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Abstract

NPMI is a protein-coding gene that encodes nucleophosminl, a shuitling protein that shuttles
between the nucleus and cytoplasm and is involved in different cellular processes such as centrosome
duplication, protein chaperoning, DNA repair, and regulation of tumor suppressor ARF. Mutations of
the NPM1 gene are associated with human acute myeloid leukemia (AML). Acute myeloid leukemia
(AML) is a complex hematopoietic cell disorder characterized by excessive proliferation of
hematopoietic cells of myeloid lineage in the bone marrow. This study aimed to predict the most
damaging missense SNPs in the human NPM1 gene that may be associated with acute myeloid
leukemia (AML). In this study, we used various in-silico tools for the analysis of the functional and
structural impacts of missense SNPs on the human NPM1 gene. The missense SNPs of the NPM1
gene were retrieved from the Ensembl database. We analyzed functional and structural impacts using
in silico tools like SIFT, PROVEAN, PolyPhen-2, I-Mutant, 3.0MUpro, and MutPred2. The
secondary structure was predicted and analyzed by PSIPRED. The 3D structure of NPM1 protein
was obtained from AlphaFold, visualization along with mutant models was generated using PyMol,
and all information about physiological properties was taken from project HOPE. Protein-protein
interaction of NPM1 protein -was investigated using STRING. Protein-protein interaction reveals
because of SNPs if any change occurs in NPM1 protein, it may affect the overall protein network
interactions among all partner proteins in a cell. The results of in-silico analysis uncover eight
missense mutations (K54N, I59T, L798, P152A, K193R, K193N, A283G, 1284F), which altered
protein structure and affect protein function. In this study, we analyzed functional and structural
impacts of missense SNPs in the humman NPM1 gene through different in silico tools which uncover
cight mutations that change NPMI protein structure and may be associated with human acute
myeloid leukemia. The findings from the clinical study from different literature searches also support
the missense SNPs of NPM1 as the key causing agent for acute myeloid leukemia. Further clinical
and wet-lab studies regarding our identified eight mutations are necessary.
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CHAPTER ONE
INTRODUCTION



1. Introduction
Different types of public databases contain a large number of single nucleotide polymorphisms
(SNPs) and this amount rapidly increased in the past ft;W years because of high throughput
next-generation sequencing (NGS) technologies™® In the human population single nucleotide
polymorphisms (SNPs) are the most frequent type of DNA variation which express about 90% of
DNA sequence dissimilarity’. SNPs are found in the different locations of a gene such as promoters,
exoms, introns, 3 prime untranslatéd regions, and 5 prime untranslated regions, etc. When SNPs
located in the protein-coding region of genes that cause amino acid change result in functional

differences in the protein products of the genes called missense SNPs or non-synonymous?,

Single nucleotide polymorphisms (SNPs) of the NPM1 gene have been associated with acute
myeloid leukemia (AMLY. Nucleophosmin 1 (NPM1) is a protein-coding gene that encodes
nucleophosmin protein. NPM1 is also known as B23, NPM. It belongs to the nucleophosmin family
of nuclear chaperones®. Nucleophosmin protein continuously shuttles between the nucleus and
cytoplasm and is involved in distinct cellular processes such as centrosome duplication, protein
chaperoning, DNA repair, and regulation of tumor suppressor ARF. The NPM1 protein has two
isoforms, they are predominant isoform B23.1 which is located in the nucleolus, and abundant
isoform B23.2 located in the nucleoplasm. Several structural domains are found in the NPMI
protein, and each dorain plays specific filnctions®. According to the NCBI database, the NPM1 gene
is located on chromosome 5g35.1 in humans and contains 13 exons.

Acute myeloid leukemia (AML) is a hematopoietic cell disorder that mainly occurs in the bone
marrow and is defined by an excess proliferation of myeloid or hematopoietic cells®. About
40%-60% Of adult acute myeloid leukemia with normal karyotype (AML-NK) occurs because of the
mutations of the human NPM1 gene’.

Recently, Dai et al.® used Next Generation Sequencing (NGS) data oft 112 genes from 238 acute
myeloid leukemia patients with NPM1 mutations, they demonstrated among the patients 10 (4.2%)
were missense mutations.

We thus tried to identify the SNPs responsible for key causing elements of human acute myeloid
leukemia. Hence we planned to use the Ensembl database for retrieving the NPMI gene and different
in silico tools namely SIFT, PROVEAN, PolyPhen-2, [-Mutant 3.0, MUpro, MutPred2, and
PSIPRED, for the analysis of the NPM1 gene.

