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Abstract—This paper shows that Saccharomyces cerevisiae assesses the elucidation of the degradation processes of a lim-
efficiently interact with magnetite-based ionic magnetic fluid, jted number of dyes by selected microorganisms [4]. Various

leading to the formation of magnetically labeled cells which " 5ing of yeasts are among the microorganizms used to pro-
could be easily separated from the system using an appropriated

field-gradient-based magnetic separator. Scanning and transmis- Moteé removal and degradation of dyes from wastewater [5].
sion electron microscopies were used to investigate the interaction In addition, very recent data showed that yeast c&ctha-
of Saccharomyces cerevisiagells with magnetite nanoparticles. romyces cerevisideefficiently interact with magnetic nanopar-
The high-resolution microscopy data suggested that particle in- jq|ag stabilized as low-pH ionic magnetic fluid, leading to the
corporation occurs via an active process. Further, the microscopy . . . .
data shows that the particles did not reach the cell cytoplasm, formation of magnetically labeled cells which could be easily
staying in the periplasmatic space. separated from the system using an appropriated magnetic sep-
Index Terms—Magnetic fluid (MF), scanning electron mi- arator[6]. However, in order to take full advantage of the formed
croscopy (SEM), transmission electron microscopy (TEM), yeast cell-nanoparticle complex in establishing new technologies one
cells. needs to investigate more precisely the nanoparticle cell-site
distribution. In this paper, scanning and transmission electron
I. INTRODUCTION microscopies were used to investigate the interactioBaud-

charomyces cerevisiagells with magnetic nanoparticles after

T HE use of magnetic materials to support the development pation of the cells with a low-pH ionic MF sample.
of field-gradient magnetic separation technologies has at-

tracted a great deal of attention in recent years [1]-[3]. Ap-
plications of such technology span from cell separation [1] to
removal of actinides from wastewater [2]. Field-gradient mag- Baker's yeast $accharomyces cerevisiagells) was in-
netic separation (FGMS) technologies commonly use microgubated with low-pH (perchloric acid stabilization) ionic
and nano-sized magnetic particles, which are coupled to th@gnetic fluid. The magnetite-based ionic MF sample was
target species for latter removal using a field-gradient-basptepared using the standard procedure [7]. The nanoparticle
magnetic device [3]. Magnetic fluids (MFs), once properly ersoncentration within the MF sample (32.0 mg/mL) is given as
gineered to couple to a target, are excellent candidates to suppagt magnetite content determined by a colorimetric method
FGMS cleanup technologies addressed to wastewater from [Ble Procedure used to label the yeast cells with magnetic
industry. Wastewater containing processed textile dyes, for inanoparticles is described as follows.
stance, is an increasing source of environmental contaminationCompressed baker’s yeast (2 g) was suspended in saline
Studies on biodegradation, environmental impact, and health @-mL), centrifuged, and resuspended in a 6-mL 0.1-M acetate
fects of colorant materials, however, reveal the complexity duffer (pH 4.6). After further centrifugation, the sediment was
the subject, not only due to the structural variety of these cori¢suspended in acetate buffer to obtain ca 33% yeast suspen-
pounds, but also as a result of the complex composition of &on (v/v; yeast cells volume determined after sedimentation
fluents which they contaminate. Therefore, the experimental fér 24 h at 1 g). Magnetic labeling of the yeast cells was
search addressed to the remediation of the environmental Rgrformed using 3 mL of the yeast suspension and 1 mL of
fects has been based on several possible strategies. One of tienMF sample. The yeast suspension was mixed with the MF
and then incubated at room temperature for one hour without
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the Brazilian agencies CNPg, FINATEC, and CAPES. magnetically modified by the added MF sample (the cells
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Microbiology, the Institute of Landscape Ecology, 370 05 Ceske Budejovice, Alternatively, cultured yeast cells were used for mag-
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Fig. 2. TEM pictures of G6-cells are shown in A and B. Note in A (arrow)
and B, that magnetic nanoparticles are outside the cells instead of in the
periplasmatic space (PS). SEM micrograph of G6-cells is shown in C. Very
rough surface is observed in C due to agglomeration of magnetic nanoparticles
(quite different from C in Fig. 1). Note the bar sizes in A (@.8), B (80 nm),

and C (0.7um).

I1l. RESULTS AND DISCUSSION

In Fig. 1, SEM micrograph (C) showed smooth cell surface
after G1 treatment. G1 and G2 treatments revealed similar

Fig. 1. TEM pictures of G1-cells are shown in A and B. In A (arrows) anéeSUIts' For these two groups, TEM pictures revealed small

B, note the presence of magnetic nanoparticles inside the PS. SEM microgrghnber of magnetic nanoparticles on the cell surface and a huge
of G1-cells is shown in C. Note the bar sizes in A (@), B (80 nm), and  amount of magnetic nanoparticles inside the cells, as showed in

C (@ pm). Fig. 1 (A and B). Whereas the majority of nanoparticles were
observed between the cellular wall and plasmatic membrane,
the same way as compressed baker’'s yeast. Besides labalieg periplasmatic space (PS), few magnetic nanoparticles were
with MFs, heating of the yeast cells in boiling water for 1%ound within the cytoplasm.
min was performed as well. The following treatment groups In Fig. 2, SEM micrograph (C) showed rough cell surface
were considered: group G1—cells were first cultured and thefter G6 treatment, due to agglomerates of magnetic nanopar-
incubated with MF; group G2—cells were first cultured, theticles. G3-G6 treatments revealed similar results. In addition,
incubated with MF, and finally heated; group G3—nonculturedfter G3—-G6 treatments, the TEM pictures showed very few
cells were incubated with MF; group G4—noncultured cellsiagnetic nanoparticles inside the cells and a large amount of
were first incubated with MF and then heated; group G5—celisem on the cell surface, as shown in Fig. 2 (A and B). Regarding
were first cultured, then heated, and finally incubated withroups G3 and G4, where cells were not cultivated and no parti-
MF; and group G6—noncultured cells were first heated arlies were observed inside the cells, it is clear that the cultivation
then incubated with MF. After treatment, cells were harvestestep is fundamental for MF internalization by the baker’s yeast.
washed, fixed, and processed for scanning electron microscdpys result is probably related to the dormant process occurring
(SEM) analysis and transmission electron microscopy (TEM)the commercial baker’s yeast before incubation. After incuba-
analysis. tion, the cells go into exponential phase of growth, accelerating
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TABLE |
G1-G6 ELL TREATMENT

Group Cell treatment
Gl cultured MF-incubated Heated
G2 cultured MF-incubated
G3 MF-incubated —_—
G4 MF-incubated Heated
G5 cultured heated MF-incubated
G6 heated MF-incubated
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IV. CONCLUSION

In conclusion, baker's yeast incorporation of magnetic
nanoparticles, stabilized as ionic magnetic fluids, is an active
process that needs to be performed with cultivasttcha-
romyces cerevisiaeells. We have observed a significant
nanoparticle cell uptake which does not interfere with the dye
adsorption capacity of the yeast cells. Therefore, the approach
presented in this paper to magnetically load yeast cells repre-
sents a way to produce a promising material for environmental
bioremediation technologies.

their cellular functions, including endocytosis capacity, which
is the potential phenomenon behind the incorporation of mag-

netic nanoparticles by the yeast cells in our experiment. This hy-
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