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OROBOROS Oxygraph-2k

Summary: Accurate calibration of the oxygen sensor depends on (1)
calibration solutions prepared at known oxygen partial pressures, as
achieved in the Oxygraph-2k (O2k) at defined temperature, continuously
recorded total gas pressure (barometric pressure), and thermodynamic
equilibrium between the gas and aqueous phase; (2) high stability of the
signal of the polarographic oxygen sensor (POS), tested for sufficiently
long periods of time; (3) linearity of signal output with oxygen pressure,
achieved with the POS in the range between oxygen saturation and zero
oxygen pressure; and (4) application of accurate oxygen solubilities for
aqueous solutions for the conversion of partial oxygen pressure into
oxygen concentration (MiPNet06.03). The standard oxygen calibration
procedure is described for O2k high-resolution respirometry with the
automatic calibration routine by DatLab.

Among different MultiSensor applications the actual calibration experiment
varies considerable. Therfore, only the calibration procedure in DatLab,
following the actual calibration experiment, is described here.
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1. Experimental Oxygen Calibration

The polarographic oxygen sensors (POS) are calibrated
by a two-point calibration, routinely achieved at air
saturation and zero oxygen concentration. Accordingly,
static calibration involves the determination of the
constant signal of the POS recorded at 0% and 100%
air saturation (Ro and R;i) under the particular
experimental conditions (temperature, signal
amplification by electronic gain, polarization voltage,
stirring speed, medium).

1.1. Air Calibration

Air saturation is achieved after cleaning by stirring the
medium without sample in the chamber in contact with
air, following the procedure below:

1. Add incubation medium into the chambers, using the
experimental chamber volume and an excess to fill the
injection capillary of the stopper (c. 100 mm?3). The
excess volume does not have to be accurate, as long as
it is above the minimum volume. Switch on the stirrers
either during or after addition of the medium.

2. Insert the stoppers slowly to their volume-calibrated
position (MiPNet12.06). Siphon off excess
medium ejected through the injection
capillary and collected in the well of the
stopper. Then lift the stoppers using the
stopper-spacer tool, leaving a gas volume
above the liquid phase for final air
equilibration (Fig.1).

The central level of the gas phase should
remain above the rotating stirrer bar. This
gas volume has to be renewed (exchanged
for air) if the medium originally was not
Fig.1 Stopper-spacers used near air saturation, to ensure a well defined
for air calibration with the pn in the gas phase during equilibration.

z\r/DF Siﬁgﬁfgm(cr'amsbti;pg)r Equilibration is a slow process, but stability
(Chamber B). should be reached within one hour (Fig.2).
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Fig. 2 Plot of oxygen concentration (blue line; full scale 20 nmol/ml or 20 pM)
over two hours after switching on the Oxygraph-2k at room temperature, and
setting the experimental temperature at 37 °C, with medium stirred for
equilibration with a gas phase of air at 1.000 m altitude. The red line is the
negative slope of the oxygen concentration over time, expressed as
[pmol-stml*] on the right Y-axis, with zero in the middle position. A slope of
zero (for ‘O2 Slope uncorrected’) indicates a constant oxygen signal over time.

3. After stabilization of the POS signal, R1 must be <10 V.
For gain setting, see (MiPNet12.06, Section 6.2). At a
Gain of 2, the recorded signal at air saturation is about
4-5 V. Continue recording for >3 min to check for
signal stability. You may proceed at this point with an
0O2k-background control (MiPNet12.09).

At the standard gain setting of 2, a R; signal of 4 V
at air saturation (corresponding to 8 V at gain 4)
corresponds to a signal current of the POS of 2 pA.

1.2. Zero Oxygen Calibration

4, Zero oxygen calibration is achieved best with
mitochondria or cell suspensions by allowing complete
oxygen depletion. Alternatively, use a freshly prepared
"zero solution", a 2% to 5% solution of sodium
hydrosulfite (Na-dithionite, Na;S;04) or of sodium
sulfite (Na;SO0s3) in water (or in borax solution: 1 mg
Na,SO3 + 5 cm® 0.01 mol-dm~ Na,B40; solution). The
zero solution is filled into the chamber, and the zero
signal, Ro, recorded after stabilization. Ro should be
<3% of the signal at air saturation, but most
importantly, the zero signal must be stable.

