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ATR-FTIR spectroscopy to study interaction of mannose-modified polymers 
and liposomes with lectins 
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Challenging task of biomedical chemistry today is the synthesis of new biocompatible polymers 
of variable structures with an address label to obtain active targeting systems. It is important to 
study the binding of such polymers and vesicles covered with such polymers to receptor 
proteins, but still there is a lack of analytical methods for this purpose. We believe that ATR-
FTIR spectroscopy is a suitable method as for high-throughput screening as for deep 
understanding of mechanism of interaction between targeted drug delivery systems and 
proteins. The present work is devoted to the development of studying binding mannose-
containing oligomeric and polymer molecules: galactomannan, chitosan mannose (5 kDa, 
mannosylation degree 35%) and chitosan mannose (90 kDa, mannosylation degree 25%) as 
well as liposomes covered with ChitMan polymers with the concanavalin A receptor protein in 
the composition with mannose based on Fourier transform infrared spectroscopy. 

It was found that binding of mannose and mannose-modified polymers leads to a regular 
decrease in the intensity of the Amide II band in the protein spectrum normalized by Amide I; 
mannose saturation occurs with a four-fold basic grinding excess of the ligand, while saturation 
with chitosan derivatives occurs even with a double excess of the ligand.  

The linearization of sorption isotherms made it possible to calculate the values of the apparent 
binding constants of the complexes. It was found that binding to chitosan derivatives is 
characterized by the best Kdis values ((5,5±0,3)∙10-5 M with ChitMan5 and (1,6±0,2)∙10-5 M 
with ChitMan90), which indicates the promise of further use of chitosan mannose derivatives 
for the development of drug delivery systems, including alveolar macrophages of the lungs, 
characterized by increased expression of mannose receptors. 

To confirm the results obtained, this system was analyzed by the method of polarization of 
fluorescence. ConA was labeled by FITC. We have found that ChitMan5 saturation occurred 
with a twofold excess of ligand as it was revealed by ATR-FTIR. The value of the dissociation 
constant of the ConA-ChitMan5 complex was (1,6±0,7)∙10-5 M. Since the polarization method 
has less sensitivity and reproducibility than the Fourier transform IR spectroscopy, the error for 
the value turned out to be higher than the dissociation constant. 

Affinity chromatography was used to evaluate the stability of the ConA - ChitMan5 complex. 
The 1550 cm-1 band was used to determine the polymer content in fractions, because the 
1100 cm– 1 band is also present in the spectrum of the eluent, mannose. It was found that the 
main fraction of the complex is destroyed at a concentration of mannose in the eluent of 1000 
mm at a concentration of ChitMan5 on a column of 400 μm. This means that the ConA complex 
with ChitMan5 is very durable, and only a four-fold excess of mannose can displace ChitMan5. 

To study interaction of mannose-modified vesicle with ConA we have obtained electrostatic 
complexes of anionic liposomes DPPC\CL 80\20 with ChiMan5This complex was incubated 
with ConA under saturating conditions, then the system was centrifuged so that unbounded 
protein was staying in solution and complex precipitated. We have found that the 10 times 
excess of ChitMan5 is needed to precipitate 75% amount of ConA. 
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