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Introduction
The tumor suppressor protein p53 plays the vital role in the cell 

of preventing tumor formation. Known as the “Guardian of the 
Genome,”1 p53 initiates one of two major pathways when a cell 
experiences insults, such as ionizing radiation, hypoxia, carcinogens, 
and oxidative stress, to the integrity of the DNA:2 apoptosis or DNA 
repair.3–8 These options are directed by post translational modifications 
to the N and C terminal regions of p53.9–13 As a transcription factor, 
p53 recognizes an ensemble of related but non-identical recognition 
sequences,6 and the post translational modifications influence the 
affinity for sequences, thereby serving as a complex switching 
mechanism to transmit a variety of cellular signals to the activation 
of the appropriate response to cell damage.1,12 Both alternatives 
prevent tumor development, thereby protecting organisms from 
the development of cancer. However, work conducted in mouse 
models strongly suggests that in the absence of p53, tumors can 
readily develop and corroborates the idea that mutated p53 can allow 
tumor formation.14–16 In fact, more than 50% of all human cancers 
involve mutant p53,17 and sequence analysis of p53 extracted from 
human tumors indicates a series of “hotspot” mutations.18,19 Although 
much progress has been made, the National Cancer Institute and the 
American Cancer Institute continue to cite cancer among the leading 
causes of death worldwide; in the United States alone, some one 
million new cases of cancer have been projected to occur in 2019 
accompanied by an estimated six hundred thousand deaths based on 
projections from the National Center for Health statistics database 
current through 2016 at the time of writing.20–22

The 393 amino acid sequence of p53 is comprised of three domains: 
the transactivation domain, the DNA binding domain (DBD) which 
interacts directly with the DNA, and the carboxyterminal domain 
involved in tetramerization.23–25 While the full length p53 structure 

has not been determined crystallographically, the core domain has 
been crystallized,26–28 and we have reported on the modelled full 
length structure.29,30 Although the N- and C- terminal domains are 
intrinsically disordered,31 they are not without secondary structure; 
they both contain alpha helices connected to the DBD via a highly 
flexible loop. The central DBD contains a series of β-sheets in the 
β-sandwich configuration. Notable key features, localized in this 
domain, include four loops: L1 to L3 and a strand loop helix involved 
in the recognition of the cognate DNA sequences. The structure also 
features a zinc ion tetrahedrally coordinated between Cys176 and 
His179 in L2, and Cys238 and Cys 242 in L3; this provides structural 
stability to the protein and orients the eight residues mediating 
interaction with the DNA.26,32,33 

A molecular level approach to developing therapeutics has shown 
promise for restoring native p53 functionality. The R175H gain of 
function mutation exhibits a variety of aberrant behaviors, among 
them failure to activate major targets.34,35 Rescue of p53 R175H 
wild type activity was suggested by restoration of upregulation of 
three target p53 genes, Bax, Puma, and Nox by PRIMA-1 and the 
closely related PRIMA-1MET analog.36 It is metabolically converted to 
methylene quinuclidinone, which is capable of reacting with cysteine 
thoils,37 which is believed to be the mechanism of reactivation of 
p53. The compound, also known as APR46, has advanced to clinical 
trials38 and cancer.gov reports ongoing Phase III trials. Encouraged by 
this example of restoration of function of p53 by a small molecule, our 
lab is working towards the integration of computational chemistry, 
structural bioinformatics, and mathematical modeling to rationally 
design such small molecules for p53.

Two new molecular dynamics based methods developed in 
our lab are providing insight on the structure and function of p53, 
thereby facilitating inroads for allosteric rational drug design. The 
structure of macromolecules is known to be dynamic due to thermal 
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Abstract

