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Digitalization of biocatalysis: the data exchange format EnzymeML
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PURPOSE OF THE ABSTRACT
The  design  of  biocatalytic  reaction  systems  is  highly  complex  due  to  the  dependency  of  the  estimated  kinetic
parameters  on  the  enzyme,  the  reaction  conditions,  and  the  modelling  method.  Consequently,  reproducing
enzymatic experiments and reusing enzymatic data are challenging. 
To enable storage, retrieval, and exchange of enzymatic data such as the reaction conditions, the measured time
courses  of  substrate  and  product,  the  selected  kinetic  model,  and  the  estimated  kinetic  parameters,  the
XML–based  markup  language  EnzymeML  has  been  developed  [1].  EnzymeML  is  based  on  SBML  and  the
community  Standards  for  Reporting  Enzyme  Data  (STRENDA).  The  EnzymeML  toolbox  supports  biocatalysis
research by making enzymatic data findable, accessible, interoperable, and reusable [2].
An EnzymeML document contains information about reaction conditions and the measured time course of substrate
or  product  concentrations  (Fig.  1).  It  is  generated  from an  EnzymeML spreadsheet  or  by  the  webtool  BioCatHub.
Kinetic modelling is performed by uploading EnzymeML documents to the modelling platforms COPASI or PySCeS.
The  estimated  kinetic  parameters  are  then  added  to  the  EnzymeML  document.  The  EnzymeML  document
containing the experimental  and modelling results  is  then uploaded to a  Dataverse installation or  to  the reaction
kinetics  database  SABIO-RK.  The  workflow of  a  project  is  encoded as  Jupyter  Notebook,  which  can  be  re-used,
modified, or extended.
EnzymeML  serves  as  a  seamless  communication  channel  between  experimental  platforms,  electronic  lab
notebooks, tools for modelling of enzyme kinetics, publication platforms, and enzymatic reaction databases (Fig. 2).
The  feasibility  and  usefulness  of  the  EnzymeML  toolbox  was  demonstrated  in  six  scenarios,  where  data  and
metadata  of  different  enzymatic  reactions  are  collected,  analysed,  and  uploaded  to  public  data  repositories  for
future re-use [3].
Because  EnzymeML  documents  are  structured  and  standardized,  the  experimental  results  encoded  in  an
EnzymeML  document  are  interoperable  and  reusable  by  other  groups.  Because  an  EnzymeML  document  is
machine-readable, it can be used in an automated workflow for storage, visualization, data analysis, and re-analysis
of  previously  published data,  without  limitations of  the size of  each dataset  or  the number  of  experiments.  Thus,
EnzymeML contributes to the digitalization of (bio)catalytic sciences.



FIGURES

FIGURE 1
Structure of an EnzymeML document. 
An  EnzymeML  document  is  a  ZIP  container  in  OMEX
format  and  contains  the  experiment  file  (SBML)  and
the measurement files (CSV).

FIGURE 2
Seamless data transfer 
An  EnzymeML  document  integrates  (meta-)data  from
experiment  and  modelling),  and  serves  as  a
communication  channel  between  experimental,
modelling, and publication platforms.
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