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Abstract— Nowadays the importance of biological 

cells in life activities is not hidden to anyone. There is 
an increasing need to understand the biological pro-
cesses and since the experiments which consider a 
group of cells to be analyzed can only give average 
biological results, research on single cell could be re-
ally beneficial. So single cell analysis has become an 
interesting topic in recent years. In such an analysis, 
one of the most important steps could be the ability 
to transport the single cell to exact locations. In this 
paper, the process of manipulation of spherical yeast 
cells based on atomic force microscopy (AFM) has 
been investigated. The dynamic governing equations 
have been considered and a simulation based on 
them gave the results of the analysis. In order to ver-
ify the obtaining results, a comparison has been 
made with an experimental work of another group. 
The simulation results show that the critical sliding 
force in manipulation process of yeast cell is 5.648 
micro N and in the experiment this force was 6.661 
micro N. So it seems that there is a negligible differ-
ence between these two amounts and the results of 
the simulation are correct. The biological liquid is 
ethanol in all the parts, but a comparison has been 
made between three liquids (ethanol, methanol and 
blood) in order to investigate the effect of environ-
ment on the results. The results show that the viscos-
ity of the environmental liquid has more effect ra-
ther than its surface tension. The comparison be-
tween three important contact theories (JKR, DMT 
and Hertz) shows that there is a small difference be-
tween the critical times and forces of them. Also the 
contact depth and contact radius of the three models 
are compared to each other and they also confirmed 
the small differences between these three models. 
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I. INTRODUCTION 
Yeast cells are eukaryotic single-celled microorganisms 
classified in the fungi. Yeast species inhabit diverse 
habitats, including skin, marine water, leaves, and flow-
ers. The economic benefits of yeast have been known 
for centuries. As the cell cycle of yeast cell is very close 
to that of humans, it has been largely used as a system 
to study the genes and gene products of human organ-
isms. For instance, yeast cells have been used as a mod-
el cell of human to study human disease, such as cancer, 
Parkinson’s disease and so on. As yeast cells form un-
wanted drug- resistant biofilms by adhering to medical 
devices, some works have been done to understand their 

underlying mechanisms and develop better methods to 
prevent the biofilms. A novel method for measuring an 
adhesion force of single yeast cell was proposed by 
Shen et al. (2011) based on a nanorobotic manipulation 
system in side an environmental scanning electron mi-
croscope (ESEM). The adhesion force between an AFM 
cantilever and a tungsten probe (substrate) was evaluat-
ed at various humidity conditions. Shen et al. (2011) al-
so performed in-situ single cell manipulation with force 
measurement inside the Environment-SEM. They fabri-
cated the mechanical end effector from a commercial 
AFM cantilever and used it in the nanorobotic manipu-
lation system in order to control the position of the par-
ticle. They achieved the movements of releasing, sliding 
and rolling of single cell on a substrate by controlling 
the humidity condition inside E-SEM. The influence of 
humidity to the single cell manipulation inside E-SEM 
was also discussed. In this case, the humidity around the 
cell is about 98%, so a water-contained bio-sample can 
maintain their nature condition. AFM allows the study 
of the mechanical properties of biological structures in 
on the micro and nanoscales. By means of AFM tech-
niques, we can have a versatile platform for imaging 
and manipulating living cells to single-molecule resolu-
tion. It enables us to answer important questions in mas-
ter areas of cell biology, such as cell adhesion and sig-
naling, embryonic and tissue development, cell division 
and shape, and microbial pathogenesis. Recently, many 
AFM experiments have been done on force displace-
ment curves using AFM with reviews showing lots of 
contributions. A typical cell detachment experiment was 
carried out by Bowen et al. (1998) who showed that a 
yeast cell adhering to mica could be detached in the ex-
periments. Most force experiments on single cells have 
focused on the elastic and plastic deformations of the 
particles. For example, a typical experiment on yeast 
cells was carried out by Ren et al. (2008) in which the 
cells were imaged in an environmental scanning elec-
tron microscope and remained alive for 5 min, during 
which they could be compressed to understand their 
mechanical behavior. The cells were not fully elastic 
and showed substantial time dependent deformation. 
However a computer model of the using light in the 
form of an optical trap to manipulate microscopic ob-
jects without physical contact is a new method in this 
area. In biology, an optical trap provides a new and 
novel tool for the manipulation of microorganisms and 
cells. Taguchi et al. (1997) worked on rotational manip-
ulation of a yeast cell using two optical fibers. The ex-
perimental results showed that a yeast cell was rotated 


