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Oxaloacetate decarboxyluse of’ Xivhsteltu pne umontm' was shown to contain between 0.6 and 1,0 mol zine per mol enzyme in dilferent preparations,
The decarboxytine netivity wis completely abolished after 15 min incubation with | mM Hg(NO,); in phosphate buifer, while the activity docreased |
only 20% {f the incubution was performed in MES/Trin buller, Treatment of the ivolated subunits with Hg(NO,), indicated that the dindiag site.
for Hg® ons i on the o subunit, Other inhibltors of the decarboxyluse are KSCN and diethylmilbestrol, Inactivation of the cnzyme with 2%
1-butanol was significantly reduced by 100 mM NaCl Socdium {ons also protecied the isolated A+ subuniis from a digestion with trymin,

Oxnloacetnte decarboxyle; Zine content; Enzyme lnhibition; Protection of proteolysis by Na® fons

1. INTRODUCTION

Oxaloncetate decarboxyluse, methylmalonyl-CoA de-
carboxylase and glutaconyl-CoA decarboxyluse belong
to a family of enzymes that catalyze the clectrogenic
tvansport of Na* ions upon decarboxylation of each
specitic substrate (for review see [1,2]). The subunit
composition and the catalytic mechanism of all Na*-
translocating decarboxylases appear to be very similar
[3-5). The first step is the transfer of the carboxyl group
from the substrate to the prosthetic biotin group (Eqn.
1). This reaction is catalyzed by a peripheral membranc-
bound subunit (&) which has a molecular weight of
about 65,000 [3,5.6]. The biotin resides either on the
C-terminal domain of the 2 sebunit (exaloacetate de-
carboxylase [3]) or on a scparate biotin carricy protein
subunit with A7, 18.000-24.000 (methylmalonyl-CoA
decarboxylase and  glutaconyl-CoA - decarboxylase
[4.5]). The carboxyltransferase. reaction which is com-
pletely independent of the presence of Na* ions is
succeeded by the Na*-dependent decarboxylation of the
cnzyme-bound carboxybiotin that is coupled to Na*
translocation (Eqn. 2). This reaction is catalyzed by the
more {firmly membrane-bound subunits § and ¥ in oxa-
loacetate decarboxylase or § and & in methylmalonyl-
CoA decarboxylase which have molecular weights of
about 40,000 () and 9,000 (¥) and 14,000 (&) [3-6).
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R-COO" + E-biotinw= RH + E-biotin-CO," (Eqn. 1)
E-biotin-CO," + H* + 2Na*,, m E-biotin
+ Q0.+ INA", (Eqn. 2)

More recently, the oxaloacetate decarboxylase of
Klebsiella pneumoniae has been cloned and sequenced.
The N-terminal part of the sequence of the & subunit is
highly homologous to the SS subunit of transcar-
boxylase from Propionibacterium shermanii which cat-
alyzes the same carboxyltransfer reaction (Eqn. 1) [7).
The C-terminal part of the @ subunit sequence
resembles the sequences of biotin carboxyl carrier pro-
tein subunits/domains of several biotin enzymes [7.8)
These sequences are one preggndition for Jcfining the
catalytic sites of these cnzymes. but  adduwional
knowledge of structure and cat='"lic ~ropertics ar also
required. Further studies on the struc:. 2 =6 catalvtic
mechanism of oxaloacetate decarboxylase were there-
fore performed and are described below.

2. EXPERIMENTAL

2.4 Materials

Oxaloacctate decarboxylase of Kichsiella preuntoniae was preparcd
by affinity chromatography of a solubitized membrmine extract on
monomeric avidin-Sepharose [9].

The puritied enzyme was dissociated by {reczing and thawing in the
presence of LiClO, and the biotin containing @ subunit was separated
from (8+y) by chromatography on monomeric avidin-Sepharose as
described {10).

2.2, Determinacion of tightlv-bound metal ions in oxaloacetate decar-

boxylase
Purificd solutions ol oxaloacetaic decarboxylase containing 3-8 mg
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proteto/mt were dinlyzed overnight against 10 mM TrissHCL butler,
pH 7.4, Saumples of the dialyzed enzyme were used direetly or after

dilution with delonized water for meiad fon unalyses, The conteat of

wetal fons was determined by atomic absorption spectroscopy using
u Shimadzu AA 646 awomie absorption/lame cmission spectropho-
tometer. Each clement was determined at theee ditterent dilutions
under conditivng of optimal sensitivity us deseribed by the manutie-
trer, The dindysis bufler was used as o blank, The calibration cupves
were tinsurat 0 20 M ol themetnl fows anulyzed and yiclded
at 1 M concentrition for Codt 48 = 0,00), Tor Zn¥ AE = 0.02 und

for Mo gk = 0008,

3. ‘RESULTS AND DISCUSSION
3.1, Comtentof tightiv-bound Zi'* in oxaloacetate decars
boxylaye.

