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Abstract

In this study the hypothetical protein Rho guanine nucleotide exchange factor 37, was analyzed
through the use of four bioinformatics tools: SMART, GlobPlot, Phyre2, and BLAST. The
universal protein data bank, Uniprot, was used to select the hypothetical protein, while the
bioinformatics tools were used to investigate the hypothetical protein. SMART was used in the
identification and analysis of the protein domains within the Rho guanine nucleotide exchange
factor 37 protein sequence. GlobPlot was used to predict disorder and globular sequences of the
hypothetical protein. Phyre2 was used to build a three dimensional model of Rho guanine
nucleotide exchange factor 37, as well as determine the best matching known protein. Phyre
concluded that Rho guanine nucleotide exchange factor 16 was the closest match, and used this
data to produce a model with 100% confidence and 54% coverage for rho guanine nucleotide
exchange factor 37. BLAST was also used to find the most similar match to Rho guanine
nucleotide exchange factor 37, which produced a 98.8% to Rho guanine nucleotide factor 37
(Pan troglodytes). Using the bioinformatics tools, predictions regarding protein location and
function were concluded. The predicted location of Rho guanine nucleotide exchange factor 37 is
in the intracellular-cytosol, while it is predicted that Rho guanine nucleotide exchange factor 37
may act as a guanine nucleotide exchange factor which facilitates the release of guanosine
diphosphate (GDP) to allow binding of guanosine triphosphate. This study will overall
investigate the hypothetical protein Rho guanine nucleotide exchange factor 37 through the use
of the bioinformatics tools in order to best understand the hypothetical protein's function.

Introduction

A hypothetical protein is a protein whose existence has been predicted but for that protein
there is no experimental evidence (Galperin 2004). In order to fully understand a hypothetical
protein, many resources need to be dedicated to investigating the biochemical and cellular roles
of a single protein. To learn more about hypothetical proteins, bioinformatics tools can be used to
further investigate and predict the unknown features of the hypothetical proteins. Bioinformatics
is the science of collecting and analyzing complex biological data such as genetic codes.
Bioinformatics tools are software programs that are designed for extracting the meaningful
information from the mass of molecular biology and biological databases and are used to carry
out sequence or structural analysis (Rehm 2001). In this study we will be using bioinformatics
tools to complete an in-depth analysis of the relationship between protein structure and function
of a hypothetical protein. Through the use of bioinformatics tools, we will look at related



proteins/homologs that may offer clues on how the protein functions. We can then often relate
lessons learned from one biomolecule to many other similar proteins, in order to better analyze
the protein in question.

Uniprot is the Universal Protein Resource, which is a database that is a repository for
characterized macromolecules (Apweiler 2004). UniProt was used to find the hypothetical
protein of interest, by looking for a protein that had “Experimental evidence at transcript level”.
Once the desired hypothetical protein was chosen, (in this study, Rho guanine nucleotide
exchange factor 37), UniProt offers the FASTA sequence and protein accession number that
could be used in searching for the hypothetical protein through bioinformatics tools.

The FASTA sequence is the most commonly used way to search for the hypothetical
protein through the bioinformatics tools. FASTA format is a text-based format for representing
either nucleotide sequences or amino acid (protein) sequences, in which nucleotides or amino
acids are represented using single-letter codes. In this study, the FASTA format was used in
Phyre 2 and BLAST.

Uniprot also yields a protein accession number which has a similar use to the FASTA
sequence, in that it is also used to search for the hypothetical protein through the bioinformatics
tools. An accession number in bioinformatics is a unique identifier given to a DNA or protein
sequence record to allow for tracking of different versions of that sequence record and the
associated sequence over time in a single data repository. In this study, the protein accession
number was used in SMART and GlobPlot.

Rho guanine nucleotide exchange factor 37 is a nucleotide exchange factor, abbreviated
as NEF, which is located in the Homo sapien organism. Nucleotide exchange factors are proteins
that stimulate the exchange/replacement of nucleoside diphosphates for nucleoside triphosphates
bound to other proteins (Cook 2014). More specifically, rho guanine nucleotide exchange factor
37 is a guanine nucleotide exchange factor, abbreviated GEF. Guanine nucleotide exchange
factors are proteins or protein domains that activate monomeric GTPases by stimulating the
release of guanosine diphosphate (GDP) to allow binding of guanosine triphosphate (GTP)
(Joseph 2020). Rho guanine nucleotide exchange factor 37 is even more accurately a Rho
guanine nucleotide exchange factor. Rho GTPases are activated by the direct engagement of
guanine nucleotide-exchange factors (GEFs), which catalyse the ejection of GTPase-bound GDP
and the loading of GTP (Rossman 2005).

