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The ubiquitin-proteasome system regulates the level of proteins within cells through controlled proteolysis. In some
diseases, the system function is dysregulated turning the ubiquitin-proteasome complex into a target for drug develop-
ment. The redox behavior of proteasome inhibitors, epoxyketone and boronated peptides carfilzomib, oprozomib and
delanzomib was investigated by voltammetric methods using glassy carbon and boron doped diamond electrodes. It
was showed that the oxidation of epoxyketone peptides carfilzomib and oprozomib occurred in one step at glassy car-
bon electrode surfacewhile at boron doped diamond two consecutive charge transfer reactions due to different adsorp-
tion orientation at the electrode surface were observed. The moieties of these peptides, involved in the oxidation
process, were morpholine for carfilzomib and thiazole for oprozomib. For the boronated peptide delanzomib, two ir-
reversible and independent redox processes, oxidation at+0.80 V and reduction at−1.40Vwere identified in neutral
media at both electrodes. The oxidation reaction occurred at the amino group close to the pyridine moiety of
delanzomib with the transfer of one electron and one proton whereas the reduction process takes place at pyridine
ring in a two-electrons two-protonsmechanism. Redoxmechanismswere proposed and the implications on the protea-
some inhibition discussed.
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1. Introduction

In eukaryotic cells, the ubiquitin-proteasome system (UPS) controls
the fundamental cellular processes by regulating the level of proteins
within cells through controlled degradation, an important aspect of
cell regulation [1]. The UPS components of mammals are ubiquitin,
a small regulatory protein found in most tissues of eukaryotic organ-
isms, and the cytosolic 26S proteasome which contains the 20S protein
subunit and two 19S regulatory cap subunits [2]. Proteins targeted for
degradation are recognized through their ubiquitin tag by the 19S cap
structure of 26S proteasome and cleaved through proteolysis by the
20S subunit [1,2]. In some diseases including cancer, the UPS is dys-
regulated and the increased activity of proteasome results in excessive
degradation of specific substrates, including the tumor suppressor p53
and the inhibitor of several nuclear factors, and affect several pro-
cesses that drive tumor progression [3]. One of the standard strategy
of disease control is represented by targeted therapy, in which the tar-
get drug is used for inhibition of proteasome activity [4]. Considering
the specificities and affinities for the different catalytic sites within the
proteasome core as well as their chemical structure and active moiety,
the proteasome inhibitors may be divided into three groups:
boronates, epoxyketones, and salinosporamides [4].
u).
In 2003, bortezomib was approved as the first drug to be used
on large scale as proteasome inhibitor. Although bortezomib showed
severe secondary effects regarding the neurotoxicity it demonstrated
an elevated clinical effectiveness, being the only new drug adminis-
tered as mono-therapy that prolonged survival [5,6]. Due to the
high interested on this types of therapeutic drugs, new inhibitors
such carfilzomib in 2012 among others [7–10] were proposed.
Also, a number of second-generation of inhibitors such as oprozomib
and delanzomib, have been developed and are undergoing intense ex-
amination in clinical trials [9,11,12]. Nonetheless, it is important to
mention that such compounds are used as inhibitors of other
proteases, while recently, boron-containing compounds including
delanzomib are tested as inhibitors of SARS-CoV-2 main protease [13].

As new developed drugs, the understanding of their physico-chemical
properties represents an important step for elucidation of theirs's mecha-
nism of action at biological level. The main characteristic feature of funda-
mental biological processes is represented by electron-transfer reactions
and although the complexity of reactions varies considerably from case to
case, the underlying principles that dictate the rate of electron transfer
are the same. Consequently, the electrochemical methods can simulate
the redox mechanisms providing insight about the electron-transfer reac-
tion for new discovered molecules and lead to the development of
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analytical strategies for detection, quantitation, and elucidation of
their redox mechanisms, the electrochemical investigation of new discov-
ered proteasome inhibitors, carfilozomib, oprozomib and delanzomib can
support the pharmacokinetic studies for understanding of their mechanism
of action.

