNIPSCLDPPDYKE |[MVENSLVYDSKPITEKDLNKLSMONWRSADVDFESQ 1426
tr\AOAB38ZKA8|AOAB38ZKA879MONO DNCCVIEMSSVGVVKSLQEVPEYKE |[VRENRLIYDNDPVIEKDIVKLSTQAWYSSDVNESN 1478
tr\AOAAEBHRD4IAOAAE9HRD479MONO TSCCIIEMSSVGIIPSIREAPEYHEIKENRLIYDNDPVLEKDIEKLSTQAWYSSDVDFSN 1478
tr\AOAAUOQM2OIAOAAUOQM2079MONO PNCCVIEMSPTGAVPSMIEPPEYKE | IKDNRLIYDSEPIIDKDLKKLKVQSWYSVDVDFEFSN 1478
tr\AOAAE8XQP5IAOAAEBXQP579MONO MNCCVIEMSPTGSIPSFLEPPAYKE | IKNNRLIFDDNPIIDKDLRKLKVQAWYSSDVDESN 1478
tr\AOAAX3C928|AOAAX3C92879MONO EHCCIIEMSSTGNVPSLIEPPIYKE |IKENRLIYDDNPIIDKDLKKLRTQAWYSSDVDESN 1478
tr\WSSYGl]WSSYG179MONO ENCCVIEMSSTGNVPSLLEPPFYKE | IRENRLIYDDNPIIDKDLRKLRTQAWYASDVDESN 1478
tr\H9M6P4IH9M6P479MONO SYCCIRPTKEIPYCHSLRPVPLIEH |SSENVLIYDPSPVTDYQKIKLEIQYLDKEELDFTV 1493
tr\AOA185KRV3|AOA185KRV379MONO EHCCVKALNDLPYTPSTHPVPNYTE |VRDNRLIYDPQPILEFDELRLAIQQTKKVDLEFSL 1739
Sp|Q997FO|L7NIPAV DNCCVKEVADVGQVDAELPIPEYTE |VDNNHLIYDPDPVSEIDCSRLSNQESKSRELDFPL 1485
sp| 089344 |L_HENDH DNCCVKEVADIGGVNAELPVPEYTE |[VENNRLIYDPDPVSEIDCDRLSKQESKARELDFPL 1485
tr\GBCPPQIGgCPP979MONO DNCCVKEVADIGGVNAELPVPEYTE |[VENNRLIYDPDPVSEIDCDRLSKQESKARELDFPL 1485
tr\F4YH99IF4YH9979MONO VENNRLIYDPDPVSEIDCDRLSKQESKARELDFPL 1485
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//End of the L-protein sequences from Nipah and their ted viruses

tr | AOAB38ZJS4 |AOAB38ZJS4 9MONO LRKKAREVGVKSAWVIKLETRE IKQWWKLI|SYSLVL--———— 2291
tr | AOA9Y2E3U6 | AOA9Y2E3U6_9MONO LRKKSREVGMKTAWVIKLDTREIKQWWKLISYSIIV-——-—— 2291
tr | AOAAT9TTJIS |AOAATITTJI8 9MONO MFKRIKDSGFKTCWRFKLLTKEVKIWWKLI[SYAPIFHNNN-— 2189
tr | AOAB38ZKA8 |AOAB38ZKA8_9MONO YFKRIKKNSFKONWILELETKE IKMWWKLI[SYVPIYNSEYHP 2271
tr | AOAAEOHRD4 | AOAAE9HRD4 9MONO YYKRIKKNSFKQNWLIELETKE IKMWWKLIfSYVPIYNS———— 2273
tr | AOAAUOQM20 | AOAAUOQM20_9MONO YYKRMKKNKFKQONWI IDLKTKE IKJWWKLISYVPVFKDNR -~ 2257
tr | AOAAESXQP5 | AOAAESXQP5 9MONO YYKRIRRGKFKQNWMVELQTKE IKJWWKLI[SYVPIYKTITVT 2261
tr | AOAAX3C928 |AO0AAX3C928_ 9IMONO YYKRIKKGKFKQSWMISLATKE IKJWWKLIfSYVPVFRKIV—— 22717
tr | W8SYGL |W8SYGL 9MONO YYKRINKGKFKQNWMISLTTKE IKJWWKLIfSYVPIFNKTT -~ 22717
tr | HOM6P4 |[HOM6P4_9MONO LRERVHTALENSIHIINLERVIQKRWWKIVGYTGIL-——-—— 2250
tr | AOA185KRV3 |AOAL185KRV3 9MONO LRERGDSKGMKS IWFTKLTSQEVKRWWKMI|SY IVIISNP——— 2501
sp|Q997F0|L_NIPAV MQERREKNGFKEVWIVDLSNREVKIWWKIIGYISII-————— 2244
sp|089344 | L HENDH MKERREKSGFKEIWIFDLSNREVKIWNKIIGYLSLV-—-———— 2244
tr|G5CPP9|G5CPP9Y 9MONO MKERREKSGFKEIWIFDLSNREVKIWWKIIGYLSLI-—-——— 2244
tr|F4YHO9|F4YH99 9MONO MKERREKSGFKEIWIFDLSNREVKIWWKIIGYLSLV-=---~ 2244

