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1. Determining the maximum coverage via the LDV method. 

 

The adsorption of BDNF molecules at PAMAM 5.5 dendrimers was studied in situ using 

electrophoretic mobility/zeta potential (ζ) measurements supplemented by the LDV (Laser 

Doppler Velocimetry) depletion method. LDV method has been introduced by Adamczyk et 

al.1-9 and is based on the measurement of ζ-potential/microelectrophoretic mobility changes 

during adsorption of tested protein on model colloid particle.  

Electrophoresis and LDV methods were the basis for performing a quantitative analysis of the 

adsorption of BDNF molecules at polymer nano- and micro-particles for the nanomolar 

concentration range. Adsorption of the BDNF molecule on PAMAM dendrimers was connected 

with significant changes in their apparent ζ-potential after adsorption (Fig. S1).  

 

 

 

Fig. S1. The dependence of the zeta potential of PAMAM 5.5 dendrimers on the initial BDNF concentration in 

the suspension. cBDNF, PBS, pH 7.4, 0.15 M ionic strength. 

 

 

As depicted in Figure S1, ζ-potential abruptly increased with increasing BDNF concentration 

and approached plateau values of −15 mV, which was far below the ζ-potential of BDNF in the 

bulk (5.2 mV at 0.15 M ionic strength). The electrophoretic mobility of the BDNF/PAMAM 

nanoparticles was much smaller than the electrophoretic mobility of bulk protein, which 

corresponded to the formation of an unsaturated BDNF layer on PAMAM for all protein 

concentrations used in the experiment.  



To more accurately determine unbound BDNF after adsorption at PAMAM particles, 

two-step LDV method exploiting the calibrating measurements in order to determine protein 

maximum coverage at PAMAM nanoparticles was used. Laser Doppler Velocimetry method 

uses various colloid particles (in our study modelled latex microparticles) for efficient 

monitoring of desorbed protein molecule concentration.  Initially, in these experiments, the 

dependence of the electrophoretic mobility of latex microparticles on the amount of BDNF 

added to the suspension was determined as a calibration curve (Figure S2 line 1). Afterwards, 

the PAMAM/protein mixture after the adsorption step is centrifuged in order to remove 

unbounded protein molecules and the supernatant is again contacted with bare latex particle 

suspension of known concentration (Figure S2 line 2). Using the LDV method, the 

electrophoretic mobility of the BDNF-latex particles complex is measured and converted to the 

bulk concentration of BDNF using calibration curves. The experimental results obtained by the 

LDV methods are presented in Fig. S2.  

 

 

 

 
 

 

Fig. S2. The dependence of the zeta potential of negatively charged latex particles on the initial BDNF 

concentration in the suspension cBDNF in PBS, pH 7.4, 0.15 M ionic strength. The solid line 1 represents the 

theoretical results calculated from Eqs7.  The points show the reference experimental data obtained for the initial 

adsorption step (full points); the dashed line 2 shows the fit of the experimental data obtained for the second 

adsorption step (empty triangles).  

 

 

The results obtained by the two-step LDV method are shown in Figure S2 as the dependence 

of the zeta potential of latex microparticles on the initial BDNF concentration added in the first 



step for PBS electrolyte at a 0.15 M ionic strength (line 1). It can be noted that for low BDNF 

concentration up to 2 mgL−1, the change in zeta potential of latex microparticle determined in 

the second step is negligible, which indicates that the residual protein concentration after 

adsorption is smaller than 0.01 mg L−1. This method is more robust than the time-consuming 

ELISA test and becomes more accurate for smaller protein surface concentration than the 

maximum coverage of protein molecules on colloid particles. 

 

2. Determining the cytotoxicity of PAMAM 5.5 with the MTT assay. 

 

We chose 100 µmol/L dose of 6-OHDA, which resulted in a significant 70% decline in cell 

viability as well as 15 µmol/L dose of 6-OHDA, which resulted in damaging 20% of 

differentiated human neuroblastoma SH-SY5Y cells, and various concentrations of PAMAM 

5.5 on differentiated cells after 24h of incubation for further cytotoxicity studies. The 

experimental results obtained from the MTT assay are presented in Fig. S3.  
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Fig. S3. Cytotoxicity curves for various concentration of PAMAM 5.5 in differentiated human 

neuroblastoma cell line SH-SY5Y treated with a) 100 µmol/L 6-OHDA, b) 15 µmol/L 6-OHDA. The 

data represent means +/- SD for 20 experiments.  
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