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Experimental

The principle of the first analytical system for heparin detection is based on the

aggregation of negatively charged GNP solution in the presence of positively charged polymer

poly-L-lysine (PLL) followed by local surface plasmon resonance (LSPR) peak shift. Heparin,

depending on the concentration, stabilize GNP solution by interacting with PLL.

The second analytical system for the heparin detection relies on the application of Quartz

Crystal Microbalance with Dissipation (QCM-D) where real-time interactions of heparin or GNP

with premodified sensor disk were registered. The first part of the layer consists of primarily

immobilized positively charged PLL. After that, a mixture of heparin and GNP solution is added.

Since heparin more likely interacts with PLL than GNP, the layer itself can be easily

characterized by the difference in heparin concentration.

Introduction
Heparin is widely used anticoagulant in medicine that prevents the formation of blood clots. Unfortunately, excessive levels of heparin in the body can lead to severe circulatory

diseases [1]. Since heparin is highly sulfated and negatively charged linear polysaccharide [2], a new sensitive method for its detection can be developed based on this property [3].

In this work, we presented two new methods for negatively charged heparin determination in the presence of negatively charged colloidal gold nanoparticle (GNP) solution.

Results

First of all, the optimal conditions were determined for the analytical system where 13 nm

size gold nanoparticles were used. During the experiment, different volumes of 0.5 units/ml

concentration heparin solution were added to 4 g/ml PLL solution. The solution of GNP was

added after 5 min and the spectra were recorded. Increased concentration of heparin causes

stabilization of GNP solution (Fig. 2A). The characteristic wavelengths for stable and fully

aggregated particles are 520 nm and 650 nm, respectively.

The linear dependence of the absorbance ratio at A650nm/A520nm on the concentration

of heparin in the concentration range from 0.006 to 0.065 units/ml was obtained (Fig.2B). The

limit of detection of this method was 0.0018 units/ml of heparin.

GNPs the heparin-induced stabilization of colloidal solution is efficient and can be easily

seen by the naked eye (Fig. 3).
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Fig. 1. Schematic illustration of colloidal GNP solution stabilization or aggregation processes due

to the absence or presence of heparin, respectively.

To present the results of the second analytical system we show the experimental

data of two QCM-D experiments where different heparin concentrations where used.

First step in both experiments was the immobilization of poly-L-lysine. This step can

be seen in figure 4 where the ΔF drops by 10 Hz after the infusion of PLL to the cell.

In addition to this, the low dissipation values represents very compact layer.

After this step, the mixture of GNP colloidal solution and heparin solution was

added to. When the heparin concentration is low (0,6 IU/ml) the ΔF and ΔD are high

and calculated layer density is ~3000 ng/cm^2 (Fig. 4A). This shows us that the

layer itself is mostly made from GNPs and layer has a lot of cavities. In contrary,

when heparin concentration is ~8 times higher (0,5 IU/ml), the change of ΔF is much

smaller and calculated layer density is ~210 ng/cm^2 (Fig. 4B). This shows us that

heparin is more likely to bind to the poly-L-lysine layer than GNPs. In addition to this,

ΔD is also much smaller and it means that layer itself is very compact.

Fig. 3. The color change of 13 nm size GNP solutions increasing concentration of heparin

Conclusions

o 13 nm size GNPs were synthesized, characterized, and used in the analytical

systems for heparin determination;

o The optimal experimental conditions for efficient 13 nm size GNPs aggregation

were determined and the concentration of heparin required for complete

stabilization of GNP colloidal solution was 0.075 units/ml;

o 13 nm size GNPs are easily applicable for quick heparin detection because the

change in color from blue to red is visible to the naked eye.

o After performing QCM-D experiments, it was decided that heparin itself has more

affinity agaist polu-L-lysine that GNPs.
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Fig. 2. A - Spectra of 13 nm size colloidal GNP solution in the presence of different amounts of heparin (exact

concentrations of heparin in cuvettes are given in the legend). B – Dependence of 13 nm GNP solution

A650nm/A520nm ratio on the heparin concentration. The experimental data presented are the average of the

three measurements performed.
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Fig. 4. Results of QCM-D experiment where ΔF and ΔD were measured in time; A – Heparin

concentration 0,06 IU/ml; B – Heparin concentration 0,5 IU/ml.
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