Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Interactome, Network, and Enrichment Motif Analysis Reveals Possible
Linkage Between Human Mental Disorders, Emotions, and Coronavirus: In-
Silico Insight

Peter T. Habib (% p.habib911@gmail.com)
Colors Medical Laboratories

Research Article

Keywords: Keywords: Motifs, Transcription Factors, Protein-Protein interaction
Posted Date: March 29th, 2021

DOL: https://doi.org/10.21203/rs.3.rs-368781/v1

License: @ ® This work is licensed under a Creative Commons Attribution 4.0 International License. Read Full License

Page 1/9


https://doi.org/10.21203/rs.3.rs-368781/v1
mailto:p.habib911@gmail.com
https://doi.org/10.21203/rs.3.rs-368781/v1
https://creativecommons.org/licenses/by/4.0/

Abstract

The pandemic of COVID-19 has caused a global crisis. Today, everybody focuses on COVID-19 infection prevention, preparation, and discussion of physical
health effects issues. It is important to understand, however, that a few will face life-threatening negative effects on physical health, but that all people will
face the negative impact of the pandemic on mental health. COVID-19 hospitals are established in different locations to address the physical health
implications of the pandemic. However, it is necessary to understand the effects of infections on mental health more effectively to prevent the negative
consequences of infection. Here, we try to find out how the infection could affect mental health. We identify motifs in SARS-CoV-2 that are predicted to interact
with human transcription factors (TF). Those TFs regulating behavior and mental health. Our results show that SARS-CoV-2 infection may lead to
overactivation or inhibition of critical genes already known to affect behavior and mental health. This study is still limited to in silico limits so, clinical
investigation needs to be addressed to assess our hypothesis.

Introduction

The 2019 new Coronavirus (2019-nCoV) or Severe Corona Virus 2 (SARS-CoV-2) acute respiratory syndrome, as it is currently known, has rapidly expanded
from its origins in China Wuhan to the rest of the world. Around 126,841.807 cases (COVID-19) of coronavirus disease 2019 and 2,782,099 cases
(Worldometers.info/Coronavirus/) were reported until 27/03/2021. Scientists over the world exhibited all efforts to understand and find a drug-using
repurposing approach (1-4), utilizing machine learning and artificial intelligence for more understanding(5-9), and design in silico vaccine (10-13). The
pandemic outbreak of SARS-CoV-2 or COVID-19 caused a disaster and caused a sense of serious insecurity and panic (14,15). The mass
media/telecommunications /newspaper/blogs have been updating the information about the rapid rise in cases leading to admission to the hospital, being
kept in the isolation ward, requiring oxygen support, being admitted in intensive care units (ICUs), associated mortality and the fate of the dead bodies
(packaging/filled up graveyards/crematorium). All this news has resulted in significant public fear, anxiety, uncertainty, and unrest. In this context, the
diagnosis gives you a sense of shock and disbelief, as well as the feeling that you are on the bed of your death when you are diagnosed with a COVID-19
infection. Many times the diagnosis leads both to hospital entry and a diagnosis of COVID-19 infection in other members of the family, to quarantine for
family, and to other contacts (16).

COVID-19 is considered to have major negative mental health effects, not only in those afflicted with the infection and their family members but also in the
general population, owing to its high infectivity and observed consequences of infections, including mortality (17-19) and the front line health care workers
(HCWs) (20-23). Mental health experts' views on the many emotional reactions/issues and potential psychological disorders that could occur in individuals
living with COVID infection are currently available (24,25). Because of the negative mental health implications, it is recommended that a mental health
specialist be included in the central management committee of patients with COVID-19 infection (24).

During the post-illness/recovery period, patients admitted with SARS (2002) and Middle East Respiratory Syndrome (MERS, 2012) have been shown to have
post-traumatic stress disorder, depression, and anxiety disorders, according to available literature from past infectious disease epidemics (26). Furthermore,
new research suggests that delirium may occur (confusion, agitation, altered consciousness) Displacement of neuropsychological deficiencies (dysexecutive
syndrome) for patients admitted to ICU with serious COVID-19 infection (27,28).

Many topics investigated the link between mood or emotions and protein-protein interaction (29,30). So far, Researchers that have used mice to demonstrate
that, following a viral infection, brain cells that line the blood vessels produce a protein that impairs neuronal fire in the brain area essential for learning,
memory, and mood are well studied in the interaction with protein emotions. Researchers say that blocking this protein will at least remove the early stages of
illness behavior. (31).

