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1. Introduction 

Blomembranes that synthesize ATP contam a 
reversible ti-translocating ATPase, named F;F, as a 
couphng device [ 1,2] . We have shown that upon 
reconstitution into phospholipid vesicles the purified 
enzyme (TF;F,) from a thermophihc bacterium PS3 
can catalyze the formation of an electrochemical 
proton gradient by ATP hydrolysis and carry out 
ATP synthesis coupled to H’ conduction [3-51. 

The coupling device is composed of an enzyme 
(TF,) with ATPase activity and a membrane moiety 
(TF,) with H+ conductivity [6-91. The preparation 
of TF, was obtamed by treating TF;F, with urea and 
removal of contaminants on a CM-cellulose column. 
The punfied preparation contains only 2 kinds of 
subunits [IO] . Band 6 protein (13 500 daltons) is 
able to bind TF, and thus named TF, -bmdmg 
protem. Band 8 protem (6500 daltons) is a proteo- 
lipid, specifically binds NJ’-dicyclohexylcarbodiimide 
(DCCD) and therefore is named DCCD-bindmg _ 
protem like its analogs from other sources [ 1 l-l 51. 
Analysis of mhibition by DCCD has shown that an 
ohgomer of DCCD-binding protein IS responsible for 
H+ conduction [ 161. DCCD-binding protem consists 
of 64 amino acid residues (mainly hydrophobic ones), 
which mclude a smgle tyrosine residue but neither 
h&dine, lysme, tryptophan nor cysteine [16]. Since 
DCCD is known to inhibit H’ conduction by binding 
covalently to a glutamate residue [ 12,131, chemical 
modification of other H*-dlssociable residues might 
give some information on the mechanism of H’ per- 
meatlon across the membrane. This communication 
reports that modification of either tyrosine or argimne 
residue results m the loss of H* conduction. 
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2. Experimental 

2.1. Preparatwns 
H+-translocating ATPase (TF;F, ) and soluble 

ATPase (TF,) from the thexmophlllc bacterium PS3 
were purified as m [6,7]. w-conducting hydrophobic 
moiety (TF,) was prepared by treating TF;F, with 
7 M urea as m [lo]. The method for reconstitution 
of TF, with partially-punfied soy bean phosphohpids 
mto vesicles (TF,-vesicles) and the method for 
loading TF,-vesicles with KCl were carned out as m 

[91- 

2.2. Assay methods 
ti-conductivity of vesicles was followed using 

9-a’minoacridine as an indicator of pH inside the 
vesicles [3], m response to an artificial membrane 
potential (inside negative) imposed by K’ diffusion 
mediated by vahnomycin as m [9]. TF, -binding 
activity was measured by ATPase activity of the TF, 
that was co-precipitated wth the vesicles [lo] . 
Amino acid composition was analysed for the 
hydrolyzate of protein in 6 N HCl at 110°C for 20 h 
using Durrum D-500 amino acid analyser. 

2.3. Reagents 
Lactoperoxldase was obtained from Boehringer 

Mannheim, tetranitromethane, chloramine T and rose 
bengal from Wako Pure Chenucal (Osaka), phenyl- 
glyoxal and glyoxal from Tokyo Kasel (Tokyo). The 
other chemical reagents and inhbltors were obtamed 
as m [ 10,161. Tetramtromethane was washed 3 times 
with water to remove impurities and used as an 
ethanohc solution. 
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3. Results and discussion 

3.1. Effect of tyrosine modification on H’ conduction 
Dye-sensitized photo-oxidatron rs known to 

inactivate enzymes by degrading histidme, tryptophan, 
cystein, methionine and tyrosine residues [ 171. 
Table 1 shows that illumination of TF, in the 
presence of rose bengal caused considerable inhibition 
of H’ conductivity after reconstitution with phospho- 
lipid vesicles (exp. 1). DCCDbmding protein (band 8 
protem, 6500 daltons) has been shown to be res- 
ponsible for H’ conduction [lo] and this protein 
contains neither histidine, tryptophan nor cysteine 
[ 161. Thus the inactivation of H’ translocation 1s 
probably caused by degradauon of either methionine 
or tyrosine residue. 

