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We previously proposed a new method for exploring functional peptides using both spot-synthesis peptide libraries
and principal component analysis (PCA). Here, we applied these methods to determine if high-binding 6-mer peptides
can be used on bile acid for the inhibition of intestinal cholesterol absorption. We used a binding assay of 512 basal 4-
mer peptides to bile acid, and from these selected high-binding and low-binding peptides. PCA was performed on data
from both these binding groups and many physicochemical variables of the 512 peptides tested, and then through this,
the variables were reduced to two principal components (PCs). The peptides were plotted on the PCA chart, and we
identified distinct clusters of high- and low-binding regions. These PCA regions were applied to 6-mer random peptides,
and we identified 6-mer peptides with high and low binding capacity to bile acid. We confirmed that the average
fluorescence intensity of high-binding peptides was 3.0-fold higher than that of low-binding peptides. We succeeded in
identifying 6-mer peptides with high and low-binding affinity based on the PCA analysis of 4-mer peptides. These results
were compared and discussed with regard to those acquired by our previous computational analysis based on neural
networks.
� 2018, The Society for Biotechnology, Japan. All rights reserved.
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Peptide arrays have received much attention as tools for iden-
tifying linear peptides with specific activities, such as antibody
binding, enzyme inhibition, cell surface binding, and so on. Our
group has already identified several high-binding peptides, with
high affinity to various targets including for example angiotensin
(1), amylase (2), IgG (3,4), IL-2 (4), bile acid (5), apoptosis-inducing
peptides (6,7), and cell adhesive peptides (8,9).

Cholesterol absorption in the upper intestine is facilitated by bile
acid micelles, which can capture cholesterol. Inhibition of bile acid
micelle formation can suppress intestinal cholesterol absorption
(10). Thus, bile acid binding peptides could be expected to inhibit
cholesterol absorption. Itwas reported thatVAWWMY(Val-Ala-Trp-
Trp-Met-Tyr), the hydrophobic 6-mer peptide in the glycinin A1a
and B1b subunits of soybean protein, has inhibitory effects on
cholesterol absorption and lowers serum cholesterol (11e13).
Therefore, our group screened 6-mer peptides, replacing each po-
sition of VAWWMY with another amino acid (unpublished data).
Our group also performed computationally assisted screening from
a random 6-mer library (2212 sequences), and found a positional
rule for identifying high-binding peptides. According to that rule,
about 33% of the peptides from the spot-synthesized peptide array
evaluation were indicated to have high-binding tendencies (5).

Given that many known peptides might bind to bile acid, it is
worth screening 6-mer peptides and longer peptides for such
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activity. The spot-synthesized peptide array is useful to evaluate
not only short peptides but also long ones. However, screening from
long peptide libraries is difficult because such libraries are very
large. For example, there are 25.6 billion peptides in the 8-mer
peptide library.

Given the above, our group created a new methodology for
functional peptide screening. Principal component analysis (PCA)
was conducted as a means of reducing sequence variables of 512 4-
mer peptides classified based on their amino acids’ physicochemical
characteristics into fewer and simpler ordinate variables (14). From
the previous spot-synthesized peptide array evaluation of 512
peptides, high- and low-binding rules for peptide targets were
determined. These rules were adapted to the 8-mer peptide library,
and we found high- and low-binding peptides, for which, informa-
tionwas extracted and evaluated.With thismethodology, our group
previously succeeded in identifying 8-mer high-binding peptides to
IL2 and IgG from a 4-mer small peptide library (512 sequences). In
this study,weapplied this newmethodology to explore the peptides
binding to bile acid, i.e.,we screened6-merhigh-bindingpeptides to
bile acid from a 4-mer small peptide library. In addition, the rule so
as to identify high binding peptides was compared to results from
our previous computational analysis based on neural networks.

MATERIALS AND METHODS

Preparation of peptide array The peptide array was prepared as described
in our previous study (14). A cellulose membrane (grade 542, Whatman, Maidstone,
UK) was activated using b-alanine as the basal spacer. Fluorenylmethoxycarbonyl
All rights reserved.
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amino acids (Fmoc-aa), adjusted to 1.5 M, were spotted using a peptide auto-spotter
(ASP222, Intavis AG, Köln, Germany). The membrane was deprotected with 20%
piperidine and washed with N,N0-dimethyl formamide and methanol. We
repeated these steps four or six times to make 4-mer or 6-mer peptides. After the
last Fmoc-aa were spotted, the side-chain protecting groups were finally removed
by washing with diethyl ether and methanol.

