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ABSTRACT 

The TREM 2 gene present in the myeloid cell increases the risk of Alzheimer’s disease (AD) in an 

individual. TREM 2 cells can be associated with the cause of inflammation and immune disorder which 

is a major cause of AD. Single-nucleotide polymorphisms (SNPs) associated with complex diseases can 

originate, remove, or change protein coding sites. TREM2 stands for Triggering Receptor Expressed on 

Myeloid Cells 2, a transmembrane receptor that regulates the activity and survival of microglia. Some of 

the rare variants are associated with an increased risk of AD related to TREM2. A systematic in-silico 

investigation of disease-associated nsSNPs in human TREM2 was performed in this study. We have 

retrieved the nsSNPs from the NCBI's dbSNP and then several sequences (PROVEAN, PolyPhen-2, 

Meta-SNP, PMut, SNAP2, PhD-SNP, Suspect) and structure-based tools (DynaMut, PON-P2, SDM, 

Align GVGD, SNP&GO 3D, MUPro, DUET, iStable, I-Mutant) were used to screen out the most 

affecting SNPs. We have finally predicted six extremely deleterious nsSNPs (Y38C, Y38H, W50S, 

C51G, D104G, andV124D). Most nsSNPs are found in highly conserved residues according to the 

conservation analyses using ConSurf. Additional computational studies also support this view and 

results for all these analyses have been presented for this study. The Molecular dynamic simulation 

analysis revealed that all the mutations are altering the proper geometry of the TREM2 protein structure.  

This computer study is expected to aid in the prioritization of genes and SNPs, explaining the genetic 

pathways behind neuroinflammation and neurodegenerative diseases including AD. 

Keywords - Single nucleotide polymorphisms (SNPs), TREM2, Neuroinflammation, 

Neurodegenerative Disease, Alzheimer’s Disease, Molecular dynamic simulations (MDS) 

 

 

 

 

 

 

 



CHAPTER:1.    INTRODUCTION 

 

1.1. NEUROINFLAMMATION 

Neuroinflammation is the inflammatory response incurred in the brain & its spinal extensions. Immuno-

entities like cytokines, chemokines, reactive oxygen species (ROS), and secondary messengers have a 

significant role in neuroinflammation. Major neuro-companion cells, endothelial cells, and peripherally 

derived immune cells are responsible for immune mediation. Immunological, physiological, metabolic, 

and psychological ramifications are well attributed to neuroinflammation. Microglia play a major role in 

neuroinflammation. This is because these innate immune cells are responsible for the CNS's primary 

immunological surveillance and macrophage-like functions, such as the production of cytokines and 

chemokines. The majority of the CNS's innate immunological capabilities are because of microglial 

cells. The white and grey matter of the brain and spinal cord do contain major content of resident CNS 

cells. 10% of the CNS population is comprised of microglia[1]. 

Trauma, infection, tau oligomers, oxidative agents, Aβ, and redox iron all appear to be 

neuroinflammation-causing signals. Aberrant release of proinflammatory cytokines is caused by 

neuroinflammation, which activates signalling mechanism that causes brain tau hyperphosphorylation in 

residues that are not changed under normal physiological settings. Indeed, evidence exists that AD 

pathogenesis involves significant interactions with immunological cells in the brain, such as glial cells, 

and invading immune cells from the periphery, which may help to modify the neuroinflammation and 

neurodegenerative process in AD brains. The Neuroimmunomodulation hypothesis plays a major role in 

this context, concentrating on the relationship between damage in neurons and the inflammation in the 

brain. Activation of astrocyte and microglial cells push the condition to the level resulting in the 

overproduction of chemicals responsible for underlying neuroinflammation[2]. 

The role of the innate immune system in disease development has been demonstrated to have a negative 

bidirectional relationship with tau pathology. The tau protein is a member of the MAPs family and is 

primarily expressed by neurons with a preference for axonal location. Tau has been found to increase 

tubulin polymerization and reduce the transition rate between growth and contraction phases in 

microtubules in vitro, resulting in a stable but dynamic state[3], [4]. Tau is mostly present in axons, 

although a tiny quantity is also found in dendrites. Tau's post-synaptic function is unknown; however, it 



may play a role in synaptic plasticity[5]. In contrast, a nuclear role of tau has been revealed, which 

might involve in maintaining transcriptional activity and preserving DNA/RNA integrity in both normal 

and stressful situations.[6] 

The structure of tau represents a graded phosphorylation mechanism in which distinct locations affect 

the protein's orientation, allowing secondary kinases to function more effectively. Different parts of the 

brain are phosphorylated earlier than others in Alzheimer's disease, causing in the creation of novel 

surface proteins. [7], [8]. It was also shown that microglial cell production of tau enhances tau 

activation[9]. The exact pathway leading to tau phosphorylation is still not known, Tau gets separated 

from microtubules from subsequent structural modifications and creates more soluble free tau. Dynamic 

and gradual self-assembly supported by tau hyperphosphorylation in oligomeric aggregates and 

insoluble substances like as PHFs throughout the illness with neurotoxicity of varying degree before 

production of NFTs[10]. Injury, infection, toxin exposure, neurodegenerative illness, and aging all 

stimulate the brain's innate immune system[11]. 

In a recent GWAS, about 20 gene variants were identified that can confer a higher risk of LOAD. These 

genes include (CR1, ABCA7 CLU, HLA DRB5, HLA-DRB1, EPHA1, CD33, MS4A), endocytosis 

(PICALM, BIN1, EPHA1 and CD2AP, SORL1), and lipid biology (ABCA7, CLU, ABCA7, APOE). 

AD is defined as a decline in memory power and loss of function. To analyse it neuropathologically, it 

can be seen as a classic case of absorption of Aβ protein and the dilation of the ventricular and the 

webbed intraneuronal series of tau (t) proteins. These proteins activate the microglia and astrocytes 

which then mobilize and gather around, and release the inflammation-causing protein in the brain[12]. 

