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Sulphite redutctase (E.C. 1.8.1.2) is able to cause

the reduction of inorganic sulphite to sulphide.
This enzyme has been studied in a number of
micro organisms (1, 2, 3, 4, 5). Although the en-

zyme from Alliutmi, odoruzt has been purified to
homogeneity (6, 7) its characterisation is still in-
complete. Recently Asada & Bandtirski (8) and
Asada et al. (9) have described some of the
properties of a partially purified suilphite reductase
from spinach and showed that the enzyme catalyses
not only the reduiction of sullphite but also that of
nitrite and h droxylamine. These findings threw
dotibt on the specificity of this enzyme, which in
certain cases seems to be identical with enzymes

involvedI in the reduction of nitrate to ammonia
(6). Futrther (loubts about the natture of sulphite
reductase arise from the observation of Torii &
Banduirski (5, 10) that free suilphite is not a true
intermediate in the reduiction of suilphate. Fuirther-
more, it is not clear at present in which part of the
plant, root, stem or leaves, suilphite is reduced.
Since sulphite redutctase appears to be a very

electro-negative reduictase, it is possible that the
enzyme, as uisuially isolated, is part of an electron
transport system. Stlch systems are uisuially as-

sociated with the partictilate fraction of the cell.
It therefore appeared important to determine in
which suibcelltular fraction of the cell sulphite re-

(Itictase of the higher plant is located and whether
enzvme sy stems capable of re(dticing stilphite to
sullphide occtur in both photosynthetic and non-

photosynthetic tissues.
Chloroplasts wtere isolate(d from spinach or pea

leaves. The leaves were grouind( in 0.4 WI stucrose,
0.05 tris, 0.01 M NaCl buffer, pH 7.8 (1-2 ml/g
fr wt of leaves), the extract filtered throtugh
gaulze anli centriftigedl at 300 g for minutes and
the residule discarded. The stupernataint soltution
was then ceiitrifuged at 300 g for 20 minuites, when
very puire chloroplasts were recquiired or at 2000 g

for 10 minlutes, when a more qulantitative vield
was neede(l. The residuiial suipernatant was used

as souirce of the soluble enzyme. The chloroplasts
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were washed in the same buiffer anid then repre-
cipitated.

Chloroplasts wvere also prepared by isolationz
in a non-aquleouis mediuim according to Smillie ('11)
buit uising an initial density of the isolationi mediuim
containing nt-hexane and carbon tetrachloridle, of
1.32. The leaves were star-ved for 24 houirs in

the dark, at room temperattire to redtuce the starch
contenit, frozen with liquiid nitrogenl, freezedried,
groiii(lI in the noni-aquteouts mediutm and then frac-
tionated. Extracts of the isolatedI chloroplasts,
prepared by either the aqtieouis or non-aqueouts
techniquies, were made by suispendinig thenm overnight
in 0.05s i potassiutm phosphate buffer (pH 7.6)
aindl then removing the fragmented chloroplasts by-
centrift1gation. An active enzyme preparation wvas
prepared from the su1pernatant soluitioln by collect-
ing the fractioni precipitating between 35 to t65 %
satuiratioin with ammonitim sulphate, resiispein(ling
it in 0.0-06 AI potassium phosphate bluffer ( pH 7.6)
andlcdialysing overnight against the sameulffer.
Almost all suilphite reductase activity presenit iIn
the extract couild be recovered in th;s fraction.

The soluble enzyme was prepared I)-- fractioni-
atiig the sulpernatant soluition, after initial removal
of the chloroplasts, with ammoiliuim sulphate, the
35 to 65 % satuiration fraction agaiin being collected.
A\gain virtuially all activity was found in ths frac-
tioin, and nIo activity couild be (letecte(l in the fractioni
precipitatinlg between 0 to 35 % satuirationi.

