Using bioinformatics to select specific
animals for research in human medicine.
ABSTRACT
The aim of the study was to identify a trend between differences in the bioinformatics of drug
targets and the efficacy of drugs acting on them. The protein sequence and 3D structures of three
common drug targets, beta-2 adrenoceptor, cyclooxygenase-1 and acetylcholinesterase were
compared across several species. The significance of the differences was based on their location and
the amino acid change. The IC50 of the following drugs was used to represent pharmacodynamic
properties: propranolol, isoproterenol, CHEMBL284782 on beta-2 adrenoceptor; indomethacin,
celecoxib and rofecoxib on cyclooxygenase-1; and propidium, donepezil and huperzine on
acetylcholinesterase. The results showed that although clear differences could be made in the
bioinformatics of the drugs there was no clear correlation with the IC50 values between species.
However, it does suggest that further work could be done to help establish and predict this trend.
Hopefully to eventually minimise the use of animal testing in drug efficacy trials.

INTRODUCTION
Pharmaceutical research legally requires a drug to be tested on animals before it can be licensed for
human use. By default, commonly tested animals are most often chosen- such as dogs, mice, and
rabbits- due to habit and their low cost (Veening-Griffioen, 2020). However, this sacrifices the value
of the scientific data collected, requiring further testing on more species to more accurately predict
how a drug will work in humans. We know that the same drug target has a different biochemistry in
different species (Tandale et al., 2016). Therefore, can bioinformatic analysis of drug targets be used
to determine which species is most similar to humans, thereby reducing the need for multiple
species testing during efficacy trials.

METHODS
The study uses secondary data analysis. The research was split into two parts: 1) Comparison of the
primary sequence and 3D structure of drug targets across species and 2) comparison of efficacy of
drugs that act on those drug targets in the same species.
COMPARISON OF DRUG TARGET PRIMARY SEQUENCE
FASTA sequences of the drug receptors beta-2 adrenoceptors, cyclooxygenase-1 and
acetylcholinesterase were taken from UniProt (www.uniprot.org) of multiple species and PDB files
from RCSB Protein Data Bank (www.rcsb.org) of each drug target showing the drug target bound to a
ligand.
Table 1. UniProt entry for drug target of each species. The highlighted entries had not been reviewed
on UniProt.
SPECIES
Common name
Latin name
human
mouse

Homo sapiens
Mus musculus

Beta-2
adrenoceptor
P07550
P18762

UniProt Entry
Cyclooxygenase- Acetylcholinesterase
1
P23219
P22303
P22437
P21836

rat
dog
pig
sheep
cow
guinea pig
Rhesus monkey
cat
horse
rabbit
Bottle-nosed
dolphin

Rattus
norvegicus
Canis lupus
familiaris
Sus scrofa
Ovis aries
Bos taurus
Cavia porcellus
Macaca mulatta
Felis catus
Equus caballus
Oryctolagus
cuniculus
Tursiops
truncatus

P10608

Q63921

P54833

Q8HZR1

A7BJW1
B3GN12
Q28044
Q8K4Z4
Q28509
Q9TST5
F6SWV0

A0A287ANF9
P05979
O62664
-

-

O97554

-

A0A2U4CH61

P37136
A0A5G2QVL5
W5Q1R6
P23795
O62763
A0A3Q2I1W0
Q29499
-

Table 2. Drug target, corresponding PDB file entry, species of drug target and ligand bound
Drug target
Beta-2 adrenoceptor
Cyclcooxygenase-1
Acetylcholinesterase

PDB file
3sn6 (Seren G. F. Rasmussen,
1968)
3kk6 (Rimon et al., 2010)
6o4w (Gerlits et al., 2020)

