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1. Main Text  

Photoreceptor guanylate cyclases (GCs) are key enzymes in photoreceptor physiology, since they synthesize cGMP, the 

intracellular messenger of photoreceptor excitation. GCs are under Ca2+-dependent negative feedback control by guanylate 

cyclase-activating proteins (GCAPs). Numerous missense mutations in the genes GUCY2D and GUCA1A coding for GC-E and 

GCAP1, respectively, cause retinal diseases like Leber congenital amaurosis or cone-rod dystrophy. One of the main cellular 

consequences of these mutations seems to be an imbalance of the two secondary messengers, cGMP and Ca2+ [1]. The retinal 

degeneration protein RD3 adds a further twist to the regulatory processes of the GC-GCAP complex in photoreceptor cells. 

Among its main functions is the inhibition of photoreceptor GCs during trafficking from the inner to their final destination in the 

outer segment [2] and mutations in RD3 correlate with Leber congenital amaurosis type 12 [3]. However, RD3 is also found in 

non-retinal tissue and can control the activities of hormone receptor guanylate cyclases GC-A and GC-B [4]. Loss of RD3 

correlates with the development of aggressive neuroblastoma cancer [5]. On the other hand, overexpression of RD3 decreases 

cell viability leading to cell-cycle arrest and induction of cell apoptosis. RD3 expression level seems to be important for a balance 

of cell death and cell survival [6]. 

 

2. Acknowledgement 

Supported by grants from the Deutsche Forschungsgemeinschaft (KO948/15-2, project no. 322057463 and GRK 1885/2; project 

no. 216581600), and intramural research funding of the Faculty VI, School of Medicine and Health Sciences at the University 

of Oldenburg. 

3. References 

[1] Sharon, D., Wimberg, H., Kinarty, Y. and Koch, KW. Genotype-functional-phenotype correlations in photoreceptor guanylate cyclase (GC-E) encoded 

 by GUCY2D. Prog. Retin. Eye Res. 63, 69-91. (2018). 

[2] Peshenko IV, Olshevskaya EV, Azadi S, Molday LL, Molday RS, Dizhoor AM. Retinal degeneration 3 (RD3) protein inhibits catalyt ic activity of retinal 

 membrane guanylyl cyclase (RetGC) and its stimulation by activating proteins. Biochemistry 50(44):9511-9519 (2011). 

[3] Azadi S, Molday LL, Molday RS. RD3, the protein associated with Leber congenital amaurosis type 12, is required for guanylate cyclase trafficking in 

 photoreceptor cells. Proc Natl Acad Sci U S A. 107(49):21158-63 (2010) 

[4] Chen Y, Bräuer AU, Koch KW. Retinal degeneration protein 3 controls membrane guanylate cyclase activities in brain tissue. Front. Mol. Neurosci.       

 15:1076430 (2022) 

[5] Khan FH, Pandian V, Ramraj SK, Aravindan S, Natarajan M, Azadi S, et al. RD3 loss dictates high-risk aggressive neuroblastoma and poor clinical outcomes. 

 Oncotarget 6(34):36522-34 (2015) 

[6] Chen Y, Hausmann J, Zimmermann B, Helgers SOA, Dömer P, Woitzik J, Raap U, Gray N, Büttner A, Koch KW, Bräuer AU. Retinal degeneration protein 

 3 mutants are associated with cell-cycle arrest and apoptosis. Cell Death Discov. 11(1):175 (2025). 


