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Abstract

The host pathogen interactome can be visualized as a vast continuous network in which molecular mimicry of host proteins

by pathogens constitutes a strategy to hijack the host pathways. Despite extensive work in this field, there is no dedicated

resource for mimicked domains and motifs in host pathogen interactome. In this work, we collated all the data regarding the

experimental host pathogen (HP) and host-host (HH) protein-protein interactions (PPIs). The domains and sequence linear

motifs of the proteins were annotated using CD Search and ScanProsite. Host and pathogen proteins with a shared host

interactor and similar domain/motif constitute a linear pair. A linear pair that exhibits global structural domain similarity

(Domain linear pair; DLP) or local sequence motif similarity (Motif Linear Pair; MLP) has a high probability of being co-

expressed and co-localized. 2,06,449 DLPs and 38,45,643 MLPs were identified in 50,812 experimental HP-PPIs and organized

in a web- based resource, ImitateDB, accessible at http://imitatedb.sblab-nsit.net. ImitateDB provides user-friendly access

to the mimicry data. It can be queried by protein UniProt ID, pathogen, domain, motif, or interaction detection method.

The results are externally integrated using hyperlinked domain PSSM ID, motif ID and protein ID. Kinase, UL36, Smc and

DEXDc were frequent DLP domains whereas Protein Kinase C, Casein Kinase 2, glycosylation and myristoylation sites were

frequent MLP motifs. Novel DLP domains SANT, Tudor, PhoX and MLP motifs Microbodies C-terminal targeting signal,

Ubiquitin-interacting motif and Lipocalin signature were proposed. ImitateDB constitutes a resource for researchers in the field

of infectious diseases and microbiology.

Introduction

In nature, Host-pathogen Protein-Protein interactions (HP-PPIs) are highly complex, ubiquitous and fairly
essential for elucidation of infectious diseases (1). During this interaction, there is a continuous cross talk be-
tween pathogens and their hosts that is mediated by a variety of effectors including proteins, small molecules,
metabolites, and regulatory RNAs(2, 3). Pathogenesis involves interactions between the signalling networks
of the host and pathogen. Recent studies regarding HP-PPIs focus on the mechanisms employed by pathogens
to hijack and exploit the host immune system for their own survival. Processes for molecular mimicry have
evolved to enable the proteins of pathogens to imitate the host proteins in order to disrupt their interactions
and disturb the signalling pathways (4). Thus, the interacting pathways and proteins of the pathogen may
be conceived to be in a continuum with those of the host.

Mimicry of host antigenic determinants as a survival mechanism was described early in parasites (5). A
pathogen’s ability to mimic the host components may be achieved by two distinct mechanisms. The first
one is where the host genes are acquired by the pathogen through horizontal gene transfer. An example of
this is the acquisition of complement escape regulators by pathogenic bacteria like Echinococcus granulosus
(6) and Onchocerca volvulus (7). The second mechanism is where both host and pathogen genes evolved
independently and ended up having similar structures with different function i.e. underwent convergent
evolution(8). A well-known example of this is theYersinia pseudotuberculosis effector protein, invasin, that
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structurally mimics the integrin-binding surface of the protein fibronectin (9). While Horizontal gene transfer
leads to a detectable homology between the pathogen and host proteins (10, 11), convergent evolution is
likely to modulate local similarity between the proteins of pathogen and host as depicted by sharing of motifs
(12). The local similarities between epitopes from the pathogen/infectious agents and antigens present in
the host can also lead to autoimmune diseases (13-17).

Molecular mimicry can operate at four distinct levels; (i) Similarity in both sequence and structure of a full-
length protein or a functional domain as displayed by molecular mimicry between Legionella pneumophila
, Chlamydia trachomatis and Burkholderia thailandensis SET-domain containing proteins with host proteins
(18), (ii) only the structural similarity without an apparent sequence similarity as detected in case of several
bacterial and viral pathogens that eventually evolved to structurally mimic host ligands, though the sequence
similarity between pathogen molecules and the mimicked host ligands was low (19), (iii) similarity in the
sequence of a short linear motif. An example of motif mimicry is displayed by the WxxxE motif in many
bacterial Guanine Exchange Factors, such as EspM2 and Map in E. coli and also SifA of Salmonella (20,
21). Motifs have the ability to tolerate mutations and can evolve rapidly to alter interactions with the host
(22), (iv) Similarity of only the binding site architectures (interface mimicry) without sequence homology is
displayed by human fibronectin and Y. pseudotuberculosis invasin binding to human integrin (9, 11). These
proteins display similarity in the chemical properties at the binding site in the absence of sequence and
structural homology.