In this context, the aim of the present study is the investigation of the
electron transfer properties of some newly discovered proteasome inhibi-
tors, using voltammetric methods at glassy carbon and boron doped dia-
mond electrodes. The investigation of the electrochemical redox
mechanisms of carfilozomib, oprozomib and delanzomib, Scheme 1, has
the potential for providing valuable insights into biological redox reactions
of this class of molecules, resulting in a better understanding of physico-
chemical properties and their mechanisms of action at different rates and
by different pathways.
2. Experimental

2.1. Materials and reagents

Carfilozomib, oprozomib, delanzomib, morpholine, methyl-
morpholine, 2-aminothiazole and 2-methylthiazole were purchased from
Selleckchem, Munich, Germany. The electrolyte solutions of 0.1 M ionic
strength were prepared with analytical grade reagents and purified water
from aMilliporeMilli-Q system (conductivity≤0.1 μS cm−1). The pHmea-
surements were carried out with a CrisonmicropH 2001 pH-meter using an
Ingold combined glass electrode. Microvolumes were measured using EP-
10 and EP-100 Plus Motorized Microliter Pippettes (Rainin Instrument
Co. Inc., Woburn, USA). All experiments were done at room temperature
(25 ± 1 °C).
Scheme 1.Chemical structures of A) carfilzomib, B) oprozomib and C) delanzomib.

Fig. 1. Cyclic voltammogram with A) GCE and B) BDDE in solution of 25 μM
carfilzomib in 0.1 M phosphate buffer pH = 7.0 at v = 100 mV s−1; () 1st, (…)
2nd and (…) 3rd scans.

2

2.2. Voltammetric parameters and electrochemical cells

Voltammetric experiments were carried out using an IVIUM
potentiostat in combination with IviumSoft program version 2.219 (Ivium
Technologies, Eindhoven, The Netherlands). Measurements were carried
out using a working glassy carbon (GC) (0.79 mm2) or a boron doped dia-
mond (BDD) (25 mm2), a counter Pt wire and an Ag/AgCl (3 M KCl) refer-
ence electrodes, in a one-compartment 2 mL electrochemical cell. The
experimental conditions for differential pulse voltammetry (DPV) were:
pulse amplitude 50 mV and pulse width 100 ms at a scan rate of
5mV s−1. For squarewave voltammetry (SWV) a pulse of 50mV, frequency
of 25 and 50 Hz and a potential increment of 2 mV, corresponding to an ef-
fective scan rate of 50 and 100 mVs−1 were used.

The GCE was polished using diamond spray (particle size 1 μm) on a
microcloth pad before each experiment. After polishing, the electrode was
rinsed thoroughly with Milli-Q water for 30s; then it was placed and
pretreated in the supporting electrolyte where various DP voltammograms
were recorded until a steady state baseline voltammogramwas obtained.

Prior to use, the BDD electrode was washed with ethanol and Milli-Q
water, and the surface was activated in the supporting electrolyte using cy-
clic voltammetry between the potential limits of 0.0 V and+ 2.5 V, until a



Fig. 2. 1) DP voltammogram in solution of 25 μM carfilzomib function of pH of the supporting electrolyte with A) GCE and B) BDDE. 2) Plots of the variation of (○,□) Ipa and
(●,■) Epa of carfilzomib vs. pH. The red curves correspond to voltammograms recorded in solutions of methyl-morpholine.
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stable signal was detected (15–20 cycles at a potential scan rate of
150 mV s−1). This procedure ensured very reproducible experimental
results.

2.3. Acquisition and presentation of voltammetric data

All the DP and SW voltammograms presented were background-
subtracted and baseline-corrected using the IviumSoft program tools. This
mathematical treatment improves the visualization and identification of
peaks over the baseline without introducing any artefact, although the
peak height is in some cases reduced (<10%) relative to that of the un-
treated curve. Nevertheless, this mathematical treatment of the original
voltammograms was used in the presentation of all experimental voltam-
mograms for a better and clearer identification of the peaks. The values
for peak current presented in all graphs were determined from the original
untreated voltammograms after subtraction of the baseline.

3. Results

The electrochemical behavior of carfilzomib, oprozomib and
delanzomib at glassy carbon and boron doped diamond electrodes was
studied over a wide pH range by means of electrochemical techniques
such as cyclic, differential pulse and square wave voltammetry.
3

3.1. Carfilzomib

3.1.1. Cyclic voltammetry
Cyclic voltammograms of 25 μM carfilzomib recorded at the GCE in

0.1Mphosphate buffer pH7.0 betweenpotential limits 0.0 V and+1.40V,
at v=100 mV s−1 revealed a single oxidation reaction, corresponding to
peak 1a at +0.90 V, Fig. 1A. By recording successive voltammograms in
the samesolutionandwithout cleaning theGCEsurface itwasobservedade-
crease of the oxidation current of peak 1a, explained by the adsorption of
carfilzomiboxidationproducts at theGCE surface reducing the electroactive
area. No additional signals were observedmeaning that the oxidation prod-
ucts of carfilzomib are not electroactive. Increasing the negative potential
limit, until−1.20 V no cathodic peaks appeared (data not shown).

