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Acute myeloid leukemia (AML) is a blood cell malignancy of the myeloid line, characterized by
fast proliferation of aberrant cells that build up in the bone marrow and blood, interfering with
normal blood cell synthesis. DNMT3A is a DNA methyltransferase that plays a role in DNA
methylation, an epigenetic modification associated with gene expression regulation. DNMT3A
mutations are frequently found in AML and are associated with poor prognosis. Objective: To
evaluate the impact of DNMT3A mutations on protein structure and function, specifically in the
context of AML. Methods: SNPs of DNMT3A genereportedin AML(R882P, R882L, R882S, R882G,
and R882C)were retrieved from National Centre for Biotechnology Information (NCBI)database
and different in silico approaches were used to investigate how these mutations affect protein
structure and function. Results: Prediction tools indicated that mutations are pathogenic
affecting DNMT3A function and were found in evolutionarily conserved regions. Protein
stability analysis showed that mutations reduce DNMT3A's structural stability, alter secondary
structure of the protein, particularly helices, interacts with other proteins and reduce protein-
protein affinity. RNA folding analysis revealed abnormal folding patterns caused by mutant,
affecting protein translation. DNMT3A expression was reported to be considerably greater in
AML compared to normal tissues, and mutations were associated with poor overall survival in
AML patients. Methylationlevels and post-translational modification sites of DNMT3A were also
investigated. Conclusions: Overall, this research highlighted the negative impact of DNMT3A
mutations on protein structure and function, emphasizing theirimportance in the development
and prognosisof AML.

INTRODUCTION

Leukemia is a kind of blood and bone marrow malignancy
characterized by the fast development of abnormal white
blood cells[1]. Based on the kind of stem cell involved and
whether the leukemia is acute or chronic, there are four
primary subtypes of leukemia[2]. Acute myeloid leukemia
(AML)is the most frequent kind of leukemiain adults and is
associated with a high number of annual deaths in the
United States [3]. It is distinguished by an overabundance
of undifferentiated myeloid cells in the bone marrow,
resulting in a lack in normal blood cell synthesis [4]. The
symptoms may include fever, weight loss, fatigue,
breathlessness, frequent infections, and abnormal
bleeding[5]. The causes of AML are diverse and caninclude
exposure to therapeutic or environmental agents that

damage DNA, although the exact etiology is often unclear.
AML is caused by a combination of hereditary and
ecological factors, such as genetic mutations, age,
radiation exposure, chemical exposure, and previous
treatments [6]. Genomic profiling advances have thrown
someinsightonthe functionof geneticsin AML, but further
research is needed to fully understand the mechanisms
involved. Diagnosing AML involves analyzing peripheral
blood or bone marrow samples for the presence of
abnormal myeloid cells. It should be diagnosed when
marrow or blood has > 20% blasts of myeloid lineage [7].
The prognosis of AML depends on factors such as the
patient's age and subtype of the disease. It is mostly
diagnosed at the median age of 68 years. Treatment
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typically involves chemotherapy, sometimes combined
with targeted therapy drugs, and may be followed by a stem
cell transplant. Recent studies have focused on the
molecular pathogenesis of AML, identifying genetic
variations that influence the prognosis and altering the
classification of the disease. One of the commonly altered
genesin AML is DNMT3A (~20%), which plays a role in DNA
methylation [8]. It consists of 35 exons and encodes a
protein of 912 amino acid. It was mapped to chromosome
2p23.3. Mutations in DNMT3A are linked to cytogenetically
normal acute myeloid leukemia (CN-AML). These
mutations impair the enzyme's ability to methylate DNA
fully, leading to changesin gene activity and the production
of abnormal white blood cells [9]. In the field of research,
bioinformatics methods and in silico techniques have
revolutionized the study of life sciences. These
computational approaches help categorize proteins based
on structure and function and assist in the development of
servers for molecular sorting using machine learning
methods [10]. In silico methods also facilitate screening
potential therapeutics against molecular targets, reducing
the need for extensive laboratory work and conserving
resources[11].

