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KEYWORDS ABSTRACT

Atomic force microscope, In general, every normal cell of the human body, which consists of different parts such as the
Elasticity modulus, nucleus, cell membrane and protein nanofibers, has a certain mechanical hardness and
Adhesion force, strength. Any noticeable change in this strength indicates a disease. One way to diagnose
Living cell, various diseases such as cancer in normal cells of the human body is to measure the amount
Mechanical properties. of changes that have occurred in their mechanical properties. In the present paper,

mechanical properties including modulus of elasticity and adhesion force of Ago-1522 cell,
which is considered as a natural skin cell, using JPK atomic force microscope (made in
Germany), Nano Wizard 3 in both extension and retraction modes, and obtained at a
temperature of 37 degrees Celsius. Based on the results, the average elastic modulus for the
cell in the extension mode (as the valid mode in the reports) is equal to 574.4 Pa. The
adhesion force is equivalent to 2.112x10-2! N in retraction mode. Based on images taken
from the surface of the cell with an atomic force microscope, its maximum height is 0.4
micrometers.

Extended Abstract

1. Introduction

n atomic force microscope (AFM) is used to investigate organic samples, ranging from molecules to a single cell.

The AFM indentation on cells is a convenient approach to investigating their mechanical specifications. AFM was

invented by Gerber et al. [1] in 1986 and is a powerful device for detecting the mechanical specifications of the body

cells. In the past, the deformability of cells has been studied with different methods [2, 3], as changes in cellular

deformability are of significant importance in the progress of various illnesses [4]. Nowadays, the development of measurement

methods such as the AFM technique allows for investigating the mechanical specifications of a single cell. Lekka et al. [5]

studied the mechanical specifications of human bladder cancer cells for the first time. Other authors have achieved results using

nanoindentation by AFM. Larger deformability of single cancerous cells can be shown based on future studies on cell
mechanical specifications [6-9].

2. Experimental Method
2.1. Atomic Force Microscope (AFM)

Figure 1 displays an AFM system for a living cell indentation in contact mode. In the contact mode, the interaction force
deflects the beam. The tip has a conical shape (figure 2). Based on Figure 3, when the AFM beam approaches the sample at a
specific distance, the attractive force dominates the AFM beam spring constant, and the tip jumps into contact.
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Figure 1. Schematic of atomic force microscope (AFM) for

nanoindentation Figure 2. A conical tip as the AFM indentor

Repulsive contac
(inder

Déflaction (V)
\1.0 1 Jump to contact
\
o\f; 1 Approach
\'\ é

i —— f 1 t 1
-100 X / 100 ([ 200 300 400 500 €00 700
\
-054 . —
\/
L { Heightiem Retract
BEERE / .
\ / Adhesion
\ /
15 L
\
\ /
=201 N =

-251

-30-
Figure 3. Approach and retraction strokes during AFM nanoindentation

2.2. Materials
Ago-1522 cell line as normal skin cell, was purchased from Pasteur Institute of Iran (Tehran, Iran).
2.3. Calculating mechanical specifications of living cells using AFM

A JPK Instruments-Nano Wizard 3 AFM (Germany, Figure 4) and APPNANO HYDRAG6V-100NG-20 probe (the USA,
Figure 5) were used to study the samples.

Figure 5. Silicon nitride V shaped AFM cantilever
(APPNANO HYDRAG6V-100NG-20)

Figure 4. JPK Instruments-Nano Wizard 3 AFM
3. Results and discussion

This study assessed the mechanical specifications of Ago-1522 cell line. The elasticity modulus and adhesion for the extend
and retraction strokes were obtained separately. Tables 1 and 2 show the elasticity modules of cell for extend and retraction
strokes respectively. Based on these tables the mean value for the elasticity modules for the extend and retraction strokes are
577.4 Pa and 12830 Pa respectively.

Table 1. Elasticity modulus of Ago-1522 cell line for extend Table 2. Elasticity modulus of Ago-1522 cell line for
regime retraction regime
Cell line Elastlcqy Elasticity (Pa), Elasticity (Pa), Cell line Elastlcqy Elasticity Elasticity
(Pa), min max mean (Pa), min (Pa), max (Pa), mean
Ago-1522 300 800 577.4 Ago-1522 6000 22000 12830

Table 3 and 4 display the adhesion for the Ago-1522 cell line for the extend and retraction strokes respectively.
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Table 4. Adhesion of modules Ago-1522 cell line for

Table 3. Adhesion of Ago-1522 cell line for extend regime . .
retraction regime

; ; Adhesi . .
Cell line Adhespn Adhesion Adhesion (N), mean Cell line on (N), Adhesion (N), Adhesion (N),
(N), min (N), max min max mean

Ago-1522 0 0 0 Ago-1522 0 1.4 x 10720 2.112 X 10~%
Figures 5 to 8 show the histogram for the variations of elasticity modulus and adhesion of Ago-1522 cell line in extend and
retraction strokes.
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Figure 5. The histogram of the elasticity modules Ago-1522 Figure 6. The histogram of the elasticity modules Ago-1522
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Figure 7. The histogram of the adhesion Ago-1522 cell in Figure 8. The histogram of the adhesion Ago-1522 cell in
extend regime retraction regime

4. Conclusion

This study investigated the mechanical specifications of the Ago-1522 cell line. The elasticity and adhesion of the cell have
been obtained in extend and retraction strokes respectively. The results show that the mean value for the elasticity modules are
577.4 Pa and 12830 Pa for the extend and retraction strokes respectively. The adhesion is 2.112 x 10~2t N for the retraction
strokes.
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