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Abstract 

The development of Alzheimer’s Disease (AD) has been linked to abnormal quantities of β-

amyloid peptides in the brain. The majority of studies have focussed on Aβ(1-40/42) amyloids and 

their Cu(II)-Aβ(1-40/42) complexes which are responsible for production of reactive oxygen and 

nitrogen species (ROS and RNS), which are highly toxic to neurons. According to recent studies 

on amyloid plaques, Aβ(4-42), which is an N-truncated version of Aβ(1-42), is as prevalent as Aβ(1-

42) in the brain. Although Cu(II) ions, bounded by Aβ(4-42), can be oxidized to highly reactive 

Cu(III) ions, its Cu(II) complexes do not appear to contribute to ROS/RNS formation. In this 

paper, the pH-dependent voltammetric response of Aβ(4-16)-Cu(II) complexes is investigated to 

understand the influence of the deprotonation of tyrosine within the complex towards the 

Cu(II)/Cu(III) reaction. The results will help to better understand the scavenging role of tyrosine 

in quenching highly reactive Cu(III) ions not only in Aβ(4-x)-Cu(II) complexes but also provide 

clues to the reactive properties of other tyrosine-containing amyloid-metal complexes. 
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Introduction 

 Alzheimer's Disease (AD) is one of the most common causes of dementia and is 

predicted to affect more than 130 million people by 2050.[1]. The economic cost incurred because 

of caring for AD were estimated to be USD 600 billion annually. The development of AD has been 

linked to the presence of abnormal contents of β-amyloid peptides (Aβ) in the brain, which forms 

neurotoxic dimers, oligomers and plaques as a result of aggregation.[2] To date, the most studied 

amyloid is Aβ(1-x) (where x refers to 16, 40 or 42 amino acids). However, according to analytical 

studies,[3] Aβ(4-x) is a major component of plaques, often more prevalent than Aβ(1-x). For this 

reason, Aβ(4-x) is currently being widely studied.[4–7] 

The use of electrochemical methods has become a complementary tool in biochemical 

studies related to the detection, characterisation and kinetic studies of Aβ peptide aggregation.[8] 

Cyclic voltammetry (CV), differential pulse voltammetry (DPV) and square wave voltammetry 

(SWV) are the most commonly used, fast and easy electrochemical techniques to study this 

processes through the oxidation processes of amino acids present in the peptide chain.[8,9] Of all 

the amino acids present in the Aβ chain, only three are redox active: histidine (His, H), methionine 

(Met, M) and tyrosine (Tyr, Y). The changes in voltammetric behaviour related to peak position 

and current decrease of the peaks corresponding to the oxidation of tyrosine, histidine and 

methionine allow for investigation of fibrilisation mechanisms not only of full-length Aβ, like 

Aβ(1-40) and Aβ(1-42) but also shorter fragments (like Aβ(10-20), Aβ(12−28)) or mutants (e.g. 

Aβ(1-40) Y10F, where the tyrosine moiety is substituted by phenylalanine (Phe, F)).[10–15] Oxidation 

of tyrosine leads to the formation of stable dityrosine dimers of Aβs, whose importance is widely 

discussed in the pathogenesis of AD.[16–19] According to Enache and Oliveira-Brett, in the initial 

step of oxidation, Tyr undergoes a one-electron and one-proton transfer to form the tyrosine 

phenoxyl radical (Tyr•).[20–26] This is a pH-dependent process, occurring at a potential ~ 0.65 V vs. 

Ag/AgCl at pH 7.4. The tyrosyl radical that is formed undergoes hydrolysis and the obtained 

orthoquinone can later be reduced to a catechol in a two-electron and two-proton process.[20] 

Voltammetry is also useful for studying metal-induced conformational changes of Aβ(1-x) 

as well as Aβ(1-x)-Cu(II) complexes, which are formed in the presence of Cu ions in the brain.[6,27–

30] For Aβ(1-16), in the presence of Cu(II) ions, a decrease of the tyrosine oxidation peak current 

and a shift of the oxidation potential to more positive potentials has been observed.[27] This suggests 

that the structure of the peptide changes significantly upon complexation of these metal cations. 

