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Dissipative Particle Dynamics Simulations of Cell Micropipetting

Zhou Lv-Wen' Liu Mou-Bin' Chang Jian-Zhong?
1 Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China
2 School of Mechatronic Engineering, North University of China, Taiyuan 030051, China

Abstract: With the ever-increasing applications of micro-fluidic devices in medical diagnostics, cellular deformation
and damage in confined environments has attracted more and more interests. The forced movement of a single cell
through constricted micro-channels (cell micropipetting) offers potential methods of quantifying the mechanical,
physical and biochemical characteristics of the concerned cell, and thus can be applied in cell sorting and cancer
diagnostics. In this paper, we use a finite extensible non-linear elastic (FENE) bead spring chain model and the
dissipative particle dynamics (DPD) method to investigate the transportation and deformation of cell through a
constricted micro-channel. It is found that before entering the contracted micro-channel, the cell gradually deforms
with reducing velocity. As the cell gradually enters the micro-channel, it elongates until its major axis reaches
maximum. As the front of the cell gradually leaves the micro-channel, it restores its original structure with increasing
velocity. The obtained patterns of cell deformation, contraction and expansion as well the recovery of its original
shape are similar to experimental observations. Size effects of the contraction micro-channel and influences of cell
membrane properties are also studied.

Key words: cell mechanics, dissipative particle dynamics, micropipette, micro channel flow
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