2. General Notes on Calibration in DatLab

The DatLab Calibration window: 0 Select a single plot by
clicking onto the label of the plot in the figure legend on
the right of the graph. [O2k-MultiSensor]/[Calibration]
or F5 will open the calibration window for the selected

OROBOROS INSTRUMENTS OROBOROS Oxygraph-2k
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plot. The window opened will look different depending
on the type of plot selected.

DatLab calibration: on-line vs. off-line: DatLab will use calibration
values applied (with Calibrate and Copy to
Clipboard" while on-line (connected to the 02k,
recording data) as default values for future
experiments. Calibration values applied off-line will only
apply to the current file and will not be used as a new
default. This allows to re-calibrate old files without
overwriting the current calibration. Ideally, calibration
values that should be used as new defaults are applied
on-line, i.e. the experiment is still running. However, if
the experiment was analyzed off-line, the generated
calibration values can be read into DatLab the next
time DatLab is on-line (using the Copy from file
function) and applied with Calibrate and Copy to
Clipboard.

3. DatLab-Calibration of Oxygen Sensors

Before disconnecting the Oxygraph-2k from DatLab,
calibration information is automatically saved and
available upon connecting the Oxygraph-2k, even if you
exit DatLab and start the program again. This
calibration information is displayed in the Edit

Calibratior

Saurce Active file Active file

F1 /RO [] 52320 00158 4.0104 00138
Calib. termp. ['C] 37.0000 37.0000

Prezsure [kPa] 100,20 1002000

Fd 0.920 0.9200

Experiment window [F3], which is opened automatically
after pressing the Connect button in the Oxygraph
Control window [F7].

Application of default values does not provide accurate
calibrations in general. Default calibration values must
be replaced by experimental calibration values
(Calibration Source: Active file), whenever sufficient
stability of the calibration cannot be assumed, or when
previous calibration conditions do not apply.

In DatLab, the oxygen signal can be re-calibrated
at any time during the experiment. The recorded raw
signal, R, is converted to oxygen concentration, cQ, t

[uM], or partial pressure, po,,t [kPa or mmHg].

Calibration with DatLab merely requires (1) setting
marks on defined calibration sections of the oxygen

OROBOROS INSTRUMENTS OROBOROS Oxygraph-2k



MiPNet12.08 O2k-Calibration 5

plot, or (2) retrieving calibration information from
independently recorded calibration, which may be
stored as default, and (3) information on the oxygen
solubility of the medium in relation to pure water. The
digitally recorded barometric pressure and temperature
are automatically applied in algorithms for oxygen
calibration.

3.1. Graph Layout for Calibration

Graph Layout: "O1 Calibration Exp. Gr3-Temp"

Calibration experiment with temperature and Peltier power in Graph
3.

This is typically the first layout used after switching on the
02k. Oxygen concentration (blue lines, left Y-axis) and O2 slope
uncorrected (red lines, right Y-axis) are displayed on the top graph
for the left chamber, and below for the right chamber. The third
graph (bottom) shows the block temperature on the left Y axis and
the Peltier power on the right Y axis. Only when both temperature
and Peltier power are constant, the chambers have reached thermal
equilibrium. The next step is to observe equilibration of the oxygen
signal with a defined gas phase above the stirred aqueous phase
(‘open' chamber; usually with air as the first step) to perform an
oxygen calibration.

If anything unusual is observed (always zero flux, jumping
signals), the layout "Z Trouble Shooting" should be used.

Graph Layout: "02 Background Experiment"

For recording O2 sensor calibration and a test for instrumental
background oxygen flux.