Interaction of redox active copper ions with beta amyloid peptides, both Aβ(1-x) and Aβ(4x) leads 

to formation of Aβ-Cu(II) complexes which have very different properties. Cu(II) is predominantly 

coordinated by Aβ(1-x) in a distorted square-pyramidal geometry. Therefore Cu(II) ions attached 
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to Aβ(1-x) can undergo reduction to Cu(I). This process catalyses the production of reactive oxygen 

and nitrogen species (ROS and RNS) which are highly toxic to neurons.[31–33] In contrast, Aβ(4-x) 

form square-planar complexes with Cu(II) ions through its ATCUN (the amino terminal Cu(II)- 

and Ni(II)-binding motif) sequence, that is, by its N-terminal part consisting of Phe-Arg-His 

(Scheme 1). Because of this, Aβ(4-16)-Cu(II) undergo Cu(II)/Cu(I) reduction at very negative 

potential values (below -1 V),[34] unattainable for conditions in the human body, which prevents 

the formation of ROS and RNS. Additionally, ATCUN-Cu(II) complexes allow Cu(II) to be 

oxidised to Cu(III),[35] which is strong oxidising species, in a reversible or quasi-reversible one-

electron redox process.[36–38] In our previous work we showed that in Aβ(4-16)-Cu(II) complexes 

in the absence of tyrosine the Cu(II)/Cu(III) reaction is reversible.[6], whereas when Tyr is present 

in the peptide, the reduction is quenched. 

 

Scheme 1 Structure of the Aβ(4-16)-Cu(II) complex investigated in this work. 

 

 

In this paper, the voltammetric response of pH-sensitive Aβ(4–16)-Cu(II) complexes, Aβ(4–16) 

peptide and tyrosine at different pH values (from 5 to 9) are examined in order to understand the 

influence of tyrosine (Tyr) deprotonation on the Cu(II)/Cu(III) reaction. Experiments were 

performed at high (100 Vs-1) and lower scan rates (0.1 Vs-1) (CV) and at different frequencies (SWV) 

in order to the investigate interaction between Cu(III) and Tyr and determine the rate of this 

reaction. Additionally, electrochemical studies were supported by simulations. The results will help 

to better understand the scavenging role of tyrosine in quenching highly reactive Cu(III) ions in 

Aβ-Cu(II) complexes.  
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1. Experimental Section 

1.1. Chemicals and materials 

Inorganic compounds: disodium phosphate (Na2HPO4, 99,99%), monosodium phosphate 

(NaH2PO4, 99,99%), sodium hydroxide (NaOH, 99,9%), copper(II) nitrate hydrate 

(Cu(NO3)2·xH2O, 99,99%), hexaammineruthenium(III) chloride ([Ru(NH3)6]Cl3, 98%) and 

tyrosine (99%) were purchased from Merck and were used without further purification. All 

solutions used in electrochemical and spectroscopic measurements were prepared with deionised 

water (resistivity of 18.2 MΩ.cm at 25°C) from a Sartorius purification system. The peptide Aβ(4-

16), purchased from Lipopharm, has free N-terminal amines and amidated C-terminus. 

