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SHORT COMMUNICATION 

Transmembrane Respiration-driven H+ Translocation is Unimpaired in an 
eup Mutant of Escherichia coli 
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J .  G A R E T H  MORRIS 
Department of Botany and Microbiology, University College of Wales, Aberystwyth, 

Dyfed SY23 3DA, U.K. 

(Received 21 May 1982) 

Respiration-driven H+ translocation has been examined in an eup ('energy uncoupled pheno- 
type') mutant of Escherichia coli and compared with that observed in its otherwise isogenic wild- 
type parent. Respiration-driven H+ translocation was unimpaired in the eup mutant strain. It 
appears that the role of the eup gene product lies in the utilization of energized protons pumped 
across the E. coli cytoplasmic membrane. 

INTRODUCTION 

Certain mutant strains of Escherichia coli have been described that, although selected for 
resistance to the aminoglycoside neomycin, are also rather resistant to colicin K, grow poorly on 
succinate, and are impaired in the operation of a number of respiration-linked active transport 
systems (Plate, 1976). Respiratory and ATP hydrolase activities are not decreased in the 
mutant strains, designated eup (for 'energy uncoupled phenotype'), and it was proposed inter alia 
(Plate, 1976) that the eup gene codes for a proteinaceous component in the bacterial cytoplasmic 
membrane that acts to couple the free energy released by respiration to processes such as active 
transport. Later work (Plate, 1979; Plate & Suit, 1981) showed that the mutant allele maps at 
86-5-87 min on the E. coli linkage map (Rachmann & Low, 1980), that the eup mutation only 
marginally affects the apparent membrane potential (as judged by the uptake of the methyltri- 
phenylphosphonium cation) and the intracellular pH of these organisms, and that the lesion in 
some way prevents the mutant strains from coupling energized H+ movements to solute syrn- 
port. Physiological and genetic studies are consistent with the view that the eup gene is the same 
as the independently isolated genes ssd (Morris & Newman, 1980; Newman et al., 1981, 1982) 
and ecfB (Thorbjarnardbttir et al., 1978). 

In view of current controversy concerning the reliability of the methods used for measuring 
the electrical and pH gradients across the bacterial cytoplasmic membrane (e.g. Kell, 1979; 
Tedeschi, 1981), we have measured respiration-driven H+ translocation in an eup mutant strain 
and its otherwise isogenic eup+ parent. We report here that there is no significant difference in 
the ability of the two strains to effect respiration-driven H+ translocation. 

METHODS 

Strains. Escherichia coli CJ49 (lacZ(Am) trp(Am) eup+thi) and CJ48 (lacZ(Am) trp(Am) eup-5 thi) were gener- 
ously donated by Dr Charles A. Plate, Northwestern University Medical School, Chicago, U.S.A. and grown aero- 
bically at 37 "C in Ozeki minimal medium supplemented with glucose (0.4%, w/v), thiamin (0.5 pg ml-l) and 
tryptophan (50 pg ml-l) (Plate & Suit, 1981). After each experiment, strains were checked for their appropriate 
phenotype by assay for aerobic growth on succinate and sensitivitylresistance to neomycin sulphate (10 pg ml-I). 

Respiration-driven H+ translocation. This was measured by the O2 pulse method of Scholes & Mitchell (1970). 
Mid-exponential cultures were harvested, washed three times in 150 ~ M - K C ~  containing 0.25 m~-glycylglycine, 
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Fig. 1. Respiration-driven H+ translocation in E. coli CJ48 (eup) and CJ49 (cup+). Measurements were 
made as described in Methods. The number of cells present, in a final volume of 6 ml, was 1.34 x 101° 
for the eup strain (.), and 1.74 x loi0 for the eup+ strain (0). Total cell counts were made micro- 
scopically, with an improved Neubauer counting chamber. The amount of oxygen added in each pulse 
was 23.5 ng-atom, and KSCN was present at the concentrations shown. 