Preparation of basal 4-mer peptide library The 4-mer peptide library
consisted of 512 peptides, for which four kinds of physicochemical properties
were extracted (14), as shown in Table S1.

Binding assay of peptide arrays to bile acid Binding assay of the peptide
arrays to bile acid was performed as described in our previous study (5). After
removing side-chain protecting groups by overnight incubation, the peptide array
membranes were washed several times with phosphate-buffered saline (PBS, pH
7.0) to remove the last traces of reagents. They were then soaked in 1% bovine
serum albumin solution (BSA, Wako Pure Chemical Industries, Osaka, Japan) in
PBS for 24 h to block unspecific adsorption. After washing with PBS once for
5 min, and then again twice for 2 min at room temperature, the arrays were
incubated with 0.01 M bile acid solution in PBS for 1 h at 37�C, with rotation at
50 rpm using a shaker (TAL RS310 LM, Thomas Kagaku Co., Ltd., Tokyo, Japan).
Taurocholic acid (T-4009, Sigma Chemical, St. Louis, MO, USA) was herein used as
a typical bile acid. Unbound taurocholic acid was removed by washing the array
with PBS. The peptide arrays were then incubated with primary antibodies
against cholic acid from rabbit (FKA502, Cosmo Bio Co., Ltd., Tokyo, Japan) for
1 h at 37�C, with rotation at 50 rpm. Unbound primary antibody was removed by
washing the array with 0.05% Tween 20-PBS. Next, the peptide arrays were
incubated with secondary antibody from goat conjugated with Alexa 488
(ab150117, Abcam, Cambridge, UK) in PBS for 1 h at 37�C, with rotation at 50 rpm
using a shaker. Unbound secondary antibody was removed by washing the array
once for 10 min at room temperature and twice for 30 min at 37�C with 0.05%
Tween20-PBS.

The fluorescence intensity of each peptide spot was calibrated using a Typhoon
FLA-2500 biomolecular imager (GE Healthcare Life Sciences, Buckinghamshire, UK),
with ImageQuantTL software (GE Healthcare Life Sciences).

The amount of binding of the bile acid to a peptide spot was calculated from the
fluorescence intensities of the peptide spots as follows:

ðFluorescence intensity of binding the bile acid to a peptide spotÞ
¼ ðFluorescence intensity of peptide spotÞ � ðFluorescence intensity of peptide

spot without primary antibodies against the bile acidÞ (1)

Principal component analysis PCA was performed with R (ver. 3.4.3) using
the variables shown in Table S2. The variables for each peptide included polarity
(15), side-chain contribution to protein stability (16), isoelectric point (15),
hydropathy index (17), scaled side chain hydrophobicity value (18), molecular
weight (19), and number of groups in each peptide because 20 amino acids were
divided into 4 groups in previous study (14). These indices without molecular
weight and number of groups were referred from amino acid index (AAindex,
https://www.genome.jp/aaindex/). AAindex is a well-known and convenient
database of numerical indices representing various physicochemical and
biochemical properties of amino acids and pairs of amino acids.

To determine the best combination of variables for determining bile acid binding
affinity from peptide libraries, we performed seven PCAs using different combinations
of thevariablesshowninTableS2.Then,wecalculatedPearson’s correlationcoefficients
of the relationship between fluorescence intensities and each of the principal compo-
nents, PC1 or PC2. Based on this,we determined that runno. 2 (containing16 variables)
provided the best-fitting set of variables (Table S2). The proportions of variance and
cumulative proportions were calculated from the PCAwith R.