A particulate fraction which mav b)e assulmed
to contaiin primarily mitochond(lria Nvas prepare(I
from pea or barley roots, oats, cauliflowver, or swveet
potatoes by grind(inlg the tissue w-ith the samiel buffer-
used for isolating chloroplasts. After filtration
throuigh gauize, the extracts were centrifulged for
10 minuites at 1000 g and the precipitate (liscarde(l.
The suiperilatant solution w\as cenitrifuigedI for 20
miinultes at 20,000 g. The particles Nvere w-ashed
wvith the same buffer aind reprecipitate(l. The pre-
cipitate w-as regarde(d as a mitochondr:al fractioln.
The enzyme w-as extracted from the mntochonldria
by resuspend(ling them in 0.05 \M Tricinie b:iffer,
pH 17.2 (12) anld( solicatiing the suspenisioni for 90
seconids usinlg a Raytheon Sonic oscillator. 10 K-c,
at full olutpult. Alternately the mitochondlria x\ ere
extracted with 0.05 Mr phosphate buffer pH 7.6
containiilg 1 % Triton X-100. Following sonication,
the suispeinsionis wvere centrifuige(d at 25,0f) g for
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25 mintutes and the supernatant solution used as
a source of the enzyme. All isolation procedures
were carried otut in the cold at 2 to 60. Sulphite
redtuctase was assayed by a method developed by
Asada (personal communication) and Asada et al.
(8), based on the bleaching of reduced methyl
viologen (MVINT.) in vacuo which was followed at
604 mg. The reaction mixture contained the fol-
lowing components: 0.5 mm potassium sulphite,
0.05 m Tricine pH 7.2, 2 mm ATP, 2 mm EDTA,
0.27 mmi redtuced methyl viologen, and enzyme.
The uinit of activity is uLmoles reduced methyl
viologeni oxidized/minute. Stulphide was measured
by the method of Siegel (13).

Attempts to measure sulphide formation by iso-
lated chloroplasts in the light, when sulphite was
provided as stubstrate, were tunsuccessful. Evein
added sulphide appeared to be bound by the tissue
and only 15 % cotuld be recovered. A light induced
suilphite disappearance could be shown in isolated
chloroplasts, btut no sulphide formation could be
demonstrated, so that no definite conclusion could
be drawn from these experiments. Moreover, it
was shown that boiled controls were not valid in
stuch experiments, since boiling reduced the protein-
sulphydryl grouips detectable in the preparation
by more than 50 %. This could indtuce a dis-
appearance of stulphite non-enzymically, by reaction
with the S-S groups in the protein.

In view of these difficulties the extraction pro-
cedtures described above were adopted. In typical
experiments 5 to 10 % of the total sulphite redtuc-
tase activity was located in the chloroplasts, isolated

in aqueous medium, and remainder in the soluble
fraction. The formation of inorganic sulphide by
such preparations could readily be demonstrated
with a stoichiometry of 6 moles MV oxidised per
mole of sulphide formed. Distribution between
chloroplasts and soluble fraction was affected by
the molarity of the aqueous isolation medium. In-
creasing the stucrose concentration increased re-
covery from the chloroplast fraction (table I).

Although the bulk of enzyme activity appeared
to be present in the soluble fraction of the cell, the
fact that part could be found in the chloroplasts
and the increased retention in them, as the sucrose
concentration of the isolation medium increased
strongly suggest that this soluble activity originated
in the chloroplasts. This has been shown to be
true for a number of other chloroplast enzymes
(11). When chloroplasts were isolated, uising a
non-aqueous technique, 88 % of the activity could
be recovered from the chloroplast fraction (table
II). These results indicate that the btulk of, if not
all, sulphite reductase activity of green leaves is
associated with the chloroplasts, provided that the
leakage of soluble proteins is prevented. Both the
distribution pattern and the higher activity/mg
chlorophyll fotund in the chloroplast fraction pre-
pared in non-aqueotus medium support this point
of view.

