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Aquaporin-4 (AQP4) is a water channel protein 
located in the plasma membrane of astrocytes in the 
central nervous system (CNS) and helps to regulate 
water-ion homeostasis. Some isoforms of AQP4 
further order themselves into aggregates known as 
orthogonal arrays of particles (OAPs).  AQP4 exists 
in two main isoforms, M1 and M23, with M23 being 
the isoform that favors stabilization by aggregation 
into OAPs. What role these OAPs play in the 
membrane of cells is still largely unknown and the 
dynamics of OAP assembly into the plasma 
membrane remain elusive (2). 
Recently, techniques have been developed to isolate 
and express the M23-AQP4 isoform in insect cell 
lines in its authentically folded state. This study takes 
these natively folded AQP4 aggregates and 
incorporates them in a supported lipid bilayer CNS 
biomimetic, which have been characterized using 
fluorescence recovery after photobleaching (FRAP). 
The protein-protein and protein-membrane 
interactions, characterized by single particle tracking 
experiments, will be discussed within this CNS 
mimetic environment. 
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Future Work

- Stochastic blinking and bleaching studies to 
determine most probable stoichiometries and 
diffusion dynamics.

- Take data points at a variety of temperatures in 
order to get thermodynamics variables such as 
Gibbs Free Energy, Enthalpy and Entropy.

- Tracking experiments of individual AQP4 and 
direct observation of oligomer formation and 
disassembly.
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The Nicchia group, out of the University of Bari, has 
found and optimized a way to express the M23 
isoform in both mammalian and insect cell lines (3). 
This method involves using a DI TNC1 cell line from 
rats, and native size exclusion chromatography in 
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lower yield, with insect cell lines. 

The ability to express these OAP’s outside of the 
native cell environment will allow for more structural 
and functional studies of these proteins without the 
added variables of doing experiments in vivo. 
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Lipid Bilayer Biomimetic Characterization
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- Standard State Lipid Bilayer
- 98.6% POPC, 1.4% PEG-2000
- Small Unilamellar Vesicles were 

prepared via sonication, and were 
used within a week

- Bilayer was formed on a 1:1:1 cleaned 
glass coverslip

- Fluorescence Recovery After Photobleaching
- Bilayer was bleached with a laser for 

50ms, and recovery monitored after 
for 200 frames at a frame rate of 
50ms per frame.

- Protein Insertion into Supported Lipid Bilayer
- Protein was inserted into lipid bilayer using C12E9 detergent, then flushed with buffer to remove excess 

detergent
- AQP4 was labeled with HIS Lite™ Cy5 Bis NTA-Ni Complex, which attaches to the protein at both ends, 

preventing photo-induced cis-trans isomerization
- Preliminary Results

- Tracking data shows a stepwise intensity curve, which is indicative of the tetrameric nature of AQP-4
- Data was acquired on a wide field TIRF microscope at 25o C and protein-protein interactions were observed.
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Figure 1. Experimental setup with protein inserted into biomimetic membrane in A) the 
fluid phase and B) the ripple phase (4).

Figure 2. A) Recovery curve of lipid bilayer B) Experimental data showing the bleaching and recovery of the lipid 
bilayer
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Figure 4. A) Relative intensity over time of one time trace of tagged AQP-4 B) Time trace of a different tagged protein showing stepwise features of being a tetramer C) Time trace of a different tagged protein 
showing features of a possible trimer 
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Figure 5. A)  Nickel NTA dye used to prevent cis-trans isomerization
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Figure 3. A)  Diffusion coefficient of the lipid bilayer as a function of temperature B) Arrhenius analysis of the corresponding diffusion data 
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