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Abstract: Laser ablation followed by inductively coupled plasma mass spectrometry is an analytical 
method suitable for low concentration measurement of elements in a sample. This can be used not only 
for detection of elemental distribution within a sample but also as a detection means 
for immunoanalytical techniques using nanoparticle-antibody conjugates as recognition elements. 
The aim of this work was to prepare a conjugate of 10nm gold nanoparticles with anti-p53 antibody, 
to verify the antigen binding ability, and to use this construct for identification of p53 in a real sample 
of cell lysate. It has been experimentally verified that it is possible to use nanoparticle-modified 
antibodies for immunochemical analysis coupled to LA-ICP-MS detection. However, the nonspecific 
sorption of nanoparticles on the sample surface needs to be minimized by optimization of the blocking 
step. 
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INTRODUCTION 
Inductively coupled plasma mass spectrometry (ICP-MS) has become a routine technique 

for determination of elemental (especially metal) composition of the sample (Pozebon et al. 2014). 
The interest in this method has grown considerably in the biological sciences. In combination 

with laser ablation (LA-ICP-MS) this method provides information not only about composition but also 
about the spatial distribution of metals in solid samples. Most studies focus primarily 
on the measurement of endogenous elements in soft and hard tissues such as liver, kidney, brain, bones, 
teeth, etc. Increasingly, however, elementally labelled antibodies are used to visualize the distribution 
of important proteins (Seuma et al. 2008). 

A wide variety of elemental labels can be conjugated to antibodies. Besides metal-containing 
chelates, the tags may include noble metal nanoparticles (e.g. gold and silver), quantum dots, iron 
or polymeric nanoparticles doped with lanthanides, and metal nanoclusters (Pozebon et al. 2017). 

Current methods of immunochemistry make it possible to detect up to three different antibodies 
in parallel (Aljakna et al. 2018). Due to the great emphasis on the multiplex determination of proteins, 
the wide selection of elemental labels is advantageous. Multiplex determination of protein markers 
(e.g. in cancer diagnostics) together with distribution of endogenous elements (both natural 
and pathological) can lead to increased amount of information on molecular behaviour of diseased cells 
which translates in better diagnosis and thus contribute to the choice of appropriate treatment (Aljakna 
et al. 2018). 
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However, the absolute quantification of the biomolecules remains challenging. Therefore, 
this method allows relative comparisons of samples in research, which is sufficient for many biological 
applications (Clases et al. 2019). 

MATERIAL AND METHODS 

Materials 
As an antigen, standard of protein p53 was used Recombinant Human p53 protein ab43615 

(Abcam, Cambridge, UK). And an anti-53 antibody DO-1 was delivered from Masaryk Memorial 
Cancer Institute in Brno. 

For the preparation of conjugate the commercial kit of gold nanoparticles GOLD Conjugation Kit 
(10 nm, 20 OD) ab201808 (Abcam, Cambridge, UK) was used. 

Composition of solutions 
2x Blotting buffer: 25mM Trizma base, 150mM glycine, 10% (v/v) methanol 
1x Blotting buffer: (50% (v/v) 2x blotting buffer with 40% (v/v) H2O and 10% (v/v) MetOH 
Blocking buffer: 1% BSA in PBS 
PBS: 2.7mM KCl, 1.8mM KaH2PO4, 137mM NaCl and 10mM Na2HPO4, pH 7.4 
Antibody buffer: 0,1% BSA in PBS 
PBS-T: 0.05% (v/v) Tween-20 in PBS 

Preparation of conjugates 
The conjugation protocol was based on the manufacturer's instructions. Briefly, 12 µl 

of the diluted anti-p53 antibody DO-1 by antibody diluent were mixed with 45 µl of the reaction buffer 
and subsequently 45 µl from that were pipetting to lyophilized nanoparticles. 5 minutes later 5 µl 
of the Quencher were added. 