.. . * I S

IAOAB38ZKA8 IMONO RNA-directed RNA polymerase L, Jingmen Crocidura shantungensis henipavirus
JAOA9Y2E3U6 9MONO RNA-directed RNA polymerase L, Crocidura tanakae henipavirus

JAOAATOTTI8 9IMONO RNA-directed RNA polymerase L, Chodsigoa hypsibia henipavirus
JAOAB38ZJS4 9MONO RNA-directed RNA polymerase L, Jingmen Crocidura shantungensis henipavirus
IAOAAE9HRD4 9MONO RNA-directed RINA polymerase L, Melian virus

IAOAAUOQM20_9MONO RNA-directed RNA polymerase L, Lechcodon virus

JAOAAESX QPS5 9MONO RNA-directed RNA polymerase L, Wenzhou Apodemus agrarius henipavirus
W8SYG1 9MONO RNA-directed RNA polymerase L, Mojiang virus

IAOAAX3C928 IMONO RNA-directed RNA polymerase L, Langya virus

[HOM6P4 9IMONO RNA-directed RNA polymerase L, Ghana virus

JAOA185KRV3 9MONO RNA-directed RNA polymerase L, Cedar virus

Q997F0| NIPAV RNA-directed RNA polymerase L. Nipah virus

089344/ HENDH RNA -directed RNA polymerase L, Hendra virus (isolate Horse/Autralia/Hendra/1994)
G5CPP9 9MONO RNA-directed RNA polymerase L, Henipavirus hendraense

F4YH99 9MONO RNA-directed RNA polymerase L, Henipavirus hendraense

Figure 4 MSA of the PRNTase region of the L- protein of Nipah and its related viruses

3.4. ‘Mix and Match’ MSA analysis of PR Exonuclease Domain from All the Three Bat-borne Viruses: Marburg,
Ebola and Nipah viruses

Figure 5 shows the ‘Mix and Match’ MSA of all the three bat-borne human viruses, viz. Marburg, Ebola and Nipah viruses
(only the region required for the discussion is shown here). The representative strains of the three viruses are
highlighted in yellow. The tentative PRNTase region in all three viruses is marked in arrows. The conserved motifs and
amino acids of the PR exonuclease are highlighted in light blue. The typical, invariant DXE motif reported in all DEDD
superfamily exonuclease superfamily is completely conserved in all three viruses, but not perfectly aligned. This is also
true for the second conserved amino acid D, which slightly deviates for the Nipah virus. However, the next two active
site amin acids, viz. the H and last D are completely conserved and aligned in all three viruses. It is interesting to note
that the conserved -HR- motif of the PRNTase active site is also completely aligned in all three, suggesting a dual role
for the H residue in both exonuclease and capping activities. The proposed overall structure of the DEDD(H) superfamily
of exonuclease in all three viruses is shown in Fig. 6.

