
Suppl. Figure 6. Polyprenol reductases. A. Schematic phylogenetic tree of the 5α-reductases and

ICMTs. FastTree phylogeny was reconstructed using 308 sequences and 112 conserved sites. Branch

colors represent the affiliation of sequences to their respective domain of life: archaea (blue), bacteria

(orange) and eukaryotes (purple). B. Bayesian phylogeny of the 5α-reductases. Tree is unrooted and

reconstructed using 130 sequences and 132 conserved sites. Multifurcations correspond to branches

with  Bayesian  posterior  probabilities  <0.5,  whereas  numbers  at  nodes  indicate  Bayesian  posterior

probabilities higher than 0.5. Colors on leaves represent the affiliation of sequences to their respective

domain of life: archaea (blue), bacteria (orange) and eukaryotes (purple).

The enzyme responsible for the α-unit saturation has not been described in archaea yet, but it

has been characterized in several opisthokonts (human, mouse and yeast, (Cantagrel et al., 2010)). The

human polyprenol reductase is called Srd5A3 and it belongs to a large family of steroid 5α-reductases,

some of which (Srd5A1 and Srd5A2) are well characterized and known to be involved in testosterone

reduction  (Russell & Wilson, 1994). A previous analysis (restricted to opisthokonts and  Arabidopsis

thaliana) concluded that the ancestral substrate of the three paralogues could have been something

other than a steroid (Cantagrel et al., 2010), but the actual origin of these genes in eukaryotes was not

assessed.

A first round of BLASTp searches did not find archaeal homologues of these genes, but only a

large diversity of eukaryotic and a few bacterial sequences. These sequences were used to build an

HMM profile to look for distant homologues in archaea and bacteria (see Methods). In this search,

some  distant  homologues  were  detected  in  both  prokaryotic  domains,  and  included  some

isoprenylcysteine  carboxyl  methyltransferases  (ICMTs),  which  are  responsible  for  the  carboxyl

methylation  of  proteins  (Romano  &  Michaelis,  2001).  As  a  result,  a  preliminary  analysis  was

simultaneously carried out on 5α-reductases and ICMTs from the three domains of life (Part A of the

figure). This tree shows a clear phylogenetic split between both functions (BPP = 1). The phylogeny of

the  ICMTs is  a  matter  for  another  analysis,  but  this  result  confirmed  that  the  distant  prokaryotic

homologues detected are more closely related to ICMT and, hence, they are more likely to carry out

that function. In other words, no archaeal, and only a few bacterial sequences can be assumed to have a

close  relationship  to  the  eukaryotic  5α-reductases.  This  implies  that  archaea  use  an  alternative

mechanism to saturate the α-unit of their Dol-P.

The specific 5α-reductase phylogeny found the previously observed split (BPP = 1) between

polyprenol reductase homologues (Srd5A3) and other steroid 5α-reductases (Srd5A1/2,  (Cantagrel et



al., 2010)). Both paralogues are widespread among eukaryotes. Even though not all relationships are

well  resolved,  the  phylogeny  suggests  that  the  duplication  of  these  genes  predated  LECA,  with

subsequent  duplications  happening later  in  some eukaryotic  lineages.  This  further  implies  that  the

polyprenol  reductases  were specifically  evolved in  the  eukaryotic  lineage–not  from prokaryotes–to

carry out their polyprenol saturation. All the bacterial sequences branched among the other steroid 5α-

reductases, thus suggesting that these bacteria acquired their genes from eukaryotes in the recent past.

This  is  not  totally  surprising,  as  some bacterial  organisms are known to desaturate  the eukaryotic

hormones  of  their  hosts  (Levy  & Talalay, 1959),  but  it  is  intriguing  because  the  dehydrogenases

described so far were not homologous to the 5α-reductase family (Florin et al., 1996).
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