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The electrochemical behaviour of Abelson protein-tyrosine kinase 1 (ABL1) and its interaction with syn-
thetic substrate abltide EATYAAPFAKKK, ATP, and inhibitors genistein, imatinib mesylate and danusertib
were studied by differential pulse voltammetry using a glassy carbon electrode. In neutral electrolytes
one oxidation peak due to histidine residues was observed. In acid and basic media the enzyme under-
goes conformational modifications which lead to exposure of more electroactive amino acid to the elec-
trode surface facilitating their oxidation. The interaction of ABL1 with the synthetic substrate involves the
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Protein the exposure of ABL1 electroactive amino acids to the electrode surface and occurrence of new electro-
Electrochemistry chemical signals. The binding of ATP and ATP-competitive synthetic inhibitors imatinib mesylate, and
Oxidation danusertib results in stable complexes that maintains the symmetry of the enzyme but the electroactive
Interaction centres of the compounds are hidden inside the binding site, preventing their oxidation. The natural inhi-
Inhibitors bitor genistein is encountered on the outer surface of the enzyme and the electroactive centres are avail-

able for oxidation.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Protein kinases catalyse the transfer of the y-phosphate group
of ATP to specific amino acids on protein substrates. Phosphoryla-
tion processes by kinases regulate important intra- and inter-cellu-
lar function with direct influence on cellular metabolism, growth
and proliferation [1]. Any dysregulation in the finely-tuned phos-
phorylation mechanism is associated with anomalies [2], and a
variety of dysfunctional kinases has been described in tumours
[3]. The most prominent example is the constitutively activated
Abelson tyrosine-protein kinase 1 (ABL1), the biomarker of chronic
myeloid leukaemia (CML) [4]. Since its discovery, this oncoprotein
became target for drug development for CML treatment [5].

Crystallography was used throughout the drug discovery pro-
cess and to obtain diverse information essential for structure-
based drug design [6]. The understanding of kinase structure was
shown to be a critical issue for the development of inhibitors [7].
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The protein kinase (catalytic) domain is highly conserved,
Scheme 1, and presents two units denoted as N- and C-terminal
lobes [8]. The binding site for ATP is situated between the two
lobes in proximity to the substrate binding site on the C-lobe. An
important regulatory element is the activation loop [7], which
adopts an open conformation that allows access to the substrate
binding site, while the highly conserved aspartate-phenylalanine-
glycine (DFG) motif [9] located at its N-terminal end is oriented
toward the y-phosphate group of ATP.

In the search for kinases inhibitors, flavonoids such as genistein,
Scheme 2A, have been initially described but with limited efficacy
[10,11]. The research in finding inhibitors has been then extended
to ATP-competitive synthetic ligands and led to imatinib mesylate,
Scheme 2B, which revolutionised drug therapy of CML [12,13].
Recent compounds such as danusertib, Scheme 2C, simultaneously
target different kinases including imatinib-resistant mutants
[14,15], being effective in multiple preclinical tumour models [16].

The crystallographic analysis on protein kinases with inhibitors
and synthetic substrate peptide sequences usually used for activity
assays has shown the occurrence of conformational modifications
upon ligand binding [17] which in turn alters the enzymes correct
functioning. Thus, simple, adaptable and label-free techniques rep-
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resent necessary alternatives for fast assessment of proteins con-
formational modifications upon ligands binding.

Electrochemical techniques in proteomics have been largely
applied in sensor technology [18-20] and for the study of proteins
or protein domains containing centres with fast-reversible redox
reactions [21]. Nevertheless, the voltammetric methods have the
ability to detect protein conformational changes [22-24] through
the variation of the oxidation peaks of electroactive amino acids
tyrosine, tryptophan, histidine, cysteine and methionine [25-28].

The present study deals with the electrochemical characterisa-
tion of the ABL1 tyrosine kinase and its interaction with synthetic
substrate peptide EAIYAAPFAKKK, ATP and inhibitors genistein,
imatinib mesylate, and danusertib, Scheme 2, which electro-
chemical behaviours have been previously studied [29-32]. The
electrochemical investigation of ABL1 electron-transfer reactions
before and after interaction with substrates and inhibitors allows
detection of proteins conformational modifications upon interac-
tion with ligands, a qualitative understanding of the interaction
mechanisms and contributes to the development of structure-ac-
tivity relationships in ligand-ABL1 kinase interactions.

