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The pH dependence of the redox midpoint potential of the 2Fe2S
cluster from cytochrome b, f complex (the ‘Rieske centre’)
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The pH dependence of the redox midpoint potential (£} of the Riceske centre from spinach cevtochrome b, f complex was
studied by EPR. The .., was found to be independent of pH up to pH 8 and to decrcase at higher pH values. The slope of the
decrease above the pR value was roughly consistent with the involvement of a dissociable proton on the oxidized form of the
cluster. The £, in the pH-independent region (.. < pH 8) was determined to be +320 mV. This is in contrast to the original
value (F = + 290 mV) reported by Malkin and Aparicio (Biochem. Biophys. Res. Commun. 63 (1975) 1157-1160) and confirms
the results reported more recently (E,, = 310-320 mV) by Malkin (FEBS Lett. 131 (1981) 169-172) and Nitschke ¢t al. (Biochim.

Biophys. Acta 974 (1989) 223-226).

In 1976. Prince and Dutton [1] demonstrated that
the redox midpoint potential (E,,) of the 2Fe2S cluster
contained in cytochrome he; complexes from the
photosynthetic bacterium Rhodobacter sphaeroides and
from beef heart mitochondria. often called the Rieske
centre, was pH-independent up to values of about pH
8. Above pH 8. the potential decreased with a slope of
— 600 mV /pH unit. This experimental curve was fitted
to an expression with a pK on the oxidized form of the
cluster as follows:

JFCASTH T v+ e e 2FCIS™ (T ) below pH &
2SN v (1 )+ e o 2Fe28Y(H T ) above pH K.

In the pH range examined. this showed that the re-
duced form of the cluster exists in the protonated
form, whereas in the oxidizes form the proton involved
can dissociate from the cluster with an apparent pK of
8.0,

Later studics, which found the same pK in titrations
of a meraquinone (MK) oxidizing Ricske centre from
Thermus thermophilus [2]. led to the hypothesis that the
proton involved could be located on one of the histi-
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dinic residucs which are proposed to be ligands to one
of the Fe atoms of the cluster [3]. Recently, a similar
pK value was found for the MK oxidizing Rieske
centres from Bacillus PS3 [4) and Heliobacterium chlo-
rum (Nitschke., W. and Liebl, U., unpublished data),
suggesting that it might be a common feature of all
Rieske centres from cytochrome be complexes.

On the basis of data obtained on Chlorobium limi-
cola and Bacillus alcalophilus, however, several authors
have concluded that much lower pK valucs might be
possible, resulting in pH dependence of the redox
midpoint potential in the neutral pH range [1,5,6].

For the plant Rieske centre, Malkin and Aparicio
{7] determined an E,, that was independent of pH in
the range of pH 6.5 to pH 8.0. No data, however, were
available for pH values above pH 8. so that it was not
possiblc to decide whether the pH dependence of the
midpoint redox potential of the Rieske centre in
chloroplasts was similar to that in mitochondria and
purple bacteria. Furthermore, simulations of kinetic
parameters during cytochrome b, f turnover and subse-
quent clectron flow to PS 1 via plastocyanin were
difficult to reconcile with the reported equilibrium E,,
of the Rieske centre at pH 7 [8-10).

To provide an experimental basis for these consider-
ations, we determined the redox midpoint potential of
the Rieske cluster at several pH values in the range of



200+

90 pH 100

Fig. 1. E_, vs. pH dependence for the Rieske 2Fe2S cluster in

isolated cytochrome b, f complex from spinach. The individual redox

titrations at each pH value were evaluated at the g -line. Inset: pH

dependence of the maximal signal size at g,. EPR conditions were
as described in Ref. 17.
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pH 6.6 to pH 10.1 in isolated cytochrome b, f complex
from spinach.

The cytochrome b, f complex was purified according
to the method described in [11]. To obtain higher
concentrations, the final sucrose density gradient was
replaced by a second ammonium sulphate precipitation
in the presence of 0.25% cholate [9].