1.2. Electrochemical methods  

Electrochemical experiments on glassy carbon disk (Ø 3 mm, Mineral) electrodes were performed 

using Autolab PGSTAT204 potentiostat (Metrohm AG) controlled by the NOVA software 

(version 2.1.5). CV measurements were performed at different scan rates and at least 3 scans were 

recorded for each series. The following parameters were used for SWV: step 2 mV, modulation 

amplitude 50 mV and frequency 25 Hz. The acquisition of voltammetric curves was repeated at 

least 3 times for each solution of Aβ(4-16)-Cu(II) complex, Aβ(4-16) peptide and tyrosine. All 

experiments were performed in a three-electrode arrangement, with a Ag/AgCl (3 M NaCl) 

reference electrode, a platinum rod as the counter electrode, and a glassy carbon disk electrode 

(GCE) as the working electrode. The reference electrode was separated from the working solution 

by a salt bridge filled with a 0.1 M phosphate buffer solution, the same pH as in the cell. The 

potential of the reference electrode was calibrated based on the ruthenium electrode process. The 

formal potential of hexaammineruthenium(III/II) chloride in 0.5 M KNO3 is 0.172 ±0.002 V vs. 

Ag/AgCl.[29] Prior to each voltammetric measurement the GCE was polished on a Buehler 

polishing cloth to a mirror-like surface, using aqueous slurries of 0.05 μm alumina powder followed 

by 1 min water ultrasonication to remove the remaining powder. All electrochemical measurements 

were carried out in 0.1 M phosphate buffer solution in the range of pH values from 5 to 9 every 

half pH unit. For clarity, the curves in main text are shown only for full pH unit increments (pH 

5.5, 6.5, 7.4, 8.5). The curves recorded in solutions at pH 5, 6, 7, 8 and 9 are in the SI. In order to 

support CV data, we have performed SWV experiments at pH 5.5, 6.5, 7.4 and 8.5. 

The pH was adjusted by pH-metric titration with small volumes of concentrated NaOH or H3PO4 

solutions. The concentrations of metal-free Aβ(4-16) and in complexes were 0.5 mM. The ligand-

to-copper(II) ratio was 1:0.9 in all cases (a small Cu(II) deficiency helps to avoid interference from 
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uncomplexed Cu(II) cations). Tyrosine concentration was 0.45 mM. The pH was closely monitored 

before, during and at the end of each voltammetric measurement. 

Cyclic voltammetry experiments on carbon microelectrodes (from ALS CO., Ø 33 µm) were done 

in a Faraday cage using a PalmSens4 potentiostat controlled by the software PSTrace. These 

electrochemical measurements were carried out in 0.1 M phosphate buffer solution at pH 6.0 and 

7.4. 

1.3. UV-Vis spectroscopy 

UV-Vis spectra were recorded at 25°C on an Evolution 300 spectrophotometer (Thermo 

Scientific) over the spectral range of 350– 900 nm. Quartz cuvettes with an optical path of 1 cm 

were used (Starna scientific). Aβ(4-16) peptide and tyrosine concentrations were determined by 

UV-Vis absorption of tyrosine (ε276) = 1410 M-1cm-1). UV-Vis spectra were also used to control 

the concentration of Cu(II) solutions. Additionally, UV-Vis spectroscopy was used in order to 

characterise the Cu(II) complex formation of Aβ(4−16) peptide and metal-free Aβ(4-16) 

deprotonation in phosphate buffer solutions. Samples containing the peptide with or without 

Cu(II) ions were titrated with NaOH in the pH range 3–10 by manual additions of the concentrated 

base solution. 

1.4. Computer simulations 

Computer simulations of cyclic voltammetry were performed in Comsol 6.0 using the 

electrochemistry module. The simulations were performed in a 1D geometry with the electrode at 

one end of the simulation interval and a constant concentration as boundary condition at the other 

end. The cyclic voltammogram at a scan rate of 5 Vs-1 was fitted manually. This high scan rate was 

chosen because a clear reverse peak could be seen. A more detailed description of the simulations 

can be found in the SI. 
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Results and Discussion 

Cyclic voltammetry of Aβ(4-16)-Cu(II), Aβ(4-16) and tyrosine  

 

Aβ(4-16) belongs to the ATCUN type peptides and therefore forms stable square planar 

complexes with Cu(II) ions at pH values above pH 5 (scheme 1A and spectroscopic data SI Figure 