The objectives of this research are-

i) To identify key missense SNPs responsible for human acute myeloid leukemia.

ii) To explore the functional and structural impacts on NPM1 protein due to missense SNPs.



CHAPTER TWO
REVIEW OF LITERATURE



[1UIll

2. Review of literature

Different types of public databases contain a large number of single nucleotide polymorphisms
(SNPs) and this amount rapidly increased in the past few years because of high throughput
next-generation sequencing (NGS) technologies™. Single nucleotide polymorphisms occur when a
single DNA base pair (A, C, G, T) is altered. In human population shows 90% sequence differences
because of single nucleotide polymorphisms (SNPs).. SNPs are found in the different locations of a
gene such as promoters, exons, introns, 3 prime untranslated regions, and 5 prime untranslated
regions, etc. When SNPs occur within a coding region of a gene and affect protein function, which is
called non-synonymous SNPs or missense SNPs. Non-synonymous SNPs are associated with
different types of cancer in humans'!. In the past few years, with the help of different bioinformatics
tools functional and structural impacts of deleterious SNPs of IGFIR gene'?, ABLI gene®, BRCAI
gene!!, IL8 geneV, NY-BR-1 gene'®, GalNAc-T1 gene"’, 1L10 gene'®, MYB oncoproteins gene'’,
TRX gene? have been identified.

Acute myeloid lenkemia is a hematopoietic cell disorder that is clinically, cytogenetically, and
molecularly heterogeneous. NPM1 gene mutation is the most common cause of acute myeloid
leukemia in adults. About 50%-60% of adult acute myeloid leukemia with normal karyotypes show
NPMI gene mutations’.

The Npml gene is also called B23, numatrin, or NO38 which is a protein-coding gene. The NPM1
gene is located on chromosome 5¢35.5.°. NPM1 genes encode Nucleophosmis protein a shuitle
protein that has a distinct cellular function. NPM1 protein is involved in ribosome biogenesis,
histone chaperoning, centrosome duplication, DNA repair, and tumor suppressor ARF®. There are
many structural domains present in NPM1 protein and they perform multiple biochemical functions.
The conserved N-terminal domain is involved in oligomerization and is important for chaperoning, it

protects NPMI protein from being misfolded®.
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3. Materials and Methods
3.1 Retrieval of SNPs dataset

The SNPs data of the human NPMI1 gene was retrieved from the Ensembl database

(hupswwweenseniblorg/index himl} for our computational analysis. The Ensembl database

integrates different data from several sources such as dbSNP, HapMap, the 1000 genome project,
etc., and has a collaboration with major bioinformatics databases and resources like NCBI,
GENCODE, and UCSC21. We used Ensembl transcript ID ENST00000296930.5 for retrieving

missense or non-synonymous SNPs of the NPM1 gene for our investigation.

3.2 Retrieval of amino acid sequence and wild structure

The amino acid sequence of the NPM1 gene was retrieved from the UniProtKB database
(hrps/www.uniprotorg/uniproy) (UniProt ID: P06748) in FASTA format. The pdb file of the
NPM! oprotein was downloaded from the AlphaFold protein structure database
(htips:/alphatold.ebi.ac.uk/) (AlphaFold ID: AF-P06748-F1).

3.3 Prediction of functional consequences of missense SNPs by SIFT and PROVEAN

SIFT (Sorting Intolerant From Tolerant) is a prediction program that predicts protein function
consequences affected by amino acid change by using a sequence homology-based algorithm. SIFT
prediction is conservation-based if any well-conserved amino acid changes SIFT predicted it as
deleterious™. SIFT predicts substitution consequences as damaging or tolerated if the substitution
affects protein function SIFT predicts it as damaging and if the substitution does not affect protein
function SIFT predicts it as neutral. In the SIFT program if the SIFT score is less than 0.05 is
predicted to be damaging and if the SIFT score is greater than 0.05 is predicted to be tolerated®.

PROVEAN (Protein Variation EfTect Analyzer) is a sequence homology-based prediction tool that
predicts the consequences of single or multiple amino acid changes or indel mutations on protein
function™. PROVEAN default prediction score is -2.5, if the score is greater than -2.5 the variation is

predicted as neutral, and if the score is less than or equal the variation is predicted as deleterious™.

