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What temperature conditions are 
best to grow crystals of the Nrf2 
protein for X-ray crystallography?

1. Express Nrf2 protein
2. Purify sample
3. Set up crystals at varying temp
4. Monitor growth

1. Based on experimental results, room 
temperature conditions yield better results for 
Nrf2 crystals than 4°C conditions in the short run.
2. A long run trial (scale of months to years) may 
yield different outcomes.
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What is NRF2?

v Protein that control our cells’ natural protective 
mechanisms. Activates genes that help our cells 
maintain redox balance and stay healthy

v However, NRF2 overactivity has been linked to 
diseases such as cancer and diabetes

v The Neh1 domain of NRF2 binds to a protein called 
MafG, and then targets DNA sequences called AREs

v Although we know how MafG binds to DNA by itself, the 
structure of Neh1-MafG-ARE is unknown

v Eventually, we can use the structure to develop 
pharmaceuticals that target NRF2

Fig 1: NRF2 promoting transcription of target gene by 
binding to MafG and the ARE
Created with BioRender.com



X-Ray Crystallography

v Involves growing crystals of the protein in a buffer solution, and choosing good 
candidates based on their shape and size. 

v Crystals are then shot with X-ray light and diffract the incoming beams. 

v Output pattern can be analyzed to determine the specific arrangement of 
atoms in the structure.

v Very tedious process, has many possible variables.

v One of these variables is temperature.



Research Question and Hypothesis

v What temperature conditions are best to grow crystals of the Nrf2 protein for X-
ray crystallography?

v Hypothesis: At lower temperatures, the complex is more stable, so it is 
expected 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. 



Purification and Crystallization

① Made the proteins 

② Lysed the cells 

③ Purified the protein through His pull-down

④ Added the ARE

⑤ Purified the protein through Size Exclusion Chromatography

⑥ Concentrated using a spin column

⑦ Set up crystal trays at diff temps

⑧ Checked for presence of protein crystals using microscope



Results- Purification
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v Protein was purified well after 
both His pull-down and SEC



Results- Crystallization
Examples of NRF2 crystal growth at 25ºC

Example of NRF2 crystal growth at 4ºC
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v The 25°C conditions yielded 10 
wells out of 24 with crystals

v The 4°C conditions yielded 1 
well out of 24 with crystals



Discussion

v The room temperature (25°C) conditions yield better results for Nrf2 crystals than 
4°C conditions in the short run.

v Further growth is still possible, 4°C may be slowed due to lack of energy.

v Current crystals are not large enough to use for X-ray crystallography, but 
indicate optimal conditions

v Once we understand the structure, we can better develop Nrf2-based treatment. 
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