Sehrawat etal RJLBPCS 2018 www.rjlbpcs.com Life Science Informatics Publications

Life Science Informatics Publications _/)
. . S . 'iul.spéf
Research Journal of Life Sciences, Bioinformatics, ( :
Pharmaceutical and Chemical Sciences RJLBPCS
Journal Home page http://www.rjlbpcs.com/ ISSN 2454-6348
Original Research Article DOI: 10.26479/2018.0404.05

COMPARATIVE IN-SILICO ANALYSIS OF PLASMODIUM VIVAX SAL-I
AND HUMAN MCM PROTEIN FAMILY

Neelam Sehrawat* Hitesh Singh?, Surendra Gakhar?
1. Deptt. of Genetics, Maharshi Dayanand University, Rohtak, Haryana, India.
2. Centre for Medical Biotechnology, Maharshi Dayanand University, Rohtak, Haryana, India.

ABSTRACT: Mini-chromosome maintenance (MCM) protein 2-9, a subgroup of AAA+ ATPase
family. MCM proteins act as replicative helicase. These proteins are functionally responsible for the
DNA unwinding at the time of DNA replication. MCM proteins are not responsible for DNA
replication, also have role in transcription, translation and regulation of cell cycle and also inter-
related with the human carcinogenesis. All the MCMs contain a conserved regions approx of ~200-
250 amino acids, which is site for nucleotide binding. They have a nearly conserved Walker A motif,
Walker B motif and Zinc finger motif. All MCM are localized to nucleus only. In this article we
focus on members of this important family of MCM proteins from the malaria parasite Plasmodium

vivax and their comparison with the human host.
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1. INTRODUCTION
MCM (minichromosome maintenance) were first identified, to be involved in DNA replication as
the result of a genetic screening for Saccharomyces cerevisiae mutant that are defective in

minichromosome maintenance [1]. The best known among these family are the MCM2-7 proteins,
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a family of six conserved proteins that are the key components of the replication initiation complex

that initiates DNA synthesis in all eukaryotes [1]. MCMs are evolutionary conserved in all
eukaryotes and archaesa. MCML is the universal transcription factor which involve in the regulation
of some other MCM and other transcriptional factors [3]. MCMs are highly and significantly up-
regulated in human meningioma tumor, a significant increase in MCM2 (8 fold) and MCM3 (5 fold),
MCM4 (4 fold), MCMS5 (4 fold), MCM6 (3 fold), MCM7 (5 fold) expressions in meningiomas [4].
They are activated by cyclin dependent kinases, such as Cdc6, Cdtl and Dbf4/Cdc7 in the early G1
phase of the cell cycle to form the origin complex called the pre-replication complex (pre-RC) [4].
Approx 40 MCMs are expressed in abundance in all phases of the cell cycle and degraded in
quiescence, senescence and differentiation steps thus they can be used as a specific markers of the
cell cycle state in tissues.MCM are categorized in to two groups, one group by MCM (2-7) and other
byMCM8 and MCM9, which are found only in higher eukaryotes. Beside their role in DNA
replication, MCM plays role in other cellular activities. This speculation was supported by two
observation referred to as the "MCM paradox’: at least in the yeast, Xenopus, Drosophila, reduced
concentration of MCM doesn’t impair DNA replication [5] and majority of the MCM do not localize
at the DNA syntheses in mammalians cells[6]. MCM subunits play essential role in DNA replication,
deletion or default in any subunit causes the cell death or apoptosis.MCM 2-7 contains some
evolutionary conserved sequences, 250- amino acid sequence that encoded for the ATPase active
site (AAA Domains). They contain ring-shaped P-loop NTPases, which exert their activity through
energy dependent remodeling or translocation of macromolecules [7, 8]. As with all P-loop NTPases,
members of this group possess a core afa nucleotide-binding domain which contains two major
nucleotide-binding and hydrolysis motifs referred to as Walker A (P-loop), Walker B and arginine
finger [18]. DNA synthesis in eukaryotes is a complex, multistep process that requires the
participation of a number of MCM proteins. This process involves the binding of ORC to replication
origins and the recruitment of Cdc6 and MCM2-7 to form the pre-replicative complex (pre-RC) and
the activation of pre-RC by Cdc7 and Cdc28 protein kinases to initiate DNA synthesis [10]. Mcm1
in the regulation of replication initiation remains to be investigated. Mcm10 is another replication
initiation factor that intimately interacts with the MCM2—7 proteins in replication initiation [9]. It
should be pointed out here that Mcm1 and Mcm10 bear no sequence homology to the MCM2-7
family. Cdc23/ Mcm10 function is conserved between fission yeast and Xenopus [10], where in vitro
analysis has indicated a similar requirement for Cdc45 binding, but apparently not compared with

