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L-(+)-Tartrate dehydratase from Pseudomonas putida is an
iron-sulphur enzyme
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The enzyme L-(+ )-tartrate dehydratase has been isolated from extracts of Pseudomonas putida by a one-step

procedure involving dye-ligand chromatography. The enzyme loses activity rapidly in the absence of Fe?*;

concentrated solutions have a brown colour typical of iron-sulphur proteins. Analysis of iron and acid-labile

sulphide indicated 3-5 atoms of each per molecule of 100 kDa. The enzyme’s structure consists of four subu-
nits, two each of 23 and 27 kDa.

Tartrate dehydratase Iron-sulfur protein

1. INTRODUCTION

The role of Fe* in the activation of aconitase
has recently been clarified {1,2]. The molecule has
an unstable Fe, S, cluster which, on losing one iron
atom, causes loss of activity of the enzyme, and
this is reversible. Several other dehydratases, par-
ticularly those working on the «, 8 carbons of a
hydroxycarboxylic acid, have been reported to be
activated by iron, and it has been suggested that at
least some of these may be iron-sulphur enzymes
like aconitase [3,4]. We have reported that
6-phosphogluconate dehydratase isolated from
Zymomonas mobilis has at least 3 iron atoms per
subunit and has the characteristic brown colour of
iron-sulphur proteins [5]. Maleate hydratase is
another enzyme in this category {4].

Of the tartrate dehydratases described in the
literature, the L-(+)-tartrate enzyme from
Pseudomonas putida was demonstrated to be ac-
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tivatable by Fe** plus large concentrations of
sulphydryl compounds [6]. The D-(— )-tartrate en-
zyme from Rhodopseudomonas sphaeroides does
not appear to involve Fe** and is more stable [7].
However, a D-(~ )-tartrate dehydratase isolated
from another Pseudomonas species was optimally
active when iron was present in the assay [8]. This
paper describes a simple isolation procedure for L-
(+)-tartrate dehydratase from P. putida, and
demonstrates that it contains irons and labile
sulphur in approximately equal proportions.

2. MATERIALS AND METHODS

L-(+)-Tartrate, tartronate and biochemical
reagents were obtained from Sigma. Dye-ligand
columns were as described in {9]; approx. 20 were
screened for their ability to bind the enzyme,

P. putida PPN1 (ATCC 12633) was grown in a
defined medium {10} and a solution of trace
elements, using citrate as carbon source. Actively
growing cells were then transferred to medium
with L-(+ )-tartrate replacing the citrate to provide
a 1 1 starter culture. 10—15 1 of medium was used
to grow cells at 28°C with aeration for 20 h. Ap-
prox. 2 g cells per | was recovered on centrifuga-
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tion. Cells were extracted using a French press into
a medium consisting of 30 mM K phosphate, pH
7.0, plus 5 mM succinate, 5% sucrose, 0.1 mM
F€2+, § mM cvsteine. § mM glutathione, 10 mM
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ascorbate, and 5 mM MgCl,.

Z. mobilis 6-phosphogluconate dehydratase was
isolated as in [5].

Samples for iron and sulphur analysis were
passed through small columns of Sephadex G-25
and/or dialysed extensively against iron-free buf-

fa Tran analvecae wara carr
1Crs. ir0n anaiyses were \.eul}n" out “cing a Vanan

AA-275 atomic absorption spectrophotometer.
Acid-labile sulphide was measured using the
method of Beinert [11]. Enzyme activity was deter-
mined as described [6]; units of activity are in
xmol-min~! at 25°C.

3. RESULTS

3.1. Stability of enzyme

Hurlbert and Jakoby [6] showed that extracts
made in 0.01 M Tris-chloride, pH 7.0, + 5 mM
glutathione and 5 mM cysteine lost tartrate
dehydratase activity, but could be reactivated
100-fold by incubation with Fe®*, cysteine and
glutathione. We confirmed that this was so, and if
the extract was made in an iron-sulphydryl buffer,
the enzyme was obtained in an already active form.
Manipuiations on dye-ligand coiumns even in the
presence of iron and sulphydryl reagents led to

rm—“ﬂ and mr\ctlv irrecoverable loss of ar‘h\nfv A
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series of stablhty studies with a variety of agents
was carried out. The presence of sucrose and/or
succinate successfully stabilized the enzyme. Con-
sequently all extracts and buffers used in purifica-
tion contained 5% sucrose and 5 mM succinate.
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3.2. Purification

After screening a number of small dye-ligand
columns of closely equivalent protein-binding
ahilitiac Dr NAcIiAN rArl U RN was nhr\cnn ac tha
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‘negative’ and Procion yellow H-E3G as the
‘positive’ absorbents [9]. Columns of dimensions
4 cm? x 6 cm were packed and equilibrated with
pH 7.0 buffer. Extract containing 250—400 units
tartrate dehydratase was passed through the two
columns in series, and the Procion yellow H-E3G

column was then worked up for th

washing with 160 ml extraction buffer, tartrate
dehydratase was eluted by including 2 mM tar-
tronate, a strong inhibitor, in the buffer. The
eluted enzyme was immediately concentrated to
1-2 mi by ultrafiltration and the sample stored
frozen at —80°C. A summary of the procedure is

soan tahla 1
Blv\yll lll I.aul\' 1.