The existing methods of detection of mimicry are simply based on identifying sequence or structure similarity.
A previously available database, namely mimicDB (8) provides information about molecular mimicry proteins
or epitopes involved in a limited number of human parasites. Another database miPepBase (23) lists the
experimentally verified mimicry peptides involved in auto-immune disease. However, a wide range of domains
and motifs are recruited by pathogens to mimic and hijack the host cell machinery for its survival (20, 21,
24-26). A computational pipeline using pBLAST against the human proteome has also been implemented
for the prediction of the molecular mimicry candidates in bacterial pathogens (27). However, sequence-
based methods for discovery of protein mimics may not be adequate as they are dependent on the level of
recognizable homology between the host and pathogen proteins. Structure-based methods are more suitable
for recognizing remote similarity while motif-based methods are suitable for recognizing localized regions
of similarity between proteins. Pathogenic bacteria are likely to target the host proteins by imperfectly
mimicking the host interface (28). An interface mimicry-based method, the HMI-PRED server (29) carries
out structural prediction of given HP-PPIs. However, it is limited due to the requirement of the structure
of the microbial protein involved in mimicry.

Similarity between motifs and domains of the host and pathogen proteins does not necessarily indicate their
actual interaction. This is further dependent on the proteins having simultaneous expression and being
present in the same cellular compartment. However, analysis of the PPIs in yeast and human showed
that a large majority of the interactions occur between proteins in the same subcellular compartment (30,
31). Studies have also shown that functionally related or interacting proteins from the same pathways
share Gene Ontology, and also usually constitute a higher co-expression score (32, 33). Also, imitation of
host proteins by the pathogen essentially works by imitation and competing with endogenous (host–host)
interactions(34, 35). We therefore hypothesize that resemblance between the experimentally validated host
and pathogen interactors of the same host protein increases the confidence in the identification of molecular
mimicry candidates due to colocalization and co-expression of the interacting protein pairs. This is shown
schematically in Figure 1a for global structural similarity (domain linear pair or DLP) and Figure 1b for local
sequence similarity (motif linear pair or MLP). Delineating the DLPs and MLPs also provides information
about the host interactions that are likely to be disrupted by pathogen protein mimicry.

In this work, we collated the entire set of experimental HP-PPIs from interaction databases in order to
compute their DLPs and MLPs, which were organized in the form of a publicly available database, ImitateDB
available online at http://imitatedb.sblab-nsit.net. The ImitateDB resource can help researchers to search for
organism-wise mimicry patterns prominent in the host pathogen interactome. It houses 2,06,449 DLPs and
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38,45,643 MLPs. Out of the total 61,215 HP-PPIs collated, 1,549 and 49,266 were found to be characterized
by imitated domains and motifs. Several novel potential domain mimics include SANT (Swi3, Ada2, N-Cor,
and TFIIIB) DNA binding domain, Tudor and PhoX homology domain while some of the novel motif mimics
identified are Microbodies C-terminal targeting signal, Ubiquitin-interacting motif and Lipocalin signature.
Specific domains or motifs imitated commonly by a large number of pathogens are likely to be responsible for
microbial virulence suitable for drug/vaccine targeting. Thus, ImitateDB constitutes a source of information
for molecular imitation in HP-PPIs for researchers in the field of infectious diseases and microbiology.

Methodology

HP-PPI Data collection and cleaning

The information regarding the host HP-PPIs for the database was collected from different HP-PPIs databases
namely BioGrid(36), PHISTO(37), HPIDb(38), MINT(39), IntAct(40), MPIDB(41), UniProt(42), VirHost-
Net(43), MatrixDB(44), I2D(45), DIP(46) and InnateDB(47). The data obtained from these sources included
information about i) UniProt accession numbers, ii) Gene symbols, iii) UniProt entry names, iv) Gene sym-
bols for the interacting proteins of pathogen and human host, v) Corresponding pathogen names for all
pathogen proteins, vi) Pathogen taxon IDs, and vii) Experimental method of interaction detection for each
unique interaction.