We used PROVEAN ( hup: proveanjeviorg index.php) Human Genome Variants which provides

PROVEAN and SIFT prediction together. We submitted a CSV file containing chromosome,

pasition, reference allele, and variant allele as input for our investigation.



3.4 Prediction of missense SNPs by PolyPhen-2

PolyPhen-2 (Polymorphism Phenotyping v2) is a structural homology-based prediction tool that
predicts the amino acid substitution on the structure and function of a protein®. PolyPhen-2 is

2 Y

available online at birip:/penctics. bwh harvard.edu/pph2/. We used NPMI protein sequence FASTA

format and amino acid substitution with position independently as input for the prediction of
missense SNPs. PalyPhen-2 prediction score ranging from 0.0 to 1.0 by default. PolyPhen-2 predicts
amino acid substitution as probably damaging, possibly damaging, and benign. PolyPhen-2 is
predicted as probably damaging when the amino acid substitution shows damaging with a high
confidence score, predicted as possibly damaging when the confidence score is low, and benign

means not damaging.

3.5 Protein stability prediction by I-Mutant3.0 and MUpro

We used 1-Mutant 3.0 (hitp./gper2 biocomp unibe iw/ecgi/predictors/I-Mutant3.0/1-Mutant3.0.cgl) and

MUpro (littp./mupro.proteomics.ics.uci.edu’) for the prediction of protein stability change of NPM1

protein due to amino acid change. I-Mutant 3.0 is a support vector machine (SVM) based tool, it
predicts protein stability change and prediction consequences either increase stability or decrease
stability by predicting the value of free energy (DIXG)™. Free energy value DDG <0 predicts
decreased stability of protein and DDG > 0 predicts increased stability of the protein.
MUpro is also used in SVM-based toots to predict protein stability change for SNPs”.

3.6 Prediction of mutational impacts vn functional and structural properties of NPM1 protcin
by MutPred2

We used MutPred (hip muipred mutdboorg’) web server for the prediction of amino acid

substitutions impact of NPM1 protein on its functional and structural properties. MutPred is a
machine learning-based tool that predicts pathogenicity and molecular causes of disease of amino
acid substitution by integrating the genetic and molecular data™. MutPred input was NPM1 protein

sequence and a list of amino acid substitutions with space.



3.7 Evolutionary conservation analysis of missense SNPs

conservation of amino acids in human NPMI protein. The Consurf web server pravides Consurf
results with colour-coded conservation scale scores ranging from 1 to 9. The conservation score of
7-9 indicates the highly conserved region of a protein®™. We used the NPM1 protein sequence FASTA

format as input for analysis of the evolutionary conservation of NPM1 human protein.

3.8 Secondary structure prediction using PSIPRED

PSIPRED is a highly accurate secondary structure prediction tool for a protein that integrates two
feed-forward neural networks™. We used PSIPRED (liuip./ bioinlesuclacuk psipred’) for the

prediction of human NPM1 protein. The input was the protein sequence FASTA format.

3.9 Mutant 3D structure prediction, visualization, and structural impact of missense SNP's on

human NPM1 protein

The three-dimensional (3D) structure of human NPM1 protein was downloaded from AlphaFold DB
(https: alphatold.cbi.ac.uk/). AlphaFold DB is a protein structure database that predicts protein

structure from the amino acid sequence of a protein®'.

The 3D structure of NPMI mutant proteins was visualized and generated by PyMol (
hitps://pvmol.ore/2/).

HOPE [Have Y(Our) Protein Explained] is a web server that collects data from several data sources

and analyzes the physicochemical changes caused by mutation®, It was used to analyze the

physicochemical changes caused by a mutation in human NPMI1 protein. It is available online at

(https:wwwi.embiumen.al/hope/). For HOPE we used protein sequence and single mutation as an

input.
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3.10 Analysis of protein-protein interaction

STRING is a protein-protein interaction analysis tool that interprets all functional interactions in the

cell proteins®. STRING (hiips: /string-db.ore) was used to analyze protein-protein interactions of

human NPM1 protein. The input was the NPM1 protein sequence.

NPM1 gene
& Dala mining
EnsembifUniProtkB —» Prolein sequence —L
L STRING
Missense SNPs
¥ l * ¥ l
Functional analysis ”*ss:;m SNPs Evolutionary Secondary structure 3D siructure
of missense SNPs By Is td‘.‘ " conservation analysis prediclion prediction
el — +
‘ SIFT | PROVEAN Consurf PSIPRED AlphaFold HOPE
X Y % Visuatization and
mutant modeis
PolyPhen-2 I-Mutant 3.0 Mupro ¥
PyMol

Figure 1: Flowchart of in silica tools for the analysis of the NPM1 gene.