Dot-blot 
At first, the PVDF membrane (Bio-Rad, USA) was activated by soaking in methanol 

and in freshly prepared 1x blotting buffer, 30 s each. Subsequently, the membrane was placed on a filter-
paper wetted by blotting buffer to prevent drying. Further, protein p53 and cell lysate samples (0.5 µl) 
were applied and dried for 20–30 minutes at 21 °C. The whole procedure was carried out at room 
temperature, 60 rpm using Multi RS-60 (Biosan, Latvia). The membrane was subsequently blocked 
by blocking buffer for 30 minutes. Subsequently, incubation with Ab-NPs conjugate in antibody buffer 
was carried out for 1 hour. Finally, three times repeated washing with PBS-T for 5 min was carried 
out and the membrane was analysed by LA-ICP-MS as described in (Tvrdonova et al. 2019). 

RESULTS AND DISCUSSION 

Preparation of conjugates 
The gold nanoparticles were delivered as a lyophilized mixture together with all necessary 

solutions needed for conjugation (i.e. Antibody diluent, the Reactions buffer and the Quencher solution). 
A 10nm gold nanoparticle-antibody conjugate was prepared step by step according to the manufacturer's 
instructions. Immobilization of antibodies to the functional surface of nanoparticles was performed 
by covalent bonding through lysine residues containing primary amines. It causes their random spatial 
orientation on the surface of AuNPs (Richards et al. 2017). 

Analysis of dot-blot membranes by LA-ICP-MS 
Prepared anti-p53 antibody conjugate with 10nm gold nanoparticles was used as a recognition 

element in an immunochemical dot-blot analysis for identification of protein p53 in a sample. 
The measurement was performed by LA-ICP-MS. 
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Figure 1 Scheme of AuNPs-antibody conjugate according to Richards et al. (2017) 

Figure 2 A An intensity of the Au signals depending on the amount of Recombinant Human p53 protein 
applied on the blotting membrane displayed in the colour-coded intensity scale (left); B Intensity 
of the Au signals shows nonspecific sorption of non-conjugated AuNPs (right) 

The intensity of Au signals was measured, as a relation of Recombinant Human p53 protein 
applied to the blotting membrane in the range of 0.1–5 ng. Labelled anti-p53 antibody was applied 
in the total amount of 6.7 ng for each experiment. 

The Figure 2 A shows that the ability of the antibody to bind the antigen was maintained 
and that the Au signal was proportionate to the amount of the antigen applied on the membrane. 

Application of non-conjugated AuNPs on the membrane with standard of protein p53 showed 
a non-specific sorption of nanoparticles on the sample Figure 2 B. In this case, the intensity of Au signals 
was lower for about two orders of magnitude compared to AuNPs-antibody. These intensities can 
be subtracted during the data post-processing or the signals can be normalized as shown in Figure 3. 

The figure 4 shows that the non-specific sorption of the non-conjugated AuNPs on the real sample 
of cell lysate is significant due to the sample complexity. The observed non-specific sorption can 
be eliminated by optimizing of the blocking steps such as blocking buffer composition (milk, BSA, 
casein) or time required for a thorough blocking. Another possibility is to suitably coat the surface 
of the particles. This is important in order to prevent the non-specific interactions of, for example, SH-
rich proteins with the still active gold surface. 

684



6–7  2019, Brno, Czech Republic

Figure 3 Normalization of Au signals to the same signal intensity 

Figure 4 Intensity of the Au signals in a real sample of p53 positive MCF-7 cell lysate after 
immunochemical dot-blot analysis using AuNPs-antibody A and non-conjugated AuNPs as a negative 
control B 

CONCLUSION 
Experimentally, it has been proven that anti-p53 antibody DO-1 does not lose its ability to bind 

the antigen after conjugation with 10nm gold nanoparticle conjugation kit.  
The problem arises from the complexity of the biological sample containing high number 

of proteins, lipids, nucleic acids, etc., with variable level of affinity to the nanoparticles. 
The following research will focus on the application of NPs-Ab immunochemical analysis 

with LA-ICP-MS for the detection of biologically important molecules in samples. Subsequently, 
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the identification of multiple antigens in a single analysis will be carried out. Emphasis will also 
be placed on the elimination of frequently occurring nonspecific sorption of NPs to the sample. 
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