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Motivation

I Consistency
I multiple researchers
I students

I Simplicity
I data review
I data normalization
I data processing

I Viability
I publishing
I collaboration
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An example of respiration kinetics experiment
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An example of respiration kinetics experiment (2)
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An example of respiration kinetics experiment (3)
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An example of respiration kinetics experiment (4)
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An example of patch clamp experiment

7



Getting data

SELECT km, vmax, sex

FROM kinetics_vo2_adp_titration_mm_normalized

WHERE spid = ’mouse C57BL6 generic’
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Kinetics software schema

Software is designed in modular fashion
I IO:

I Raw data readers: Strathkelvin, spectrometer, electrophysiology, ...
I Database backend: SQL

I Analyzers:
I library: linear regression, Michaelis–Menten kinetics, spline fitting,

integration
I primary: VO2, electrical current properties / charge
I secondary: VO2 Michaelis–Menten, IV-curve fitting

I Protocols: ADP/ATP titration, L-type calcium current, ...
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Software stack

Our platform has following components:

I kinetics software
I database with our schema and frontend. Supporting:

I PostgreSQL for institutional use (server)
I SQLite for personal use (PC)

I SQL tools for getting data for:
I visualization
I statistical analysis
I mathematical modeling
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public.animals_mouse [table]
id  serial not null

 auto-incremented

earmark  int4

sex  varchar(512)

species int4

cage  int4

death  date

comments  varchar(512)

litter  int4

public.animals_mouse_litter [table]
id  serial not null

 auto-incremented

pair  int4

cage int4

birth  date

success  bpchar(1)

comments  varchar(512)

animals_mouse_litter_fkey

public.prep_species [table]
id serial not null

 auto-incremented

spid  varchar(512) not null

sptype  varchar(512)

origin  varchar(512)

contact  varchar(512)

available_from date not null

available_till  date

comments  varchar(512)

animals_mouse_species_fkey

public.animals_mouse_breeding_pair_parent [table]
id serial not null

 auto-incremented

pair  int4

parent  int4
animals_mouse_breeding_pair_parents_parent_fkey

public.animals_mouse_breeding_pair [table]
id serial not null

auto-incremented

comments varchar(512)

animals_mouse_breeding_pair_parents_pair_fkey

public.prep_animal_mouse [table]
id  serial not null

 auto-incremented

animal  int4

tibial_length  float8(17, 17)

weight  float8(17, 17)

appearance varchar(512)

comments  varchar(512)

ready  timestamp not null

prep_animal_mouse_animal_fkey

animals_mouse_litter_pair_fkey

public.auth_cas [table]
id serial not null

 auto-incremented

user_id  int4

created_on  timestamp

service  varchar(512)

ticket  varchar(512)

renew bpchar(1)

public.auth_user [table]
id serial not null

 auto-incremented

first_name  varchar(128)

last_name  varchar(128)

email  varchar(512)

username  varchar(128)

password varchar(512)

registration_key  varchar(512)

reset_password_key  varchar(512)

registration_id  varchar(512)

auth_cas_user_id_fkey

public.auth_event [table]
id  serial not null

 auto-incremented

time_stamp  timestamp

client_ip  varchar(512)

user_id  int4

origin varchar(512)

description  text

auth_event_user_id_fkey

public.auth_group [table]
id  serial not null

 auto-incremented

role varchar(512)

description  text

public.auth_membership [table]
id  serial not null

 auto-incremented

user_id  int4

group_id int4
auth_membership_group_id_fkey

auth_membership_user_id_fkey

public.auth_permission [table]
id  serial not null

 auto-incremented

group_id  int4

name  varchar(512)

table_name  varchar(512)

record_id int4

auth_permission_group_id_fkey

public.chemicals_chemical [table]
id serial not null

 auto-incremented

name  varchar(512) not null

formula  varchar(512)

aliases  text

public.chemicals_chemical_property [table]
id  serial not null

 auto-incremented

chemical  int4

tag int4

value_str  varchar(512)

value_bool  bpchar(1)

value_float  float8(17, 17)