For each chamber, 'O2 Concentration' and 'O2 Slope
uncorrected' are displayed on the left and right Y-axis, respectively.
'02 Slope uncorrected' is the negative slope of oxygen concentration
(multiplied by 1000 to convert to units [pmol/ml]) over time [s].
No correction is applied for instrumental background oxygen flux.
Zero flux in the 'open' chamber at air calibration indicates stability
of the oxygen signal. After closing the chamber, '0O2 Slope
uncorrected' deviates from zero as a function of the oxygen
consumption of the polarographic oxygen sensor and of oxygen
diffusion into or out of the chamber.

3.2. Mark
Mark a section of the experiment at air saturation,
when signal stability is reached. This should be done
on-line to save default calibration information.
Corrections are possible off-line. For calibration, follow
steps (1) to (7) illustrated on the following graph.

OROBOROS INSTRUMENTS OROBOROS Oxygraph-2k
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Select a graph by clicking with the left mouse button
into the graph, or directly by step 2.

Select the oxygen signal as the active plot by clicking
on Y; in the figure legend on the right of the graph. The
active plot is highlighted.

Activate the “marking mode” of the curser by either
selecting "Mouse Control: Mark” in the Graph menu, or
pressing [Ctrl+M].

Set a mark: Hold [Shift], click the left mouse button
and move the cursor along the time axis. Remove a
section of the mark or the total mark: Holding [Shift],
click the right mouse button and move the cursor along
the time axis.

Rename the mark: Left mouse click on the bar of the
mark. Rename the mark for air calibration as "“R1”, and
the mark for zero calibration as “R0”.

Observe events (set by [F4]) which indicate particular
titrations or any events which are of interest. In this
example, the Event “Close” indicates that the chamber
was closed, thus terminating the air calibration phase.
Events provide important guidelines for setting and
editing calibration marks.

Multiple marks may be set.
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3.3. Oxygraph 02 Calibration [F5]

File Experiment Plots Calculate Marks Graph Layout | O2k-MultiSensor | TIP 7 Debug
25 02k Control F
Connect to 02k at start

—

d Calibration F5

O, 2001 Left Stirrer On/Off Fi1

E Right Stirrer On/Off F12

% Stirrer test F9

E 150 Light On/Off F10

E P Manage Setups

= y R . J

Press [F5] to open the calibration window (next page).

0.10 1 1 1 ! Stability of the signals
- of six polarographic
S . . oxygen Sensors,
< 0.05 - - OroboPOS, at air
'% calibration, R1, over a
o X period of >1 month at
g OOO _I ’ ........... l. .......... = constant temperature
2 e & i e (25 ©°C). Membranes
% ¢ ! & were not exchanged
=-0054 ¢ . M " - and the sensors were
D:; . : left mounted to the
O2k-chambers, which
-0.10 T T T T were filled with 70%
0 10 20 30 40 50  ethanol (Gnaiger

Time [days] 2008). -
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02 Concentration (A): Indicates that calibration is performed for

the oxygen signal in chamber A (the selected graph
with the active plot of the oxygen signal).

Calibration source: Parameters may be displayed as imported from

POS #:

a previously saved file, or are derived from the active
file.

The number of the polarographic oxygen sensor is
displayed as defined for each chamber in the Oxygraph-
2k Configuration window [F7]. Usually, sensors are not
switched between chambers, except for instrumental
diagnostic checks.

Air calibration: Select a Mark for air calibration by clicking on the

pull down button and select the appropriate mark (R1).
In the window c; on the left, the oxygen concentration,
Co2 [MM], is shown as calculated for air saturation under
experimental conditions. The average voltage (Raw
signal [V]) recorded over the marked section is shown
in the corresponding window on the right, followed by
the uncorrected negative slope of the signal during
calibration (Slope uncor. [pmol-s*-mlI']), and average
temperature and barometric pressure recorded over the
marked section.

Alternatively, enter a calibration value R; numerically
into this window and edit temperature and pressure
correspondingly, as obtained from a separate
calibration file.