 

 

 

 

 

 

 



CHAPTER:2.    REVIEW OF LITERATURE 

2.1. TREM2 

If we look closely at the studies that talk about the formation of Alzheimer’s, one would understand the 

complexity of the disorder. There is a mutation in the genes namely the presenilin-2, PSEN1, and the 

amyloid precursor protein (APP) which is highly penetrant and mutation of the common genetic codes 

that decrease the risk of the disease and the moderate frequency of E4 allele of the apolipoprotein E 

(APOE) puts one insignificant risk of the disease. The presence of the gene variant with frequency lesser 

than and or same as APOE ε4 and their effect on patients still is a debatable topic[13] Analysis of the 

whole genome leads to the decoding of a rare variant that is present in the myeloid cell 2 known as 

TREM 2 and can be considered to be a triggering factor in the causing of Alzheimer’s. It is responsible 

for moderating and controlling inflammation[14]. 

2.1.1 Structure of TREM 2  

The gene type belongs to the TREM family and is located in the human chromosome spreading to a 

length of 4676 bp and is expressed widely in the myeloid cells. These gene types can also be expressed 

in the monocytes, dendritic cells, and macrophages[15]. The feature of the family of this genotype is that 

they have immunoglobulin domains their surface is covered with glycoprotein and they have a specified 

trans-membrane with a short cytoplasmic tail. The membrane is also known for activation of the adaptor 

protein like the DNAX- activation protein also known as DAP12 and the DAP10. The function of DAP 

12 is that helps in the transmission of the cell through the recruitment of tyrosine protein and DAP10 

promotes the functioning of the phosphatidylinositol. When functioning together with DAP 12 Mu and 

DAP 10, TREM 2 results in the mobilization of Ca2+, the rearrangement of the cytoskeleton, targeting of 

the rapamycin, and the mitogen-activated protein kinase and is also associated with the activation of 

metabolism[16]. Concerning the functioning of the brain, TREM 2 is responsible for controlling the 

inflammatory responses and the process of phagocytosis of the debris. It was earlier found in a study that 

TREM 2 plays a significant role concerning the regulation of the myeloid cell, but the actual effect of 

myeloid cells in Alzheimer’s disease is still not found. If found in the primary microglia it can reduce 

the number of cells. It has been studied that neuroinflammation is directly affected by an increasing 

number of myeloid cells as such[17]. 



2.1.2. TREM Signalling 

 In opposition to the methods used to discover the TREM-1 or TREM-2 ligands, the TLT-2 receptor, the 

only completely described TREM ligand discovered too far, was discovered using a novel process. 

Hashiguchi et al. observed considerable similarities among the CD28 family, recognized receptors for 

other B7 compounds, and TLT-2 when trying to uncover receptors for the B7 member of the family B7-

H3. This led them to examine B7-H3 affinity to TLT-2[15]. Bioinformatics techniques similar to those 

used by Hashiguchi and coworkers may be helpful for future efforts to find TREM ligands.  

2.1.3. TREM 2 and Neuroprotection   

In vitro study showed that, due to oxidative stress, Aβ can negatively interfere with the synaptic 

transmission and leads to cell death. Likewise, microglia in the brain have already been found to 

consume Aβ. As a result, phagocytosis by microglia may have a neuroprotective effect. (18) TREM2 

deficiency, on the other hand, drastically reduces microglia's capacity to ingest amyloid plaques. As per 

the study conducted on the animal AD model, those that were TREM2 - deficient showed a huge decline 

in the concentration of microglia around amyloid[18]. 

A loss of TREM2 or DAP12 in AD animal models causes more distributed neuritic plaque and more 

synapses, resulting in a topology that mimics a sea urchin. The degree of harm to the nervous system 

depends on the count of the synapses that come through outside, if the number is greater than the surface 

contact with the nerve structure is greater and so is the injury.  The amyloid plaques are separated from 

the peripheral nerve tissues by the microglia which acts as a barrier between the two and also pla ys a 

protective role in the brain[19]. 

2.1.4. TREM2 and modulation of inflammatory responses  

Whereas most studies found the anti-inflammatory effect of TREM2 and complicated linkage between 

TREM2 and other inflammatory reactions. The intensity and duration of the stimuli variably depend on 

the cell and situation. 

In systemic inflammation, TREM2 appears to perform variable roles. In several in vitro and in vivo 

investigationsTREM2 has been found to have an anti-inflammatory function. The decrease in the 

number of TREM2 also has an effect on the increase of the proinflammatory mediators like the 

interleukin-1 (IL1) necrosis factor (TNF), and interleukin-6 in cell lines (IL6) [20].TREM2 reduction 



boosted the release of inflammatory cytokines in the lab test conducted on the mouse P8 (SAMP8) 

animal model. Additionally, in AD mouse models, overexpression of TREM2 lowered the amounts of 

proinflammatory genes. One can deduce from these findings that TREM2 can reduce inflammatory 

responses in specific situations. Furthermore, due to the paucity of these variations, the possibility of 

them having an influence on risk prediction at the population level is minimal, although polygenic risk 

forecasts for AD could still be having a positive influence by adding TREM2 mutations. Except for 

p.Arg47His and p.Arg62His, none of these variations cause disease[21].  

2.1.5. TERMS 2 and association with Alzheimer’s disease  

There have been 46 genetic variations found in TREM2 that have been examined for AD so far. One of 

the many genetic variations, p. Arg47His (rs75932628), is extremely rare.  — And has been linked to 

higher risk and increased the chances by up to two to three times of having Alzheimer's illness[22]. This 

has been observed in studies conducted on several European and North American peoples. There is an 

important connection between rs75932628 and a proxy. TREM2's influence appears to be population-

based. 

In kinship datasets, p.Arg47His and the risk of Alzheimer's disease showed moderate association[23]. In 

a research of 130 households with LOAD, p.Arg47His was said to be found in four (3%) families (10 

times compared with the general population), and in a big family of 21 people with delayed AD (16 of 

whom had accessible genetic information), (75%) persons with AD borne the p.Arg47His allele, noted 

with p.Arg disease has shown vertical transmission[24].  