2. Experimental
2.1. Materials and reagents

Abelson tyrosine-protein kinase 1 (ABL1) and ATP from Sigma-
Aldrich, ABL1 synthetic substrate peptide abltide (EAIYAAPFAKKK)
from Enzo Life Sciences, imatinib mesylate from Novartis-Portugal,
genistein and danusertib from Selleck Chemicals, were used with-
out purification.

The 0.1 M ionic strength supporting electrolyte solutions: acet-
ate buffer pH 3.4-5.6, phosphate buffer pH 5.7-8.0, NaOH/Na,;B,0-
pH 9.1-10.0, were prepared using analytical grade reagents and
purified water from a Millipore Milli-Q system (conduc-
tivity < 0.1 uS cm™1). Stock solutions of 10 ug mL~! ABL1, 100 uM
ATP and 300 pM abltide were prepared in pure water. 100 M ima-
tinib mesylate, 1 mM genistein and danusertib were prepared in
ethanol/deionised water mixtures of 10/90, v/v. All stock solutions
were kept at +4 °C until further utilisation. Solutions of different
concentrations of ABL1, abltide, ATP, genistein, imatinib mesylate
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Scheme 1. Structure of insulin receptor tyrosine kinase in complex with peptide
substrate and ATP (structure PDB ID: 1IR3 [8]).
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Scheme 2. Chemical structure of: (A) genistein, (B) imatinib mesylate and (C)
danusertib.

and danusertib were obtained by dilution of the appropriate vol-
ume in supporting electrolyte.

Microvolumes were measured using EP-10 and EP-100 Plus
Motorized Microliter Pippettes (Rainin Instrument Co., Inc.,
Woburn, USA). The pH measurements were carried out with a Cri-
son micropH 2001 pH-meter with an Ingold combined glass elec-
trode. All experiments were done at room temperature (25 + 1 °C).

2.2. Voltammetric parameters and electrochemical cells

Voltammetric experiments were carried out using a CompactS-
tat.e running with IviumSoft 2.124, Ivium Technologies, The
Netherlands. The measurements were carried out in the presence
of dissolved atmospheric oxygen using a three-electrode system
in a 0.5 mL one-compartment electrochemical cell. A glassy carbon
(GCE, d = 1.0 mm), a Pt wire, and a Ag/AgCl (3 M KCl) were used as
working, auxiliary and reference electrodes, respectively.

The experimental conditions for differential pulse voltammetry
(DPV) were: pulse amplitude of 50 mV, pulse width of 100 ms, step
potential 2 mV and scan rate of 5mV s,

The GCE was polished using diamond spray, particle size 3 pm
(Kemet, UK) before each electrochemical experiment. After polish-
ing, it was rinsed thoroughly with Milli-Q water. Following this
mechanical treatment, the GCE was placed in buffer supporting
electrolyte and differential pulse voltammograms were recorded
until a steady state baseline voltammogram was obtained. This
procedure ensured very reproducible experimental results.

2.3. Incubation procedure and control experiments
The interaction of ABL1 with abltide, ATP, genistein, imatinib

and danusertib was studied in incubated solutions in buffer
electrolytes by mixing the desired quantities of reagents. The
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Fig. 1. DP voltammograms recorded in solutions of 1 ug mL~! ABL1 in: (A) acid and (B) neutral and alkaline electrolytes; (C) graph of Ep, of ABL1 oxidation peaks vs. pH.

concentrations were selected so that the oxidation currents of
enzyme and substrate/inhibitor were comparable upon interaction
and in the same range as those used in electrochemical assays for
detection of ABL1 activity and inhibition [20]. The differential pulse
(DP) voltammograms were recorded after different incubation
times. Between measurements the GCE surface was always cleaned
in order to avoid the adsorption of oxidation products which can
reduce the electroactive area.

For control experiments, distinct solutions of ABL1, abltide, ATP,
genistein, imatinib or danusertib were individually prepared,
stored and analysed in similar conditions and during the same time
periods as the incubated solutions.

The thermal denaturation of ABL1 was carried out by incubation
at 90 + 3 °C during different periods of time in electrolytes with pH
values of 3.4 and 7.0. Then, the solution was immediately cooled at
room temperature and analysed by differential pulse voltammetry.

2.4. Acquisition and presentation of data

All voltammograms presented were smoothed and baseline-
corrected using an automatic function included in the IviumSoft
version 2.124 [32].