Species and ligand
Human, P0G
Sheep, celecoxib
Human, donepezil

The primary sequence data were aligned and compared between species for each of the drug
targets using MultAlin (multalin.toulouse.inra.fr/multalin).
APPLYING THE DIFFERENCES TO A 3D MODEL
In PyMol (pymol.org/2/) the PDB files were analysed and the ‘critical region’ of the drug target was
determined by analysing the 3D structure of the drug target. It was deemed the region where amino
acids were close enough to interact with the ligand at the binding site. There could be critical
mutations away from the binding site which cause major structural differences to the drug target
and greatly affect drug efficacy. However, these changes are difficult to predict and there was a lack
of PDB files of multiple species to provide evidence how they would have altered the tertiary
structure of the protein.
The differences in amino acid sequences were highlighted by colour coding.
Table 3. Colour code of the amino acids in PyMol figures
Location of amino acid
Non-critical region
Critical region

Amino acid in other species
Same as human
Different to human
White
Red
Green
yellow

Focusing on the critical region, each species was cross compared to see by how many amino acids
they differed. They were then cross compared again, but by counting by how many significant amino
acids changes they differed. The amino acid change was deemed significant if there were a change in
amino acid group.

Table 4. The different amino acid groups
Group
Positive charge
Negative charge
Polar uncharged

Amino acid
Arginine (R), Histidine (H), Lysine (K)
Aspartate (D), Glutamate (E)
Serine (S), Threonine (T), Asparagine (N),
Glutamine (Q)
Alanine (A), Isoleucine (I), Leucine (L),
Methionine (M), Phenylalanine (F), Tryptophan
(W), Tyrosine (Y), Valine (V)
Cysteine (C)
Glycine (G)
Proline (P)

Hydrophobic
Undefined group
Undefined group
Undefined group

QUANTIFYING BIOINFORMATIC DIFFERENCES BETWEEN SPECIES
This data was used to predict inter-species similarity for each drug target. Results were collated in a
matrix reporting the number of amino acids within the critical target region that differed.
GATHERING PHARMACODYNAMIC DATA
ChEMBL (ebi.ac.uk/chembl) pharmacodynamic data of the three drug targets in different species
was collated. The ChEMBL ID matched was best as possible to the UniProt entries.
Table 5. ChEMBL identities for the different drug targets in different species
species
Human
Mouse
Rat
Dog
Pig
Sheep
Cow
rabbit

Beta2-adrenoceptor
CHEMBL210
CHEMBL3707
CHEMBL3754
CHEMBL2289
CHEMBL3801
CHEMBL3373
-

ChEMBL ID
Cyclooxygenase-1
CHEMBL221
CHEMBL2649
CHEMBL4042
CHEMBL4133
CHEMBL2111358
CHEMBL2860
CHEMBL3334

acetylcholinesterase
CHEMBL220
CHEMBL3198
CHEMBL3199
CHEMBL4768
-

The pharmacodynamic parameter IC50- an indicator of inhibitory potency -was compared as there
was sufficient data for three drugs acting on each drug target that had been measured in at least
three species. Therefore, if a trend were present between the primary sequence of drug targets and
the pharmacodynamics, it could be identified.
Table 6. ChEMBL identity of the drugs used to compare IC50s across different species
Receptor tested against
Beta2-adrenoceptor

Cyclooxygenase-1

acetylcholinesterase

ChEMBL ID
CHEMBL27
CHEMBL284782
CHEMBL434
CHEMBL6
CHEMBL118
CHEMBL122
CHEMBL345124
CHEMBL1678

Name of molecule
propranolol
isoproterenol
indomethacin
celecoxib
rofecoxib
Propidium
Donepezil

CHEMBL1255901

huperzine

This data was analysed to see which species compared most in IC50 values with each drug in each
drug target.

