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Abstract 

The current study has been designed to determine the frequency of CEBPA gene mutations 

in cohort of 30 acute myeloid leukemia (AML) patients, and their role in the development 

of AML, and their effect on the structure and function of translated protein was also studied. 

Blood samples were collected from 30 patients from Jinnah and Mayo hospitals, and their 

hematological characteristics were noted. DNA was isolated from all blood samples, and 

after amplification, samples were sent for sequencing. Mutations were identified by 

comparing sequencing results with normal CEBPA gene nucleotide sequences. CEBPA 

gene mutations were observed in 7 (23.3%) 30 patients. These 7 patients had two missense 

mutations both in coding and non-coding regions. Non-coding region mutation was 

detected in 4 patients, while coding region mutation was observed in 3 patients. There was 

no significant difference in hemoglobin level, TLC, platelets count, and blast count 

percentage between CEBPA gene mutant and non-mutant AML patients. While high LDH 

was observed in CEBPA mutant patients. The deleterious effect of S348T mutation was 

checked using SNAP2, PROVEAN, PolyPhen-2, PhD-SNP, Align GVGD, and 

PANTHER. Protein's stability was studied by using I-Mutant 3.0. ConSurf 2.0 tools were 

used to check the conservation status of mutation, while NetsurfP predicted protein's 

secondary structure. The SWISS model generated a 3D model of both mutant and wild-

type residues, which MolProbity, Protparam, ProSA web, and VADAR analysis further 

analyzed. The mutational effect on RNA's secondary structure was analyzed using the 
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Vienna package, while the interaction of CEBPA gene with other proteins was analyzed by 

STRING tool. 

Keywords:  myeloid leukemia, mutations,  

 

Introduction 

Acute myeloid leukemia (AML) is hematopoietic malignancy that is caused by different 

genetic alternations and epigenetic events occurring in progenitor cells that result in 

uncontrolled production of cells and cells fail to differentiate, and they lack apoptosis and 

clonal myeloblasts start to accumulate in bone marrow. Due to this, the number of normal 

hematopoietic progenitor cells has decreased.1,2,3  The absence of mature hematopoietic 

cells like erythrocytes, lymphocytes, platelets, or granulocytes characterizes AML. If not 

treated, the infection becomes severe, bleeding and wasting start, and the results are deadly 
1. It is a heterogeneous disease that is the result of many types of abnormal cytogenetic and 

molecular changes like gene mutations, RNA splicing, epigenetic alternations, cohesion 

complexity, and chromosomal abnormalities that influence the transcriptional and 

epigenetic regulators and singling pathways. 4 Acute myeloid leukemia is found in patients 

of all ages but most frequent in adults with a median age of 68. 5 Even during infancy and 

adolescence, AML may also occur. 6 

The researcher has described various risk factors for leukemia. Still, exposure to benzene, 

ionizing radiations and alkylatic agents, dietary intake, smoking, obesity, cytotoxic 

chemotherapy, and agents that can damage DNA have been noted as main leukemia-

associated risk factors. Therapy-related AML (t-AML) may also cause due to the previous 

treatment with ionizing radiations and cytotoxic chemotherapy.7,8,9 Cytotoxins such as 

chlorambucil, melphalan, and topoisomerase-II inhibitors may involve in t-AML 

development10. Moreover, the link between smoking and AML has also been observed. 

Similarly, incidence of AML is greater in smokers than non-smokers in males and females. 
11,12 The main cause of AML is the genetic mutations in cancerous cells. Mutations in 

CEBPA double alleles, ASXL1, RUNX1, FLT3-ITD, KIT, NPM1, and TP53 are common 

AML patients. 13 In 50 % of AML cases, these genetic changes are associated with 

karyotypic mutations, which can easily identified with the help of cytogenetic analysis 

(such as translocations and deletions). 14 These karyotypic abnormalities are linked with 

AML treatments; different treatments show unfavorable outcomes and survival in these 

AML. 15 Cytogenetically, around 40 to 50 % of AML patients are identified as normal. 13,14 

 CEBPA gene is located at chromosome 19q13.1 16 and translates a transcription factor 

CEBPA protein. Only one exon and no intron are preset in CEBPA gene. 17 CEBPA is part 

of bZIP transcription factors family. 18 CEBPA protein exists as p42 (42 KDa) or p30 (30 