value_int  int4

chemicals_chemical_property_chemical_fkey

public.chemicals_tag_type [table]
id  serial not null

 auto-incremented

name  varchar(512) not null

chemicals_chemical_property_tag_fkey

public.chemicals_lot [table]
id  serial not null

 auto-incremented

chemical  int4

manufacturer int4

reseller  int4

location_name  int4

manufacturer_lot  varchar(512)

available  bpchar(1) not null

opened  date

expiry date

comments  varchar(512)

chemicals_lot_chemical_fkey

public.chemicals_company [table]
id serial not null

 auto-incremented

name  varchar(512) not null

url  varchar(512)

email  varchar(512)

comments  varchar(512)

chemicals_lot_manufacturer_fkey

chemicals_lot_reseller_fkey

public.chemicals_location [table]
id  serial not null

 auto-incremented

name  varchar(512) not null

comments  varchar(512)

chemicals_lot_location_name_fkey

public.chemicals_solution [table]
id  serial not null

 auto-incremented

name  varchar(512)

composed_on  timestamp not null

available  bpchar(1) not null

location_name int4

comments  varchar(512)
chemicals_solution_location_name_fkey

public.chemicals_lot_property [table]
id  serial not null

 auto-incremented

chemical  int4

tag  int4

value_str  varchar(512)

value_bool bpchar(1)

value_float  float8(17, 17)

value_int  int4

chemicals_lot_property_chemical_fkey

chemicals_lot_property_tag_fkey

public.chemicals_solution_composition [table]
id  serial not null

auto-incremented

solution  int4

component_solution  int4

component_chemical  int4

unit  int4 not null

amount  float8(17, 17) not null

chemicals_solution_composition_component_chemical_fkey

chemicals_solution_composition_component_solution_fkey

chemicals_solution_composition_solution_fkey

public.unit [table]
id serial not null

 auto-incremented

name  varchar(512) not null

chemicals_solution_composition_unit_fkey

public.prep_electrophysiology_cardiomyocyte [table]
id  serial not null

auto-incremented

preparation  int4 not null

comment  text

pipette_solution  int4 not null

r_pip  float8(17, 17)

c_pip  float8(17, 17)

v_j float8(17, 17)

r_ser  float8(17, 17)

c_mem  float8(17, 17)

prep_electrophysiology_cardiomyocyte_pipette_solution_fkey

public.prep_cardiomyocyte_mouse [table]
id  serial not null

 auto-incremented

isolation  int4 not null

protein  float8(17, 17)

yield_volume float8(17, 17)

rod  float8(17, 17)

dead  float8(17, 17)

"unknown"  float8(17, 17)

comments  varchar(512)

time_moment  numeric(131089, 0)

ready timestamp not null

prep_electrophysiology_cardiomyocyte_preparation_fkey

public.prep_proc_isolation_cardio_mouse_solution [table]
id  serial not null

 auto-incremented

isolation  int4 not null

time_moment  float8(17, 17) not null

solution int4 not null

volume  float8(17, 17) not null

comments  varchar(512)

prep_proc_isolation_cardio_mouse_solution_solution_fkey

public.prep_proc_isolation_cardio_mouse [table]
id serial not null

 auto-incremented

started  timestamp

preparation_animal  int4 not null

thermostat_temperature  float8(17, 17)

initial_pressure  float8(17, 17)

initial_flow float8(17, 17)

post_incubation_time  float8(17, 17)

post_incubation_temperature  float8(17, 17)

comments  varchar(512)

prep_proc_isolation_cardio_mouse_solution_isolation_fkey

public.fraction_type [table]
id  serial not null

auto-incremented

name  varchar(512) not null

public.measurement_mouse_muscle_ak_ck [table]
id  serial not null

 auto-incremented

muscle  int4 not null

fraction  int4 not null

mtime timestamp not null

success  bpchar(1)

volume_cuvette  float8(17, 17) not null

volume_sample  float8(17, 17) not null

dilution  float8(17, 17)

ak  float8(17, 17) not null

ak_ck float8(17, 17) not null

comments  varchar(512)

measurement_mouse_muscle_ak_ck_fraction_fkey

public.prep_mouse_muscle [table]
id  serial not null

auto-incremented

mouse  int4 not null

muscle  int4 not null

weight  float8(17, 17)