However, the psychological experience of COVID-19 patients during their hospital stay is very minimal. In one study (n = 144), the second study (n = 26)
recorded high levels of anxiety and depression (34 percent), respectively after an extensive week of hospitalization and HAM-A and HAM-D, respectively, after
one week of hospitalization, (Yang et al., 2020). The prevalence of depression was found by another study (n = 57) to be about 30 percent recovered COVID-19
patients (32). Moreover, 96.2 percent have recorded post-traumatic stress signature in the large samples (n= 714) of hospitalized (33). These researches,
however, had not studied detailed the emotional responses of patients before discharge in the hospital. Here we try to explore the link between coronavirus and
behavioral genes through a profound analysis of the coronavirus motif and the interaction between human and gene transcription factor activated by the
gene.

Materials And Methods

547 Behavioral genes in protein FASTA format obtained from uniport reviewed (Swiss-Prot) - Manually annotated database, and SARS-COV-2 genes from NCBI
in protein FASTA format. The pipeline of research was carried out using various online bioinformatics methods and is made up of four key steps (Figure 1)
(34).

A MEME-ChIP analysis (http://meme-suite.org/to) performed on a wide set of sequences associated with chip-Seq or clip-seq human DNA experiments
performed a systematic motif analysis (including the finding of motifs) of the entire coronavirus.

Another method of the MEME suite, the Tomtom query (http://meme-suite.org/doc/tomtom.html) was used to compare the motifs against a database of well-
known motifs (i.e., HOCOMOCO human v11 full). Hocomoco is a complete set with a large ChIP-Seq study of transcription binding factor models to humans.
In the database, Tomtom classified the motifs and generated alignment for any significant match by searching one or more query motifs for one or more
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human target motif databases (and their reverse complements when applicable). The report was a list of objectives classified by p-value in order to display the
queries in the input file for each query. Also reported were the E-value and the Q-value for each match. The g-value is the minimum inaccurate rate at which the
similarity observed is considered meaningful. Using the Benjamini and Hochberg procedure, Tomtom evaluated q values of all the corresponding p-values. The
meaning was measured by default by the match g-value (35). A list of TFs containing the commonly maintained domain was obtained for all reasons queries.

STITCH, a web tool for defining the most important connection within query TFs, was added to the list of the TF's (http://stitch.embl.de/). A broad database of
functional interaction networks from many species is used for the bioinformatics method, and each linked TF is traceable to a source network used to predict
it (36).

Protein-protein (PPI) interactions have been conducted for a more detailed investigation. Nearly every phase in live cells is mediated by PPI. The discovery of
new PPIs is therefore the key to understanding the biological system's complexity. Several test methods have been developed to classify new PPIs, including
yeast purification two hybrids, and tandem affinities. We used ILoops, which predict whether two proteins will interact with structural characteristics (SFs). The
aim is to use PPl and non-interacting protein pairs (NIPs)-studied loops or domain patterns to predict binding between protein pairs. Prediction of all
compartmental genes and all genes of SARS-COV-2.

Results And Discussion

The results of our in silico analysis allowed the identification of specific motifs on the SARS-COV-2 able to bind and, therefore, according to our hypothesis, to
sequester 139 Transcription Factor (TFs). Using STITCH analysis, 109 of those TFs were connected in a gene regulatory knowledge network, while thirty
seemed to be out of this network or had no interactions (Figure 2).

This in silico approach allowed us to predict the recruitment of some TFs directly related to different clinical manifestations (some of them syndromic)
characterized y growth retardation, dysmorphic features, intellectual disability, and others. STITCH provides the option of filtering the node related to the
biological process. Although there are more than three hundred genes in the network, we tried to go deeper in five genes shared between lloops and STITCH
out of nine responsible for behavior produced by STITCH shown in (Figure 3).