METHODS

To perform in silico analysis, 18 computational tools were
employed(Table1).
Table1: Toolsapplied foranalysis

In silico tools Function

NCBI For retrieval of SNPs

SIFT, Align GVGD, FATHMM, For the identification of
PANTHER deleterious SNPs

MUpro, I-Mutant Suite, mCSM For protein stability analysis

For estimation of the conservation
profile

ConSurf

For analysis of structural effects

HOPE Project of DNMT3A gene mutation

SWISS-MODEL For protein modeling
SOPMA For secondary structure analysis
STRING In order to anticipate protein-

protein interactions

For the prediction of effect of
mutations on RNA secondary
structure

For analysis of post-translational
modifications

Vienna package

GEPIA, UALCAN, cBioPortal,
Cytoscape

RESULTS

From NCBI, five SNPs were reported to be found in AML. To
identify the damaging and deleterious effects of SNPs that
could interfere with the structure and function of DNMT3A
gene, four in silico tools (SIFT, Align GVGD, FATHMM, and
PANTHER) were used. All the SNPs were predicted as
damaging and deleterious by these computational
algorithms(Table 2).
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Table 2: Analysis of damaging effects of DNMT3A mutations on
structureand functionof geneusinginsilicotools

DBSNPRS# SNPs SIFT AlignGVGD FATHMM  PANTHER
rs147001633 | R882P pArfJfé’ltn C65  |Damaging dzrﬁqg?;‘i’%
rs147001633 | ReB2L | 1o% | ce5  [Damaging | GrO%90W
rs377577594 | R882S Fﬁfgfeﬁ; c65  |Damaging dzr%’;%?r']yg
rs377577594 | R882G pArg?eﬁ; c65  |Damaging dzr%’;?;r']yg
rs377577594 | R882C pArgf;; C65  |Damaging JZ’%Z%?#VQ

To analyze the effects of point mutations on the stability of
protein structure, three software (MUpro, mCSM, and I-
Mutant) were used. The SNPs were shown to reduce the
proteinstructural stability(Table 3).

Table 3: Effects of SNPs on the structural stability of DNMT3A
protein

Mupro mCSM I-Mutant
SNPs De(;t:a?f:a Prediction chllg\ol Prediction ([I]([égl‘ll::gs Prediction
R882P|-0.94342015 Zﬁg[fﬁ@e -0.335 |Destabilizing| -0.78 | Decrease
R82L| 0073176169 SRS | -0.301 |Destabilizing| -0.62 | Decrease
RE82S|-0.64353902 ooy | -0.228 [Destabilizing|  -1.46 | Decrease
R82G| -1.2625806 | yopy | -0.302 [Destabilizing| -1.65 | Decrease
R882C| -0.47408111 Ds‘igg‘fﬁa,e 0.096 | Stabilizing | 114 | Decrease

To analyze the evolutionary conservation, ConSurf
interpret the results, according to which all the SNPs were
predictedas highly conserved(Figure1).
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Figure 1: ConSurf results of DNMT3A gene amino acid sequence
onamulti-colored barsheetwith conservationscale below

To assess the consequences of amino acid changes on
physical and chemical characteristics, spatial
organization, hydrophobicity, size, charge and function of
the protein, HOPE was used. It predicted that all the mutant
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residues were smaller than the wild-type residue (Table 4
and Figure 2). External interactions will be lost by the

smaller size.
Table 4: HOPE's interpretation of the effect of amino acid
changeson DNMTJ3A proteinstructure and stability

SNPs Size Change of Charge
R882P W>M +ve to neutral
R882L W>M +ve to neutral
R882S W>M +ve to neutral
R8826G W>M +ve to neutral
R882C W>M +ve to neutral
HN H Hy H
(i RES2P . R8S2L |
|
2
HaN H (A) ! o T =
Hy H Hy i R882G
R8828
N\(: OH N\(:
\ \ H
I H | HZN’TO
I Hy H /
HN : © 0 HzN ®
0 0
HaN-_NH
\f: R882C SH
\
| : /g/DH
! HoN
HoN e (E) o]