Many TREM2 variations have been examined for their link well with the probability of AD (Alzforum 

provides an updated participatory presentation of TREM2 variants), with only p.Arg62His displaying 

genomic affiliation levels of importance, irrespective of the p.Arg47His correlation. In a study 

conducted by the Chinese two more polymorphisms were discovered namely the p.Ala130Val22 and 

p.Ala192Thr30[25]. 

These were majorly seen in individuals with LOAD. The p.His157Tyr and p.Ser183Cys variations are 

more common among people suffering from the mentioned disease. The p.His157Tyr genotype is 

strongly related to an elevated risk of LOAD, opposite to what had been discovered in adults of the 

European population.  Further studies have provided proper evidence on the identification of amino 

acids involved in AD [26]. 



Additional mutations in the TREM gene cluster are linked to the risk of Alzheimer's disease or 

modification of the TREM gene expression. Other than the TREM2 variations, another layer of the 

allele for AD was discovered, which was positioned from TREML2 about 55kb downstream and 

upstream for about 24kb (rs9381040), held in nucleotide polymorphism[27].  

A TREML2 missense variant, p.Ser144Gly (rs3747742), has also been linked to a reduced risk of AD. 

The link between these two polymorphisms and a lower risk of AD cannot be shown to exist 

independently with p.Arg47His genotype. Furthermore, rs9357347, hypersensitivity of DNase- area 

between TREM2 and TREML2 genotypic forms, has been associated with a lower risk of AD. This 

variation linkage conflicts with rs9381040 and subsequent investigation revealed that the rs9357347 

variation serves as both a regulator and a functional executor. When these genotypes were associated 

with TREM1 and TREM2 and mRNA, here number was said to be seen to be increased[28]. 

Multiple sclerosis (MS) is by far the most prevalent central nervous system illness in adults, resulting in 

neurological damage and dysfunction. The potential for long-term axonal degeneration is caused by 

chronic inflammation in the CNS (Goldenberg, 2012). Patients can be categorized.80-90 percent of all 

cases begin with and are grouped according to the course of the disease[17]. The course is relapsing-

remitting. The incidence of relapses decreased over time, and patients were able to return to work. The 

condition is in the second time gets, which implies it is becoming worse. In 10 minutes, MS begins in 

20% of individuals as a primary progressive disease with no relapses or remissions. When compared to 

other forms of MS, this one is more resistant to treatment[29]. 

The exact etiology of the autoimmune condition is unknown; however, it is thought that several genetic 

vulnerabilities-genetic effects such as environmental parameters, infectious agents, and metabolism can 

cause it (Ramagopalan & Sadovnick, 2011)[30]. The discovery of a genetic disposition to MS has 

sparked a flurry of research into disease locus and alleles. About 100 genes have been discovered in 

genome-wide research, all of which appear to have a role in MS. Demyelination in parts of the brain and 

spine is the key pathological hallmark of MS development. Infiltrating T- and B-cells, monocytes, and 

activated microglia have been seen in locations with myelin degeneration, according to studies[31]. 

In MS, engaged microglia are observed in large numbers in white matter lesions that are demyelinating. 

The exact cause of microglia activity is unknown, while numerous theories have been offered. Microglia 

can be activated by pro-inflammatory cytokines generated by T and B cells, as well as by the 

phagocytosis of myelin and neurodegeneration debris[32]. In addition, pathogen stimulation of the TLR 



pathway is thought to activate microglial, which is consistent with other studies that propose infectious 

agents have a role in MS (Sriram, 2011). Microglia stimulation could be detrimental or protective in 

MS. Several investigations have shown that several of the mechanisms that promote microglia are 

harmful in demyelinated lesions[33]. 

The recruitment and the reactivation of the T-cell can be done in various ways some of which are 

secretion, proteases, and the creation of inflammation-causing cytokines and reactive oxygen species, as 

well as toxicity to neurons and oligodendrocyte precursor cells, all of which would play a role in the 

worsening of MS progression (Rawji & Yong, 2013) [34]. Microglia may, however, play a helpful role 

in MS, according to new data. The three mechanisms that underpin these positive functions can be split. 

The first important function lies in the production of cytokines, chemokine, and growth factors that 

fasten the process of repair and the promotion of demyelination. The second function is that microglia 

can phagocytosis inhibiting debris and removal of the apoptotic cells, and third, stem cell populations 

can be recruited and neurogenesis can be induced [35]. 

Using their manufactured monoclonal antibody targeting mouse TREM-2 receptor, Piccio and 

colleagues investigated TREM-2 protein levels on microglia in EAE animals in 2007. TREM2 

production was barely discernible in the spinal cords during the initial inflammatory stages of EAE, but 

it was elevated and remains higher in the long-term (later) phase[36]. A similar expression pattern also 

was observed in the DAP12 transcript and brain transcript analyses. TREM-2 expression was found to 

be instantly unregulated 18 days after vaccination, which corresponds to the peak of inflammation in the 

disorder[37]. They investigated TREM-2 protein expression using immunofluorescence and discovered 

high and diffuse utterance 20 days after microglia/macrophages and dendritic cells immunization on the 

microglia/macrophages and dendritic cells immunization[38]. 

 

 

 

 

 



CHAPTER:3.    METHODOLOGY 

3.1. DATA COLLECTION 

The information about Human TREM2 nsSNPs (Gene Id 54209) was obtained from the NCBI dbSNP 

database ( http://www.ncbi.nlm.nih.gov/SNP/ ) (Date of access: October 14, 2021). 242 missense 

nsSNPs were preferred for screening. The UniProt database( http://www.uniprot.org ) was Utilized for 

extraction of the human TREM2 sequence (UniProt ID: Q9NZC2). The Protein Data Bank was used to 

obtain the TREM2 protein structure (PDB ID: 5ELI). TREM2 gene has a total length of 4676 base pairs 

which is situated on chromosome number 6, from 41,126,246 bp to 41,130,922 bp.  

 

3.2. DELETERIOUS nsSNPsIDENTIFICATION USING SEQUENCE BASED PREDICTION 

TOOLS 

The functional implications of the nsSNPs related to protein were predicted utilising 9 sequence based 

tools. Protein Variation Effect Analyzer (PROVEAN) and Polymorphism Phenotyping v2 (PolyPhen -2) 

were used to quantify the impact of amino acid (AA) substitution related to the structural and functional 

level of proteins. Other consensus approaches like Meta-SNP and PredictSNP were used as well. The 

disease association and pathogenicity related to the nsSNPs were also predicted using SuSPect, PMut, 

SNAP2, PhD-SNP, and PON-P2. 

