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Overview DatLab set s a novel standard in high -resolution respirometry
for real-time analysis of oxygen flux measured in the OROBOROS
Oxygraph -2k, and of additional signals obtain ed with O2k-MultiS ensor
Modules . Oxygen flux per volume can be instantaneously normalized for

mass of sample or number of cells. V arious sections on the plot of oxygen
flux are marked, and corresponding average values ar e viewed in a table
which can be simply exported to other programmes . Instrumental and
experimental p arameters are summarized in a protocol which can be
.3 Datlab (X-0004) [CAUSERS\DOERREREDE  printed or saved as a pdf file. These features
File [Oxygraph-2k | TIP2k Experiment C:  provide the basis for combining high -resolution
02k control 7 [ with ins tant and user -friendly analysis.
02k configuration A demonstration experiment , performed
Stirrer A on/off F11 during a n O2k-Workshop on high -resolution
Stirrer B on/off F12 respirometry, is used as an exa mple for
E Stirrer test F application of DatLab and DatlLab -Excel
2 lumination on/off  Fl0 W templates  (MiPNet08.09 ). All analyses can be
fid Manaoe st performed real-time or disconnected from the
E ge Setups 02k
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. O2k configuration \ p—
Oxygraph -2k Click on Oxygraph -2k and T = Clm _
select O2k configuration. In the O2k -window Power 02k pfio
which appears select the channels of interest i A B
HPgEN.
02k -Core applications Deselect all O2k - || o= 83 1958
MultiSensor channels. Arpsimeic A o —
Mp ensor
O2k - MultiSensor applications Select Q2 || ot Jn202 In202
channel and the specifically ~02k-MultiSensor || =™ " s [paziz
channels (Amp or pX) I“m I*“'m
p% px
oG | x|
~—— ————T—

1. Oxygen flux of a biological sample

1.1. 02k -Demo file
File: MiPNet08.09 _IntactCells
OROBOROS FileFinder :
MiPNet08.09 -> scroll

OROBOROS N
Oxygraph-2k -yr

3 Dattab [\SERVERIOROBOROS\38, MIPNET-DOCUMENTS\OROBOROS 02K COURSE QUERRIOZK
Fle Ongroph2k TP Expenment Cabbration Flux/ Slope_Graph_Loyou

.DLD

O2k - Protocols
to the rlght for the hyperllnk

MPNE PUBLICATIONSWAPNETOB 052003052 1. 02.CEL 010 s S

UM

1B: 02 concentration

3
g

8
1A: 02 flow per cells

2
85

Py
3

8

\ O2k -Demo \

STIOREE

00 cop

Sample 1.1

I m—
80 ()
e

[pmoli(s*Mill)]

5
8

H
H

1B: 02 flow per cells
Tpmoll(s*Mill]

o:

0:15
0:30 fh:min]

P e
e

MiPNet08.09 _IntactCells.DLD
flux (red, Y, axis) as a function of time.

(Connect [F7]) after adding a cell suspension at a density of
Events are shown by vertical lines, with the <Event
top . Marks are shown by horizontal bars between two vertical lines, w

cells/ml.

the Mark name in the lower bar.

MiPNet08.09_2

4. Power 02k number

O, concentration (blue,
Data recording was started

03-03- 29 Pl 02 Cells DLD

5. Sequential file number

Y, axis) and O

140°
name > on
ith

6. Short descrlptlon

7. DatLab Data file
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Edit experiment [F3] Select the Sample Unit ~ Million cells g . Enter

the cell density [ 1.000]. The amount of cells in the
chamber is then shown below, depending on the
chamber volume (2 .00 ml).

Calibrat ion [F5] See MiPNetl19. 18D. The calibration from the
previous ly saved file is available as a default. T he
oxygen solubility factor, Fum, is 0.89 for culture medium
(RPMI).

View protocol Select Experiment and then Experimental Log or

Graph layout

press [CtrI+F3] and Preview . The protocol has been
saved as a pdf file  fiMiIPNet08.09 IntactCells .pdf o .

04a Flux per volume g . This layout provides a plot of

volume -specific respiratory oxygen flux, which is most
relevant to evaluate experimental details, for instance

the flux measured in relation to the sensitivity of the
instrument (1 pmol &' *Am'®; MiPNet18.10). This plot is
also chosen , when measurements of sample
concentration are available at a later stage only (in
DatLab, press [F6] and Info for further information)

1.2. Flux per mass or flow per cell

Expressions

of oxygen flux (corrected for O2 -background)

Volume -specific flux Jo, [pmol & *@nl!]: T he experimental flux
per unit of chamber volume is the
basis for expressing respiration in a
variety of units.