pH 6.5, and resuspended at 3 mg dry wt ml-I in the same solution to which carbonic anhydrase at 80 pg ml-' was 
added. KSCN was added to the concentrations shown in Fig. 1. Assays were carried out in a vigorously stirred 
glass reaction vessel maintained at 37 "C and equipped with a sensitive pH electrode connected to a potentiome- 
tric system (Kell & Morris, 1980; Hitchens & Kell, 1982). 0,-free N, was passed over the surface of the reaction 
mixture. 0, pulses, as air-saturated KC1, and calibrating additions of anaerobic KOH and HCl were delivered in 
the usual way (Scholes & Mitchell, 1970). 

Respiration. This was measured with a Clark-type oxygen electrode (Phillips & Kell, 1981). 

RESULTS A N D  DISCUSSION 

The apparent -+H+/O ratios shown by the eup+ and eup strains, as obtained by extrapolation of 
the 02-induced pH excursions to the half time of O2 reduction (Scholes & Mitchell, 1970), are 
shown in Fig. 1. The increase of the apparent +H+/O ratio on the addition of the permeant 
SCN- ion (Lawford & Haddock, 1973) demonstrates that the respiration-induced H+ move- 
ments were transmembranous in nature, and not purely scalar (Scholes & Mitchell, 1970). Since 
the eup strain was unable to use succinate, and presumably other respiratory substrates, as 
carbon and energy source for growth, it was necessary to use glucose-grown cells for these experi- 
ments. This explains why the absolute limiting +H+/O stoichiometries were lower than those 
obtained by other workers using E. coli cells grown on respiratory substrates and respiring endo- 
genously (Lawford & Haddock, 1973; Gould & Cramer 1977; Jones, 1977). The crucial observa- 
tion in the present work is that the ability of the eup strain to pump H+ is unimpaired, in 
comparison with that of its similarly-grown eup+ parent. 

We have recently reviewed the available evidence on the mode of action of membrane-active 
colicins, together with that concerning the nature of the eup gene product, and have proposed 
(Kell & Morris, 1981 ; Kell et al., 1981) that the normal function of the eup gene product is to 
direct H+, energized (pumped) by respiration, laterally along the cytoplasmic membrane sur- 
faces between their sources and their sinks such as the H+-ATPase and H+-solute symporters. 
The finding that the eup strain is unimpaired in its ability to pump H+ across its cytoplasmic 
membrane is consistent with its ability to generate an apparent protonmotive force (Plate, 1979; 
Plate & Suit, 1981), and, when taken together with the knowledge that it is unable to utilize 
energized protons (Plate 1976, 1979; Plate & Suit, 1981), allows us to state quite explicitly that 
efficient protonmotivated energy coupling requires functional proteins additional to the gener- 
ally recognized reversible proton pumps themselves, a conclusion in line with various earlier 
proposals (e.g. Plate, 1976, 1979; Plate & Suit, 1981 ; Hong, 1977; Kell & Morris, 1981 ; Kell et 
al., 1981). 



Short communication 2209 

We are grateful to the Science and Engineering Research Council, U.K. for financial support. We are indebted 
to Dr Charles A. Plate for his generosity in making available to us the eup+ and eup strains with which this work 
was carried out. 

R E F E R E N C E S  

BACHMANN, B. J.  & LOW, K. B. (1980). Linkage map of 
Escherichia coli K-12. Edition 6. Microbiological Re- 
views 44, 1-56. 

GOULD, J. M. & CRWER, W. A. (1977). Relationship 
between oxygen-induced proton efflux and mem- 
brane energisation in cells of Escherichia coli. Journal 
of Biological Chemistry 252, 5875-5882. 

HITCHENS, G. D. & KELL, D. B. (1982). Respiration- 
driven proton translocation in Paracoccus denitri- 

j'icans: role of the 'permeant' ion. Biochemical Society 
Transactions 10, 26 1 . 