 

3.2.1. PROVEAN 

http://provean.jcvi.org/index.php 

Is a tool that generally utilize an alignment based score to estimate if a protein's biological activity is 

affected by amino acid alteration[39]. The sequence similarity of a query sequence to a protein sequence 

homolog is compared with score without and with a change in amino acid within the query sequence. 

Protein variation is expected to have a "deleterious" impact if the Protein Variation Effect Analyzer 

score is ≤-2.5, and a "neutral" effect if the score is >-2.5. 
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http://www.uniprot.org/
http://provean.jcvi.org/index.php


3.2.2. PolyPhen -2 

http://genetics.bwh.harvard.edu/pph2/ 

Based on sequence-based characterisation, PolyPhen -2 tool was used to assess the functional 

consequences of amino acid substitution on structure and function of Proteins. The prediction result was 

obtained in the form of a likelihood score that categorizes the variants seems predictably damaging, 

potentially damaging, and benign'. As a query, WT residue along with the position, and different amino 

acids of screened nsSNPs were submitted, along with the UniProt protein accession IDQ9NZ[40]. 

3.2.3. SNAP2  

https://rostlab.org/services/snap2web/ 

SNAP2 works on the principle of the neural network categorization approach. It predicts how nsSNPs 

will affect the function of a protein. FASTA protein sequence and lists of mutants were submitted as 

input queries, with scores for each substitution that could be converted into neutral or non-neutral impact 

binary predictions[41]. 

3.2.4. PhD-SNP  

http://snps.biofold.org/phd-snp/ 

This tool was utilized for determine if the single point mutation of protein is disease-related or neutral. It 

is based on support vector machines (SVM), which can check all information from current databases 

regarding variants [42]. The protein sequences were submitted as input to the PhD-SNP for examination, 

along with the residue changes. 

3.2.5. PMut 

(http://mmb2.pcb.ub.es:8080/PMut ) 

To predict disease-associated mutations, researchers employed the PMut web server. PMUT approach 

employs neural networks (NNs) that have been trained on a huge database of (NEMUs) neutral and 

pathogenic mutations of mutational hot areas identified from enormous mutations alanine scanning, and 

accessible genetic mutations. The mutations ranges between 0 to 1 of pathogenicity (indexes > 0.5 single 

mutations involved in disease causing)shown as result [43]. The name of residue and wild type position 

http://genetics.bwh.harvard.edu/pph2/
https://rostlab.org/services/snap2web/
http://snps.biofold.org/phd-snp/
http://mmb2.pcb.ub.es:8080/PMut


and mutant amino acids, as well as the UniProt accession ID of TREM2, were submitted as input for this 

service. 2.3.3 

3.2.6. PON-P2  

(http://structure.bmc.lu.se/PON-P2/) 

It's meant for categorizing amino acids in human proteins based on machine-learning changes. 

Pathogenic, neutral, and unknown amino acid changes are divided into three categories. It can quickly 

examine datasets on large scale. it also makes use of functional annotations and GO annotations. PON-

P2 accepts nsSNP data in a number of forms. For query, submission requires substitution of amino acid 

and one of Ensembl or Entrez gene identifiers, UniProtKB/ accession ID[44]. 

3.2.7. SuSPect 

http://www.sbg.bio.ic.ac.uk/suspect 

SuSPect is a tool for finding the likelihood of SAVs causing disease. On the VariBench benchmarking 

dataset, surpasses other batch algorithms with an 82 percent balanced accuracy. SuSPect is a web tool 

that enables users to enter specific mutations or access a database of already calculated scores for all 

probable SAVs in the entire complement of human proteins [45]. 

3.2.8. PredictSNP 

https://loschmidt.chemi.muni.cz/predictsnp/ 

It combines 8 tools into a classifier consensus including MAPP, PANTHER, nsSNP Analyzer, , PhD-

SNP, PolyPhen-1, PolyPhen-2, SIFT and SNAP, significantly improving efficiency of prediction while 

also returning outcomes for all variations of mutant, proving that consent estimation is more reliable and 

accurate option to individual prediction tools[46]. 

3.2.9. Meta-SNP 

http://snps.biofold.org/meta-snp/index.html 

The Meta-SNP sever combines four current approaches for detecting disease-associated SNPs: 

PANTHER, PhD-SNP, SNAP and SIFT. The tool calculates the probability that a given nsSNP is 

disease-related, with values greater than 0.5 indicating that the variation is the cause of disease[47]. It's a 

http://structure.bmc.lu.se/PON-P2/
http://www.sbg.bio.ic.ac.uk/suspect
https://loschmidt.chemi.muni.cz/predictsnp/
http://snps.biofold.org/meta-snp/index.html


Forest WEKA library containing 100 nodes that was trained using 20-fold cross-validation on SV-2009 

[48]. 

3.3. DELETERIOUS nsSNPs IDENTIFICATION USING STRUCTURE BASED PREDICTION 

TOOLS 

Ten methods based on structural study were used to examine the protein stability variation caused by 

nsSNPs that were identified as deleterious by sequence-based analyses. DynaMut, SDM, CUPSAT, 

DUET, iStable 2.0, I-Mutant 3.0, MutPred2, MUpro, SNPs&GO3d, and Align-GVGD tools were used 

to estimate the effects on protein stability and dynamics by nsSNPs  

3.3.1. I-Mutant3.0 

http://gpcr2.biocomp.unibo.it/cgi/predictors/I-Mutant3.0/I-Mutant3.0.cgi 

I-Mutant is a structure-based tool that uses SVM-based predictors to find out how single-site mutations 

would affect stability of a protein. Based on the DDG value (change in Gibbs free energy), it finds out 

whether a mutation can mainly destabilise, stabilise, or have a feeble influence on the protein. By 

subtraction of unfolding Gibbs free energy value of the mutant protein from the unfolding Gibbs free 

energy value of the wild-type protein (Kcal/mol), the DDG value is calculated. It is a server based on a 

SVM which work on the dataset that has been retrieved from ProTherm, a repository of empirical 

obsevations on protein mutations[49]. The query can be submitted in the form of a protein sequence or 

on a structured basis. Here, we use protein FASTA sequence for the present study[50]. 