The UniProt accession number was used as a unique identifier for the proteins extracted from different sources
to maintain uniformity in the data. The pathogen names from different databases were also examined for
variations in syntax/nomenclature and were converted into a uniform name using UniProt Taxon identifier.
The duplicate entries were removed from the data to avoid redundancy and the obsolete entries were either
removed or converted into secondary uniport accession if available.

Host-Host Interaction (HHI) data collection

The information of the first interactor proteins of the host proteins were also collected using UniProt. This
data was further processed using bioDBnet database (48) to filter out the various non-human interactors of
the host proteins and retain only the human interactors of the host proteins.

Domain annotation

Each interacting pathogen protein, the corresponding host protein and host first interactor were examined
for structural domain or local sequence motif similarity. Domain annotation was carried out using the NCBI
Batch Conserved domain (CD) Search (49). CD-Search is a sensitive method that constructs the models
of structurally conserved domain families based on multiple sequence alignments which are converted into
position-specific scoring matrices (PSSM). It scans protein query sequences against these matrices with
Reverse Position Specific-BLAST, a variant of the Psi-BLAST algorithm. Structure being more conserved
than sequence, CD Search identifies remote similarity between pathogen and host proteins. The domain
information was collected in the form of a unique PSSM ID and Domain short name for every unique
domain family of all the proteins.

Motif annotation

The motifs were identified using the Expasy ScanProsite (50) API (Application Programming Interface)
with the help of a Python script. ScanProsite tool takes into account the ProRules which focuses on extreme
similarity at only a few biologically significant sites of well-chosen residues i.e motifs or signatures and also
defines the position of these structurally and functionally crucial amino acids. The rules are further used
internally, by the Swiss-Prot for annotation of protein query sequences. The motif information for each
protein was collected in the form of ScanProsite IDs, motif name and pattern.

Identification of DLPs and MLPs

The pathogen proteins and host proteins interacting with the same protein were compared for shared struc-
tural domains (global similarity) or linear sequence motifs (local similarity) using a Python script. Python
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libraries such as NumPy and pandas were used to identify the DLPs and MLPs between the pathogen and
host first interactors.

Database and web interface development

After the completion of data processing and formation of domain and motif linear pairs, a database was
created using MySQL to house the schema and various tables through MySQL Command line client server.
Further, an MVC (Model View Controller) web application was created in Node.js using the Express frame-
work. The front end of the web application was developed using HTML (HyperText Markup Language),
EJS (Embedded JavaScript Templating - to render HTML with our own set of variables) and CSS (Cas-
cading Style Sheets) with JavaScript and jQuery being employed for implementing the various methods and
functions. Further we used Redis for queuing tasks and MongoDB for caching and storing session cookies.

Data analysis and Visualization

Analysis of the database was done using MySQL, Microsoft Excel, R studio and Tableau. MySQL was used
to sort the entities and quantitatively measure the frequency of each entity in the entire data. The graphs
and highlight tables depicting the analysis were rendered using Microsoft Excel and Tableau. The high
degree pathogen and host proteins were identified using an R script. Pathway enrichment and gene ontology
analysis of the host proteins was carried out using PANTHER (51).

Results and Discussion

ImitateDB offers comprehensive information about the molecular mimicry candidates among the interacting
pathogen and host proteins in the form of DLPs and MLPs which linear provide information about the
matched domains and motifs between the pathogen proteins and first interactor proteins of the respective
interacting host proteins. The information in the database is divided into different categories according
to different categories of pathogen like Virus, Bacteria, and Fungi. The pathogens belonging to Protozoa,
Amoebozoa and Archaea are found under the “Others” category. The schematic of the database is shown
in Figure 2. It depicts the basic pipeline followed for all the search options and the basic work flow for the
development of the database as well as frequency of primary entities in the database.