ChemDraw Ultra 8.0 implemented into ChemOffice 2004 soft-
ware from CambridgeSoft Corporation was used for the presenta-
tion of all chemical structures.

Origin Pro 9.0 SR2 from OriginLab Corporation was used for the
presentation of all the experimental data reported in this work.

The hydropathicity plots [33] of ABL1, sequence PO0519 provid-
ed by UniProtKB/Swiss-Prot [34], were obtained using the online
tool ProtScale from ExPASy - Bioinformatic Resource Portal [35]
with a window size of 9 amino acids.

The enzymes structures presented were obtained using the Pro-
tein Workshop 4.1.0 [36] software from Protein Data Bank RCSB
PDB [37,38].

3. Results and discussion
3.1. Voltammetric characterisation of ABL1

The voltammetric behaviour of ABL1 has been investigated at a
glassy carbon electrode (GCE) by differential pulse (DP) voltamme-
try. DP voltammograms were recorded in freshly prepared solu-
tions of 1.0 pg mL~! ABL1 in electrolytes with pH values between
3.4 and 10.0.

The voltammogram in pH=3.4 showed three consecutive
charge transfer reactions at peaks P1, P2, and P3, Fig. 1A and C.
For pH =4.3, a new peak P4 occurred at more positive potential
values, Fig. 1A and C. Increasing the pH of the supporting elec-
trolyte, peaks P1, P2 and P3 currents progressively decreased and
disappeared for pH > 6.0, Fig. 1A and B. For 6.0 < pH < 8.0 only peak
P4 appeared with constant current values, Fig. 1B and C. For
pH > 9.0, peak P4 decreased and broadened so that a new charge
transfer reaction at peak P5 occurred at less positive potential val-
ues. At pH = 10.0, peak P5 was the only reaction observed.

The effect of thermal denaturation of ABL1 was investigated in
solutions of 1.0 pg mL~! ABL1 in electrolytes with pH 3.4 and 7.0.
At pH = 3.4, Fig. 2A, the DP voltammogram recorded in the dena-
tured solution maintained the profile of the voltammogram in
the freshly prepared solution. Contrary, at pH = 7.0, Fig. 2B, the
DP voltammogram in the denatured solution showed the decrease
of ABL1 oxidation peak and the occurrence of new electrochemical
signals at lower positive potential values.
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Fig. 2. DP voltammograms recorded in solutions of 1 pg mL~! ABL1 in: (A) pH = 3.4
and (B) pH = 7.0; (black curve) before and after (red curve) thermal denaturation or
(grey curve) 48 h incubation in buffer. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)

Also, the stability of ABL1 in pH=7.0 0.1 M phosphate buffer
electrolyte was tested, Fig. 2B. The DP voltammogram recorded
after different incubation times did not show any modification of
the ABL1 oxidation peak or the occurrence of new electrochemical
signals.

In order to identify the origin of the oxidation peaks of ABL1, the
primary structure of ABL1 tyrosine kinase [34] has been analysed.
Among 1130 amino acids, 100 residues are electroactive [25-27].
31 residues of tyrosine, 13 of tryptophan, 24 of histidine, 14 of cys-
teine and 18 of methionine were identified, Table 1. Besides, the
active conformation of ABL1 contains 12 tyrosine residues than
may be phosphorylated leading to phosphotyrosine which is also
electroactive [28]. All these amino acids are randomly distributed
along the polypeptide chain.

Table 1
Oxidation potentials (vs. Ag/AgCl) of electroactive amino acids at pH=4.5 0.1 M
acetate and pH = 7.0 0.1 M phosphate buffers.

pH=4.5 pH=7.0

E1a/V Ep2./V ER3./V Epla/V Ep2./V E3,/V
Tyrosine 0.79 - - 0.63 - -
Phosphotyrosine ~ 1.37 1.37
Tryptophan 0.76 1.11 - 0.63 1.08 -
Histidine 135 - - 1.15 - -
Cysteine 0.70 0.88 1.35 0.52 0.88 1.27
Methionine 1.05 1.25 - - 1.25 -

The interaction of proteins with electrodes is directly influenced
by surface properties. In general, the GCE surface is hydrophobic
favouring interaction with hydrophobic protein domains. The
Kyte-Doolittle hydropathy scale is used for the identification of
the hydrophobicity and/or polarity of a protein or protein sequence
[33,34]. The Kyte-Doolittle plot for the ABL1, Fig. 3A, showed a
general hydrophilic character with intercalated hydrophobic
sequences. Most of the electroactive amino acids are incorporated
into the hydrophilic regions, and contained into the kinase domain
of the ABL1, Fig. 3B.