Zero calibration: In many cases, the zero calibration has been

performed at a different occasion, and the
corresponding value (Rp; Raw signal [V]) is entered
numerically. Temperature and pressure do not have to
be entered. If a mark setting is available on the same
plot for the zero calibration, select the appropriate
mark to display the average zero calibration value, Ry,
recorded over the marked section. The corresponding
signal stability, temperature and pressure are shown
for the marked zero section without exerting any
influence on the calibration calculations.

O, solubility factor of medium: Enter the oxygen solubility factor

Medium:

of the medium, Fym, relative to pure water. If Fy is not
known, it may be selected according to general
guidelines (MiPNet06.03).

The incubation medium in the chamber.

Air calibration, cl1: This is the O, concentration at air saturation

[umol O-dm™ = uM = nmol-cm™], COZ*, calculated as a

OROBOROS INSTRUMENTS OROBOROS Oxygraph-2k
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function of temperature, barometric pressure, and
oxygen solubility factor of the medium.

Calibrate and Copy to Clipboard: After clicking on this button, the
entire plot of oxygen concentration is re-calibrated [uM
or nmol/ml], and the corresponding negative slope or
volume-specific oxygen flux [pmol-s™*-mI™] is now based
on this new calibration. Calibration parameters are
automatically copied to clipboard.

OROBOROS USB-Stick - OROBOROS FileFinder: Click on
the icon in the section “02k-Manual”. Go to Chapter
‘Oxygen and pX (pH) Calibration by DatLab’ and move
to the right to open the Excel file "O2k-Calibration-List”.
Save a copy of this Excel Template and paste the
calibration parameters into new lines sequentially for
chamber (A) and (B), thus generating a data base for
quality control of instrumental calibration. Trends over
time can thus be evaluated (figure on page 6; Gnaiger
2008), and possible irregularities of sensor performance
are quickly recognized for intervention (POS service).

Reset to system default: Is an option on-line when defaults were
not confirmed in the F3 window.

Copy from file: A stored DatLab file can be selected and the
calibration values from this file are copied into the
calibration window. These values will be applied after
clicking Calibrate and Copy to Clipboard.

Cancel: Press cancel to exit the calibration window without
saving any changes.

3.4. Show / Hide Details
The oxygen calibration parameters are displayed as
calculated by DatLab (for details, see MiPNet06.03).
This information is saved in clipboard upon calibration.

—Concentration: Parameters are displayed for conversion of the raw
signal to concentration.

Calibration factor for concentration, F. [pm/V]: This is the
multiplication factor, F., calculated to convert the
recorded voltage (corrected for the zero signal) into
oxygen concentration (Eq. 2).

Calibration offset, a. [V]: This is the POS zero signal at zero
oxygen concentration, which is subtracted from the
voltage before multiplication with the calibration factor

(Eq. 3).

—Pressure: Parameters are displayed for conversion of the POS
signal current to partial oxygen pressure. These are the

OROBOROS INSTRUMENTS OROBOROS Oxygraph-2k
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02 Calibration

Active plot in graph 1 02 Concentration [£) Active POS # |50O
Calibration source  Active file Calb. POS # 6001
Dwpgen Select POS zignal: Slope Temperature B arometric:
cancentration Mark Recorded  uncorected prEzsLre
c02 [uhd] [+] [prmol[=z.mi]] ['C] pb [kFa]
Air calibration: 1 180.97 |H1 j R | 97958 0z | 37.0002 | 95.20
Zew calibration: 0| 0000 |R0 | RO 0.0278 008 | 370007 | 35.10
Gain, G [/pa) 4