1.2). For ATCUN complexes, the Cu(II)/Cu(III) reaction is predicted to occur.[39] Depending on 

the amino acid sequence, the Cu(II)/Cu(III) process is usually nearly electrochemically reversible 

(both oxidation and reduction peak are present, and ∆Ep is close to 59/n mV at 25 °C) as described 

for GGH-Cu(II),[38] or quasi-reversible (both oxidation and reduction peak are present, and ∆Ep 

value is higher than 59 mV at 25 °C) for BAH-Cu(II).[40] However, no reduction signal was observed 

(Figure 1 A) for the Aβ(4-16)-Cu(II) complex in all pHs when 0.1 Vs-1 was applied. The absense of 

the Cu(III)/Cu(II) peak in the Aβ(4-16)-Cu(II) complex results from the presence of redox active 

tyrosine in the peptide sequence, which is quenching the Cu(III)/Cu(II) process.[4] As was shown 

in a previous publication, replacing Tyr by Phe (a non redox active amino acid) resulted in the 

presence of a Cu(III)/Cu(II) peak for the Aβ-Cu(II) complex.[4] For this reason, we not only 

investigated the Aβ(4-16)-Cu(II) complex but also oxidation of tyrosine in the peptide (Figure 1 

B). Tyrosine oxidation is visible in CVs recorded for the complex, Aβ and for the tyrosine amino 

acid itself.  
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Figure 1 CV (first scan) for (A) Aβ(4-16)-Cu(II) complexes (1:0.9 molar ratio) and (B) Aβ(4-16) and Tyr 
at pH range values 5.5 – 8.5 recorded in 0.1 M phosphate buffer, v = 0.1 V s-1.  
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Oxidation of tyrosine in the Aβ sequence is an irreversible process due to the formation of a 

thermodynamically unstable tyrosyl radical.[20] Therefore on registered CV only anodic peak is 

present (Figure 1 B). For both the complex and the peptide itself the anodic signal shifted toward 

less positive potentials as the pH increased, which indicates that a proton exchange occurs in the 

process. The ratio of number of electrons and protons exchanged was estimated from the Ep,ox vs 

pH plots (Figure 2). The oxidation potential for Aβ(4-16) and tyrosine shows a shift of 54 ± 2 and 

63 ± 2 mV per pH unit, respectively, indicating a one-electron and one-proton process according 

to the Nernst equation. In contrast, the slope of 33 ± 1 mV per pH unit obtained for the Aβ(4 16)-

Cu(II) complex indicates the transfer of two electrons and one proton (Figure 2). It is likely that 

the shift in Cu(II)/Cu(III) oxidation potential (which in itself should not be pH dependent) is 

related to the deprotonation of not only tyrosine but also other amino acids in the peptide 

sequence, which changes the electrostatic environment around the metal centre and therefore 

facilitates the oxidation process on the electrode. This phenomena was observed by us earlier for 

other Cu-peptide complexes.[42] The CVs also show a strong background from the broad oxidation 

of His which is centred outside the measured electrochemical window (Eox ~1.10 V, vs. Ag/AgCl.[9]) 
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 Tyr slope 0.063 V per pH, r2=0.995

 

Figure 2  Plot of of Ep,ox vs. the pH obtained for Aβ(4-16)-Cu(II) (black), Aβ(4-16) (red) and Tyr 
(green). 