When the distribution pattern of enzymic ac-
tivity is compared in a green tissue and a tissule
lacking chlorophyll, pea shoots and pea roots, a
striking difference is noted (table III). In shoot
tissuie, tusing an aquieous isolation technique, the

Table I. Distribution of Sulphite Reductase Activity Between Chloroplast and Solutble Fractions of Spinach Leaves,
when the Tissuie .was Ground in Aqueous Media, (Sucrose, Tris, NaCi Buffer), Containing Different Sucrose Con-

ct ntrations and Activity Mleasured both in the Chloroplast Fraction and the Supernatant

Stucrose coincentration
in isolation mIedium

% of Total activity
recovered from chloroplasts

Unit of activity/mg
chlorophyll in

chloroplast fraction

Units of activity
recovered/100 g fr wt

of leaf tissue

0.015
0.029
0.09

chloroplast and soluble
2.5
2.9
3.7

Table II. I)i.stribztion of Suilphite Reductase Activity Between Soluble and Chioroplast Fractions of Freezedried
Spinach Leaves, Prepared Using Non-aqueous Isolation Procedures

Activity/mg chlorophyll of chloroplast fraction 0.224 units. (5 g freezedried spinach leaves ANere ground and
chloroplasts prepared. Total activity recovered was 0.73 units/5g).

Total chlorophyll, mg
isolated in fraction

Total protein, mg

isolated in fraction

Sulphite reductase
activity (% of tota!l)

present in (NH4)2S04
fraction

35 to 65 % saturation

Chloroplast f raction
Non-chloroplast fraction

180
58

2.84 88~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

325

0.4 Am
0.8 m

2.0 Am

6.7
10.5
15.5

2.84
1.0

88
12



Table III. Recov'cry of Suipl1itc Reductase Activity front Particulate and Soluiblc Fractions of Shloots ainid Roots of
Ten Day Old, Light Germinated Peas

Particulate fractioni in both w-as precipitated at 12.000g for 20 minutes. The particulate fractioni of Sihoots ivas
extracted with buffer, while that of roots was extracted with buffer containing 1 % Triton X-100.

Distribution of sulphite redcuctase k rtivity
Roots Slhoots

Soluible
Particulate
Units of activit\ recovered/100 g tissue

25 %
75 %
1.07

90%
10%
10.7

builk of the activity appears in the soluible fraction,
being apparently leached otut readily from the
chloroplasts. In contrast, activity in the roots is
fotund predominantly in the particulate fraction.
Activity couild only be extracte(d from it by treat-
menit with (letergent such as 1 % Triton X-100 or
by sonication as described above. The presence of
suilphite re(lulctase activity couldI by this means be
demonstrated in particulate fractions from cauli-
flower florets, sweet potatoes, (storage organ) and
barley andl pea roots. In all cases, sullphide forma-
tion as the enid product of stulphite redtuction was
demonstrate(l.

The bulk of sulphite redtictase activity is asso-
ciated with the particulate fractions of the cell of
both photosynthetic and non-photosynthetic tissuies.
Whether, in addition, a genuiine soluble enzyme also
exists couldl not be ascertained from these experi-
ments. The level of enzymic activity is much
greater in leaf than in root tissuie (table III). The
presence of ani enzyme capable of reduicing suilphite
in both these tissules might be expected, since sulfate
is assimilated in both.

The assignmeint of a subcelluilar location to an
enzyme which is readily solubilised requires great
cauition. However, since suilphite redtictase couild
be locate(d in the particulate, probably mitochon-
drial frcactioin of non-photosy-nthetic tissuie and since
it cotnld be show-n to be present in chloroplasts, the
concluisioni that the apparently soluble enzyme
or giniates from the chloroplasts seems jutstified.
The fact that suilphite reduicfa-ase occuirs in the par-
ticulate fraction of the cell, that it is non-specific
(2, 8, 9) aind( the strong electro-negativitv of the
enzyme suiggest that the enzyme is in fact part of
an electronl transport system. The electron trans-
port system present in the chloroplast ancd mito-
choindIrial fractions differ and therefore the sulphite
re(lulctase (lemonstrated in them may also well be
different. In both organelles probably relatively
non-specific systems are presenlt, which mav have
a more general role in the reduictive processes of
the cell.
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