Sequence and structure of proteins related to the tumor suppressor protein p53 were studied 
from the perspective of gaining insight for the development of therapeutic drugs. Our study 
addresses two major  issues that encumber bringing novel drugs to market: side effects and 
artifacts from animal models. In the first phase of our study, we performed a genome-wide 
search to identify potentially similar proteins to p53 that may be susceptible to off target 
effects. In the second phase, we chose a selection of common model organisms that could 
potentially be available to undergraduate researchers in the university setting to assess which 
ones utilize p53 most similar to humans on the basis of sequence homology and structural 
similarity from predicted structures. Our results confirm the proteins in significantly similar 
to p53 are known paralogs within the p53 family. In considering model organisms, murine 
p53 bore great similarity to human p53 in terms of both sequence and structure, but others 
performed similarly well. We discuss the findings against the background of other structural 
benchmarks and point out potential benefits and drawbacks of various alternatives for use 
in future drug design pilot studies. 
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fluctuations. While X-ray crystallography, NMR spectroscopy, and 
most recently cryo-electron microscopy are useful in gaining overall 
insight on the structure, Molecular Dynamics (MD) simulations on 
structures starting from these and related engineered structures has 
provided a more complete understanding of molecular regulation.39–41 
MD simulations enumerate specific snapshots commensurate with the 
Boltzmann ensemble of structures accessible at a given temperature. 
MD reports on the free energy landscape of the molecule and the 
interchange between substates as mathematically described by 
classical statistical mechanics. Within the free energy landscape, the 
snapshots tend to populate substates. Markov state models42,43 based 
on MD simulations (MD-MSMs) provide a mathematical framework 
for capturing these dynamics.44,45 Our recent MD-MSMs have raised 
the idea that perturbations to molecules such as by ligand binding or 
mutation can be cast as changes to the relative populations in the free 
energy landscape.43 A possible means of restoring native functionality 
to p53 mutants entails developing small molecules to bind to p53 
that will redistribute the substates to more closely match the native 
distribution. 

To complement our use of MD-MSMs for drug discovery, we have 
also developed MD sectors.46 This method identifies key residues 
involved in network signaling with a protein or other macromolecule. 
The work borrows many ideas from classic allosteric signaling, a 
well-known phenomenon in biology in which a perturbation occurs 
to a molecule at one point, and manifests itself as a change at a distal 
location. Allosteric regulators operate in this way, binding to one 
site to modulate affinity in the active site. However, in the case of 
restoring functionality, the allosteric site is not necessarily known 
a priori, and no specific protocol exists to identify it. Our method 
works to identify a group of residues having concerted motions in MD 
simulations as predictors of residues involved in a control network. 
While mutations to p53 on the near the surface of the molecule may be 
reversible by small molecules such as PRIMA1,36 a more generalized 
practice will be necessary to deal with more deeply buried changes. 
This offers a possible way of identifying a network of residues which 
can be screened for residues on the surface. This subset can then be 
computationally verified, and used for in silico drug design. 

We thus turn our attention to common issues that hinder potential 
therapeutics from advancing into FDA approved drugs. One of the 
most pressing problems is off target effects;47–49 when a drug molecule 
binds to an unintentional target, unexpected negative results may ensue. 
Homologs within the same family50 by their very nature of similarity to 
the target are especially susceptible to off target effects. This problem 
is well illustrated by protein kinases51,52 which share considerable 
sequence and structure yet provide high level control of a variety of 
signal transduction cascades with far reaching physiological effects. 
p53 has membership in a family including p63 and p73;53–56 these 
homologs play roles in developmental pathways in addition to having 
some overlapping functionality with p53. The role of p63 is primarily 
implicated in epithelial cell development and germline protection.57,58  
However, it also interacts with the anti-apoptotic protein Bcl-xL,59 
linking it to a role in apoptosis. Differentiating between homologs 
requires including structural and functional knowledge of family 
members during the development phase and capitalizing on features 
unique to the intended target, thereby mitigating off target effects. 
Therefore, identifying new homologs and exploring their structural 
similarity to the target is explored for p53 in this study.

Another issue that arises during drug discovery occurs at the level 

of animal model selection; with a signaling protein as complex as p53, 
relying on trials in alternate organisms’ native system can potentially 
introduce extraneous information for human use. Such an example 
in developing MDM2 inhibitors based on the fragments in mouse 
models is the possible reason for failure; success in mouse models 
was followed by failure at the clinical trials when the compound was 
introduced into humans.7,60,61

In our present research, the issues of off target activity and 
potential extraneous results from animal models are addressed 
using computational bioinformatics approaches. First we perform 
bioinformatic analysis using a BLAST search against the human 
genome to investigate whether any homologs to p53 in addition to the 
known p63 and p73 exist based on sequence similarity. Our second 
area of focus is on structural analysis of homologs in a set of commonly 
chosen model organisms available for undergraduate researchers. We 
aim to characterize the sequence similarity and structural similarity 
of p53 in these organisms with the human form. Conformational 
changes conceivably could be affected by ligand binding; they might 
be sensitive to sterics added or subtracted with subtle changes to the 
amino acid sequence. In the absence of structural data for model 
organisms, the coordinates are predicted using the Phyre2 protein 
structure prediction suite. The structure and sequence information was 
then used to generate suggestions as to which model organisms may 
lead to the most predictive outcomes for human clinical trials.

