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  Laccase is a multi-copper containing polyphenol oxidase that catalyzes oxidation of a variety 

of phenolics with concomitant reduction of oxygen to water. Due to this, it finds applications 

in various industrial sectors. Previous research has suggested that the oxidative ability of 

laccase can be changed by manipulation of some amino acids at the C-terminus of the 

enzyme. No definite regions in laccase are identified which can extend this oxidizing ability. 

Through the present work, it is reported that the second half of the protein, towards the C-

terminus, can be mutagenized to give laccase variants that exhibit high catalytic activity and 

ability to degrade dyes with high redox potential. For this, the cDNA encoding laccase (Lcc) 

from a white rot fungus Cyathus bulleri was cloned and expressed in the culture supernatant 

of Pichia pastoris under the control of the alcohol oxidase (AOX1) promoter. Since the 

expression was low, effect of addition of Cu salts, previously reported to enhance 

heterologous expression, was investigated. This strategy was found to increase the 

extracellular levels of laccase to ~7000U/L. The experimental data strongly suggested that 

the final yield of the functional laccase could be limited due to absence of metal ion (in this 

case, copper) and therefore under Cu limiting condition apo-laccases are produced. This 

finding bears considerable significance when trying to express metallo-proteins in the P. 

pastoris system. Both the recombinant Pichia expressed laccase (WtLcc) and the native 

laccase (nLcc) were purified to homogeneity. A comparison of their properties indicated the 

WtLcc to be of higher molecular weight and this was attributed to a difference in the 

glycosylation pattern of the two laccases, as determined from MALDI-TOF analysis. The 

WtLcc also exhibited increased tolerance towards chloride ions and EDTA. The C-terminus 

of laccase (comprising the 816-bp region towards the C-terminus) was subjected to random 

mutagenesis and a library of mutants created in P. pastoris. The mutants were selected, first, 
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for higher catalytic activity on ABTS using a modified microtitre based method. In the 

second screening, active variants were selected based on decolorization of a high redox dye, 

namely, Reactive Blue 21 (RB21). This dye has not been reported to be acted upon by 

laccase. The degradation products of RB21 were characterized by mass spectrometry, which 

indicated a mode of breakdown, quite analogous to that of peroxidases. The structural genes 

of these laccase variants (Lcc35, Lcc61 and Lcc62) were sequenced to locate the mutation 

sites and these were further mapped on the 3-D model of laccase. Contribution of the 

changed amino acids to catalytic activity or substrate binding was investigated and the data 

indicated residues both near and far from the T1Cu site to affect catalytic efficiency of 

laccase. The mutated proteins were also biochemically characterized to understand structure-

function relationship. Importance of geometry as well as electronic changes was indicated in 

reactivity of laccases. 
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