3.3.2. DynaMut 

http://biosig.unimelb.edu.au/dynamut/ 

DynaMut is a web server that implements two independent, normal mode algorithms used in analysing 

and visualising protein dynamics as well as checking impacts of mutations on protein stability and 

dynamics stability because of vibrational entropy changes as these methods are already well-established. 

DynaMut will provide a full suite for protein mobility and flexibility analysis and visualisation[51]. 

 

 

 

http://gpcr2.biocomp.unibo.it/cgi/predictors/I-Mutant3.0/I-Mutant3.0.cgi
http://biosig.unimelb.edu.au/dynamut/


3.3.3. MUpro 

http://mupro.proteomics.ics.uci.edu/ 

It is a SVM-based tool for finding non-synonymous SNP-induced protein stability alterations. A 

confidence scores in between -1 and 1 is calculated for measurement of confidence in the prediction. A 

score of 0 indicates that the variant reduces the stability of protein, whereas a score of >0 indicates that 

the variant enhances it[52]. 

3.3.4. MutPred2  

http://mutpred.mutdb.org/ 

MutPred was used to predict functional and structural changes caused by amino acid substitutions. 

These changes were quantified as the probability of structure and function gain or loss.  Furthermore, it 

anticipates the disease's molecular cause. The MutPred result includes a general score (g), which 

indicates the likelihood that the AAS is deleterious/ disease-related, as well as top 5 property scores (p), 

which indicate the chance that various functional and structural features are compromised. A missense 

mutation with a MutPred (g) score of > 0.5 might be regarded as "damaging," while (g) value of > 0.75 

should be recognised a "deleterious" prediction with high confidence. Protein FASTA sequences were 

provided as input, along with amino acid substitutions[53]. 

3.3.5. DUET 

http://biosig.unimelb.edu.au/duet/stability 

DUET is a web server that aids –up in perusing mutations that are missense in nature in proteins by 

making use of integrated computational method. DUET merges the outcomes of both complementary 

methods (mCSM and SDM) into a  prediction on consensus basis, which is generated by fusing the 

results of these disparate methods in an optimized predictor using SVM [54]. 

3.3.6. SDM 

http://marid.bioc.cam.ac.uk/sdm2 

The SDM method, first proposed in, uses amino acid propensities for homologous protein families 

derived from environment-specific substitution tables to feed a statistical potential energy function and 

incorporate an evolutionary idea of the constraints as such by the immediate residue environment. To 

http://mupro.proteomics.ics.uci.edu/
http://mutpred.mutdb.org/
http://biosig.unimelb.edu.au/duet/stability
http://marid.bioc.cam.ac.uk/sdm2


determine the free energy differences between mutant-type and wild proteins, the method examines 

amino acid inclination toward folded and unfolded states for wild-type and mutant proteins[55]. 

3.3.7. iStable 2.0 

http://ncblab.nchu.edu.tw/istable2/ 

iStable2.0 is a web server that uses machine learning to integrate 11 sequence- and structure-based 

prediction algorithms and adds protein sequence information as a feature (Mutant2.0, MUpro, and 

iPTREE-STAB, and the structure-based tools I-Mutant2.0, PoPMuSiC, CUPSAT, AUTO-MUTE2.0, 

DUET, SDM, mCSM, and MAESTRO). To enhance the prediction performance of the previous version 

of the iStable, 3-coding modules are built for it: an Online Server Module, a Sequence Coding Module, 

and a Stand-alone Module. The Online Server Module is related to retrieving prediction tool results from 

a web server. The Stand-alone Module is responsible for delivering orders to stand-alone prediction 

tools and receiving their result and the sequence Coding Module for extracting and encoding 

information from protein sequences[56]. 

3.3.8. CUPSAT 

http://cupsat.tu-bs.de/ 

CUPSAT is a web-based tool used for predicting and analysing protein stability alterations as a result of 

point mutations (single amino acid mutations). ΔG, the difference in free energy of unfolding between 

mutant proteins and wild-type, is predicted using torsion angle and structural environment-specific atom 

potentials. It requires a PDB protein structure as well as the mutated residue's position. The output has 

information of the mutation site, its structural properties like accessibility of solvent, secondary 

structure, torsion angles, and alteration related as well as thorough information in protein stability for 19 

distinct amino acid substitutions. It also looks at how well the mutated AA adapt to the torsion angles 

that are detected[57]. 

3.3.9. Align-GVGD 

http://agvgd.hci.utah.edu/ 

It is a web tool that utilises the physicochemical properties of AA and MSA of proteins to predict where 

missense mutations in genes associated lie on a continuum from harmful enriched to neutral enriched. 

Align-GVGD is a MSA and genuine simultaneous multiple comparisons expansion of the original 

http://ncblab.nchu.edu.tw/istable2/
http://cupsat.tu-bs.de/
http://agvgd.hci.utah.edu/


Grantham difference. Users can either provide their own MSA of proteins or use one provided by align 

gvgd (in FASTA format)[58]. 

3.3.10. SNPs&GO3d 

https://snps.biofold.org/snps-and-go/snps-and-go-3d.html 

SNPs&GO is a strategy that uses protein functional annotation to find detrimental SAPs. The server uses 

Support Vector Machines (SVM), and the sequence and/or three-dimensional structure of a protein, as 

well as a collection of target variation and functional Gene Ontology (GO) keywords, are all inputs for a 

specific protein. The server's output shows the probability of each protein variant being linked to human 

illnesses. Findings show the server comprises two primary components: structure-based SNPs&GO3d 

programs and latest versions of the sequence based SNPs&GO (recently ranked as one of the top 

algorithms for predicting harmful SAPs). A large set of annotated variants taken from the SwissVar 

database is used to evaluate sequence and structure-based methods[59]. 