In these conditions, the voltammetric behaviour of ABL1 is
explained considering the pH effect on the secondary and tertiary
protein structure in which the amino acids are organised according
to their polarity/hydrophobicity.

For electrolytes with 6.0 < pH < 8.0, the protein is in the native
conformation. The enzyme conformation is stable since no modifi-
cation of the voltammetric profile was observed after 48 h of incu-
bation in buffer, but can be destabilised by thermal denaturation,
Fig. 2B. Thus, for 6.0 < pH < 8.0, the enzyme adopts a compact rigid
structure that hinders the interaction of most electroactive amino
acids with the GCE surface and therefore their oxidation. Consider-
ing the potential values in Table 1, the peak recorded in solutions
of ABL1 in electrolytes with 6.0 < pH < 8.0, Figs. 1B and 2B, is due
to the oxidation of histidine residues.

For pH < 6.0, the native protein structure is destabilised and the
voltammetric profile in freshly prepared solutions is similar to that
recorded after thermal denaturation in the same conditions,
Figs. 1A and 2A. Thus, for pH < 6.0, ABL1 undergoes conformational
modifications which involve exposure of other electroactive resi-
dues to the electrode surface facilitating their oxidation, Fig. 1A.
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The oxidation peaks observed at lower potential values in acid
media are due to charge transfer reactions of tyrosine and trypto-
phan, Table 1.

3.2. Voltammetric characterisation of ABL1 interaction with substrates

3.2.1. Synthetic substrate abltide (EAIYAAPFAKKK)

The electrochemical behaviour of synthetic substrate abltide
EAIYAAPFAKKK was reviewed for peaks identification. The DP
voltammogram recorded in a solution of 5 uM abltide in pH=7.0
0.1 M phosphate buffer showed one peak at Ep, =+0.63 V due to
the oxidation of tyrosine residue, Fig. 4A. No modification of the
abltide oxidation peak was observed upon incubation in buffer.

The DP voltammogram recorded in a solution of 0.5 ug mL™!
ABL1 in pH =7.0 0.1 M phosphate buffer has shown one oxidation
peak at Ep, =+1.23 'V, Fig. 4A.

The interaction between ABL1 and abltide was studied in incu-
bated solutions. DP voltammograms were recorded after different
incubation times. Between measurements the GCE surface was
always cleaned in order to avoid the adsorption of oxidation prod-
ucts which can reduce the electroactive area.

The DP voltammograms recorded in a mixt solution of 5 uM
abltide and 0.5 pg mL~! ABL1 in pH =7.0 0.1 M phosphate buffer
at 0 h incubation time, showed both oxidation peaks of abltide
and ABL1, Fig. 4A. The abltide oxidation peak maintained the cur-
rent whereas the ABL1 decreased and shifted to more positive
potential values. Also, a new peak appeared at E,,=+0.79V,
Fig. 4A.

Increasing the incubation time, the ABL1 oxidation peak pro-
gressively decreased and reached constant values after 48 h,

Fig. 4A. Simultaneously, the peak became broader, and a new elec-
trochemical signal at Ep, =+1.14 V increased in a time-dependent
manner, Fig. 4B. At the same time, the decrease of the abltide peak
current was observed.

The decrease of the abltide oxidation peak with increasing incu-
bation time is explained considering that, upon interaction, the
phenol ring of the tyrosine residue on the synthetic substrate is
oriented toward the interior of the active site, as previously
described [8]. The coiling of the abltide strands around the enzyme
leads to structural modifications which are responsible for the
decrease of the ABL1 oxidation peak at E, = +1.23 V, and exposure
of other electroactive amino acids at the electrode surface, identi-
fied through the occurrence of new electrochemical signals at
E,a=+0.79V and Ep,=+1.14V. The abltide peak observed for
longer incubation times was due the oxidation of free, uncoupled
abltide strands.

