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The research performed during the last 20 years lead inevitably to the formulation of the mitochondrial
Bl -complex as coupled K'/H,O-pump (similar to the nAChR) with H'/P;-inducible ATPsynthase as
well as to the respiratory chain substrate driven K'/H -antiport system. These systems are linked to-
gether in anticyclic energy driven K'/H,0, H'/P;-movements and oscillations (swelling plus contrac-
tion of the mitochondrial matrix space by osmotically active K -ions), controlled by O, and the fiee
Mg™ - and Ca’" -concentrations in the cytosol of the cells.The systems is responsible for the thermo-
regulation of our body. - The cyclic hydrolysis/synthesis of ATP and the concomitantly cyvelic relea-
se/binding of Mg™" in the "steady state flow system" releases heat (g) and the temperature (AT} is per-
rpanenl'd}- raised. The released heat is constantly distributed throughout the entire body by the oscilla-
ting mitochondria, as well as the pumping heart, and is used up by the normal body functions, Distur-
bances of this system are normally compensated for by lower/higher respiration rates. The essentially
by iron and its state of oxidation dependent H'/e” displacements, current (i), lead to high local voltages
(&V) over the membrane with corresponding magnetic fields (H), The entire system is dependent on
oxidized and reduced glutathione.

Starting point - to the results | am presenting today - was my appointmbniiveiodor
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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Formation of Adenosine Triphosphate (ATFP)
from Adenosine Diphosphate (ADP) and
Phosphate during Oxidation of Mercaptoacetate by
Bromine (13

By Th: Wieland and K Biwerlelni*]

We have converted oxidation energy into the snergy of the
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by bromine in pyridine in the présence of ADP and phes- Bty ety | L3 |_| D | | 58 | .U |

:::zg:s::;:[::T:o“:ig?;; g::n‘ﬂ::i;:r:?:f:ﬂ:::ﬂ:ﬂa Mercaproateiats | with { =ith.| with | wiche with | withd wich| with-
= [T caup el aul

um {TBA) salts of ADP and P, and that yields exceed 303,

In several Batehes, 13.33 ml of 0.1 o (TBANOH solution in Has il Sl o2 B o] el Bl

2-propanclimethegncl (Merck, Darmstade) was treated with IR o= o

0.67 ml af 1 ¥ solutlon of ca. 90% phosphaoric acid in di- RN A | 24

oxang; 0,107 g of ADPHy-3 HyO {(C. F. Bochringer und E pr—

Sochne, Tutzing) was dissolved therein, and then 0.016 ml il Bk Ha A e

of freshly distilled mereaptoacstic acid was added. The solu-

tion was evaporated under vacuum, snd the residue was dried Riccived: Septeciber 18, [958 (2§76 1E)

over PyOyg for 20 min st 0.1 torr and then disolved with
sticriag 1o 9 mloof anbhydrous pyeidice, whereapon a desp
yetlow color developed. (A solution of the TBA salt of
mercaproacetic acid in anhydrous pyridine fs colordess.) The
solution was then treated, By dropwise addition within & few
minutes, with 5o mmaols (K028 mi, 3fp mmole (G811 mi),
or 0,133 mmole (= 1.2xLjs mmole) (0.007 ml) of bromine,
each amount in 1 ml of anhydrous pyridine.

This caused o color change from desp vellow through deep
red to pals yellow: @ precipitate wus formed after o fow
minutes. Aflsr 1 h each batch (several repeats) was worked
up for deteriination of ATP (results in Table 1).