"
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4. Results
4.1 SNP dataset

Single Nucleotide Polymorphism of the NPM1 gene investigated in this work was retrieved from the
Ensembl database. In the Ensembl database, 8845 SNPs were recorded for the NPM 1 gene under the
transcript 1D ENST00000296930.5. Out of which, 8388 were imported from dbSNP, 456 were
imported from COSMIC, and 1 was imported from HGMD-PUBLIC.

Out of all 8845 single nucleotide variants, 112 were synonymous variants, 145 were missense
variants, 260 were 5 prime UTR variants, 214 were 3 prime UTR variants, 8 were splice acceptor
variants, 5 were splice variants, 15 were frameshift variants, 1 stop variant, 244 were coding
sequence variants, 7827 were in intronic variants and rest were other variants of NPM1 gene. We

selected 145 missense variants for our analysis.

Graphical representation of the distribution of SNPs in human
NPM1 gene

8000
o
= 6000
w2
‘s
£ 4000
L
=
- |
=
§ 2000
0

Missense Synonymous FUTR 5 UTR Intronic ers
Types of SNPs

Figure 2: Graphical representation of the distribution of SNPs in the human NPM1 gene.
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4.2 Prediction of missense SNPs using PROVEAN and SIFT

The retrieved 145 missense SNPs were submitted as a batch query for PROVEAN prediction.
PROVEAN search results provide PROVEAN and SIFT prediction scores and consequences
together. Among the 145 analyzed missense SNPs PROVEAN predicted 47 as deleterious and 98 as
neutral, and SIFT predicted 62 as damaging with a score >= 0.05 and 83 as tolerated. Among 62
damaging SNPs predicted by SIFT, 4 missense SNPs showed a highly damaging tolerance index
score of 0.00 which is rs11551525, rs750633648, rs371956477, rs17850940. Eight showed a score of
0.001, nine showed a score of 0.002, and five showed a score of 0.003. Ten missense SNPs appear
with a score between 0.004 and 0.009. The remaining 26 missense SNPs contained tolerance index
scores of between 0.01 and 0.05.

Among the 47 deleterious SNPs predicted by PROVEAN 9 showed a highly deleterious score <-4.0
which were rs372208958 (-5.71), rs1288532134 (-4.15), rs11551525 (-5.09), rs954187506 (-4.49),
rs868364493 (-4.4), rs1053217290 (-5.54), rs756636316 (-4.21), rs760598971 (-5.24), and
rs17851431 (-5.33). 38 missense SNPs showed a deleterious score <=-2.5.

4.3 Prediction of missense SNPs using PolyPhen-2

For high accuracy and a large number of finding we selected 36 SNPs that predicted damaging or
deleterious by both SIFT and PROVEAN. Some SNPs that had high confidence scores by at least
SIFT or PROVEAN tools were also selected for further analysis by PolyPhen-2, A total of 45
missense SNPs were analyzed by the PolyPhen-2 server. Out of the 45 submitted missense SNPs
PolyPhen-2 predicted 9 missense SNPs as probably damaging which means damaging with a high
confidence score, 13 missense SNPs predicted as possibly damaging which means damaging but low

confidence score, and 23 missense SNPs predicted as benign.

