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Introduction 

Retinoic acid (RA) 3 is the main biologically 

active form of vitamin A and controls key 

development processes animals (Figure 1). Indeed, 

RA signalling is considered a distinctive feature of 

animals with phylogenetic analyses pushing the 

evolutionary origins of retinoid biosynthesis ever 

earlier through the chordate and bilaterian 

lineages. Given its animal “heritage”, it is 

surprising that RA, its biosynthetic precursor 

retinaldehyde 2 and oxidised catabolites of RA 

have been discovered in cyanobacteria, since 

animals and cyanobacteria are, in standard models, 

linked only at the very beginning of evolution. 

Since lateral gene transfer between cyanobacteria 

and animals has been implied previously, we 

reasoned it unwise to assume that RA signalling 

had evolved independently in these lineages. 

 

Results 

According to Sobreira et al., ALDH1a and ALDH2 enzymes fall into a common clade, in 

which the former specifically do and the latter specifically do not process retinaldehyde. Our 

research suggests that the bacterial orthologs should be considered phylogenetically as part of 

the same clade and that animal ALDH1a/2 enzymes are more closely related in evolutionary 

terms to these bacterial ALDHs than they are to their closest paralogs in the same animals, 

ALDH1L and ALDH8 dehydrogenases (Figure 2). Phylogenetic analysis of the CYP 

enzymes repsonsible for oxidation of RA gave a similar result (not shown). 

Structural, spectroscopic and analytical studies show that CYP120A1 from 

Synechocystis and metazoan CYP26s are strikingly similar. They have both been shown to 

catalyse reactions of RA and to oxidise it at the 4- and 18- positions. Furthermore, there are 

conserved tryptophan and phenylalanine residues believed to occupy important positions in 

the binding site. To our knowledge there are no structural or mechanistic studies on the 

bacterial ALDH enzymes included in our phylogenetic analysis. Therefore, we undertook a 

detailed study of the active site motif identified by Sobreira et al. as being characteristic of 

the catalytic site of these enzymes in vertebrates, GQCC, which is found at amino acids 299-

302 of human ALDH1A1. The GQCC motif is found in many of the eukaryotic ALDH1 and 

ALDH2 enzymes in our study and in none of the ALDH8 and ALDH1L proteins. Strikingly 

the same motif is present in all of the bacteria we investigated, as indicated in Figure 2. 

 

In conclusion, maximum likelihood phylogenetic analyses, across all kingdoms, of both 

ALDH1a/2 aldehyde dehydrogenases and cytochrome P450 enzymes known to oxidise 

retinoic acid show surprising evolutionary proximities between animal and cyanobacterial 

proteins (and also planctomycetes in the case of ALDHs). We believe the simplest 

explanation consistent with these data, and with literature observations on the structures and 

functions of the enzymes, to be a lateral gene transfer event between the bacteria and animals. 

Current work is extending this idea to other chemical signalling pathways.  

Figure 1: Retinoic acid biosynthetic pathway. 
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Figure 2: Phylogenetic tree of aldehyde 
dehydrogenase (ALDH) enzymes from representative 
metazoans, cyanobacteria and planctomycetes. 
Proteins analysed previously in Sobreira et al. are 
shown in teal (ALDH8), orange (ALDH1L), blue 
(ALDH1) and pink (ALDH2). Cyanobacterial and 
planctomycete proteins added in this study are 
shown in cyan. Proteins with active site motif GQCC 
are indicated with an asterisk. Bootstrap values >50% 
are given. Branches present in less than 50% of 
bootstrap replicates are collapsed. 

 

 