3.4. TREM2 INTERACTION ANALYSIS 

Interactions of TREM2 were analysed using the STRING database, which has a predicted protein-

protein signaling a wide collection of known interactions. This approach is important in the 

circumstances of the current study since mutations in TREM2 will undoubtedly influence the interaction 

network and functions the network is involved in[60]. 

 

3.5. IDENTIFICATION OF CONSERVED REGIONS OF TREM2 

TREM2's evolutionarily conserved residues were identified using the ConSurf server[61]. The Bayesian 

method was used to generate the conservation score using the structure or protein sequence as an input 

query. The conservation score ranges from 1 to 9, with 1 signifying a low conservation score and 9 

indicating a high conservation score. MSA was performed with the help of Clustal Omega, MUSCLE, 

T-Coffee and MAFFT for different species of TREM2 sequence. 

Out of 26 ns-SNPs, six (Y38C, Y38H, W50S, C51G, D104G, and V124D) were found to be affected by 

all the tools, which were used to conduct simulations and structural analyses. 

 

3.6. MOLECULAR DYNAMICS SIMULATIONS 

Molecular dynamics simulation (MDS) analysis is an effecient tool for exposing the consequences of 

mutations on proteins, as proven by several comparable studies[62].GROMACS version 2018.5.0 was 

https://snps.biofold.org/snps-and-go/snps-and-go-3d.html


used to do molecular dynamics simulations on the 3.1 Å X-ray crystal structure of TREM2 (5ELI)[63]. 

The MDS protocol used in this investigation is similar to that described in earlier works[64]–[67].  

 

3.6.1. Trajectory analysis 

Various GROMACS analytic tools were used to do trajectory analysis. The gmxrmsf and gmxrms 

programmes were used for the computation of root-mean-square deviation (RMSD) and root-mean 

square fluctuations (RMSF) of wild-type and mutant proteins, respectively. Furthermore, the radius of 

gyration (Rg), solvent accessible surface area (SASA), and intermolecular hydrogen bonding between 

the molecules of the provided protein were investigated using the gmxsasa,  gmxhbond and gmx gyrate 

tools. The do_dssp utility was used to do secondary structure analysis. Gmxcovar and Gmxanaeig were 

also utilized to perform principal component analysis (PCA) on the complicated components to 

investigate their slow and functional motions[68], [69]. Finally, Visual Molecular Dynamics[70]and 

Chimera[71]were used to examine the trajectories. The graphs were created and visualized using the 

GRACE and Origin applications. ( http://plasma-gate.weizmann.ac.il/Grace ) 
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CHAPTER:4.    RESULT AND THEIR DISCUSSIONS 

 

4.1. DISTRIBUTION OF TREM2 SNPs 

Total 2519 SNPs of TREM2 were retrieved from dbSNP. Among which 242 were missense SNPs, 94 

were synonymous SNP, 20 were intron SNP, 2 were initiator codon variant SNP and 1 was inframe 

deletion SNP. The present research has considered only nsSNPs. The SNPs of TREM2 that are reported 

in dbSNP are distributed as listed. 

 

4.2. SCREENING OF HIGH-RISK nsSNPs 

Current research was having major focus on the nsSNPs and their regulatory function in AD and 

Neuroinflammation, so only nsSNPs were studied and their functional and structural effect was 

predicted for TREM2 protein. To find significant nsSNPs for TREM2, we utilised a total of 242 nsSNP 

datasets. All nsSNPs were investigated to see how they affected the protein's structure and function.  

Utilizing these sequence-based prediction tools, 26 nsSNPs were usually found to be deleterious, 

probably damaging, or disease-associated out of 242 nsSNPs. The sequence-based tools PROVEAN, 

PMut, PolyPhen2, Predict SNP, Meta-SNP, PON-P2, PhD-SNP, SNAP2, and SusPect were used for 

sequence-based SNP prediction analysis. 

These 26 nsSNPs were chosen for additional investigation since they were all expected to be important 

mutations by all tools. The structure-based tools DynaMut, PON-P2, SDM, Align GVGD, SNP&GO3D, 

MUPro, DUET, iStable, I-Mutant, and CUPSAT were used to further analyse the 26 nsSNPs selected 

from Table 1. By structure-based analysis, we predict 9 nsSNPs which is further analysed by ConSurf 

for conserved nsSNPs.  

A total of 18-19 computational methods were utilised in this work to filter out important SNPs to get 

reliable findings and eliminate the chance of pseudo-positives. On combining the findings of all tools, 

five nsSNPs (Y38C, Y38H, W50S, D104G, V124D, C51G) were found most deleterious. These six 

nsSNPs rs797044603(Y38C), rs937164872(Y38H), rs549402254(W50S), rs1409131974(D104G), 

rs1765556646(V124D) and rs1582079884 (C51G) were selected for further MDS analysis.  

 

 

 



  Table 1: Resultant list of nsSNPs prediction using all by 9 sequence based tools. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2:  Resultant list of nsSNPs prediction using all 10 structure-based tools. 
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4.3. CONSERVATION ANALYSIS OF TREM2 

The conservation level residue provides an estimate of the structural and functional impact that 

deleterious mutations to the protein potentially cause. A deleterious mutation having highly conserved 

score is always damaging in nature. The structure of protein (5ELI) was provided as an query for 

ConSurf, and the Bayesian approach was utilised to calculate the results. Residues can have 

conservation scores ranging from 1 to 9. A residue with a score of "1" is highly variable, whereas a 

residue with a value of "9" is highly conserved. The ConSurf results described that six mutations Y38C, 

Y38H, W50S, D104G, V124D, and C51G, each with a conservation score of 9 at highly conserved 

residues. Figure 1 shows the structural representation of the conservation results for TREM 2 chain A. 

Multiple sequence alignment (MSA) was used to confirm the ConSurf server's findings, and it 

discovered that Y38C, Y38H, W50S, C51G, D104G, and V124D were highly conserved residues using 

Clustal Omega, T- COFFEE, MUSCLE, and MAFFT alignment tools utilised in this work. 