Figure 2: The native (left) and mutant (right) amino acid residues
of DNMT3A gene mutationsare showninschematicform

Forthe homology modeling of the wild and mutant variants,
SWISS MODEL was used. It is designated to construct 3D
structure of protein (Figure 3). Different parameters
(GMOE, QMEAN)were obtained using thistool(Table 5).
Table 5: Representing the different OMEAN Z score, GMOE,
Identity, and template query number of wild type and mutant
proteinsvia SWISS-Model

Total Number of Template

Sequence

identity GMOE OMEAN

SNPs number of amino acids query
amino acids inmodel number

DOI: https://doi.org/10.54383/pbmj.v6i04.882

Wildtype 613-912 | Bpa7.1. K| 100.00%
R882P 912 613-912 | Bpa7.1.K| 99.85% | 0.39 | -1.07
R882L 912 613-912 |6pa7.1.K| 99.85% | 0.39| -1.19
R882S 912 613-912 |6pa7.1.K| 99.85% | 0.39| -1.19
R882G 912 613-912 |6pa7.1.K| 99.85% | 0.39 | -1.26
R882C 912 613-912 | 6pa7.1.K| 99.85% | 0.39 | -1.23

Wildtype

Figure 3: Protein structures of wildtype and mutants using
SWISS-MODEL

Self-Optimized Prediction Method from Alignment
abbreviated as SOPMA, was used to interpret the
secondary structure of protein. It predicted different
characteristics of secondary structure i.e., alpha helix, 310
helix, Pi helix, beta bridge, ambiguous states, and other
states(Figure 4).
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Sequence length : 912
SOPMA

Alpha helix (Hh) : 262 is 28.73%

350 helix (Gg) : @ is a.eok

Pi helix (Ii) : 8 is @.00%

Beta bridge (Bb) : 2 iz e.eak

Extended strand (Ee) : 127 is 13.93%

Beta turn (TE) : 63 is 6.91%

Bend region (55) : 8 is @.00%

Random coil (Cc) : 462 is 5@.44%

Ambiguous states (?) : @ is  @.ee%

Other states : B is @.oe%

Figure 4: Presenting secondary structure of DNMT3A protein
using SOPMA

PBMJ VOL. 6 Issue.4 April 2023 Copyriqm©2023.PBMJ, Published by Crosslinks International Publishers
[ This work is licensed under a Creative Commons Attribution 4.0 International License. 33




Single Nucleotide Changes in DNMT3A Gene in AML Patients

Abdulhag S et al.,

To create protein interaction network of DNMT3A protein,
STRING Database was used. It predicted that DNMT3A is
functionally associated with five other proteins (EZH2,
DNMT3L, MYC, DNMT1and HIST2H3PS2). Any change in the
structure of DNMT3A protein can affect the functions of
these proteinsrelatedtoit(Figureb).

Histone-lysine N.methyltransferase EZH2; Polycomb group
(PeG) protein. Catalytic subunit of the PRCYEED-EZED
complex, which methylates Tys-9' (H3K9me) and Lys- 27
(H3K27me) of histone H3, leading to transcriptional repression
of the affected target gene. Able to mone-, di- and trimethylate

27 of histons H3 to form H3K27me], H3K27me2 and
spectively. Displays a preference for substrates
lation, loses activity when progressively mose
methyl groups are incorporated into H3K27, H3K27me0 >
H3K27mel > H3K27me2.