measurement_mouse_muscle_ak_ck_muscle_fkey

public.measurement_mouse_muscle_citrate_synthase [table]
id  serial not null

 auto-incremented

muscle  int4 not null

fraction  int4 not null

mtime timestamp not null

success  bpchar(1)

dilution  float8(17, 17)

sample  float8(17, 17) not null

oxaloacetate  float8(17, 17) not null

comments  varchar(512)

volume_cuvette float8(17, 17)

volume_sample  float8(17, 17)

measurement_mouse_muscle_citrate_synthase_fraction_fkey

measurement_mouse_muscle_citrate_synthase_muscle_fkey

public.measurement_mouse_muscle_hexokinase [table]
id  serial not null

 auto-incremented

muscle  int4 not null

fraction  int4 not null

mtime  timestamp not null

success bpchar(1)

volume_cuvette  float8(17, 17) not null

volume_sample  float8(17, 17) not null

dilution  float8(17, 17)

rate  float8(17, 17) not null

comments  varchar(512)

measurement_mouse_muscle_hexokinase_fraction_fkey

measurement_mouse_muscle_hexokinase_muscle_fkey

public.measurement_mouse_muscle_ldh [table]
id serial not null

 auto-incremented

muscle  int4 not null

fraction  int4 not null

mtime  timestamp not null

success  bpchar(1)

volume_cuvette float8(17, 17) not null

volume_sample  float8(17, 17) not null

dilution  float8(17, 17)

baseline  float8(17, 17) not null

pyruvate_low  float8(17, 17) not null

pyruvate_high  float8(17, 17)

comments varchar(512)

measurement_mouse_muscle_ldh_fraction_fkey

measurement_mouse_muscle_ldh_muscle_fkey

public.measurement_mouse_muscle_protein [table]
id  serial not null

auto-incremented

muscle  int4 not null

comments  varchar(512)

fraction  int4 not null

buffer  int4 not null

sample  int4 not null

measurement_mouse_muscle_protein_fraction_fkey

public.measurement_protein_batch [table]
id  serial not null

auto-incremented

mtime  timestamp not null

buffer  bpchar(1)

comments  varchar(512)

measurement_mouse_muscle_protein_buffer_fkey

measurement_mouse_muscle_protein_sample_fkey

measurement_mouse_muscle_protein_muscle_fkey

public.kinetics_electrophysiology [table]
experiment_id  text not null

filename  text

mode text

title  text

cell  int4 not null

tag  text

kinetics_electrophysiology_cell_fkey

public.kinetics_experiment [table]
experiment_id text not null

"date"  text not null

"time"  text

type_generic  text not null

type_specific  text not null

hardware  text not null

kinetics_electrophysiology_experiment_id_fkey

public.kinetics_electrophysiology_current_iv_fit [table]
experiment_id  text not null

gmax  float8(17, 17)

vrev  float8(17, 17)

vhalfi float8(17, 17)

kg  float8(17, 17)

v_current_max  float8(17, 17)

max_current  float8(17, 17)

kinetics_electrophysiology_current_iv_fit_experiment_id_fkey

public.kinetics_electrophysiology_current_step [table]
data_id text not null
type text not null

"value" float8(17, 17)

public.kinetics_roi [table]

experiment_id  text not null
data_id  text not null

x0 float8(17, 17)

x1  float8(17, 17)

event_name  text

event_value  float8(17, 17)

type  text not null

kinetics_electrophysiology_current_step_data_id_fkey

public.kinetics_electrophysiology_current_tail [table]
data_id text not null
type text not null

"value" float8(17, 17)

kinetics_electrophysiology_current_tail_data_id_fkey

public.kinetics_electrophysiology_fluorescence_bump [table]
data_id text not null
type text not null