KDa) isoform.19, 20 Wild-type protein (42 kDa) has two regulatory transactive domains 

(TAD1 and TAD2) in the N terminus region and basic leucine zipper (bZIP) domain in C-

terminus for DNA binding and dimerization while shorter isoform has only TAD2 (Figure 

1.1).21, 22, 23 Many transcription factors contain bZIP domain, which is crucial in protein 

dimerization. DNA binding to the major groove of DNA molecule is enabled by bZIP 

domain. 24 CEBPA plays a vital role in differentiating and reproducing myeloid progenitor 

cells. Alternations in CEBPA are regarded as the most commonly occurring genetic 

alternation in AML patients. Alternation in CEBPA can take place in whole genes but they 

commonly occur in N- and C-terminal regions of CEBPA.25 Alternation in CEBPA has been 

identified in 7-15 % of all AML cases and 33.33% of all CEBPAsm patients are associated 

with alternation in bZIP domain.24 N-terminal associated mutations are found on one allele, 

while C-terminal linked mutations are found on another allele (monoalllelic CEBPA 

mutations).23, 26, 27 Double allelic mutations have also been identified.27 Mutations 

occurring in N-terminal shorten the CEBPA-producing protein by producing premature 
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stop codon that leaves negative effects such as uncontrolled growth and dysregulation in 

the cell cycle while in-frame deletions and insertions of C-terminal cause disturbance in 

the dimerization and binding of DNA to CEBPA. 23, 26, 27  

Methodology 

Blood samples of 30 AML patients aged between 16-75 years were collected from Jinnah 

and Mayo hospital, Lahore, and their hematological characteristics were also noted.  

Collected blood samples were transported to the university laboratory and kept at -20°C in 

the refrigerator until further processing. 

 DNA was isolated from collected blood samples using Thermo Scientific Gene JET 

Genomic DNA isolation Kit (K0722) following the manufacturer protocol. Isolated DNA 

was quantified with 1% agarose gel, and then DNA binding region of CEBPA gene was 

amplified by PCR using primers given in Table 1. The amplified products were sequenced 

commercially by Sanger sequencing to identify any nucleotide alterations. After being 

sequenced, the obtained findings were examined using Geneious prime software (version 

2022.0.1), and mutations were identified by comparing the sequence of the bZip domain of 

CEBPA gene with the reference sequences. 

Table 1: Primers sequence for amplification 

Target gene Forward primer Reverse primer Product 

size 

DNA binding 

region 

CAAGGCCAAGAAGT

CGGTGGACA 

 

ATCTCGAGGCTTGCCCG

AGCCGTG 

 

356 

 

 

In silico analysis  

Harmful effects of deleterious SNPs 

PolyPhen-2, Align GVGD, SNAP2, PROVEAN, PhD-SNP, and PANTHER software were 

used to check the harmful effects of mutations identified in the CEBPA gene. SNAP2 and 

Align GVGD software were used to check whether the mutations identified in CEBPA gene 

had a neutral or harmful effect. FASTA sequence of the protein was input for both these 

sofwares. SNAP2 displayed a score ranging from -100 (which predicts the mutation is 

neutral) to +100 (which indicates the mutation has a deleterious effect). Using score value, 

the effect of mutations on protein's function was predicted. 28 Align GVGD displyed results 

in a spectrum of different class mutations ((C0, C15, C25, C35, C45, C55, and C65). Class 

15 predicts that the mutation is less deleterious, while class 65 expected mutation as the 

most harmful. 29 

The help of PolyPhen-2 webserver checked the effect of change in the amino acids 

sequence of a protein. As input, accession number or database ID, protein sequence, and 

information regarding amino acids change were used. PROVEAN webserver was used to 

predict the effect of change in amino acid on protein function. As an input query, FASTA 

sequence of the protein was used. This software displayed results in the form of score. The 

effects of change in amino acid sequence were predicted using score value. Less than a 2.5 

score value predicted that the variation in amino acid sequence had a deleterious effect. 

Score values greater than 2.5 predicted variation as neutral.28  The position of amino acid 

occurrence in evolutionary-related protein family was predicted using PANTHER cSNP. 