Table 1: List of missense SNPs in the human NPM1 gene analyzed by PolyPhen-2

Amino Acid
SNPs Prediction Score Sensitivity  |Specificity
Change
rs1363897984 |S4L Benign 0.016 0.95 0.79
rs1278111812  |P11S Possibly damaging  |0.691 0.86 0.92
r51446401368 L18F Benign 0.449 0.89 0.9
rs372208958 G52D Benign 0.293 0.91 0.89
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rs372208958 G52v Possibly damaging  [0.826 0.84 0.93
rs774730997 A53V Benign 0.226 091 0.88
rs1288532134 {KS4N Probably damaging [0.999 0.14 0.9
rs1561864425 |IS9T Probably damaging [0.985 0.74 0.96
rs11551526 A64V Possibly damaging  {0.566 0.88 0.91
rs11551525 L798 Probably damaging |1 0 1
rs17851944 K80E Benign 0.326 0.9 0.89
15954187506 V99G Possibly damaging  [0.819 0.84 0.93
rs1467958614  {S112G Benign 0.355 0.9 0.89
rs1308264050 |D127N Benign 0.254 091 0.88
rs1177473523  |P145L Benign 0.064 0.94 0.84
rs868364493 P152A Probably damaging {1 0 1
151454882046  |K155N Possibly damaging  10.879 0.82 0.94
rs1207998618 |D167H Possibly damaging {0.916 0.81 0.94
rs1207998618 |D167Y Benign 0.418 0.89 0.9
rs1449984649 |E169K Benign 0.076 0.93 0.84
15750633648 D171V Benign 0.003 0.98 0.44
rs1187263636 |[E174G Benign 0 1 0
rs1554135991 |D175H Benign 0.007 0.96 0.75
rs267600552 DI178H Benign 0.082 0.93 0.85
r.s.17856513. D178G Benign 0.016 0.95 0.79
rs17856513 D178V Possibly damaging  |0.886 0.82 0.94
rs1239686401 |D179G Benign 0.028 0.95 0.81
rsl481227568 |D183H Possibly damaging  10.91 0.81 0.94
rs183724988 K193R Probably damaging 16.999 0.14 0.99
rs761307473 K193N Probably damaging [0.999 0.14 0.99
rs1561871583 |S217L Probably damaging |0.966 0.78 0.95
rs781171336 T234] Benign 0.014 0.96 0.79
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rs1053217290 |P235L Benign 0.092 0.93 0.85
rs374517078 K236T Benign 0.303 0.91 0.89
rs1246599848 T2371 Possibly damaging  |0.558 0.88 0.91
13756636316 P238T Possibly damaging  [0.62 0.87 091
rs756636316 P238A Possibly damaging  {0.943 0.8 0.95
rs771340939 P241S Benign 0.024 0.95 0.81
15760598971 D246Y Benign 0.405 0.89 0.9

rs377348662 A249V Possibly damaging  {0.691 0.86 0.92
rs766808881 K267R Benign 0.136 0.92 0.86
rs17851431 Y271C Benign 0.276 091 0.88
rs371956477 A283G Probably damaging [0.996 0.55 0.98
rs1220932669 {1284F Probably damaging [0.971 0.77 0.96
rs17850940 L287F Possibly damaging  |0.558 0.88 0.91

We selected nine missense SNPs which are predicted as highly damaging at prediction tools SIFT
and PROVEAN both and either SIFT or PROVEAN, and PolyPhen-2. These nine shortiisted
missense SNPs were further analyzed by I-Mutant 3.0 and MUpro.

Table 2: Nine Shortlisted missense SNPs predicted by SIFT, PROVEAN, and PolyPhen-2,

Serial No. |SNP ID Amino Acid Change
L. 51288532134 |K54N

2. rs1561864425 |[IS9T

3. rs11551525  |L79S

4. 1s868364493  [P152A

3. rs183724988 IK193R

6. 15761307473 [K193N

7. rs1561871583 |S217L

16



8. 15371956477 |A283G

9. 11220932669 |[284F

4.4 Prediction of protein stability using I-Mutant 3.0 and MUpro

For protein stability analysis 9 selected missense SNPs were submitted to [-Mutant 3.0 and MUpro
tools. I-Mutant 3.0 predicted 8 mutations as decreased stability and 1 mutation namely S217L
predicted increased stability and MUpro also predicted eight mutations as decreased stability and 1
mutation namely S217L as increased stability. Qut of the nine mutations, eight mutations (K54N,
I59T, L798, P152A, K193R, K193N, A283G, 1284F) were predicted to decrease stability by both
I-Mutant 3.0 and MUpro tools. These mutations may alter the protein structure by decreasing the

stability as a result the protein function will change also.

Table 3: prediction of protein stability change using I-Mutant 3.0 and MUpro.

1-Mutant 3.0 MUpro
Amino Acid
Mutation DDG(kcal/meol

Prediction ) RI Prediction DDG(keal/mol)
K54T Decrease -0.45 2 Decrease -0.87519817
I59T Decrease -1.63 6 Decrease -1.4993491
L1798 Decrease -1.98 8 Decrease -2.3760755
P152A Decrease -1.16 6 Decrease -1.2910132
K193R Decrease -0.26 4 Decrease -0.38565313
K193N Decrease -0.52 4 Decrease -0.51229964
S5217L Increase 0.04 3 Increase 0.38124489
A283G Decrease -1.18 7 Decrease -1.4988142
1284F Decrease -1.16 8 Decrease -0.98943866

DDG value: Free energy changes value; RI: Reliability Index.