Analysis of a high- and low-binding peptide rules for bile acid We
determined the rules for identifying high- and low-binding affinity to bile acid from
the PC scores from a basal 4-mer basal peptide library. First, we calculated the
average and standard deviation (SD) of the fluorescence intensities. Because the
fluorescence intensity of peptides were widely distributed, we defined that high-
binding peptides have higher intensity than the average þ1 SD, and the low-
TABLE 1. The cumulative proportionsof variance explained and thePearson’s correlation coeffi

Run no. Number of variables Cumu

1 18
2 16
3 16
4 16
5 13
6 13
7 9
binding peptides have lower intensity than the average �1 SD. Peptides with
higher or lower binding activity would be selected when 2 SD was used. However,
we used 1SD because number of high binding peptides was too few and there was
nothing of low binding peptides in the present study. Second, we generated score
plots of each of PC1 and PC2, and plotted all of peptides including high-binding
peptides and the low-binding peptides. Since high-binding peptides were
relatively localized in restricted area, the rectangle restricted area of PC1-PC2 was
identified in which is surrounding both the scale of PC1 from the average þ1 SD
to the average e1 SD and the scale of PC2 from the average þ1 SD to the average
e1 SD. The area corresponds to the high-binding rule. In the same manner, the
rectangle restricted area for low-binding peptides was identified and the area also
corresponds to low-binding rule. Third, we calculated PC scores of the 4-mer and
6-mer random peptides using the best combination of variables (run no. 2, with
16 variables, Table S2) and adopted these rules. The region outside of that
encompassed by these rules was identified as the “other rule” zone.

In this manner, we selected the high-binding, low-binding, and other peptides
from the 4-mer (Table S3) and 6-mer random peptide libraries (Table S4) using basal
information from the 4-mer peptide libraries.
RESULTS

Selection of variables for peptide sequence analysis The
PCA using the basal 512 4-mer peptides was performed using seven
physicochemical properties of the amino acids of which peptides
consisted. These included average, maximum, and minimum
values of each peptide’s polarity, side-chain contribution to
protein stability, isoelectric point, hydropathy index, partition
coefficient (Log P), molecular weight, the number of different
groups in the peptide.

We first performed seven PCAs (run no. 1 to 7) using 9 to 18
variables (Table S2), and the cumulative proportions of variance
explained by the first two PCs were calculated from the PC scores
(Table 1). The cumulative proportions for first two PCs varied from
0.56 to 0.67. Those of runs no. 2, 5, 6, and 7 were higher than those
of the others.

Next, we calculated correlation coefficients between fluores-
cence intensities of peptides and their values forPC1orPC2 (Table1),
according to methods used in our previous study (14). Herein, we
used some indices defined as physicochemical properties of pep-
tides, and never used fluorescent intensity of peptides for PCA.
Neither of principal components was determined so as to correlate
with fluorescent intensity against bile acid. Therefore, there was no
correlation between thefluorescence intensities andPC1because all
values were under 0.1. In the case of the correlation between fluo-
rescence intensities and PC2, the coefficients’ values exceeded 0.3 in
runs no. 2 to 4. Because of the higher cumulative proportions of
variance explained by the first two PCs in run no. 2 (Fig. 1 and
Table 1), we selected run no. 2 for further PCA.

Determination of high- and low-binding rules for bile acid
from the PCA using the basal 512 4-mer peptides To
construct high- and low-binding rules, high and low binding
peptides should be identified. In the screening of functional
peptides, however, it is difficult to define high binding peptide
and low-binding peptide. In previous study, we defined top 30
cients between thefluorescence intensities of peptides andPCAscoresusing16variables.

lative proportion Coefficients of correlation between
fluorescence intensities and PCA

PC1 PC2

0.56 0.000 0.199
0.64 0.007 0.323
0.56 0.053 0.302
0.57 0.006 0.330
0.64 0.005 0.293
0.64 0.004 0.008
0.67 0.040 0.273



FIG. 1. Principal component analysis (PCA) of the basal 512 4-mer peptides using 16 variables. PC scores (PC1 and PC2) of the 512 4-mer peptides are plotted as gray diamonds. Open
squares and open triangles are high- and low-binding peptides, respectively, for bile acid as determined based on binding assay, and these are overlaid with gray diamonds (A). The
large square drawn with a solid line is the high-binding rule area, and the one drawn with a dashed line is the low-binding rule area. The relationship between the fluorescence
intensities of the basal 512 4-mer peptides to bile acid and the PC1 (B) and PC2 (C) are plotted. The solid lines and formulas in panels B and C show the approximate best-fit line and
its formula for each scatterplot.
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and bottom 30 binding peptides as high and low binding peptides,
respectively. Those were not any statistical reason. In this study,
since random peptide library was used for peptide screening,
statistical consideration is possible to select high and low binding
peptide. We calculated the average and SD of the fluorescence
intensities. We decided that high-binding peptides were those
with intensities over the average þ1 SD, and low-binding
peptides were those with intensities under the average e1 SD.
Table S5 shows the 59 high-binding peptides and 12 low-binding
peptides. We then plotted them over the PC graph using run no.
2 as the basis of the plot (Fig. 1). We determined the high-
binding rule region from the portion of the PCA plot overlapped
by the scattered points representing high-binding peptides.
Specifically, the high-binding rule encompassed the region within
PC1 values of �1.43 to 3.06 and with PC2 values of �0.58
to �3.53 (Fig. 1). In the same manner, the low-binding rule
encompassed the region within PC1 values of �1.05 to 4.03 and
PC2 values of 1.04e3.72 (Fig. 1).