The goal of this study is to analyze the hypothetical protein, Rho guanine nucleotide
exchange factor 37 using the limited information given by UniProt and diving deeper into the
proteins function and structure using the bioinformatics tools: SMART, Glob Plot, Phyre 2, and
BLAST.

Methods

Uniprot

The UniProt site was accessed, and a hypothetical protein was found based on the information
that there was “experimental evidence at transcript level”. Uniprot was used to acquire the
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protein accession number and the FASTA sequence. After acquiring the accession number and
FASTA sequence, the bioinformatics tools could be used to dive further into the hypothetical
protein.

SMART

The SMART tool, a Simple Modular Architecture Research Tool, is a biological database that
uses profile-hidden Markov models built from multiple sequence alignments to detect protein
domains in protein sequences (Schultz 2000). SMART was accessed through
http://smart.embl-heidelberg.de/, and was directed to the main page. Of the options listed,
SMART in “Genomic Mode” was chosen; this was done to avoid redundancies in the results.
The protein accession number was entered, “Sequence SMART” was clicked and all information
related to the protein was immediately generated. Under the “Information” tab; the protein
length, source, database, and identifiers were discerned. Under the “Interactions” tab, the
protein’s predicted functional partners and a complete model depicting a network of protein
interactions was listed. Under the “Orthology” tab, the orthologous groups containing the
hypothetical protein can be found. SMART also produces information on confidently predicted
domains, repeats, motifs and features of the hypothetical protein.

Phyre2

Phyre2 is used to predict and analyze protein structure, function and mutations. Phyre2, uses
advanced remote homology detection methods to build 3D models, predict ligand binding sites,
and analyse the effect of amino-acid variants for a protein sequence (Kelley 2009). Phyre2 was
accessed through http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index. At the bottom of
the page, an email was entered in the first box, while the second box for job description was left
empty. Using the FASTA format, the amino acid sequence of the hypothetical protein was
entered. The normal modeling mode option was set. Finally, “not for profit” was selected as this
study was not used in commercial use. “Phyre search” was clicked and a new screen displayed
the email address, the ID of the job, the estimated time left, and what was currently being
processed. Once the job was complete, a screen presented a list of the most closely related
homologs and a picture of the most related one as well as information on the sequence and types
of proteins. The data was received by email.

GlobPlot 2

The bioinformatics tool GlobPlot 2 was used to predict disorder and the globular sequence of the
hypothetical protein. GlobPlot 2 was located at http://globplot.embl.de. For this study’s
purposes, the web version was used. To begin, the protein accession number was entered into the
search box on the home page. The default settings were kept and the “GlobPlot NOW!” button
was clicked. The PostScript file was then downloaded. The graph that was downloaded for the
hypothetical protein was compared to the standard graph in order to best analyze the protein
(Linding 2003). The results and analysis of the graph are evaluated in the discussion section.
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BLAST

BLAST, Basic Local Alignment Search Tool, is used to find matches in gene sequences, it
determines relatedness by comparing the sequence of interest to all recorded sequences in the
database (Pertsemlidis 2001). The UniProt site for the hypothetical protein is the most efficient
way to access BLAST. On the Uniprot site for the hypothetical protein, under the name of the
protein, a wrench that says “BLAST” was clicked. The default settings were used, and results
were populated. The results showed the percent identity of the hypothetical protein by comparing
the sequence of interest with other known protein sequences. BLAST shows an alignment
overview, E values, scores, and % identities for the unknown protein sequence. The identity
percentages were analyzed, and proteins with close association were noted by name.