 

Similar studies, aiming to explain the influence of tyrosine on the oxidation process of 

copper(II) ions, were conducted by Tsai and Weber for tripeptide complex YGG-Cu(II).[41] These 

authors proposed an electrochemical-chemical (EC) mechanism. Therefore, based on their article, 

an initial suggestion for a possible mechanism for Aβ(4-16)-Cu(II), where most likely in the first 
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electrochemical step, tyrosine is deprotonated and oxidised to the radical (Y•) and Cu(II) ions are 

oxidised to the Cu(III), could be: 

AβYH-Cu(II)  
𝑘1
→ AβY∙-Cu(III) + H+ + 2𝑒.  (1) 

This is consistent with our two-electron one-proton data (Figure 2). In the second step (chemical), 

intramolecular electron transfer may occur between the Cu(III) and the tyrosine radical resulting 

in: 

 Aβ-Cu(III)Y∙
𝑘homo
→    Aβ-Cu(II)Yox,   (2) 

 

where AβYH-Cu(II) emphasises the presence of protonated tyrosine in the peptide in a non-

oxidised form; AβY•-Cu(III) emphasises the presence of tyrosine in the peptide in an oxidized, 

radical form; and AβYox-Cu(II) emphasizes that the tyrosine was oxidized again by Cu(III) ions 

(chemical process). 

Tsai and Weber never determined the rate of the homogeneous reaction but assumed it would 

be relatively fast since no reduction peaks were observed in voltammograms, even at 2 Vs-1 scan 

rate.[41] To further investigate the EC mechanism, proposed on the basis of the Tsai and Weber 

article[41], we carried out additional experiments at increased scan rates. For 5 V/s a standard 

electrode was used, but carbon fibre microelectrodes (33 μm Ø) were employed to investigate the 

quenching process at higher scan rates (50 and 100 V s-1). These measurements were performed 

specifically around the pH range (pH 6 – 7) at which tyrosine deprotonation appeared to have a 

marked effect on the presence of the cathodic peak. 

The carbon fibre microelectrodes had a significantly smaller surface area than the typical 

macroelectrodes used in the rest of this paper. This allowed cyclic voltammetry to be performed at 

the higher scan rates without incurring significant capacitive currents (predicted by Eq. 3) which 

would have complicated the observation of peaks when using the macroelectrodes.  

 

i=C x υ       (3) 

When changing the scan rate, the nature of the mass transport to the microelectrode falls 

somewhere between the planar diffusion and steady-state diffusion models, represented in Eq. 4 

by the left-hand and right-hand terms respectively.  

𝑗 =
𝑛𝐹𝐷1 2⁄ 𝑐

𝜋1 2⁄ 𝑡1 2⁄
+
4𝑛𝐹𝐷𝑐

𝜋𝑎
     (4) 

 

Since the times employed were so short, the left-hand planar diffusion term dominates and no 

steady state signal from the voltammetry was observed. Instead, an anodic peak corresponding to 
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Cu(II) oxidation was observed. In such conditions the limiting factor for the observation of a 

cathodic peak on the return scan is the subsequent quenching of Cu(III) by the tyrosine. By 

scanning at faster rates, the Cu(III) could be reduced before the quenching could take place, 

resulting in the observation of a cathodic peak.  

As before, the CVs exhibited a single oxidation peak and Ep,ox shifting toward less positive 

potentials as the pH increased (Figure 3 and Table 2 SI). Additionally, on CVs we observed a 

cathodic peak related to the Cu(III) reduction. Notably, for a scan rate of 5 V/s, the reduction peak 

was visible in the pH range from 5.0 to 6.5. At pH 7.4 the reduction signal has almost disappeared. 

Further increase in pH resulted in its complete disappearance. This is most likely due to the fact 

that at a higher pH, tyrosine deprotonates much faster, and as a consequence, the deprotonated 

form more easily quenches Cu(III) ions. For scan rates of 50 and 100 V/s the reduction peak is 

visible also at pH 7.4. So, for short timescales it is possible to reduce the Cu(III) before quenching 

by tyrosine could take place. (Figure 4). 
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Figure 3 CV (first scan) for (A) Aβ(4-16)-Cu(II) complexes (1:0.9 molar ratio) and (B) Aβ(4-16) at pH 
range values 5.5 – 8.5 recorded in 0.1 M phosphate buffer, v = 5 V s-1.  

