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Experimental Design for Quantitative Analysis of Membrane Protein

Mobility Based on Fluorescence Recovery after Photobleaching
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('State Key Laboratory of Plant Environmental Resilience, College of Biological Sciences, China Agricultural University, Beijing
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Abstract  FRAP (fluorescence recovery after photobleaching) is a crucial technique for quantifying plasma
membrane fluidity and is widely used in the study of cell membrane dynamics. Vesicle trafficking, which includes
processes such as endocytosis and exocytosis, represents a fundamental cellular activity essential for the exchange
of substances between intracellular and extracellular compartments. Its function efficiency is closely tied to the
fluidity of the plasma membrane. Guided by the principle of integrating research and education, this project intro-
duces an FRAP module into the “Cell Biology Experiment” course for graduate students, aiming to elucidate the
intrinsic relationship between “vesicle trafficking” and “membrane fluidity”. The experimental teaching framework
emphasizes FRAP’s unique capability to monitor real-time live-cell dynamics, while establishing a comprehensive
training system that integrates “theoretical knowledge-experimental operation-data analysis”. This approach deep-

ens students’ understanding of core scientific concepts, such as membrane fluidity and vesicle trafficking, as well as
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membrane heterogeneity and nanocluster organization, laying a solid methodological foundation for future in-depth

studies of membrane proteins.
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A specific ROI (region of interest, indicated by black square) is imaged to record its pre-bleach fluorescence intensity. An intense, focused laser beam is
briefly applied to the defined ROI. This high-intensity light permanently bleaches the fluorescence of the molecules, creating a non-fluorescent dark area
without causing significant overall cellular damage. Then the laser intensity is immediately reduced back to a low monitoring level. Time-lapse imaging
then captures the fluorescence signal in the bleached ROI over time. Fluorescence recovers as unbleached, mobile fluorescent molecules from the sur-
rounding areas diffuse or are actively transported into the bleached region. This population of molecules is defined as the mobile fraction, as indicated
by the extent of fulorescence recovery to the pre-bleach level. In contrast, the immobile fraction is defined as the population of molecules corresponding
to the difference between the initial fluorescence intensity and the steady-state intensity after photobleaching.
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Fig.1 The principle of fluorescence recovery after photobleaching
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A: subcellular localization of GFP-SYP121 in 5-day-old Arabidopsis root hair cells. B: BFA treatment induced the aggregation of GFP-SYP121 into

BFA compartments. After BFA washout treatment for 40 min, fluorescence signals were observed on vesicles (yellow arrows) and the plasma membrane
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Fig.2 Subcellular distribution of GPF-SYP121 in the root hair cell after BFA treatment and washout
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A: schematic diagram of root hair cell. The blue dashed box indicates the ROI for photobleaching, and the red solid line indicates the region for quan-

T

GFP-SYPI121

CA-rop2

titative analysis of the GFP-SYP121 fluorescence recovery signal on the apical plasma membrane. B: FRAP analysis of plasma membrane-localized
GFP-SYPI121 in the root hair cells of 5-day-old Arabidopsis wild-type and CA-rop2 mutant plants. The yellow arrows indicated the recovery of fluores-
cence signals in the apical plasma membrane region.
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Fig.3 Trafficking of GFP-SYP121 to the apical plasma membrane region of root hair cells
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Quantitative analysis of the fluorescence recovery rate of GFP-SYP121 in wild type and CA-rop2 mutant root hair. The GFP-SYP121 fluorescence in-

tensity of ROI was normalized, averaged, and fitted. The results are expressed as mean+SEM (n=13).
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Fig.4 Quantitative analysis of the fluorescence recovery velocity of GFP-SYP121
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Fig.5 TRIF-FRAP images of GFP-SYP121 in the plasma membrane of Arabidopsis root hair cells
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