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Analysis of porcine preadipocytes differentiation by atomic
force microscope
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Abstract: Abnormal changes during fat formation are closely related to the prevalence of many diseases. In order to understand
the formation mechanism of fat, we used atomic force microscopy (AFM) to characterize the morphology and mechanical properties
of porcine preadipocytes during the differentiation. Preadipocytes and adipocytes were different morphologically. The surface
roughness of adipocytes was less than preadipocytes by detection of the ultrastructure. The mechanical properties of preadipocytes
were changed during differentiation with AFM-based force spectroscopy. Preadipocytes were 20% higher than adipocytes in the
adhesion force, stiffness and Young's modulus. Therefore, AFM analysis of membrane changes related to adipocytes formation
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provided quantitative data in the nanometer level for further studying the formation mechanism of the adipocytes.

Keywords: atomic force microscopy, preadipocytes, adipocytes, ultrastructure, mechanical properties
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Table 1
preadipocytes and adipocytes

Comparison of ultrastructure parameter of

Ample Rq (Rms rough) (nm)  Ra (Ave rough) (nm)
Preadipcytes 30.8249.69 24.97+8.23
Adipocytes 15.02+7.96 12.09+6.14
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Fig. 1 Inverted microscopy images of preadipocytes before and after differentiation. (A) Freshly plated preadipocytes (size: 400x).
(B) preadipocytes after differentiation, black arrows shows the lipid droplet by oil red O staining (size: 400x).
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Fig. 2 AFM images of preadipocytes and adipocytes. (A—E) First group: AFM images of preadipocytes. (A) Topological
morphology (size: 25 umx25 pm). (B) Local membrane surface zoomed from (A) (size: 5 umx5 um). (C) Ultrastructure of the cell
membrane surface zoomed from (A) (size: 2 umx2 pm). (D) Three-dimensional morphology of (C). (E) Particles histogram of (C).
(F-J) Second group: AFM images of adipocytes. (F) Topological morphology (size: 80 umx80 pm). (G) Nuclei of adipocytes. (H)
Ultrastructure of the cell membrane surface zoomed from (F) (size: 2 pumx2 pm). (I) Three-dimensional morphology of (H). (J) The
particles histogram of (H). div: division.
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Fig. 4 The mechanical properties of preadipocytes and adipocytes. (A) Frequency-adhesion force histogram of preadipocytes, the
adhesion force distributed in (146.33+11.23) PN. (B) Frequency-adhesion force histogram of adipocytes, the adhesion force distributed
in (119.9548.67) PN. (C) Histograms for stiffness of preadipocytes and adipocytes group (scanning size: 2 pmx2 um). The cell stiffness
is the slope of the retraction curve. Stiffness= Y(PN)/X(nm). (D) Histograms for Young’s modulus of preadipocytes and adipocytes
group (scanning size: 2 umx2 pm). Young’s modulus E=3F(1—v?) /4(R8%)"2"""8 F is the adhesion force,vis the Poisson’s ratio, R is
the radius of the probe, and § is indentation depth.
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