17



4.5 Prediction of mutational impacts on functional and structural properties of NPM1 protein
by MutPred2

Eight missense SNPs were predicted to decrease protein stability by I-Mutant 3.0 and MUpro was
submitted to the MutPred2 web server. MutPred2 predicts molecular mechanism changes induced by
mutation with its probability and P-value score. MutPred2 predicts five mutations (K54N, I59T,
L79S, A283G, 1284F) with a high MutPred2 confidence score greater than or equal to 0.5 which

altered various molecular mechanisms of NPM1 protein.

Table 4: Prediction of Molecular Mechanisms of NPMgene using MutPred2.

Amino Acid
Change Molecular Mechanisms  |Probability {P-value MutPred Score
Altered metal-binding 0.22 0.02
K54N Loss of ubiquitylation at 0.747
K54 0.15 0.05
Altered metal-binding 0.26 0.02
159T 0.635
Altered stability 0.22 0.01
L7798 Altered stability 0.58 1.18E-03 0.931
P152A - - - 0.38
K193R - - - 0.131
K193N - - - 0.284
Altered disordered interface |0.29 0.03
Altered ordered interface 0.25 0.03
A283G Altered coiled-coil 0.18 0.03 0.568
Altered transmembrane
protein 0.13 0.02
Altered disordered interface[0.31 0.02
Altered ordered interface 10.24 0.03
I1284F Altered coiled-coil 0.18 0.02 0.849
Altered transmembrane
protein 0.15 0.01
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4.6 Evolutionary conservation analysis of missense SNPs

We used the Consurf web server to analyze the evolutionary conservation of the NPMI protein.
Consurf web server predicted that out of the 9 shortlisted missense SNPs of NPM1 protein, four
missense SNPs (K54N, L79S, K193R, K193L) were located in the highly conserved region ranging
7-9 in the conservation scale. The remaining five missense mutations (I59T, P1524, §217L, A283G,

1284F) were located in the conservation region scale 4-6.
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Figure 3: Analysis of evolutionary conservation of human NPM1 protein using Consurf.
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4.7 Secondary structure analysis of NPM1 protein

The secandary structure of NPM1 protein was predicted by PSIPRED
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Figure 4: The secondary structure of NPM1 protein predicted by PSIPRED

4.8 3D structure analysis of NPM1 protein

The 3D structure of the NPM1 protein was downloaded from AlphaFold DB. PyMol was used to
visualize the amino acid change and the 3D model structure of the eight mutated NPM1 proteins was

also generated by PyMol. Project HOPE server was used to study the physicochemical properties
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such as size, charge, and hydrophobicity of these mutated proteins compared to wild-type NPM1
protein.

In (K54N): The amino acid Lysine changes to Asparagine at position 54. The wild-type residue
forms a hydrogen bond with Glycine at position 52. Because of the size difference (the mutant
residue is smaller than the wild-type residue) between wild type and mutant type, it may not make
hydrogen bond like wild type residue did and it will affect protein function. The wild-type residue
forms a salt bridge with Glutamic acid at position 56. The difference in charge (the wild-type residue
is positively charged and the mutant residue is neutral) will disturb the ionic interaction and will
affect the structure and function of the NPMI protein.

In (I59T): The amino acid Isoleucine changes to Threonine at position 59. The wild-type residue was
found to be involved in a multimer contact. However, the mutant residue is too small for the
wild-type residue to make multimer contacts. The mutant residue is less hydrophobic than the
wild-type residue. The difference in hydrophobicity of the Isoleucine and Threonine might lead to a
loss of hydrophobic interactions in the core of the proteins. The wild residue is buried in the core of a
domain. The difference between the wild residue and mutant residue might disturb the core structure
of this domain and it will affect protein function.

In (L79S): The amino acid Leucine changes to Serine at position 79. The mutant residue is smaller
than the wild-type residue, this difference will cause an empty space in the core of the protein and
might affect protein function. The Serine residue is less hydrophobic than the Leucine residue. The
difference in hydrophobicity will cause a loss of hydrophobic interactions in the core of the protein.
The wild-type residue is buried in the core of a domain. This mutation might disturb the core
structure of the domain and will change protein structure and function.

In (P152A): The amino acid Proline changes to Alanine at position 152. Prolines are very rigid and
induce a special backbone conformation. The amino acid changes from Proline to Alanine may
disturb this special conformation and will affect protein structure. The mutant residue is smaller than
the wild-type residue which might lead to a loss of interactions. As a special motif, the mutation is
located within a stretch of residues. The differences in amino acid properties can disturb this region
and its function.