Evolutionary proteins alignment is used as a base, and on the base of it, PANTHER cSNP 

collected substitution position-specific evolutionary conservation (subPSEC) score and 

predicted the functional impact of cSNP. PANTHER cSNP predicted results as neutral or 
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deleterious.  Information about amino acid alternation and sequence of protein was used as 

input.30 

PhD-SNP webserver was used to check whether amino acids substitution was neutral or 

deleterious. This webserver was used as input for the sequence of CEBPA protein, position 

of amino acid alternation, and substituted amino acid. 31 

Analysis of protein stability 

I-Mutant Suite predicted the effect of amino acid alternation on protein stability. I-Mutant 

predicted results using DDG values. 28 

ConSurf webserver for the prediction of conservation profile 

The ConSurf was used to check the evolutionary conservation status of amino acids 

alternation. It is available (https://consurf.tau.ac.il/). FASTA sequence of protein was used 

as input. ConSurf displayed results in conservation scores (range 1-9), and scores were 

divided into conserved, variable, and average. 32 

NetsurfP-2.0 for predicting solvent accessibility 

Secondary structure, surface accessibility, and amino acids phi/psi dihedral angles present 

in the protein sequence were predicted by NetsurfP-2.0. As an input query, FASTA format 

sequence of the protein was used. NetsurfP-2.0. showed the exposed and buried regions 

present in the structure of CEBPA protein. 33 

Analysis of amino acid alternation effect on protein structure 

The effect of amino acid alternation on protein structure, chemical and physical 

characteristics, hydrophobicity, and function was analyzed using HOPE. UniProt ID and 

protein sequence were used as inquiry input. 32 

Protein modeling  

The SWISS model web server created the protein 3D model for both mutant and wild 

residues. Model template was selected based on recovery value and similarity, and GMQE 

value, QMEAN Z-score, and sequence identity parameters were noted to assess the model. 

Global Model Quality Estimate of mutant and wild residues was also analyzed to create a 

protein model 34. MolProbity webserver was used to check the validity of both wild and 

mutant residues created by SWISS model. PDB file obtained from SWISS model was used 

as input at MolProbity webserver. 35 Chemical and physical properties and changes in the 

structure of the mutant model were analyzed with the help of ProtParam webserver by 

considering some parameters i.e. aliphatic index, GRAVY, instability index, and 

theoretical pI value. The aliphatic index is the measurement of space taken by the aliphatic 

chains. Theoretical pI specifies is the pH where protein net charge is zero. The instability 

index gives information about the stability of protein and tells how much protein is stable. 

Instability index value <40 predicts that a protein is stable; a protein is considered unstable 

if the value is >40. A positive GRAVY value indicates that the residues are hydrophobic, 

while a negative value shows that residues are hydrophilic.36 Protein secondary structure 

was analyzed by SOPMA.28  

Analysis of mutational effect on the secondary structure of RNA   

Mutational effect on RNA secondary structure was examined by RNAfold of Vienna 

package. Effect was analyzed based on RNA folding energies, i.e., Minimum Free Energy 

(MFE).37 

Analysis of CEBPA protein association with other proteins  

Link of CEBPA protein with other proteins was analyzed by using STRING webserver. 

Protein names were used as query input.32 

Results 

 

Isolated DNA 

https://consurf.tau.ac.il/
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DNA was separated from all collected blood samples. DNA isolation was confirmed on 1% 

agarose gel at 120V for 45 minutes (Figure 4.5). 

 
 

 

 

Amplification of DNA binding region of CEBPA gene 

Polymerase chain reaction (Figure 2) was used to amplify the DNA binding region of 

CEBPA gene. Annealing temperature for primers of DNA binding region of CEBPA gene 

was 56ºC. 

               

 
Figure 2: Visualization of amplified DNA binding region of CEBPA gene by 1% agarose 

gel electrophoresis 

Nucleotide alterations found in DNA binding region of CEBPA gene 

Alternations in nucleotide sequence of CEBPA gene and subsequent amino acid 

substitution were identified by comparing the sequencing results with NCBI reference 

Figure 1: Isolated DNA from blood samples 
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sequence. Geneious Prime software was used to investigate results. In this study, 2 

heterozygous novel missense mutations S348T and C.+G87A (sample 14, 29, 34, 36, 51, 

54, 73) were identified in 7 patients, out of which 1 mutation was present in coding region 

and 1 in non-coding region.  