Materials and methods
Protein sequence accession

Sequences used in the multiple sequence alignments were obtained 
from the UniProt62,63 database via the web interface. For the homo 
sapiens p53 sequence, isoform one of entry P04637 was used for all 
comparisons.10 Sequences were obtained for both the starting search 
for homologs of p53 in humans, and for obtaining sequences of p53 in 
other model organisms.

Homolog search

The BLAST62,64,65 search algorithm was used to search for p53 
homologs within the human genome. Results of blasting the protein 
sequence of human p53 isoform one from UniProt entry P04637 were 
evaluated for homology based on Max Score, Total Score, Query 
Cover, E value, and Percent Identity. Proteins with >80% Percent 
Identity were sought for further analysis. Because the initial search 
did not yield any new homologs, alternate search methods were also 
employed. As an alternative, a BLASTn search was run on the human 
genome selecting “somewhat similar sequences”. A third method 
entailed using protein BLAST to search for the protein sequence of 
p53. Search results from the nucleotide search were converted to the 
corresponding protein sequence after the search and prior to alignment 
with p53.

Multiple sequence alignments (MSA) and phylogenetic 
trees

Clustal Omega64,66,68 was used to generate an MSA and percent 
identity matrix for homology comparison across model organisms. 
The color align program (http://www.bioinformatics.org/sms2/) was 
used to annotate positions in the MSA exhibiting greater than or equal 
to 60% identity across all organisms. The phylogenetic tree feature 
generated the dendogram from the multiple sequence representation. 
The rooted phylogenetic tree representation displays the relationship 
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between the organisms in the multiple sequence alignment. The 
branch lengths were calculated by setting the number of evolutionary 
substitutions proportional to the length of the alignment, excluding 
gaps. 

Selection of model organisms

We sought to study sequences of p53 in organisms that are available 
or would be reasonably available to undergraduate student researchers 
for follow up work in the drug design pipeline. The organisms chosen 
for study include Ratticus Norwegicus (rat), Mus musculus (mouse), 
Danio rerio (zebrafish), Xenopus (frog), Gallus gallus (chicken), 
Bos Taurus (cow), Oryzias latipes (Japanese rice fish), Drosophila 
melanogaster (fruit fly), and Caenorhabditis elegans (nematode). 
Protein sequences were taken from UniProt and structures were built 
using Phyre2.

Protein structure prediction

Phyre269 was used to build protein structures. Sequences were 
entered, and folding was carried out using the intense mode. While 
the Protein Data Bank (PDB) contains structures of p53 and p63, the 
Phyre folded versions were used in this study because the full length 
version is not available. We have previously carried out detailed 
analysis of folding of p53 as compared to the crystal structure, and 
the DNA binding domain assumes a nearly identical structure as the 
crystallographic form (RMSD=0.442, 175 atoms).30 We therefore 
have opted to work with the full length Phyre predicted structures for 
p53 and p63 in this study.

Molecular visualization

PyMol70 was used to visualize the protein structures and perform 
structural alignments. This software was used to overlay human 
p53 and p63 as compared to that of the chosen model organism 
p53 sequences. Root Mean Square Deviation (RMSD) values were 
recorded. 