 

https://doi.org/10.26434/chemrxiv-2023-8n92m ORCID: https://orcid.org/0000-0001-8331-8572 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.26434/chemrxiv-2023-8n92m
https://orcid.org/0000-0001-8331-8572
https://creativecommons.org/licenses/by/4.0/


10 
 

0 0.2 0.4 0.6 0.8 1 1.2
-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0 0.2 0.4 0.6 0.8 1 1.2
-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

 50 Vs-1

 100 Vs-1

i 
/ 
m

A

E vs. Ag/AgCl /V

Ab(4-16)-Cu(II),

pH 6.0

A

E vs. Ag/AgCl /V

 50 V/s

 100 V/s

Ab(4-16)-Cu(II),

pH 7.4

B

 

Figure 4 CV obtained for Aβ(4-16)-Cu(II) complexes at pH 6.0 and pH 7.4 on micro electrodes  
recorded in phosphate buffer v = 50 and 100 Vs-1 

These results suggest that the investigated process does not follow a simple EC mechanism. 

Therefore, we propose a different mechanism for the studied process. In the initial electrochemical 

step (1) oxidation of tyrosine and Cu(II) ions occur at very similar potentials, especially at lower 

pH values. However, as the pH increases, tyrosine oxidation occurs at slightly lower potentials 

compared to Cu(II). Therefore, an obvious widening of the half peak width is seen. Considering 

this, it might be reasonable to divide the reaction in Eq. 1 into separate steps. While the second 

step is the same as in EC mechanism. An alternative model is therefore an electrochemical-

electrochemical chemical (EEC) mechanism such as the one in eq 5:   

(E1 & E2) 

AβYH-Cu(II)  ⇄
𝑘1 AβY∙-Cu(II) + H+ + 𝑒−    (5a) 

     

AβY∙-Cu(II) ⇄𝑘2 AβY∙-Cu(III) + 𝑒−    (5b) 

C)  

AβY∙-Cu(III)
khomo
→    AβYox-Cu(II)     (2) 

 

After the final step, it looks like the Cu(II) ion in AβYox-Cu(II) could be oxidised back to 

Cu(III), after which the reduction to Cu(II) should be seen. However, for a scan rate of 0.1 Vs-1, 

the anodic peak corresponding to the Cu(II)/Cu(III) is visible only in the first cycle (for any pH 

value). At higher scan rates, which resulted in also the cathodic (Cu(III)/Cu(II)) being present,  

Cu(II)/Cu(III) oxidation could be seen in each of the 3 measurement cycles (SI Figure 3.8, for 5 
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V/s). This suggests that the AβYox-Cu(II) undergoes some structural conformation that either 

changes the Cu(II) binding away from the ACTUN motif that enables the oxidation to Cu(III), or 

that the Cu is completely released from the peptide. Since Cu(III) is generally not stable in aqueous 

solutions, we would not expect to see any further oxidation from free Cu. Investigation of these 

structural changes are underway, but are beyond the scope of this study. 

The step  

AβYH-Cu(II)  ⇄
𝑘1 AβYH-Cu(III) + 𝑒

−    (6) 

should be possible in principle, but since tyrosine is oxidised at lower potential than Cu(II) for all 

moderate pH values, it is highly unlikely.  

In order to confirm the proposed EEC mechanism, cyclic voltammograms were simulated 

based the mechanisms described in equations 2–3, as well as SWV experiments. We fitted cyclic 

voltammograms to the experimental data from pH 5.5 and scan rate 5 Vs-1, where a clear reduction 

peak is visible. The height of the peak cannot be fitted properly due to the presence of the strong 

background from oxidation of histidine Eox ~1.10 V, vs. Ag/AgCl.[9] The model was fitted manually 

until a good agreement was found, thus the found values may not be optimal parameter values, but 

they should be relatively close. The optimised parameters show an ET standard rate constant for 

both reactions of ca 0.02-0.03 cms-1, but the charge transfer coefficient for the Tyr oxidation (0.23) 

is significantly lower than for Cu (0.56). 