The preparations on polyacrylamide-SDS gels
showed two equally strong bands at 23 and
27 kDa, with occasionally some traces of impurity
at 45 kDa. Assuming that these two bands both
represent the enzyme (see below), the preparation
was >95% pure, with an overall recovery of at

langt SN0, Tha whala nracadnr nd i
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performance is similar to that wused for
6-phosphogluconate dehydratase [5].
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3.3. Structural and kinetic properties
The enzyme was analysed for iron and acid-
labile sulphide [11] after passage through a small
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from the buffer. Samples were also extensively
dialysed against iron-free buffer, but these lost all
enzymic activity. The results of several analyses are
shown in table 2.

Although the expectation was that up to 8 irons

Tabie i

Purification of L-(+ )-tartrate dehydratase from 7.5 g (wet wt) P. putida

Total Total Specific
protein activity activity
(mg) (units)  (units-mg™")
Extract 320 340 1.1
Not adsorbed on red H-8BN 225 340 1.5
Not adsorbed on yellow H-E3G 165 <30 -
Eiuted from yellow H-E3G
with tartronate 2.7 210 78
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Table 2

Iron and acid-labile sulphide content of P. putida
tartrate dehydratase and Z. mobilis 6-phosphogluconate

dehydratase
Sample umol Fe gmol S
per gmol per zmol
enzyme enzyme

Tartrate dehydratase
(4 preparations) 2—-4 2-6
(average 3.5) (average 4)
6-Phosphogluconate
dehydratase
(2 preparations) 6—8 6—8

The molecular mass of tartrate dehydratase was taken as
100 kDa, and of 6-phosphogluconate dehydratase (a
dimer) as 126 kDa

and sulphide could be found per molecule of
100 kDa, analyses mostly gave much lower values,
suggesting either only one FesS4 cluster per a8
structure, or possibly two clusters of Fe,S,.
Analysis on fully active enzyme was not possible,
since the removal of excess Fe’* from the buffer
resulted in irreversible loss of activity.

Attempts to separate the two components in-
dicated by polyacrylamide-SDS gel electrophoresis
using ion-exchange chromatography or gel filtra-
tion were unsuccessful. Gel filtration on Sephacryl
S-200 in a buffer containing iron and sulphydryl
compounds gave a single peak corresponding to
100 kDa. However, this could have been two
tetrameric proteins of 92 and 104 kDa; samples
were taken across the peak, concentrated ap-
propriately and run on electrophoresis. The gels
were then scanned with a densitometer to detect
any variation in the relative proportions of the two
subunits. All fractions gave close to 1:1 ratios for
the two bands. It is concluded that there was only
one protein component, of 100 kDa made up of 2
subunits of 23 kDa and 2 of 27 kDa.

4. DISCUSSION

The occurrence of iron-sulphur clusters in
(de)hydratases of EC sub-class 4.2.1.x appears to
be a common phenomenon, although the behavior
of the enzymes in terms of both stability and re-
quired reactivation procedures differs con-
siderably. Thus aconitase is relatively stable and
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can be readily reactivated to an FesS; form; the
final, labile Fe appears to be necessary for
substrate binding [2]. Other dehydratases have not
been studied in such detail partly because they are
more labile. The P. putida L-(+ )-tartrate
dehydratase behaves in a similar fashion to the
other enzymes in losing activity in the absence of
excess Fe?* plus reducing agents; the isolated en-
zyme contains structural iron and acid-labile
sulphide. However, quantitation of these elements
was difficult as it could only be carried out on par-
tially inactive enzyme which may have lost part of
its iron-sulphur cluster. The enzyme has a complex
structure with two subunits each of 23 and 27 kDa;
it would be expected by symmetry that there would
be two, if not four Fe-S clusters. Our
measurements have indicated rather low Fe and S
contents, suggesting either only one Fe4Ss per
tetrameric molecule, or alternatively two FeS
clusters of smaller size. These possibilities could be
tested using ESR.
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