Promiscuity of function, changing environments, and molecular evolution
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Enzymes used to be known for their great specificity. It hand the wider spread of the population puts it at a higher
has thus come as a surprise to find out that they perform risk upon an environmental change; on the other hand, since
regulatory or metabolic tasks other than their main func- environmental changes are more rare it also has more time
tion. The finding is so widespread that is has been termed to recover, thus improving its chances of surviving.
molecular promiscuity. Evolution is known to make use of
any available resource —in particular for reusing existing
elements. However, the evolutionary consequences of this
promiscuity are not yet fully understood.

Biomolecules that perform tasks in the cell (proteins, ri-
bozymes...) are characterised bgemotype (the sequence
of aminoacid or bases) andphenotype (the function they
perform). Promiscuity amounts to exhibiting several pheno
types for a given genotype. This genetic plasticity turnis ou
to be very useful when environmental changes ensue, for a
molecule may be well adapted to the new environment with-
out having to undergo any mutation. Further mutations may
improve the new function that the molecule performs in this b
new environment. 103
However, the effect of rapidly changing environments is
unclear. On the one hand, if changes are sporadic, molecules 0 U0, 0¥
have enough time to transform the promiscuous function oo’ ",39230”“0...»'.98000
into a well adapted one by successive mutations. On the » in:aw Vv .n..'
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other hand, if changes are fast, molecules adopt promiscuou 2 AAAAl“AAAA )
genotypes rejecting mutations by purifying selection,sthu 102} 1
being adapted to all environements simultaneously. In both ‘ ‘ ‘
cases molecules thrive. What is unclear is what happens be- 104 10-3 10-2 101
tween these two limits. p
In order to provide an answer to this issue we have made
up a model in which a population of molecules “moves” Figure 1:a. Experimental landscapes of Ref. [1]. Size and
across two fitness landscapes through point mutations. The colour of the nodes represent fitness. Edges join genotypes
two landscapes are negatively correlated (a genotype thatOne point mutation away. Average lifetimes for the simu-
has a high fitness in one landscape tends to have a low fit- lations of our population model on these two landscapes as a
ness in the other and viceversa), and each generation therefunction ofp, the probability of an evironmental change, for
is a probabilityp that the current landscape is replaced by mutation ratesy = 0.5 (black circles),0.1 (red triangles),
the other one. Ifp = 1 changes occur every generation. 0.05 (orange squares) a1 (yellow triangles).
In the limit p — 0 environments hardly change. These are
the two limits described above. Figura llustrates these This f|nd|ng may have important consequences in health
landscapes. care. It is well known that bacteria are steadily becoming
We performed 500 realisations of this evolutionary pro- resistant to antibiotics, to the extent that we are exhagsti
cess for a set of values pfand compute the average lifetime  our resources to fight them. If every antibiotic is interpret
of the population until it becomes extinct. Figurk flots as a different environment for the bacteria, our results sug
this average lifetime as a function pf The most remark- gest that a wise strategy against bacterial infections eMoell
able feature of this plot is the fact that lifetimes are shiort  to alternate between two or more antibiotics with a suitable
for intermediate values qgf than for the two limiting cases  frequency. Recent experimental studies show that sequen-
described above. tial therapy can be highly effective in controlling bacsri

The explanation of this effect goes as follows. As  populations [2].

decreases from the population has more time to spread
among neighbouring (in mutational terms) genotypes befor¢l] De Vos, M. G., Dawid, A., Sunderlikova, V., & Tans, S. J. PNAS
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an environmental change occurs, so that when this eventu- 112, 14906-14911 (2015).
ally happens many individuals suddenly become unfit. Thigo] Fuentes-Hernandez, A., Plucain, J., Gori, F., Pena-Miller, R.,
severely hinders the growth of the population. Asle- Reding, C., Jansen, G., Schulenburg, H., Gudelj, I. and

creases even more, two effects start competing: on the one Beardmore, R. PLoS Biol3, €1002104 (2015).