Scan rate studies were carried out in order to understand if the oxida-
tion process is controlled by diffusion or by adsorption. The effect of scan
rate on the oxidation of 10 μM carfilzomib was evaluated in phosphate
buffer pH=7.0 (data not shown). Increasing the scan rate, the peak poten-
tial shifted to more positive values. The variation of the peak current with
scan rate in the range of 25–500 mV s−1 followed the first degree equation
Ipa / nA=−8.6+389.2× v / V s−1 (R2=0.991), while with square root
of the scan rate the second degree equation Ipa / nA=−0.1+ 34.1× (v /
V s−1) + 426.3 × (v / V s−1)2 (R2 = 0.997). Also, the logarithm of the
peak current varied linearly with the logarithm of the scan rate in



Fig. 3. SW voltammograms with A) GCE and B) BDDE in solution of 25 μM
carfilzomib in 0.1 M phosphate buffer pH = 7.0 at v = 100 mV s−1.

Fig. 4. Cyclic voltammogram with BDDE in solution of: A) different concentrations
and B) 100 μM oprozomib (―) 1st, (…) 2nd and (…) 3rd scans, in 0.1 M phosphate
buffer pH = 7.0 at v = 100 mV s−1.
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agreement with log(Ipa / nA)=−6.4+1.1× log(v / V s−1) (R2=0.991),
showing that the oxidation of carfilzomib involves adsorption of the com-
pound at the GCE surface.

Cyclic voltammograms were also recorded at the BDD working elec-
trode, Fig. 1B. The oxidation of 25 μM carfilzomib recorded at v = 100
mVs−1 revealed two anodic charge reactions, peak 1a at +0.80 V and
peak 2a at + 1.10 V. Recording successive voltammograms in the same so-
lution, without cleaning the electrode surface, the oxidation peak 1a disap-
pears while the second oxidation peak occurred with a lower current
intensity. Although it is known that the adsorption of chemical species at
BDD surface is low, the disappearance of peak 1a, as well as the decrease
of the second peak can be explained by the adsorption of oxidation products
at the sp2 regions of BDD, reducing the available electroactive surface.

The cyclic voltamograms obtained for 25 μM carfilzomib in supporting
electrolytes with different pH values showed that carfilzomib oxidation is a
pH-dependent reaction (data not shown).

3.1.2. Differential pulse voltammetry
Due to the high sensitivity of DPVwhen comparedwith cyclic voltamm-

etry, the pH effect on the electrochemical oxidation of carfilzomib was in-
vestigated for electrolytes with 2.0 < pH< 10.0, using DP voltammetry.

DP voltammograms were recorded with the GC and BDD electrodes in
solutions of 25 μM carfilzomib in electrolytes with different pH values,
4

Fig. 2 A1. Similar to cyclic voltammetry experiments, at GC electrode
only peak 1a was observed. For pH<7.0, the peak potential was pH depen-
dent and shifted linearly to less positive values with increasing pH, follow-
ing the relationship Epa = 1.22–0.06 pH, Fig. 2 A2. The slope of −60 mV
per pH unit was in agreement with an oxidation reaction that involves
the transfer of the same number of electrons and protons. Taking into ac-
count the width at the half height of the peak of approx. 100 mV it can be
concluded that the oxidation reaction of carfilzomib at GC electrode, for
pH lower than 7, occurred with the transfer of one electron and one proton.
Increasing the pH of the solution above 7, the peak potential turned pH in-
dependent, in agreement with a mechanism that involves only the transfer
of electrons.

On the DP voltammograms recorded with the BDDE in solutions of
25 μMcarfilzomib in electrolytes with different pH values two charge trans-
fer reactions corresponding to peaks 1a and 2a were observed, Fig. 2 B1. For
pH<7.0 the peak potentials were pH dependent and shifted linearly to less
positive values with increasing pH, Fig. 2 B2.

