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Living yeast cells encapsulated in polyelectrolyte multilayered films doped with halloysite 
nanotubes

Demina T.A., Konnova S.A.,Sharipova I.R.
Kazan (Volga Region) Federal University, Kazan, Republic of Tatarstan, Russian Federation,  

deminatanja@gmail.com
Halloysite clay nanotubes are versatile nanomaterials having a great potential for commercial 

application such as drug delivery vehicles, enzyme immobilization vessels, bone implants, additives in 
polymer composites, biocides, anticorrosion protective coatings, etc. Encapsulation of individual cells 
with halloysite nanotubes has a significant scientific interest for applications in biochemical sensors, 
reactors and for fundamental cell biology. In recent years, the layer-by-layer assembly has been 
extensively used to functionalise living microbial cells with polymer shells and nanoparticles. Here we 
focused our efforts on studying the possible toxic effects of encapsulation of isolated yeast cells with 
polymer shells doped with halloysite nanotubes.

Saccharomyces cerevisiae cells were coated with polyelectrolyte multilayered films doped with 
halloysite nanotubes (50 nm×900 nm). The fabrication of hybrid shells on the cells was confirmed 
using electron microscopy. To study the long term viability effects, we obtained 60 hours growth 
curves of intact yeast cells, cells mixed with nanotubes, cells encapsulated with polymeric 
multilayered films and cells encapsulated with polymeric multilayered films doped with halloysite 
nanotubes. The growth curves of cells encapsulated with polymeric multilayered films and cells 
encapsulated with polymeric multilayered films doped with halloysite nanotubes demonstrate the 4 
hours delay of the stationary phase in comparison with intact yeast cells and cells mixed with 
nanotubes. The viability of the cells was tested in the zero time point of the growth curve, in 24 hours 
and in 48 hours using fluorescein diacetate viability dye and fluorescent microscopy.

The majority of yeast cells coated with polymers/halloysite nanotubes remained viable and were 
able to bud after a certain “hibernation”-like delay if compared with native yeast. Halloysite nanotubes 
mixed and incubated with yeast cells did not affect the viability or propagating rates of the cells. We 
assume that halloysite nanotubes are nontoxic for the yeast cells and the method of yeast encapsulation 
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with nanotubes appears to be highly biocompatible and can be potentially used as a promising tool in 
biotechnology.

The authors thank their supervisors Dr. D.R. Yarullina and Dr. R.F. Fakhrullin (Kazan Federal 
University), Prof. Y.M. Lvov (Louisiana Tech) for halloysite nanotubes samples and Mr. Y.N. Osin 
(Kazan Federal University) for SEM images.
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