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Fig. 1 The principle of the fluorescence—excitation—

emission of organics
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Fig.2 SEM-CL system and the signals produced by electron beam in the sample

(a) SEM-CL system; (b) an imaging setup of the thin sample in the SEM-CL system; (c, d) electron range (R) and the main signals produced by

electron beam in bulk (c¢) and thin (d) samples, corresponding to imaging methods in (a) and (b), respectively.
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Fig. 3 SEM-CL imaging of fluorescent beads (FL beads), 4kV, SP4
(a, b) CL and SE images of 1 pm red FL beads, 20 000x, PMT: 1 000 V; (¢, d) CL and SE images of 500 nm red FL beads, 20 000x, PMT: 1 400 V;
(e, ) CL and SE images of 200 nm green FL beads, 50 000x, PMT: 1 374 V; (g, h) CL and SE images of 100 nm blue FL beads, 50 000, PMT:

1486 V.
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Fig. 4 Effects of incident electron energy and beam current on emission intensity and CL imaging of the 500 nm green FL.
beads, 20 000x, PMT: 1400 V
(a—c) CL imaging by changing the acceleration voltage with 3, 5, and 30 kV, SP3; (d) the CL intensity of FL beads changed with the acceleration

voltage; (e) the Monte Carlo simulation of electron range (R); (f~h) CL imaging by changing the beam current with SP3, SP4, and SP5, 5 kV.
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Fig. 5 Effects of the radiation time of e~beam on CL intensity of 500 nm green FL beads

(a) A serial CL images under the e-beam scans continuously for 26 min, 10 000%, 5 kV, SP3, PMT: 1 400 V; (b) intensity decay rate of fluorescence

intensity of a single FL bead (an arrow on left in (a)) with irradiation time; (c) the change of fluorescence intensity of a single FL bead (an arrow on

left in (a)) with irradiation time.
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Table 1 Electron irradiation time, cumulative irradiation dose and CL intensity attenuation of green fluorescent

microbeads

Irradiation time/min

Cumulative irradiation dose/(e-nm™2)

CL intensity attenuation/%

1.7 27.6
3.4 552
52 82.8
6.9 110.4
8.7 138.0
10.4 165.6
12.0 193.2
13.9 220.8
15.6 248.4
17.3 276.0
19.1 303.6
20.8 331.2
22.5 358.8
243 386.4
26.0 414.0

0
4.89
11.13
16.22
19.85
23.01
25.28
27.87
30.31
32.64
35.69
40.11
45.18
47.92
52.66

CL imaging parameters: 10 000x, 5 kV, SP3, 1 024x1 024 pixel, dwell time 100 ps, scanning time 104 s/frame.
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Fig. 6 SEM-CL observation of fluorescent labeled cells
(a, b) SE and CL images of DAPI stained nucleus, 10 000%, 5 kV, SP4.5, AP5, PMT: 1 398 V; (c, d) SE and CL images of Ecal09-EGFP, 3 000x,
2.5 kV, SP4.5, SP5, PMT: 1 450 V; (e, f) SE and CL images of 293T-ACE2-mcherry, 2 000x, 10 kV, SP3, AP5, PMT: 1 308 V; (g, h) SE and CL
images of 293T-ACE2-mcherry, 2 000x, 9 kV, PMT: 1 450 V, SP3, APS. (i) the principle of thin sample imaging, showing the electron and photon

signals generated by excitation of incident electrons in fluorescently transfected cells (SiN-Si substrate was used to carry a slide cell).
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Abstract Objective The correlative cathodoluminescence (CL) imaging is a high-resolution fluorescence
imaging technique using electron beam as excitation source. However, the sensitivity of biomaterials to electron
irradiation limits the wide application of CL technique in life science. In order to study and develop the
application of CL technology in biological samples, this paper aims to deeply understand the excitation
characteristics of organic fluorophore by electron source by exploring the structural damage of carbon substrate,
degradation of organic groups and fluorescence quenching caused by electron irradiation. Methods We used a
CL and electron microscopy (CCLEM) technique in a field emission scanning electron microscope (SEM) to
observe organic fluorophores and fluorescently labeled cells. Results We studied excitation and emitting
characteristics of organic fluorophores by electron beam. Under the irradiation of low energy (2.5-5 keV) and low
current (~10 pA), the fluorescent microbeads had the stronger and stable CL emission, the resolution of CL image
reached ~30 nm. After 12 min irradiation, fluorescence intensity of microbeads decreased by 25%, and CL image
still maintained acceptable fluorescence intensity and adequate signal to noise ratio. Further, fluorescently labeled
subcellular structures were identified from cell surface to a certain depth inside the cell. The nuclei and organelles
were well observed with a bulk-sample imaging setup, while membrane proteins, that are widely localized on the
cell surface, were clearly identified with a home-made imaging setup of thin-sample. Conclusion Results
provide data and technical support for the application of CCLEM in the study of biological structures. CCLEM
bioimaging can also be used as an important supplement to correlative light and electron microscopy (CLEM)

technique.

Key words cathodoluminescence (CL), scanning electron microscope (SEM), organic fluorophore, subcellular
structure
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