Results
Search for homologs within the human genome

Blast searches using the sequence of p53, both at the protein and 

nucleotide level, were used to search for paralogous homologs within 
the human genome. The hits were analyzed on the basis of several 
statistics: Max Score, Total Score, Query Cover, E-value, and Percent 
Identity. Maximum Score reports the highest alignment score of a set 
of aligned segments from the same query; it is computed as the sum 
of the match score and the penalties for mismatch and gap open and 
extend penalties computed independently for each segment. The total 
score reports the sum of alignment scores of all segments again from 
the same query, but it can differ from the MaxScore if several parts 
of the database sequence match different parts of the query sequence. 
The BLAST E-value ranks the sequences the same as the Max Score; 
it reports the number of expected hits of similar integrity that could 
be found by chance. Thus a low E-score indicates a better match, and 
an E-score of 0 indicates identity between the query sequence and the 
database match. The Query Cover tells how much of the sequence was 
aligned, and the Percent Identity tells the extent to which the matching 
positions were identical. 

Table 1 shows the top 40 results from the protein BLAST search 
using the human p53 isoform 1 sequence as the query sequence. 
Applying the criterion of hits with >80% similarity, matches for variants 
of p53, p63 and p73 were identified. The top 10 hits had E-scores of 
0, indicating an excellent match, while having high sequence identity 
(>97%). This was at the expense of decreasing coverage of the hits, 
attributable to the splicing variations present in the various isoforms 
of p53 dominating the highest ranking sequences. The next group of 
matches exhibited relatively low E-scores, albeit with substantially 
lower percent identity with coverage at around the 75% rate. This 
regime identified variants of p63 and p73 and accounts for 28 
sequences. The final 2 matches reported from this search exhibited 
poor E-scores with poor sequence identity and poor coverage; we did 
not consider them further as matches. While the results did find the 
known homologs p63 and p73, no new homologs were discovered 
by this process. To ensure the result was not an artifact of the search 
parameters, variants were carried out using the nucleotide based 
search, which similarly identified the known homologs but no new 
ones were unearthed by this method. These results therefore confirm 
p63 and p73 as the most important homologs to consider while 
developing small molecule therapeutics to target p53.

Table 1 Top 40 pBLAST hits for p53 sequence in Homo sapiens genome. Corresponding maximum score, total score, E-value, query cover and percent identity 
are given for matching UniProt accession numbers of matches and their descriptions. See text for explanations of terms

Accession number Description Max score Total score Query cover 
E value

Percent 
identity

|NP_000537.3| cellular tumor antigen p53 isoform a [Homo sapiens] 813 813 100% 0 100.00%

|NP_001119590.1| cellular tumor antigen p53 isoform g [Homo sapiens] 737 737 90% 0 100.00%

|NP_001119585.1| cellular tumor antigen p53 isoform c [Homo sapiens] 689 689 86% 0 97.65%

|NP_001119586.1| cellular tumor antigen p53 isoform b [Homo sapiens] 688 688 84% 0 100.00%

|NP_001263624.1| cellular tumor antigen p53 isoform h [Homo sapiens] 612 612 76% 0 97.35%

|NP_001263625.1| cellular tumor antigen p53 isoform i [Homo sapiens] 612 612 74% 0 100.00%

|NP_001119587.1| cellular tumor antigen p53 isoform d [Homo sapiens] 549 549 66% 0 100.00%

|NP_001263626.1| cellular tumor antigen p53 isoform j [Homo sapiens] 491 491 59% 3E-176 100.00%

|NP_001119588.1| cellular tumor antigen p53 isoform e [Homo sapiens] 422 422 50% 2E-149 100.00%

|NP_001119589.1| cellular tumor antigen p53 isoform f [Homo sapiens] 422 422 53% 3E-149 96.17%
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Accession number Description Max score Total score Query cover 
E value

Percent 
identity

|NP_001263627.1| cellular tumor antigen p53 isoform k [Homo sapiens] 365 365 43% 3E-127 100.00%

|NP_001263628.1| cellular tumor antigen p53 isoform l [Homo sapiens] 364 364 46% 7E-127 95.60%

|NP_001191118.1| tumor protein p73 isoform e [Homo sapiens] 273 74% 1E-88 47.68%

|NP_001191115.1| tumor protein p73 isoform j [Homo sapiens] 275 74% 2E-88 47.68%

|NP_001119714.1| tumor protein p73 isoform d [Homo sapiens] 273 273 74% 1E-87 47.68%

|NP_001191114.1| tumor protein p73 isoform i [Homo sapiens] 274 274 74% 2E-87 47.68%

|NP_001316074.1| tumor protein 63 isoform 8 [Homo sapiens] 271 271 70% 3E-87 48.59%