Oxuloncetate decarboxylase, pyruvate carboxylase
and transcurboxylase are enzyme complexes that share
a common reaction, i.e. the transfer of' the carboxyl
group {rom-oxaloncetate to enzyme-bound biotin (Eqn.
1). The sequences ol the three different carboxyl-
transferase’ subunits arve highly conserved suggesting
that they are cescendants from n common ancestor and
probubly react by a common mechanism [7.8]. In ac-
cord with this notion is the same stercochemical course
by retention of configuration in all three cases {1.11),
Pyruvate  carboxyluse'  contains  tightly-bound
manganese in the active center of the carboxyl-
transferase. The participation of' this metal ion in the
carboxyltranster reaction has been directly demon-
strated by NMR spectroscopic techniques [12], The 35S
subunit of the transcarboxylase from Propionibacterium
shermanii contains tightly-bound cobalt and zine with
un apparently analogous function as the manganese in
pyruvate carboxylase [13).

It was of interest, therefore, to determine, whether
oxaloacetate decarboxylase also contained tightly-
bound metal ion(s). Dialyzed swples of the purified
enzyme weve analyzed for manganese, cobalt and zine
by atomic absorption spectroscepy. The enzyme con-
tained neither manganese not cobalt but zine ranging
between 0,61 and 0.99 mol per mol of enzyme in the

Table 1

Metal ion content of oxatoacetate decarboxylase. Diftferent prepar-

tions of oxaloacetate decurboxylase were dialyzed and subjected to the

analyses of Co™, Zn™ and Mn™ by atomic absorption spectroscopy

as deseribed in section 2. Moan values obtaingd with three ditferent

dilutions are given. The molar content of oxaloacetate decarboxylase
was calenlated on the basis 1 nmol = 0.1S mg protein,
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Fig. 1. Time course of the inhibition of oaaloacetaie decarboxylase
with HpiNOy): The etizyme was incubated at 28°C in 200 mM MES/
Tris bufler, pH 7.3 or 100 mM potassium phosphiate buiter, pit 7.9
with the concentrations of Hp(NO,): indicuted, At the times indicated,
samples were dituted 200-Told into cuvettos containing the reagents for
determining the oxatoacetate decarboxslase activity.

diflerent preparations analyzed (Table 1), These data
suggest the participation of Zn™ in the carboxyl.
transferuse reaction of oxaloacctate  decarboxylase,
analogous to the tunction of Mu** or Co* and Zn** in
pyruvate carboxylase or transcarboxylase. respectively
112,13}

3.2, Inhibitors of exalocectare decarboxylaxe

Several compounds known to react with SH-groups
of enzymes were tested as possible inhibitors of oxato-
acetate decarboxylase. No significant inhibition was
found with iodoacetate, iodoacetamide. 5.5°-dithio-bis-
(2-nitrobenzoate), 2.2"-dithiodipyridine and N-cthylma-
leinimide. Mereurials were on the other haud effective
whibitors of the decarboxylase. As an example, the time
course of inhibition of oxaloacetate decarvoxylase with
different concentrations of Hg(NO,), is shown in Fig.

Table 1
Etfect of Hg(NG,), on the catalyvtic activity of oxaloacctate decar-
boxylase subunits, The isolated & or the (8+7) subunits were incubated
in a total volume of 0.16 mi 0.1 M potassium phosphate buffer, pH
7.5 with 1.2 mM Hg(NO,); for IS min 2t 25°C, Controls without
HE(NG,); treatment were run in paraltel. All samples were dialyzed
for 3 h against S0 mM Tris-HCl bulter, pH 7.5, The enzyme complex
wits then reconstituted from the subunit fractions by 30 min incuba-
tion ut 25°C. The oxaloacetate decarboxylase activities were subses

Oxaloacetate Co® Mn Zn™ ' quently determiined and are given as percentage of the reconstituted

decarboxylase cnzyme cnzyme from subunits not treated with Hg(NO,).

Preparation (LMY uM) {mol/mol) Subunit combinations Oxaloacctate decarboxylase
(%)

1 14 0 0 30 0.88

2 26 0 0 23 0.88 & (untreated) + (5+p) (untreated) 100

3 33 [\ 0 20 0.61 a (HE™) + (§+p) (Hg™) 4

4 14.0 0 0 i20 0.86 2 (Hg™) + (B+y) untreated 6

S 8.5 0 0 $4 0.99 a (untreated) + (8+y) (Hg™) 68
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Fig. 2. lnhibition of oxaloacetute decnrboxylase by KSCN, The uc
tivities were determvined in 100 mM potassium phosphate butler, pH
1S by the direct spectrophotometric ussay w265 nin (9] in presence
of the KSCN concenteations indicated. The inset shows the reverst-
bitity of the inhibition with KSCN. The enzyme wus incubated for the
times Indiented with 6.6 mM KSCN and the oxuloucette decar-
boxyluse aelivities were determined after 67-lold dilution into assay
mixture not containing KSCN,

