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Phytochromes are a large family of photoreceptor proteins composed of three domains: PAS, GAF, and 

PHY1. The GAF domain binds the linear tetrapyrrole chromophore biliverdin via a cysteine residue. 

Biliverdin, a bile pigment derived from heme breakdown2, acts as a chromophore by absorbing light in 

the red to far-red range. This enables phytochromes to toggle between states with absorption maxima 

varying by 50 to 70 nm, depending on chromophore configuration3. Biliverdin exists in two distinct 

conformations, know as extended and compact (Figure 1) and understanding the conformational 

changes of biliverdin within the protein is important to identify the key amino acids that stabilize each 

conformation. Such knowledge could guide the design of mutated protein structures to enhance the red 

shift, improving their usability for deep-tissue imaging. 

 

Figure 1: (left) extended biliverdin conformation and (right) compact biliverdin conformation. 

However, these large-scale conformational transitions are computationally demanding. To address this 

challenge, we developed a hybrid all-atom/coarse-grained force field, combining ff14SB for the 

atomistic regions and SIRAH4,5 for the coarse-grained parts. This approach ensures that the cavity and 

the amino acids interacting with biliverdin are accurately represented while enabling efficient umbrella 

sampling simulations to explore the conformational landscape. 
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