Results and Discussion

Using Uniprot, the hypothetical protein, Rho guanine nucleotide exchange factor 37 was
selected. The protein is “experimental evidence at transcript level”, therefore fitting a definition
of hypothetical protein. The protein is located on the ARHGEF37 gene, as stated by UniProt.
The protein accession number was noted, and given by (ARH37 HUMAN). The FASTA
sequence was also acquired, and is noted in figure 1. UniProt also notes the predicted location of
Rho guanine nucleotide exchange factor 37 to be in the cytoplasm, shown in Figure 2, and is
found in Homo sapiens. Uniprot predicts that the length of Rho guanine nucleotide exchange
factor 37 is 675aa, while the mass is 76,278Da. UniProt also produced a predicted structure of
Rho guanine nucleotide exchange factor 37, using AlphaFold which is shown in Figure 3.
AlphaFold infers the protein's 3D structure from its amino acid sequence, and produces a
predicted structure (Jumper 2021). AlphaFold also predicts the confidence in which the structure
is predicted. AlphaFold produces a per-residue confidence score (pLDDT) between 0 and 100.
Some regions below 50 pPLDDT may be unstructured in isolation. In Figure 3, the dark blue
regions are predicted with the highest confidence (pLDDT > 90), the light blue regions are
“confident predictions” (90 > pLDDT > 70), the yellow regions are low confidence predictions
(70 > pLDDT > 50), and the orange regions are very low confidence predictions (pLDDT < 50).

MAKHGADEPSSRSGSPDREGRASEDRSLLHQRLAVRELIDTEVSYLHMLOLCASDIRSRL
QOLPQOGDLDVLFSNIDDIIKVNSRFLHDLOQETASKEEEQVQLVGNIFLEFQEELEQVYKV
YCASYDQALLLVDTYRKEPELQRHIQGIVEAVVPQAGSSGLSFLLVIPLORITRYPLLLQ
KILENTVPDASAYPVLORAVSALQODVNTNINEYKMRKEVASKYTKVEQLTLRERLARINT
HTLSKKTTRLSQLLKQEAGLIPRTEDKEFDDLEERFQWVSLCVTELKNNVAAYLDNLQAF
LYFRPHEYNLDIPEGPAVQYCNLARDLHLEAFLKFKQRLEGLVWQPLCSLAKALLGPQONL
IKKRLDKLLDFERVEEKLLEVGSVTYQEEAARHTYQALNSLLVAELPQFNQLVMOWLGQT
MCTFVTLORDLAKQVLORAEGSMAQL.PHHHVPEPAFRKLVEDALGRTSNQLRSFQETFEK
VQPPPTTQPLLPGSERQVOALLSRYGPGKLYQVTSNISGTGTLDLTLPRGQIVAILQONKD
TKGNSGRWLVDTGGHRGYVPAGKLOLYHVVPSAEELRRQAGLNKDPRCLTPEPSPALVPS
IPTMNQVIAAYPFVARSSHEVSLQAGQPVTILEAQDKKGNPEWSLVEVNGQRGYVPSGFL
ARARSPVLWGWSLPS

Figure 1: FASTA Sequence



Figure 2: Location of Rho guanine nucleotide exchange factor 37 pictured in cytosol
given by UniProt

Figure 3: Predicted Structure of Rho guanine nucleotide exchange factor 37 from AlphaFold

SMART confirms that Rho guanine nucleotide exchange factor 37 may act as a guanine
nucleotide exchange factor (GEF); Classical BAR domain containing. The confidently predicted
domains, repeats, motifs and features are shown in Figure 4, while a pictographic view of the
information located in Figure 4, is shown in figure 5. A domain is an element of the protein's
overall structure that is stable and often folds independently of the rest of the protein chain.
Typically domains are responsible for a particular function/interaction that contributes to the
overall function of the protein. In Rho Guanine Nucleotide Exchange Factor 37, two SH3
domains are present. SH3 domains are Src homology 3 domains which are small domains
(approximately 50 amino acid residues) that are involved in protein-protein interactions (Sawyer
2017). SH3 domains are typically found in proteins that interact with other proteins and mediate
assembly of protein complexes. SH3 domains typically bind to target proteins through
sequences containing proline and hydrophobic amino acids in their respective binding partners.
Figure 3 also shows a “low complexity” region, meaning that there is likely to be a disordered
region. Intrinsically disordered proteins are proteins that lack a fixed or ordered
three-dimensional structure, and are characterized by a compositional difference in their
amino-acid sequence, in which they contain a significantly larger proportion of small and
hydrophilic amino acids and proline residues than in comparison to structured regions (Dyson