|NP_001191120.1| tumor protein p73 isoform g [Homo sapiens] 274 274 74% 3E-87 47.68%

|NP_001119713.1| tumor protein p73 isoform c [Homo sapiens] 273 273 74% 4E-87 47.68%

|NP_001108454.1| tumor protein 63 isoform 6 [Homo sapiens] 270 270 70% 5E-87 48.59%

|NP_001191113.1| tumor protein p73 isoform h [Homo sapiens] 274 274 74% 5E-87 47.68%

|NP_001191119.1| tumor protein p73 isoform f [Homo sapiens] 274 274 74% 5E-87 47.68%

|NP_001191117.1| tumor protein p73 isoform l [Homo sapiens] 275 275 74% 6E-87 47.68%

|NP_001191116.1| tumor protein p73 isoform k [Homo sapiens] 275 275 74% 1E-86 47.68%

|NP_001108453.1| tumor protein 63 isoform 5 [Homo sapiens] 271 271 70% 2E-86 48.59%

|NP_001316078.1| tumor protein 63 isoform 11 [Homo sapiens] 269 269 70% 3E-86 48.04%

|NP_001191121.1| tumor protein p73 isoform m [Homo sapiens] 273 273 74% 5E-86 47.68%

|NP_001316073.1| tumor protein 63 isoform 7 [Homo sapiens] 271 271 70% 6E-86 48.59%

|NP_001119712.1| tumor protein p73 isoform b [Homo sapiens] 273 273 74% 7E-86 47.68%

|NP_001108451.1| tumor protein 63 isoform 3 [Homo sapiens] 270 270 70% 8E-86 48.59%

|NP_005418.1| tumor protein p73 isoform a [Homo sapiens] 274 274 74% 1E-85 47.68%

|NP_001108450.1| tumor protein 63 isoform 2 [Homo sapiens] 270 270 70% 5E-85 48.59%

|NP_001108452.1| tumor protein 63 isoform 4 [Homo sapiens] 271 271 70% 7E-85 48.59%

|NP_001316893.1| tumor protein 63 isoform 13 [Homo sapiens] 271 271 70% 5E-84 48.59%

|NP_003713.3| tumor protein 63 isoform 1 [Homo sapiens] 271 271 70% 6E-84 48.59%

|NP_001316077.1| tumor protein 63 isoform 10 [Homo sapiens] 268 268 70% 9E-83 48.04%

|NP_001316079.1| tumor protein 63 isoform 12 [Homo sapiens] 242 242 57% 5E-77 50.22%

|NP_001316075.1| tumor protein 63 isoform 9 [Homo sapiens] 245 245 59% 8E-76 50.00%

|XP_024304272.1| phosphatidylinositol 3,4,5-trisphosphate 5-phosphatase 2 
isoform X3 [Homo sapiens]30.8 

30.8 24% 7.5 32.35%

|NP_001558.3| phosphatidylinositol 3,4,5-trisphosphate 5-phosphatase 2 
[Homo sapiens] 30.8 

30.8 18% 7.5 38.46%

Search for orthologs in model organisms

Table continue

In the second phase of our study, we sought to identify which model 
organisms reasonable for use by undergraduate researchers have 
orthologs most similar to human p53 by comparison of both sequence 
and structure. The protein sequences for the model organisms obtained 
from UniProt were compared with a multiple sequence alignment 
(Figure 1). A striking feature of the MSA is the extent of similarity 
of p53 across most of the organisms studied, yet only 10 of the 
positions contain sequence identity. Stars of the 393 amino sequences 
of human p53, the central region encompassing the core domain and 

portions of the N- and C- terminal tails exhibited the greatest extent of 
sequence similarity. The phylogenetic tree representation of the MSA 
was generated using Clustal Omega (Figure 2). The tree shows that 
the most closely related p53 sequences to humans are cow, rat, and 
mouse, the three mammals represented by the sampling. The most 
distant organisms were nematode and fly, which were found at a 
similar distance as the human p63, included as a control. 