Saccharomyces cerevisiae, where Mcm10 is needed forMcm2 chromatin binding [10]. However,
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unlike the situationin Xenopus, where Mcm 10 chromatin binding is dependenton Mcm2-7 [10],it

showed that the fission yeast protein is bound to chromatin throughout the cell cycle in growing
cells, and only displaced from chromatin during quiescence [10]. MCM proteins are isolated from
various plants, yet their role is to be established [11]. Beside their role in DNA replication, MCM
plays various roles, they most likely role in plant stress tolerance in some plants. Recently reported
that in pea plant MCM6 overproduce in response of high salinity and cold stress [12]. The
overexpression of pea MCMB®6 single subunit in tobacco plant promotes salinity stress tolerance
without affecting its yield [12]. Basic understanding of the molecular basis of life cycle, cell growth
and differentiation of malaria parasite is the essential key for the development of novel
chemotherapeutic agents for the control of malaria. Plasmodium has complex life cycle in mosquito
and human host [13].There are five point in plasmodium in which DNA replication occurs [13, 14].
MCM proteins are required for the pre-intiation complex in DNA synthesis. Although plasmodium
has tight regulation on all processes, however little is known about the regulatory mechanism of
replication process. ORC1 and MCM4 have role in pre-replication formation and both expressed
only in gametocytes [15, 16]. However all six subunits of the MCM complex has been reported in
P. falciparum [17]. There are 8 MCM (2-9) present in P. falciparum [18]. Plasmodium vivax is the
next important strain of plasmodium causing high mortality than P. falciparum. Instead of P. vivax
importance, there is no prior study of MCMs of P. vivax. Hence, in the present study we have made
an effort to compare in-silico MCM family of proteins from P. vivax and their comparison with
human host.

2. MATERIALS AND METHODS

a) ldentification of putative MCM family genes in Plasmodium vivax

The complete set of predicted genomic, CDs, transcript and protein sequences from the open reading
frame (ORFs) of the Plasmodium vivax genome has been obtained from PlasmoDB
[http://plasmodb.org/] version 9.2. Gene text search was primarily used to collect putative MCM
family genes from PlasmoDB.

b) Analysis of MCM family genes

All the information about MCM family genes regarding gene ID’s, chromosomal location, genomic
position, number of introns and exons, nucleiotide sequence length, molecular weight, amino acid
sequence length, no. of MCM gene domains and isoelectric points was extracted from plasma DB

and compiled in a table.
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c) Domain Architecture Analysis

To identify the potential domains of MCM proteins (Walker motif A, Walker motif B and arginine
finger motif) encoded by putative MCM family, we opted for SMART 7(Simple Modular
Architecture Research Tool) [19], Pfam database of protein families that includes there annotations
and multiple sequence alignment generated using hidden markov model and Interpro [20]. The
conserved domain of the protein is known as fingerprint of that protein family, which provides
distinctive signature and structural/functional domain.

d) Prediction of sub-cellular Localization MCM family proteins

Various online software like PlasMit, PlasmoAP and Euk-mploc 2.0 Server were used to predict
Subcellular localization of MCM proteins in Plasmodium vivax. Euk-mploc 2.0 server database is
use for predicting subcellular of eukaryotic proteins (www.csdio.sjtu.edu.cn/bioinf/euk-multi 2.0)
version 2.0 [21]. Mitoprot (ihg.gsf.de/ihg/mitoprot.html) was used for prediction of mitochondrial
proteins [22] and PATS (www.patshow.co.uk) was used to identify apicoplast targeting proteins
[23]. Protein sequences in FASTA format were submitted to the server and localization results were
displayed.

e) Human homolog search

The downloaded sequences of MCM were used as query and then matched with human homolog
using BLAST search (www.ncbi.nlm.nih.gov). The corresponding human sequences were retrieved
and their conserved domains were searched by using online CD search tool available on
www.ncbi.nlm.nih.gov/structural/cdd/wrpsb.cgi. Human homologs were also identified by using
BLASTDp of P. vivax MCMs as query with Human genome database.

f) Prediction of Phosphorylation sites

Phosphorylation sites in Hs and PvxMCMs were find out by submitting each MCM sequence to
www.cbs.dtu.dk/services/NetPhosK for prediction of kinase specific eukaryotic protein
Phosphorylation sites.