3.2.2. ATP

The interaction between ABL1 and ATP was initially studied in
incubated solutions in pH=7.0 0.1 M phosphate buffer (not
shown). In these conditions, the ATP and ABL1 oxidation peaks
overlapped turning difficult their visualisation. For this reason,
the experiments were carried out in solutions of 50 pM ATP and
1.0 ygmL~" ABL1 in pH = 5.7 0.1 M acetate buffer.

The DP voltammogram recorded at 0 h incubation time showed
both ATP and ABL1 oxidation peaks at E,,=+1.23V and
Epa=+1.40V, respectively, with similar currents as recorded in
individual solutions, Fig. 5A.
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DP voltammograms were recorded in the same solution after
different incubation periods, always with a clean GCE surface,
Fig. 5B. Increasing the incubation time, the ABL1 peak remained
constant. The ATP oxidation peak progressively decreased in a
time-dependent manner but constant values were reached after
24 h of incubation. No other electrochemical signal was observed.
Also, the ATP oxidation peak occurred with the same current and
at the same potential value upon incubation in buffer.

The results suggest that the interaction between ABL1 and ATP
leads to the formation of stable complex that maintains the sym-
metry of the enzyme since practically no variation of the ABL1
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Fig. 7. DP voltammograms base-line corrected in solutions of: (A) (black curve)
5 uM imatinib, (dotted curve) 1.0 pg mL~' ABL1 before and (grey curve) after 0 h
incubation, and (B) after different incubation times, in pH = 7.0.

oxidation peak and/or appearance of new electrochemical signals
was observed. The ATP electroactive centres are hidden inside
the ATP-binding site, preventing their oxidation. Also, the occur-
rence of ATP peak for long incubation periods was due the oxida-
tion of free, uncoupled ATP molecules.

3.3. Voltammetric characterisation of ABL1 interaction with inhibitors

3.3.1. Natural inhibitor genistein

The electrochemical behaviour of genistein was previously
characterised [29]. The DP voltammogram (not shown) recorded
in a solution of genistein showed three consecutive charge transfer
reactions peaks G1, G2 and G3 due to oxidation of the ~OH groups
at positions C4/, C7 and C5, respectively [29,30].

The interaction between ABL1 and genistein was evaluated in
incubated solutions containing 5 uM genistein and 0.5 ug mL™!
ABL1 in pH = 7.0 0.1 M phosphate buffer. On the DP voltammogram
at 0 h incubation time genistein oxidation peaks G1 and G3 were
observed at E,1,=+0.53 V and E,3, = +0.82 V while the ABL1 peak
occurred at Ej, =+1.30V, Fig. 6.

Increasing the incubation time, genistein oxidation peak G1 and
ABL1 peak shifted to more negative potential values while peak G3
disappeared. Instead, peak G2 occurred at Ep2,=+0.67 V. Small
fluctuations of the currents were observed either in the case of
genistein or ABL1. On the other hand, no modification of genistein
oxidation peak was observed upon incubation in buffer.

The behaviour described is in agreement with a two-step inter-
action mechanism. Initially, genistein binding to ABL1 involves the
—-OH group at position C7 in ring A, which explains the disappear-
ance of genistein peak G2 on the voltammogram recorded at 0 h
incubation. The formation of this weak genistein-ABL1 complex
occurs through hydrogen bonding, and then is further stabilised
through van der Waals and electrostatic interactions.

Although genistein was described as an ATP-competitive kinase
inhibitor, it does not bind in the ATP-binding site of the enzyme
but to a region close to it [10,11]. In this configuration, genistein
is encountered on the outer surface of the enzyme, and the elec-
troactive centres are available for oxidation in agreement with
the occurrence of genistein oxidation peaks after long incubation
periods. Genistein binding to ABL1 does not induce large enzyme
structural modifications but rather alters protein hydrophobicity
and consequently its interaction with the electrode surface
facilitating the oxidation.

3.3.2. Synthetic inhibitors imatinib mesylate and danusertib
The electrochemical oxidation of imatinib mesylate and
danusertib at a glassy carbon electrode [31,32], showed one main
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Fig. 8. DP voltammograms base-line corrected in 5 puM danusertib incubated
during different times with 1.0 ug mL~"' ABL1 in pH = 7.0.
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Scheme 3. Structures of ABL1 tyrosine kinase in complex with: (A) danusertib
(structure PDB ID: 2V7A [15]) and (B) imatinib mesylate (structure PDB ID: 2HYY
[13]).

charge transfer reaction, Figs. 7A and 8, due to the oxidation of the
amine moiety. At higher positive potential values small peaks cor-
responded to piperazine moiety, Fig. 7A.

