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BACKGROUND — ENZYME KINETICS EXPERIMENTS

In experiment contexts, researchers often want to

understand the kinetics of an enzyme-catalyzed reaction. Pk ET(ST — P)
. o — t

The most common method to evaluate the activity of an «“ Ky + St —P ’
enzyme is by conducting so-called “kinetics experiments”,
where wet lab scientists empirically determine Michaelis . . .
Menton (MM) constants that describe catalyzed Michaelis Menton Equation

conversion of substrate to products

But these experiments are burdensome — not only from a
wet lab perspective, but also from a computational
perspective — and error-prone
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017-17072-z


https://doi.org/10.1038/s41598-017-17072-z
https://doi.org/10.1038/s41598-017-17072-z

BACKGROUND
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Creation of simple figures (e.g., the Y by O o 3%
examples “E” and “F” shown to the P i i

right) often take far longer than
necessary

Example kinetics figures from Computational Design of Serine Hydrolases
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https://doi.org/10.1101/2024.08.29.610411.



https://doi.org/10.1101/2024.08.29.610411

RESEARCH QUESTION / PROBLEM STATEMENT

How can we build a general-purpose toolkit that enzyme experimentalists who are

comfortable in Jupyter Notebooks can use to accelerate their enzyme kinetic analysis
workflow?

Based on conversations with multiple experimentalists, this software toolkit should be:

E Opt-in; e.g., users can start analysis and any part of the pipeline, rather than requiring them to run
the whole thing

I~/ Customizable to any enzymatic reaction

E Quick, clear, and efficient, where users who are comfortable with basic python can easily access
the APl to generate the analysis and plots that they need
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USE CASES & METHODOLOGY

Target User: Experimentalist who is comfortable with Jupyter notebooks Python libraries.

® Structured data (according to specified data dictionary)

— Label experimental conditions/replicates (e.g., if multiple cells with the same conditions)

—~ Convert absorbance values to concentrations using a “standard curve” (calibrated to that instrument)
—~ Plot concentration vs. time for each condition and subset to a well-behaved time interval

— Calculate initial rates for each condition by fitting a linear model; validate results

~ Adjust rates for background activity (by subtracting out “negative control” cell values)

— Plot Michaelis Menton curve and calculate corresponding kinetic constants



DESIGN

Take as input a dataframe of Initialize class that maintains the Interact with the library via
experimental outputs, structured dataframe as state, with class a Jupyter Notebook
according to a pre-defined data methods that perform relevant

dictionary calculations

kalculator = KineticsKalculator(
data_path=kinetics_data_path,

value serial_number plate_number sample_number
0.3283M11 21062324 1
0.335198 21062324 1
0.342055 21062324 1
1
1

standard_curve_parameters=experiment_specific_standard_curve,

)

0.349892 21062324
0.3567729 21062324

self.data_path = Path(data_path)
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PROJECT STRUCTURE

ruff formatting (automatic linting)

sphinx documentation (generated from
docstrings)

pip-installable via pyproject.toml
(vs. legacy setup.py)

comprehensive test coverage with

pytest
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# Kinetic Kalculator

CONTENTS:
= kinetics_kalculator
B kinetics_kalculator package
Submodules

kinetics_kalculator. kinetics_kalculator
module

B kinetics_kalculator.utils module
add_rate_colunn()
adjust_rates_for_background()
calculate_michaelis_menten_constants()
convert_to_concentration using_linear_standai
filter_by_tine_range()

Fit_Line()

Module contents

# / kinetics_kalculator / kinetics_kalculator package View page source

kinetics_kalculator package
Submodules
kinetics_kalculatorkinetics_kalculator module

class kinetics_kalculator.kinetics_kalculator.KineticsKalculator(data_path: Path |
PathLike | DataFrame | None, standard_curve_parameters: dict | None = None)

Bases: object
adjust_rates_for_background(rate_column: str, sample_type_column: str = 'sample_type',
negative_control: str = 'negative_control', remove_negative_controls: bool = True)  [source

Adjust the rates in the DataFrame by subtracting the provided background value. Adds a
new column containing the adjusted rates, ‘frate_column}_minus_background), to the
DataFrame.

Parameters: rate_column (str) - The name of the column containing the rates to
adjust.

sample_type_column (str) - The name of the column containing the
sample type information. Defaults to “sample_type”.
negative_control (str) - The value to use as the negative control.
Defaults to “negative_control”.

remove_negative_controls (bool) - Whether to remove the negative
control rows after adjusting the rates. Defaults to True.

Returns: The DataFrame is modified in-place.

Return type:  None




CHALLENGES/ISSUES

Lessons learned and Challenges

What | as a programmer thought would be useful wasn’t always useful. For example, | initially coded an
automatically pipeline that ran every step sequentially. But it turns out, the experimentalists who | talked to
wanted to execute the pipeline step-by-step, visualizing outputs, to ensure everything looked right

Building general pipelines that don’t depend strictly on the previous steps is hard. It's easy enough to

force users to confine to a particular path, but flexibility requires more forethought in terms of structure and
design.

Future directions
Support for more nuanced kinetics models, such as Michaelis Menton kinetics with the Hill coefficient

Directly parse experimental outputs, rather than requiring users to first format their data into a well-defined
dataframe

Structure code as a functional API if users prefer non-object-oriented programming
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