DNA (cytosine-5)-methyltransferase 3-ke; Catalyticalty

ive regulatory factor of DNA methy that
can either promote or inhibit DNA methylation g
on the conteat (By similarity). Essential for the function of
DNMT3A and DNMT3B: activates DNMT3A and
DNMT3B by binding to their catalytic domain. Acts by
accelerating the binding of DNA and S-adenosyl-L-
methionine (AdoMet) to the methryltransferases and
dissociates from the complex after DNA binding to the
methryltransferases.

Mye proto-oncogens protein; Transcription factor that
binds DNA in 2 non-specific manner, vt also specifically
recognizes the core sequence 5. CAC[GAITG-3"
Actrvates the transcription of growth-related genes. Binds
to the VEGFA promater, promoting VEGFA production

DNA (cytosine-5)-methyltransferase 1; Methylates CpG residues
INA. 2 DNA

replication sites in § phase maintaining the methylation pattem in the
newly syntbesized strand, that s esseatial for spigenstic inberitance
Associates with chromatin during G2 and M phases to maintain DNA.
methylation independently of replication. It is responsible for maintaining

i development. DNA methylation is

of histanes. Mediates transcriptional

repression by direct bindeng to HDAC2.

Figure 5: Network of protein-protein interactions of DNMT3A
using STRING Database

For the assessment of secondary structure of mMRNA, RNA
fold webserver on the Vienna package was used. All the
mutations resulted in anomalous RNA folding, thus
affectingmRNA localizationandinfluencing the translation

of protein(Figure 6).

(B)

Figure 6: Impacts of SNPs on RNA secondary structure by Vienna
package

To check the expression of DNMT3A in AML and overall
survival analysis, GEPIA2 was used. In figure 7 (A),
Transcripts per million (TPM) graph showed that mRNA
expression of DNMT3A gene was significantly higher T
(n=173)in LAML as compared to normal tissues N (n=70). In
figure (B), the relationship between DNMT3A mRNA
expression and the prognosis of patient, including overall
survival (0S), was analyzed by the Log-rank test. As log-
rank p value is < 0.05(0.32), it was considered statistically
significant as it was explaining that both high and low
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DNMT3A groups have differentdistribution curve.
Overall Survival
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Figure 7: (A) Overview of DNMT3A mRNA expression in AML from
TCGA obtained from GEPIA2 (B) Kaplan-Meier plots showing
overall survivalbetween highandlow DNMT3A groupsin AML

For comprehensive and interactive analysis of expression
and methylation levels of DNMT3A gene in AML, UALCAN
was used. In Figure 8(A), a significant variation of DNMT3A
methylationwas seenbetween male and female. In Figure 8
(B), methylation levels in different age groups of AML
patients were shown. Individuals with age of 21to 80 years
were found to have significant methylation levels.

Promoter methylation level of DNMT3A in Promoter methylation level of DNMT3A in
LAML LAML

0s oars

3 o] o
(I == (.
o a

Make Fomar 240 41607 61-80vm - 100
(pe108) it n=37) e =)

Figure 8: (A) DNMT3A promoter methylation profile based on
patient's gender in LAML (B) DNMT3A promoter methylation
profile based on patient'sagein LAML

To check the PTM sites, cBioPortal was used. It predicted
that23%(altered/ profiled=131/560)of genetic alterations
were reported in DNMT3A including in-frame, missense,
splice and other mutations etc. It displayed all Post
Translational Modifications (PTMs) available for the
transcript. Different PTM types were shown with varying
color codes such as green for phosphorylation, red for
ubiquitinationand purple for sumoylation(Figure 9).

TCGA samples

"

# DNMT 34 Mutations

Cancer Hotspots

OncoxB™ . s memee . — PR — —

PTM (oPTM

Figure 9: Representing genetic alterations of DNMT3A and PTM
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sites by using cBioPortal

Cytoscape was used for the visualization and analysis of
network graphs of DNMT3A gene involving nodes and
edges. A gene hub was identified by Cytoscape network
analysis (Figure 10). Each gene represented by a node was
predicting the high correlation of DNMT3A with them. The
thickness of the line connecting the two nodes reflected
the strength of the link favorably.

