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Fig. 1. Schematic diagram of fast FLIM system.
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Fig. 2. Schematic diagram of AOD scanning signal and its
synchronization principle with TCSPC: (a) Digital signal
and three synchronization signals; (b) AOD scanning pro-
cess; (¢) AOD-TCSPC synchronization process.
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Fig. 3. Schematic diagram of a new strategy for generating synchronization signals for any number of discrete irregular ROIs:

(a) Three discrete ROIs of different shapes (gray); (b) the synchronization signals required for each scan point; (c) three synchroniz-

ation signals generated according to the new strategy; (d) fluorescence lifetime image data that has been stored in rows before map-

ping.
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Fig. 4. Schematic diagram of the processing method for the
lifetime image data: (a) Scanned ROIs; (b) circumscribed
rectangle; (c) binarized matrix; (d) column coordinates of
non-zero elements in the binarized matrix; (e) column co-
ordinates of the lifetime data before mapping; (f) shift mat-
rix in X-direction; (g) row coordinates of non-zero elements
in the binarized matrix; (h) row coordinates of the lifetime
data before mapping; (i) shift matrix in Y-direction; (j) life-
time image before mapping; (k) lifetime image after shift in
X-direction; (1) correct lifetime image after shift in Y-direc-

tion.
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Fig. 5. FLIM imaging of multiple discrete ROIs of different
shapes in convallaria slice sample: (a) Bright field image
collected by EMCCD and selection of ROIs; (b) fluores-
cence intensity image collected by EMCCD; (c) lifetime im-
age collected by TCSPC; (d) corrected fluorescence lifetime

image.
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Fig. 6. FLIM imaging of a circular ROI in convallaria slice
sample: (a) Selection of the circular ROI; (b) fluorescence
intensity image collected by EMCCD; (c) fluorescence in-
tensity image collected by TCSPC; (d) fluorescence life-

time image.

198701-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 19 (2021) 198701

10 pm

10 pm

B 7 A RZEY R ROL M FLIM % (a) B
ROI Y3EHY; (b) EMCCD RAE 73R B EE; (c) TCSPC
KA TR EIE (d) FOLHAF AR

Fig. 7. FLIM imaging of a rectangular ROI in convallaria
slice sample: (a) Selection of the rectangular ROI; (b) fluor-
escence intensity image collected by EMCCD; (¢) fluores-
cence intensity image collected by TCSPC; (d) fluorescence

lifetime image.
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Fig. 8. Fast FLIM imaging of discrete pixels in rhodamine
6G solution: (a) Selection of the discrete pixels; (b) fluores-
cence intensity image collected by EMCCD; (¢) fluores-

cence intensity image collected by TCSPC; (d) fluorescence

lifetime image.
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Fig. 9. Fast FLIM imaging of LysoSensor-DND189 labeled
lysosomes in living cells: (a) Bright field image; (b) fluores-
cence intensity image collected by EMCCD and selection of
ROIs; (c) the change of the average fluorescence lifetime in
the ROIs with the stimulation time of ammonium chloride;

(d) the fluorescence lifetime image of selected time points.
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Abstract

Fluorescence lifetime imaging microscopy (FLIM) has been widely used in biomedical research due to its
high specificity, high sensitivity and quantification ability in cell microenvironment sensing. The fluorescence
lifetime detection method based on time-correlated single photon counting (TCSPC) is one of the most
commonly used techniques at present. However, due to the limitation of imaging principles and conditions, this
technique has the disadvantages of long data acquisition time and consequently low imaging speed. In this
paper, a fast FLIM technique for any number of discrete and irregular regions of interest (ROIs) in biological
samples is developed. The technology uses acousto-optic deflectors (AODs) to achieve fast and flexible
addressing scanning, optimize the synchronization strategy between AOD and TCSPC, and reconstruct the
lifetime image through simple online feature analysis of the ROI shapes. For the case of multiple discrete
irregular ROIs in biological samples, it can greatly save the time of data acquisition, thus realizing the fast
FLIM imaging of these ROIs, which is benificial to the study of the heterogeneity of biological events in
biological system. In particular, the fast fluorescence imaging result for 87 discrete points in the field of view
shows that this method can obtain a fluorescence lifetime image in a very short acquisition time (only 52.2 ms)
and thus achieving a very fast imaging speed in such a situation. Dynamic FLIM imaging of lysosome probe
LysoSensor Green DND-189 in living cells stimulated by ammonium chloride is carried out to monitor the real-
time change of pH value in lysosome lumen. The acquisition time for a single fluorescence lifetime image of
lysosomes in two ROIs is only 200 ms. The results show that the rapid FLIM technology can be used to
dynamically monitor the changes of microenvironment in biological samples, and will play an important role in

the microenvironment sensing in living cells.

Keywords: fast fluorescence lifetime imaging microscopy, addressing scanning, discrete target, irregular

regions of interest
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