CLUSTAL O (1.2.4) ‘Mix and Match’ MSA of the PRNTase region of the L-protein of Nipah, Marburg and Ebola and their
related viruses
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RdARP —>» PRNTase
tr\AOA185KRV3\AOA185KRV379MONO STTIAKAIENGYSRRSGYLINVL---—--— KTIQQINISLSFNINEJQ MTD-DIIRPFRDNP 1237
sp|089344|L_HENDH STTIAKAIENGLSRNVGYCINVL-—--——— KVIQQLLISTEFSINET LTA-DVTSPISNNL 983
tr\G5CPP9\G5CPP979MONO STTIAKAIENGLSRNVGYCINVL---——— KVIQQLLISTEFSINET LTA-DVTSPISNNL 983
tr|F4YH99|F4YHO9 9MONO STTIAKAIENGLSRNVGYCINVL---—--— KVIQQLLISTEFSINET LTA-DVTSPISNNL 983
sp|Q997F0 |L_NIPAV STTIAKAIENGLSRNVGYCINIL--—-——— KVIQQOLLISTEFSINET LTL-DVTSPISNNL 983
tr\AOA7L5MR62\AOA7L5MR627NIPAV STTIAKAIENGLSRNVGYCINIL-----— KVIQOQLLISTEFSINET LTL-DVTSPISNNL 983
tr|Q1PDA3|Q1PDA3 9MONO GTSFERGASETRHIFPSRWIAAFHSMLAINLLNQNH--LGFPLGEFY IDVSCFKKPLT--F 923
tr\AOAOU2VU68\AOAOUZVU6879MONO GTSFERGASETRHIFPSRWIAAFHSMLAVNLLNQNH—LGFPLGFS |[IDVSCFKKPLT--F 938
sp|Q1PDC4|L_MABVR GTSFERGASETRHIFPSRWIAAFHSMLAVNLLNQNH—LGFPLGFS |[IDVSCFKKPLT--F 930
tr\G9HWE8\G9HWE879MONO GTSFERGTSETRHIFPSRWIASFHSMLAINLLNOQNH—LGFPLGFS |IDISCFKKPLT--F 926
tr[Q1PD47|Q1PD47_MABVA GTSFERGTSETRHIFPSRWIASFHSMLAINLLNQNH—LGFPLGFEFN [IDISCFKKPLT--F 932
sp\P31352|L7MABVM GTSFERGTSETRHIFPSRWIASFHSMLAINLLNQNH—LGFPLGFEN |[IDISCFKKPLT--F 932
tr |AOACD3VMI8 |AOACD3VMI8 9MONO GTAFERAIAESRHIFPIRIMAAIQSYLAVKVLQENH—LGFPKNTD |[LGVLALGKPIS--A 893
sp\QSXXOl\L_EBOSU GTAFERSISETRHILPCRVAAAFHTYFSVRILQHHH—LGFHKGSD |[LGQLAINKPLD--F 897
tr\AOA343EQF6\AOA343EQF679MONO GTAFERSISETRHILPCRIAAAFHTFFSVRILQHHH-LGEFNKGTD |[LGQLAISKPLD--F 896
sp|Q05318|L_EBOZM GTAFERSISETRHIFPCRITAAFHTFFSVRILQYHH—LGFNKGFD |[LGQLTLGKPLD--F 896
tr\BBXCP4\B8XCP479MONO GTAFERSISETRHVVPCRVAAAFHTFFSVRILQYHH—LGEFNKGTD |[LGQLSLSKPLD--F 896
tr\R4QUH5\R4QUH579MONO GTAFERSISETRHVYPCRVVAAFHTFFSVRILQYHH—LGEFNKGTD |[LGQLSLSKPLD--F 896
SRt : : Lot * LW .ooFe
trlAOAlSSKRVB|AOA185KRV3_9M@HO NYDYEQFLNLMNMLFN-—-FECNSVISL3ACSVDFATATRSEMARFLARGRLIYGLEVEDE 1475
5p|089344|L_ﬁENDH NHDYNOFLILNRLLSN-——FERENDLISPETCSVDLAFRATRCHMWRILATGRSIYGLEVEPDA 1221
trlGSCPPSlGSCPPS_SMONO NHDYNOFLILNRLLSN-——FERENDLISPETCSVDLAFRATRCHMWRILATGRSIYGLEVEPDA 1221
tr|F4YH99|F4YH99_9MONO NHDYNOFLILNRLLSN-——FERENDLISPETCSVDLAFRATRCHMWRILATGRSIYGLEVEPDA 1221
5p|Q997F0|L_NIPAV HHDYNOFLILNFLLSN-——RRONDLISSNTCSVDLARATRSHMWRELATGRVIYGLEVEPDA 1221
trlAOA?LSMR62|AOA7L5MR62_NIPAV HHDYNOFLILNFLLSN—-—FRECNDLISSNTCSVDLARATRSHMWRELATGRVIYGLEVEPDA 1221
trIQlPDABIQlPDAS_SMONO ELTESRWESWESY IDALDDDLSESLERFICYVDVANFLRAY SWSDVLEGRELIGATLECT 11le2
tr|AOAOU2VU68|AOAOUQVU68_9M@HO ELTESEWESWFSY IDALDDDLSESLERFICYVDVANFLEAY SWSDVLEGERLIGATLPCL 1177