™o more than conjectures can be made at present about the
meshanism of this coupled reaction, Tt may be that a sulfsnyl
bramide s first formed by bromination of the thiol and then
eombites with {he phosphate jon Lo give a miked sulfeniz
phozphorie anhydride R3O POH", which is the actual
pkosphorylating agent.
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The model, | will present today, arises out of experimental results — obtaineddrgupg -
and known physical and biophysical basic (natural) laws: first published régtiitg the
year 1976 = effects of lipophilic maleimides, thiouracils and thioureas = lipoftiic— and
sulfenylgroup reagents — on mitochondrial energy linked functions: incl. RCR (tRESIS
Letters 61, 68-71 and 72, 24-28):

Volume 72, number 1

FEBS LETTERS
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December 1976

Effects of various Mesubstiluted maleimides on the respiration of ox hean mitochaondeia with glugamate + malate a3 subsirates
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Effect of NSPM and the correlated succinimide NSPS, on the coupled respiration of ox heart mitochondria, The lines
represent the output from an oxygen electrode. The numbers on the lines are respiration rates, umoles of oxygen mg™" protein b~
at 25°C, Experiment A and D: ox heart mitochondria (2.70 mg) were added to a reaction mixture consisting of 2.4 ml 0,25 M
sucrose containing 2.5 mM glutamate, 2.5 mM D,L-malate, 5§ mM malonate, 20 mM KCl, 5 mM MgCl,, 10 mM phosphate and
20 mM Tris—HC, pH 7.4. Experiment B: ox heart mitochondria (2.89 mg) were added to a reaction mbxture consisting of 2.4 ml
0.25 mM sucrose containing 10 mM succinate, 20 mM KClL, § mM MgCl,, 10 mM phosphate and 20 mM Tris—HCI, pH 7.4,
Experiment C: ox heart mitochondria (1.80 mg) were added to a reaction mixture congisting of 2.4 mi IUJ!S M zucrose containing
2.5 mM ascorbate, 0.25 mM TMPD, 20 mM KCI, 5 mM MgCl,, 10 mM phosphate and 20 mM Tris—HCI, pi 7.4
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Effect of NTU on the coupled respiration of mitochondria. The lines represent the output from an oxygen clecirode. The
numbers on the lines are respiration rates, pmoles of oxygen mg™! protein b -7 at 25°C, Experiment A: ox heart mitochondria
{2.91 mg) were added to 3 reaction mixture consisling of 2.4 ml 0.25 M sucrose conteining 2.5 mM glutamate, 2.5 mM D, L-
malate, § mM malonate, 20 mM KCl, 5 mM MgCly, 10 mM phosphate and 20 mM Tris—HCL, pH 7.4. Experiment B: ox h;:art
titochondria (2.91 mg) were added to a reaction mixture consisting of 2.4 ml 0.25 mM sucrase containing 10 mM succinate
20 mM KCI, 5§ mM MaCl,, 10 mM phosphate and 20 mM Tris—HCI, pH 7.4, Expetiment C: ox heart mitochondria (1.94 mg}’wcm
added to a reaction mixture consisting of 2.4 ml 0.25 M sucross containing 2.5 mM ascorbate, 0.25 mM TMPD, 20 mM KOl
§ mM MgCl,, 10 mM phosphate and 20 mM Tris-HCl, pH 7.4. ]



One result obtained — beside other results - was the finding of the involvement thighgta
in the energy transduction of mitochondria (thesis76):

Beim isclierten, verunreinigten Reaktionsprodukt handelt es sich |
wahrscheinlich um das gemischte Disulfid des Glutathions mit 35g.nTU |
{(nach Totalhydrolyse gespalten,S.56). Ehnlich wie die DCCD-Reaktions- |
produkte findet man dieses NTU-Reaktionsprodukt bei MG 10000 {Elw,S.STﬂ

I
f
L

Dieses 10000 MG-Protein spielt wahrscheinlich eine zentrale Rolle
bei der ATP-Synthese. Folgende Reaktionen sind denkbar (analog [59]]:

Jr £~ (10000 MG) H
Glutathion-S-5-Protein Glutathion-S5«5-Protein
= & : — | : : |
+ S -Thiouracil 4o~ Thicuracil |

H20 5 e L
(-———--* Glutathion-5-5-H + Uracil £

Now, | will show some morphological pictures of mitochondria — electron mikroscopitsdeta
— show the methods used in tables, present some few measurements, point to the optical
probes used, ... and finally explaine the model.