Three out of seven patients had coding region S348T, while four had non-coding region 

C.+G87A mutation. In S348T mutation, normal nucleotide base guanine at 1043 position 

was changed to cytosine, due to which normal base pair codon AGC, which encodes serine 

amino acid was altered to ACC as a result of which threonine amino acid substituted serine 

at position 348 in protein. While in C.+G87A, nucleotide base guanine was altered by 

adenine at position 87 (Figure 3 & Figure 4). 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Comparison between the hematological characteristics of CEBPA mutant and non-

mutant patients  

Hematological characteristics of non-mutant and CEBPA mutant were compared by using 

one-way ANOVA. There was no significant difference between total leucocyte count 

Figure 3: Heterozygous mutation G1043C resulting in an amino acid substitution 

S348T in AML patients identified through Geneious prime software (Version 

2022.0.1) 

 

Figure 4: Mutation C.+G87A in non-coding region of CEBPA gene in AML patients identified 

through Geneious prime software (version 2022.0.1) 
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(TLC), platelets count, and haemoglobin level of CEBPA mutant and non-mutant AML 

patients (Table 2, Figure 5).  

Table 2: Comparison of hematological characteristics of CEBPA mutant and non-mutant 

patients. 

Parameters CEBPA non-

mutant 

patients 

CEBPA mutant 

patients 

P-value 

No. of patients (%) 23 (77%)       7 (23%) __ 

Mean age, years (range) 40 (20-73) 77 (52-79) 0.019* 

Hemoglobin level ( g/dl), mean 

(range) 

8.2 (4.1-12.6) 8.8 (4.8-10.9) 0.990 

Platelets (×103/µl), mean (range) 45 (5-720) 39 (2-941) 0.898 

Total leucocyte count  (×103/µl), 

mean (range) 

31.9 (1.4 to 

430) 

27.3 (0.9 to 350) 0.165 

Lactate Dehydrogenase (U/L), 

mean value (range) 

456 (150-860) 650 (120-2587) 0.006* 

Blast cells (%age) 65.1% 70.6%  0.157 
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Figure 5: (A) Hemoglobin, (B) platelets count, (C) TLC, (D) Blast cells level graphical 

representation. 
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In silico analysis of S348T and C.+G87A mutations found in DNA binding region of 

CEBPA gene 

Six in silico SNP prediction tools (PolyPhen-2, Align GVGD, PROVEAN PANTHER, 

SNAP2, and PhD-SNP) were used to analyze the mutational effects on protein structure 

and function. PolyPhen-2 predicted mutation as possibly damaging. SNAP2 indicated that 

the mutation was neutral and had no impact. Align GVGD results showed that the SNP was 

most likely affected. PROVEAN and PhD-SNP showed that the alternation of amino acid 

was neutral, while PANTHER predicted that the SNP was possibly damaging (Table 3). A 

decrease in protein stability was expected by I-mutant (Table 4).  

Table 3: Effect of identified mutation on protein integrity 

Mutations Polyphen-

2 

SNAP2 Align 

GVGD 

PROVEAN PhD-

SNP 

PANTHER 

S348T Possibly 

Damaging 

Neutral C55 Neutral Neutral Possibly 

damaging 

 

Table 4: Mutational effect on the stability of protein  

Mutations 
I-Mutant 

DDG value (kcal/mol) Stability (SVM2) 

S348T -0.40 Decrease 

Conservation status of deleterious SNP in DNA binding region of CEBPA gene 

ConSurf results indicated that the variant S348T was an exposed and average residue. The 

conservation score of S348T variant and its role are given in table 5 and figure 5. 

Table 5: Analysis of mutation evolutionary conservation profile by ConSurf  

Mutations Conservation 

score 

Conservation 

scale status 

Exposed/ 

Buried 

Structural/ 

Functional 

Role 

S348T 7 Conserved Exposed functional 
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Figure 6: Conservation status of deleterious SNP 

NetSurfP-2.0 results indicated that the variant was exposed (Figure 6). Absolute and 

relative surface accessibility of S348T variant is given in Table 6.  

