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Inhibitory effects of 4’-oxythiamine pyrophosphate (OTPP) and tetrahydrothiamine pyrophosphate
(ThTPP) on the purified bison heart pyruvate dehydrogenase complex (PDC) semisaturated with endoge-
nous thiamine pyrophosphate (TPP) and 2-oxoglutarate dehydrogenase complex (OGDC) saturated about
85% with endogenous TPP, were studied. It has been established that the thiamine derivatives strongly
inhibit not only the PDC apoenzyme moiety, but also the PDC holoenzyme moiety. The apparent 1, values
for the holoenzyme were 0.006 pM and 0.046 uM for OTPP and ThTPP, respectively. The inhibition of
the PDC is reversible. After removal of the anticoenzyme analogues by gel filtration the endogenous TPP
within the PDC is retained as it is evidenced by complete recovery of the enzyme activity without added TPP.
In contrast with the PDC, OGDC holoenzyme form is weakly inhibited by the anticoenzyme analogues.

KEY WORDS: Pyruvate dehydrogenase, 2-oxoglutarate dehydrogenase, inhibition, thiamine pyrophos-
phate analogues

INTRODUCTION

Pyruvate dehydrogenase (EC 1.2.4.1) and 2-oxoglutarate dehydrogenase (EC 1.2.4.2)
are the first components (E, ) of the multienzyme complexes, which catalyse thiamine
pyrophosphate (TPP)-dependent decarboxylation and dehydrogenation of pyruvic
and 2-oxoglutaric acids, respectively. Overall the pyruvate dehydrogenase complex
(PDC)- and 2-oxoglutarate dehydrogenase complex (OGDC)-reactions are expressed
by the following equation:

R-CO-COOH + HS-CoA + NAD' — R-CO-S-CoA + NADH + CO, + HT,

where: R = CH;-, for pyruvate; R = HOOC-CH,-CHj,-, for 2-oxoglutarate.

*Correspondence.
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The PDC in mitochondria responds to a number of regulatory signals by means of
reversible phosphorylation mechanisms."” The OGDC is a limiting unit of the citric
acid cycle’ and has allosteric mechanisms of regulation of its activity.*”’

With respect to coenzyme-anticoenzyme regulation, interactions between the mul-
tienzyme complexes, TPP and its derivatives may also be of interest.

In an earlier work it was shown that 4’-oxythiamine, tetrahydrothiamine and
thiamine-thiazolone pyrophosphates were potent competitive inhibitors of PDC
versus TPP*"® However, in those experiments, TPP was almost absent in the PDC
preparation used.

The enzymes in the present study were the bison heart PDC and OGDC which
after purification contain bound endogenous TPP in an amount providing more
than 50% and 85% of the maximum PDC" and OGDC activity, respectively. The
aim of this research was to elucidate whether well known anticoenzyme inhibitors,
4’-oxythiamine pyrophosphate and tetrahydrothiamine pyrophosphate, can inhibit not
only the apoenzyme moiety of PDC and OGDC, but also the holoenzyme moiety of
E, in the multienzyme complexes constitution.

MATERIALS AND METHODS

The PDC and OGDC were isolated and purified from the hearts of 7 European bisons
(Bison bonasus) by the method suggested for the same complexes from bovine heart.'
The purified PDC and OGDC had a specific activity of about 11 IU/mg protein and
showed on SDS-polyacrylamide gel electrophoresis a set of subunits' typical for the
same complexes from other mammalian tissues.*"* ™

The velocity of the PDC- and OGDC-reactions was recorded by measuring NADH
formation at 340 nm with spectrophotometers DU-640 (Beckman, Fullerton, USA)
or Specord UV/VIS (Carl Zeiss, Jena, Germany) using a thermostated cell (30°C).
The reaction medium (1 ml) contained 50 mM potassium phosphate buffer (pH 7.8),
1 mM dithiothreitol, 1 mM MgCl,, 0.1 mM CoA, 2 mM NAD™, 2 mM pyruvate-K*
(in the case of PDC) or 10 mM 2-oxoglutarate-Na* (in the case of OGDC), various
TPP concentrations and various inhibitor concentrations, as it is shown in the legends
for Figures 1, 3, 4 and 6. TPP (0.2 mM) was used as a saturating concentration. The
reaction was started by the addition of 2-5 ug of the enzyme preparations. The assays
were carried out in duplicate. When a lag phase was observed in the kinetic curve, the
steady-state rate after the lag phase was measured. For preliminary kinetic analysis
Lineweaver-Burk plots were used.'

