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Dr. Octavian Călinescu, Dr. Miyer Fabián Patiño-Ruiz
and Dr. Klaus Fendler recently published a paper in
Nature Scientiﬁc Reports where they investigated
the tranport mechanism and stoichiometry of the
NhaB Na+/H+ exchanger using site-speciﬁc point mutagenesis of two protonatable residues thought to reside
within the transmembrane region of NhaB of Klebisella
Pneumoniae.
The SURFE2R N1 and ﬂuorimetric methods where used
in the study, and we were curious to ﬁnd out why they
had chosen the SURFE2R N1, and how the platform
facilitated their studies.

AB:
Octavian, you’ve got a few publications on functional characterization
of several Na+/H+ exchangers. Why
did you choose SSM-based electrophysiology to investigate these types
of transporters?

“It is definitely helpful to be able to measure
both types of currents using SSM-based electrophysiology. Indeed, this allowed us to characterize transporters that are not overall electrogenic by isolating electrogenic steps in the
reaction cycle for which pre-steady-state currents could be recorded”.
Assoc. Prof. Dr. Octavian Călinescu,
University of Medicine and Pharmacy
Bucharest, Romania

OC: As the investigated Na+/H+ exchangers were of
prokaryotic origin, there are remarkably few methods
available for functional investigation. Out of those
available, SSM-based electrophysiology is the one
that gives by far the most information about the transport function, without requiring excessive amounts of
purified protein. Essentially, as long as there is an electrogenic step in the transport cycle of a transporter,
there is a good chance that you can draw relevant
information from SSM electrophysiological recordings.

AB:
A big topic for researchers using
SSM-based electrophysiology is the
differentiation between transport
currents and pre steady-state / binding currents. You measured both in
one single experiment. Please tell us
about your experimental approach!

OC: It is always tricky to distinguish between the two
cases as all currents are transient on the SSM due to
capacitive coupling. However, we have devised a
few criteria (see our recent paper in Scientific Reports
for details) which make it easier to assign currents as
either pre-steady-state or steady-state. It is definitely
helpful to be able to measure both types of currents
using SSM-based electrophysiology. Indeed, this allowed us to characterize transporters that are not
overall electrogenic by isolating electrogenic steps
in the reaction cycle for which pre-steady-state currents could be recorded (see our 2014 JBC paper for
a description). Furthermore, the appearance of a presteady-state current under certain conditions instead
of a steady-state current is an indicator that either the
entire transport cycle cannot be completed or, potentially, that the stoichiometry might have changed,
as was the case in our latest Scientific Reports paper.

Prof. Dr. Klaus Fendler,
Max-Plack-Institute of
Biophysics, Frankfurt am
Main, Germany, says:
“The competition-based transport
mechanism of Na+/H+ exchangers
of the cation proton antiporter
family is now well established. In
their recent papers Călinescu and
Patiño-Ruiz, show that the same
mechanism also applies to bacterial
exchangers of a different family and
even to a human Na+/H+ exchanger.
Obviously, nature uses this principle
to accomplish Na+/H+ exchange
in widely different tissues and with
various stoichiometries. This leads us
to the fascinating question how the
structure of the substrate binding site
determines stoichiometry, the topic
of their last publication.”

AB:
Miyer, you just ﬁnished your Ph.D.studies and accumulated a lot of
experience using different electrophysiology techniques. How do you
think does SSM-based electrophysiology scores against patch clamp
or bilayer setups?
Figure 4 b (p. 7) & ﬁgure 4 d (p. 7), from
Nature, Sci Rep 9, 15390 (2019)

Figure 2: Current traces recorded for the sodium/proton exchanger
KpNhaB D146A/D404A upon sodium concentration jumps at pH
7.5 (left) and pH 9.5 (right) using the SURFE2R N1. Depending on
proton concentration, the transport stoichiometry switches from
1Na+/2H+ to 2Na+/1H+, resulting in negative and positive currents
respectively. Nature, Sci Rep 9, 15390 (2019)

MFPR: SSM-based electrophysiology is a suitable technique to study bacterial ion-translocating membranesystems which are otherwise difﬁcult to approach
using conventional electrophysiological techniques,
like patch clamp. Additionally, the mechanical stability of SSMs facilitates the transport activation through
fast solution exchange, a condition that is technically
challenging in a setup of a bilayer separating two solution-containing compartments. This makes SSM-based
electrophysiology a more versatile technique in terms
of the variety of substrates that can be tested.

AB:
Your experiments revealed information about the stoichiometry of
Na+/H+ exchange. Many researchers
want to know the exact stoichiometry of transport. Is it as easy as just
comparing the sign of the current
amplitude?
MFPR: The polarity of the signals obtained through SSMbased electrophysiology contains information regarding the direction of the net charge translocated upon
a substrate concentration jump. If the transport modality (symport, antiport, uniport) for any electrogenic
transporter is known, it is possible to infer logical stoichiometric ratios that give rise to the observed current
polarity. However, to determine the exact stoichiometry it is useful to complement the current analysis with
other techniques. In our recent paper, for example,
we used ﬂuorimetric measurements of the membrane
potential to corroborate the transport stoichiometry of
the Na+/H+ exchanger KpNhaB.

“SSM-based electrophysiology is a suitable
technique to study bacterial ion-translocating
membrane- systems which are otherwise difﬁcult to approach using conventional electrophysiological techniques, like patch clamp.

Figure 3: The SURFE2R N1 platform allows for the investigation of
electrogenic membrane transport proteins with high sensitivity.
So far over 100 targets have been studied including symporters,
exchangers, uniporters, ion pumps and ion channels.

The SURFE2R N1 System

The electrophysiological characterization of a
transporter using the SURFE2R technology involves
testing different substrates for their relative Vmax
and apparent KM values. Various inhibition assays
can be performed, either as control experiment or for determination of IC50 values. In the
case of proton-coupled transporters, pH proﬁles are
determined. Many parameters can be investigated
including the inﬂuence of concentration gradients or
membrane potential, determination of transport
versus binding signals, calculation of rate constants,
stoichiometry, and overall kinetic transport models.

Additionally, the mechanical stability of SSMs
facilitates the transport activation through fast
solution exchange, a condition that is technically challenging in a setup of a bilayer separating two solution-containing compartments.”
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