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Morphology and mechanical properties of normal lymphocyte
and Jurkat revealed by atomic force microscopy

Xiaofang Cai, Jiye Cai, Shisong Dong, Hua Deng, and Mingqian Hu
Department of Chemistry, Jinan University, Guangzhou 510632, China

Abstract: Alternations of lymphocyte in biophysical properties (e.g., morphology and viscoelasticity) are related to the human
health, disease diagnosis and treatment. Here, we used atomic force microscopy (AFM) to characterize the morphology and
mechanical properties of normal lymphocyte and Jurkat. The AFM images revealed that their cell shapes appeared similar. The
mechanical properties of the two groups were tracked with AFM-based force spectroscopy. The normal lymphocyte cells had a high
adhesion force distribution in (796.7+248.5) pN, whereas the Jurkat cells had a low force distribution in (158.5+37.5) pN. The
adhesion force revealed that the Young’s modulus of normal lymphocyte cells (0.471 kPa+0.081 kPa) was nearly four times higher
than that of Jurkat cells (0.0964 kPa+0.0229 kPa) at the same loading rate. The stiffness of normal lymphocyte cells was (2.278+
0.488) mN/m and that of Jurkat cells was (4.322+0.382) mN/m. The differences in mechanical properties of normal and cancerous
cells were obvious that healthy and diseased states could be clearly distinguished. These results may be applied to the clinic disease

diagnosis for distinguishing the normal cells from the cancer ones even when they show similar shapes.
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Fig. 1 AFM images of normal lymphocyte and Jurkat cell. (A—E) First group: AFM images of normal lymphocyte
(A)Three-dimensional morphology (size: 10 pmx10 pm). (B) Topological morphology. (C) Ultrastructure of the cell membrane
surface zoomed from (B) (size: 1 pmx1 pum). (D) Height profile of (B). (E) Particles histogram of (C). (G-K)Second group: AFM
images of Jurkat cell. (G) Three-dimensional morphology (size: 12 umx12 pum). (H) Topological morphology. (I) Ultrastructure of the
cell membrane surface zoomed from (H) (size: 1 pumx1 pum). (J) Height profile of (H). (K) The particles histogram of (I).

195 nm, N 3 .
) %1 EAWEMMS Jurkat MIA BRI S
170 nm, Table 1  Comparison of ultrastructure parameter of
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1) , Jurkat Sample Size fluctuation range Size distribution
(nm) (nm)
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18.85+£5.47—-115.7443.59 108.52+1.98
lymphocyte

Jurkat cell 160.48+7.83-222.43+£7.45 197.48+5.51
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Fig. 2 Representative examples of force-distance curve
acquired from the normal lymphocyte and Jurkat, respectively.
(A) Representative force curves of normal lymphocyte. (B)

Representative force curve of Jurkat cell.

Frequency
T
~

Normal lymphocyte
(796.7£248.5 pN)

U T T I L) T I T
200,00 400.00 600,00 800,00 100000 1200,00 1400,00

Adhesion force

(pN)

3 EEHRE4MES Jurkat MAERIHESE H S E
Fig. 3 Frequency was constructed from an ensemble of forces and gave the distribution of adhesion force. The maximum of the
frequency depicted the most probable adhesion force at the same loading rate. (A) Frequency-adhesion force histogram of normal
lymphocyte cells, the adhesion force distributed in (796.7+£248.5) pN. (B) Frequency-adhesion force histogram of Jurkat cells, the

adhesion force distributed in (8.5+37.5) pN.
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Fig. 4 Histograms for mechanical properties of normal lymphocyte cells and Jurkat cells group (scanning size: 1pmx1um). (A) Young’s
modulus of normal lymphocyte cells and Jurkat cells. (B) Stiffness of normal lymphocyte cells and Jurkat cells. The cell stiffness
Y(pN)' The Young’s modulus is calculated from the equation®®® F= 4_E
X(nm) 31-v2
where F is the adhesion force, E is the Young’s modulus, v is the Poisson’s ratio, R is the radius of the probe, and & is
indentation depth.

is the slope of the retraction curve. Stiffness= RS,
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