HP-PPI data

After collection and processing of the HP-PPI data, it was found that viruses have the highest number
of reported HP-PPIs among the different pathogen categories. After data collection and cleaning, 5,569
pathogen proteins from 630 organisms interacted with 10,078 host proteins with 61,215 HP-PPIs. There
were 49,249 reported unique HP-PPIs of viral origin. In comparison, reported bacterial HP-PPIs were
10,080 while those from other organisms were even fewer. Further, 11,657 host first interactors having
1,03,120 interactions with the host proteins were retrieved as described in the Methodology. Domains and
motifs of these first interactors were identified and compared with those present in the pathogen proteins.

Domain and Motif Annotation

A total of 68,838 and 4,78,710 domains were annotated in the pathogen and host interactor proteins respec-
tively. A total of 31,594 motifs were annotated in the pathogen and 79,944 in the host proteins respectively.
Since, each domain or motifs can occur multiple times in different proteins, the number of unique conserved
domains and motif IDs were counted. There were 17,465 and 25,245 unique domains in pathogens and host
interactor proteins respectively while the total number of unique motifs were 1046 and 1661 respectively.

MLPs are more numerous in comparison with DLPs

Out of the 5,569 pathogen proteins from 630 pathogens, a total of 5,255 proteins from 612 pathogens were
involved in mimicry of the host interactor proteins using similar domains or motifs. The DLPs in the entire
database were found to be 2,06,449 whereas the MLPs were found to 38,45,643. The number of DLPs and
MLPs for each pathogen category are listed in Table 1. Viruses showed the highest number of DLPs and
MLPs, likely to be due to the preponderance of virus HP-PPIs in the data.
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Interestingly, of the total 61,215 HP-PPIs reported, only 1,549 were found to be characterized by domain
mimicry whereas 49,266 were found to characterized by mimicked motifs. The total number of HP-PPIs, the
fraction of HP-PPIs characterized by mimicked domains and by motifs were compared pathogen categories
and are shown in Figure 3. Motif mimicry dominates in number over domain mimicry across the known
HP-PPIs across all pathogen categories. Interestingly, as evident from Table 1, a large number of DLPs were
also found in viruses (1,14,899), but were concentrated in only 822 HP-PPIs (or 1.7%) of the entire viral
interactome as depicted in Figure 3. Conversely, in case of Fungi, very few HP-PPIs have been reported but
still a large proportion of them were found to be characterized by mimicked candidates. Previous studies
have reported the extensive use of motif mimicry by viral proteomes (25, 52-54). A reason for this monopoly
can be that viruses being obligately intra cellular, incapable of synthesizing the DNA or RNA (25), and
having a rapidly evolving genome need to hijack the major host processes which includes various metabolic
and cellular signalling pathways. Our data indicates that molecular mimicry may be comparatively much
more frequent in case of fungi. However, our results about frequency should be treated with caution as the
mapping of the host pathogen interactome is far from complete.

Domain mimicry

Out of the 5,569 pathogens proteins from 630 pathogens, 607 proteins from 146 pathogens made DLPs with
the host interactor proteins as indicated in the schematic Figure 1. Since there were multiple instances of
every mimicked domain, we looked for unique domain types. There existed 3040 types of unique cdd domains
shared by both pathogens and host. The largest number of DLPs were found for the Serine Threonine Protein
Kinase US3 (UniProt ID: P04413) from Human Herpesvirus 1 Strain 17 (HHV-1) with 61,609 DLPs. The top
10 pathogens involved in molecular mimicry along with the number of DLPs are shown in Table 2. Two viral
pathogens with the maximum number of DLPs were HHV-1 and Rous sarcoma virus strain Schmidt-Ruppin
A . In case of bacteria, Legionella pneumophila subsp. pneumophila (strain Philadelphia 1 / ATCC 33152 /
DSM 7513) was found to have the largest number and widest diversity of host-like domains (Table 2). This
opportunistic human bacterial pathogen has previously been reported to be highly involved in molecular
mimicry of host proteins (24, 55).

