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PVDF electrode housing:

Development of a TPP* electrode

Tetraphenylphosphonium (TPP*) accumulates in the mitochondrial
matrix as a function of the mitochondrial membrane potential.

Cl

N

Tetraphenylphophonium chloride

The TPP* electrode is an ion selective electrode (ISE). The signal [V] of
the TPP* electrode is linearly dependent on the logarithm of free [TPP].

The ISE system (OROBOROS INSTRUMENTS) consists of separate
measuring and reference electrodes. The ISE are inserted through the
stoppers into two chambers of the Oxygraph-2k and connected to the
potentiometric channels of the O2k-MultiSensor system, for simultaneous
recording of oxygen and TPP~.

A long-term study over 3.5 months

Features of the OROBOROS TPP* electrode

ISE membrane composition: and minimize side effects by chemical

substances such as ethanol and ADP

+ minimal O, storage and diffusion

+ minimal carry-over of inhibitors

imized to increase signal stability

Figure 1: Set with 2 TPP* and 2 reference electrodes

_ — -0.008
012 i
: B
= 0004 @
N -0.144 ’ g
T_; K%ﬂm A m | £
g, 7 / / / //ww,, | //—k, , N J“‘M/—’J_\—/LL ’ ff/r\r ‘ A ﬂﬁ%\ U~ My B /\N\Uhf M P/\f (\’\\,ff fﬂf L\f /'\A,A U /\/\L’:o @
= | ,
® 0168 } ( | | | | | 2
% ] | | ‘ | , g
x ’ | | | | --0.004 2
x ‘\ | | 7 - w
o 0.192- | i
) | ,
. | --0.008
0216 | |
0:35:00 0:52:30 1:10:00 1:27:30 1:45:00 2:02:30 2:20:00
Ra%ge [h:min:s]: 1:45:00
TIPOATIP end TIP 00t PO02 P03 P004 P005 ) 007 PO08 PO09 PO10 FO11 PO12 PO13 PO14 PO15 PO16 IP end
1e-7 2e-7 de-7 5e-7  6e-7 Be 1.0e-6  1.2e-6 1.4e-6 1.6e-6 2e6  25e6  Be6 4e-6 56-6 6.98e-6 9.96e-6

Figure 2: Calibration test of a TPP* electrode performed in Oxygraph-2k chamber in MiRO6, 37°C
with stirring speed 750 rpm. The calibration solution (1 mM TPPCI in 100 mM KCI) was injected
automatically with TIP2k. A calibration range 0.1 -10 yM TPP* was covered in 17 steps at 5 min
intervals, using data recording intervals of 1 s.

Raw signal @ 0 TPP Sensitivity @ 1-3uMTPP  Critical [TPP'] @ 40 mV/dec  |Drift| of raw signal

[mV] [mV/dec] [uM] [mV/s]
Mean £SD -196 + 14 53+5 0.7%20.3 0.0007
n 96 99 82 99

Table 1: Typical performance parameters of OROBOROS TPP* electrodes. Values are calculated
from non-amplified signal.The critical sensitivity is defined at 40 mV/decade [mV/dec]. At this sensitivity,
the critical [TPP+] was 0.7 uM. The absolute value of drift was measured in all calibration runs in the
range 2-5 uM TPP~.

To evaluate the long-term stability of 10 TPP* electrodes Results Summary
without change of membranes
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with rinsing procedure necessary for removal of inhibitors test group @0TPP* @1-3uMTPP' @ 40 mV/dec of rawsignal  time
and uncouplers: water, 99% ethanol, water [mV] [mV/dec] [uM] [mV/s] [s] 1. High sensitivity: > 40 mV/dec for [TPP*] >0.7 uM
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Desig n Water (5) -213 +18(3) 52 +4 1.0+ 04 0.0006 16+ 6 2. Low detection limit: < 0.2 yM TPP
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a new membrane: 10" Ethanol(4) -189+18 54+ 7 0.9+ 0.4 0.0006 52 + 19* 1. The zero signal, sensitivity, and critical [TPP*] did

e one calibration run (Fig. 2) per electrode every 7-14 days Water (4)  -198+12 5545 04 £0.2* 00003 36+ 14* not change significantly within 3.5 months (Table 2).

» 10 runs each electrode Table 2: Performance parameters of TPP* electrodes in the course of the 2. The response time increased slightly IN the course
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a) V] *P<0.05 vs. water group in the same run. electrodes (Figure 5).
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Figure 4: Evaluation of the response time of a TPP* electrode.
a) 1t calibration run b) 10* calibration run

mitochondrial respiration.
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