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Abstract Here, we report a scalable and rapid method to fab-
ricate magnetically responsive agarose microgels doped with
microbial cells. Low-temperature melting agarose and food-
grade sunflower oil were used to fabricate microbeads during
emulsification and gel setting. Microscopic algae and fungi
cells were doped into ~100-pum-sized beads as single culture
or mixed. Magnetic nanoparticles were deposited either on
cell walls or on bead walls. We found that the cells encapsu-
lated in magnetically responsive microbeads were viable and
able for germination.
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1 Introduction

Currently, cell encapsulation in various organic matrixes is
regarded as one of the efficient methods in biotechnology [1].
Cell encapsulation allows for protecting the cells from harsh
environments and facilitation of enzymatic activity; as a result,
encapsulated cells can be utilised in biological reactors and
whole-cell biosensors [2]. Another fascinating area where en-
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capsulated cells may find applications is the fabrication of arti-
ficial multicellular assemblies [3]. Currently, a number of ap-
proaches have been successfully employed to fabricate micro-
particles carrying microbial cells [4]. Among many other chal-
lenges, the development of scalable technologies of cell-doped
microscopic capsules is responsive to external stimuli.
Particularly, fabrication of magnetically responsive cell aggre-
gates functionalised using magnetic nanoparticles is an impor-
tant area in current biotechnology [5]. In this communication,
we report a simple yet efficient approach to fabricate magnetic
agarose microbeads doped with microbial cells.

2 Materials and Methods

All chemicals were purchased from Sigma-Aldrich and
used without further purification. Magnetic nanoparticles
(MNPs) were synthesized as described elsewhere [6]. We
used the following microorganisms: microalga Chlorella
pyrenoidosa and fungi Saccharomyces cerevisiae and
Trichoderma asperellum, cultivated according to
established protocols. Agarose microbeads were prepared
using food-grade sunflower (5 mL) mixed with 1 % aque-
ous low-temperature agarose (250 uL). Both liquids were
heated to 60 °C, then cells and poly(allylamine) (PAH)-
stabilised MNPs were added to agarose solution. After
mixing, the resulting water in oil emulsion was formed
after intensive vortexing. To set agarose gel, the emulsion
temperature was reduced rapidly using an ice bath. Then,
the microbeads were separated by centrifugation and
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washed with 20 % aqueous ethanol. Imaging and viability
tests were performed using optical microscopy (Carl Zeiss
Axio Scope Al instrument equipped with MRCS CCD
camera and appropriate fluorescence excitation\emission
light source). Magnetic separation of the agarose
microbeads was performed using a permanent magnet.

3 Results and Discussion

Here, we report a versatile and convenient approach to
fabricate cell-doped magnetic agarose microbeads en
masse. Our technology is based on previously reported
approaches of cell encapsulation in agarose [7]. We
employed a simple emulsification process by mixing
heated sunflower oil and low-temperature agarose
followed by vortexing and gel setting. We were able to
obtain polydisperse ~100-um-diameter agarose
microgels doped with live microbial cells. Both single
culture and mixed culture (i.e. fungi\algae cells) were
effectively encapsulated in agarose microbead, as shown
in Fig. 1a. Any other particles can be used to dope aga-
rose beads, i.e. magnetic calcium carbonite microcrystals
[8] (Fig. 1b). We also used polymer-stabilised magnetic
nanoparticles (PAH-MNPs) to coat the cells via the di-
rect nanoparticle deposition [6] before encapsulation into
agarose microbeads. This resulted in fabrication of mag-
netically responsive cell-doped agarose microbeads, as

shown in Fig. Ic, d, demonstrating magnetic yeast.
Varying the concentration and\or surface modification
of magnetic nanoparticles, the higher loading might be
obtained. These microbeads can be effectively manipu-
lated by a strong permanent magnet, including temporary
immobilisation on planar surfaces and rotation (data not
shown). Alternatively, magnetic nanoparticles can be de-
posited on non-magnetic cell-doped agarose microcap-
sules, as shown in Fig. le, where a thin cut through a
single PAH-MNPs-coated microbead is shown. As one
can see, the brown layer of magnetite is located at the
distal edges of the microbead, without deep penetration
into the capsule.

The approach we report here is highly biocompatible,
as shown in Fig. 1f, g. First, we employed live\dead stain
to evaluate the distribution of viable yeast cells inside the
agarose microbeads. In addition, we managed to cultivate
the encapsulated Trichoderma asperellum conidia yielding
formation of fungi hyphae, strongly indicating that the
MNP-doped agarose microcapsule provides the cells with
a safe environment.

4 Conclusions

Here, we demonstrate a rapid and scalable approach to fabri-
cate magnetically responsive cell-doped agarose microbeads.
The complete preservation of cellular viability was confirmed.

Fig. 1 Encapsulation of live microbial cells into agarose microbeads
(optical microscopy images). a Yeast\microalgae carrying agarose
microbead. b Agarose microbead doped with magnetic calcium
carbonite microcrystals.c, d Magnetically responsive cell-doped agarose
microbeads. e Histological image of a single PAH-MNP-coated
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microbead. f Fluorescence microscopy image demonstrating live micro-
bial cells in agarose microbeads. g Germination of the encapsulated
Trichoderma asperellum conidia (formation of fungi hyphae) inside the
microbead
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