Flow 1o, [pmol @'A0° cells]: A  system -
specific quantity, in contrast to the
Size - specific quantities.

Mass - specific flux Jo, [pmol & éng

Flux control ratio FCR Normalized  flux, dimensionless,

Graph layout

relative rate

05a Specific flux g is used f or plotting respiration per
unit sample ( Y, axis), in units defined in
AEX per i men[F3] Eakygénoflow per millio n cells,
flux per biomass or protein [mg/ml] ). Respiratory flux
per chamber volume is converted to an extensive

quantity (flow; per cell) or a size -specific quantity (flux;
per mg cell protein or mass). Flow and flux are always
corrected for instrumental O, background, using the
param eters entered in the n o2 s | otgbe of

AFIl ux/ SPresp[e&and Info for information.

OROBOROS INSTRUMENTS
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(3 DatLab [\SERVER\OROBOROS\38_MIPNET-DOCUMENTS\OROBOROS O2K-COURSE ON HRR\O2k
File Oxygraph-2k TIPZk Experiment Calibration |Flux/Slope | Graph Layout Marks 7
Z0u A: 02 slope

omy
B: 02 slope
A: Amp sl [ Slope configuration ‘ -y
160 B: Amp sl
Flux / Slope:  Channel: 14: 02 Default label: 14 02 flow per cells [pmol/[s*Mill]]
A: pX slo
é B:y:\'ilc " Flux per volume Charnber volume 2,00 ml
£ 120
Sample concentration 1.000 million cells/ml M
£ Flux control ratio, FCR State Select 02 flux per
mark [prol/[z"ml]]
Reference |2 2u | 50.23
Bazeline State Select 02 flux per W
cormection mark [pmol/[s*ml]]
Baseline |3Fot |3Rot > Jof 0.88
v an[?:g;ﬁnd a -2.8698 Calibrate a:=|ntereept: flux at zero oxpgen Fleset to Copy
W b ,W BG b* = Slope: flus per oxygen conc. g atem default from file
Slope smoothing 25 w | Stoichiometry © +1 6 -1
MitoPedia: Flux / Slope Cancel | oK |
1.3. Marks on flux
Select Y, as the active plo t (Example: O2 Flow per
cells). Set m arks for calculating  median or average
respiration at relevant metabolic states.
Marks In the Graph pull down menu, select Mouse Control:
) m . Mouse control: Zoom Ctrl+Z
Shlft+|_ 8 TO Set a mark, h0|d [Shlft] v Mouse control: Mark Ctrl+M
and L8 click into the graph
and drag the cursor with the left mouse button along
the time axis. Sequential number s are automatic
default mark name s up to 99 . To delete or reduce a
marked section, hold [Shift +R8 ] and drag the cursor
with the right mo  use button along the time axis.
L8 Rename a single mark by a left click onto the upper or
lower bar of the mark , and edit mark name , value and
comment .
w e | Rename an entire set of marks from the Marks \
N s || o en Names pull down menu . Example:
' MiPNet08_09 IntactC ells6( . The first mark R,
indicates routine respiration of intact ROUTINE
cells; 10my, LEAK state induced by addition of
- e e— oligomycin (Omy) . 2U, electron transport

- system capacity (ETS) after uncoupling; 3Rot,
ROX: residual oxygen consumption after inhibition of
ETS with rotenone (Rot) . Value indicates the volume
(ul) added in each titration.
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Marks ca n be set and named immediately when
proceeding to the next titration. As progressively more
marks are defined, more values appear in the table
Mark statistics [F2].

oz course O IPNET PUBLICATIONS\WIPNET08.09.2003-03-29 P1-02 CELLSOLD) i . B

2 Dattab P

100

SRIC]
ccp
Sample 1.1
ﬂ—. "
80 ‘ 02 Bow pet cel u.
—

Tpmoli(s*Mill]

1A: 02 flow per cells

[Medion U R 0my ] X

. m e
02 5 1997 s 2 o
Sample 1.2
[0z concersamn 18
160 | 80 2hompeccels 18

< V o
s 2
-} ot 3 - template e S=
; 120 Mark statistes Load e Save template | = o o 60 l: g
£ Py Mot o bl | Copyto cipbond 5%
g zo
= T 23
8 80 w0 8§
s s
40 M 20
S ——
0:00 0:05 0:10 0:15 0:20 0:25 0:30
0:30 [h:min]
o I — [ i

.................

