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1. Introduction 

The proton-tr~slocating ATPase complex (Fr-Fe) 
has essentially the same structure and function in 
chloroplasts, mitochondria and bacterial membranes 
(reviewed [l-3]). This complex is composed of two 
portions: a catalytic portion, Fr, and a proton path- 
way, Fe. Use of Escherichia coli as a source of Fl-Fe 
has the advantages that this organism is well charac- 
terized genetically, and that it is possible to study the 
physiological regulation of the complex in the bacteria. 

Differences have been found in the ionophoric prop- 
erties of Fe from cells of the Fi mutant (NR 70, 
DW4) ofE: cuEi [4,5] grown aerobically and anaerobi- 
cally. The sensitivity of strain RF7 to DCCD (dicyclo- 
hexylcarbodiimide) was shown ]6] to vary with growth 
conditions: when this strain is grown on a respiratory 
substrate its ATPase is resistant to DCCD, because of 
a mutational alteration in the DCCD binding protein 
in F,,, whereas when the cells are grown on glucose or 
glycerol the ATPase is significantly less resistant. Their 
results suggest that a functional change of the ATPase 
complex may occur when the growth conditions are 
varied. 

The purpose of the present communication is to 
provide further evidence that the Fe portion of the 
complex changes when the growth conditions are 
varied in aerobic culture. As shown below the proton 
permeability of membranes of the Fi mutant DL54 
[7] varies with the physiological conditions under 
which the cells are grown. 

2. Materials and methods 

~sche~ch~ coii strain DL54 (F, mutants and its 
parent ML308-225 were grown to the late logarithmic 
phase in a synthetic medium [8] containing 0.5% glu- 
cose or 0.5% glycerol as the sole carbon source or in 
a rich medium (phosphate-buffered) containing 5.0 g 
beef extract and 15 g peptone (Daigo Eiyo Co., Tokyo) 
per liter 193. In some experiments final concentrations 
of 0.15% peptone and 0.05% beef or yeast extract 
were also added to the synthetic medium. Inverted 
membrane vesicles were prepared as in [9] from cells 
disrupted in a French pressure cell (400 kg/cm2). For- 
mation of a proton gradient was estimated by the 
quenching of quinacrine [lo]. Other procedures and 
materials were as in [93. 

3. Results 

3.1. Membranes from cells grown in rich medium 
Quinacrine can be used as a probe for measuring 

the ability of membranes to form a proton gradient 
with a respiratory substrate or ATP [lo], since the 
magnitude of the quenching of quinacrine is quali- 
tatively propo~ion~ to the proton gradient. As shown 
in fig.1 A, membranes from DL54 (grown in rich 
medium) showed essentially the same magnitude of 
quenching as those from wild-type cells (ML308-225) 
(fig.1 D). In both cases the quenching did not increase 
on addition of DCCD. These results suggest that wild 
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Fig.1. Formation of proton gradient in membrane vesicles from mutant (DL54) and wild-type (ML308225) cells. Membrane 

vesicles from strain DL54 and ML308-225 (A,B,D,E, 150 Mg protein;C,F, 230 pg protein) in 2.0 ml 20 mM Tricine buffer con- 

taining 100 mM KC1 and 2.0 mM MgCl, were mixed with 4 ~150 PM quinacrine and fluorescence (emission, 500 nm; excitation, 

420 urn) was monitored in a Hitachi MFP-4 fluorophotometer. At the indicated point, 2 ~10.2 M ATP, 10 ~1 1.0 M potassium 

succinate, or 2 ~1 10 mM DCCD was added. Cells grown in rich medium (A,B,D,E) and synthetic medium with glucose (C,F) were 

used for preparation of membranes. In experiments B,E, membranes were washed with 1.0 mM Tris-HCl (pH 7.0) containing 

0.5 mM EDTA. Other procedures were as described in [lo]. 

type and mutant membranes do not show proton 
leakage and that they are equally capable of forming 
a respiratory proton gradient. 

It must be noted that membranes of DL54 did not 
show proton leakage even after being washed with 
dilute buffer containing EDTA (fig.1 B). As shown 
[lo], membranes of the wild-type became leaky to 
protons after the same treatment (fig.1 E), because 
the treatment removes Fr and protons can then pass 
freely through the Fe portion. The leakage could be 
blocked by addition of DCCD, which binds to the pro- 
teolipid [lo] of the Fe portion. On washing the mem- 
branes with EDTA only the cr subunit of Fr was solu- 
bilized from membranes of DL54 (data not shown), 

whereas the entire Fr molecule was released from 

those of the wild type [ 111. 

3.2. Membranes from cellsgrown in synthetic medium 
Membranes of DL54 behaved differently when the 

strain was grown in a synthetic medium supplemented 
with glucose. As shown in fig.lC, membrane vesicles 
showed quenching of low magnitude which was 
enhanced by the addition of DCCD and finally reached 
the level of wild type membranes (fig.lF). These 
results indicate that mutant membranes leak protons 
and that this leakage could be prevented by the binding 
of DCCD to Fe, confirming the results in [ 121. This 
membrane leakage is probably not due to the release 
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of Fr, because subunits of Fr were found immuno- 
chemically in membranes of DL54 from cells grown 
in either synthetic or rich medium, and because on 
immunodiffusion assay antibodies against isolated 
o$;v formed qualitatively similar precipitin lines 
against both types of membranes suspended in 0.2% 
sodium dodecyl sulfate (not shown). 

Membranes of DL54 from cells grown in a syn- 
thetic medium with glycerol, glycerol plus peptone, 

glycerol plus beef extract, glucose plus peptone were 
also leak protons, and the leakage was prevented by 
DCCD. Fur~e~ore, cells grown in a synthetic 

medium with glycerol plus beef extract and peptone 
had membrane leakage. It must be pointed out that 
rich medium discussed above [3,1] contains beef 
extract and peptone together with NaCl and potas- 
sium phosphate, although cells grown in this medium 
had membranes which did not leak protons. 

4. Discussion 

These results suggest that the proton pathway (Fe) 
of the ATPase complex changes depending on the 
physiological conditions in which the cells are grown. 
Some factor or factors in the synthetic medium may 
be responsible for making mutant membr~es per- 
meable to protons, because membr~es from cells 
grown in the medium always leaked protons regard- 
less of other supplements (beef extract and/or pep 
tone). Inorganic ions with concentrations higher in 
the synthetic than rich medium may be these factors. 
The actual physiological change in Fe may be explained 
in two ways. 
(i) The proton pathway itself in Fe may change with 

the growth conditions. 
(ii) The interaction of Fe and Fr may change so that 

Fr molecules cannot seal the proton pathway in 
cells grown on glucose or glycerol in synthetic 

medium. 
These changes may not be due to alteration of Fe poly- 
peptides: they coufd be due to alteration of phospho- 
lipids. 
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