02 zolubility factor of medium, Fid 0920 M edium |MiROE

12 Calibration Info
Concentration

Calibration factor for concentration [phd ] Fc 1853 Foc=[c1-c0] 4 [R1-RO)
Calibration affset [¥] ac 00278 ac=[cl-RO-cOR1]/ [c1-c0]
Preszure - -
Owygen POS =ignal: Oxpgen consumbion by POS
pressure Current JTO2POS]
p02 [kPa] | [puds] [prral [z ml]]
Air calibration:  pl 18.626 I 24489 1=R1/G 31601 =289 (11-ap] 4%
Zero calibration; p0 0.0000 ] 0.0069 [0=R0/G
Calibration factor for pressure [kPadpu) Fp FE27 Fp=[pl-p0] 4 (11-10]
Calibration offzet [pb) ap 00069 ap=[p1-10-p0-11] /A [p1-p0]
Elﬁdji';ga"t”' 502 972 c02=p02502 012k Chamber volure, ¥ [mi] 200
H20 wapor pregsure i -
Yolume fraction
of 02 in diy air 020346
Hide Copy Calibrate and
detailz ‘ from file Eagiee] Copy to Clipboard

fundamental parameters for evaluation of signal
stability over periods of several months, since the POS
responds to partial pressure in the medium rather than
concentration.

p1 [kPa], po,: At air saturation, poz*, a function of temperature and
barometric pressure.

Po [kPa]: Usually zero oxygen concentration, or any other pg, at the
second calibration point, po.
I, = R1/G [pA]: POS signal as a current, at air saturation (Eq. 4).

Io = Ro/G [pA]: POS signal as a current, at zero oxygen
concentration, or any other other pg, at the second
calibration point (Eq. 4).

Oxygen consumption by POS, J°; pos [pmol-s™-ml™*]: Theoretical

oxygen consumption of the oxygen sensor at air
saturation under experimental conditions (Eqg. 9).

OROBOROS INSTRUMENTS OROBOROS Oxygraph-2k
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Calibration factor for oxygen pressure, F, [kPa/pA]: This is the
multiplication factor, Fp, calculated to convert the
current of the POS (corrected for the zero current) into
oxygen partial pressure (Eq. 6).

Calibration offset, a, [pA]: This is the POS zero current, at zero
oxygen pressure, which is subtracted from the current
before multiplication with the calibration factor (Eq. 5).

02 solubility [umol Oxdm>kPa™']: Sg, = co, - po,”, a function of
temperature and oxygen solubility factor of the medium
(Eqg. 8).

H>,O vapor pressure [kPa]: szo*, a function of temperature, is
subtracted from the barometric pressure, py.

Volume fraction of oxygen in dry air: 0.20946, when multiplied
with the pressure (pp - pHZO*), it yields the partial
oxygen pressure.

Gain, G [V/PA]: The gain setting (1, 2, 4 or 8 V/pA) for current to
voltage conversion.

02k chamber volume, V [ml]: The effective aqueous volume of the
closed chamber of the Oxygraph-2k.

4. MultiSensor Calibration In DatLab

Two-point linear calibration of any parameter measured with the pX
or Amp channel

Amp Calibraticn

Autam. selected plot &mp - Baw [C) Active Sensor  |B-0119
Calibration zource  Active file Sensar B-0119
Amp ] Select Raw zignal  Slope Temperature
enlia - [¥] ]
['Cl]
Calibration 1: ¢l A1 | 16835 023 37.0003 Fieset to
Calibration 2 0 RO | 1.9585 0.3399 27.0001 raw signal
Slope M 40 | FRecalculate slope
Mame faor Amp-chantel: |ﬁ3«mp Unit: ||.lM ﬂ Slope factor {1000 -
[ Calculate slope frann raw signal
Show Copy Calibrate and
details ‘ from file Cancel Coapy to Cipbaard

1. Select the MultiSesnor plot to be calibrated as active
plot.

2. Mark two sections of the experiment for which the
concentrations are known.

3. Open the calibration window using either [O2k-
MultiSensor]/[Calibration] or F5.

OROBOROS INSTRUMENTS OROBOROS Oxygraph-2k
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4. Choose the desired unit for the calibrated signal from
the drop down menu beside "Unit".

5. Enter the two known concentrations(logartthms odf the
concentrations for the pX channel) in the column
labeled "Amp concentration” in the Amp calibration
window or "Define two-point calibration values" in the
pX calibration window.