5p|QlPDC4|L_MABVR ELTESEWESWFSY IDALDDDLSESLERFICYVDVANFLEAY SWSDVLEGERLIGATLPCL 1169
trlGSHWESlGSHWES_SMONO ELTRENEWESWFSY IDALDDDLSESLERFTCYVDVANFLEAY SWSDVLEGERLIGATLPCL 1165
trIQlPD47IQlPD47_MABVA ELTRENEWESWFSY IDALDDDLSESLERFTCYVDVANFLEAY SWSDVLEGERLIGATLPCL 1171
5p|P31352|L_MEBVM ELTENEWESWFSYIDALDDDLSESLERFTCTVDVANFLRAY SWSIVLEGERLIGATLPCL 1171
trlAOACDBVMIS|AOACD3VMI8_9M@HO ATTTRRRWOLWEFSYMDOYDEDLGDVIRCLTCILOY ANVIREY SWSHVLOGRELIGATLPCV 1132
5p|QSXXOl|L_EBOSU FITLORWNLWFSYLDHCDPALMEATOPTRCOYVDY A0 TTLREY SWAHT LDGROLIGATLPCT 113e
tr|AOA343EQF6|AOA343EQF6_9M@HO FEITICRWGLWFSYLDOCDCATLARATDRETHC VDL ACTTREY SWAHLLEGRELIGATLPCM 1133
=p| Q05318 |1._EBOZM EITLORWSIWEFSY LDHCDNILAEATTQITCTVDLAQILREY SWAHT LEGRPLIGATLPCM 1133
trlBSXCP4|BSXCP4_9MONO FEITLORWSLWFSYLDHCDOVLADATTOI TCYVDLACTLREY TWAHT LEGROLIGATLPCT 1133
tr|R4QJH5|R4QUH5_9MONO FEITLCRWSLWFSYLDHCDOVLADATTRVSCIVILACTIREY TWAHT LEGROLIGATLPCM 1133
.. - - B EE S B * - * . - * -k
tr | AOA185KRV3 |AOAL85KRV3  9MONO EPGDATYLDWCSDPYSINLKQTQSITKVIKTITARVILRNSVNPLLKGLFHEGAYEEPTE 1357
sp|089344 | L_HENDH N EPGDASFLDWASDPYSGNLPDSQSITKTIKNITARTILRTSPNPMLKGLFHDKSFEEPLE 1103
tr|G5CPPIY|G5CPP9 9MONO EPGDASFLDWASDPYSGNLPDSQSITKTIKNITARTILRTSPNPMLKGLFHDKSFEEPLE 1103
tr|F4YH99\F4YH99:9MONO EPGDASFLDWASDPYSGNLPDSQSITKTIKNITARTILRTSPNPMLKGLFHDKSFEEPLE 1103
sp|Q997F0|L NIPAV EPGDASFLDWASDPYSGNLPDSQSITKTIKNITARTILRNSPNPMLKGLFHDKSFDEDLE 1103
tr|AOA7L5MREZ\AOA7L5MR62_NIPAV EPGDASFLDWASDPYSGNLPDSQSITKTIKNITARTILRNSPNPMLKGLFHDKSFDE 1103
tr |Q1PDA3|Q1PDA3_S9MONO KPGLADASDFVMNPLGLNVPGSREIITFLRQTVRENITITSQNRIINSLFHIGYDLEPOR 1042
tr | AOAOU2VU68 |AOAQU2VU68 9MONO KPGLADASDFVMNPLGLNVPGSREIITFLRQTVRENITITSQNRIINSLFHIGYDLEPQOR 1057
sp|Q1PDC4 | L_MABVR N KPGLADASDFVMNPLGLNVPGSREIITFLRQTVRENITITSQONRIINSLFHIGYDLEPQR 1049
tr | GOHWES | GOHWE8 9MONO KPGLADASDFVMNPLGLNVPGSREIITFLRQTVRENITITSQNRIINSLFHIGYDLEPOR 1045
tr|Q1PD47|Q1PD47 MABVA KPGLADASDFVMNPLGLNVPGSREIITFLRQTVRENITITSONRIINSLFHIGYDLEPQR 1051
sp|P31352|L_MABVM KPGLADASDFVMNPLGLNVPRSKEIITFLRQTVRENITITSQONRIINSLFHIGSDLEDQR 1051
tr | AOACD3VMI8|AOACD3VMI8 9MONO RPGDASAIDLVLNPLGLNYPGAQDLTSFLRRIVRQSITFHSKNKLINSLFHANADLEPEY 1012
sp|Q5XX01|L EBOSU SPGNCSAIDFVLNPGGLNVPGSQDLTSFLRQIVRRSITLSARNKLINTLFHASADLEPEL 1016
tr | AOA343EQF6 | A0OA343EQF6 9MONO NPGNCSAIDFVLNPSGLNVPGSQDLTSFLRQIVRRTITLSAKNSLINTLFHASADFEPEM 1015
sp|Q05318|L_EBOZM NPGNCTAIDFVLNPSGLNVPGSQDLTSFLRQIVRRTITLSAKNKLINTLFHASADFEDEM 1015
‘tr |B8XCP4 |B8XCP4_S9MONO NPGNCSAIDFVLNPSGLNVPGSQDLTSFLRQIVRRTITLSAKNKLINTLFHSSADLEPEM 1015
tr | R4QUHS5 | R4QUHS_9MONO 1015