FOXP2

It is expressed in the fetal and adult brain as well as in several other organs such as the lung and gut. The protein product contains a FOX DNA-binding
domain and a large polyglutamine tract and is an evolutionarily conserved transcription factor, which may bind directly to approximately 300 to 400 gene
promoters in the human genome to regulate the expression of a variety of genres. Foxp2 was found to influence emotional vocal expressions, which can be
investigated in future experiments using selective knockdown of Foxp2 in specific brain circuits (37,38). Genetic studies have associated FOXP2 variation with
speech and language disorders and other neurodevelopmental disorders (NDDs) involving pathology of the cortex. In this brain region, FoxP2 is expressed
from development into adulthood, but little is known about its downstream molecular and behavioral functions. FOXP2 is a brain-expressed transcription
factor implicated in a rare disorder involving speech apraxia and language impairments. cortex-specific Foxp2 conditional knockout mice and found a major
deficit in reversal learning, a form of behavioral flexibility (39,40). and inhuman (41). Speech difficulties lead to difficulty in producing words
(42,43)Nevertheless, scientists identified the roles of FoxpZ2in skull shaping and bone remodeling. They indicate that Foxp2 helps to regulate the strength and
length of hind limbs and maintenance of joint cartilage and intervertebral discs, which are all anatomical features that are susceptible to adaptations for
bipedal locomotion. Considering the known roles of Foxp2 in brain circuits that are important for motor skills and spoken language, the researchers suggest
that this gene may have been well placed to contribute to the coevolution of neural and anatomical adaptations related to speech and bipedal locomotion.
(44). Moreover, Cell type-specific gene expression profiling of cortical pyramidal neurons revealed aberrant regulation of genes involved in social behavior. In
particular Foxp2 mutants showed the downregulation of Mint2 (Apba2), a gene involved in approach behavior in mice and autism spectrum disorder in
humans. Taken together these data demonstrate that cortical Foxp2 is required for normal social behaviors in mice (41).

MEF2C

Is a transcription activator that binds specifically to the MEF2 element present in the regulatory regions of many muscle-specific genes. Controls cardiac
morphogenesis and myogenesis, and is also involved in vascular development. MEF2C plays important role in emotional communication (45) mutations
found in individuals with MCHS disrupt the DNA-binding function of MEF2C, and DNA-binding—deficient Mef2c global heterozygous mice display numerous
MCHS-related phenotypes, including excitatory neuron and microglia gene expression changes. MEF2C regulates typical brain development and function
through multiple cell types, including excitatory neuronal and neuroimmune populations (46).

Another study shows that MEF2C single-nucleotide polymorphisms are associated with schizophrenia, autism, and intellectual disability (47,48). However,
there is a crucial role for MEF2C in programming early neuronal differentiation and proper distribution within the layers of the neocortex (49), and it was
reported that deletion may cause severe mental retardation, seizures, hypotonia (50), and atypical Rett syndrome is due to the involvement of MEF2C in the
common pathway (51).

STAT3

STATs (signal transducers and activators of transcription) are a family of seven transcription factors that form part of the JAK-STAT signaling cascade, the
basis of the signal transduction mechanism for many cytokine receptors. STATs are activated by phosphorylation by JAKs. Although, the critical role in
emotional interaction (52), a study show linkage between STAT3 and autism by STAT3 activation using luteolin, a citrus bioflavonoid, and its structural
analog, diosmin, on IL-6 induced JAK2/STAT3 (Janus tyrosine kinase-2/signal transducer and activator of transcription-3) phosphorylation and signaling as
well as behavioral phenotypes of MIA offspring (53-55).
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NR4A2

Nr4a2, a transcription factor critical in cocaine-associated behaviors and necessary for MHb development, is enriched in the cholinergic cell-population of the
MHb; yet, the role of NR4A2 within the MHb in the adult brain remains elusive (56).NR4A2 was reported as a controller of emotions(57). Moreover, Another
study reports language impairment, developmental delay, intellectual disability, autism spectrum disorder, early-onset dystonia-parkinsonism, and seizures
(58-61)

Conclusions

Based on the performed in silico analysis, it was possible to identify the occurrence of specific motifs in the SARS-COV-2. These motifs could be able to bind
specific host (human) TFs, and, consequently, recruitment/subtraction could be provoked. In this manner, as we hypothesized, a post-infection depression or
anxiety effect is occurring, with consequences on involved target genes which are predicted by our in silico approach. Even though many studies are
concentrated on the molecular mechanism of SARS-COV-2 infection, the exact mechanisms that induce the complex psychological symptomatology,
including fear and depression for the patient and its family, remain unclear. An intricate network of TFs has been suggested by our analysis (Figure3).
Interestingly, the functional annotation of putative target genes revealed evidence that TFs are specifically enriched in biological networks involved in different
biological processes and especially in behavioral processes. All of these observations lead to a new insight, which should make possible the explanation of
the complex behavioral and psychological interaction in SARS-COV-2 patients. Indeed, this in silico analysis showed evidence that different TFs can regulate
multiple target genes, and it provides original predictive computational data, paving the way as a testable hypothesis to further studies. The SARS-COV-2
remains ambiguous in its role in the development of fear mood state in the patients. Our data is suggesting, according to recent observations, that anxiety and
fear feelings could be a result of the combined TFs, able to produce a negative effect on target genes that provoke this condition.
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Affected Genes