The next sllde shows eplthel ceIIs of a kidney tubulus
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Mitochondria with cristae (arrow), - partly damaged mitochondria: crisiadénsed plus
extended — extended mitochondria; extended mitochondria — cristae parallel to the basa
lamina — in heart muscle cells: parallel to the muscles
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chondsien beim ﬂcigy_g vom Ruhezustamd #u
starker Atmung. Wenn wenig oder kein ADF
vorhasden ist (keine nennenswerte Atmung),
liegt die in Dinnschnitten intakter Gewebe
normalerweise su beobachiends Konlormation
vor. Ist ADF dugegen i Uberschull zugegen,
so siells sich die strukturell stark kondensierte
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* liver mitochondria — expanded and condensed
*+ brown fat tissue mitochondria of the new born: burn of fat for the production of heat



«« liver mitochondria, expanded - with heavy Cg (feposits/hydroxyapatite = swollen
(extended)
eee structur variation of mitochondria

Outer—~——___
membrane

Mitochondrion

Intermembrane _
space

Inner
membrane

={rislae

il
100 nm

Figure 7.21

The mitochoendrion. The double membrane of the mitochandrion is evident in the draw-
ing and the micrograph (TEM). The cristae are infoldings of the inner membrane. The
three-dimensional drawing emphasizes the relationships between the two membranes

and the compartments they bound: the intermembrane space and the mitochondrial
matrix,

Mitochondria with outer membrane and highly structured/folded inner membranetae eris
highly oriented in one direction!

Magnified cristae: you can see the ,knobs* on
the surface of the cristea —

Cristea further unlarged: double membrane with
ntermembrane ,knobs* = the K-ATPase/ATPsynthase —

jroane not in line, very dense packed directly

- Matrix neighbared — physically in contact!

. K*RTRase/
- ATP synthase
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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 criste

- 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 —



The distribution of some ions between plasma, cytosol and mitochondria:

Sodium- und potassium-gradients between plasma/ cytosol and mitochondria —

Table TIT. Distribution of varicus ions between plasma,

cytosol, and mitochondria

Ton Plasma/mM2! Cytosol /mm! Mitochondria/mM P
Na 150 10 ¢ 0,1 - 109!
K 5 175 4 Bom TS

Mg 2 10¢) > 108)

Ca 1 e 2R 1 - 1 uM R T R
Pl 1 - 2 5 = 10 oo s S 1 |

[ L1O 3 nd

504 0= 10 nid

ADP <4 el Q.7 6-8

ATE LG B | 4,0 Bi=if
Glutathione red. A | N & D = 10
Glutathione ox. nd 0,5 & Qad = 200

al cliniec values. b} elinic walues; own values; Elbers et al
{1974} Hoppe-Seyvler's Z. Physiol. Chemie 355: 378-393; Klingenberg
and Heldt (1982) in Metabolic Compartmentatieon, 8Sies, Ed.., Akcad.
Press, London, 101-122; Wahllander et al (1979) FEBS Letters 97;:
138-140. ¢} free plus bound. d)} in the presence of K as
calculated from the KT values: the natural MNa-reservoir in the
cell is the nucleus. &) above ATP conc. f) Meister and Anderson
(1983) Am Rev Biochem 52: 711-760.
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“C-DNP-accumulation in the presence of NSPM. inhibition by the lipophilic thiol
reagent:

1%C-DNP-accumulation in the presence of NSPM

Conditions “C-DNP, Pellet Accumulation
nmol/mg nmol/mg %
95uM  14C-DNP 13.30 £ 0.33 (3) 6.63 100
95uM  14C-DNP, + 223 nmoles Triton X 100/nfty 6.67 +0.10 (3) 0 0
95uM  14C-DNP, + 20 nmoles NSPM/mg 8.75 + 0.15 (3) 208 314
20 nmoles NSPM/mg, + 98M  *C-DNP 11.60t 0.10 (3) 493 74.4

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

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

- Inhibition of the NSPM-, CH-, Nigericin-stimulation by Mg
- Further stimulation of valinomycin- and DNP-stimulation by?¥g