 

Figure. 1. All 6 potent SNPs were found in the most conserved region of the protein when measured at its 

TREM2 structure using the ConSurf server.  

 

 

 

 

 



4.4. INTERACTION ANALYSIS OF TREM 2 

Figure 2 shows the TREM2 interaction network retrieved from the STRING database. The input name 

was "TREM2," and the organism was "Homo sapiens." Proteins are represented through nodes and their 

respective interactions through edges. These proteins mutually add to imparted capacities to TREM2. 

These scores demonstrate certainty, in the other words how much probable an association is to be valid, 

determined by STRING based on the accessible proof. The functions will be impacted when the 6 

deleterious nsSNPs have an influence on TREM2's interaction with the genes listed in Table 3. 

 

 

 

Figure:2 TREM2 interaction network obtained from the STRING database. Besides the TREM family, a few 
other proteins were also observed interacting. 

 

 

 

 

 



Table. 3. 

Interaction detail of the Predicted TREM2 interacting partner using STRING database. 

Functional 

Partner 

Score  Information 

TYROBP 0.999 TYRO protein tyrosine kinase-binding protein;  

Non-covalent binding to CD300 family activating receptors. Cellular activation occurs 

when CD300-TYROBP complexes crosslink. 

 

PLXNA1 0.996 Plexin-A1; SEMA3A, SEMA3C, SEMA3F and SEMA6D coreceptors 

Required for class 3 semaphorin signaling and subsequent cytoskeleton remodelling. 

Axon guidance, invasive growth, and cell migration are all functions of this protein. The 

plexin controls the complex's affinity for certain semaphorins, and its cytoplasmic 

domain is needed for the activation of cytoplasmic signaling processes. 

 

APOE 0.995 Apolipoprotein  

The binding, internalisation, and degradation of lipoprotein particles are all mediated by 

this protein. It can act as a ligand for the low density lipoprotein (apo B/E) and the apo-E 

receptors found in hepatic tissues (chylomicron remnant). 

 

HSPD 0.975 Heat shock protein family d (hsp60) member 1 

Chaperonin has been linked to macromolecular assembly and imports mitochondrial 

protein. In the mitochondrial matrix, it may also prevent misfolding and promote 

refolding and appropriate assembly of unfolded polypeptides formed under stress 

circumstances. These chaperonins' functional units are heptameric rings of the major 

subunit Hsp60 that operate as a back-to-back double ring. 

TREM1 0.944 Triggering receptor expressed on myeloid cells 1 

Neutrophils and monocytes play a major role in inflammatory responses. Increases the 

synthesis of proinflammatory chemokines and cytokines, as well as the expression of cell 

activation markers on the surface of cells. 

 



SYK 0.932 Spleen associated tyrosine kinase 

Signaling downstream of a number of transmembrane receptors, including conventional 

immunoreceptors like the B-cell receptor, is regulated by this non-receptor tyrosine 

kinase (BCR). This protein regulates biological processes such as Innate and adaptive 

immunity, cell adhesion, osteoclast initiation, platelet activation, and vascular function. 

CLU 0.927 Clusterin 

Isoform 1 acts as an extracellular chaperone, preventing non-native proteins from 

aggregating. Prevents blood plasma protein aggregation caused by stress. APP, B2M, 

SNCA, CALCA, CSN3, APOC2, and aggregation-prone LYZ variations are all inhibited 

from forming amyloid fibrils (in vitro). Maintains partly unfolded proteins in a condition 

that allows some other chaperones, such as HSPA8/HSC70, to refold them. 

 

CSF1R 0.914 Macrophage colony-stimulating factor 1 receptor 

Tyrosine-protein kinase that affects the survival, proliferation, and differentiation of 

hematopoietic progenitor cells, notably mononuclear phagocytes like macrophages and 

monocytes, by acting as a cell-surface receptor for CSF1 and IL34. Promotes the 

synthesis in response to IL34 and CSF1 of proinflammatory chemokines, and hence 

plays a major role in inflammatory conditions and innate immunity. 

SIRPA 0.900 Tyrosine-protein phosphatase non-receptor type substrate 1 

CD47 cell surface receptor that is immunoglobulin-like in nature. PTPN6, PTPN11, and 

other binding partners are translocated from the cytosol to the plasma membrane by this 

protein, which acts as a docking protein. Cerebellar neuron adhesion, neurite 

development, and glial cell attachment are all aided when this protein is present. It may 

be important for synaptogenesis and synaptic function during intracellular signaling (By 

similarity). Negatively regulates cell adhesion, growth factors, and insulin-stimulated 

receptor tyrosine kinase-coupled cellular responses. 

TREML2 0.850 TREM-like transcript 2 protein 

The immune responses like innate and adaptive may be aided by this cell surface 

receptor. Interaction with CD276 on T-cells promotes T-cell activation and acts as a 

counter-receptor for CD276. 

 

 



4.5. MOLECULAR DYNAMICS SIMULATIONS 

MDS were used to investigate the deviation in conformation between the WT and mutant proteins. We 

have carried out 200 ns MDS and then various structural parameters were analyzed and described below 

in detail (Wild-Type Y38C, Y38H, W50S, D104G, V124D, and C51G). Then we looked at things like 

RMSD, RMSF, hydrogen bonds, and PCA. 

 

Figure.3. WT residues and mutated AA residues positions of highly-risked 

nsSNPs analysed using Tools. 

4.5.1. RMSD (Relative Mean Square Deviation) 

The RMSD of all the Cα atoms in the original structure was computed. The variations obtained during 

the simulation can be used to determine the stability of the protein in relation to its conformation. 

Protein structures with less variations are more stable. The RMSD for all the systems were calculated 

and shown in Figure. Average RMSD for WT, Y38C, Y38H, W50S, C51G, D104G, and V124D were 

0.12, 0.13, 0.13, 0.12, 0.14, 0.11 and 0.14 nm respectively. The RMSD result demonstrates that Y38C, 

Y38H, C51G, and V124D are unstable because they are showing higher RMSD values. The D104G 

showed less RMSD value than the WT hence it represents that it is more stable, whereas the W50S is 

showing equal RMSD value as like WT therefore it represents that the mutation is not inducing 

instability in the protein. From the overall RMSD analysis we have found that Y38C, Y38H, C51G, and 

V124D are inducing the instability in the protein.  

