
ABSTRACT
  The combination of enzymes for redox-neutral cascade reactions has industrial potential. An example is the
 combination of an alcohol dehydrogenase (ADH) with a cyclohexanone monooxygenase (CHMO). The ADH
 can use NADP+ to oxidize cyclohexanol to form cyclohexanone and NADPH. Both products are then used by
 CHMO to produce ε-caprolactone. In this work, these two redox-complementary enzymes were fused, to
 create a bifunctional, self-sufficient enzyme that can convert alcohols to esters or lactones. With this strategy,
 the two enzymes can be easily produced and purified together, and could perform the cascade more
efficiently through colocalization of the two enzymes

CONCLUSIONS and OUTLOOK
  Three different ADHs were fused with TmCHMO, in both orientations (ADH-CHMO and CHMO-ADH). For two of the three ADHs,
 we found a clear difference between the two orientations: one that showed the expected ADH activity, and one that showed
 low to no activity. The ADH activity of each fusion enzyme correlated with its oligomerization state. The Tb-Tm fusion was
 selected to perform a cascade reaction, producing ε-caprolactone from cyclohexanol. By circumventing substrate and
 product inhibition, a >99% conversion of 200 mM cyclohexanol could be achieved in 24 hours, with >13 000 turnovers per fusion
    enzyme molecule. Other ADH fusions are being explored, with the aim to find combinations that can serve in biocatalytic
industrial processes

APPROACH
  Three alcohol dehydrogenases (ADHs) were fused to
 a thermostable cyclohexanone monooxygenase
 (TmCHMO), in both orientations. All six fusion
 constructs were expressed in E. coli, and the fusion
 enzymes were purified. Activity of both enzymes of the
 fusions was determined, and their stability and
 oligomerization were studied. The best candidate was
 used to perform conversions from cyclohexanol to used to perform conversions from cyclohexanol to
ε-caprolactone
   

RESULTS
 TmCHMO activity was retained in all six fusions. ADH
 activity was lost with the fusions of ADHA, Mi-Tm, and
 decreased for Tm-Tb, while ADH activity was retained for
Tm-Mi, and Tb-Tm

  The inactivity of the fusions, except for the ADHA fusions,
 correlated with a difference in oligomerization state,
 determined through gel permeation chromatography
 and Blue Native PAGE with zymography. The fusions that
 that retained ADH activity seemed to form tetramers,
which is typical for ADHs

  Based on the activity screening, Tb-Tm was selected to
 perform conversions, starting from cyclohexanol. Through
 substrate feeding and addition of lipase CAL-A, >99% of
 200 mM of cyclohexanol could be converted within 24
 hours, with the fusion enzyme performing >13000
 turnovers. In comparison, the two separate enzymes
reahed 41% conversion
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