NPGNCSAIDFVLNPSGLNVPGSQDLTSFLRQIVRRTITLSAKNKLINTLFHSSADLEDPEM
. * *

* % * * * FEPE - sk e es kKoK
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tr|A0A18SERV3|AORISSERV3_9MONC IEAMIGFLILGSENCPL-———————————————-— CD--—--S5GSENYIWFFIPEDVQILD 1513
splC89344|L HENDH LEAMTGRYITGSMECQL-———————————————-— CD-—-—-—-QGNTMYGWFFVPRDS 1259
tIIG5CPP9IG§CPP9_9MONO LEAMTGRYITGSMECQL-———————————————-— CD-—-—-—-QGNTMYGWFFVPRDS 1259
tr|F4YHO9 | FAYH99 OMONOC LEAMTGRYITGSMECQL-————————————————— CD--—-QGNTMYGWEFFVPRDS 1259
spIQQQTFOIL_NIPAE LEAMVGRYITGSLECQI--———-———————————-—— CE--——-QGNTMYGWFFVPRDSQLDQ 1259
tr|A0ATLSMREZ |ROATLOMREZ NIPAV LEAMVGRYITGSLECQI--——————————————-— CE————QGNTMYGWFFVPRDSQEEP 1259
tr|QlPDA3|QlPDA3_S9MCNO LEQFNVEWVNLSEDLEEQFELSSDLGSPTDLLOYDCNGLESEGADNAELNYVSCALDREI 1222
tI|ROROU2VU68|ROEOU2VU68_9MONO LEQFNVEWVNLSEDLEEQFELSSDLGSPTDLLOYDCNGLESEGADNAELNYVSCALDREI 1237
splQlPDC4 | L MABVR LEQFNVEWVNLSEDLEEQFELSSDLGSPTDLLOYDCNGLESEGADNAELNYVSCALDREI 1229
tr|GYHWES | GYHWES OSMONO LEQFEVEWINLSEDLREQFNLSSESESTINLLPYDCEELRLGRSNDTELNYVSCALDREV 1225
tIlQlPD47|QlPD47_MRBVR LEQFEVEWINLSEDLREQFNLSSDAESTINFLPYDCERELRLGGSNDTELNYVSCALDREV 1231
sp|P3l352|L_MABVﬁ LEQFEVEWINLSEDLREQFNLSSDSKSTINLLEPYDCERELRLEGSNDTELNYVSCALDREV 1231
tr|A0ACD3VMIS |R0ACD3VMIE SMONO PEQFELTWLTGDEACEH--———-————————————— CQ--—-SELRGEEEPYVSAALVDEI 1170
splQSXX01|L_EBOSU - PEQFOTTWLEPYEQCVE-———————————————-— C5-—-—--5TN--NS55PYVSVALERNV 1172
trlA0A343EQFE |R0A343EQFE O9MONO LEQFOVWWLEPYEQCPA--————————————————— CN----SLEDAGASPYVSAAIEQNI 1173
splQ05318|L EBOZM B IEQFEVEWLEPYEQCPQ-————————————-———-—— C5--—-NARQPGGEPFVSVAVEEHI 1173
tr|BSXCP4|BS8XCP4_ OSMCNOC LEQLNVIWLEPYEHCPRE-————————————————— CA----EKSANPEGEPFVSIAIEEHV 1173
tIIR4QUH5|R4QUH5:9MONO LEQFNVEFWLESYEQCPRE-————————————————— CA--—--RSENPEGEPFVSIAIEEQV 1173
e . & .
tr |A0A185KRV3|AORLIS5KRV3 SMCONOC DAEWWEAWYLSNQRANIPLDVLETITPISTSTNI STOQVEYASTSLNRVSRHEVT 1625
splC89344|L_HENDH - EESWYEAWYLASQRVNIDIDVLEAITPVSTSNNL STQFELPGSVLNRVSRYVN 1371
tr|G5CPPY|GSCPPY SMONC EESWYEAWYLASQRVNIDIDVLEAITPVSTSNNL STQFEFAGSVLNRVSRYVN 1371
tIlFQYHBQlFQYHBQ:QMONO EESWYEAWYLASQRVNIDIDVLEAITPVSTSNNL STQFEFAGSVLNRVSRYVN 1371
splQ997F0|L_NIPAV EECWYEAWYLASQRVNIDLDVLEAITPVSTSNNLSHRLRDESTOQFEFAGSVLNRVSRYVN 1371
tIlRORTL5MRE§|ROR7L5MR62 NIPAV EECWYEAWYLASQRVNIDLDVLEAITPVSTSNNL ¥ STQFRFAGSVLNRVSRYVN 1371
tr|QLPDA3|QlPDA3_9MONO - ADREERLLIPLLNSEVNLDYQTVLNFLPTHYSGNI PYGOHSFMANREMSNTSTRATL 1342
tr |A0R0U2VUES |A0ROU2VUES SMONO ADREERLLIPLLNSEVNLDYQTVLNFLPTHYSGNI PYGOHSFMANREMSNTSTRATL 1357
sp|QlPDC4 | L_MABVR - ADREERLLIPLLNSEVNLDYQTVLNFLPTHYSGNI PYGOHSFMANREMSNTSTRATL 1349
tr |GYHWES | GOHWES 9SMONC ADREERLLIPLLNSEVNLDYQTVLNFLPTHYSGNI PYGOHSFMANREMSNTSTRATL 1345
tIlQlPDQ?lQlPD47:hABVR ADREERLLIPLLNSEVNLDYQTVLNFLPTHYSGNI PYGOHSFMANREMSNTSTRATL 1351
sp|P31352|L_MABVM ADRERLLIPLLNSEVNLDYQTVLNFLPTHY SGNIVHRYNDOYGOHSFMANERMSNTSTRAT 1351
tr |A0ACD3VMIS |AOACD3IVMIS SMCONO SQAEDIIRPFCEARINLPVQELFELLPSHYSGNI PYGPRSFMANEMSNTATRII 1290
sp|QSXX01|L_EBOSU - ANSDOLIRPFLEARVNLSVOQEILOMTPSHYSGNI LY SPHSFMANEMSNTATRLM 1292
tr |A0A343EQFe |AOR343EQFE SMONO ANSDLLIEPFLEARVNLSVEEILOMTPSHYSGNI PYSPHSFMANEMSNSATRLI 1293
splQ05318|L_EBOZM B SNSDLLIKPFLEARVNLSVOEILOMTPSHYSGNIVHRYNDOYSPHSFMANRMSNSATRLI 1293
tIlBSXCP4|B§kCP4_§MONO ANSDLLVEPFIEARVNLSVOQEILOMTPSHYSGNI LY SPHSFMANEMSNSATRLV 1293
tr|R4QUHS |R4QUHS_9MONO ANSDLLVEPFVEARVNLSVOQEILOMTPSHYSGNI LY SPHSFMANEMSNSATRLV 1293
. ok - .k EEET . .
PRNTase —— —> CD

