
METABOLATOR:
Establishing a Citable Web Application for Automated 
Metabolic Load Analysis
David Pape, Mani Lokamani, Ayush Seal, Oliver Knodel, Jeffrey Kelling,
Karim Fahmy, Guido Juckeland

Department of Information Services and Computing · Computational Science Department · David Pape · d.pape@hzdr.de · www.hzdr.de/fwcc-d

https://creativecommons.org/licenses/by-sa/4.0/
mailto:d.pape@hzdr.de
https://www.hzdr.de/fwcc-d


2024-06-18 Metabolator: Establishing a Citable Web Application for Automated Metabolic Load Analysis2

The METABOLATOR Service

Institute of Resource Ecology – 
Biophysics Department

● Publication: Analysis method for growth-metabolism 
relations in microorganisms based on heat flow patterns

● Idea: Build automated analysis tool and offer as a service 
for the whole community!

● Motivated student assistants

A Collaboration Between Two Departments

Central Department of Information 
Services and Computing – 
Computational Science Department

● Computing infrastructure
● Expertise in tools, frameworks, and 

approaches for automating analyses
● Research Software Engineering 

(RSE) → FAIR4RS

Mycoplasma JCVI-syn3.0
Genome is smaller than that of 
any autonomously replicating cell 
in nature.

Mycoplasma mycoides JCVI Syn 3.0, SEM 
Stock Image - C029/3010 - Science Photo, 
John Craig Venter Institute 
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https://doi.org/10.1038/s41597-022-01710-x
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Paper: Simple Growth–Metabolism Relations Are Revealed by Conserved Patterns of Heat Flow from 
Cultured Microorganisms
Paper: Simple Growth–Metabolism Relations Are Revealed by Conserved Patterns of Heat Flow from 
Cultured Microorganisms

● Calorimetric measurements of heat flow P(t) during growth
● Interpretation in enthalpy domain (released heat, H)

– Thermal metabolic power of the culture P(H)

● Model: "Metabolic Load" Θ

Find characterizing values H0, Hf, r0!

→ Automated fitting procedure

Analysis

Paper: Simple Growth–Metabolism Relations Are Revealed by Conserved Patterns of Heat Flow from 
Cultured Microorganisms

Examination of Growth-Metabolism Relations in Microorganisms Using Monod’s Equation

Θ ( t )=
H 0−H ( t )

H 0−H ( t )+H f

P (H )=r0⋅H⋅Θ (H )

https://doi.org/10.3390/microorganisms10071397
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The METABOLATOR Tool

● Web-based for ease of use

● Users can upload own datasets

● Offsets and fitting interval can be applied 
(manually and based on heuristics)

● Automated analysis

– Find parameters H0, Hf, r0, standard errors, 
goodness of fit R²

– Robust method to fit around pole

– Optimization for good initial values

● Download of fitting results

Required Features Typical Dataset:

● Column-wise time series data of heatflow

● Duplicate and triplicate of each measurement

● 1 measurement/minute, over days or weeks 
(e.g. 7500 points in 5 days)

● Stored in Excel file
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The METABOLATOR Tool
UI Mockup
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The METABOLATOR Tool
UI Mockup

Header

Footer

Data Upload and Range Selection

Inline Documentation

Graph Output

Text 
Output 
and 
Diagnos
tics
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The METABOLATOR Tool

NumPy,

pandas,

SciPy,

lmfit

Current Implementation

Jupyter Notebook,

Jupyter Widgets

(ipywidgets),

Plotly,

Voilà

https://numpy.org/
https://pandas.pydata.org/
https://scipy.org/
https://lmfit.github.io/lmfit-py/
https://jupyter.org/
https://ipywidgets.readthedocs.io/en/latest/
https://ipywidgets.readthedocs.io/en/latest/
https://plotly.com/python/
https://voila.readthedocs.io/en/stable/


2024-06-18 Metabolator: Establishing a Citable Web Application for Automated Metabolic Load Analysis8

The METABOLATOR Tool

● Code cleanup and structuring, defining interfaces (FAIR4RS: R)

– Modules: app.py, fit.py, plots.py, files.py, METABOLATOR.ipynb

● Installable Python package (R), reproducible dependencies (R2)

● Repository cleanup

– Clean environment is more attractive to collaborators

– Copyright notice, license attached to all files (R1.1), no files or code with unknown authorship!

● CI/CD pipeline runs tests and code analysis to maintain code quality

● More open to-dos (more features, faster fitting, improved data model, ...)

R: Software is both usable […] and reusable (can be understood, modified, built upon, or incorporated into other software).
R1.1: Software is given a clear and accessible license.
R2: Software includes qualified references to other software.

Towards a Publication/Production-Ready Software — Application of (R)SE Expertise
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Clearly Defined Input and Output Formats

● Community standards are needed for data exchange and common analysis codes (FAIR4RS: I1)

● Currently: Input and output via Excel files; structure “free form“

● Metadata of interest

I1: Software reads, writes and exchanges data in a way that meets domain-relevant community standards.

Can We Initiate Discussion and Exchange in the Community?

Dataset

unit of measurement

time scale

end of calibration

association between 
replicated measurements

Lab environment

experimentalist/lab 
assistant

calorimeter make 
and model

Experiment

microbiological 
culture

Substrate

temperature
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The METABOLATOR Service

● Set up in virtual machine in HZDR data center

– Currently only available internally (final tweaks necessary; legal requirements, e.g. privacy policy)

● Citable via a DOI (FAIR4RS: F1, F2)

– resourceTypeGeneral: Service (DataCite)

– Establish relation: Service isSupplementTo software publication

– Makes publications more easily reproducible

– Academic credit for providers of software and service

F1: Software is assigned a globally unique and persistent identifier.
F2: Software is described with rich metadata.

A Citable Web Service

https://doi.datacite.org/dois/10.14278%2F1e4y-rc46
https://datacite.org/
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Outlook / Timeline

● Software publication (summer)

● Reference dataset publication (summer)

● Talk/poster at New Opportunities for Better User Group Software (NOBUGS), ESRF (September)

● Hand-over of productive service (before October)

● Talk at ISBC 2024, Mexico City (October), presentation of service to biological calorimetry community

● JOSS publication or RSE-focused paper

– More in-depth version of this pitch talk

– Assessment: "How FAIR is the service?"

Planned Publications and Conference Contributions

https://www.nobugsconference.org/
https://isbc2024.com/
https://joss.theoj.org/


Thank you for your attention!
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