In (K193R): The amino acid changes from Lysine to Arginine at position 193. The mutation is
located within a streich of residues as a special motif. The differences between wild and mutant-type
residues may disturb the motif and probably affect its function. The mutant residue is bigger than the
wild residue, which might lead to bumps.

In (K193N): The amino acid changes Lysine to Asparagine at position 193. The wild residue is
positively charged and the mutant residue is neutral. Because of the mutation, the charge of the
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wild-type residue will be lost which can cause loss of interactions with other molecules or residues.
The mutant residue is smaller than the wild-type residue which will also lead to loss of interactions.
In (A283G): The amino acid Alanine changes to Glycine at position 283. The mutated residue is
located in a domain that is important for the binding of other molecules. Residue Alanine changes to
Glysine at this position might disturb its function. The mutation introduces Glycine at position 283.
Glycines are very rigid it might fail to fulfill the required rigidity of the protein at this position. It
will affect protein structure and function. The mutant residue is smaller than the wild-type residue,
this might lead to a loss of interactions. The mutant residue is less hydrophobic than the wild residue.
Because of hydrophobicity, the hydrophobic interactions either in the core of the protein or on the
surface will be lost.

In (1284F): The amino acid Isoleucine changes to Phenylalanine at position 284. The mutated residue
is located in a domain that is important for the binding of other molecules. Mutation of this residue
might disturb its function. The mutant residue is bigger than the wild residue which might lead to

bumps.

Figure 5: (K64N): The amino acid Lysine changes to Asparagine (the close-up views of residue).
This visualization was done using PyMol. The green color shows the wild amino acid, the red color
shows the mutant one, while the light purple color shows the rest of the NPM1 protein structure.
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Figure 6: (I59T): The amino acid Isoleucine changes to Threonine (the close-up views of residue).
This visualization was done using PyMol. The green color shows the wild amino acid, the red color

shows the mutant one, while the light purple color shows the rest of the NPM1 protein structure.

Figure 7: (L79S): The amino acid Leucine changes to Serine (the close-up views of residue). This
visualization was done using PyMol. The green color shows the wild amino acid, the red color shows

the mutant one, and the light purple color shows the rest of the NPMI protein structure.
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Figure 8: (P152A): The amino acid Proline changes to Alanine (the close-up views of residue). This
visualization was done using PyMol. The green color shows the wild amino acid, and the red color

shows the mutant one, while the light purple color shows the rest of the NPM1 protein structure.

Figure 9: (K193R): The amino acid Lysine changes to Arginine (the close-up views of residue). This
- visualization was done using PyMol. The green color shows the wild amino acid, and the red color

5 shows the mutant one, while the light purple colar shows the rest of the NPMI protein structure.
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Figure 10: (K193N): The amino acid Lysine changes to Asparagine (the close-up views of residue).
This visualization was done using PyMol. The green color shows the wild amino acid, the red color

shows the mutant one, while the light purple color shows the rest of the NPM1 protein structure.

Figure 11: (A283G): The amino acid Alanine changes to Glycine (the close-up views of residue).
This visualization was done using PyMol. The green color shows the wild amino acid, and the red

color shows the mutant one, while the lighlt purple color shows the rest of the NPM1 protein

structure.
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Figure 12: (1284F). The amino acid Isoleucine changes to Phenylalanine (the close-up views of
residue). This visualization was done using PyMol. The green color shows the wild amino acid, the
red color shows the mutant one, and the light purple color shows the rest of the NPM1 protein

structure.

4.9 Protein-protein interaction analysis

For analysis of protein-protein interaction, we used the STRING database. The STRING database
predicted that the human NPM1 protein interacts with ten proteins in a cell. Namely Cellular tumor
antigen p53 (TPS53), Nucleolin (NCL), Cyclin-dependent kinase inhibitor 2ZA (CDKN2A),
Transcriptional repressor CTCF (CTCF), E3 ubiquitin-protecin ligase Mdm2 (MDM2),
DNA-(apurinic or apyrimidinic site) lyase (APEX1), ALK tyrosine kinase receptor (ALK),
NOP2/Sun RNA methyltransferase family member 2 (NSUN2), Histone H3-like centromeric protein
A (CENPA), Aurora kinase B (AURKB). All predicted functional partners showed a high interaction
score with the NPM1 protein and all partner proteins showed the first shell of interactions. If any
change occurs in this NPM1 protein, it may affect the overall protein network interaction among all

those partner proteins.
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Figure 14: Protein-protein interaction network of NPM1 protein generated by STRING.
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5. Discussion