 



 

Figure.4. MDS analysis of WT and mutant proteins (A) RMSF (B) RMSD 

Color scheme for panel: WT(Black), Y38C(Red), Y38H(Green), W50S(Blue), C51G(Cyan), D104G(Magenta), 

and V124D(Yellow) 

4.5.2. RMSF (Root Mean Square Fluctuation) 

The RMSF of Cα atoms was studied for both systems for a comprehensive investigation of the 

mutational influence on the fluctuation of the overall protein as well as particular residues. RMSF shows 

how mutations affect the wild-type and mutant proteins residue-by-residue mobility. The RMSF for all 

the systems were calculated and shown in Figure 4(A). Average RMSF for WT(Black), Y38C(Red), 

Y38H(Green), W50S(Blue), C51G(Cyan), D104G(Magenta), and V124D(Yellow) were 0.08, 0.08, 

0.09, 0.11, 0.08, 0.08 and 0.09 nm respectively. The RMSD result demonstrates that Y38H, W50S, and 

V124D are unstable because they are showing higher RMSF values. Y38C, C51G, and D104G are 

showing equal RMSF value as like WT therefore it represents that the mutation is not inducing 

instability in the protein. Whereas Y38H, W50S, and V124D induce stability of the protein. 

4.5.3. Structural stability  

The Rg, SASA, and H-bond analysis were used to examine the conformational geometry of the WT and 

mutant proteins.  

Firstly, we have analysed the Rg value and plotted it in Figure 5 (B). We have seen the average Rg 

value for WT, Y38C, Y38H, W50S, C51G, D104G, and V124D was 1.41, 1.40, 1.41, 1.42, 1.35, 1.41, 

and 1.41 nm. The Rg result represents that the mutations are not altering the compactness of the protein 

except C51G. The C51G showed a very low Rg value as compared to all other mutants. Other mutations 

showed the very similar type of Rg value therefore from here we have concluded that mutations are not 

able to disrupt the compactness of the protein.  



The we have analysed the H-Bond value and plotted it in Figure 5 (A). The average H-Bond value for 

WT, Y38C, Y38H, W50S, C51G, D104G, and V124D was 80.75, 81.36, 76.71, 77.36, 79.69, 78.14, and 

80.41 nm2, respectively. 

After H-Bond analysis, we have analysed the SASA value and plotted it in Figure 5(C). The average 

SASA value for WT, Y38C, Y38H, W50S, C51G, D104G, and V124D was 69.9, 70.54, 70.02, 70.26, 

69.77, 70.39, and 70.12 nm2 respectively. The SASA value also showed Rg like pattern. Here also we 

have observed that these mutations are not able to alter the solvent accessible area while they can only 

alter the catalytic site.  

 

Figure. 5. MDS analysis of wild-type and mutant proteins (A) Hydrogen bonds (B) Radius of gyration (C) SASA. 

Color scheme for panel: WT(Black), Y38C(Red), Y38H(Green), W50S(Blue), C51G(Cyan), D104G(Magenta), 

and V124D(Yellow) 

 

4.5.4. PCA (Principal Component Analysis)  

PCA is a valuable tool for analysing any system's dynamic mechanical characteristics. (70) PCA was 

used to estimate the massive aggregate movements of the wild-type and mutant TREM2 to validate our 

MDS findings. The eigenvectors of a covariance matrix are called principal components (PCs). The 

PCA for 50 eigenvectors were calculated and shown in Figure 6(A). We have considered the first 5 



eigenvectors and calculated the % wise correlated motions. We have seen that WT, Y38C, Y38H, 

W50S, C51G, D104G, and V124D showed 50%, 52.38%, 56.19%, 49.42%, 44.57%, 45.78% and 

61.90% correlated motions respectively. The PCA result clearly indicates that mutations are inducing 

the correlated motions because we have not seen a similar value like the WT. The C51G, D104G, and 

W50S showed less value which represents that the mutations are inducing higher stability in the 

structure while Y38C, Y38H, and V124D are showing higher values which represent those mutations 

are inducing instability in the protein. All the mutations are causing the alteration in the protein therefore 

we have concluded that these mutations are disrupting the proper binding site hence the protein will lose 

its function. 

We can see from Figure 6(C) the PCA analysis that the first few eigenvectors are crucial in representing 

the general dynamics, therefore we've chosen only the first two eigenvectors and displayed them against 

each other. The Figure clearly showed that WT showed a very dense and stable cluster while mutations 

are disrupting the structure therefore, we have seen an unstable cluster for all the mutants. This result is 

also showing that mutations are causing instability in the WT protein.  

 

Figure 6. PCA. (A) The graphical plot between eigenvalues and eigenvector index. The first 50 eigenvectors of 

WT and mutant structures were plotted (B) Projection on eigenvector 1 vs Projection on eigenvector 2.  

(C) Residue EigRMSF value. 

 

 



CONCLUSION 

 

AD is a chronic neurological disease that worsens with time. It is permeated by the abnormal 

accumulation of senile plaques and neurofibrillary tangles. These accumulations trigger the 

neuroinflammation which causes neuron damage. TREM2 plays a key role in the neuroinflammation 

process while a mutation in TREM2 alters its functions. Therefore, we have analysed the TREM2 

mutations using sequence and structural related tools. We have retrieved 242 nsSNPs from the dbSNP 

database and then these were analysed by 9 sequence oriented tools. From this analysis, we have found 26 

mutations that were found damaging in nature. Hence, these mutations were selected and used for the 

structure related analysis. The structure level analysis revealed 9 mutations which can affect the TREM2 

conformations. Finally, to evaluate the structure level changes we have selected 6 mutations and employed 

them for 100 ns MDS. The MDS analysis revealed that all of the mutations are altering the proper 

geometry of the TREM2 protein structure therefore, from this analysis we have proposed that Y38C, 

Y38H, W50S, C51G, D104G, and V124D are the mutations which can be further explored by using the 

in-vitro and in-vivo investigations. 
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