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A radintien innativation technique wis emplayed to determing the fi um.timm\ size of pymphasphamsc (PPuse) from lhe chromutophares of Rhmfus-

pirillum rubrum. The sctivities of hydrolysis und synthesis reuctions of pyrophosphatase and its coupled protan transloeation decayed in a simple

cxponcnnul funetion with the increase of radiution dosages. Dyy vislues of 5,25 0.7 und 5.8:: 0.8 Mrads were'obtuined for pyrophosphate hydrolysis

and i3 associated proton transloeution yiclding molecular masses of 162.7430.7 and 156,31 26.6 kD, rcspeeuvcly Similurly, & Dy, value aof
4.4 0.6 Mrads was meisured for the neid-bise induced pyraphusphz\te symhcm vesulting in a radintion sensitive size of 196.3 £ 31.9 kDa,

Functionul size; Rudintion inuctivation; Pyrophosphatase; Chromatophore; Rhadospirilium rubrim

1. INTRODUCTION

The membrane-bound inorganic pyrophosphatase
(PPase) is of importance as it is an independent alter-
rative coupling factor 1o the ATPase system [1]. The
hydrolysis' of inorganic pyrophosphate is associated
with various energy-requiring reactions, such as ATP
synthesis [2], cytochrome redox changes (3], caroténoid

band shift [4], succinate-linked pyridine nucleotide

reduction [5] and transhydrogenation [6).
The PPase of Rnodospirillum rubrum has been
isolated to a state of near homogeneity by Baltscheff-

sky et al. [7,8]. The purified PPase could be incor-

porated into phospholipid vesicles and acted as a
PP-dependent electric generator {7]. The purified
PPase contained 6-7 discrete subunits as shown. by
sodium dodecylsuifate-polyacrylamide gel electro-
phoresis with apparent molecular masses of 64, 52, 41,
y (25), 20, and 15 kDa, respectively [8]. Other pro-
perties of this isolated PPase have been characterized
previously [7]. However, the exact structure and
mechanism of PPase still remain to be determined.
The technigue of radiation inactivation has been
used effectively in estimating the native molecular
weight of many membrane-bound components such as

enzymes, transporters, and receptors [9—11]. The func-

Abbrewanons. BChl, bacterjochlorophyll; PPase, pyrophosphataSe,
PPy, moxgamc pyrophosphate o
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“ tional size analysis may offer a means to determine the

composition and stoichiometry of the functional sub-
units, It also sheds light on the elucidation of the
mechanism of many enzyme complexes. In this com-
munication we determined the functional size of PPase
from R. rubrum by the radiation inactivation
technique. : .

2. MATERIALS AND METHODS

2.1. Preparation of Rhodospiritium rubrum

The R. rubrum 81 strain was. a kind gift from Dr Z. Gromet-
Elhanan, Departiment of Bioghemistry, Weizmann Institute of
Science, Rehovot, Israel. The growth conditions were as described by
Bose et al, {12}, The cells were harvested at log phase and washed,

_and chromatophores were prepared as described by Nyren et al. [7]

BCh! concentrations were 'determined using the in vivo extinction
coefficient given by Clayton [13], esso = 140 mM™'cm” ‘

2 2. Enzyme assay :

The PPase activities from chromalophmes of Rhodospmllum‘
rubrum were assayed in a 0.3 m1 medium containing 0.1 M Tris-HCl
(pH 7.5), 0.75 mM MgCiz, 0.5 mM Na-PPj. After 10 min the reac-
tion was stopped by adding 10 mM NaF. The phosphate released was
determined according to' LeBel et al. (14]. The H*-translocation
across the membrane was measured as the rate of fluorescence guen-
ching of Acridine orange at 30°C using a Hitachi F-4000 fluorescence
spectrophotometer [11]. The excitation and emission wavelengths
were 468 nm and 538 nm, respectively. The assay medium contained

0.2 M glyeylglycine (pH,7.4),,S mM MgSQOa, 5 uM Acridine orange

and 3.6 M BChl. The reaction was started by adding PP; to a final
concentration of 100 M and stopped by adding 1 4M gramicidine.
The acid-base transition PP; synthesis was carried out according to
a modified method of Jagenderf and Uribe [15]. Bacterial chroma:
tophores were incubated for 1 min in 0.3 ml acid buffer containing
15 mM succinate, 0.4 M glycylglycine buffer (pH 4.7). 0.4 ml base

-buffer was added for -another 1 min. The base buffer contained

0.4 mM' glycylglycine (pH '8.6), 5 mM Mg-acetate, 4 mM Na-
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phosphate, 10 ag oligamyein, and 3 4C4ml carrlerree P, The
reaction. was, lerminmed by the additian of 0.4 ml 5% (w/v)
trichloroacede ueid and then centrifuged at 7836 = ¢ for § min. All-
quats of supermatant (0.8 ml) were washed with 1.2 'l scetone and
lefustanding for & min. The [BPIPP; was determined acmrdmg ea
method modified from Avron [16).

2.3, Ireastiorion af samplex

Radiation inactivation analysis of PPase wax ¢carried out according
to the method of Pan et al. {11]. Chromatophores (0.8 mg/mi BChi)
were frozen in a medium comalning 0.1 M Tris-HCI (pH 7.53 and
10% glyeerol, The samples were irradinted with %Co (~1000 C) for
varioud periody at =13"C 1o -20°C maintained by a cryothermostat,
The dose rates were approximately 1.02 £ 0,13 Mradssh determined
by a method of Hart and Fricke [17] using Fel*/Fe** or Ce'*7Ce*”
cauplés. Theirradiated s.hrommophom were assayed immedmwly or
reswrcd at -70'(: until used,

2.4. Calenlation of functional size

Functional size was e¢aleulated according to the equation of
Beauregard and Potier [18);
‘log m = 5,89 ~log Dy, ~0.0028 ¢ ‘
where m is the functional size in daltons, ¢ is the temperature (*C)
during irrddiation, Dy, is the dose of radiation in Mrads required to
reduce the activity 1o 37% of that found in unexposed control at
emperature 1 (*C). .