In addition to the sequence analysis, structural similarity was also 
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investigated. The three dimensional structures of the model organism 
sequences generated via Phyre protein folding were compared to the 
human p53 structure, and to p63 as a control (Figure 3). The RMSD 
values for the alignments categorized them as being more similar 
to either p53 or p63 (Table 2). A scatter plot of the RMSD values 
(Figure 4) indicates the relative distance of each structure to each of 
the reference structures. Rat, mouse, and zebrafish have structures 

identical to p53 and similar to p63. Cow, frog, and chicken also exhibit 
small RMSD values less than 1 Angstrom and appear approximately 
equidistant from p53 and p63. Japanese rice fish is slightly closer to 
p53, but bears a larger RMSD. The most structurally divergent are 
nematode and fruit fly, consistent with them also having the most 
deviant sequence as observed in the dendogram.

Figure 1 Sequence alignments of p53 between the selected model organisms. A sequence alignment was performed where ≥60% of the sequences were 
required to match for the residues to be bolded. The alignment selected focuses on the core domain. Asterisks indicate residues that are 100% conserved across 
the organisms selected.

Figure 2 Phylogenetic tree of p53 sequences of model organisms. Human p53 and p63 are shown for reference. The dendogram was rendered with real branch 
lengths based on the MSA (Figure 1). The branch lengths are displayed to the right of the model organism names.
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Figure 3 Structural alignment of aligned structures of human p53, shown in red, p53 for select model organisms, shown in green, and human p63, shown in blue. 
The panels depict the following: (a) rat, (b) mouse, (c) zebrafish, (d) frog, (e) human p63, (f) chicken, (g) cow, (h) Japanese rice fish, (i) fruit fly, and (j) nematode. 
Structure visualization and alignment was performed using PyMol.
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Figure 4 Distances of Phyre folded structures of model organisms to human p53 and p63. The x-axis indicates RMSD distance from p53, and y-axis displacement 
indicates RMSD from p63. The line Y=X is shown in grey for reference.

Table 2 RMSD values for the aligned structures of human p53, and human p63 to select model organisms. The table includes RMS values for each structural 
alignment. The bolded numbers indicate to which structure, p53 or p63, the structural alignment is more closely matched

Organism Panel Human p53 RMS Human p63 RMS

panel letter RMSD to p53 RMSD to p63

Ratticus Norwegicus (rat) A 0.00 0.36

Mus musculus (mouse) B 0.00 0.36

Danio rerio (zebrafish) C 0.00 0.99

Xenopus (frog) D 0.28 0.45

Homo sapiens p63 (human p63) E 0.36  NA

Gallus gallus (chicken) F 0.38 0.27

Bos taurus (cow) G 0.41 0.35

Oryzias latipes (japanese rice fish) H 1.30 1.47

Drosophila melanogaster (fruit fly) I 4.99 4.89

Caenorhabditis elegans (nematode) J 9.87 8.13

Discussion
In this study we sought to examine homologs of p53 from the 

perspective of potential issues we may encounter while developing 
therapeutics to selectively target p53 tumor suppressor protein and 
potentially carry out trials of any such molecules in model organisms. 
Our study shed light on both the potential for cross reacting proteins 
that could cause side effects, as well as the suitability of common 

model organisms for testing the effectiveness of drugs on p53. First 
we considered the issue of off target hits, which could cause undesired 
side effects. Operating on the hypothesis that other proteins in the 
genome having a similar sequence may share a similar structure 
and therefore be susceptible to modulation by any small molecules 
developed in the lab, we adopted a bioinformatic approach to search the 
human genome to discover potentially similar proteins. Our BLAST 
searches uncovered significant matches only for variants of p53, p63, 
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and p73 (Table 1), all characterized members of the p53 family.2,52,53,71 
Drug development will thus focus on developing small molecules that 
either benefit all three or that capitalize on the structural differences 
between them to selectively interact with the desired target. The 
second phase of our study focused on examining the suitability of 
p53 in model organisms for studying the effects of treating drugs. 
A potential issue is that p53 may evolve divergently in organisms, 
particularly because it is a hub of signaling and different interactions 
may have evolved in different systems. We have examined several 
model organisms potentially available for modeling p53 interaction 
with drug candidates by university students to identify which would 
be most similar to the human system on the basis of structure and 
sequence similarity. We were encouraged by the ability of our approach 
to distinguish between p53 and p63, albeit by an RMSD value of 0.36 
Angstroms (Table 2). As a point of comparison, MD simulations 
typically deviate around 2 Angstroms from x-ray crystallographically 
determined starting structures due to thermal motions.41 Therefore the 
difference in structure between the two distinct proteins is relatively 
small compared to thermal fluctuations. Keeping these figures in mind 
as estimations of precision of our methods, we use the results to guide 
our quantitative interpretation. We note that the precision of Phyre 
folding method may reflect limited resolution because, as a template 
based threading method, is will only be as good as the structural data 
available. The structures we are working with here also do not reflect 
thermal dispersion.