Redox titrations were carried out according to Ref.
12 with the following redox mediators used at 50 pM.
N,N-dimethyl-p-phenylenediamine, 1.4-benzoquinone.
N,N,N’,N '-tetramecthyl-p-phenylenediamine  (TMPD),
diaminodurol (DAD), 2.6-dichlorophcnolindophenol
(DCPIP), variamine blue, 1.2-naphthoquinone. toluy-
lene blue, phenazine methosulphate (PMS), phenazine
ethosulphate (PES), methylene blue, duroquinone. For
the reductive titrations, sodium dithionitc was used,
oxidative titrations were done using ferricyanide. EPR
spectra were taken in X-band on a Bruker ER200
spectrometer fitted with an Oxford Instruments helium
cryostat.

Fig. 1 shows the E, vs. pH relationship obtained for
the Dieske centre from purified plant cytochrome b, f
complex. Above pH 8.0, the redox midpoint potential
decreased with pH. Linear regression of the datapoints
assuming a pK of ~ 7.8{1,2,4], yielded a slope of —80
mV /pH unit. This is slightly higher than the valuc of
—-60 mV/pH unit, as found in purple bacteria and
mitochondria [1]. Within the estimated error limits. our
datapoints could possibly also accommodate a —60
mV /pH unit dependence (see Fig. 1. dotted line). It is
of note, however, that recently the involvement of a
second proton with a higher pK value. resulting in a
slope steeper than — 60 mV /pH unit has been invoked
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based on data obtained for the 2Fe2S cluster of the
cytochrome be, complex from beef heart mitochondria
[13] and Bacillus PS3 [4].

Unexpectedly. the maximal signal size at pH 10.1
was considerably below {~ 50%) that scen at pH 8.0
(Fig. 1, inset). This effect was not duc to pH-induced
denaturation of a part of the sample, since the higher
signal could be regained on taking the same sample
back to lower pH values. A general broadening of the
g, line which would explain the decreased amplitude
was not detected. Other possible mechanisms that may
account for the observed changes in signal amplitude
include (a) reversible pH-induced conformational
changes or (b) antiferromagnetic interactions of the
2Fe2S cluster with another paramagnet, e.g., one of
the mediators employed for redox potentiometry. Fur-
ther work will be required in order to determine the
source of this effect; however, this is beyond the scope
of the present report.

The data shown above demonstrate that the redox
midpoint potential of the 2Fe2S cluster from the plant
cytochrome b, f complex is pH dependent at high pH
values with an apparent pK of about 8.0. Thus the
plant Rieske centre shows a behaviour which is rather
similar to that of the homologous clusters in mito-
chondria, purple [1,13] and Gram-positive bacteria
(Ref. 4; Riedel, A. and Nitschke, W., unpublished
data). The observed pH dependence is consistent with
the involvement of roughly one proton which can disso-
ciate from the oxidized form of the cluster. The in-
creasing evidence for the universality of this dissociable
H* involved in the electrochemistry of the Rieske
clusters from cytochrome bc complexes suggests that
the chemicai group responsible (most likely an amino
acid) plays an essential role in maintaining the particu-
lar propertics of these 2Fe2S centres.

It is worthy of note that Malkin and Aparicio [7}
initially determined the E_ of the Rieske centre of
chloroplasts to be + 290 mV at pH 7.0. In a subsequent
study, Malkin [14] found a somewhat higher E_, value
of +310 mV which comes close to that determined for
a partially purified complex {15] and the isolated cy-
tochrome b, f complex [16). The present work there-
forc adds weight to the correctness of the higher value
(320 mV) for the isolated complex.

Thus. the difference in redox midpoint pntentials
between cytochrome f and the 2Fe2S cluster is indeed
much smaller ( ~ 20 to 30 mV) than usually cited (~ 50
to 60 mV). According to our data, the 2Fc2S centre
would still be slightly more negative than cytochrome
f. Simulations of e¢lectron transfer cquilibrium, how-
ever, predict that the 2Fe2S cluster is by about 60 mV
more positive than cytochrome f [9,10]. A reexamina-
tion of the redox midpoint potential together with its
pH dependence of cytochrome f might help to further
clarify the remaining controversy.
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