‘3 RESULTS AND DISCUSSION

When isolated chromatophores were exposed to high
energy y-ray irradiation, the pyrophosphate hydrolysis
was reduced with increasing radiation dose (Fig. 1).
The decay of enzymatic activity was as a simple ex-
ponential function of dosage, allowing straightforward

application of target theory for determination of func- -

tional' mass involved. From analysis of data using linear
regression (r = 0.96), it was found that the Dj; value of
5.2 = 0.7 Mrads was required to decrease the activity to
37% of control value for PP; hydrolysis reaction. The
Dj3y value yields a functional size of 167.7 =+ 30.7 kDa
according to the equation of Beauregard and Potier
(18].

In: parallel experiments, we investigated the dose~
response of PPj-driven H"*-translocation across the
chromatophore membrane as determined by fluor-
escence quenching of ApH probe, Acridine orange
(Fig. 2A). The rate of H*-translocation also decayed as
‘a -simple exponential function of dosage (Fig. 2B). A
D3, value of 5.8 + 0.8 Mrads was measured (r = 0.95),
yielding a functional mass of 156.3 + 26.6 kDa. This
value is very similar to that of PP; hydrolysis.

In further, proton- pyrophosphatase of chromato-
phores from R. rubrum could catalyze the synthesis of
PP; at the expense of chemiosmotic gradient generated
under illumination. To make the system simple, we
determined the functional size for PP; synthesis by the
method of acid—base transition [15], bypassing the in-
volvement of photosynthetic electron transport chain.
Similarly, we obtained a Dj; value of 4.4 = 0.6 Mrads
and a functional mass of 196.3 + 31.9 kDa (r:= 0.95)

(Fig. 3). The functional size for PP; synthesis is slightly
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Fig. . Radiation inactivation of 'pyrophosphate  hydrolysis: by
chromaiophores of ' Rhodospirilhum . rubrum.. Chromatophores of
Rhodospirilhum rubrum (0.5 mg/ml BChl) were irradiated and. PP,
hydrolysis assayed as described in section 2. All data points are means
of at least 3 assays with line fitted by regression analysis (7 = 0.96).
The intersect on line at 37% activity of control givés the Dy dose

value, The control PPase activity was 2.75 umol PP; hydrolyzed/mg

BChl|/min.

larger than that for hydrolysis or its associated
H™*-translocation.

Baltscheffsky et al. [8] demonstrated that PPase con-
tained 6—7 discrete subunits on sodium dodecylsulfate
polyacrylamide gel = électrophoresis 'with apparent

~molecular weights of 64000, 52000, 41000, 31000,

(25000), 20000 and 15000, respectively. It is believed
that the 25-kDa polypeptide may not be a part of the
enzyme sinceits band was usually very faint or even ab-
sent [8]. Thus the sum of molecular mass of the remain-
ing subunits above is 223 kDa which is still larger than
that determined by radiation inactivation in this report.
This discrepancy might be interpreted as that some
subunits play a structural role rather than being directly
involved in enzymatic function. On the  contrast,
Klemme et al. obtained a molecular weight of 100000
for PPase by gel filtration [19]. It is likely that some
subunits might be depleted during purification by
Klemme et al. [19]. Recently, several PPases were
isolated ' from = higher plant vacuoles [20-23]." The
molecular mass of one major polypeptide was in the
range of 64-73 kDa upon sodium dodecylsulfate
polyacrylamide gel electrophoresis. It was suggested
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Fig. 2. Radiation inactivation of PPi-mediated H*-translocauon of
chromatophords from Rhodospirillum rubrum. The irradiation of
chromatophores and the measurement of H7-translocation were
- carried out as described in section 2, The initial rates of fluorescence
quenching were determined from changes in fluorescence observed in

first 30 s (A). One percent of fluorescence quenching represents

0.16 nmol proton influx determined by the direct titration of

stanndard  HCl, The data points in (B) are the means of at least 3

assays with the ling fitted by regression analysis (» = 0.95). The line
of intersect at 37% of conirol activity gives the Di; dose value.

that the structure of PPase on higher plant vacuoles‘

may be an oligomer, ‘probably a dimer [21].
speculate the larger functional mass than that of in-
d1v1dual subunits mentioned above indicates that PPase
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Fig. 3. Radiation inactivation of agid~base induced PPy synthesis by
chromatophores of  Rhodospirithen rubrim. The irradiation - of -
chromatophores and - the reaction conditions of acid=base induced
PP, synthesis were as deseribed in section 2. All data pomts are means
of at least 3 assays.with line fitted by regression anmysns (r = 0.95).

The intersect onthe line at 37% activity of control gives the Dyr dose
value, The control activily of PPi synthesis was 98 nmol PP;

formed/mg BChl/min. :

on chromatophores of R, rubrum may function as an

oligomer in a manner similar to that on higher plant

vacuolar membranes. The exact functional subunits

and their composition are yet to be determined. Finally,

the functional size of PPase is slightly larger for syn-

thesis than for hydrolysis (c¢f. 196.7 % 31.9 kDa versus

167.7 + 30.7 kDa, respectively) implying that both

mechanisms may not employ identical machinery. The

elucidation of this possibility and the identification of -
components involved require further studies,
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