6. Select the corresponding two marks in the "Select
Mark" column".

7. Optional: Type the desired plot name in the field "Name
for Amp-channel". Avoid long names.

8. Optional: Choose the desired factor for slope calculation
from the drop down menu beside "Slope factor".
Default: 1000. The correct unit for the slope will be set
by DatLab depending on the chosen unit for the
calibrated signal and the factor for slope calculation.
Changing the factor will recalculate the slope plot.

9. Optional: To display the slope calculated from the raw
signal, activate the checkbox "Calculate from raw
signal". If viewing the raw (uncalibrated signal) it is
recommended to use this option.

10. Optional: Change the number of points used for
flux calculation.

11. Click Calibrate and Copy to Clipboard.
Changing units, plot names or mode of slope calculation

Amp Calibraticn

Autom. zelected plot Amp - Raw [Y) Active Sensar #
Calibration zource  Default from 2012-06-22 11:31:36 Sensar HPO110#565
Amp Select Raw zignal  Slope Temperature
concentration Mark
['Cl]
Calibration 1: o1 | 1000 | = R 1.0000 25.0000 Fesetto
Calbration 2 c0 | 0000 | ~| RO 0.0000 ooooo  raw signal

Slope M 40 | Recalculate slope
. —
Mame for Amp-channe Unitm efactn
alculate SOMETIom raw signal

Shiow Copy
detailz fram file:

Calibrate and

Bzt Copy to Clipboard

1. Select the plot to be calibrated as active plot.

2. Open the calibration window using either [O2k-
Multisensor]/[Calibration] or F5.

OROBOROS INSTRUMENTS OROBOROS Oxygraph-2k
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3. Change the unit, plot name, or mode of slope
calculation as desired.

4. If the unit is changed DatLab will ask wheter the
calibration values should be converted accordingly.

5. Click Calibrate and Copy to Clipboard to apply all
changes.

Multiple point linear calibration
1.Do a regression raw voltage in [V] against
concentration [in the desired unit] in a spreadsheet
program.

2. Note slope and intercept.
3. Open the calibration window.

4. Enter the following data matrix (instead of "Amp conc."
"Define two point calibration" is shown in the pX
calibration window):

Amp conc. Select Mark Raw Signal [V]

1 leave empty! slope + intercept
0 leave empty! intercept
Amp Calibration

Autom. selected plot - Amp Raw Signal Y] Active Sensor #

Calibration source  Active file Sersor

Amp Select Raw signal  Slope Temperature
cccccc tration  Mark [v]
Il

Calibration1: 1 | 1.0000 | B 66700 25,0000

Calibration 2 0 | 00000 | - rof 31400 noong e signs

Slope N 40 ~| Recalculats slops

Name for Amp-chanret [Amp Unit [ | Slopefactor [1000 -

[~ Calculate slope from raw signal

Ci

opy Cancel Calitrate and
fram file

Copy to Clipboard

details ‘

5. Press Calibrate and Copy to clipboard.

Example: pH Calibration

Linear calibration of pH as a function of recorded
voltage is performed by a two-point calibration, using
two pH calibration buffers, pXo and pX; (where, for
example, pHp may be 7.0 and pH: may be 4.0;
deviations of the actual pH of the calibration buffers
from these values are due to experimental
temperature).

See (MiPNet08.16), for further details. The
corresponding raw signhals are recorded, Ro and R;
(-0.0479 V and 5.4161 V).

The calibration factor, F, is

OROBOROS INSTRUMENTS OROBOROS Oxygraph-2k


http://oroboros.at/index.php?id=protocols_ph_calib&no_cache=1&sword_list%5b%5d=08.16

MiPNet12.08 O2k-Calibration 14

Eq. 6. F-PXmP%,
R1_Ro
The offset, d, is
Eq. 7. d:pxo'Rl_pxl'Ro
Rl_RO
Calibration of the recorded signal at any time ¢, R¢, then
uses the relation
Eq. 8. pX(t) = ((F-R+d

For calibration of TPP* electrodes, see (MiPNet15.03).
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