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Abstract: 

The nuclear factor erythroid 2-related factor 2 (NRF2) is an important transcription factor 

protein that controls cells’ protective pathways and plays roles in both the propagation of and 

defense against diseases like cancer and diabetes. Therefore, it is essential that we understand 

more about the structure and function of NRF2. This research attempted to find the best 

temperature conditions in which to crystallize NRF2 for X-ray crystallography. The protein was 

expressed and purified in the lab. It was then set up in crystal trays under varying temperatures 

and periodically checked under a microscope. Preliminary results have indicated that room-

temperature conditions form both more microcrystals and crystal clusters as compared to 4 ºC 

conditions. In the future, the X-ray crystallography technique will be employed to determine the 

structure of NRF2, providing a basis for drug development to target NRF2-linked diseases. 
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Introduction: 

 

The nuclear factor erythroid 2-related factor 2 (NRF2) is a vital protein in the human cell. 

It is a transcription factor– a protein that controls the expression of other proteins– and as such is 

a major regulator of antioxidant and cytoprotective pathways by securing the cell against incoming 

harm (Dodson et al., 2019). However, over- or under-activity of NRF2 can lead to imbalances in 

the cell with detrimental consequences. For example, cancer cells with a prolonged overactivity of 

NRF2 can even become resistant to chemotherapy (Schmidlin et al., 2021). For this reason, it is 

essential that to understand how to target NRF2 with drugs, giving the ability control its expression 

and treat such diseases.  

NRF2 binds its ‘Neh1’ domain to a protein called ‘MafG’, then targets DNA sequences 

called ‘ARE’s (Itoh et al., 1997). This ‘Neh1-MafG-ARE’ complex is the way NRF2 controls the 

genes that express the antioxidant and cytoprotective proteins (Figure 1). Therefore, it would be a 

prime target to disrupt using pharmaceuticals in order to inhibit NRF2 activity. Despite this, an 

important barrier stands in the way of such drug development: the complete structure of NRF2 is 

not known. For large complexes such as this one, X-ray crystallography is the primary method to 

find the exact structure. This involves growing crystals of the protein in a buffer solution, and 

choosing good candidate crystals based on their shape and size. These crystals are then shot with 

X-ray light. The molecules in the crystal diffract the incoming beams, and the output pattern can 

be analyzed to determine the specific arrangement of atoms in the structure.  
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However, growing crystals is a tedious process, and conditions may yield vastly different 

results. The current project will attempt to find the optimal method to grow the ‘Neh1-MafG-ARE’ 

crystal complex by testing different temperature conditions and analyzing their effect on crystal 

formation. By optimizing, we expect crystal production for the complex will be more efficient and 

yield better results. This work will provide foundation for the relevant structures, and the 

knowledge needed to develop better drugs to treat NRF2-linked diseases. 

At lower temperatures, I expect that the colder plates will form higher quality crystals 

(larger, clear-cut shape). With higher temperature plates, due to increased energy and collisions in 

the system, a greater quantity of smaller crystals is expected. Crystal plates were set up at 4ºC and 

25ºC to test this hypothesis. 

 

Materials and Methods: 

I. Protein Expression and Preparation 

The expression of the relevant proteins, Neh1 and MafG, was done using Escherichia coli 

bacteria. To achieve this, bacterial cell cultures were transformed with a plasmid coding for His-

Neh1-MafG. The additional His tag is a hexahistidine chain, which was used to target the protein 

Figure 1. NRF2 promoting transcription of target gene by binding to MafG and the ARE 

Created with BioRender.com 
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in purification. The transformed cells were grown at a scale of 12L across 24 flasks. After lysing 

the E. coli and collecting the supernatant, the product was purified using His pull-down. This 

involved filtering the protein through Ni-NTA resin and washing with Imidazole buffers. The ARE 

DNA sequence was added to stabilize the complex with His-Neh1 and MafG. Next, the product 

was purified once more through size-exclusion chromatography, filtering out contaminants of 

different sizes. Finally, the solution was concentrated by filtering out liquid using a spin column. 

Gels and Western blots were run using SDS-PAGE after each major step to confirm presence of 

the protein. 

 

II. Crystal Tray Setup 

In total, the 12L expression of protein was purified to 200uL of 5mg/ml concentration 

protein. The final concentration was determined using the Thermo Scientific Pierce™ BCA 

Protein Assay Kit. When setting up crystal trays, various buffers that contain precipitating agents 

and salts can aid crystallization. I used buffers that were previously identified by my mentor, 

Aryatara Shakya, to be compatible with the compound I was crystallizing. 1.5uL of protein and 

1.5 uL of buffer was used to make the droplet for hanging drop vapor diffusion crystallization. The 

conditions were replicated in a second plate. One crystal plate was placed at room temperature 

(25ºC) in a box closed to light, and the other plate was wrapped in aluminum foil and placed in a 

4ºC refrigerator. Precautions were taken to minimize movement or shaking of both trays in order 

to prevent the disturbance of crystal formation. The trays were then examined weekly under a 

microscope and notes were taken regarding the presence and characteristics of crystals. 
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Results: 

 The protein was successfully expressed and purified through His pull-down and size 

exclusion chromatography, as shown in Figure 2 below.  

 

 

 

At the time of writing, the crystal plates have been incubating for several months. However, 

because it is possible that crystals continue will to develop, only preliminary results have been 

collected. Out of 24 wells on the 25ºC plate, 10 showed some presence of crystals. Figure 3 (below) 

shows examples of positive samples from the 25ºC plate. Out of 24 wells on the 4ºC plate, only 

one showed presence of crystals. These examples are shown in Figure 4 (below). 

                                

 

 

Figure 3. Examples of NRF2 crystal growth at 25ºC. (A) 
shows a crystal cluster and (B) shows a large number of 

microcrystals in a drop. 

Figure 4. Examples of NRF2 crystal growth at 4ºC. 
Very few crystals were observed, most being long 

and rod-shaped. 

A B 

Figure 2. NRF2 Pre- and Post- purification. (A) shows the initial 
presence of both protein and contaminant. After purification methods, 
gel (B) was run, showing a significant decrease in contaminant without 

loss of target protein. 
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Discussion: 

 Based on the crystals that were formed, it appears that the 25ºC plate created both a better 

quality and quantity of crystals in the short run. The lack of crystal formation in the 4ºC plate may 

be a result of fewer collisions and energy in the system as a result of the lower temperature. 

However, given more time to incubate, the cooler conditions may catch up to or even surpass the 

warmer counterpart. I did expect that the higher temperatures would form crystals more quickly; 

however, I did not expect such little crystal growth in the 4ºC plate. This study could have been 

improved by allowing for a greater incubation time frame. With better knowledge of how to form 

NRF2 crystals, this project will provide a better basis for X-ray crystallography techniques, 

eventually leading to the solved structure of NRF2. This will have major implications for 

pharmaceutical development and next-generation treatment of NRF-linked diseases.  
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