The relationship for peak 1a was Ep1a = 1.34–0.06 pH and for peak 2a
Ep1a= 1.12–0.06 pH. The slopes of−60mV per pH unit was in agreement
with the transfer of the same number of electrons and protons. For pH> 7.0
the peak did not vary with the pH of the supporting electrolyte meaning
that the oxidation involved only the transfer of electrons and no proton.



Fig. 5.A, B) DP andC) SWvoltammogramswith A) GCE and B,C) BDDE in solutions
of A) 75 μM oprozomib in electrolytes with different pH values, B) different
concentrations of oprozomib in 0.1 M phosphate buffer pH = 7.0, and C) 75 μM
oprozomib in 0.1 M phosphate buffer pH = 7.0. For SWV, It, Ib and If represents
the total, backward and forward currents.

Fig. 6. Cyclic voltammograms obtained with GCE in solutions of 200 μM
delanzomib in 0.1 M phosphate buffer pH = 7.0 between potential limits of:
A) + 1.40 and − 1.50 V; B) 0 and + 1.40 V; and C) 0 and − 1.60 V; v =
100 mV s−1; (―) 1st, (…) 2nd and (…) 3rd scans.
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3.1.3. Square wave voltammetry
In SWV the current is sampled in both positive and negative-going

pulses, oxidation and reduction peaks of the electroactive compound can
5

be obtained simultaneously, and the reversibility of the electron transfer re-
action monitored by plotting the forward and backward components of the
total current. In order to verify if the redox process of carfilzomib is either



Fig. 7. DP voltammograms obtained with GCE in solution containing different
concentration of delanzomib in 0.1 M phosphate buffer pH= 7.0: A) (―) 1st, (…)
2nd and (…) 3rd anodic scan for 200 μM; B) first scan for (―) 1, (…) 10 and (…)
100 μM and C) (―) 1st, () 2nd and (…) 3rd cathodic scan in 200 μMdelanzomib.

Fig. 8. DP voltammograms recorded at GCE in 100 μM morpholine and methyl-
morpholine, and in 10 μM 2-aminothiazole and 2-methylthiazole in 0.1 M
phosphate buffer pH = 7.0.
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reversible or irreversible, SW voltammograms were recorded in 25 μM
carfilzomib with both GCE and the BDD.

The deconvolution of the total current recorded at the GCE into the for-
ward and backward components showed peaks corresponding to oxidation
6

processes, Fig. 3A. The forward and backward components of the total cur-
rent recorded with the BDD showed manly oxidation peaks with low ca-
thodic correspondents, Fig. 3B.

3.2. Oprozomib

3.2.1. Cyclic voltammetry
The CV results obtained for oprozomib at GC electrode showed no an-

odic or cathodic peak even for elevated concentration. However, the use
of BDD electrode allowed the investigation of the electrochemical behavior
of oprozomib.

Cyclic voltammograms were recorded in 0.1 M phosphate buffer
pH7.0 at BDDE for different concentration of oprozomib. At low concentra-
tion, two oxidation peaks were identified, at+0.67 V and+0.82 V, and by
increasing the concentration the peaks tend to merge into one. Reversing
the scan direction, no cathodic charge transfer was observed, Fig. 4A. Re-
cording successive voltammograms in the same solution without cleaning
the electrodes surface, the oxidation peaks of oprozomib disappear and
no additional peaks were observed, meaning that the oxidation product is
not electroactive Fig. 4B.

3.2.2. Differential pulse voltammetry
DP voltammograms were recorded with the GCE in solutions of 75 μM

oprozomib in electrolytes with different pH values. In all voltammograms,
it was observed only one main oxidation peak. The both components of
the peak, oxidation potential and current, were pH-dependent: the oxida-
tion potential shifts to lower values and the oxidation current increased
with the increase of the pH value of the supporting electrolyte, Fig. 5A.
However, the highest oxidation current values obtained at pH = 12.0
was around 3.5 nA.

In order to achieve a higher sensitivity BDD electrode was used and DP
voltammograms were recorded in pH 7.0 for different concentrations of
oprozomib. For all concentration investigated, two consecutive charge
transfer reactions occurred at +0.62 V and + 0.71 V, Fig. 5B, and



Scheme 2. Proposed redox mechanisms for A) carfilzomib, B) oprozomib and C) delanzomib.
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recording consecutive voltammograms in the same solution without
cleaning the leaded to the decrease of both oxidation peaks.