Table 6: NetSurfP-2.0 evolutionary conservation profile of mutation.  

Mutations Class alignment  Relative surface 

accessibility (RSA) 

Absolute surface 

accessibility (ASA) 

S348T Exposed 0.512 59.976 
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Figure 7: NetSurfP2-0 conservation profile 

SWISS model 

Swiss model predicted no difference in the protein model of both wild and mutant residues. 

Sequence identity, GMQE, and QMEAN Z-score of both wild and mutant are given in table 

7.  

Table 7: Values of sequence identity, GMQE, and QMEAN Z-score predicted by Swiss 

model for mutant and wild residues. Total number of amino acids was 358, while a range 

of amino acids in model was 281-340 with template query no. of 1nwq.1.C. 

Mutation Sequence Identity (%) GMQE QMEAN Z-Score 

Wild type 100.00 0.10 1.11 

S348T 100.00 0.10 1.11 

 

Structural analysis by project HOPE 

HOPE tool was used to check the effects of amino acid change on the physical and chemical 

characteristics and the function, hydrophobicity, and spatial structure of protein. The results 

predicted that mutant residue was bigger than wild type, and it resulted in producing pumps. 

The difference in size and hydrophobicity of mutant and wild-type residue disturbed protein 

structure by weakening H-bonding interactions with other residues (Table 8, Figure 7). 

Table 8: Results predicted by HOPE 

Mutation Size Change of Charge 

S348T W< M --- 

 



 
Journal of Xi’an  Shiyou University, Natural Science Edition                                                        ISSN: 1673-064X 

 

       http://xisdxjxsu.asia                                VOLUME 19 ISSUE 12 DECEMBER 2023                                340-360                                   

           
Figure 8: Amino acid change in CEBPA protein due to nucleotide alterations shown by 

HOPE. (S348T) 

ProtParam  

From the result displayed by the ProtParam, we noted the instability index, theoretical pI, 

aliphatic index, molecular weight, and GRAVY value, as shown in table 9. 

Table 9: Representing the difference between wild-type and mutant variations based on 

chemical and physical factors 

Mutations Molecular 

weight 

Theoretical 

Pi 

Instability 

Index 

Aliphatic 

Index 

GRAVY 

Wild-type 37561.24 7.27 58.52 62.07 -0.633 

S348T 37575.27 7.27 57.45 62.07 -0.633 

 

ProSA-Web 

Errors in the 3D model of mutant residue generated by the SWISS model were identified 

using ProSA web. The Z-score value was noted from the results displayed by ProSA web 

to determine protein's authenticity. The range of amino acids in 3D model of protein was 

281-340. The Z-score value changed from -6.58 to -1.44, indicating that the mutant and 

wild type lay within the natural protein's typical range, allowing minor structural flaws 

(Table 10).  

Table 10: Z-score values of CEBPA protein for wild and mutants calculated by ProSA 

Web. Total number of amino acids was 358, and range of amino acids in all models was 

281-340. 

Mutations Z-Score Chain 

Wild-Type --- --- 

S348T -1.44 C 

 

MolProbity  

MolProbity tool was used for the qualitative structural analysis of protein. The results were 

displayed as a Ramachandran plot, which described the location of amino acids in the 

allowed and favored regions based on their torsional angels. According to Ramachandran 

plot, 100% of amino acids residues of wild and mutant (S348T) were found in the allowed 

region, while 99.1% of amino acid residues of wild and mutant (S348T) were found in the 

favored region, as shown in table 11 and figure 8. 

Table 11: Percentage of favored and allowed regions amino acids shown by Ramachandran 

plot   

Mutations Allowed region amino acid (%) Favored region amino acid (%) 

Wild-Type 100.0% (116/116) 99.1% (115/116) 

S348T 100.0% (116/116) 99.1% (115/116) 
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Figure 9: Ramachandran plots showing amino acids in the favored and allowed regions. 

(A) Wild-type (B) S348T 

VADAR analysis 

VADAR analysis was used for the evaluation of quantitative analysis of protein structure. 

Coils, helix, turns, and beta chain parameters were analyzed by VADAR analysis tool. No 

difference was observed in helix and coils of wild and mutant S348T and beta coils and 

turns of wild and mutant (Table 12). 