RESULTS
.1-BIOINFORMATIC DATA
COMPARISON OF DRUG TARGET PRIMARY SEQUENCE
a) Beta-2 adrenoceptor

b) cyclooxygenase-1

c) acetylcholinesterase

Figure 1. MultAlin alignment of primary sequences where the red amino acids are the same, the
blue/black amino acids are different a) beta-2 adrenoceptor comparing human, rhesus monkey,
mouse, rat, guinea pig, dog, cat, sheep, cow, pig, and horse b) cyclooxygenase-1 comparing human,
dog, pig, sheep, cow, rabbit, mouse, rat, and bottle-nose dolphin c) acetylcholinesterase comparing
human, cow, cat, mouse, rat, pig, horse, rabbit, and sheep.
Table 7. Symbology of MultAlin sequence alignment
SYMBOLOGY
colour

Red= high consensus
(90%)

MEANING
Blue = low consensus
(50%)

Black = neutral

Letter case

‘-‘
‘#’
‘.’

Upper case = confirmed amino
Lower case = uncertain amino acid
acid of species
in consensus sequence
sequence/consensus sequence
Missing amino acid in sequence
In consensus sequence, >1 amino acid of equal consensus
In consensus sequence, no amino acid of high consensus

Using the MultAlin aligned primary sequence data (Figure 1), a colour coded 3D representation of
each drug target was generated in PyMol. However, it should be noted that MultAlin did not flag up
every different amino acid in the sequence, therefore some of the red amino acids in Figure 1
appear red in figure 2. (refer to Table 3 and Table 7 for meaning)
APPLYING THE DIFFERENCES TO A 3D MODEL
a) Beta-2 adrenoceptor

b) Cyclooxygenase-1

c) acetylcholinesterase

Figure 2. PyMol reconstructions of drug targets where the blue molecule is the ligand. White amino
acids are same in all species, red are different, yellow are the same in critical region and green are
different in critical region a) human beta-2 adrenoceptor in the presence of P0G b) sheep
cyclooxygenase-1 in the presence of celecoxib c) human acetylcholinesterase in the presence
donepezil.
CALCULATING BIOINFORMATIC DIFFERENCES BETWEEN SPECIES
After analysing which amino acids interacted closely with the ligand, using Figure 2, amino acids of
the critical region were identified and ‘significant’ amino acid group changes to the sequence
between species were determined.
a) Beta-2 adrenoceptor
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b) cyclooxygenase-1
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c) acetylcholinesterase
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Figure 3. Matrix showing number of significantly different amino acid group changes between critical
region of each species a) beta-2 adrenoceptor b) cyclooxygenase-1 c) acetylcholinesterase
Using the information from figure 3. The order of similarity of the critical region of the drug target in
other species compared to human is:
Beta-2adrenoceptor:
Dog, cow, monkey, cat, horse > guinea pig, sheep > mouse, rat > pig
Cyclooxygenase-1:
sheep > cow, dog > pig > dolphin, mouse > rabbit > rat
Acetylcholinesterase:
All species are an equal representation of the human
2- PHARMACODYNAMIC DATA
GATHERING PHARMACODYNAMIC DATA
The IC50 of three drugs on each drug target of different species was collated and the following
comparisons made.

BETA-2 ADRENOCEPTOR
a) Propranolol

b) CHEMBL284782

c) Isoproternol

Figure 4. Box and whisker plot showing IC50 of drugs on beta-2 adrenoceptor a) propranolol in
human (2 data points), dog (1 data point), and guinea pig (1 data point) b) CHEMBL284782 in human
(1 data point), rat (3 data points), and dog (1 data point) c) isoproterenol in human (1 data point),
rat (1 data point), and dog (3 data points)
Figure 4.a shows human IC50 of propranolol ranges 1.116-50.12 nM, dog at 17 nM and guinea pig at
28.84 nM. This suggests that both dogs and guinea pigs could represent humans. Figure 4.b shows
the human IC50 value of CHEMBL284782 at 3000nM, rat IC50 ranging between 9.1-1300 nM and
dog at 9.12 nM, implying that rats better represent humans than dogs. Figure 4.c shows
isoproterenol IC50 in humans at 246 nM, rat at 0.1 nM and dog 0.1-1000 nM. Dog encompass the
human IC50 value, but at a much wider spread of values.
CYCLOOXYGENASE-1

