
Significance and Impact
CCP2 is a cyanobacterial protein that is a member of the 
widespread NTF2-like superfamily of proteins. Our structural 
analysis is the first insight into how such a protein allocates 
the carotenoid pigment, which usually plays a protective role 
within the host organism. Given the ubiquity of NTF2-like 
proteins across all domains of life, perhaps other organisms, 
such as photosynthetic algae and plants, have members of 
this carotenoprotein family that await discovery.

Research Details
• Bioinformatic analysis has revealed the existence of a new family of proteins, homologs to the C-terminal domain of the Orange 

Carotenoid Protein (OCP), the C-terminal domain-like carotenoid proteins (CCPs). 
• In this study, we purified holo-CCP2 directly from Fremyella diplosiphon and determined that it natively binds canthaxanthin. 
• Structural analysis using small-angel X-ray scattering (SAXS) characterized the structure of this protein in its two main oligomeric 

states: dimer and tetramer. A single carotenoid spans the two CCPs that form the dimer. In addition, analysis with X-ray footprinting-
mass spectrometry identifies residues for carotenoid binding within the CCP2. 

• The unusual spectroscopic properties of this protein, an extreme red shift (ca. 80 nm) of the absorption maximum of the carotenoid 
bound by the CCP2 dimer is also discussed. These data provide the first structural description of carotenoid binding a protein 
consisting of only an NTF2 domain. 

Scientific Achievement
The first structural description of a carotenoid binding 
protein called C-terminal domain-like carotenoid protein 
(CCP2).
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Visible appearance of the canthaxanthin (CAN, left tube in 
yellow) in organic solvent and bound to CCP2 (right). 
Structural model of the CCP2 dimer. Figure from Dominguez-
Martin, M.A. et al., Sci Rep CC BY 4.0
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