Square wave voltammetry studies  

CV results were supported also by SWV experiments in order to investigate both oxidation 

and reduction processes at fast switching time and determine the rate of the following chemical 

step of EEC process. Figure 4 (also Figure 3.10 SI), shows the forward and reverse components 

of SWV, for the Aβ(4-16)-Cu(II) complexes. In all these cases a small reduction peak is seen in the 

reverse current. In SWV, a reduction step is applied directly after the oxidation step. This potential 

program makes it possible to measure a reduction in an EC process, even when the rate of the 

chemical step is quite fast. For SWV registered for Aβ in the absence of metal, no reduction peak 

(backward current) is visible, confirming that only Cu(III) ions undergo the reaction in the studied 

complex. The same is true for SWVs of only the Tyr (Figure 3.10 SI). 
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Figure 4 SWV for Aβ(4 16)-Cu(II) complex, Aβ(4-16) at pH 5.5 (A) and 8.5 (B) recorded in 0.1 

M phosphate buffers. If – forward current (solid lines), Ir – reverse current (dashed lines). 

 We have additionally performed SWV at different frequencies (from 5 up to 25 Hz) (SI 

Figure 8.1) in order to determine the rate of the following chemical step, which is an internal 

electron-transfer from the Cu(III) ion to the Tyr•. As the frequency decreases, the cathodic peak 

during the reverse current step gradually disappears. The slope in the voltammogram makes it hard 

to determine the exact frequency when the peak disappears, but it lies between 10 and 15 Hz. This 

critical frequency is dependent on the rate of the following homogeneous step in an EC reaction 

mechanism,[43] which in our case corresponds to 30-45 s-1. This is somewhat higher than found in 

the CV simulations (15 s-1). As the pH increases, the reduction peak disappears. This is likely due 

to the increase in the amount of deprotonated Tyr, which as discussed above, significantly increases 

the rate for the intramolecular electron transfer.[41] The SWV results corroborate the CV data that 

the oxidation of Aβ(416)-Cu(II) complexes is an EEC mechanism, with the rate of the chemical 

step dependent on the amount of deprotonated tyrosine available. 

 

Conclusions 

We investigated the redox properties of copper complexes with Aβ(4–16), which is a good 

model peptide for Aβ(4–42). On the basis of cyclic and square wave voltammograms as well as 

computational studies we investigated Cu(II) oxidation to Cu(III) and the influence of the tyrosine 

moiety on this process. On CVs recorded with lower scan rates (0.1 Vs-1) only the anodic peak for 

Cu(II)/Cu(III) appeared over the entire range of studied pH (from 5 to 9). The oxidation process 

Cu(II)/Cu(III) in a complex with Aβ(4-x) appears irreversible due to subsequent chemical 

reduction. However, a significant increase in the scan rate to 5 Vs-1 and higher, revealed the 

cathodic peak associated with the Cu(III)/Cu(II) process. We performed square wave voltammetry 

https://doi.org/10.26434/chemrxiv-2023-8n92m ORCID: https://orcid.org/0000-0001-8331-8572 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.26434/chemrxiv-2023-8n92m
https://orcid.org/0000-0001-8331-8572
https://creativecommons.org/licenses/by/4.0/


13 
 

measurements and simulations based on the recorded CVs to determine the rate of charge transfer 

reaction between Cu(III) and tyrosine. This process is pH sensitive because with increasing pH the 

Cu(III)/Cu(II) cathode peak disappears, suggesting that the deprotonation of tyrosine increases 

the rate of charge transfer between the metal centre and this redox active amino acid. Our findings 

shed new light on the relevance of the tyrosine moiety in the redox process that may occur when 

neurodegenerative diseases such as Alzheimer's or Parkinson's disease are developing. 

Data access 

Data collected for this research is freely available in the repository RepOD[44]. 
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