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Lecture to the 3rd World Congr of Cell and Mol Biol, 8.-13.Oct.2000, Jena:

Starting point - to the results I am presenting today - was my appointment with Theodor
Wieland at the MPI for medical research, Heidelberg, and his work on oxidative
phosphorylation – model systems to the synthesis of ATP:
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The model, I will present today, arises out of experimental results – obtained by my groups -
and known physical and biophysical basic (natural) laws: first published results during the
year 1976 = effects of lipophilic maleimides, thiouracils and thioureas = lipophilic thiol – and
sulfenylgroup reagents – on mitochondrial energy linked functions: incl.RCR (thesis, FEBS
Letters 61, 68-71 and 72, 24-28):
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One result obtained – beside other results - was the finding of the involvement of glutathione
in the energy transduction of mitochondria (thesis76):

Now, I will show some morphological pictures of mitochondria – electron mikroscopic details
– show the methods used in tables, present some few measurements, point to the optical
probes used, ... and finally explaine the model.

The next slide shows epithel cells of a kidney tubulus
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Mitochondria with cristae (arrow), - partly damaged mitochondria: cristae/condensed plus
extended – extended mitochondria; extended mitochondria – cristae parallel to the basal
lamina – in heart muscle cells: parallel to the muscles

• liver mitochondria – expanded and condensed
•• brown fat tissue mitochondria of the new born: burn of fat for the production of heat
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•• liver mitochondria, expanded  - with heavy Ca (Pi) deposits/hydroxyapatite = swollen
(extended)
••• structur variation of mitochondria

Mitochondria with outer membrane and highly structured/folded inner membrane or cristae –
highly oriented in one direction!

Magnified cristae: you can see the „knobs“ on
the surface of the cristea –

Cristea further unlarged: double membrane with
„knobs“ = the K+-ATPase/ATPsynthase –
not in line, very dense packed → directly
neighbared – physically in contact!
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A) double membrane/cristae with ATPase

B) the inner surface of the inner membrane – with densely packed ATPase

C) submitochondrial particles/sonicated mitochondria – isolated cristae

- arrangement of the K+-ATPase along the cristae and its function (– remember the
kidney): heat/water pump with gradients of K+/voltage, magnetic field and current

→→→→ this model will be shown again -

At first to the methods employed in order to get the model:
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Now some examples/a selection of results –
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The distribution of some ions between plasma, cytosol and mitochondria:

Sodium- und potassium-gradients between plasma/ cytosol and mitochondria –
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14C-DNP-accumulation in the presence of NSPM →→→→ inhibition by the lipophilic thiol
reagent:

14C-DNP-accumulation in the presence of NSPM
___________________________________________________________________________

Conditions                                                                              14C-DNP, Pellet    Accumulation
      nmol/mg          nmol/mg    %

___________________________________________________________________________
95 µM 14C-DNP                                                                  13.30 ± 0.33 (3)       6.63    100

95 µM 14C-DNP, + 223 nmoles Triton X 100/mg a)                   6.67 ± 0.10 (3)        0      0

95 µM 14C-DNP, +   20 nmoles NSPM/mg                          8.75 + 0.15 (3)       2.08    31.4

20 nmoles NSPM/mg, + 95 µM       14C-DNP                          11.60 t 0.10 (3)        4.93    74.4

__________________________________________________________________________________________

a) amount of Triton resulting in uncoupling; inhibition of RCR at 90 nmoles/mg

Effect of various uncouplers on the coupled respiration of rat liver mitochondria:

- Inhibition of the NSPM-, Cd2+-, Nigericin-stimulation by Mg2+

- Further stimulation of valinomycin- and DNP-stimulation by Mg2+:

In correlation: inhibition of NSPM induced mitochondrial swelling (turbitity change =
ion movement) by Mg2+:
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and
pH-gradient (4-MU), membrane potential (DiS-C3-(S)) and swelling (turbitity change) of
mitochondria in the presence of NSPM or valinomycin:

A) proton release

A) + B) potassium cycling across the
K+/H+-exchange system induced by
succinate oxidation and the activated
K+-ATPase

C)  in correlation: swelling – water
uptake → oscillations by the
countermovement of ions

Typical curves out of
K+-transport-
measurements with a
K+-Beckmann-
electrode +/- NSPM
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Summation of the results obtained
with the K+-Beckmann-electrode:

Potassium release in the presence of
NSPM (-Pi) +/- O2 = aerob/anaerob

= uptake/release → balance

Two probes used for measurements on SMP, CV, F1:

a)oxonol VI for effects on
∆ϕ/conformation-
on energization shift of
absorption from 602 to 630 nm

b)ACMA for ∆pH-changes-
on energization fluorescence
change from 410 to 480 nm

Some measurements using the energy dep. fluorescence quenching of ACMA in SMP:
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Effects of K+,Ca2+(chlorids) and Nig/Val/TTFB: K+ and Ca2+ show effects related to their
osmotic activity relations = law of physics (osmotic activities)

  .......of NSPM (similar to K+, Ca2+), Cd2+, NEM (without effect)...
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ATP-dependent shift /response of oxonol VI in complex V with an ATP regenerating
system:

Effect of K+ and ATP –

detection of conformational
changes in CV (complex V):

ATP-dependent shift/response of
OxVI in complex V using PEP/PK as
ATP regenerating system

Labeling of SMP by [[[[14C]]]]-NSPM in the presence of Diamide or CAT (=proteomics):
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Summation of some measurements on the ATPase:

• neg.cooperativity in DCCD-binding
          •• extrem neg.cooperativity in K+-binding/transport (3.EBEC)...
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The model shows the coupling
between the K+-ATPase (F1),
membrane part of the ATPase (F0),
ATPsynthase and the nucleotide
carrier

Movement of K+ along the Fo-part of the ATPase: Induction of K+-specifity by
valinomycin
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Coupling between the K+-ATPase and the K+/H+-antiport system: sensitivity of
voltage/field/ current to for instance CCCP-:  →→→→ on mitochondria from the outside...

Thermoregulation by mitochondria: heat exchange by the water pump/K-ATPase



19

The kidney again: cristae oriented along/paralel to the basal lamina – heart muscle cells
paralel to the muscles:
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Summation of the results on these cristae:

Gradient of voltage, magnetic field, current and K+ (and
temperature) between and in the intermembraneous
space:

the result: ...pumping of water and heat out of this space...

I hope this overview gives you an impression of the
complexity of the mitochondrial thermodynamics and
electrophysiology and its involvement in the proper
functions of the human body.
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Appendix:

To this matter, see also the lecture given at the 23.Jahrest.DGZ 1999, 14.-18.3,Rostock,
Eur.J.Cell.Biol.78 (Suppl.49), p.89, P 247 and the GBM-Tagung on BioMembranes, 8.-
10.April 1999, Jena, Abstract at the end and at www.rki-i.com .
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Eur.J.Cell Biol. 78 (Suppl.49), p.89, P 247:

GBM-Tagung an BioMembranes, April 8-10, 1999; Jena:
The redox potential/electron transfer is responsible for stress protein or 02'-synthesis/Transport and
proliferation                    p.103, P13
R. Kiehl, Lab and Research for Mol Med/Biology, Saliterweg 1, D-93437 Furth i.W./FRG.

The plasma membrane NADPH oxidase is a rather complicated electron transfer system, which resembles
probably the most important crossover-, end- and starting point of various signal transduction pathways:
Ca2+/Mg2+-sensitive phosphorylation and dephosphorylation (incl.  JAK-STAT-g-protein-pathway) of the
complex regulates the electron transfer (incl. thiol/disulfid-interchange-cyt/FeS-protein) between
mitochondria / plasma and nucleus / ER (NADH/ATP-NADPH/K +-02/02

--DNA/IgE-cyt P450).  Another
control is played for instance by arachidonic acid (delivered by PLA2).  The entire complex is not a
permanent entety of the membrane, but is built up during defence conditions: The NADPH oxidase
belongs then to enzyme systems like insulinR, nAcChR, adenylate cyclase, mitochondrial K+ ATPase/ATP-
synthase presenting a universal principle of nature: The connecting logistics between CNS (adrenal
cortex) and blood/immune system/cells is played by electron transfer or redox potential and may be
visualized by the successful treatment of various diseases and psychological disorders with acupuncture/
homeopathy/ relaxation therapy or drugs.  We try to connect natural sciences in order to get involved into
this logistic for prediction of effective new treatments, which includes the modeling of interfering drugs
for instance.
Kiehl, R. (1995/96). Habilthesis, LMU Munich, Med.Fac.; Kiehl, R.(1997). Amino Acids 13, 50/51.
Kiehl, R (1998) Proc,17.Int Symp, Electr/Blood Gas, Int.Work. Group on Confl.of CritCareAnal. and
NearPatientTesting, Nice; Kiehl, R. (1998). Biotechnology Int. (Universal Med.Press).

Further References under www.rki-i.com “publications”/Publikationen  - Literaturliste/ Dateien,
Book under “materials”/Materialien.
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