HONG, J.-S. (1977). An ecf mutation in Escherichia coli 
pleiotropically affecting energy coupling in active 
transport but not generation or maintenance of 
membrane potential. Journal of Biological Chemistry 
252, 8582-8588. 

JONES, C. W. (1977). Aerobic respiratory systems in 
bacteria. Symposia of the Society for General Micro- 
biology 27, 23-59. 

KELL, D. B. (1979). On the functional proton current 
pathway of electron transport phosphorylation: an 
eiectrodic view. Biochemica et biophysica acta 549, 
55-99. 

KELL, D. B. & MORRIS, J. G. (1980). Formulation and 
some biological uses of a buffer mixture whose buf- 
fering capacity is relatively independent of pH in the 
range pH 4-9. Journal of Biochemical and Biophysical 
Methods 3, 143-1 50. 

KELL, D. B. & MORRIS, J. G. (1981). Proton-coupled 
membrane energy transduction : pathways, mechan- 
isms and control. In Vectorial Reactions in Electron 
and Ion Transport in Mitochondria and Bacteria, pp. 
339-347. Edited by F. Palmieri, E. Quagliariello, N. 
Siliprandi & E. C. Slater. Amsterdam: Elsevier/ 
North Holland. 

KELL, D. B., CLARKE, D. J. & MORRIS, J. G. (1981). On 
proton-coupled information transfer along the sur- 
face of biological membranes and the mode of action 
of certain colicins. FEMS Microbiology Letters 11, 1- 
11. 

LAWFORD, H. G. & HADDOCK, B. A. (1973). Respira- 
tion-driven proton translocation in Escherichia coli. 
Biochemical Journal 136, 217-220. 

MORRIS, J. F. & NEWMAN, E. B. (1980). Map location 
of the ssd mutation in Escherichia coli K- 12. Journal 
of Bacteriology 143, 1504-1 505. 

NEWMAN, E. B., MORRIS, J. F., WALKER, C. & 
KAPOOR, V. (1981). A mutation affecting L-serine 
and energy metabolism in E. coli K-12. Molecular 
and General Genetics 182, 143-147. 

NEWMAN, E. B., MALIK, N. & WALKER, C. (1982). L- 

Serine degradation in Escherichia coli K- 12 : directly 
isolated ssd mutants and their intragenic revertants. 
Journal of Bacteriology 150, 7 10-7 15. 

PHILLIPS, M. K. & KELL, D. B. (1981). A benzoxazole 
inhibitor of NADH dehydrogenase in Paracoccus 
denitriJicans. FEMS Microbiology LRtters 11, 11 1- 
113. 

PLATE, C. A. (1976). Mutant of Escherichia coli defec- 
tive in response to colicin K and in active transport. 
Journal of Bacteriology 125, 467-474. 

PLATE, C. A. (1979). Colicin K as a probe of energy 
coupling in Escherichia coli. In Microbiology - 1979, 
pp. 58-61. Edited by D. Schlessinger. Washington, 
D.C. : American Society for Microbiology. 

PLATE, C. A. & SUIT, J. L. (198 1). The eup genetic locus 
of Escherichia coli and its role in H+ solute symport. 
Journal of Biological Chemistry 256, 12974- 12980. 

SCHOLES, P. & MITCHELL, P. (1970). Respiration- 
driven proton translocation in Micrococcus denitrlfi- 
cans. Journal of Bioenergetics 1, 309-323. 

TEDESCHI, H. (1981). The transport of cations in mito- 
chondria. Biochimica et biophysica acta 639, 157-1?6. 

THORBJARNARD~TTIR, S. H., M A G N ~ J S D ~ I R ,  R. A., 
EGGERTSON, G., KAGAN, S. A. & ANDR~SWN, 0 .  S. 
(1978). Mutations determining generalised resist- 
ance to aminoglycoside antibiotics in Escherichia 
coli. Molecular and General Genetics 161, 89-98. 


