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Supplementary Discussion
Cellular Budding of Apoptotic Bodies (ABs)
As shown in Fig. S1A, we considered an ideal theoretical model to understand the budding behavior of an AB quantitatively. In this model, the cell was modeled as a spherical vesicle with radius Rc, inside of which were small molecules with effective radius Rs and number density 
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 and the AB with effective radius Rb. The membrane has bending and tension moduli of κ and γ. Typically, 1
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 and T are the Boltzmann constant and absolute temperature, respectively.
Upon addition of numerous smaller disassembled molecules, density gradients lead to an effective force field that pushes the larger AB toward the cell membrane during CA. The AB can eventually be driven to separate from the apoptotic cell because of the depletion interactions among molecules to maximize the mixing entropy. The depletion force exerted by the cytoplasm on the AB can be expressed as follows:3



[image: image5.wmf](

)

(

)

cbscbs

dBs

2

cb

4.

RRRRRR

FkT

RR

pr

--

=

-

                (S1.1)

This force pushes the AB against the cell membrane, causing the membrane to wrap around the AB locally at the cost of elevated elastic energy associated with increased local curvature of the membrane, as shown in Fig. S1A. As the cell can be much larger than the AB, we assumed a 3D configuration of an infinite flat membrane wrapping around a spherical particle. We adopted the mathematical framework developed in the study on how a cell membrane wraps around a spherical particle4,5
. Thus, the deformation energy of the cell membrane can be written as follows:4,5
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where H = 1/Rb is the mean curvature, h is the budding depth shown in Fig. S1A, and A = 2πRbh is the contact area between the AB and membrane. By considering the geometrical relationship shown in Fig. S1A, Equation (S1.2) can be further expressed as follows:
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For complete budding of the AB or h = 2Rb, we now assumed that the repulsive barrier needs to be overcome. Thus, the net driving force can be expressed as follows:
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A typical cancer cell contains several billions of molecules6
. Assuming that Rc = 10 µm and that the total number of molecules is N = 5 × 109, estimation of the bulk number density of the completely disassembled molecules is 
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, which is of the same order of magnitude as that in7
. As observed in Fig. 5B, the AB radius ranges from 0.2 µm to 2 µm, which corresponds to typical organelle sizes. For the effective hydrodynamic radius of the small disassembled molecules, the F-actin fragments can be selected as the representative example. These fragments have a diameter of d = 8 nm 8,9
 and a typical length of L = 150 nm 
10

. Their effective hydrodynamic radius can be estimated as follows:

11,12
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where α=L/d.
If we assume that a successful budding event corresponds to a positive net driving force, as shown in Equation (S1.4), we can create a phase diagram (Fig. S1B) to illustrate how the combination of number density 
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 and radius of the AB Rb can ensure effective budding. As shown in Fig. S1B, the number density of small disassembled molecules 
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 can ensure effective budding of ABs with sizes from hundreds of nanometers to microns.
Supplementary Method
AFM Single-Cell Topography and Mechanical Testing
Topographical Imaging

Topographical imaging was conducted on a detachable substrate with a round coverslip that was mounted on a BioCell temperature-controlled chamber (JPK Instruments AG, Germany). The cultivated cells were briefly replaced with high-glucose Dulbecco’s modified Eagle’s medium supplemented with 5% (v/v) FBS containing 13.5 mM HEPES (pH 7.2) as the culture media during force spectroscopy measurement. The cells were scanned by using a scale of 50 × 50 µm2 and a pixel resolution of 512 × 512 at a line rate of 0.10–0.20 Hz, with a z-piezo displacement between 5 µm and 8 µm to obtain better imaging. For each cell line, approximately 30 individual cells in each group were randomly selected for indentation, and 6 measurement points on the surface of each cell were examined. Each point was measured 10 times. The force curves were collected on the glass substrate to calibrate the deflection sensitivity of the instrument before indenting the sample.
Cell Height and Surface Roughness
The topographical image was examined for cell height measurement through cross-sectional analysis using the JPK data processing software (http://www.jpk.com). Surface roughness analysis was conducted in terms of arithmetic average (Ra) and root mean square (Rq) heights

13

, and scanning windows of 10 × 10 µm2 local areas were selected. Statistical analysis using a two-sample independent Student’s t test was applied to all pairs of samples (irradiated and nonirradiated cells) to determine the significant differences in Ra and Rq, where P < 0.05 was considered significant.
Elastic Modulus, Adhesion Force, and Surface Adhesion Energy
Spherically tipped cantilevers (4 µm diameter, k ∼ 0.03 N/m, BioLever-RC150VB-C1, Olympus Micro Cantilevers) were briefly used in the indentation experiments. The rounded tip can minimize the damage to the cell membrane during contact and reduce the nonlinear effect of cell deformation because of a more homogenous contact between the cells and the probe

14-18

. Individual cells were mechanically tested using single indentation test to distinguish the nuclear and cytoplasmic regions of the cell (Fig. S3). Force–distance curves were acquired at a sample rate of 5 kHz and a constant approaching and retracting velocity of ∼1 µm/s19,20
. A surface delay of 1 s was selected to guarantee that time is sufficient for the interaction between the cell surface and tip and stress relaxation at the initial drop21
. The preset force was fixed to 1.0 ± 0.5 nN for all force curves so that all tests are comparable. The maximum indentation was kept less than 10% of the total cell thickness to avoid the influence of the substrate on the measurements22
.

For Young’s modulus of the cell, Eelastic was extracted from the force curves based on the Hertz contact model
 ADDIN EN.CITE 
16,23-25
 as follows:
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where F is the applied loading force, R is the relative radius of the tip, and v is the Poisson ratio, δ = (z − z0) − (d − d0) represents the difference in the relative changes of the piezo stack movement (z) and cantilever deflection (d), and z0 and d0 are the values of z and d at the contact point, respectively. In this study, v = 0.5 was selected by assuming that the cell as a biomaterial is incompressible

26-28

.

The adhesion force and surface adhesion energy were determined during retraction of the cantilever at a prescribed speed. As shown in the figure inset of Fig. S3C, we recorded the magnitude of the maximum detachment force as the adhesion or pull-off force. The surface adhesion energy was actually the so-called work of adhesion29,30
 obtained by calculating the shaded area in the retraction force curve, as shown in the figure inset of Fig. S3C. All these processes were completed by using the JPK data processing software (http://www.jpk.com) with two proprietary codes, namely, a topographical image analysis code and a force spectroscopy curve analysis code.
Supplementary Figures
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(B)
Figure S1. Cellular budding of apoptotic bodies (ABs). (A) Schematic plot of AB budding from a cell. (B) Phase diagram of AB budding from a cell.
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Figure S2. Survival curves for human HCC lines within 72 h induced by CII. (A) NH L02; (B) HCC HepG2. (C) HCC Huh-7. (D) HCC Smmc-7721. (E) HCC Mhcc-97L and (F) HCC Mhcc-97H. The mean ± SD is shown in terms of three different experiments. Statistical methods are Student’s t-test and one-way ANOVA, P < 0.05.
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Figure S3. Schematic of the basic principle of biotype AFM. (A) AFM with a microscale cantilever and a specifically shaped tip is used to scan the cell surface. (B) Nanoscale imaging platform combining advanced AFM capabilities with modern optical microscopy. (C) AFM force–distance cycle for approach (blue) and retraction (red) from the surface, and (D) A typical force–distance curve in Young’s modulus determination.
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