On the basis of structure, we found that the organisms most similar 
to humans were the other mammals in the study (Figure 3&4): cows, 
rats, mice, frogs, and chickens. Interestingly, zebrafish p53 also had a 
structure surprisingly close to the human version. Rice fish, nematode, 
and fruit fly had structures more distant (>2 Angstroms) from both 
human p53 and p63 and therefore would not be preferred choices 
for model organisms. Of the top organisms from the structural point 
of view, cows share the closest sequence similarity (Figure 1&2), 
followed by mouse and rat. This is encouraging because much work 
on p53 has been carried out on mouse models.16,72,73 However, the 
drawback remains that even the small differences between humans 
and mice may be accountable for unpredictability seen in clinical 
trials related to the p53-MDM2 peptidomimetics (see Introduction). 
According to predictions based on sequence and structure from this 
study, the murine model would only be superseded by the bovine 
model, which suggests collaboration with veterinarians could be 
a venue of exploration. For many researchers, however, mice will 
likely remain the most feasible and accessible model organisms on 
which to perform pilot animal model testing because the potential 
gains of the bovine model are small, and the short generation time, 
ease of manipulating genetics, and modest requirements to house the 
animals favor the mouse model. Humanized murine p53 knock-in 
models35,74,75 may perhaps be the best alternative despite potentially 
having mismatched interactions with some signaling factors. Our 
findings suggest that the rat model would likely work equally well 
as the murine model. Similarities of human p53 to that of chickens, 
frogs and zebrafish suggest they could also work as models. While the 
structures of chicken and cow may more closely resemble p63, their 
sequences more closely resemble p53. Chimeric knock-in models in 
these organisms could be an alternative, but further studies would need 
to be done to determine the viability of such mutants, and benefits 
above the knock-in murine models would need to be established. 
Zebrafish have been used as a model of choice for developmental 
pathways,76 and therefore could potentially be a good choice for those 
interested in focusing on p63 and its function in development.

Structure based drug discovery uses the technique of building 
and comparing protein structures.1 The structures presented are 
approximations; however, researchers might extrapolate from these 
finds when determining which model organisms would prove best for 
drug discovery. In many of the alignments where sequences appear 
to be very similar, the structures exhibit instances of exposed loops, 
which add flexibility to the protein that might render it ineffective 
for drug development.1 For example, this is the case with structures 
for frog, chicken, cow, and Japanese rice fish. Others, such as fly and 
nematode, align very poorly with p53 and would likely make poor 
model organisms for drug discovery.

The methodologies presented herein reflect our interest in p53, 
but could be adapted as a means of screening genomes and model 
organisms for other systems. While no new human homologs were 
discovered in this project, the method could uncover new knowledge 
about proteins of unknown function or those from less extensively 
studied families.3 

In conclusion, we have successfully carried out a search for 
homologs of p53 in the human genome, and compared human p53 
to orthologs in other organisms. The approach can be applied to 
other proteins of interest and to other organisms. From the vantage 
of looking forward to potential drug design projects, we have thus 
achieved valuable insight which we will apply in the next stages of our 
drug discovery work flow. We will use MD-MSMs and MD sectors to 
identify potential regions of interaction to allosterically control p53. 
Informed by this study, we will design our potential drugs so as to 
interact selectively with p53 and avoid binding to p63 and p73 to 
evade off target effects involving these family members. Furthermore, 
several potential model organisms have been identified for use on the 
basis of the similarity of their p53 to that of humans on the basis of 
sequence and predicted structure. The murine model in which much 
work has been carried out was confirmed as an excellent choice as 
an accessible and reasonably similar model system amenable to use 
in the undergraduate laboratory environment. This bioinformatic 
approach may be broadly applied to inform drug design studies.
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