The top 10 most frequently observed mimicked domains are shown in Figure 4a. PHA03247 (large tegument
protein UL36) was the most frequent among DLPs. UL36 is an important domain family of tegument protein
of Herpes Simplex Virus (HSV) that is crucial for virus host interaction and host immune evasion (56). UL36
is found to be colocalized with host and viral membrane proteins and aid in the assembly and cell entry
of HSV(57). The top 10 most frequently occurring mimicked domains in different organism categories are
shown in Table 3. A conserved domain family found to be potentially mimicked by viruses was DEAD-like
helicases domain superfamily. The DEAD-box helicases bear a common D-E-A-D motif and is an emerging
class of host proteins being mimicked by viruses for infections (58). Bacterial, viral and fungal conserved
domains found in most frequently in DLPs were Rad50 ATPase and SbcC. Rad50 ATPase and SbcC are both
involved in DNA repair pathways and are highly conserved among eukaryotes (humans and fungi), bacteria
and viruses as well (59, 60).This way, the pathogens seem to have captured DNA repair proteins from their
hosts to aid their own replication and survival by disrupting the host DNA repair pathways (61, 62).

Another important mimicked domain found in our data is Glycogen Synthase Kinase-3 (GSK-3) domain.
Bacterial pathogen such as Helicobacter pylori has been found to divert the host signalling pathways such
as WNT signalling by targeting the host GSK-3(61).

The predominantly occurring fungal pathogen found to mimic the largest number of host-like domains was
found to be Saccharomyces cerevisiae S288C . In case of Others category, Dictyostelium discoideum is the
predominant pathogen imitating the maximum number of domains. The pathogens with the highest number
of DLPs and MLPs in different pathogen categories, i.e., virus, bacteria, fungi, and others are listed in
Supplementary data Tables S1, S2, S3 and S4 respectively.

Motif mimicry

Out of the 5,569 pathogen proteins from 630 pathogens, 5,255 proteins from 610 pathogens made MLPs
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with the host interactor proteins as indicated in the schematic Figure 1. However, only 239 unique motifs
were found to be mimicked by pathogens. Since each pathogen can mimic motifs from multiple interactors,
the largest number of MLPs were found for the Polymerase basic protein 2 from Influenza A virus strain
A/Wilson-Smith/1933 H1N1 (A/Wilson-Smith/33/H1N1), with 35,385 MLPs. The average number of MLPs
for a protein is 732.Amongst viral pathogens, A/Wilson-Smith/33/H1N1 had the maximum MLPs whereas
in the bacterial interactome, Yersinia pestis had the maximum MLPs. The Top 10 pathogens by the count
of MLPs are listed in Table 4.

Table 2 and 4 showed that S. cerevisiae S288c had the maximum count of DLPs and MLPs even while the
total number of reported HP-PPIs were very low in comparison with virus or bacteria. This can be attributed
to the fact that yeasts, being eukaryotes are quite similar to humans in terms of genes and other cellular
pathways. It has been observed that the genes that regulate cellular processes in humans have equivalents
that control cell division in yeasts as well which makes it very easy for pathogenic yeast species to alter
the host cellular machinery (63). Therefore, this study has unravelled the potential mimicry candidates in
fungal pathogens which was not well established till now.

The total count for the top 10 most frequently occurring motifs in the database is shown in Figure 4b. The
predominance of phosphorylation sites for Protein kinase C (PKC) phosphorylation site and casein kinase II
(CK2) phosphorylation site can be observed from the figure. PKC and CK2 family of serine/threonine kinases
plays essential roles in hijacking multiple signalling pathways in humans leading to many viral infections
(64). Tyrosine phosphorylation has been proved to be an important process for pathogenesis as well as
immune responses after the underlying revelation of a bacterial tyrosine phosphatase (65). There have been
instances where both extracellular as well as intracellular bacteria secreted several proteins that mimicked
the function of their analogous eukaryotic like proteins and hijacked the tyrosine phosphorylation pathway
(66). Additionally, sites for N-myristoylation, Amidation site, and N-glycosylation could be seen in all
the organism categories. Several instances have showed the contribution of post translational modification
(PTM) sites in microbial infection and cellular processes (67, 68).

The top 10 most frequent motifs in every pathogen category are listed in Table 5. N- glycosylation was
a frequently occurring motif known to be an important modification used by several pathogen proteins
(specifically viral glycoproteins) to evade the human immune system (69, 70). The envelope proteins of
viruses like HIV-1 are heavily glycosylated and can provide camouflage against the human proteins, leading
to alteration of immune recognition (71, 72). Protein N-myristoylation site is another conserved PTM of
proteins involved in a variety of different physiological processes like cell proliferation and differentiation,
cell survival, and cell death(73). Also, several myristoylated proteins have been found to have prominent
roles in cellular signalling pathways (74) and the myristoylation motif has been found to be mimicked by
viral and bacterial proteins (25, 75).

