
 

 

  

Abstract— P-glycoprotein transports chemotherapy drugs 
from the plasma membrane and allows cancer cells to survive 
treatment. We transiently transfected PGP labeled with 
enhanced green fluorescent protein (PGP-EGFP) into MES-SA 
cells and used single molecule tracking techniques to 
characterize the dynamics on the surface of live cells. PGP 
exhibits freely diffusive behavior at short times and is confined 
at long times with a transition to anomalous diffusion at 0.7 s.  

I. INTRODUCTION 

In response to chemotherapy, tumor cells often up-
regulate multidrug resistance transporters to survive 
treatment. P-glycoprotein (PGP) is an ATP dependent, drug 
transporter present in many forms of untreatable cancer [1, 
2]. PGP contains 12 transmembrane domains and is a large 
(170 kDa) protein that binds lipophilic drug molecules from 
the plasma membrane to export them from the cell, 
effectively reducing the intracellular concentration of drug 
[1]. The presence of PGP can be predictive of the outcome of 
chemotherapy treatment, with increased amounts correlating 
to poor prognosis. [3-5]. 

PGP interacts with many proteins and lipids on the cell 
surface, including the actin cytoskeleton and lipid rafts [6, 7]. 
PGP has been shown to be enriched in lipid rafts and 
intermediate-density rafts [7-10]. Specifically, cholesterol has 
been shown to modulate the membrane transport activity of 
PGP, increasing the efflux activity six-fold in a reconstituted 
membrane system [11, 12]. In a model cellular system 
transiently expressing PGP, the loss of cholesterol abolishes 
PGP efflux activity [13]. Others have reported that the 
presence of cholesterol affects both the ability of 
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chemotherapy drugs to bind to PGP and transport rate of PGP 
[8].Research suggests that the efflux activity of PGP is highly 
sensitive to the local environment [13, 14]. When multidrug 
resistant leukemia cells are treated with an antibody to CD19, 
a protein that interacts with PGP, PGP translocates from lipid 
rafts and its activity is halted, allowing the cells to become 
chemosensitive [14]. The local environment clearly affects 
PGP activity. 

In addition to known PGP interactions, the heterogeneous 
structure of the plasma membrane likely contributes to the 
anomalous diffusion of membrane proteins. The cytoskeleton 
has been shown to create corrals and lipid rafts can be related 
to transient confinement zones [15, 16]. Single molecule 
tracking allows for a direct visualization of these phenomena 
in regards to membrane proteins moving on the plasma 
membrane.  

To better understand the transient interactions of PGP on 
the cell surface, the dynamics of PGP were assessed using 
single particle tracking (SPT) techniques. Single molecule 
tracking of drug transporters in the plasma membrane of live 
cells allows for the direct measurement of transient and 
heterogeneous interactions that have the potential for altering 
the efficiency of drug transport. Techniques that measure the 
heterogeneity of the system will lead to a better 
understanding of PGP interactions on the cell surface. In this 
work, we describe an assay for measuring the dynamics of 
single PGP molecules using SPT techniques in a model cell 
system, MES-SA cells.  We show here that PGP-EGFP can 
be imaged and tracked in live cells to better understand PGP 
interactions on the plasma membrane. We find that when 
PGP-EGFP is expressed on the cell surface, rhodamine, a 
substrate, is effectively removed from the cell, showing that 
PGP-EGFP is functional in MES-SA cells. Using SPT, PGP 
is observed to be quite mobile for a large transmembrane 
protein but exhibits confined diffusion over long time periods 
(> 0.7 s). At short times, PGP moves freely with a diffusion 
coefficient, D, of 0.2 !m

2
/s.  To our knowledge, this is the 

first report of single molecule of PGP dynamics.  

II. METHODS 

A. Cell Culture and Transfection 

The adherent MES-SA cell line (ATCC) was used for all 
tracking experiments.  Cells were maintained at 37 °C in a 
humidified atmosphere containing 5% CO2 in McCoy’s 5A 
medium containing 1.5 mM L-glutamine, 100U/mL 
penicillin, 100 !g/mL streptomycin, and 10% fetal bovine 
serum.  Cells were plated on poly-L-lysine (Sigma Aldrich) 
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V. CONCLUSION 

The dynamics of PGP suggest that diverse interactions are 

occurring on the surface of cells and single particle tracking 

allows for the direct observation of such interactions. Further 

investigations on the effects of drugs that activate or inhibit 

PGP could lead to a better understanding of how this 

complex membrane protein can be regulated to reduce the 

impact of multi-drug resistance in cancer treatment.  
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