3.2.3. Square wave voltammetry
In order to investigate the reversibility of the oxidation reaction of

oprozomib, SW voltammograms were recorded at pH 7.0 in 75 μM
oprozomib at BDD electrode. On the SW voltammograms both consecutive
charge transfers reactions occurred, Fig. 5C. The deconvolution of the total
current showed high peaks corresponding to oxidation and small signals to
reduction processes in agreement with the quasi-reversibility of the
reaction.

3.3. Delanzomib

3.3.1. Cyclic voltammetry
The voltammetric behavior of 200 μM delanzomib at the GCE was in-

vestigated by cyclic voltammetry in phosphate buffer pH 7.0, in a N2-
saturated solution, Fig. 6. During the voltammetric measurements a con-
stant flux of N2 was kept over the solution in order to avoid the diffusion
at atmospheric O2 into the delanzomib solution.

On the positive-going scan recorded from 0.00 V till +1.40 V one main
anodic peak 1a occurred at +0.70 V, Fig. 6 A and B. On the negative-going
scan, a reduction peak 1c appeared at−1.35 V, Fig. 6A. Recording succes-
sive voltammograms in the same solution and without cleaning the elec-
trode surface, the anodic and cathodic peaks of delanzomib decreased
with the increase number of scan due to the adsorption of redox products,
7

which decreased the electroactrive area of GC electrode surface. In addi-
tion, the negative-going scan recorded at a clean GC electrode surface be-
tween 0.0 V and − 1.40 V showed the peak 1c at −1.35 V. Therefore, it
can be concluded that the oxidation and the reduction of delanzomib oc-
curred independently of each other, Fig. 6C.

3.3.2. Differential pulse voltammetry
The redox behavior of delanzomib at GC electrodewas also investigated

by means of DPV. The DP anodic voltammogram recorded at GC in pH 7.0
for a solution containing 100 μM delanzomib showed one oxidation peak
occurring at +0.70 V with a current intensity of 15 nA, Fig. 7A. Increase
the number of voltammograms recorded in the same solution and without
cleaning the electrode surface a decrease of the oxidation peak current oc-
curred simultaneous with a positive oxidation potential shift with the in-
crease number of scans, Fig. 7A, confirming the fact that oxidation
products adsorb on the electrode surface, decreasing the electroactive avail-
able area andmakingmore difficult the oxidation of delanzomibmolecules.

Moreover, itwas observed that increasing the delanzomib concentration
results in a positive potential shift, Fig. 7B, a phenomenon associated with
the adsorption and the orientation of molecules at the electrode surface.

The cathodic DP voltammograms presented the reduction peak 1c of
delanzomib occurring at −1.18 V. Subsequent scans recorded without
cleaning the electrode surface showed only a small decrease of the reduc-
tion current while the potential remains the same, in agreement with a
diffusion-drive process with no or very small adsorption of reaction prod-
ucts at the electrode surface.
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4. Discussion

The experiments above described demonstrated that the epoxyketone
peptides carfilzomib and oprozomib as well as the boronated peptide
delazomib undergo electrochemical redox reactions.

Referring to the epoxyketones, carfilzomib undergoes one electron and
one proton electrochemical oxidation while the oxidation of oprozomib in-
volves the transfer of two electrons and two protons. This indicates the ex-
istence of different electroactive centres and redox mechanisms. In order to
obtain detailed information on their redox mechanism, experiments were
carried out in solutions of morpholine and methyl-morpholine for
carfilzomib, and in 2-aminothiazole and 2-methylthiazole for oprozomib.

TheDPvoltammogramsrecordedinsolutionsofmorpholineandmethyl-
morpholine, Fig. 8, showed that both compounds undergo oxidation at po-
tential values close to those of carfilzomib, Fig. 2A and C (red lines). These
experiments proved that the oxidation of carfilzomib occurred with the
transfer of one electron and one proton from the morpholine moiety,
Scheme 2A. Although the epoxy moiety was demonstrated to undergo
redox reactions [14], thisgroupwasnot involved into the redoxmechanisms
of carfilzomib.However, the epoxymoiety can influence the adsorption and
orientation of molecules and/or their redox products at the electrode sur-
face. Nevertheless, the occurrence of two oxidation peaks on the voltammo-
grams recorded with the BDDE is explained considering the embedded sp2

graphite domains into the diamond structure [15]which lead to the adsorp-
tion of carfilzomib at BDD surface in different orientations that facilitate the
electron transfer reactions when compared to the GCE.

