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Genetic variants were created by Errore-Prone PCR (EP-PCR) and DNA shuffling and then were expressed in Saccharomyces 
cerevisiae. To screen yeast colonies for the ability to express high levels of laccase activity, three sequential  selections were 
performed (Table 1): only one clone (named 1M9B) expressed activity higher than that of wild type.
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During the last few years, directed evolution has 
emerged as method of choice for engineering enzymes. 
This approach (Fig.1) mimics in vitro the natural 
process of molecular evolution that is able to generate 
a potentially infinite plethora of proteins with new 
function and properties, such as stability to 
temperature and solvents, improved catalytic 
performance and substrate specificity [1].  cDNAs  
encoding Pleurotus ostreatus laccases, POXC [2] and 
POXA1b [3], were selected as “parent molecules” to 
guide the evolution of laccases with higher specific 
activity. 

1M9b mutant was used as template for producing a new 
collection of genetic variants: 500 “low range” and 700 
“medium range” mutants were generated by error-prone PCR 
on 1m9b cDNA. The screening procedure on these colonies 
allowed the identification of three more interesting elements 
(named 1L2B, 1M10B, 3M7C). These mutants, and 1M9B 
mutant, were characterised from a structural point of view. 
Nucleotidic sequence revealed point mutations which resulted 
in the aminoacidic substitutions  reported in Table 2.
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Table 2

Kinetic parameters towards three different substrates were determined for mutated and wild-type recombinant proteins 
(Table 3).

Table 3
Michaelis constant (KM) values of mutants are 
similar to that of wild type. The mutants with 
specific activity higher than wild type are 
highlighted in Table 3.

The effect of pH on the activity of laccases towards DMP was studied in the pH 
range 3.0÷6.2. The wild type protein and the mutants show maximum activity at 
pH value of ~4.2. The only observed slight difference was that, at pH above 4.4, 
the activity loss of the wt laccase is less rapid than that of the mutants (Fig.2).
Laccase activity was also studied as function of temperature. All the 
recombinant proteins turned out to be almost fully active in the temperature 
range 40-70°C. 

The stability of the enzymes with respect to temperature  and pH was also studied.
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No significant difference in t1/2 values 
at 60°C is observed (Fig.3).

At pH5 one mutant, 3M7C, is more 
stable (~2 fold) than the wt protein. 
At alkaline pH one mutant, 1M10B, 
displays higher stability (~1.5 fold) 
compared with that of wt protein 
(Fig. 4).
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