Table 12: Results predicted by VADAR 

Mutations Helix Beta Coils Turns 

Wild-Type 112 (93%) 0   (0%) 8 (6%) 4 (3%) 

S348T 112 (93%) 0   (0%) 8 (6%) 4 (3%) 

 

SOPMA  

According to SOPMA server statistics, the blue H (alpha helix) contributed around 30.17 

percent, the extended strand (red E) contributed around 8.38 percent, beta-turn (green T) 

contributed around 6.42 percent, and yellow C (random coil) contributed around 55.03 

percent of the total (Figure 9). 
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Figure 10: Secondary structure of protein predicted by SOPMA 

 

STRING database 

STRING database revealed that CEBPA was functionally linked to 10 other proteins, which 

are JUN, CDK2, CDK4, SPI1, FOXO1, PPARG, HDAC1, CDK2, EP300, E2F4, and FOS 

as shown in figure 10. Structural alternation in CEBPA protein can disturb the functions of 

other associated proteins.  

                      
Figure 11: Interaction of CEBPA with other proteins predicted by STRING database 

Effect of mutation in DNA binding region of CEBPA gene on RNA secondary 

structure 

The effect of these identified mutations in the coding region on RNA folding (RNA 

secondary structure) was checked using the Vienna package's RNA fold function. Both 

these mutations were found to cause the abnormal folding of RNA (Figure 4.16). We noted 
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the RNA folding energy (△G), i.e. Minimum Free Energy (MFE) from Vienna package for 

the examination of the stability and secondary structure of these variations (Table 13). If 

MFE value is lower, RNA secondary structure will be more stable. 

                          
Figure 12: Changes in RNA secondary structure due to alternations in DNA binding region 

of CEBPA gene predicted by RNA fold function of Vienna Package 

Table 13: Minimum free energy of wild-type and mutant residues predicted by Vienna 

package 

Mutations Minimum Free Energy (△G) 

Wild-Type -121.50 

S348T -102.80 

C.+G87A -121.10 
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Discussion 

Acute myeloid leukemia patients were examined in the present study to identify CEBPA gene 

mutations, their role in AML development, and their effect on protein structure and function. 

Alteration of CEBPA were identified in 7 patients (23.33 %). This frequency is analogues to a 

previous study. 38 A previous study also reported a mutation frequency of 24.3 %.39 Another 

study also reported the CEBPA mutation frequency of 18 % 40, which is lower than the 

frequency reported in our study. This decrease in frequency may be due to the difference in 

lifestyle, geographical, and genetic between these populations. No significant difference was 

noted in blast cells percentage, hemoglobin level, TLC, and platelets count between non-mutant 

and CEBPA mutant patients, consistent with previous reports.41 High LDH was observed in 

CEBPA mutant AML patients than in non-mutant patients. Previous studies reported lower 

LDH in CEBPA mutant patients than in non-mutant patients.41, 42 This difference may be due 

to differences in age, FAB type, and size of the study group. 

Missense mutations that occur in coding region disturb the function and stability of protein and 

results in many disease conditions, while mutations in non-coding region don’t affect the 

protein but sometimes can affect the phenotype i.e. may affect the splicing process or speed up 

or lower the protein synthesis process.43 In the present study, two novel missense mutations, 

S348T and C.+G87A were observed in AML patients, which had never been reported 

previously. In a previous study, Q311P missense mutations were reported in DNA binding 

region of CEBPA gene, which showed that mutant Q311P residue had reduced DNA binding 

ability than the wild residue, and it resulted in the loss of function allele. 44 Another previous 

study in pediatric AML patients reported G5800T, G690T, C5683T, C573T, C5444T, and 

C336T nucleotide change missense mutations in CEBPA gene that did not affect encoded 

amino acids, but C5599A and C489A nucleotide alternations resulted in the substitution of 

Glu163>Asp. All these mutations were benign 45. L315P (CEBPAsm) and R297P, S299R, and 

R300G (CEBPAdm) amino acid substitutions were also reported in DNA binding region in a 

previous report.46 Another previous study reported R297K, R297A, R297Q amino acid 

substitution mutations.22 In this study, harmful effects of identified S348T alternation were 

predicted by using different online softwares. Variation was observed in the results of this 

software. Polyphen-2 and Panther predicted S348T mutation as damaging, while SNAP2 and 