Press [ F2] for viewing the tabl
Medians are tabulated in the bottom panel. The active
plot, from which the marks are taken, is selected in
APl ot f or andnshownsbp an X in the bottom
table. Medians are calculated in  the plots selected in

t he A Stal ferdhe marks defined on the active p lot.
L8 Copy to Clipboard and paste the data into a table of
the Excel template

OSUIT_MiPNet08.09 IntactC ells.xIsx 0.

1.4. SUIT_ MiPNet08.09_  Intact Cells.xls x

: File: SUIT_MIiPNet08.09 IntactC ells.xIsx
E g;*;;?;'z‘_;@ ) OROBOROS FileFinder: 02k -Protocols \ O2k -Demo \
— MiPNet08.09 -> scroll to the right for the hyperlink.

Save this template file wunder the subdirectory
fiDatLab \DLDemo \0. In  Supplement C detailed
instructions are provided for data transfer from DatLab
to the Excel template prepared for each SUIT protocol

OROBOROS INSTRUMENTS high -resolution respirometry
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caBEEBBAEED

=TT B = ™7 3 R & P 7 R EEE—— R R
SUIT_MiPNet08.09 IntactC ells.xlsx This Excel file is the template for
DatLab analysis (intact cells) . In the Excel file values are shown in the bar

graphs as median respiration at defined metabolic states.

Excel template for DatLab a nalysis

1. Search for the appropriate Excel template for your
specific SUIT protocol
2. If there is n o specific SUIT protocol available , please

contact OROBOROS support .
3. Instructions for DatlLab analysis are provided in
Supplement C

15. Flux control ratios, FCR
Flux/ Slope Layout Graph Slope configuration .’ -
A: 02 slope Flux / Slope:  Channel: 14: 02 Default label: 14: 02 flow per cells [prnal[==ill]]
B: 02 slope " Flux per volume Chamber valume 2.00 ml
A: Amp slope {* Flow per cells Sample concentration 1.000 million cells/ml Edit experiment | |||
B: Amp slope
" Flux contral ratio, FCR State Select 02 flux per 'y
mark [pmal/[=*ml]]
Reference |2U/ au x| 50.23
Baseline State Select 02 flux per 'y
corection mark [pmal/[=*ml]]
Basefine |3Rot |3Ret Ragn| n.8a
v Egﬁ:s{gﬁnd a -2.8698 Calibrate | @ = Intercept: flux at zero oxpgen Reset to Copy
& ,W BE | D7=Slope: fluxper ompgen conc.  gyctem defauit|  from file
Slope smoothing 25 + | Stoichiometry © +1 0+ -1
HitoPedia: Flux / Slope Cancel | (] 8 |
Internal normalization of flux may be particularly
informative when relating flux to a reference state
within the experimental protocol. For computation of
FCR, activate Y2 axis (O2 flow per cells or O2 flux per

volume ) and select fFlux/Slope 6 [ F5] .

q In the Coupling control protocol ( CCP protocol ),
respiratory capacity of the electron transport system,
ETS, in the noncoupled state is the reference flux , J;.

OROBOROS INSTRUMENTS O2k i tested and trusted
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The baseline flux , Jo, determined as  residual oxygen
consumption (ROX) after inhibition of electron
transport, is subtracted from flux.

After L 8 Save, the entire plot of O , flux is divided by
the reference flux (corrected for baseline flux), to
obtain flux control ratios ( FCR; The Blue Book).

0,81

0,61

04

0,24

oty |17

AS

o
%

=

k=4
>

1B: 02 FCR(bc)
[per ETS]

K
2

Qo
)

S eI

Graph layou t

:30 [h:min]

> . . . 0
0:10 F 0:15 0:20 0:25 0:30
3

R LOMY —

07b Flux Control Ratios overlay g is used i n the graph
above, plotting the norma lized flux for both chambers

in a single graph  (Graph 1 ). The range for both Y axes
is set to 1.0 [F6]. O xygen concentration is plotted in
Graph 2 for both chambers (not shown)

In addition, t he values

0.8 1

0.6 1

0.4 1

Flux control ratio (mt)

0.2 4

0.0 4

1.0

of the FCR are also
08 automatically  obtained
both  graphically and
numerically from Mark

0.6

Flux control ratio (mt)

0a] 2% statistics [F2] and Copy
to Clipboard, exported
o 0.00 into an Excel template
o 00 0.0 for  DatLab analysis
5 A A (see above, file

SUIT_MiPNet08.09_Int
actCells.xIsx ).