Chloramine T which is known to oxidize methionme 

residues [ 181 affected neither H’ conduction nor 
TF, -binding (exp. 2). On the other hand some 
modifiers of tyrosine-inactrvated H’ conduction 
(exp. 3). However, lactoperoxidase did not inhibrt 
either activity probably because tyrosine residues 
were not accessible to the enzyme. 

3.2. NItration of tyrosine residue in DCCD-binding 
protein 

Treatment of TF, vesicles with tetranitromethane 
resulted in the inhibition of H+ conduction (fig.1). 
Half maximum mhibrtion of H’ conductron was 
obtamed by 2.5 mM tetramtromethane and almost 
complete inbibitron was obtained at 8 mM. 

Since 3mtrotyrosine is stable m 6 N HCl at 
110°C [ 191, modification of tyrosine residues in 
DCCD-binding protein can be followed by amino acid 

Table 1 
Inhibitory effects of tyrosine modifying reagents on H’ conduction 

Reagents Incubatron 
(min) 

Relative activrty (%) 

ti-conduction TF, -bindmg 

Exp 1 
None 0 100 100 
Rose bengal (5 @/ml) 2 42 115 
Rose bengal (5 fig/ml) 9 25 113 
Rose bengal (5 fig/ml) 20 10 104 

Exp. 2 
None 30 100 100 
Chloramine T ( 4 mM) 30 96 108 
Chloramlne T (10 mM) 30 76 92 

Exp. 3 
None 
Tetranitromethane (8 mM) 
I, (0.23 mM m 0.7 mM NaI) 
NaI (10 mM) wrth LPO 
NaI (10 mM) with LPO 

10 100 100 
10 7 96 
10 28 92 
10 106 88 
20 91 125 

Exp. 1. TF,-vesrcles (0.2 ml) were photooxidned in 10 mM tricine/NaOH (pH 8.0) in total 
vol. 0.5 ml at 4°C wrth stirrmg under a 500 W tungsten lamp at 10 cm. Exp. 2 TF,-vesrcles 
(0.2 ml) were mcubated in 80 mM Trrs/HCl (pH 8.0) in total vol 0.5 ml at 25°C Exp. 3 
TFo vesicles (0.3 ml) were treated with tetramtromethane as m fii.1, iodine [ 191 or LPO, 
lactoperoxidase [20]. After 6 ml of a 0.5% solution of hlstkline (exp. l), methromne 
(exp. 2) or 2-mercaptoethanol (exp. 3) had been added, TF,-vesicles were collected by 
centrifugation and assayed for H’ conduction and TF, bmdmg. TF, -binding assay ln exp. 1 
was carned out m the dark. Control values of H’ conduction and TF, -bmdmg were 2 6 
(exp. l), 0.9 (exp. 2) and 1.1 (exp. 3) pg ron/mm.mg TFo and 5.3 (exp. l), 4.3 (exp. 2) and 
3.9 (exp. 3) units/mg TFo, respectively 
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Fig.1 Effect of te~amtrom~hane concentration on H 
conductrvrty and TF, binding actrvity of TF, vesicles. TF, 
vesrcles (0.2 ml) were incubated wrth tetramtromethane m 
0.2 M Tris/HCl (pH 8.0) m total vol. 0.5 ml for 10 mitt at 
25°C Other conditrons were as in exp 3 of table 1. 