PEOVEAN predicted that the S348T mutation was neutral and had no pathogenic effects. Align 

GVGD indicated that the mutation was likely affected. Stability in the structure of a protein is 

very important for the normal proper functioning of that protein, and any change in the stability 

of the protein may disturb its function.47 Effect of detected S348T mutation on protein stability 

was predicted using Mutant-I software. Mutant-I showed that the mutation resulted in a 

decrease in protein's stability. This decrease in protein structure stability may increase protein 

misfolding, aggregation, and degradation.48 

Change of amino acid greatly affects the chemical and physical parameters, integrity, 

hydrophobicity, and protein structure. To check the effect of identified S348T mutation on 

these parameters, HOPE tool was used. In this study, it was observed that mutant residue was 

greater in size than wild-type residue. This increase in size may cause bumps in protein 

structure.48 The evolutionary conservation profile of protein predicts the determination of 

mutation's severity. Mutations of highly conserved regions are more harmful than those found 

in the variable areas.49 Netsurf and conserve tools were used to check the evolutionary 

conservation status of S348T mutation to predict possible effects. Consurf indicated that the 

S348 mutation was present in the conserved region with conservation score of 7 and was 

exposed.  Netsurf also predicted that the mutant residue was exposed. Previous studies reported 

that the mutation in the conserved areas affects protein function.32  

NetsurfP and SOPMA analyzed protein secondary structure. The NetsurfP tool indicated that 

the coil structure was dominant over other secondary structures, and mutation lay in the coiled 
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region. SOPMA also suggested that the mutation lied in a random coiled region, and coil 

structure was dominant ((55.03 %) followed by alpha helix (30.17 %). Previous studies 

reported that the mutations in coiled regions are deleterious and polymorphic.32 The difference 

in protein structure was analyzed by using SWISS model to generate the 3D models of both 

mutant and wild-type residues. Results showed no difference in both wild-type and mutant 

residue. ProtParam, ProSA Web, VADAR Analysis, and Molprobity further investigated these 

models. ProtoParam analyzed physiochemical properties. In this study, the molecular weight 

of S348T was greater than wild-type residue because S348T has a greater length than the 

wildtype. There was no difference in the theoretical pI of mutant and wild residues. Theoretical 

pI was greater than 7, indicating that both residues were basic. Aliphatic Index showed that 

mutant protein was less thermostable than wildtype protein. Instability Index indicated that the 

mutant reside was less stable than the wild type reside. Both mutant and wild-type residue have 

negative GRAVY values, indicating that both residues are hydrophobic. ProsaWeb revealed 

minor structural changes. Structure of both wild and mutant reside was comparatively analyzed 

by VADAR analysis. Results showed no difference in the secondary structures of both resides. 

Ramachandran plot predicted the validity of protein model. The presence of greater than 90 % 

residue lies in the allowed protein region, and the structure is said to be of good quality.50 In 

this study, 100% amino acids of both wild and mutant residues lay in allowed, showing good 

model quality. 

Various interactions and associations are present between different proteins due to the presence 

of non-covalent contacts.51 In this study, The STRING database predicted that CEBPA gene is 

functionally associated with JUN, CDK2, CDK4, SPI1, FOXO1, PPARG, HDAC1, CDK2, 

EP300, E2F4, and FOS. Any abnormal change in CEBPA gene will affect the interaction of 

CEBPA with these others proteins. As a result, it will disturb the function of CEBPA and other 

proteins, as a result of which many important processes will be disturbed and mutations may 

also affect the secondary structure of RNA and may result in disease development due to 

abnormal changes in RNA secondary structure.52 In this study, it is observed that the S348T 

and C.+G87A mutant residues had higher minimum free energy than the wild-type residue. 

This increase in minimum free energy value indicated a decrease in the stability of RNA 

secondary structure that resulted in RNA folding and also affected RNA localization. 

Conclusion 

This study suggests that the SNP S348T being reported for the first time in AML patients can 

have some effects on the DNA binding ability of CEBPA gene. In silico tools showed variation 

in predicting pathogenicity of S348T mutation, showing it moderately affects the gene 

function. 
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