tr |AOA185KRV3|AOAL85KRV3_9MONO
sp 1089344 |L_HENDH
tr|G5CPP9|G5CPP9 9MONO
tr|F4YHO9|F4YHI9 9MONO
sp|Q997F0 |L_NIPAV

tr | AOA7L5MR62 | AOATLSMR62 NIPAV
tr|Q1PDA3|Q1PDA3 9MONO

tr |AOAOU2VU68 | AOAOU2VU68_9IMONO
sp|Q1PDC4 |L_MABVR

tr | GOHWES | GOHWES 9MONO
tr|Q1PD47|Q1PD47 MABVA
sp|P31352|L_MABVM
tr|AOACD3VMI8 |AOACD3VMI8 9MONO
sp|Q5XX01|L EBOSU

tr |AOA343EQF6 |A0A343EQF6 9MONO
sp Q05318 |L_EBOZM
tr|B8XCP4|B8XCP4 9MONO

tr |R4QUHS | R4QUHS5 9IMONO

VKALNDLPYTPSTHPVPNYTE
VKEVADIGGVNAELPVPEYTE
VKEVADIGGVNAELPVPEYTE
VKEVADIGGVNAELPVPEYTE
VKEVADVGQVDAELPIPEYTE
VKEVADVGQVDAELPIPEYTE
TRHVPSEYLFFDKPLDVDLNK
TRHVPSEYLFFDKPLDVDLNK
TRHVPSEYLFFDKPLDVDLNK
TRHVPSEYLFFDKPLDVDLNK
TRHVPSEYLFFDKPLDVDLNK
TRHVPSEYLYFDKPLDVDLNK
TREVPSQYLTYKANFGMNLQK
TREVPAQYLTYTTTLNLDLSK
TREVPAQYLTYTTTLKLDLTR
TREVPAQYLTYTSTLDLDLTR
TREVPAQYLVYTSTLPLDLTR
TREVPAQYLTYTSTLSLDLTR

A 4

VRDNRLIYDPQPILEFDELRLAIQQT-——-—-—-—-—-——
VENNRLIYDPDPVSEIDCDRLSKQES-———-—--—-—-—-——
VENNRLIYDPDPVSEIDCDRLSKQES-—-—-——-—-—--—
VENNRLIYDPDPVSEIDCDRLSKQES————-—-——-———
VDNNHLIYDPDPVSEIDCSRLSNQES -
VDNNHLIYDPDPVSEIDCSRLSNQES-—-—-———-——--—

YMDNELVYDNDPLCSGIKGRLGRVSRSTLSLSLNVSDIG
YMDNELVYDNDPLCSGIKGRLGRVSRSTLSLSLNVSDIG
YMDNELVYDNDPLCSGIKGRLGRVSRSTLSLSLNVSDIG
YMDNELVYDNDPLCSGIKGRLGRVSRSTLSLSLNVSDIG
YMDNELVYDNDPLCSGIKGRLGRVSRSTLSLSLNVSDIG
YMDNELVYDNDPLCSGIKGRLGRVSRSTLSLSLNVSDIG
YQOSNELIYDKDPLRCGLTCRVSVENFFLKHHFKNSVEGE
YRNNELIYDSDPLRGGLNCNLSIDSPLMKGPRLNIIEDD
YKDNELIYDNDPLRGGLNCNLTFDHPLFKGERLNIIEED
YRENELIYDSNPLKGGLNCNISFDNPFFQGKRLNIIEDD
YRDNELIYDDNPLRGGLNCNLSFDNPLFKGQRLNIIEED
YRENELIYDNNPLKGGLNCNLSEFDNPLFKGQRLNIIEED

K kekk sk .

1733
1479
1479
1479
1479
1479
1461
1476
1468
1464
1470
1470
1409
1411
1412
1412
1412
1412

tr |BOA185KRV3 |AOAI85ERV3 9MONO
sp |089344 | L. HENDH

tr |GSCPPY |GSCPPS_SMONO

tr |FAYHS9 |F4YHIS SMONO

sp |Q997F0 |I._NIPAV

tr |A0ATLSMRE2 |[AOATLSMREZ NIPAV
tr |Q1PDA3 |Q1PDA3 SMONOC

tr | AOAOU2VUES | AOROU2VUES SMONO
sp |Q1PDC4 |I._MABVR

tr |GSHWES | GSHWEE SMONO

tr |Q1PD47 |Q1PD4T MABVA

sp | P31352 | L. MABVM

tr |A0ACD3IVMIS |AOACDIVMIE SMONO
sp |05XX01|I._EBOSU

tr | AOA343EQF6 |AOA343EQFE 9MONO
sp | Q05318 | I._EBOZM

tr |BEXCP4 |BEXCP4_SMONO

tr |R4QUHS |[R4QUHS _SMONO

P-———- 2501
—————————— 2244
—————————— 2244
—————————— 2244
—————————— 2244
—————————— 2244
GFSRPE-——-- 2351
GFSRPE-——-- 2366
GFSRPE-——-- 2358
GLFESESLRA 2358
GLFESGSLRA 2364
GLFESGSLRA 2364
GL———————-— 2196
GFRSS5V--- 2210
GFONPP---- 2210
GLYRFD---- 2212
GFFR-————-— 2210
GINT--———-- 2210