Analysis of binding affinities from the high- and low-
binding rules using 500 random 4-mer peptides and 500
random 6-mer peptides Next, we prepared 500 random 4-
mer peptides and 500 random 6-mer peptides, and calculated PC
scores on them using the same variables as previously
(run no. 2). We then adopted the high- and low-binding rule on
the PC graphs of 500 random 4-mer peptides and 500 random 6-
mer peptides (Fig. 2). From these graphs, we could estimate the
high- and low-binding 4-mer and 6-mer peptides from the
random libraries. We estimated that there were 89 high-binding
peptides (17.8% of 500 peptides) and 34 low-binding peptides
(6.8% of 500 peptides) from the 4-mer random library (Table S3),
and there were 94 high-binding peptides (18.8% of 500 peptides)
and 19 low-binding peptides (3.8% of 500 peptides) from the
6-mer random library (Table S4).

Analysis of binding affinities from the high- and low-
binding rules using new 4-mer and 6-mer random
peptides We chose 90 peptides from a random library of 500
random 4-mer peptides. Specifically, there were 24 peptides
selected of the 89 high-binding peptides identified, 8 of the 34
low-binding peptides, and 58 of another 377 peptides were
selected (Table S6). In the same manner, we chose 90 peptides
from the random library of 6-mer peptides (Table S6). We
actually synthesized each of the 90 peptides identified by these
methods and used them in a 4-mer or 6-mer peptide array, and
then performed a binding assay to evaluate their binding affinity
to bile acid.

We then compared the fluorescence intensities between high-
and low-binding peptides. Among the 4-mer peptides, the average
fluorescence intensity of 24 high-binding peptides (37,860) was the
highest of the three groups, and was 8.3-fold higher than that of 8
low-binding peptides (4542, Table 2). Among the 6-mer peptides,
the average fluorescence intensity of 24 high-binding peptides
(8202) was the highest of the three groups, and was 3.0-fold higher
than that of 6 low-binding peptides (2752, Table 2).We have not yet
been checked adsorption inhibiting effect of high binding peptides
in vivo in animal model. However, we have demonstrated the
disintegration of cholesterol-micelle with high-binding three
peptides to bile acid selected from high-binding rules in 6-mer
random library. Top three 6-mer peptides identified here was
selected and the assaywas carried out. Then those peptides showed
the similar disintegration activity as VAWWMY (data not shown).
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FIG. 2. PC score plot of the 500 peptides selected randomly using 16 variables. The left panel is a PC score plot of the 500 4-mer peptides (A) and the right panel is a PC score plot of
the 500 6-mer peptides (B) as gray diamonds. Open squares and open triangles are estimated high- and low-binding peptides, respectively, and these are overlaid on gray diamonds.
The large square drawn with a solid line is the high-binding rule area, and the one drawn with a dashed line is the low-binding rule area.
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Therefore, we concluded that we could filter the high- and low-
binding 6-mer peptides for bile acid using binding rules deter-
mined from the basal 512 4-mer peptide library.

DISCUSSION

Our group created the new methodology used in this study to
find high-binding peptides with affinity for binding to a specific
target (14). We first categorized 20 amino acids into four groups
based on their physicochemical characteristics. Second, we selected
512 4-mer peptides which had amino acids corresponding to those
of each group. PCA was conducted to reduce the dimensionality of
the variables of these 512 4-mer peptides. From the spot-
synthesized peptide array evaluation of 512 peptides, high- and
low-binding rules for a specific target were determined. These rules
were adopted to different peptide libraries and were still able to
identify high-binding peptides to the target. In this study, we
applied this newmethodology to find high-binding peptides to bile
acid.