I Q 
0 10 20 
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F&f. Tune course of nitration of tyrosme residue and inhrbi- 
tion of H’ conduction by tetranitromethane. TFo (0.39 mg 
protem) was mixed with 5 mM tetranitromethane in 0.2 ml 
of 0.2 M Tris/HCl (pH 8.0) at 25’C. At the indicated time 
10 ~12-mercaptoethanol was added to stop the reaction. An 
aliquot (0.1 ml) was used to reconstitute vesicles for the 
assay of H‘ conduction, and the rest (0.3 ml) was used to 
prepare proteoliprd fraction (band 8 protein) as in [ 161 and 
its amino acid composition was analysed. 

analysis. Figure 2 shows that after 10 mm ~eubatlon, 
when 1/3rd of a tyrosine residue is nitrated, almost 
all H’ conduction ceased. Smce this protein has been 
determined to contain 1 tyrosine resrduelmolecule 
(6500 daltons), nitration of only 1 tyrosine residue/ 
3 protems resulted in total loss of H’ conduction. A 
simrlar observation has been made with DCCD mhibr- 
tion of TF, [ 161 and F, of Escherichiu coli [ 12,211. 
This led to the view that the H’ channel in (T)F, 
represents an oligomer of DCCD-bmdmg protem. 

Table 2 lists the effects of glyoxal and phenyl- 
glyoxal on TF, vesicles. Both H’ conduction and 
TF, -binding activities were inhibited. Kinetics of the 
inhibrtion by phenylglyoxal are shown m fig.3. The 
fact that TF, -binding activrty decreases faster than 
H’ conduction might rndrcate that there are two 
inhrbrtion sites in TF, : one is probably on band 6 
protein which binds TFr and another is on band 8 
protein which is responsible for 11’ conductron. Band 
8 protein extracted from TF, treated wrth 40 mM 
phenylglyoxal for 60 min at 25°C contained 1.56 mol 
mtact argmine, whrle 4.01 mol were present prior to 
the treatment. Evidence has been reported for the 
presence of argmine residue(s) susceptible to this 
reagent near the uncoupler-binding site [22] . 

3.4. smcture of H’ &atlm?l 
DC~D-bln~ng protein from PS3 is an extremely 

hydrophobic protem; it contains only 5 glutamic 

Table 2 
Inlubrtory effects of arginme modrfying reagents 

Reagents Relative actrvity i%) 

ti-conduction TF, -binding 

None 100 100 
Glyoxal ( 69 mM) 36 93 
Glyoxal(345 mM) 26 67 
Pheny~yoxal(79 mM) 12 19 

TF,-vesicles (0.3 ml) were incubated m 80 mM Trrs/HCI 
(pH 8.6) in a total volume of 0.5 ml at 25’C for 30 mm. 
After 6 ml of 0.2% solution of argmine hydrochloride was 
added, TFo-vesicles were collected by cenntfugation and 
assayed for H’ conduction and TF, -bmdhrg Control values 
of H” conduction and TF, -bmding were 0 9 ~gion/mm,mg 
TF, and 4.3 unitslmg TF,, respectively 
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Frg.3. Time course of inactivation by phenylglyoxal of 
H’ conduction and TF, -bindmg actmties. TF,-vesicles 
(0.3 ml) were incubated wrth 59 mM phenylglyoxal m 0.1 M 
triethanolamine/HCl @H 8.5) m total vol. 0.5 ml at 25°C. 
Other conditions were as m table 2. 

acids, 1 aspartlc acid (some of them may be amrdes), 
4 argmines, and 1 tyrosine [ 161. Modifications of 
such residues, a tyrosme residue by tetranitromethane, 
argmine residue(s) by phenylglyoxal, and a carboxyl 
group by carbodlimlde [ 161, results in the blocking 
of H’ conduction. Moreover results with tetranitro- 
methane (fig.2) and with DCCD reported [ 161 
indicate that the H’ channel m TF, is made of an 
oligomer (possibly trrmer) of DCCD-binding protem. 
Thus H conductron through the membrane moiety 
of HItranslocating ATPase might proceed through a 
hydrophihc channel formed by very hydrophobic 
proteins. Protonation and deprotonatron of the polar 
groups facmg the channel should be rmportant for the 
H’ movement. Bacteriorhodopsm, a light-driven H’ 
pump, IS also known to possess a H+ channel moiety 
besrdes a H’ pumping site contaming retinal [23]. A 
model favourable to the present report has recently 
been reported [24]. 
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