//End of the L protein sequences from all the three viruses

2257



World Journal of Advanced Research and Reviews, 2026, 30(01), 2246-2261

Q05318 L_EBOZM RdRp of L protein, Zaire Ebolavirus (strain May inga-76)
Q5XX01L_EBOSU RdRp of L protein, Sudan Ebolavirus (strain Human/Uganda/Gulu/2000)
IBEXCP4_9MONO RdRp of L protein, Tai Forest ebolavirus

R4QUHS_9MONO RdRp of L protein, Bundibugyo virus

JACACD3VMIE_9MONO PdRP of L protein, Cuevavirus lloviuense

JAOA343EQF6_9MONO RdRp of L protein, Bombali virus

Q1PDA3 9MONO RdRp of L protein, Lake Victoria Marburgvirus, (DRC1999)
JADAQU2VUGS_9MONO RdRp of L protein, Orthomarburgvirus marburgense

Q1PD47 MABVA RdRp of L protein, Lake Victoria marburgvirus (strain Angola/2005)
GOHWES OMONO RdARp of L protein, Lake Victoria marburgvirus (Leiden)
[P31352|]L_MABVM RdRp of L protein, Lake Victoria marburgvirus (strain Musoke-80)
Q1PDC4L_MABVR RdRp of L protein, Lake Victoria marburgvirus (strain Ravn-87)

QO97F0|L_NIPAV RdRp of L protein, Nipah virus

JAOA7L5SMRG2 NIPAV RARp of L protein, Nipah vims

GSCPP9_9MONO RdRp of L protein, Henipavirus hendraense

JAOA 185KRV3_9MONO RdRp of L protein, Cedar virus

(089344 HENDH RdRp of L protein, Hendra virus (isolate, Horse/Autralia/Hendra/1994)
G5SCPP9_9MONO RdRp of L protein, Henipavirus hendraense

*The PRNTase domain is tentatively marked based on the X-ray crystallographic data of the Nipah viral L-protein

Figure 5 ‘Mix and Match’ MSA of the PRNTase regions of the L-proteins of the Marburg, Ebola and Nipah and their
related viruses

3.5. PR Exonuclease Active Site Structures from the Viral, Prokaryotic, and Eukaryotic DNA/RNA Polymerases

Table 1 shows the PR exonuclease active site structures from viral, prokaryotic, and eukaryotic DNA/RNA polymerases.
It is clear from the Table that the PR exonuclease active site is not only completely conserved, but also adapted in all the
organisms from viruses to humans. The DEDD superfamily either uses an Y or a H as the proton acceptor from a metal-
bound water molecule to initiate the reaction [20].

Table 1 DEDD superfamily of PR exonuclease active site structures from viral, prokaryotic, and eukaryotic DNA/RNA
polymerases.

Organism PR exonuclease active site am

1. Prokaryotic DEDD family PR Exonuclease Active Site Structure

E. coli DNA Pol | (MFE) eSS TS ----- Y247 -0 -
E. coli DNA Pol Il (MFE) W56 IE58------F D220 y331___D335.
E. coli DNA Pol Ill (Replicase, g-subunit) W62----D167-
[Tth DNA pol Ill (Replicase, g-subunit)

H214_.__D219_

2. Mitochondrial DNA Polymerase y from Yeasts, Plants and Animals
[Yeasts (S. cerevisiae) -DI7VELT3 Y D230 Y343___D347_

Animals (Homo sapiens) -D198yE200.. 1S IO Y395 D399,

3. Eukaryotic Nuclear Replicative DNA Polymerases & and & from Yeasts, Plants and Animals

Yeasts (S. cerevisiae 8 DNA pol) BIE?3------- IS L —— Y516._.D520.
[Yeasts (S. cerevisiae € DNA pol —. l292 ------- FD383a- Y473 DA77

lJAnimals (H. sapiens & DNA pol) 316|318 F@J*02----—-- ysii___Ji515-
lJAnimals (H. sapiens € DNA pol REIEZLG ---I:"s"D:“‘*’----Y"SB I“'—‘-"---D"62

4. Nuclear-encoded Organellar Eukaryotic RNA Polymerases from Yeasts, Plants and Animals

JAnimals (H. sapiens, NE-RNA pol, Mito) -D%°AE-------—| MD80 F-mmeaem NHBSL---D81OVA

5. DEDD-superfamily of PR Exonuclease Active Site Structures in Viral Polymerases (DdDp/RdR

T4 Phage (DNA pol) -E 2 E - FEP---- 320 324
(dsDNA) Smallpox Virus (DdRp) —-Y457---D*61-
(dsDNA) Vaccinia Virus (DdRp)

(dsDNA) Mpox Virus (DdRp)

(dsDNA) Human Herpes Simplex Virus (DdDp)
(+ strand RNA) SARS-CoV-1 (#NSP14-Exon)*
(+ strand RNA) MERS-CoV (#NSP14-Exon)*

(+ strand RNA) SARS-CoV-2 (#NSP14-Exon)*
(+ strand RNA) Hepatitis A Virus (RdRp) -
(- strand RNA) Human Influenza Virus A: HIN1 (PA subunit) -D347|E-m-mmm--L D5 H510---p514-

DAE?