Likewise, the DP voltammogram recorded in buffer after adsorption in
solutions of 2-aminothiazole and 2-methylthiazole, Fig. 8, showed two con-
secutive charge transfer reactions at potential values close to those obtained
for oprozomib. Considering the results presented above, it is proposed that
the oxidation of oprozomib involves the thiazole moiety. Thus, the overall
transfer of two electrons and two protons from the sulphur atom in the pres-
ence of water leads to the formation of sulfoxide. On its turn, the sulfoxide
group undergoes electrochemical oxidation in the presence of water
resulting in a sulfone [16], Scheme 2B.

Referring to the boronated peptide delanzomib, its electrochemical ox-
idation occurs in a one-step irreversible mechanism. The electrochemistry
of boron-containing compounds is well documented [17] but in the case
of delanzomib, at least in the present experimental conditions, the boronic
acid moiety does not represent an electroactive centre. Instead, the redox
behavior of delanzomib was compared to that of bortezomib [18]. The sim-
ilarities observed indicated that the oxidation of delanzomib corresponds to
that of the aliphatic secondary amide. Thus, the anodic reaction, Scheme
2C, involves the transfer of one electron and one proton leading to the for-
mation of a radical, which undergoes homogenous chemical reactions. On
the other hand, the reduction of delanzomib occurs in a one-step irrevers-
ible mechanism, Scheme 2C, involving the transfer of two electrons and
two protons and the reaction is taking place at the phenylpyridine ring.

Generally, the inihibition mechanism of the proteasome by the
epoxyketones and the boronated peptides involves a threonine residue in
the catalytic site. For example, in the case of oprozomib and carfilzomib,
a morpholino ring is formed via a dual covalent interaction between Nα
and Oγ of the threonine residue, and the C-terminal epoxyketone group.
In the case of delanzomib and bortezomib, the formation of a tetrahedral
hydrogen-bond between boronic acid moiety and threonine residue is de-
scribed. From the experiments described in this research, it is evident that
none of the moieties can be affected by oxidation. However, it can be in-
ferred that the oxidation product of delanzomib, as an unstable radical
can readily interact with any other amino acid residue in the enzyme struc-
ture or, more generally, any other cellular component [19,20]. On their
turn, the N-terminal morpholine moiety of carfilzomib or the thiazole moi-
ety in case of oprozomib, which represents the electroactive sites of these
compounds, are not involve in any interaction with the catalytic site. How-
ever, these groups are involved in the stabilization of the peptide's back-
bone in the molecular complex formed after the interaction of
epoxyketone with the threonine residue of the catalytic site [21]. Also, in
8

this case it can be inferred that the hydroxyl group formed after oxidation
of carfilzomib as well as the formation of the sulfoxide in the case of
oprozomib can interfere with other electrophilic anchors altering the com-
pound 3D conformation, the interactionwith the amino acid residues in the
catalytic site, and consequently their inhibiting properties.

5. Conclusions

The voltammetric behavior of proteasome inhibitors epoxyketones
carfilzomib and oprozomib, and the boronated peptide delanzomib was in-
vestigated by cyclic, differential pulse and square wave voltammetry at
glassy carbon and boron doped diamond electrodes in different electrolyte
media and at different concentrations of analytes.

The oxidation of the epoxyketone peptide carfilzomib took place in one
step but at the boron doped diamond electrode two peak currents were ob-
served due to different orientations of themolecule at the electrode surface.
The voltammetric results indicated that the electrochemical oxidation of
carfilzomib occurred at the morpholine ring with the transfer of one elec-
tron and one proton in an adsorption controlled pH-dependent mechanism.
This mechanism was confirmed by investigation of the redox properties of
morpholine and methyl-morpholine.

The epoxyketone peptide oprozomib showed a very weak
electroactivity at glassy carbon electrode but the use of boron doped dia-
mond electrode revealed that the oxidation occurred with the transfer of
two electrons and two protons. Comparative investigations with
-aminothiazole and 2-methylthiazole, demonstrated that the thiazole moi-
ety of oprozomib is involved in the anodic charge transfer reaction leading
to the formation of a sulfone.

The electrochemical oxidation of the boronated peptide delanzomib
showed similar behavior at both glassy carbon and boron doped diamond
electrodes. It was demonstrated that, at pH7.0, delanzomib can be oxidized
and reduced in independent reactions. The electroactive center correspond-
ing to the oxidation was identified to be an amino group while for the re-
duction reaction the phenylpyridine moiety.
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