N%F‘M
35
177
100ng atam O
\\3'” i KCN
\ M_‘
2min \ 02
| ——— |

In correlation: inhibition of NSPM induced mitochondrial swelling (turbitity change =
ion movement) by Md"™*:
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NSPM

Z2min MgCl,

and

pH-gradient (4-MU), membrane potential (DiS-G-(S)) and swelling (turbitity change) of
mitochondria in the presence of NSPM or valinomycin:

K-Suce, BmM

d

A It-l'—elease
S0sec
K-Succ. BmM
| Wal 3
e NSPM Q
— j \ ; k 5
B III m‘_im—__ )
Taw | / ul
S /; &
o =
Osac B o
PEJE&L _ 1o
NS PM
NTPM
e + phosphate
5 M
s B
\,,Swa“ng
._\\
A= 01 \
750 Y
L \
1rmin
p——

anaeroh
HEPM, ethans!
il

|

eihona/ anaerob

control

K uptoka

1

NSPM, ethanol
Tris = Suce

GimM K

2min
Reaction medium containing 0.22 M mannitol, 70 mM
sucrose, 2 mM K-hepes, pH 7.4, 14.4 mg mitochondria, 10 pM -
rotenone, energization with 2 mM tris-succinate (Tris=Suce).
Bdditions: 21 nmoles NSPM/mg protein with 1.4 % ethanal,

1.4 % ethancl. Anaerchbiesis at the break of the release curve

as calculated from oxygen uptake measurements.

A) proton release

FLUORESCENCE

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-

G i measurements with a
K *-Beckmann-
T electrode +/- NSPM
. mM
KEC1, 0095 mM
\‘mﬂnua! B
line shift
~
N L
'\\
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anaerob

K*release (relative rate)

10 20 30
[NSPM]nmol/mg protein

Two probes used for measurements on SMP, CV,F

proienmalive force elecirical comp.  concentration cemp.

! f !

ap = afe = a4 —2303 T apH
! S0mY ot 30
=B0mY ol 30°C
tronsmembr.

proton gradient

aAp =Ap —60apH deenergized

energized

Alag: -
B pKg-d2 Hit,
g g ;
|?¥EH—CH=’Q—I—EH=CH§NI !
R 2 502
exonol V.R = @) 530

oxonol ¥I,R = CHyCH; CHy

Bl apH:
Lo ddas Exatation ; £10nm

'T“"z Emission - LB0nm
5 2 _B—tH, "(k \
s ':’III Y
Y
f
VA

A —
it L1 LBRO

9 - aming-5- ghloro-2-methoxy-acridin

- Summation of the results obtained
with the K*-Beckmann-electrode:

Potassium release in the presence of
NSPM (-R) +/- O, = aerob/anaerob

, | , | ! | = uptake/release, balance

a)oxonol VI for effects on
Ad/conformation-

on energization shift of
absorption from 602 to 630 nm

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

Some measurements using the energy dep. fluorescence quenching oM®X0n SMP:
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ATP-dependent shift /response of oxonol VI in complex V with an ATP regerating

system:
L5MM ATP
100 uM ATP

\ 05 mM ATP
|| \ Bmitiia 150mM Kl ‘

N4 100 uM ATP ¥ '
| ']\ 100 uM ATPY /f\__ﬂ| f
. \._\ i{ I
I'.I \\_q_‘_ (1

\ LmM ATP
\ (
- s
Ex b |
“L_l | ATP \\_J' N
T * ' 6omM K 4
" | BN s G ik A
e |
b |

10mM ATP
CceP
|
Lﬁl Effect of K" and ATP —
CCCP
/Jﬂll detection of conformational
| | changes in CV (complex V):
|| |
|
[
|
| | ATP-dependent shift/response of
| | OxVI in complex V using PEP/PK as
| ATP regenerating system
|
|
|
ks

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

Volume 109, number 2

20k

50 0 0
Apprasunole #Moledslar Weighl ( cipd)