We first performed seven PCAs (run no. 1 to 7) using 9 to 18
variables (Table S2), and we selected run no. 2 from both of the
cumulative proportions of variance and correlation coefficients of
PC1 or PC2 against fluorescence intensities of peptides. There was
no correlation between the fluorescence intensities and PC1
because all values were under 0.1, and the correlationwith PC2 was
relatively high. In order to understand the results of PCA, we
investigated coefficient matrix of principal components in PCA
accomplished here. As a results, we found that PC1 was attributed
to hydrophobic properties and PC2 was electrostatic properties as
TABLE 2. The averages and SDs of the fluorescence intensities and numbers of
peptides in different binding groups.

Ave SD Number of peptides

4-mer peptides High-binder 37860 27665 24
Low-binder 4542 2828 8
Others 10290 15661 58

6-mer peptides High-binder 8202 5893 24
Low-binder 2752 805 6
Others 6313 6754 60

Ave, average; SD, standard deviation.
shown in Table S7. The binding ability of peptides to bile acid has no
correlation with PC1, but has a slight correlation with PC2. This
suggests that electrostatic property of peptides correlate linearly
with binding activity. PC2 negatively correlated with isoelectric
point and PC2 also negatively correlated with binding activity as
shown in Fig. 1. Consequently binding activity to bile acid will be
considered to positively correlate with isoelectric point of peptide.

From the results of our PCAs and the spot-synthesized peptide
array evaluation of 512 peptides, we determined high- and low-
binding rules for peptides to bile acid. Those rules were adopted
to different peptide libraries of 500 4-mer and 6-mer peptides each,
selected randomly. From these libraries, we could estimate that 89
and 94 peptides were high-binding (17.8% and 18.8% of 500 pep-
tides) and 34 and 19 were low-binding peptides (6.8% and 3.8% of
500 peptides) from the 4-mer (Table S3) and 6-mer (Table S4)
random libraries, respectively. Table 2 shows the average fluores-
cence intensity of each of the high-binding peptides, low-binding
peptides, and others actually synthetized and assayed by the
spot-synthesized peptide array evaluation. Among the 4-mer
peptides, the average fluorescence intensity of 24 peptides esti-
mated to be high-binding (37,860) was the highest of the three
groups, andwas 8.3-fold higher than that of 8 peptides estimated to
be low-binding (4542). Among the 6-mer peptides, the average
fluorescence intensity of the 24 peptides estimated to be high-
binding (8202) was the highest of the three groups, and was 3.0-
fold higher than that of the 6 peptides estimated to be low-
binding (2752). As the peptides estimated to be high-binding by
this methodology were also later shown to actually have high-
binding affinity to bile acid, this methodology is useful to extract
not only high-binding 4-mer peptides but also longer peptides for
binding to bile acid. In this study, we could identify 24 peptides as
probably high-binding peptides from out of 500 randomly selected
4-mer peptides, i.e., a 4.8% discovery rate. Therefore, it could be said
that 9600 peptides among the 160,000 known 4-mer peptides are
possibly high-binding.

It was reported previously that VAWWMY shows high binding
activity to bile acid and has cholesterol-lowing capacity (11e13).
VAWWMY is a functional peptide, the hydrophobic 6-mer peptides
of conglycinin of soybean protein. This peptide sequence is not yet
optimized. In our previous paper (5), we easily obtained alternative
peptides with higher binding activity from amino acid substituting
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peptides. Therefore, we attempted screening of novel peptide with
high binding activity from random peptide library and compered
them with that of VAWWMY. We synthesized VAWWMY and did
binding assays for bile acid. Among the 24 peptides estimated to be
high-binding from the 500 random 6-mer library (Table S6), the
number with higher fluorescence intensities than VAWWMYwas 8,
or 33.3% of the 24 peptides. Interestingly, our group previously had
the same result. We constructed a positional rule for 6-mer pep-
tides that have high-binding affinities to bile acid from 2212 pep-
tides selected randomly with neural network analysis (5).
According to this work, 32.5% of peptides has a higher binding
activity to bile acid than VAWWMY.