Figure 10: Gene hub presenting correlation of DNMT3A with other
genes

DISCUSSION

In silico methods are preferred in many scientific
disciplinesbecausetheyare cost-effective, time-efficient,
flexible, reduce ethical concerns, and can make
predictions about complex systems so they are used to
better understand how mutations might disrupt protein
structure and function [12]. DNMT3A is a de novo DNA
methyltransferase that has lately gained attention as a
result of its common mutation in a variety of immature and
mature hematologic neoplasms. DNMT3A mutations occur
early in cancer formation and tend to be associated with a
poor prognosis in persons with acute myeloid leukemia
(AML), making this gene an intriguing target for innovative
therapies [13]. Disease-causing SNPs are frequently
detected in evolutionarily conserved areas. Five SNPs of
DNMT3A were found to be involved in AML. All the five SNPs
(R882P, R882L, R882S, R882G, R882C) were retrieved from
dbSNP of NCBI database. For the assessment of function,
different prediction tools (SIFT, Align GVGD, FATHMM, and
PANTHER) were used. These tools predicted that all the
mutations are pathogenic and affecting the function of
DNMT3A. Inrecent studies, it was revealed that DNMT3A is
required for methylation of unaltered DNA in CpGislands by
converting cytosine to 5-methylcytosine, which is linked
withgenesilencing[14]. Invitro, enzymatic assays revealed
that mutated DNMT3A reduced DNA methylation and
overexpression of the two most common DNMT3A mutants
(R882H and R882C) advanced proliferation in cell culture

