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Relationship between Energy-Dependent Macromolecule Uptake and
Transport Granules in the Endothelial Cells Affected by Wall Shear Stress
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The purpose of this study is to reveal (1) the energy dependence of albumin uptake into
endothelial cells, and (2) the effect of shear stress on the albumin uptake area and the its content
per unit area. The uptake of the fluorescent labeled albumin (tetramethylrhodamine isothiocyanate
conjugated albumin, TRITC-albumin) was visualized with a confocal laser scanning microscope.
The uptake into the endothelial cells is inhibited completely at 4°C or by 1 pM FCCP, that is a potent
energy metabolism inhibitor. This result indicates that the albumin uptake is an energy-dependent,
active transport. After 48 hour exposure to shear stress to the endothelial cells, the albumin uptake
area and the albumin content per unit area were changed. At 10 dyn/cm? at 5 pm the uptake area
increases by 363% and the albumin content per unit area increases by 192%. At 60 dyn/cm? at 3 pm
the uptake area decreases by 21% and the albumin content per unit area decreases by 54%. It is,
therefore, considered that the effect of shear stress on the uptake area is more influential than that
on the albumin content per unit area. We conclude that endothelial cells affected by sher stress
change the albumin uptake function and especially the cells change the uptake area.

Key Words: Biological Engineering, Shear Flow, Bio-Fluid Mechanics, Endothelial Cell, Ma-
cromolecule Uptake, Active Transport, Albumin, Compartment
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Fig.1 How does shear stress affect albumin uptake
into the cell: (a)compartment size, (b)com-
partment number, or (¢ )albumin content in the
compartment?
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Fig.2 The fluorescent image of Z-axis distribution of albumin uptake into endothelial cells affected by temparture. (a)37°C,
(b)23°C, (¢)4°C. The surface of the coverslips is 0 pm. bar =20 um
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Table 1 The effect of temperature on total albumin uptake, compartment area, and albumin uptake per unit area
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Fig.3 The effect of temperature on (@ )total albumin
uptake; (b)compartment area, and (¢ )albumin
uptake per unit area. (O 37°C, @23°C, A 4°C)
Mean=S. E.
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Fig.4 The iamges of Z-axis distribution of albumin uptake into endothelial cells exposed to shear stress (2 )no flow,
(b)10 dyn/cm?, (¢)60 dyn/cm? The surface of the coverslips is 0 pm. bar=20 pm
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Table 2 The effect of shear stress on total albumin uptake, compartment area, and albumin uptake per unit area
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