Fig.1. Distribution of radioactivity due to [ "™CJNSPM in

117 ug submitochondrial particles (A), and distribution of
the particle protein (B}, Submitochondrial particles were
incubated as follows: 0,88 mg particles were added to 1 ml
solution eontaining 0.25 M sucrose, 50 mM Tris—acetate,

30 mM MgCl, 40 mM phosphate, 12.5 mM ATE (pH 7.5) at
0°C. (19 (solid ling) [**CINSPM was added after 10 min
incubation at 0°C and 1 min at 37°C to 20 nmol/mg protein
and the reaction stopped afler 2 min at 37°C with 1 mM
cysieine. (2) (dotted line) as (1) but 10 min preincubation
of the particles at 0°C and 1 min at 37°C with 230 nmol
diamide/mg protein. (3) (dashed line) as(2) but preincubation
with 26 nmol CAT{mg protein. The protein distribution
pattern of submitochondrial particles is unchanged by the
incubistion procedures; the scan shown in fig:1 B corresponds
to lig 1A, (ruce 3.

FEBS LETTERS
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&
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Tanuary 1980

50 30 i

approsmate Molecular Weight {2107

Fig.2. Distribution of radioactivity due to ["'CINSPM in
93 pp ATPase protein (A), and distribution of ATPase
protein (B). Conditions as in fig.1. (2} (s0lid line)

50 nmaol [ M CJMSPMfmg Serrano-type ATPase protein,
(2) (dotted line) as (1) but preincubation of the ATPase with
60nmol CAT/mg protein. (3) (dashed linc) as (1) amount of
radioactivity and mol. wi 30 000 band in complex ¥
preparations.
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Summation of some measurements on the ATPase:

* neg.cooperativity in DCCD-binding
«« extrem neg.cooperativity in’kbinding/transport (3.EBEC)...
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He0 + ATP

: : ' = / \ ’ The model shows the coupling
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Coupling between the K-ATPase and the K/H -antiport system: sensitivity of
voltagef/field/ current to for instance CCCP: - on mitochondria from the outside...
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The kidney again: cristae oriented along/paralel to the basal lamina — heart musccells
paralel to the muscles:

nyciille

Abb, 584 Scherna des Felnbanes des Herzmis-
Kol der Wirkeltiere, Die Herzmuckalorer 0 aus
E‘:kerm'gen Muzkeizeilen aufeehani, wikrend die G
Muskelzelle (= Muskelfater) der Skeleimusialo-

e vigtkernig ise - Die verzahinien Cuergrenzen der
Herznskelzellen sind zor den sogenarnier Glans
streifen differonziens; dus sind begondees Zeilkon-
rakig, dig o ungefdebien Heezmkel als gidn-, 5

i1

zende Linden hervorieeien. (Ans Leonkor
B e T

= T s
B2 Resorbierende .Ep.:r.l'-ae!zg!.l"gn ;i:e.;
Nigcearabules. Links oben Biivsiensawm (Zell-
apexl, rechis wmen boigles Labyriniy und Basal-

% nentbran. An der Buris des Borsensatnes fube
& lare Evnsnilpungen, die dec endocyiotischen Stoff-
ﬁdle}'mtﬁme dienen: Verdaiung aufpenonimener

a.lfﬂﬁrwna.'ekf&fe durch Lysosene. i Blutcapii-

lare frechis unten i ist von duferss dinnen Endo.
L thelzellen ausgekivider, Elekivonenmikraskapisch,
S Verpe. 20000 fAws Porterae. Bonreviliel
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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.

r membrane. w

Gy
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iy
=
-
w
B
@
=
=

Tagwaaw £ azw LT =

e ) T g N o
Gradilent o'FdV/H/E,' Of}f+ E See dedne.g
" in the {utermembrane Space .

| 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 atww.rki-i.com .
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247

Eur.J.Cell Biol. 78 (Suppl.49), p.89, P 247:

CNS ! Psvche - Blood / Immune system / Cells - Acupuncture / Drugs - Electrophysiology and Thermodynamics: The
redox potential/ electron transfer is responsible for stress protein or (" - synthesis / transport and pro liferation ]
Reinhald Kiehl, Laboratory and Besearch for Molecular Medicine/Biology, Saliterweg 1, D-03437 Furth i, Wald Germany, Fax
OoA9-B073-801057,
The plasma membrane NADPH oxidase is a rather complicated electron transfer system, which resembles probably the mos
important crossover-, end- and starting point of various signal transduction pathways: Ca®' Mg -sensitive phosphorylation am
dephosphorylation {incl. JAK-STAT-g-protein-pathway) of the complex regulates the ‘electron uwmsfeir (incl. thiol / disulfid
interchange-FeS-protein) between mitochondria £ plasma and nueleus / ER (MADEH / ATP-NADFPH [k -Op /O - DNA IzE}
Another eontrol iz played for instance by arachidonic acid {delivered by PLAg) The NADPH oxidase belongs then 10 enzyrm
systems like insulink, nAcChR, adenylate cyclase, mitochondrial K™ ATPase / ATP-synthase presenting a universal principle o
nature: The connecting logistics between CMS (adrenal cortex) and blood / immune system / cells iz plaved by electron tmﬂs#e
or redox potential and may be visualized by the successful ireatment of various diseascs and psyehological dis.-::u:rlf:rs wu:!
scupunchure ¢ homeapathy ( relaxation therapy or drugs. We try lo connect nawral sciences in order to get involved nio thi
logistic for prediction of effective new treatments, which ingludes the modeling of interfering drugs for instance. Literature; Kick
R (1976) Dissertation, MPI for Med: Res. Heidelberg; Kiehl R and Hanstein WG (1984) 3. EBEC, 323; Kiehl R et al, {]5"5.':?'
BRRC 147, 1251 Kichl R {1993) Dear Calleague, New in dermatology  2(2), 4, Kiehl R {1954) Int. Alk-Ciba Coming Join
Symp, Benzheim: Kiehl R (1995/1996) Habilthesis LMU Munich Med. Fak; Kiehl R (1997) Bioforum 12, 686, Amino Acid
13, 50 Kiehl B (1998) Proc., 177 Inl Svmp., Electrolyte £ Blood Gas, Intercontinental Waorking L‘rmuj: on the Confluence o
Crit, Care Analysis and Mear Patient Testing, Nice: Biotechnology Int., Universal Med Press Inc; 2™ Joint Meeting, Signe
Transduction: Recepiors, Meadiators and Génes, Langen,

GBM-Tagung an BioMembranes, April 8-10, 1999; Jena:

The redox potential/electron transfer is responsible for gressin or 02'-synthesis/Transport and

proliferation p.103, P13

R. Kiehl, Lab and Research for Mol Med/Biology, Saliterweg 1, D-93437 FWtHFRG.

The plasma membrane NADPH oxidase is a rather comiphted electron transfer system, which resembles
probably the most important crossover-, end- and sirting point of various signal transduction pathways:
Ca**/Mg?*-sensitive phosphorylation and dephosphorylation ficl. JAK-STAT-g-protein-pathway) of the
complex regulates the electron transfer (incl. thiddisulfid-interchange-cyt/FeS-protein) between
mitochondria / plasma and nucleus / ER (NADH/ATP-NAPH/K *-0,/0,-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 dring defence conditions: The NADPH oxidase
belongs then to enzyme systems like insulinR, nAc®) 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 bglectron transfer or redox potential and may be
visualized by the successful treatment of variousiseases and psychological disorders with acupunctef
homeopathy/ relaxation therapy or drugs. We try toconnect natural sciences in order to get involvedio
this logistic for prediction of effective new treatents, which includes the modeling of interfering dugs
for instance.

Kiehl, R. (1995/96). Habilthesis, LMU Munich, Med.Fac.; Kiehl, R.(1997). Aminm#&3, 50/51.
Kiehl, R (1998) Proc,17.Int Symp, Electr/Blood Gas, Int.Work. Group on @bi@ritCareAnal. and
NearPatientTesting, Nice; Kiehl, R. (1998). Biotechnology Int. (Unalévied.Press).

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