The human nucleophosminl (NPM1) gene is located on chromosome 5g35.1 and encodes 294 amino
acid long residues of nucleophosminl protein which is a family member of nuclear chaperones®.
Single nucleotide polymorphisms (SNPs) occur when single DNA base pairs (A, C, G, T) are altered
and if this phenomenon happens in the coding region and causes amino acid changes as a result of
changes in protein function this is called missense SNPs or non-synonymous’. SNPs in the NPM1
gene are associated with acute myeloid leukemia a type of blood cancer’.

In our current investigation, we used different types of in-silico tools like SIFT, PROVEAN,
PolyPhan-2, MutPred2, MUpro, and Consurf for the analysis of missense SNPs of the human NPM1
gene.

Firstly, we analyzed the downloaded 145 missense SNPs using sequence homology-based prediction
tools SIFT and PROVEAN. Among the analyzed 145 missense SNPs 36 missense SNPs were
predicted damaging or deleterious by both SIFT and PROVEAN and also nine SNPs were predicted
damaging or deleterious by either SIFT or PROVEAN. A total of 45 predicted damaging or
deleterious missense SNPs were further analyzed by the structure homology-based tool PolyPhen-2.
PolyPhen-2 predicted nine SNPs as probably damaging means damaging effects with a high
confidence score. We selected these nine SNPs for advanced analysis.

Nine shortlisted SNPs (k54N, I59T, 1.79S, P152A, K193R, K193N, S217L, A283G, 1284F) were
analyzed by I-Mutant 3.0 and MUpro for the prediction of protein stability. I-Mutant 3.0 and MUpro
both predicted eight missense SNPs (k54N, IS9T, L79S, P152A, K193R, K193N, A283G, I1284F) as
decreased stability. Therefore, we proposed that this mutation can affect protein function and may
promote acute myeloid leukemia.

For the analysis of evolutionary conservation, we used the Consurf web server. The Consurf server
predicted that almost all mutations were lacated in the highly conserved region. If any change occurs
in the conserved region of a protein it could highly affect the protein structure and as well as protein
function.

We used the MutPred2 server for the analysis of molecular mechanisms and their consequences on
protein structure. MutPred server predicted five mutations ( K54N, I59T, L79S, A283G, 1284F) with
the high predicted scores. These mutations cause altered metal binding, altered stability, altered
disordered interface, altered order interface, altered coiled-coil, and altered transmembrane protein,
and because these molecular changes may affect protein function

For the prediction of secondary structure, we used the PSIPRED tool. PSIPRED predicted most of
the mutation distributed alpha-helix, beta-sheet, and coil. These can cause a huge change in protein

3D structure and ultimately affect protein function.
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We predicted the NMP1 protein 3D structure by using AlphaFoldDB. AlphaFold predicted the
NPMI crystal structure of 294 amino acid residues. All physicological properties were obtained from
project HOPE. project HOPE reveals because of these eight mutations size, charge, and
hydrophobicity of the NPM1 protein changes between the wild structure and mutant structure of the
human NPM1 protein. This will affect protein functions of the NPM1 protein and may cause acute
myeloid leukemia.

From our investigation, we obtained eight missense SNPs ((k54N, I59T, L79S, P152A, K193R,
K193N, A283G, 1284F) of the NPM1 gene which has a deleterious effect on the human NPMI gene

and may cause acute myeloid leukemia.
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6. Conclusion

In this study, we investigated functional and structural consequences of missense SNPs in the human
NPM1 gene using in silico prediction tools. We identified eight [rs1288532134 (K54N),
rs1561864425 (I59T), rsl1551525 (L79S), rs868364493 (P152A), rs183724988 (KI193R),
rs761307473 (K193N), rs371956477 (A283(G), rs1220932669 (1284F)] deleterious missense SNPs
that may be associated with acute myeloid leukemia. Among these five SNPs (K54N, I59T, L79S,
A283G, I284F) are highly deleterious. We strongly believe these results would be helpful for further
wet-lab studies of the human NPMI gene. These mutations can be used as diagnostic and therapeutic

markers for acute myeloid leukemia and potential to develop possible drugs.
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Raw data missense SNPs downloaded from Ensembl database.
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