g) Phylogenetic analysis

In order to identify the closely related homologs of the new family of MCM gene of P. vivax in other
organisms, PSI-BLAST search on the non redundant database [NRDB available at the National
Centre for Biotechnology Information (NCBI)] of proteins have been carried out using the MCM
gene family as a query. The nucleotide sequences matching the query with highest sequence identity
and with a reliable E-value (<0.0001) have been further extracted from each of these searches to

collect the close homologs of the new MCM gene. Multiple sequence alignment of the MCM gene
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and their most closely related homologs has been further carried out using CLUSTALW

[http://clustalw.org/] version 2.1.A rooted neighbor joining phylogeny tree for Plasmodium vivax
MCM genes and homologous genes was constructed by using MEGA 6.06.

h) 3D Structure prediction

The P. vivax MCMs genes showing potential homology with human homolog were used for the
construction of 3D structure by submitting P. vivax MCM sequence as target and human MCM
structure as a template by using SWISS-Model server.

3. RESULTS AND DISCUSSION

The genome of P. vivax, available at www.plasmodb.org was investigated using ‘MCM’ as query.
The results of this search presented in Table -1. All the MCM members from this family were used
to BLAST with H. sapiens and the comparative analysis is carried out. MCM2-9 proteins show
sequence conservation particularly in a 200-250 amino acid residue domain, which is located almost
in the center of these large proteins. Walker A motif contains the consensus sequence
[(G)xxxxGK][S/T], where X is any residue and lysine residue is present which is characteristic of all
the ATP-binding proteins. It has been observed that the Walker A motif sequence in all the MCMs
is slightly deviated from the consensus and the glycines in the motif GK(S/T) are substituted by
serine or alanine [24, 18]. The Walker B motif [hhhh(D/E)] has conserved nucleotide phosphate-
binding motif (where h is a hydrophobic residue). These are the characteristic feature of members
of the P-loop NTPase domain superfamily. The Walker A motif binds the -y phosphate moiety of
the bound nucleotide (typically ATP or GTP) and Walker B motif binds with the Mg2+ cation [25].
All the MCMs contain a Zn finger motifs and another short motif SRFD, which is present
approximately 70 residues after the Walker B motif and defines an arginine finger motif.
MCM1:-MCM1 Protein- A sequence-specific DNA-binding protein that plays an essential role as a
global regulator of yeast cell cycle control [1]. It contains a MADS-box domain within the N-
terminal 56 amino acids. It is one of the four founder proteins that structurally define the superfamily
of MADS domain proteins. MCML1 found only in the Humans not in the Plasmodium vivax and P.

falciparum.

© 2018 Life Science Informatics Publication All rights reserved
Peer review under responsibility of Life Science Informatics Publications
2018 July - August RILBPCS 4(4) Page No.77



Sehrawat etal RJLBPCS 2018 www.rjlbpcs.com Life Science Informatics Publications
Table 1- Comparison of MCM gene family of Plasmodium vivax Sal-1 and Human homolog

Sr. | Protein | Gene Id (Pvx/Hs) Location (chrom. | Size in Exon/intr | % ldentity
No [ Name No/Position) Kda onin Pvx [ with
(Pvx/Hs) HsMCM

