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1. Introduction 

The graphical user interface for bioenergetic data (GUI_BD) was developed to calibrate, record and 

continuously visualize the signal acquired by analog polarographic systems and analyze the data. 

GUI_BD tools allow to determine respiratory rates and ADP/O ratio from oxygen kinetics obtained from 

YSI 5300 biological oxygen monitor and other digitized systems. The data should be in comma separated 

values (csv) format. The GUI_BD generates two files for calibration that can be used for more than one 

experiment and three output file types for the analysis of each experiment: 

a) The voltage vs. time data recorded for calibration, are saved as <filename>.CalData.csv; 

b) The calibration parameters used by the GUI_BD to convert voltage to oxygen concentration are 

saved as <filename>.Parameters.csv; 

c) The oxygen kinetics of the experiment is saved as <filename>.ExpData.csv; 

d) The results of the analysis of the oxygen kinetics that provides oxygen consumption rates (JO2), 

ADP/O ratios and respiratory control ratios are saved as <filename>.Outputs.csv. 

e) The denoised and decimated oxygen kinetics data of the file <filename>.ExpData.csv are stored in a 

file <filename>.csv 

 

2. Files 

In this section is reported the list of the files on the data repository folder: 

• GUI_BD.exe: executable file to run the graphical user interface; 

• File example for calibration, data collection and analysis: 

− 31May17.CalData.csv: voltage signal recorded with the GUI_BD for calibration; 

− 31May17.Parameters.csv: calibration parameter values created and used by GUI_BD; 

− 31May17.ExpData.csv: oxygen kinetics recorded with the GUI_BD. The data were obtained for 

interfibrillar mitochondria isolated from skeletal muscle; 

− 31May17.Outputs.csv: oxygen consumption rates, ADP/O ratio and respiratory control ratio 

obtained with the GUI_BD using the data previously recorded in 31May17.ExpData.csv; 

− 31May17_5Hz.ExpData.csv: denoised and decimated data obtained from the oxygen kinetics 

previously recorded in 31May17.ExpData.csv;  
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3. Set-Up 

The graphical user interface can be used with or without the data acquisition system NI-DAQ 

(National Instruments-Data Acquisition Device) USB-6001. In the first case, the NI-DAQ driver is 

available with the installation of the NI-DAQmx. NI-DAQmx (version 15.5.1) can be also used to 

support the NI-DAQ user (http://www.ni.com/en-us/support/downloads/drivers/download.ni-

daqmx.html#288253). NI-DAQ is connected to the: a) YSI 5300 Biological oxygen monitor with cables 

with banana clips; b) PC through a mini-USB to USB adaptor Fig. 1). There are 8 analog inputs and 2 

output channels on the NI-DAQ. The default channel used on the options menu is 4. 

The graphical user interface (GUI_BD) was developed in MATLAB. User can use GUI_BD without 

installing MATLAB on their computer. The installation of the GUI_BD includes the MATLAB Runtime 

libraries version 9.3 (MATLAB Release 2017 b) 64-bit. MATLAB runtime allows to run MATLAB 

applications without installing MATLAB. To install the software click on MyAppInstaller_mcr.exe and 

follow the installer directions. The installation creates a GUI_BD icon that should be in the same folder 

of the files that you want to open with the GUI. Click on the GUI_BD icon to visualize the menu of the 

GUI_BD which is reported in Figure 2. The visualization of the GUI may take several seconds. 

 

 

Figure 1. NI-DAQ connection to YSI 5300. 

http://www.ni.com/en-us/support/downloads/drivers/download.ni-daqmx.html#288253
http://www.ni.com/en-us/support/downloads/drivers/download.ni-daqmx.html#288253
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Figure 2. A representative time profile of the oxygen kinetics during a mitochondrial respiration stimulation unfiltered data with the results of 

the data analysis tools of the GUI to calculate the respiration rates and ADP/O ratios.
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4. Calibration 

These are the steps to calibrate the electrode and create a file with calibration parameters used by the 

GUI_BD during the data acquisition to convert voltage measurements in O2 concentration: 

a) Load the media (e.g., MIR05, Gimish), and wait to reach a thermodynamic equilibrium between the 

gas and liquid phase of the media at fixed stir speed and temperature (e.g. 30°C, 700rpm); 

b) Close the chamber with a plunger avoiding air bubble formation; 

c) Click on “Run Calibration” button of the GUI menu (Fig. 2) to open the calibration menu (Fig. 3); 

d) Click on “Start” button and type file name. The GUI continuously visualizes the voltage reading; 

e) Inject sodium dithionite to drop the voltage close to zero; 

f) When the signal voltage does not decrease with additional injections of sodium dithionite click on 

“Stop” button; 

g) Select a range of data for the maximum voltage, and click on “Pick Max” button; 

h) Select a range of data for the minimum voltage, and click on “Pick Min” button. Then, parameter 

values are saved on file; 

i) Click on “Calibrate” button. This 

command generates a calibration file 

with the parameter values used to 

convert the voltage signal to oxygen 

concentration. The voltage changes 

recorded with pick max and min is 

related to a variation of oxygen between 

0 and 100%. Slope and intercept are 

determined for calibration. An example 

file “31May17.Parameters.csv” is 

included to the package. 

Calibration can be also performed after the 

file with the recorded data is closed. In this 

case, click on “Run Calibration” button to 

access the calibration menu and click on “Open File” button and type the name of the file where the 

parameter values are stored. File examples of calibration data (31May17.CalData.csv) and parameter 

values (31May17.Parameters.csv) are included to the package. Then, select the file with the calibration 

data, and perform the calibration steps as reported at the beginning of the calibration paragraph.   