a) Indomethacin

b) Celecoxib

c) Rofecoxib

Figure 5. Box and whisker plot showing IC50 of drugs on COX1 a) indomethacin in human (66 data
points), mouse (1 data point), rat (3 data points), sheep (3 data points), and cow (4 data points) b)
celecoxib in human (75 data points), mouse (9 data points), rat (3 data points), dog (1 data point),
and cow (5 data point) b) rofecoxib in human (38 data points), mouse (3 data points), and rat (1
data point)
Figure 5.a shows indomethacin IC50 in humans ranging between 2-12500 nM, mouse at 2 nM, rat 6190 nM, sheep 150-17200 nM and cow 1100-3300 nM. The sheep best represents the spread of
human data, and mice represent human data the least. Figure 5.b shows celecoxib IC50 values for
humans ranging between 50-100000 nM, mouse 0.7-5100 nM, rat 14200-30210 nM, dog 5570 nM
and cow 7700-24300 nM. The cow best represents the spread of human data. Figure 5.c shows
rofecoxib IC50 values ranging between 1700-6400 nM, mouse at 10000-100000 nM and rat at 11400
nM.
ACETYLCHOLINESTERASE

a) Propidium

b) Donepezil

c) Huperzine

Figure 6. Box and whisker plot of IC50 of rofecoxib in human, mouse, rat on COX1 a) propidium in
human (13 data points), mouse (1 data point), cow (2 data points) b) donepezil on human (87 data
points), mouse (2 data points), rat (27 data points), and cow (4 data points) c) huperzine on human
(17 data points), mouse (1 data point), rat (12 data points), and cow (7 data points)
Figure 6.a shows the IC50 value of propidium ranging from 7140nM-45000 nM in humans, 1100 nM
in mouse, and 6289-34600 nM in cow, suggesting that cows best represent the spread of human
data. Figure 6.b showed the IC50 value of donepezil in humans varied 2-160 nM, mouse 5.7-94 nM,
rat 1,7-40 nM, and cow 4.2-19 nM. All species data lay within human data, with mouse best
representing the spread. Figure 6.c shows IC50 value of huperzine for humans 0.54-260 nM, mouse
82 nM, rat 44,5-114 nm, and cow 53-74 nM. Like figure 6.b, not only do all species data lie within the
same range of human, but there is a much smaller range of values than in the other drug receptors.

DISCUSSION
The data is inconclusive on whether bioinformatics can be used to predict the efficacy of drugs on
drug targets.
The pharmacodynamic data of figure 6 did show more congruence in the IC50 values of drugs on
different species acetylcholinesterases than in the other drug targets. This supports the hypothesis
as acetylcholinesterase had a high sequence consensus in the critical region of the drug target
(figure 3.c) compared to the other drug targets which had more diverse critical regions between
species. However, neither figure 4 nor figure 5 represented a similar trend in IC50 similarities to
humans than those seen in figure 3.a and figure 3.b
However, we know drug targets are different between species and we know this will affect the way
a drug target responds to a drug and so the efficacy of the drug (Öztürk et al., 2018). Therefore, why

did we not see predictable differences in the pharmacodynamic data? It could have been due to a
lack of data from other species. For bioinformatic data, there was a lot of primary sequence data on
multiple mammalian species. However, there was a lack in PDB files. Perhaps comparison of 3D
structures, instead of just primary sequences would have made efficacy predictions more reliable as
drug-target interactions could have been simulated. Additionally, there is a huge discrepancy in
pharmacodynamic data between humans and non-human species resulting in less reliability in the
data.
Additionally, all the drug targets were compared to drugs that bind to the orthosteric site, however,
the binding site and response are more likely to be conserved across species as the natural ligand is
conserved across species. Therefore, perhaps further investigation into non-orthosteric site binding
drugs would show more species dependence.
Therefore, further research into the clinical data of more species may be needed so that we can use
this baseline knowledge to further investigate trends between bioinformatics and efficacy. To be
used in the future so that we can limit the use of multiple species testing in research.
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