1 MCM2 | PVX_085565/ENSP | 13/1,2820411 to | 111/91 2/1 29
000000265056 285,468

2 MCM3 | PVX_079890/ENSP [ 10/181,777 to | 110/91 2/1 29
000000229854 184,812

3 MCM4 | PVX_122675/ENSP | 14/ 772,315 to | 108/80 1/0 33
000000430329 775,182

4 MCM5 | PPV X _084615/ENS | 13/482,362  to | 85/82 5/4 43
P000000412847 486,858

5 MCM6 | PVX_114735/ENSP | 11/679,166 to | 107/92 1/0 39
000000264156 682,690

6 MCM7 | PVX_087810/ENSP | 1/185,096 to | 94/81 1/0 40
000000344006 188,086

7 MCMS8 | PVX_084595/ENSP | 13/458,048 to | 149/81 4/3 47
000000478141 462,740

8 MCM9 | PVX_089905/ENSP | 5/926,346 to | 145/127 1/0 49
000000314505 930,278

MCM2: The protein encoded by this gene is one of the highly conserved mini-chromosome
maintenance proteins (MCM) that are involved in the initiation of eukaryotic genome replication.
This family is also present in the archea bacteria in 1 to 4 copies. Methano caldococcus
jannaschii (Methanococcus jannaschii) has four members- MJ0363, MJ0961, MJ1489 and
MJECL13. This protein forms a complex with MCM4, 6 and 7 and has been shown to regulate the
helicase activity of the complex [26]. This protein is phosphorylated and thus regulated by protein
kinases CDC2 and CDC?7.1t has been well established that HSMCM?2 contributes to a variety of
nuclear functions in addition to DNA replication. The detailed biochemical characterization of
HsMCM2 showed that the C-terminal region of HSMCM2 contains ssSDNA- binding activity that
inhibits the DNA helicase activity [27]. On the other hand using pulldown analysis it was reported
that two fragments from the central region were mainly responsible for the interaction between
HsSMCM2 and HSMCM4 [27]. The gene with Plasmo DB number PVVX_085565 is a homolog of
human MCM2 and is located on chromosome 14. The MCM2 protein presents in the Plasmodium

both are contains same weight while the human MCM2 is slightly less in weight than PVXMCM. It
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contains additional 163 amino acid than human homologs as shown in table-1. As eukaryotic MCMs

and PvX MCM also contains putative C4-type zinc finger domain at its N-terminal region. The zinc
finger domain may have a role in the binding of PvxMCMs to chromatin because these domains are
known to be responsible for protein-DNA and protein-protein interactions and therefore contribute
to complex assembly similar to PFIMCM2.

MCM3:- The study about the phosphorylation of HsSMCM3 reported that cyclin B-CDK1 catalyzes
phosphorylation of HsSMCM3 at Ser-112, hence regulating HsSMCM3 association with other
HsMCM2-7 subunits and loading of HSMCM3 onto chromatin [28]. MCM3 protein is a subunit of
the protein complex that consists of MCM2-9. It has been shown to interact directly with
MCMS5/CDC46. This protein also interacts with and is acetylated by MCM3AP, a chromatin-
associated acetyltransferase [50]. The acetylation of this protein inhibits the initiation of DNA
replication and cell cycle progression. Human MCM acts as component of the MCM2-7 complex
(MCM complex) which is the putative replicative helicase essential for once per cell cycle DNA
replication initiation and elongation in eukaryotic cells. The active ATPase sites in the MCM2-7
ring are formed through the interaction surfaces of two neighboring subunits such that a critical
structure of a conserved arginine finger motif is provided in trans relative to the ATP-binding site of
the Walker A box of the adjacent subunit. The six ATPase active sites, however, are likely to
contribute differentially to the complex helicase activity.The gene with of human MCM3 homologs
in Pf and Pvx are located in the chromosome 5 and 10 respectively. The protein of human MCM3 is
slightly smaller in size than PfMCM3 and Pvx MCM3. MCM3 with Ki-67 used as marker in
diagnosis of salivary gland tumours.

MCM4:- The Phosphorylation of this protein by CDC2 kinase reduces the DNA helicase activity
and chromatin binding of the MCM complex [29]. This gene is mapped to a region on the
chromosome 8 head-to-head next to the PRKDC/DNA-PK, a DNA-activated protein kinase involved
in the repair of DNA double-strand breaks. The phosphorylation at sites 3 and 32 of HSMCM4
required CDK2 in HeLa cells and this phosphorylated HsSMCM4 had several distinct and site-
specific roles in MCM function [29]. It was reported that the central region of HSMCMZ2, which
contains zinc finger and ATPase motif interacts with HSMCM4 [29]. The active ATPase sites in the
MCM2-7 ring are formed through the interaction surfaces of two neighboring subunits such that a
critical structure of a conserved arginine finger motif is provided in trans relative to the ATP-binding
site of the Walker A box of the adjacent subunit[51]. MCM4 is an important gene associated with

Natural Killer Cell and Glucocorticoid Deficiency with DNA repair Defect [30].The gene with
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PlasmoDB number PVVX_122675 is a homolog of human MCM4 and is located on chromosome 14

and, is larger in size as compared with its human homolog. It has high molecular weight to its human
counterpart. PvxMCM4 contains some unique features such as it is the largest of all the MCM4 and
contains insertions at few places within its entire sequence including the zinc finger domain. It was
also reported that PFIMCM4 is expressed specifically in the sexual erythrocytic stages indicating that
PfMCM4 may be involved in gametogenesis where DNA is replicated [31].

