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Abstract: In the past decade, scientists have found that liquid-liquid separation plays an important role in many
physiological processes and plays many biological functions. Its abnormal change will lead to a variety of diseases. In the
study of liquid-liquid separation in biology, optical microscopy is the main research tool. This paper describes the applica-
tion and comparison of several important optical microscopic imaging technologies in the study of liquid-liquid phase sepa-
ration, to explain the existence and formation process of phase separation, obtain the mobility and diffusion data. The char-
acteristics of diffusion and material exchange detected by fluorescence recovery after photobleaching (FRAP) in confocal
microscopy are described in detail, and the imaging conditions, precautions and parameters are summarized. That might
provide the basis for scientific researchers to choose the technology.
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Table 1 Precautions for FRAP technology in liquid-liquid separation studies

Experiment conditions Description

Imaging parameters selection

Experiment temperature ~ Temperature has a great influence on the molecular fluidity in vivo and in vitro. It is recommended to
maintain the physiological temperature during the experiment.

Droplet selection @ For in vitro purified protein: the droplets that are touching the dish bottom should be chosen to avoid
the fluoresce intensity change caused by droplets shifting.
@ Droplets with consistent shape, size and initial fluoresce intensity can be taken for priority selection.
@ For in vivo protein droplets, suitable size should be considered. It would not be suitable for FRAP if
the droplets are too small. Because the diffusion in the droplet cannot be determined.

Shape and size of @ Considering the droplet surface tension, round shape bleaching area is recommended. The size of the

bleaching area bleaching area needs to be considered in combination with the laser power and the bleaching scanning
time of the laser beam.
2 Considering the experiment purpose, if it is to explain the droplet internal rearrangement , a small
part of the droplet could be chosen as bleaching area. So, it would not bleach out the whole droplet. If it is
to explain complex formation by material diffusion and exchange, it would be better to bleach the whole
droplet.

Experiment duration Through experimental control and pre—experiment, it is determined that :
@D Recovery time duration should be 10-50 times than the half recovery duration; in the meanwhile,
considering the way of droplet complex formation, the recovery time of FRAP shall be longer if it is bind-
ing dominated, such as binding with DNA or cell skeleton; and it shall be shorter if it is diffusion domi-
nated.

2 Generally, the bleaching time should not exceed 1/10 recovery time.

Parameter calculation

Dynamic ratio M It reflects the proportion of dynamic molecules in the fluorescence labeled molecules and its role of struc-
ture composition, which provide evidence for the theoretical molecule model of organelle construction.
This value is related to the fluorescence intensity of before, after bleaching and background. And it could
be the quantitative basis in phase separation research.

Diffusion coefficient D Diffusion coefficient D is a physical parameter, which directly reflects the quantitative characteristics of
molecule diffusion. It is an important parameter for quantitative construction molecular mechanism model.
This value is related to the choice of diffusion models, including the exponential recovery model of fixed
boundary and reaction dominated, infinite boundary model and finite boundary model. Because of the in
vivo complexity, the recovery procedure is non—balancing statue in the research, so different models
should be chosen to fit either the in vivo or in vitro situation. It is necessary to consider the reference con-
ditions of the calculation formula and the actual situation ",

Half recovery time t When the fluorescence recovers to 1/2 of the final stable value, the time cost t,, could represent the fluo-

172 172
rescence recovery rate. This value is also used in some formulas for calculating D. t,,, can be read directly

from the graph or value table.
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Table 2 The detection index of liquid-liquid phase separation obtained by optical microscopic imaging techniques

Widefield Super resolution
Brightfield fluorescence Confocal High content microscopy
microscopyDIC/Ph . microscopy analysis
microscopy SIM STORM
Surface intension observation and detection index
Observation
Droplet formation N N N N N N
Droplet fusion N N Vv N V»
Droplet diffusion N N N N i
Droplet disruption N N N N
Data
Diameter/radius N N N N N N
Roundness N Vv Vv N N N
Sphericity Vv N N N
Flow and diffusion detection index
FRAP  FCS

Diffusivity N N
Multicomponent diffusion N
Motion component N
Concentration N
Complexation J
Complexation Chemometrics N
Complexation dynamics N N

" Could fulfilled by high speed SIM.
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