2005). In further analyzing domains, we can also compare our results given by UniProt. Figure 6
shows the domains found within Rho guanine nucleotide exchange factor 37, as well as the
position and length of each domain. In comparison of Figure 4 (given by SMART), and Figure 6
(given by UniProt), the position of the predicted domains, as well as their lengths slightly differ.
Using SMART, the RhoGEF is located from residue 34-212, spanning 178 amino acids, while
UniProt predicts residues 30-213, spanning 184 amino acids. SMART predicts that the SH3
domains are located in residues 509-568, and 605-664, spanning 59 amino acids each. UniProt
predicts that the SH3 domains are located in residues 506-569 and 602-655, spanning 64 amino
acids. Though these vary slightly, it is important to note the differences within the predicted
structure of Rho guanine nucleotide exchange factor 37. The largest difference is seen in the
distinctions of SMART and UniProt in the low complexity region, and BAR domain. SMART
predicts that the low complexity region, as previously explained, is located in residues 482-492,
which is only a range of 10 amino acids. On the other hand, UniProt predicts that there is a BAR
domain present in residues 254-455, 202 amino acids long. A BAR, Bin/Amphiphysin/Rvs,
domain is banana-shaped and binds to membrane by its concave face. In RhoGEFs these proteins
function in actin reorganization.

Confidently predicted domains, repeats, motifs and features:

Name Start a End E-value
RhoGEF 34 212 2.89e-37
low complexity 482 492 N/A

SH3 509 568 0.126
SH3 605 664 8.64e-12

Figure 4: SMART Analytics
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Figure 5: SMART diagram showing the domains of RhoGEF
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Figure 6: Domains and repeats given by UniProt

GlobPlot 2 predicted the disorder and globular sequence of Rho guanine nucleotide exchange
factor 37. Figure 7 shows the graph generated by GlobPlot 2. The downhill regions correspond to
globular domains, and are shown in green. These often co-locate with predicted SMART domains
located in Figure 5. The uphill regions correspond to predicted protein disorder. One of the uphill
regions is also of low complexity, marked with a yellow box. The yellow shaded section shows
the RhoGEF domain, while the orange and red shaded areas show the SH3 domains respectively.
In comparison to the SMART results, GlobPlot 2 confirms the predictions about the domains and
complexities in RHo guanine nucleotide exchange factor 37.
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Figure 7: GlobPlot 2 Graph predicting domains, complexity, and protein disorder.
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Phyre2 predicted and analyzed the protein structure, function and mutations of Rho guanine
nucleotide exchange factor 37 by searching known sequences for homologues. Phyre2 also built
a 3D model which predicted ligand binding sites, and analyzed the effect of amino acid variants
for the protein sequence. The top template information is rho guanine nucleotide exchange factor
16. Figure 8, depicts the predicted structure of Rho guanine nucleotide exchange factor 37 with
100% confidence and 54% coverage. This means that 365 residues, which is 54% of the
sequence, have been modeled with 100.0% confidence by the single highest scoring template.
This includes residues 25-239, and 467-663. The image shows the N terminus to C terminus in
rainbow order, with the red end depicting the N terminus, and the blue end depicting the C
terminus. The end with a free amino group, called the N-terminal amino acid residue has a free
amino group, while the C-terminal amino acid residue has a free carboxyl group. Figure 8 from
Phyre2 can be compared to the predicted structure from AlphaFold. The structures from both
Phyre2 and AlphaFold show very similar structures, dense in a-helices, 6-sheets, and 6-turns.
The a-helical backbone is held together by hydrogen bonds between the backbone amides of an n
and n + 4 amino acids. The a-helix is a right-handed helix with 3.6 residues (5.4 A) per turn. The
6-sheets are pleated sheet-like structures, held together by hydrogen bonds between the backbone
amides in different strands. B-turns occur when B-sheets change direction. The 180° turn is
accomplished over four amino acids, commonly with proline in position 2 or glycine in position
3. The B-turn is stabilized by a hydrogen bond from a carbonyl oxygen to amide proton three
residues down the sequence.

Figure 8: Predicted structure of Rho guanine nucleotide exchange factor 37 using Phyre2

BLAST was used to find matches in gene sequences and determine relatedness by comparing
Rho guanine nucleotide exchange factor 37 to all recorded sequences in the database. BLAST
found that Rho guanine nucleotide factor 37 (Pan troglodytes) was the closest match, with a
98.8% identity match.
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