According to the positional rule, the first 4 amino acids in a
peptide would be important to binding of bile acid. There were
2352 peptides fitting the rule as described in a previous study (5),
although all 2352 peptides do not always show high-binding ac-
tivity. Here, we calculated PC scores of 2352 high-binding 4-mer
peptides using variables in our run no. 2. There were four clusters
(i.e., regions) clearly separated on the PCA plot of 2352 high-
binding peptides (Fig. 3), and each region’s score range of PC1
and PC2 are shown in Table S8. Of these, 96 peptides (4.1%) were in
region A, 1227 (52.2%) were in region B, 147 (6.3%) were in region C,
and 882 (37.5%) were in region D. Number of high binding peptides
in region D was higher than that of region A. The reason why this
tendency occurredmight be owing that high binding peptides were
frequently existed also in the peripheral region near by our iden-
tified region. As described in Fig. 3, part of region D overlappedwith
our high-binding rule. Therefore, we think this area is the most
important one to identify high-binding peptides. In addition, a new
high-binding area, region E, was found by this methodology. It was
the regionwithin PC1 values of about �0.26 to 3.06 and PC2 values
of about �1.6 to �0.58, within the high-binding rule.

On the other hand, the greatest number of peptides, 1227 pep-
tides (52.2% of 2352 peptides) fell within region B. Nagaoka et al.
identified 4 high-binding peptides to bile acid, PWWWMY, IPWYFY,
VIWWFK, IYWYMY (unpublished data). With PCA, we found that 3
peptides of these 4 were in region B. Herein, we identified the high-
binding region to be within PC1 values of �1.43 to 3.06 and PC2
values of �0.58 to �3.53 (Fig. 1), and this did not overlap with re-
gion B. Moreover, we investigated high-binding peptide among
2352 peptide, of which binding activity was higher than VAWWMY
as an original peptide. Those were 95 peptides and surprisingly 49
of themwere included in region D, whereas 40 and 6 of themwere
in region B and C, respectively (Tables S8 and S9). The ratio of
peptides including in region D was reached to be 51.6% of high
binding peptides identified by rule 3. The rule 3 was an amino acid
rule of high binding peptides finally acquired by neural network in
our previous study (5). The detail rule was the follows; first amino
acid was selected fromW, F, I, Y, L, V, P, H, M,K, A, R (Trp, Phe, Ile, Tyr,
Leu, Val, Pro, His, Met, Lys, Ala and Arg), the second amino acid was
selected from W, F, I, Y, L, V, P, the third amino acid was selected
fromW, Y, R, F, the forth amino acid was selected fromW, F, I, Y, L, V,
P, and the fifth and sixth amino acid was selected from all amino
acids.We reported that rule 3 as identified in previous studywas an
important rule to search a 6-mer high binding peptides. Here we
strongly suggested that region D, not other regions, could point out
one of the most important part of rule 3 for identifying higher
binding peptides to bile acid.

Our proposed method is an inductive approach for peptide
screening. The binding activities of peptides were gathered to be
used for peptide sequence analysis and inductive consideration on
characteristics of peptidewith high binding activity was attempted.
Because it is so difficult that molecular recognition between taur-
ocholic acid and fitting peptide are deduced by general phenome-
non such as electrostatic force or hydrophobic interaction.
Although computational approach based on structural chemistry is
one of the candidate deductive approaches, neither of taurocholic
acid and peptides have a low degree of freedom because both of
them are small molecules. Therefore, suitable fitting structure of
those binding complex could be never determined. Our method is a
challenging approach for inductive finding of suitable functional
peptide. In this manuscript, however, we demonstrated high
binding regionwas successfully pointed out in PC plot by using 512
tetramer peptide library. We well understood that our approach is
inductive and plural proof of concept are necessary for acceptance
of our approach.

In a previous study (14), our group created thismethodology and
certified its ability to be used to find high-binding peptides to IL-2
and IgG. The above results showed that this methodology is also
useful tofind high-binding peptides to bile acid. Since oligopeptides
workas functional peptidesand it is verymeaningful to identify such
peptides and their functions, this methodology might be useful to
find variously sized high-binding peptides to different targets.

To summarize, by conducting the spot-synthesized peptide
array and PCA of 512 4-mer peptides, as well as finding a high-
binding rule for peptides to bile acid, we could extract various
sizes of high-binding peptides to a specific target effectively. This
methodology has the potential to allow exploration of peptide
binding to other targets of biological and medical relevance.

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.jbiosc.2018.08.006.
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