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Abstract As noninvasive tools of high-resolution micromanipulation and force measurement, optical tweezers have
been widely applied to researches in life science. Holographic optical tweezers show higher flexibility than the
conventional single-trap optical tweezers in producing arbitrarily patterned trap arrays with the help of the spatial
light modulator, which has significant potential in application to the biomedical research. In this paper, we review
the basic principle of holographic optical tweezers, hologram algorithm, and the progress in the applications of

holographic optical tweezers in biological research. We expect that this review will provide a helpful reference to the

community that will apply holographic optical tweezers to the biological research.
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Fig. 2 The principle of holographic beam shaping based on Fourier transform
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Fig. 3 The trap patterns obtained with the six common CGH algorithms
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Fig. 6 Regulating the cell polarization and growth using optical tweezers®" . (al)-(a4) Controlling the polarization of
migration direction using optical tweezers carrying chemoattractants: (al) the particle carrying {MLP moved close to
HIL-60 cell; (a2) the cell was polarized and migrated to the particle; (a3) and (a4) the polarization and migration
directions of the cell were changed when the particle was rotated anticlockwise around the cell. (b1)-(b3) The
induced formation and enlargement of the lamellipodium by two optically trapped particles carrying
chemoattractants. (cl1)-(c3) The cell growth was suppressed by two optically trapped particles carrying cytochalasin

D. The dashed contour lines denote the concentration contour in the vicinity around the particle. Scale bar: 10 pm
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reconstructed phase maps based on DHM; (c) the diameter of the RBC changes over time in the vertical and
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Fig. 8 Principle of measuring the elastic modulus of the DNA molecule using optical tweezers

[l (a) The geometry based

on single-trap optical tweezers and the DNA molecule attached to some surface; (b) the geometry based on single-

trap optical tweezers and the DNA molecule attached to one microtube; (c) the geometry based on two traps

optical tweezers
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Fig. 9 Stretching the DNA molecule with holographic optical tweezers"™ .

(a) The stretching process; (b) the change of

position of the two microspheres in the x-direction; (c¢) the change of position of the two microspheres in the y-

direction; (d) the force-extend curve before the microsphere was labeled; (e) the force-extend curve after the

microsphere was labeled
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Fig. 10 Combination of holographic optical tweezers and super-resolution microscopy "

E-coli cell with holographic optical tweezers;

) (a) Horizontal alignment of the

(b) the super-resolved image of the horizontally aligned cell;

(¢) vertical alignment of the E-coli cell with holographic optical tweezers; (d) the super-resolved image of the

vertically aligned cell; (e) the one-dimensional intensity plot along the blue line marked in figure (d)
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Fig. 11 Measuring the three-dimensional refractive index based on holographic optical rotation of yeast cell®™ . (a) The

interference pattern when the yeast cell is rotated to the position of 0°; (b) the interference pattern when the yeast

cell is rotated to the position of 45°; (c¢) the interference pattern when the yeast cell is rotated to the position of 90°;

(d) the interference pattern when the yeast cell is rotated to the position of 135°; (e) the xy-slice at the central

position in the z-direction; (c¢) the reconstructed three-dimensional refractive index with the phase tomography;

(g) rotating biological samples around x- or y-axis using optical tweezers
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