Figure 3. A representative time profile of the signal 

voltage recorded during the calibration procedure. 
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5. Acquisition and Visualization 

The steps to use the GUI_BD for acquisition and visualization of the data during the experiment are 

the following: 

a) Click on the file “GUI_BD.exe”; 

b) The settings parameters for acquisition and visualization of the data during the experiment can be 

changed in the options menu reported in Figure 4; 

c) Click on “Load Calibration” button to select the file with the calibration parameter values; 

d) Click on “Save File” button to type the file name where data are stored during the acquisition; 

e) Click on “Start” button to initiate the data collection; 

f) The user can add a comment any time during the experiment using the “Add Event” button. The 

comment is typed on the event description field. Every time an event is created a vertical line with 

the comment is reported on the plot and saved on file; 

g) Click on “Stop” button to end the data acquisition. Data are automatically saved on file (In windows 

7, mouse cursor appears as blue circle during the saving process). File example of the oxygen kinetics 

(31May17.ExpData.csv) is included to the package; 

h) Once the experiment is completed, the selection of “Stop” opens up the post-processing commands 

for the calculation of oxygen consumption rate, ADP/O ratio and respiratory control ratio described 

in the paragraph 6. 
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6. Calculation of oxygen consumption rate, ADP/O ratio and respiratory control ratio 

GUI allows the calculation of the oxygen consumption rate, ADP/O ratio and respiratory control 

ratio. These calculations can be performed after the data are saved on file. To loaf the data click on “Load 

File” button and select the file of interest. A window will pop up with the question “Would you like to 

denoise/decimate and save the data?” Select “No” to analyze the raw data and proceed with the following 

steps to calculate the outputs from the oxygen kinetics: 

Oxygen consumption rate - JO2 

1) Click on “Data Cursor” to activate the tool to select the interval of the oxygen concentration data 

used to determine the regression line. The slope of the regression line quantifies the oxygen 

consumption rate. To select the interval of data, click on the first point on the graph, then holding on 

command “shift” and click on the second point; 

2) To calculate the oxygen consumption rate normalized to the amount of mitochondrial protein or 

millions of cells per mL of media click on “Calculate JO2” button. The mitochondrial and cellular 

concentration are defined in the options menu (Fig. 4). The regression line of the data selected is 

reported with a red color. These steps is repeated to determine all oxygen consumption rates (pmol 

mg-1s-1) as needed. 

ADP/O and Respiratory Control Ratio ratios 

1) Click on “Calculate ADP/O” button. The vertical dotted line indicates the oxygen concentration 

segment used to calculate the ratio. The initial concentration of the ADP injected is defined in the 

post-processing settings of the options menu (Fig. 4) and used to calculate the ratio. 

To save the oxygen consumption rate, ADP/O and respiratory control ratio values click on “Save File” 

button, and specify the name of the file to save the result. A file example is included to the package 

(31May17.Outputs.csv). 

Other function 

“Clear Plot” button is used to delete the oxygen kinetics data before a new experiment or loading a data 

file for post-processing analysis. 
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7. Denoise and Decimation  

GUI_BD can be used to denoise and decimate the data preserving the accuracy. This feature is 

valuable when the experimental data are used for computational methods. In the post-processing settings 

of the options menu (Fig. 4), the sampling frequency allows to define the number of data stored every 

second. On the main screen, click on “Options” and specify the desired sampling rate (e.g. 5Hz) to down 

sample the data after denoise data processing. Click on “Load File” button and select the file of interest. 

A window will pop up with this question “Would you like to denoise/decimate and save the data?” In 

case the answer is “Yes” enter a file name where the data denoised and decimated will be saved. A file 

example (31May17_5Hz.ExpData.csv) is included to the package. 
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Appendix 

A. Acquisition Settings 

• Acquisition Channel (-): the channel of the DAQ used for acquisition. 

Default value: 4; 

• Sampling Rate (Hz): the number of samples obtained in one second by the DAQ. 

Default value: 1000Hz; 

• Maximum Record Time (minute): maximal time available to record data during the experiment. 

Default value: 1200 seconds. 

B. Visualization settings 

• Interval Window (second): Temporal window used to visualize the data during the recording. 

Default value: 200 seconds; 

• Refresh Time (second): GUI refreshes the plot to visualize new data points after an interval of time 

defined by the refresh time. The plot with the interval window selected is refreshed when the 

recording time reaches the refresh time.  

Default value: 180 seconds; 

• Time recycled (second): Time interval of the data visualized in the previous plot time window (i.e. 

Refresh Time) that are also visualized after refreshing the plot. 

Default value: 40 seconds; 

• Signal Selection (-): Select unfiltered and/or filtered signal during recording; 

C. Calibration Settings 

• Oxygen concentration (nmol/mL): oxygen concentration within the buffer at the equilibrium with 

the gas phase at room temperature. 

Default value: 222.5 nmol/mL 

 

 D. Post-processing Settings 

• ADP concentration (nmol/mL): the initial ADP concentration within the chamber. 

Default value: 200 nmol/mL 

• Concentration (mg/ml or millions of cells/ml): the mitochondrial protein or cellular concentration 

within the chamber. The value reported in this field is used to normalize the respiration rate obtained 

with the post-processing tools. 

Default value: 0.5 mg/mL 

• Sampling rate (Hz): number of data points per second that are stored after denoise and decimation 

procedure. 

Default value: 1000 Hz 
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Figure 4. Options menu for acquisition, visualization, calibration and post-processing of the data. 


