7%
university of 5%,
groningen YL

R

University Medical Center Groningen

University of Groningen

Energy-transducing processes in membrane vesicles from bacillus subtilis
de Vrij, Willem

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
1986

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
de Vrij, W. (1986). Energy-transducing processes in membrane vesicles from bacillus subtilis. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 21-06-2022


https://research.rug.nl/en/publications/f4853a62-412f-4e62-bd63-ee8411cca3ca

SUMMARY

For survival and growth bacteria need to take up and excrete
different solutes. The uptake of solutes is necessary to supply
the interior of the cell with substrates which are obligatory
for growth as carbon and energy-sources and with other com-
pounds which are necessary to survive but cannot be made by the
cell itself. Excretion of solutes offers the cell the possibi-
lity to reduce high internal concentrations of solutes {for
example metabolic end-products). These specific translocation
processes enable the cell to regulate its internal environment
which is essential for an optimal functioning of metabolism. A
specific demand to achieve this goal is the presence of a
selective solute barrier. In bacteria, this selective barrier
is the cytoplasmic membrane. In this membrane specific trans-
port systems are located which are responsible for the translo-
cation of solutes across the membrane. Energy is required for
the translocation process. This energy can be delivered in the
form of electrochemical energy, which is generated by distinct
membrane-bound components. In the Gram-positive bacterium,
Bacillus subtilis, a linear series of electron transfer chain
components convert redox-energy into electrochemical energy.
The electron transfer chain components act as electrogenic
proton pumps and couple the oxidation of high redox-energy
intermediates to the vectorial translocation of protons across
the membrane. Due to the relative impermeabilitv of the mem-
brane for protons and hydroxyl ions, this results in the gene-
ration of an electrochemical proton-gradient (Ap), consisting
of a pH-gradient (ApH) and a membrane vnotential (Av). They were
related by the eguation Ap= AYv - ZApH (mV). The Ap acts as
driving force for several uptake and extrusion processes but
also regulates a variety of energy-requiring processes in
bacteria. The knowledge on the wolecular mechanism of the
system(s) rassponsible for the conversion of radox-enerqgy into
electrochemical energy by the respiratory chain components is
still limited. More detailed information of these components
can be obtained by isolating these membrane-associated enzymes
followed by reconstitution in artificial membranas in which
their energy-transducing properties can bes studied.

Cytochromes play an essential role in the electron transfer
chain from B. subtilis. One of the terminal components of the
chain is cytochrome c-oxidase (aajz-type). This enzyme cata-
lyzes the electron transfer of reduced cytochrome ¢ to oxygen.
It has been purified to homogeneity with two different techni-
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ques. In the first approach cytochrome c-affinity chromato-
graphy is used (chapter 2). This technique enables rapid puri-
fication of the enzyme but in low quantities. Therefore an
alternative procedure was introduced based on ammonium sulphate
precipitation, anion-exchange and gelfiltration chromatography
which yields an active enzyme in high quantities (chapters 3
and 4). The purified enzyme shows spectral characteristics of
an aa3-type oxidase, reacts in the reduced form with CO and its
activity is sensitive to cyanide and azide. This bacterial
oxidase 1is composed of three subunits (57, 37, 21 kD). The
energy—-tranducing characteristics were determined using proteo-
liposomes containing the purified oxidase (chapter 3).

Upon oxidation of reduced cytochrome ¢ or the artificial
electron donor phenazine methosulphate, a proton-motive force
is generated in these proteoliposomes, consisting of a high
membrane potential and a relatively low pH-gradient. This indi-
cates that this bacterial cytochrome ¢ oxidase acts as a Ap-
generating site in the respiratory chain. Several factors in-
fluence cytochrome c-oxidase activity and Ap-generation in the
proteoliposomes containing the oxidase. The phospholipid compo-
sition of the membrane has a marked effect on oxidase activity,
incorporation and regulation of enzyme activity. The composi-
tion of the medium (ionic strength, pH) also affects the
oxidase activity and the extent of both components of the
proton-motive force. The effect of ionic strength on cyvtochrome
c-oxidase activity can be explained in terms of disturbance of
substrate-~enzyme interactions and is not related to alterations
in the aggregation state of the enzyme (chapter 4).

Additional cytochromes ara present in the respiratory chain
from B. subtilis. Potentiometric analysis reveals the existence
of another cytochrome c-oxidase (o-type), consisting of two
cytochrome b-components. This indicates the existencs of a
branching point in the respiratory chain at the level of cvyto-
chrome c. Furthermore b and c-type cytochromes have bean iden-
tified and a tentative scheme of the operational sesquence of
cytochromes in the electron transfer <chain 1is presented
(chapter 3).

The oxidation of various physiological and artificial elec-
tron donors by membrane vesicles from B, subtilis results in
the generation of a proton-motive force (chapter 6). Dehydro-
genases are the primary components in the sequential oxidation
of physiological electron donors. Several d=shydrogenases are
identified in B. subtilis membranes, but there is a marked dif-
ference in the capacity of Ap~generation via the dehydrogen-
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ases. This can be explained by either low dehydrogenase acti-
vity or weak coupling of these dehydrogenases to the respira-
tory chain. For a critical evaluation of the coupling between
Ap-generating and Ap~consuming processes it is essential to
know the relation between oxidation rates of various electron
donors via the respiratory chain and subsequent Ap-generation.
The relation between oxidation rates and Ap-generation in mem-
brane vesicles appears to be non-linear and can be explained by
the non-ohmic conductance of the membrane. The individual com-
ponents of the Ap are affected by the medium composition (ionic
strength or composition, pH).

The role of the Ap in energy-consuming processes in B. sub-

tilis membrane vesicles has also been studied (chapter 7). In
B. subtilis membranes <two Ca2+—transport systems are identi-
fied: a low affinity electrogenic Ca2t-uptake system and a high
affinity ca?*/cation extrusion system. The divalent cation ca2+
can also be translocated via a inducible divalent cation/ci-
trate transport system. All three systems are dependent on the
proton-motive force for translocation of the specific solute.
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