1. A concentration of 1| mM Hg(NO,), was sutlicient to
completely inactivate the enzyme within 15 min, if the
incubation was performed in phosphate bufter, pH 7.5,
Surprisingly. the activity decreased only 20% in MES/
Tris buffer under otherwise identical conditions. A con-
formation of the enzyme may therelore be stabilized by
MES/Tris buffer, by which specific SH groups are

100+
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2" "
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o
’
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Fig. 3. Effect of dicthylstilbestrol concentration on oxaloacetate de-
mrbowla\c activity, The coupled spectrophotometric assay with
lactate dehydrogenase was used with 160 mM Tris-HCI buffer, pH 7.5
[9). The cuvettes contained the dicthylstilbestrol concentrations indi-
cated.
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protected from a reaction with Hg®*, The reaction of
Hg** with SH groups was indicated by partial reactiva-
tion of the Hg(NO,)a-inhibited enzyme afier incubation
with dithioerythritol,

The presence of S0 mM pyruvate protected the decar-
boxylase from inhibition by Hg(NO,), in phosphate
buﬂcr 10 the same cxlcnd us MES/Tris buITcr did. The

Lurboxyltmmfernse subumt. “This was shown .
cubution of the isolated a subunit or the (p«a-y) subun ts
with Hg(NO,): followed by dialysis 1o remove n
Hg(NO,); und- reconstitution of the enzyme complcm :
The results shown in Table 11 indicate loss of reconsti-
tutable decarboxyluse activity after treatment of the &
subunit with Hg(NO,), but only partial loss of activity
i the (B+y) subunits were incubated with the wmersury -
salt, _
The results of Fig. 2 show the decrease of oxalo-
ncetate decarboxylase activity at increasing concentra-
tions of KSCN., reaching 95% inhibition in presence of
50 mM ol this compound. This inhibition was com-
pletely reversible, as shown by 100% 1ecovery of cata-
Iytic activity upon dilution following incubation of the
enzyme with 6.6 mM KSCN up to 55 min. Dicthyt-
stilbestrol was found to be another inhibitor of the de-
carboxylase (Fig. 3). The inhibition is characterized by

Fig. 4. Protcolytic degradation of' the f and ¥ subunits of oxaloacetate
decarboxylase with trvpsin and effect of Na™ ions on this proteolysis.
The incubation mixtures contained in 0.25 ml at 25°C: (A) 50 mM
MES/ Tris builer, pH 6.0, the isolated (8+y) subunits (50 ug protein)
and 0.25 ug trypsin. A paraliel incubation mixture (8) contained 100
mM NaCl in addition. Samples (50 ub) were transferred after 1, 3 and
10 min incubation into SO gl 10% formic acid. The solvent was re-
moved in vacuo, the residues dissolved in 50 gl sample buller and atter
heating to 100°C tor 3 min § gl aliguots were subjected 10 SDS gel
¢lectrophoresis. The samples applied are trom left w0 right: the B+
subunits without trvpsin. trvptic digestion mixture A after | min. after
3 min, after 10 min. tryptic digestion mixture B after 1 min. after 3 min.
after 10 min, trypsin.

6%
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an S-shaped profile with an inflection point at around
30 uM dicthylstilbestrol and a decrease to less than 5%
activity in presence of' 50 uM of this compound.

3.3. Elfect of Na* on the inactivation and digestion of

decarboxylase subnnits

The oxalmmtmc decarboxyluse  nctivity  was

‘85% during u 10
he ndditiona! pres-

y protected the enzyme
h‘om thm mactlvation."l‘he results are analogous to sim-
ilar- observmlons with alutuconyl-CoA decarboxyluse
[5] and may suggest that in- the presence of Na® these
dccarboxylnses assume 1 more compugt contormation,
This r:otion is lso in accord with results from proteo-
lytic degradution which indicated a specific protection
of the B-chains of all three different decurboxylases by
Na* ions [3.5,6]. To determine whether this protective
effect of Na* ions required the structurally intact en-
zyme complexes, or whether a similar interaction with
Na* was ulso possible with the isolated (8+y) subunits,
we studied the digestion of these subunits from oxalo-
acetate decarboxyluse by trypsin. The tesults shown in
Fig. 4 indicate that in the absence of Na* ions the 8
subunit is degraded to several distinet fragments, The

¥ subunit appears to be digested through a fragment of

intermediate size to small fragments that are not de-
tectable on the SDS gel. In the presence of Na* jons, the
B subunit was clearly protected from the tryptic diges-
tion. and also the ¥ subunit was not significantly

70
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degraded in the absence of the alkali ion. These results
could indicate that the Na* binding sitc is contributed
by both B and ¥ subunits. It is also evident that the o
subunit is not required for the binding of Na* by (8+y)
that results in a conformational change of these sub-
units. These observations arc in accord with recent
results of Na'* transtocation by the isoluted (ﬂ+y) sub-
units. The upectﬁc activity t‘or ‘Na* translocation by -
{B+7) in response to AdNa* was ubout the same as
that for nctive Nu* transport by the oxaloacetate decar-
boxylase complex (manuscript submitted).
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