The interaction between imatinib and ABL1 was studied in
incubated solutions containing 5 pM imatinib and 1.0 ug mL™!
ABL1 in pH=7.0 0.1 M phosphate buffer. The DP voltammogram
at 0 h incubation showed the peak corresponding to the oxidation
of imatinib with a lower current, and the constant ABL1 peak,
Fig. 7A.

Increasing the incubation time, a progressive, time-depend
decrease of the imatinib oxidation peak was observed and almost
disappeared for 48 h of incubation, Fig. 7B. At the same time, the
oxidation peak of ABL1 also decreased but reached constant values
for longer incubation times.

A similar behaviour was observed for the interaction of
danusertib with ABL1, Fig. 8. In this case, danusertib oxidation peak

reached constant values after 24 h of incubation. On the other
hand, the ABL1 structural modifications are more pronounced
and the ABL1 oxidation peak shifted to more positive potential
values.

The stability of both compounds in the experimental condition
was also investigated, and no modification of the voltammetric
profiles was observed after incubation in buffer.

Both imatinib mesylate and danusertib are ATP-competitive
inhibitors but, contrary to genistein, their interaction with ABL1
kinase involves the ATP-binding site. Upon interaction, the activa-
tion loop adopts different conformations [7,9,13,15], which are
responsible for the differences in the observed electrochemical
behaviour, Scheme 3. The amino acids sequence of the activation
loop presents two electroactive residues: Met 398 and His386.
The analysis of the conformations of ABL1 complexes with imatinib
and danusertib show a more profound effect on His386. In the case
of danusertib-ABL1 complex, Scheme 3A, the His386 residue is
flipped apart from the enzyme surface [15] and this configuration
is responsible for the higher oxidation potential observed on the
voltammograms recorded in incubated solutions of danusertib
and ABLI1. In the case of imatinib-ABL1 complex, Scheme 3B, the
His386 appears closer to enzyme surface [15] facilitating oxidation.

On the other hand, the decrease of both imatinib and danusertib
oxidation peaks for long incubation times suggests that their inter-
action with ABL1 also results in stable complexes in which the
inhibitors electroactive centres are hidden inside the ATP-binding
site, preventing their oxidation.

4. Conclusion

The electrochemical behaviour of ABL1 protein tyrosine kinase
was studied by differential pulse voltammetry using a glassy car-
bon electrode. In neutral electrolytes, the protein maintain the
native, compact and rigid conformation that hinders the interac-
tion of most electroactive amino acids with the GCE surface and
therefore their oxidation. One anodic peak current due to the
oxidation of histidine residues was observed. In acid and basic
media the enzyme native structure is destabilised leading to expo-
sure of electroactive amino acid residues to the electrode surface
facilitating their oxidation.

A systematic study of the interaction between ABL1 protein tyr-
osine kinase and the synthetic substrate abltide EAIYAAPFAKKK,
ATP and inhibitors genistein, imatinib mesylate, and danusertib
was carried out in incubated solutions. Upon interaction with the
enzyme, the tyrosine residue of abltide is oriented toward the inte-
rior of the active site becoming unavailable for oxidation. The coil-
ing of the abltide strands around the enzyme leads to the exposure
of ABL1 electroactive amino acids to the GCE surface and the occur-
rence of new electrochemical signals. Contrary, the interaction
between ABL1 and ATP results in a stable complex that maintains
the symmetry of the enzyme and the ATP electroactive centres are
hidden inside the ATP-binding site, preventing their oxidation. The
formation of ABL1 complexes with the ATP-competitive synthetic
inhibitors imatinib mesylate and danusertib follows a similar
mechanism and the electroactive centres of both compounds are
inside the binding site preventing oxidation. Small enzyme confor-
mational modifications were observed after interaction with
danusertib. On the other hand, the natural inhibitor genistein is
encountered on the outer surface of the enzyme and the electroac-
tive centres are available for oxidation.

The electrochemical investigation of ABL1 electron-transfer
reactions before and after interaction with substrates and inhibi-
tors contributes to the development of structure-activity relation-
ships in ligand-ABL1 kinase interactions, allows detection of ABL1
conformational modifications upon interaction with ligands and a
qualitative understanding of the interaction mechanisms.
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