MCMB5:- The protein encoded by this gene is structurally very similar to the CDC46 protein from
S. cerevisiae [32]. The human MCM5 gene was shown to be expressed widely in many normal
tissues, but its mMRNA levels vary in different condition. Cyclin-E is shown to directly interact with
and co-localize on centrosomes with the DNA replication factor MCM5 in a CLS-dependent but
Cdk2-independent manner [33]. The domain in MCMD5 that is responsible for interaction with cyclin
E is distinct from any previously described for MCMD5 function and is highly conserved in MCM5
proteins from yeast to mammals. Expression of MCMS5 or its cyclin E-interacting domain, but not
MCM2, significantly inhibits over-duplication of centrosomes in CHO cells arrested in S-phase. The
highest levels of MCM5 mRNA transcripts were detected in A-431 epidermoid carcinoma cells, U-
2 OS osteosarcoma cells and U-251 MG astrocytoma cells [34]. Expression of all human gene of the
MCM family is induced by growth stimulation and their mRNA levels peak at G1/S transition. The
growth-regulation expression of MCMD5 is primarily regulated by members of the E2F family
through binding to multiple sites of the MCM5 gene promoter. The gene with PlasmoDB number
PVX_084615 is a homolog of HSMCMS5. PvxMCMS5 is almost similar in size and is located on
chromosome number 13.

MCMB6:-1t is well established that Cdtl physically interacts with the MCM complex and this
interaction mainly occurs between Cdtl and MCM®6 in human cells. The detailed analysis indicated
that the C-terminal 79 residues of hCdt1 interact with the C-terminal 113 residues of HSMCM6 while
the large N-terminal Orc6-binding domain recruits Cdt1/MCM2-7 to ORC complex [35]. HSMCM6
expression correlated with the tumor in craniopharyngiomas [36]. The gene with PlasmoDB number
PVX 114735 is a homolog of HSMCM6. PVXMCMG is having morel5Kda molecular weight than
human homolog. MCMB6 is located on chromosome number 11 in P. vivax. The comparative analysis
of the conserved motifs showed slight differences in their amino acid sequences in walker A motif
whereas residues are conserved in remaining two motifs.

MCMT7:-Recent study shows that MCM7 may be a useful proliferation marker in prostatic neoplasia

[37]. The MYCN oncogene is amplified in ~25% of neuro blastoma tumors, Induction of MYCN in
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conditional cell lines results in increased expression of endogenous MCM7 mRNA and a 3-fold [52].

MCM7 and MCM3 were identified as cyclin D1-binding proteins. Cyclin D1/CDK4 kinase binds to
components of the MCM complex. Although the cyclin D1-dependent kinase did not phosphorylate
MCMY7, active cyclin D1/CDK4, but not cyclin E/CDK2, did catalyze the dissociation of an
RB-MCM7 complex. The gene with plasmodb number PVVX_087810 is a homolog of HSMCM7 and
it is located on chromosome 1. PVX contains 14 additional amino acid in its MCM domain. The
expression of PIMCM?7 polypeptides was predominantly observed in late trophozoites and during
schizont maturation [38] and decreased in the ring stages, which is in agreement with DNA
replication in Plasmodium.

MCMB8:- MCMB8 is a new evolutionarily conserved family member but its homolog is not present
in yeast [39]. MCMB8 not take part in MCMZ2-7 pre-initiation complex. MCM8 mRNA is expressed
in placenta, lung and liver, but is also significantly expressed in adult heart, a tissue with a low
percentage of proliferating cells [53]. We report that the accumulation on chromatin of another
member of the MCM protein family, human MCM8 (hMCMB8), occurs during early G1 phase, before
the HMCM2-hMCM7 complex binds. HMCMS interacts in vivo with two components of the pre-
RC, namely, hcdc6 and hORC2 [54]. Depletion of endogenous HMCMS8 protein by RNA
interference leads to a delay of entry into S phase, suggesting a role for HMCM8 in G1 progression.
Furthermore, down-regulation of h(MCMB8 also leads to a reduced loading of hcdc6 and the h(MCM2-
hMCM?7 complex on chromatin [40, 54]. The gene with PlasmoDB number PVX 084595 is a
homolog of HSMCM8 and PfMCMS is located on chromosome 13 (Table 1). There is a large
difference in their size, as PvxMCM 8 is the largest MCM. PVXMCMS8 contains additional 502
amino acid in comparison toHsMCMS8.