For a discussion of flux control ratios, FCR, in relation
to the respiratory control ratio, RCR, see: The Blue
Book and Gnaiger (2008).

2. 02 -instrumental background oxygen flux

Use the  system default values for automatic
instrumental O, background correction if no
experimental background tests (MiPNet14.06 ) have

been performed . For calibration of the 02k -
instrumental b ackground, incubation medium without
biological sample is added to the O 2k-Chamber at
experimental conditions. E

OROBOROS INSTRUMENTS
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2.1. MiPNet14.06_InstrumentalO2background .DLD

MiPNet14.06_ InstrumentalO2b ackground .DLD

gk\j ) OROBOROS FileFinder: 02k -Protocols \ 02k -SOP \
— MiPNet14.06 -> scroll to the right for the hyperlink.

You may save the demo file on your PC under the
Ssubdi r e tDathab yDLDemo \ii .

This DatLab file can also be download ed from
http://wiki.oroboros.at/index.php/MiPNet14.06_Instrumental
Background#Excel_templates

MiPNet14.06_InstrumentalO2background .DLD

File Oxygraph-2k TIP2k Experiment Calibrotion Flux/Slope Graph Leyout Marks ?
200-

160

4
120
A A\ -~
A 4

80 v

[pmoli(s*ml)]

4A: 02 concentration
M)
4A: 02 slope neg.

40

0:00 0:15 0:30 0:45 :00 1:15 1:30
1:30 [h:min]

‘T\len .
160
S - 4
g 120 ?%
i oo | g2
5w . 8g
g W
40
8
0:‘00 0:15 0:30 0:45 :00 1:15 1:30
1:30 [h:min]
N EY — — T — & o B
Graph layout 02 Calibration - Background g . A 30 min time range is
frequently used online . Time may be compressed to a
rangeof 1,2 ,.. h,or changedto fi Aut o stomalaxi s 0.

Oxygen calibration (MiPNet19. 18D)
R1 The O2-background test starts with air calibration using

a gas phase of air above the stirred experimental
medium . Equilibrium is gradually obtained between the
gas and aqueous phase s for air calibration of the
oxygen signal. When t he signal is constant at
equilib rium , and the slope is zero , a section of this
region is marked as  R1. Information on the zero oxygen
signal , Ry, is obtained from a  dithionite zero calibration
marked RO.

OROBOROS INSTRUMENTS O2k i tested and trusted
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2.2.

2.3.

Instrumental 02 -background

L8 click on Y, at the right side of the graph (figure
legend) , to s elect the negative slope of the oxygen
signal as the active plot, which is displayed on the Y2
axis.
J%1 After closing the chamber (2 ml) , the instrumental O2 -
background oxygen flux is obtained at air saturation
mark ed as J°1 for the first section near air saturation
(marks on Y, are shown for chamber A in the figure
displayed above ). Step-wise reduced oxygen levels are
achieved by exchange of oxygen between the aqueous
phase and a gas phase flushed with nitrogen or argon :
using the 50 ml gas injection syringe . The chamber is
closed again at selected oxygen levels and the O
background flux is recorded

Yo

O2 s lope neg . (A) [pmol/(s*ml)] After closing the chamber, the

oxygen consumption by the

polarographic oxygen sensor is

L1 I=

J*1 0.00000 = E—
J2 0.00000 Preview
0.00000 humerical sequence

shown as a constant slope

Preview
from template

I oo (Mark J°;). Approximately 10

' . min are required f or
stabilization of the signal , but
always allow for sufficient time
until flux has stabilized before

setting a mark . Note that no

MicPadis: bk names sweienony| cowd | reane || Mark mus t be set on the plot

of flux for the air calibration
period . At progressively lower steps of oxygen
concentration, the oxygen consumption by the sensor
decreases linearly, and the effect of oxygen
backdiffusion is finally apparent as a positive slope or

neg ative flux (Marks J°> to J°4). Mark names are
selected from the pull down menu Marks \ Names,
selectingthe t emp | D2 dadkgroundo.

02k -SOP In the automa tic O2 -background test with the TIP2k

(MiPNet14.06 ), a zero oxygen calibration is added
automatically ( RO0). Open the O2 -Calibration window
and add the RO calibration in real -time. Do not place a
mark on the slope p lotinth is phase.

Calibration of O2 - background parameters

DatLab 7 Openthe Flux/Slope window . Openthe O2 slope tab for
the specific chamber and in section "Background
correction” L8 Calibrate BG .