(- strand RNA) Human Influenza Virus B (PA subunit) [ EE | S ) 2 — H506___p510_
(- strand RNA) Human Influenza Virus C (PA subunit) -D84LE-- -H494-.- D498
(- strand RNA) Human Respiratory Syncytial Virus (RARp) -DOCAL Emmmmeae L D79 oo H829-.-p#833.
(- strand RNA) Marburg Virus (PRNTase) _D013| | D1096______ H1294R.-..D1298_
(- strand RNA) Ebola Virus (PRNTase) -D101OFE-- ——--—-H1269R---D1273.
(- strand RNA) Nipah Virus (PRNTase) _DMOL Eo | D1258______ H1347R---D1351_
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Adapted from Palanivelu [21].

Tth, Thermus thermophilus; NE, Nuclear encoded; Chplast, Chloroplast; Mito, Mitochondria.

Eukaryotic replicative a polymerases (DNA primases) lack the PR exo active site.

The confirmed PR exo active site amino acids by SDM experiments and X-ray Crystallography data are highlighted in dark
blue/light blue, respectively.

*All possess the same PR exonuclease domain and their active site amino acids are completely conserved in Bat-RaTG13,
Pangolin, Civet, SARS-CoV-1, MERS-CoV, SARS-CoV2 and Human CoV-NL63.

#NSP14 is a multifunctional protein with two distinct activities, an N-terminal PR 3’5’ exoribonuclease (ExoN) and a
C-terminal N7-methyltransferase (N7-MTase); both are crucial for the life cycle of Coronaviruses.

3.5.1. Proposed PR exonuclease active site structures in Marburg, Ebola and Nipah viruses

As discussed elsewhere, the DEDD superfamily of 3'=5' PR exonucleolytic activity is essential for faithful replication of
the viral RNA genomes in the non-segmented, negative-strand viruses. It does not exist as an intrinsic domain or as an
auxiliary subunit as reported for most of the replicative DNA polymerases of prokaryotes and eukaryotes [22]. In
contrast, in these viruses, the 3'>5' PR exonuclease is placed along with the modifying enzymes like methyltransferases
in the positive-strand viruses, like SARS-CoVs and MERS-CoV, or along with the PRNTase in the negative-strand viruses
like of Marburg, Ebola, Nipah, Hendra, Cedar, etc. Figures 6A, B and C show the proposed active site amino acids in the
3'>5' PR exonuclease active sites of Marburg, Ebola and Nipah viruses which interestingly follow the same structural
similarity to the already reported in a large number of 3'=5' PR exonucleases in DNA/RNA polymerases, both as MFEs
or MECs [22]. However, some replication errors escape these stringent repair mechanisms like the PR exonucleases
(that act during the replication process) and mismatch repair system (that operates after the replication process) and
thus, become permanent mutations. Such mutation(s) could be advantageous (maintained) or deleterious (eliminated)
to the viruses. In fact, the advantageous mutations serve as the basis for the evolution of new variants. A general
mechanism of action for the PR exonuclease is already reported by the author [20]. The proposed two-metal ion in the
active site in the viral 3'-5' PR exonuclease is based on Beese and Steitz’s observation, who described an analogous
active site architecture in the exonuclease domain of E. coli DNA polymerase I [23].

H 81294 Hi31269 Hisl347
HN N: HN N: HIE :
A7 R S \|V_||+ A }f
1298 Asp (l)H Alspllll 1213Asp OH Afp1108 13%1Asp OH  Asp%®
IOlSGlu lOl;ASp/ lOlZGlu 110A p 1103G|u 1 OlAp/
Marburg virus (P31352) Ebola virus (Q05318) Nipah virus (Q997F0)

Figures 6 A, B & C. Proposed amino acids at the PR exonuclease active sites in the PRNTase regions of Marburg (A),
Ebola (B) and Nipah (C) viruses

4. Conclusions

These findings demonstrate for the first time that these non-segmented, negative-strand RNA viruses also possess a
typical PR mechanism to maintain the integrity of their genomes and their identities. This discovery provides a strong
rationale for developing antivirals targeting the PR exonuclease domain as a potential strategy to control the spread of
these deadly human viruses. Furthermore, the complete conservation of the DEDD superfamily of PR exonucleases from
viruses to humans underscores the evolutionary significance of this catalytic domain. Moreover, these viruses utilise an
unconventional capping enzyme, the PRNTase, which is structurally and mechanistically distinct from the host mRNA
capping machinery. This difference presents an attractive and selective target for antiviral drug development against
these viruses. The widespread distribution of reservoir hosts, coupled with increasing deforestation, multiple
transmission routes, high case fatality rates, and the absence of effective therapeutics and vaccines, place these viruses,
such as Marburg, Ebola, and Nipah, among those with significant pandemic potential. Additionally, recurring outbreaks
and their high mortality rates continue to pose a major global public health challenge.
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