Additionally, several other commonly mimicked motifs in our data were ABC transporters family signature
motif, Q motif, ATP/GTP-binding site motif A (P-loop), arginine-rich motif, ubiquitination site and prenyl
group binding site. The ABC transporters family signature motif is a conserved sequence (LSGGQ) present
in the Nucleotide binding domain (NBD) of all ABC transporters and is primarily required for substrate
transport (76). The pathogens can mimic this motif to disturb the transportation pathways of the host.
Q motif is a part of conserved helicases (involved in DNA dynamics) (77) and might help the pathogens
to hijack the host machinery associated with DNA replication, recombination, transcription, and repair.
The highlight table depicting the number of MLPs characterized by top 20 mimicked motifs for the top 20
pathogens is shown as Supplementary Table S5

Linear pairs in highly interacting pathogen proteins and host proteins

Several previous studies have shown that essentiality and pathogen fitness are correlated with high number
of interactions (78, 79). Therefore, the number of DLPs and MLPs in the top 10 highly interacting pathogen
proteins and host proteins were examined and are listed in Table 6 and Table 7 respectively. The top 10
highly interacting pathogen proteins were of viral origin and predominantly formed MLPs, indicating that
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local sequence similarities predominate the mimicry of host proteins by pathogens. Among host proteins, a
few had a very high number of DLPs. As shown in Table 7, Nuclear factor NF-kappa-B p105 subunit was a
part of 491 while Cellular tumor antigen p53 was a part of 180 DLPs.

Chemokine & cytokine, Wnt, CCKR, EGR receptor and PDGF signalling pathways are enriched in host
proteins of linear pairs

The enriched pathways and processes of the host primarily imitated by pathogens during infection were
annotated. Apart from specific pathways for some autoimmune diseases such as Huntington and Alzheimer,
Chemokine & cytokine, Wnt, CCKR (Cholecystokinin receptor), EGF (Epidermal Growth Factor) receptor,
PDGF (Platelet-derived growth factor) signalling pathways and T-cell and B-cell activation pathways were
enriched among the host proteins constituting the DLPs and MLPs (Figure 5). Thus, signalling pathways
of the hosts are most commonly targeted by the pathogens for molecular mimicry.

The host proteins were further annotated using gene ontologies. The enriched cellular compartments found
were cellular anatomical entities, protein-containing complex and intracellular. As shown in Supplementary
Figure S1 and S2, the enriched molecular functions found were binding, catalytic activity, molecular function
regulator while enriched biological processes found were cellular process, metabolic process and signalling.

Selected novel domain and motif mimicry candidates

Several novel candidate mimicry domains like SANT, TCP-1 and Tudor in pathogens were identified from
analysis of the ImitateDB data. Some of the novel domain mimics identified in different pathogens along with
their functions are shown in Table 8. Microbodies C-terminal targeting signal, RNA recognition motif and
Ubiquitin-interacting motif were novel motif mimic candidates. Selected of the novel motif mimics identified
in different pathogens along with their functions are shown in Table 9.

The ImitateDB web interface

The web interface for the ImitateDB database provides a user-friendly access to the data and allows the
user to search for information about DLPs and MLPs using multiple search options. The web interface has
a home page delineating the basic concept a radio button to choose between DLPs and MLPs. After this
selection, the interface provides the next radio button to choose among the different categories of pathogens,
namely: Virus, Bacteria, Fungi, Others. In each category, the database can be searched by Organism,
Pathogen Protein ID, Host Protein ID, Interaction Detection method, Host interactor protein ID, Matched
Domain PSSM ID, Domain Short name, Matched Motif ID, Motif Name or pattern. For easier searching,
selection of the category and subcategory leads to the population of a drop-down menu with available options.
Additionally, the user can enter a keyword to retrieve the required data. After this selection, the user needs
to enter the captcha correctly to fetch the results.

An expanded view of the search panel in the database is shown in Figure 6a. The results are displayed in
the form of a table that can be downloaded. The download feature for bulk files has been restricted due
to download constraints. Queries yielding results between 10,000 - 1,00,000 records, the user is provided
with the results by email using an in-built mailer (as shown in Figure 6b), that pops up after clicking the
download button.