MCMO9:-In Xenopus egg extracts, MCM9 interacts with CDT1 to load MCM2-7 onto replication
origins, and also counteracts the inhibitory effects of Geminin upon CDT1 for replication
licensing.HSMCMQ is a novel member of MCM family [41, 42]. Similar to HSMCM8, HSMCM9 is
only present in the genome of higher eukaryotes. It showed 24-31% total amino acid identity with
HsMCM2-MCMS8 proteins and contains a unique C-terminal domain which has only weak
homology to MCM2-7 and MCM8 but is conserved within MCM9 homologs. Evolutionary history
show that MCM9 closely related with MCM8.PlasmoDB number PV X _089905 is the homolog of
HsMCM?9 (Table 1). PVXMCM9 contains 171 additional amino acids as compared with HSMCMO.
MCMO are located on chromosome number 5 in P. vivax. The conserved motifs of PvxMCM and

HsMCM were analyzed by using MEME Suite-GLAMZ2 version 4.8.0. The motif analysis indicated
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that in P. vivax, walker A motif (motif 1), 5 out of 11 residues are highly conserved and others are

variable to some extent as shown in figure-1. The Walker B motif (Motif 1) is highly conserved in
MCM (2-8), whereas MCM 9 has 3 variable residues out of 7 residues. On the other hand Arginine
motif (Motif I11) has T instead of S in SRFD residues in MCM 7 and MCM 8 and others have

conserved SRFD residues as shown in figure-1.
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Figurel: Comparison of MCM (2-9) of Plasmodium vivax and Human homolog showing the
aminoacid residues of Walker A motif (Motif-1), Walker B motif (Motif-1) and
Zinc Finger Motif (Motif-111).
Post translational modification especially phosphorylation plays a very important role in regulating

the function of various MCMs. The phosphorylation of MCM2, MCM3, MCM4, MCM6 and MCM7
has been observed in vivo and in vitro in different eukaryotic cells [43, 44, 45].Phosphorylation
pattern of PFIMCMSs has also been discussed [18]. However the same is not reported in case of P.
vivax. Therefore, the Phosphorylation potential of all the HsSMCM and PvxMCM was analyzed using
NetphosK at www.cbs.dtu.dk/services/NetPhosK. The results suggested that all members of MCM
family are prone to Phosphorylation and contain recognition sites for PKC followed by PKA or CKII
as shown in figure-2. Despite of the difference in size of MCM proteins in P. vivax and human, the
Phosphorylation sites are almost equal in Hs and PvxMCM3, MCM5, MCM6, MCM8 and MCMO.
Furthermore it is interesting to note that PvxMCM2 contain 8 sites as opposed to 12 sites in
HsMCM2, PvxMCM4 contains 20 phosphorylation sites whereas HSMCM4 has 14 sites as shown
in figure-2. The Subcellular localization was find out for PvxMCM proteins by using protein
sequence of MCM 2-9 as a query for input to plasMit, PlasmoAP and Euk-mploc 2.0 Server

www.csdio.sjtu.edu.cn/bioinf/euk-multi 2.0. The results shows that all MCM 2-9 are localized to the
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nucleus only, therefore this analysis also strengthen the role of MCMs in DNA replication and

transcription.

