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PURPOSE OF THE ABSTRACT
NOV1  from  Novosphingobium  aromaticivorans  is  a  non-heme  iron-dependent  dioxygenase  that  has  activity  on
lignin-derived  phenolics,  such  as  isoeugenol.  NOV1  oxidatively  cleaves  the  C=C  bond  of  the  propenyl  functional
group  of  isoeugenol  and  produces  vanillin  without  adding  external  coenzymes.  The  enzymatic  conversion  of
lignin-derived  isoeugenol  to  vanillin,  catalyzed  by  NOV1,  can  potentially  replace  the  current  petroleum-based
synthesis and simultaneously valorize lignin biowaste.

In  this  work,  we  applied  directed  evolution  (DE)  to  improve  NOV1  activity  towards  isoeugenol  and  its  thermal
stability,  tailoring  a  more  suitable  enzyme  for  industrial  applications.  Libraries  of  variants  were  constructed  by
error-prone PCR and high throughput screening assays in 96-well plates were developed and validate to test their
activity and stability. The best hits from each generation were purified to characterize their kinetic parameters and
assess kinetic stability. After three rounds of DE, the best hit 16G3, harbouring 4 non-synonymous mutations, shows
a 4-fold increased turnover rate (kcat) and 2.5-fold higher catalytic efficiency (kcat/Km), as compared to wild-type.
During the evolution, the low kinetic stability of NOV1 wild-type, which previous studies determined to be linked to
the  iron  cofactor  loss  [1],  was  also  improved.  16G3  variant  displays  about  40-fold  longer  half-life  time  at  25°C,
compared  to  the  wild-type.  Overall,  these  preliminary  results  show  the  potential  of  applying  DE  to  engineer  the
NOV1  enzyme  for  tailored  properties  and  to  elucidate  the  structure-function  relationship  underlying  the  effect  of
each mutation.
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