OROBOROS INSTRUMENTS high -resolution respirometry
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V Select the marks for calculation of the

02 Background o . O2-background param eters, which are

Calculate background caomection for | S h own as é | nt er ce p t a A 6
4B: 02 concentration !
Select marks on zlope for linear regression L8 Save . The baCkgl’Ound pal’ameters are
o Calculated background thus calibrated and  automatically —available
v 13 Intercept, 5° 18744 | for the corresponding correction of O 2 flux,
Sl 5 1ol where Jop is the volume -specific oxygen
Fé=0.99082 flux [pmol O ,A's'A m '], in the same units
ET— a® is the intercept at zero oxygen
Cocel | sawe | concentration, and Coz Iis the oxygen
I concentration [nmol  O,A nil] at each data
point .
o 0 A (0]
Eq.(1) Jo, = b Aco,+ a
— v 0 A o}
Eq.(2) Jo,(corr.) = Jo,(uncorr.) T (b” Acgo, + &)
2.4. Background quality control
L8 Show graph in the window shown above.
Quality of linear regression I I . Quality of linear VEQIESSiOHI I
304 T 020 5
L c 3
o J4 D J4
% 207 ? 010 &
é 1.0 i&
% 000
g 0.0 | &
o - -0.10 E .
1D—. -...................‘
4‘0 GIU SIU 60 120 1¢|10 1&‘50 4‘0 5‘0 S‘U 160 _1£U 1“10 1(1}0
02 concentration [pM] 02 concentration [pM]
Show corrected v Show legend Copy to clipboard | | Cloze | |Sh0wuncolrecled| v Show legend Copy to clipboard | Cloze |
Linear dependence of 0O2-background oxygen flux (O2k slope neg.)on O ,

concentration, showing the selected data points (marks) and the linear
regression (left). L8 Show corrected to display the residuals (02 flux
corr.), i.e. the deviations of the measured d ata points from the linear
regression. These deviations should be <1 pmol O LA's'A nilt. Resolution of
experimental O , flux cannot be better than the deviations from the ideal

line of zero O , flux after application of the O2 -background corrections
(MiPNet14.06 ; Eg. 2).
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P Show legend Shows the legend and data labels
Graph layout \ i -
Plots | Scalng | Info |
Select graph [BRRRRZII ~
Oxygen. 02 | System channets |
02 signal P
[ y1 [ y2 @ Usedefoul label _Use custom label Color Widh _ Linestyle
4A 02 concentiation Charnel lsbet: 02 Wt ]33] [Soid ~
LM) [ L ™ Raw signal
02 Flux / Slnner ot ] clu abel & Fl " Color Width  Linestyle
O t i v
LR v B © Nomatesion WRRed  ~][6 3] [Soid S
o]
[pmol/fsm) r @Esckgound cor.  Uni | prold(s*mi) | [ Raw signal
02 signal
@& Use default label [alll] tom label Color Width _ Linestyle
1Y .0 concentatin S Charel labet: 02 Wb ~][3 2] [Soid S
M) [ v ] ] Row snal
02 Pl / Slope_ - . —= TR
+ Use default label U: tom label * Fho [ i inest
w2 o D;Elhx:.v e se custom labe 2 o per volume el 2 o -
. (o]
owaterll r @?a}:kgpund con] Unk [pmolfem) =] [~ Raw signal
@ Reference |
z a i:ﬂe ayouts | ayout type [02kCore ~| R
 User Carolina  Lavout name [02 Calisation - Backgiound o L
MilcPed i for Dall Cancel
Graph layout Select Layout 02 Calibration - Background g . In

Layout press Info / Load / Save. | n APl otsdo tab cl
ABackground c o Figure 0 aboye s)e fer both

chambers. The plot displayed is the background -

corrected volume -specific oxygen flux. This corrected

plot is useful for evaluating the selection of marks after

sufficient equilibratio n times. Ideally, corrected flux of

an O, background test should be zero at any oxygen

level (excluding dithionite -induced anoxia) , when the
O2k-Chamber is closed (correction does not make

sense when the chambe  ris open for air calibration).

_ Save the O2 -background calibration in real -time before
disconnecting DatLab and c ontinuing with an
experiment. Upo n re -connection to the O 2k (Close and
Connect), all calibration s parameters are transferred
and are automatically applied as default values in  the
next experiment  s.

OROBOROS INSTRUMENTS high -resolution respirometry



