PvXMCM2 HsMCM?2 PVXMCM3
Site Scores Kinases | Site Scores  Kinases Site Score Kinases
170-S 0.784 PKC 43-S 0.77 CKIll TET 0.753 PEC
377-S 0.865 PKC 133-S  0.75 PKA fi';r g:g: i;g
504-T 0.835 PKC 190-S  0.73 PKA < " -
656-T 0701 PKC |213-S 074  PKA e oeEgs TEE
881-T 0.785 PKA 431-T 0.73 PKC 52ET 0.goz PEC
895-S 0.728 PKC 529-S  0.76 PKC E0Z2T 0.716 PEC
907-T 0.703 CKIll 586-S 0.71 PKC 681T 0.87% FEC
929-T 0706 PKC |709-T 071  PKC 7563 0.70% PRC
7575 0.822 PEC
----------------------- 713-S  0.80 PKC 845T 0.928 PEC
PvxMCM4 717-S 0.80 PKC g48T 0.934 PEC
Site Scores Kinases | 721-T 0.84 PKC 850T 0.937 PKC
31-S 0.789 PKC 727-S  0.71 PKC 860T 0.771 PEC
160-T 0.830 PKA - e
228-S 0.726 PKC HsMCM4 HsMCM3
243-S  0.758 PKC Site Scores Kinases Site Score Kinases
305-T 0.877 PKC 7-T 0.74 CDK5 90-T 0.792 PKC
523-T 0.840 PKC 13-S 0.84 PKA 108-S 0.74 PKC
524-T 0.804 PKC 34-S 0.77 PKC 151-T 0.73 PKC
545-T 0.741 PKC 96-S 0.75 PKC 160-S 0.84 PKC
565-S 0.858 PKC 268-T 0.85 PKC 164-T  0.76 PKC
627-T 0.794 PKC 317-S 0.85 PKC 191-S 0.72 PKC
636-T 0.806 PKC 424-T  0.86 PKC 240-T 0.84 PKC
694-T 0.873 PKC 442-S 0.00 PKC 255-T 0.75 PKC
708-S 0.715 CKIlI 488-T 0.76 PKC 288-T 0.90 PKC
710-S 0.736 CKIlI 495-T 0.79 PKC 340-S 0.75 PKC
716-S 0.718 CKIlI 514-T 0.83 PKC 361-T 0.71 PKC
755-T 0.794 PKC 538-S 0.70 PKC 369-T 0.75 PKC
759-T 0.828 PKC PvXMCM6 373-S  0.77 PKC
795-T 0.796 PKC Site Score Kinases 374-S  0.79 PKC
821-S 0.716 PKA 26-S 0.877 PKC 555-T 0.91 PKC
831-S 0.716 PKC 86-T 0.804 PKC 672-S  0.77 CKIl
------------------------ 92S 0.723 CKII 674-T 0.79 CKIlI
PvxMCM5 223-S 0850 PKC 711-S 0.74 CKIlI
Site  Scores Kinases | 410-S 0.708 PKC = | =mmmmemmmmmmmmm e
158-T 0.766 PKC 519-T 0.707 PKC HsMCM5
187-S 0.819 PKC 520-S 0.742 PKC Site Score  Kinases
197-T 0.834 PKA 524-S 0.708 PKA 52-T 0.90 PKC
228-S 0.715 PKC 615-T 0.781 PKC 116-S 0.77 PKC
229-T 0.907 PKC 646-T 0.748 PKC 139-S 0.72 PKC
267-S 0.753 PKC 674-T 0.822 PKC 166-T 0.80 PKA
395-T 0.861 PKC 684-S 0.830 PKC 278-S 0.73 PKC
443-S 0.733 PKA 705-S 0.831 PKC 292-T 0.74 PKA
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612-S 0.735 PKA 722-T 0.835 PKC 315-S 0.71 CKll
630-S 0.823 PKC 760-S 0.909 PKC 385-T 0.75 PKC
632-T 0.791 PKC 804-S 0.803 PKC 405-S 0.76 PKA
662-T 0.711 PKC 809-T 0.798 PKC 417-S 0.74 PKC
680-T 0.842 PKC 920-T 0.839 PKC 600-S 0.74 PKA
716-S  0.822 PKA | --——--mmmmmeee- 605-S 0.81 PKA
754-S 0.780 PKC 699-T 0.79 PKC
------------------------ HsMCM6
PvxMCM7 Site  Score Kinases PVXMCMS8
Site Score Kinases |77-T 0.82 PKC Site Score Kinases
136-T 0.843 PKC 96-T 0.75 PKC 346-S 0.705 PKC
286-S 0.819 PKC 119-T 0.74 PKC 420-S 0.728 PKA
423-T 0.919 PKC 135-T 0.77 PKC 436-S 0.707 PKC
465-T 0.706 PKC 140-S 0.70 PKA 459-S 0.742 PKA
466-T 0.894 PKC 163-T 0.71 PKC 539-T 0.733 PKC
529-S 0.730 PKC 195-T 0.78 PKC 582-S 0.730 PKC
544-S 0.711 PKC 247-T 0.74 PKC 659-S 0.728 PKA
718-S 0.760 PKC 306-T 0.72 PKC 839-S 0.869 PKC
723-T 0.776 PKC 420-S 0.84 PKC 981-S 0.726 PKC
731-S 0.758 PKA 424-T 0.70 PKA 015-T 0.806 PKC
741-S 0.839 PKC 492-T 0.82 PKC 015-T 0.806 PKC
768-T 0.769 PKC 513-S 0.71 PKC 1055-T 0.784 PKB