"value" float8(17, 17)

kinetics_electrophysiology_fluorescence_bump_data_id_fkey

public.kinetics_experiment_to_mouse_cardiomyocytes [table]
id  serial not null

 auto-incremented

preparation  int4 not null

experiment text not null

kinetics_experiment_to_mouse_cardiomyocytes_experiment_fkey

kinetics_experiment_to_mouse_cardiomyocytes_preparation_fkey

public.kinetics_mechanics [table]
experiment_id  text not null

filename  text

mode  text

title  text

kinetics_mechanics_experiment_id_fkey

kinetics_roi_experiment_id_fkey

public.kinetics_strathkelvin [table]
experiment_id  text not null

rawdata text

filename  text

title  text

channel  int4

kinetics_strathkelvin_experiment_id_fkey

public.kinetics_vo2_adp_config [table]
experiment_id  text not null

cells_in_mkl  float8(17, 17)

chamber_volume_in_ml float8(17, 17)

temperature  float8(17, 17)

kinetics_vo2_adp_config_experiment_id_fkey

public.kinetics_vo2_adp_titration_extremes_raw [table]
experiment_id  text not null

v0  float8(17, 17)

vmax  float8(17, 17)

kinetics_vo2_adp_titration_extremes_raw_experiment_id_fkey

public.kinetics_vo2_adp_titration_mm_raw [table]
experiment_id  text not null

vmax float8(17, 17)

km  float8(17, 17)

kinetics_vo2_adp_titration_mm_raw_experiment_id_fkey

public.kinetics_vo2_atp_config [table]
experiment_id  text not null

cells_in_mkl  float8(17, 17)

chamber_volume_in_ml  float8(17, 17)

temperature  float8(17, 17)

kinetics_vo2_atp_config_experiment_id_fkey

public.kinetics_vo2_atp_titration_extremes_raw [table]
experiment_id text not null

v0  float8(17, 17)

vmax  float8(17, 17)

kinetics_vo2_atp_titration_extremes_raw_experiment_id_fkey

public.kinetics_vo2_atp_titration_mm_raw [table]
experiment_id  text not null

vmax  float8(17, 17)

km  float8(17, 17)

kinetics_vo2_atp_titration_mm_raw_experiment_id_fkey

public.kinetics_vo2_mervipk_config [table]
experiment_id text not null

cells_in_mkl  float8(17, 17)

chamber_volume_in_ml  float8(17, 17)

temperature  float8(17, 17)

kinetics_vo2_mervipk_config_experiment_id_fkey

public.kinetics_vo2_mervipk_extremes_raw [table]
experiment_id  text not null

v0  float8(17, 17)

vmax float8(17, 17)

kinetics_vo2_mervipk_extremes_raw_experiment_id_fkey

public.kinetics_vo2_mervipk_ratios_raw [table]
experiment_id  text not null

v0  float8(17, 17)

vatp  float8(17, 17)

vpep  float8(17, 17)

vpk  float8(17, 17)

kinetics_vo2_mervipk_ratios_raw_experiment_id_fkey

public.measurement_mechanics_ufreqcasl [table]
id serial not null

 auto-incremented

experiment  text not null

success  bpchar(1) not null

sl  bpchar(1) not null

ca_bound  bpchar(1) not null

ca_free bpchar(1) not null

kill  bpchar(1) not null

comment  text

measurement_mechanics_ufreqcasl_experiment_fkey

public.kinetics_iocbio [table]
name  text not null

"value"  text not null

public.kinetics_mechanics_ufreqcasl_ca_bound [table]
data_id text not null
type text not null

"value" float8(17, 17)

kinetics_mechanics_ufreqcasl_ca_bound_data_id_fkey

public.kinetics_mechanics_ufreqcasl_ca_bound_cahigh [table]
data_id  text not null

mean float8(17, 17) not null

median  float8(17, 17)

std  float8(17, 17)

kinetics_mechanics_ufreqcasl_ca_bound_cahigh_data_id_fkey

public.kinetics_mechanics_ufreqcasl_ca_bound_calow [table]
data_id  text not null

mean  float8(17, 17) not null

median  float8(17, 17)

std float8(17, 17)

kinetics_mechanics_ufreqcasl_ca_bound_calow_data_id_fkey

public.kinetics_mechanics_ufreqcasl_ca_free [table]
data_id text not null
type text not null