— HEMN1-HXB7-ESR2-ATF4-REST-HXB7-DUX4

MYF&-TFE3-ZNS528-FOSL1-ZN140-MITF-ERR2
REST-NKX32-ZN436-FOSL2-ZSC31-RARE-ZNFB
ASCL1-S5PIB-NREAT-0ZF-KLF 1 2-SNAI2-FOXIT
ZR41B-SNAN-ZNZSO-MYFE-ZNZSO-TFES-ZNF18
MYOG-USFI-0ZF-NF 2L2-TEADT-BHA1 5-ZN260
MYC-INGS0- INSEO-NRAAZ-5P1-CREM-5P1B
IN140-FOXIT-RFS-ERRZ-NFEZ-GATAI-NFEZ
NFIC-RXRG-ZN136-ERR3-EZF 2-HXBI-NREA1
ESR2-NR4A2-ZN260-2ZM331-ZN528-UND-RFX2
PTF1A-MYFG-TFEE-TFAP4-MITF-JUN-ATF4
STAT1-0ZF-ZN329-7N490-ZNFE-ZBT 14 TFEB
TFEZ-ZNA436-FOXO1-REX3-ITMN2S0-NRF1-ZIM3
INZ35-RFX3-ERR3-FOSB-MEFID-ZN329-ATF6A
L\"'L1-E2F5-FUXO¢FOS-ZIC3—ZN136-FUXQ‘I
MYOD1-MITF-MYFE-TFEB-MEF INZ50
PRDT4-SMAIZ-SPIB-USF2- ZIME-ZN? SO-INSBE.
DUNS-TFAPLKLFE-ZN121-ZKSC1-IN257-GLI3
ZIMI-EVIT-NFACI-ZNSBE-MEF2A-TNFS-HXBE
RARG-HINFP-NRZEJ-TFE3-MEF2C-ZN140-5F1
NRZC2Z-JUND-BATF3-5P1 -ZFSF‘?B-TEIEN -ZN450

TEAD1-FOSL1ANSMI-ZN260 TRAP4-IRFI-ZN 02
ZNZS0-INF1B-RXRG-ZN4IG-FOXP2-IN436-INTEE
IN528- ZP-33'| ERRI1-USF1.1SL1-ZN136-CEBPG
TEADS-TFAP&-EVIN-ZN257-FOXIT-TFEB-FOSL2
ZNFMEBPGH EN1-INSM1-NRF1-HXB7-INSM1
ZN325-ZMN430-ZNIBG-NFE2-FEZF 1-DUX4-TYY
Z324A-NFEZ-INTHE-NREA]-NRTHI-HXEE-LHX3
MRF1-ZN121-0ZF-HINFP-ZFP28-KLFB-NRGAT
STAT1-ZN250-ZNZE0-HICT-ZN140-FOXO4-ERR2
STATI-REST-ZN4I6-IBT 14 THA-MYF&-NFILZ
INSBE-MAF G-SOX5-MAFG-HEN 1-PRRXZ-ERR1
TFEB-BHATSNRAAZ-RFXZ-INI 21-ZNZ260-HKAT
NF2L2-ATOH1-TFEB-TYY1-ZN586-ZN250-
RERG-ZN134-ETV4-MYF6-ZN143-HXAT-
ZNZ50-TCF7-HNF6-MAFG-ZN331-SNAIZ-
ZNZB1-ZN349-ATF4-ZN331-ZN1 36-NKX32-
OZF-NFYA-ATFEA-ZNS02-THAT1-SNAIT-
ATFEA-ZSC31-FOXI-RFX3-ZNFTE-ELK1-
TFE3-ZM121-TY¥1-FOXC1-Z324A-GLI3-
INGBO-HICT-MYFE-ZNA90-ZNI29-ERR2-
HNBS-PAXS-PRRX2-ATF4-ZN257-THAT1-
KLF12-RORG-FLIT-SNAIT-STAT3-ZN143-
SP1-PEX1-SNAIT-NRF1-STAT1-ZFP42-
INA36-ZNE16-ZN6BO-HXBT-NFIC-TFES-
EVIT-ZNZST-ERRI-HNAL-PTF1ADLX3-
FOXQ1-ZN121-NDF2-MAFK-ASCL1-ZN328-

e INSM1-ZN331-HXAT-LHXI. THAP 1-ZN329-



OL%3 NFIC

@ E 2NETS
ZIv3
. OSRz 50%5 &
Q 713 _TFES TEAP4
()
@ZFF‘ZS
— o
4 E KLF12
— FOXP2
N

ONECUTL

RFxd vig
@ @ em{-,..“.,.

RFx2

e

ZNF146

&

Figure 2

Network analysis shows the affected genes with transcription factors
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Figure 3

Genes responsible of behavioral and mental states (Red Nodes)
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