Conclusion

Pathogens have evolved a large number of ways of impersonating human proteins over a period of time.
Pathogen proteins may mimic domain and motifs of the first interactors of the interacting host protein, and
thus disturb the various signalling pathways of the humans. Imitate DB lists all the mimicked domains and
motifs among HP-PPIs. The integration of HP-PPI data with domain and domain/motif mimicry is likely to
predict the mimicry candidates with higher confidence. An exception to this would be when the proteins in a
DLP or MLP have distinct temporal or spatial interaction. The limitation of our method is that the mimicry
candidates will only be identified for those organisms and proteins for which the experimental PPIs have been
reported in the databases. The curated information in ImitateDB will help in identifying frequent, unique,
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and novel mimicry domains and motifs among the interacting hosts and pathogens. Additionally, MLPs or
DLPs allows us to easily identify and model the host protein motif or domain at which the competition for
binding sites is taking place. The disruption of these HP-PPIs can be regarded as a strategy for developing
novel broad-spectrum therapeutics against multiple infectious diseases.
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Figure Legends

Figure 1a. Schematic of DLP: A host interactor protein (red) and pathogen protein (orange) that
interacts with the same host protein (blue) share a similar domain X (yellow). In this way, the pathogen
protein can mimic the domain of the host interactor protein and competes with it to bind to the host
protein, thus causing the disease.b. Schematic of MLP: A host interactor protein (red) and pathogen
protein (yellow) that interacts with the same host protein (blue) share a similar motif X (orange). In this
way the pathogen protein can mimic the motif of the host interactor protein and competes with it to bind
to the host protein, thus causing the disease.

Figure 2. Database schematic: The basic pipeline for search options is represented on the left and the
basic workflow as well as the count of entities in the database are shown on the right.

Figure 3. Global and local imitation of host proteins by pathogens : Graph depicting the total
interactions and the interactions characterized by mimicked domains and motifs for different categories of
pathogen.

Figure 4 a. Frequently occurring domains: Bar graph showing the frequency of top 10 domains mim-
icked by pathogens in the database. The description of the domains is as follows: PHA03247- large tegument
protein UL36; Smc- Chromosome segregation ATPase; SMC prok B- chromosome segregation protein SMC:
common bacterial type; PKc- Catalytic domain of Protein Kinases; STKc PknB like- Catalytic domain of
bacterial Serine/Threonine kinases, PknB and similar proteins; STKc CMGC- Catalytic domain of CMGC
family Serine/Threonine Kinases; STKc CAMK- The catalytic domain of CAMK family Serine/Threonine
Kinases; STKc AMPK-like- Catalytic domain of AMP-activated protein kinase-like Serine/Threonine Ki-
nases; STKc PDK1- Catalytic domain of the Serine/Threonine Kinase, Phosphoinositide-dependent kinase
1; STKc MLCK-like- Catalytic kinase domain of Myosin Light Chain Kinase-like Serine/Threonine Ki-
nases. b. Frequently occurring motifs: Bar graph showing the frequency of top 10 motifs mimicked
by pathogens in the database. The description of the motifs is as follows: PKC PHOSPHO SITE- Protein
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kinase C phosphorylation site; CK2 PHOPHO SITE- Casein kinase II phosphorylation site; MYRISTYL- N-
myristoylation site; ASN GLYCOSYLATION- N-glycosylation site; CAMP PHOSPHO SITE- cAMP- and
cGMP-dependent protein kinase phosphorylation site; AMIDATION- Amidation site; TYR PHOSPHO -
SITE 1- Tyrosine kinase phosphorylation site 1; TYR PHOSPHO SITE 2- Tyrosine kinase phosphorylation
site 2; RGD- Cell attachment sequence; PRO RICH- Proline-rich region profile.

Figure 5 Enriched pathways in host proteins: Bar graph depicting the enriched pathways of host
proteins in the database along with their enrichment percentage.

Figure 6 a. The ImitateDB web interface: Expanded view of the search panel of the web interface
showing the steps to query the ImitateDB database. b.Receive large result files by email: Expanded
view of the mailer popped up the on the ImitateDB interface.
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