"value" float8(17, 17)

kinetics_mechanics_ufreqcasl_ca_free_data_id_fkey

public.kinetics_mechanics_ufreqcasl_ca_free_cahigh [table]
data_id  text not null

mean  float8(17, 17) not null

median float8(17, 17)

std  float8(17, 17)

kinetics_mechanics_ufreqcasl_ca_free_cahigh_data_id_fkey

public.kinetics_mechanics_ufreqcasl_ca_free_calow [table]
data_id  text not null

mean  float8(17, 17) not null

median  float8(17, 17)

std  float8(17, 17)

kinetics_mechanics_ufreqcasl_ca_free_calow_data_id_fkey

public.kinetics_mechanics_ufreqcasl_sl [table]
data_id text not null
type text not null

"value" float8(17, 17)

kinetics_mechanics_ufreqcasl_sl_data_id_fkey

public.kinetics_mechanics_ufreqcasl_sl_calow [table]
data_id  text not null

mean  float8(17, 17) not null

median  float8(17, 17)

std float8(17, 17)

kinetics_mechanics_ufreqcasl_sl_calow_data_id_fkey

public.kinetics_vo2_adp_titration_raw [table]
data_id text not null

rate float8(17, 17)

kinetics_vo2_adp_titration_raw_data_id_fkey

public.kinetics_vo2_atp_titration_raw [table]
data_id text not null

rate float8(17, 17)

kinetics_vo2_atp_titration_raw_data_id_fkey public.kinetics_vo2_mervipk_raw [table]
data_id text not null

rate float8(17, 17)kinetics_vo2_mervipk_raw_data_id_fkey

public.measurement_electrophysiology_cafluxes_iv [table]
id  serial not null

 auto-incremented

cell  int4 not null

success bpchar(1) not null

ltcc_ttx  bpchar(1) not null

ltcc_iso  bpchar(1) not null

srload_ttx  bpchar(1) not null

srload_iso  bpchar(1) not null

kill  bpchar(1) not null

comment text

measurement_electrophysiology_cafluxes_iv_cell_fkey

public.measurement_protein_spectrum_280_330nm [table]
id  serial not null

 auto-incremented

batch  int4 not null

success  bpchar(1)

dilution float8(17, 17)

absorbance_280  float8(17, 17) not null

absorbance_330  float8(17, 17) not null

measurement_protein_spectrum_280_330nm_batch_fkey

public.muscle_type [table]
id  serial not null

 auto-incremented

name  varchar(512) not null

prep_mouse_muscle_mouse_fkey

prep_mouse_muscle_muscle_fkey

prep_proc_isolation_cardio_mouse_preparation_animal_fkey

prep_cardiomyocyte_mouse_isolation_fkey

public.prep_preparation [table]

Do not use this table, no need. Kept just in case
id  serial not null

auto-incremented

prep_type  int4

ready  timestamp

public.prep_preparation_type [table]

Do not use this table, no need. Kept just in case
id  serial not null

 auto-incremented

name  varchar(512) not null

prep_preparation_prep_type_fkey

public.prep_proc_isolation_cardio_mouse_pressure [table]
id  serial not null

auto-incremented

isolation  int4 not null

time_moment  float8(17, 17) not null

pressure  float8(17, 17) not null

prep_proc_isolation_cardio_mouse_pressure_isolation_fkey

public.prep_proc_isolation_cardio_mouse_pump [table]
id  serial not null

 auto-incremented

isolation int4 not null

time_moment  float8(17, 17) not null

pump_flow  float8(17, 17) not null

prep_proc_isolation_cardio_mouse_pump_isolation_fkey

Database schema

Database consists of different tables:

I animals

I chemicals

I solutions

I preparation

I experiments

I studies

I ...

Linking animal’s history from its genetic
heritage with experimental results
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Database frontend

12



Database frontend (2)
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Future

We planning to:
I prepare kinetics software for open source release:

I testing
I supporting different operating systems

I package server components:
I self hosting
I cloud service
I integration to existing infrastructure
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Summary

We developed a platform for primary kinetics data analysis that:

I would be easy to use,

I keeps consistency in the data processing and storing,

I enables quick and easy access to the data by all team members.

We expect that using such approach improve quality of research.
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