DOI: https://doi.org/10.54383/pbmj.v6i04.882

trials [15]. It strongly demonstrated a substantial
pathogenetic involvement of DNMT3A mutations in AML
[16]. To investigate the impact of point mutations on
DNMT3A structural stability, MUpro, mCSM and |-Mutant
were used. The outcome revealed that almost all the SNPs
were found to diminish the structural stability of the
protein. The previous studies have found that mutationsin
the DNMT3A protein's catalytic region were anticipated to
result in function loss [17]. Protein stability reqgulates
protein conformational structure and consequently
dictates function. Any change in protein stability can result
in misfolding, disintegration, or abnormal protein
aggregation [18]. To evaluate if a mutation has a
deleterious effect on the host, evolutionary conservation
in the protein sequence is critical. The degree to which an
amino acid position has been evolutionarily preserved
reveals its structural and functional significance [19].
ConSurf was used for the evolutionary conservation
analysis, according to which all the five substitutions were
found to be present in exposed region and are highly
conserved, having high conservation scores. Therefore,
increases the risk of tumorigenesis[20]. HOPE was used to
assess the consequences of amino acid replacements on
the protein's physical and chemical characteristics, spatial
structure, hydrophobicity, size, charge, and function. All of
the mutant residues were anticipated to be smaller than
the wild-type residue. The lower size will eliminate external
interactions. The variations in hydrophobicity and size
between mutant and wildtype residues may cause protein
framework disruption by disrupting H-bonding
connections with adjacent residues [21]. The mapping of
amino acid substitutions can be accomplished using 3D
protein structure analysis. To create 3D models of the
mutated residues, SWISS-MODEL was used. Chakravarty
explained the changes in secondary structure during the
transition suggest that helices and strands are likely to be
extended atthe expense of turnsand coils. The decreasein
bounding factors of the interface residues as they
transition from the unbound to the bound form reflects a
loss in flexibility during complex formation [22]. For the
analysis of secondary structure, SOPMA was used. This
software predicted that all the mutations were present in
the exposedregioninthe form of helix. Helices cantolerate
more mutations than strands without change, because
they have more inter-residue interactions [23]. Mutations
that alter secondary structure inside the protein core are
more likely to produce proteins that do not fold correctly,
making their structures more difficult to crystallize. Hence,
anomalous proteinsare formed[24]. STRING database was
used to analyze how DNMTJ3A is associated with other
proteins. It showed the association of DNMT3A gene with
five other genes (EZH2, DNMT3L, MYC, DNMT1 and
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HIST2H3PS2). DNMT1 maintains methylation during DNA
replication. Trowbridge et al., demonstrated that DNMT1
haploinsufficiency impaired leukemia stem cell (LSC)
activity by depressing bivalent chromatin domains [25].
DNMT3A can reside in the nucleus as dimers, tetramers,
and larger oligomeric complexes. The oligomers are made
of either homo-dimeric DNMT3A molecules or
heterodimeric DNMT3A-DNMT3L molecules [26]. Apart
from programmed changes in oligomerization, such as
those caused by developmental changes in DNMT3L
expression and differential DNMT3A/3B isoform usage, a
number of pathologic changes, such as mutations at
DNMT3A binding interfaces have been shown to influence
oligomerization and alter cell behavior [27]. For the
prediction of changes in RNA secondary structure, RNA
fold webserver in Vienna Package was used, according to
which all the mutants of DNMT3A led to the abnormal
folding of RNA, thus influencing RNA localization and
affectingthe proteintranslation. Inthe current study, it was
elaborated that in addition to its known involvement in HSC
differentiation, DNMT3A has been linked to the
preservation of RNA splicingand genomic integrity, both of
which are dramatically altered when DNMT3A is mutated
[28]. The loss of DNMT3A resulted in the downregulation of
spliceosome genes and aberrant RNA splicing. Mutations
induce abnormalities of DNMT3A splicing, likely through
changing exonic splicing silencers [29]. GEPIA2 was
utilized to examine the expression of DNMT3A in AML and
overall survival analysis. It was illustrated by GEPIAZ that
mRNA expression of DNMT3A gene was significantly higher
in AML as compared to normal tissues. DNMT3A expression
was shown to be higherin AML in a prior study[30] and its
mutations were independently linked with poor outcome in
AML patients with an intermediate-risk cytogenetic profile
or CN-AML[31]. UALCAN was employed for a thorough and
interactive investigation of the expressionand methylation
levelsofthe DNMT3A genein AML. A statistically significant
overrepresentation of DNMT3A methylation status was
reported in patients > 50 years old in recent research.
There was no evident relationship between DNMT3A
methylation status and gender. While the prevalence of
AML is increasing, no difference in frequency has been
seen between males and females [32]. For prediction of
post translational modification sites, cBioPortal was used.
Large-scale studies have recently revealed that overlap
between PTMs and SNPs results in damaged PTMs, which
severely influence both gene and protein function and are
linked to human cancer [33]. Radivojac et al., also
discovered a link between phosphorylation site disruptive
variations and somatic cancer mutations [34]. Cytoscape
was used to visualize molecular interaction networks of
human DNMT3A protein with other associated proteins

DOI: https://doi.org/10.54383/pbmj.v6i04.882

[35]. Maintaining protein interactions is critical for
maintaining system homeostasis [36]. Any change in the
geneleadstodisruptionof functioning of correlated genes.
Thus, various studies have found a high relationship
between DNMT3A genetic variants and prognosis in AML
patients, with mutations predicting a markedly bad
prognosisin AML patients[37].

CONCLUSIONS

In this study, in silico tools were used to analyze the impact
of DNMT3A mutations, which are associated with
hematologic neoplasms, particularly AML. The findings
shed light on the potential mechanisms underpinning
DNMT3A's function in cancer formation and emphasize its
therapeutic potential. All the analyzed SNPs were found to
be deleterious and damaging, destroying the DNMT3A
structure and function. These SNPs may reduce the
DNMT3A capacity to fully methylate DNA which abrupt its
activity preventing the normal differentiation, ultimately
leading to AML. Overall, this study demonstrates the
importance of in silico methods in elucidating the complex
molecular processes involved in cancer development and
progression, particularly AML.
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