------ 613-S 0.72 PKC 1129-S 0.723 CKIlI
PVXMCM9 712-S  0.72 PKA 1199-S 0.749 PKC
Site Score Kinases 762-S 0.72 CKIll
20-S  0.734 CKIl | == T --
63-S 0.875 PKC HsMCM7 HSMCM9
265-S 0.756 PKC Site Score  Kinases Site  Score Kinases
288-S 0.712 PKC 113-S  0.73 PKC 76-S 0.71 PKA
300-T 0.764 PKC 156-S 0.75 PKA 79-T 0.77 PKC
393-T 0.863 PKC 162-T 0.85 PKC 101-S 0.70 PKA
478-S 0.753 PKC 224-T 0.72 PKC 129-T 091 PKC
522-T 0.735 PKC 392-S  0.83 PKC 134-S 0.80 PKA
657-T 0.747 PKC 405-T 0.88 PKC 170-S 0.74 PKA
739-S  0.734 PKA 409-S 0.76 PKA 187-S 0.70 PKC
742-S  0.726 PKA 410-S 0.81 PKA 212-S 0.79 PKC
827-S 0.787 PKC 477-T  0.77 PKC 346-S 0.74 PKA
891-T 0.810 PKC 500-S 0.73 PKA 356-T 080 PKC
921-T 0.801 PKC | -mmmmmemmmmmmem e 376-T 082 PKC
999-T 0.746 PKC HsMCM8 396-T 0.78 PKC
1150-S 0.851 PKC Site Score Kinases 437-S 0.90 PKC
1172-S 0.737 PKA 15-S 0.78 PKA 659-S 0.79 PKC
1181-S 0.707 PKC 131-T 0.71 PKC 726-T 0.76 PKC
1193-T 0.780 PKC 157-T 0.74 PKC 817-S 0.79 PKC
1274-S 0.714 PKA 168-S 0.82 PKA 871-T 0.76 PKC

260-S 0.86 PKC 890-S 0.93 PKA
388-T 0.78 PKC 924-T 0.73 PKC
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387-S 0.73 PKC 1044-S 0.78 PKC
444-s  0.72 PKC 1087-S 0.91 PKA
516-S 0.75 PKA 1099-S 0.75 PKC
519-T 081 PKC 1143-S 0.84 PKA

595-S  0.71 PKA
610-S 0.77 PKC
670-T 089 PKC
676-S 0.76 PKA

Figure 2: Comparison of Phosphorylation sites of MCM (2-9) of Plasmodium vivax and Human
homolog. PKA — Phospho kinase A, PKC-Phospho kinase C, CK-11 —Casein Kinase -II.
PvxMCM 9 is showing 49% sequence similarity to human homolog, hence PvxMCM?9 sequence

was submitted to the Swissmodel homology-modeling server (swissmodel.expasy.org/). The
primary sequence of PvxMCM 9 showed 38% identity to a MCM 3 protein homolog of
Saccharomyces cerevisiae S288c, the eukaryotic replicative helicase [46]. The structural modeling
of the PvxMCM9 was therefore done using the known crystal structure of this homolog as the
template (PDB 3ja8_3at www.rcsb.org). The ribbon diagram of the predicted structure of PvxMCM9
is shown in Figure-3.When the modeled structure of PFIMCM9 was superimposed, it is clear that
these structures superimpose partially. Molecular graphic images were produced using theUCSF
Chimera package(www.cgl.ucsf.edu/chimera) from the Resource for Bio-computing, Visualization,
and Informatics at the University of California, San Francisco (supported by NIHP41 RR-01081)
[47].
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Figure- 3a & 3b. a) 3-D modeled structure of PvxMCM-9, which is showing maximum homology
with human homolg. b) Phylogenetic tree of MCM proteins of P. vivax, P. falciparium & Human
homologs.
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The evolutionary pattern of MCM protein family of P. vivax, P. falciparum and human was also

predicted. The downloaded MCM sequences were subjected to phylogenetic analysis by using
MEGA 6.06 software (www.mega6.com) [48]. A neighbor joining rooted tree is generated as a
result of phylogenetic analysis. In the phylogeny tree MCM family gene are divided into groups and
further sub-divided into sub group as shown in figure- 3b, that clearly reflect differences in their
protein sequences.

4. CONCLUSION

Overall in the manuscript, we have attempted to present comparative in-silico analysis of Mini
chromosome maintenance MCM protein family of neglected malaria parasite, Plasmodium vivax
Sal-1 and compare with human. All the MCMs contain a conserved regions approx of ~200-250
amino acids, which is site for nucleotide binding. They have a nearly conserved Walker A motif,
Walker B motif and Zinc finger motif. All MCM are localized to nucleus only. Despite of the
difference in size of MCM proteins in P. vivax and human, the Phosphorylation sites are almost
equal in Hs and PvxMCM3, MCM5, MCM6, MCM8 and MCM9. Furthermore it is interesting to
note that PvxMCMZ2 contain 8 sites as opposed to 12 sites in HSMCM2, PvxMCM4 contains 20
phosphorylation sites whereas HSMCM4 has 14 sites. MCM 9 shows 49% sequence similarity to
its Human counterpart. This study could provide a way for further analysis/validation of this
important family of proteins. MCMs have their role in parasite replication, so these proteins could
be used in the formulation of antiparasitic drugs for the control of malaria.
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