4'-Oxythiamine was prepared according to the method of Rydon'’ and tetrahy-
drothiamine according to Bonvicino and Hennessy® with subsequent phosphory-
lation and purification' of these thiamine analogues by Dr S. Zabrodskaya and
Dr D. Oparin (Institute of Biochemistry, Academy of Sciences, Grodno, Belarus).
TPP was obtained from Sigma (Milwaukee, USA). The concentrations of thiamine
pyrophosphate analogues were determined spectrophotometrically using the molar
absorption coefficients of 8550 M~tcm~! (267 nm), 8900 M~tcm~! (266 nm) and
6080 M~tcm~! (269 nm) for thiamine, 4'-oxythiamine and tetrahydrothiamine,"
respectively.
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FIGURE 1 Original kinetic curves of the PDC-catalysed reaction at different conditions: (a) in the
presence of 0.2 mM thiamine pyrophosphate (TPP), (b) in the presence of 0.2 mM TPP and 0.5 pM
tetrahydrothiamine pyrophosphate (ThTPP), (c) without exogenous TPP, (d) without TPP, +0.5 uM ThTPP
1 min after start, (e) without TPP, +0.5 uM ThTPP + 0.2 mM TPP 1 min after start, (f) without TPP,
+0.5 uM ThTPP.

RESULTS AND DISCUSSION

The rate of the overall bison heart PDC reaction observed in the absence and presence
of exogenous thiamine pyrophosphate (Figure 1, curves (a) and (c)) suggested that
the purified PDC was apparently semisaturated with endogenous TPP. Earlier it was
shown that the PDC from Escherichia coli,” pig heart,” bovine adrenal glands™ and
human heart® also did not completely lose TPP during purification but bison heart
PDC contained the greatest amount of endogenous TPP. When the PDC acted with
residual TPP in the absence of exogenous coenzyme, a lag phase was observed after the
contact with substrate (Figure 1, curve (c)). Such kinetic phenomenon was explained
as a result of partial, limited dissociation of the endogenous bound TPP in the absence
of pyruvate and its complete reassociation in the region of the pyruvate dehydrogenase
active sites in the presence of the substrate.*

Using the PDC preparation semisaturated with endogenous TPP we studied the
possibility of its inhibition by anticoenzyme thiamine derivatives, 4'-oxythiamine
pyrophosphate and tetrahydrothiamine pyrophosphate (Figure 2).
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FIGURE 2 Formulae of the thiamine anticoenzyme analogues used.
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FIGURE 3 Linewecaver-Burk plots of the dependence of the PDC-catalysed reaction rate on the
concentration of exogenous thiamine pyrophosphate (TPP): (A) disregarding of endogenous TPP; (B) after
subtraction of the reaction rate provided by endogenous TPP: B — in the absence of inhibitor; ® — in the
presence of 0.01 uM 4’-oxythiamine pyrophosphate; v — in the presence of 0.1 uM tetrahydrothiamine
pyrophosphate.
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First, the initial PDC-reaction rate (v) was measured at different concentrations of
added exogenous TPP in the absence and presence of the inhibitors. Lineweaver-Burk
plots of the dependence of v on concentrations of exogenous TPP were evidently
nonlinear (Figure 3A), because endogenous TPP also contributed to the reaction
rate. On the other hand, after subtraction from the overall PDC-reaction rate of the
PDC activity exerted with endogenous TPP we obtained data which indicated the
apparent competitive inhibition of the PDC by 4’-oxythiamine and tetrahydrothiamine
pyrophosphates versus added TPP (Figure 3B). However, such subtraction was not
exact, because it disregarded the degree of inhibition of PDC by the anticoenzymes
versus endogenous TPP. Therefore, from Figure 3B only two clear conclusions can
be drawn: (1) the apparent K, value for exogenous TPP amounts to 0.6 uM,
(2) 4'-oxythiamine pyrophosphate is about 3-fold more potent as an inhibitor than
tetrahydrothiamine pyrophosphate, because a 10-fold lower concentration of OTPP
caused only a 3-fold lower inhibition.

Interestingly, TPP-dependent yeast pyruvate decarboxylase’ and bovine heart
PDC’ were inhibited by tetrahydrothiamine pyrophosphate more strongly than by
4’-oxythiamine pyrophosphate. Instead, the PDC from bovine adrenals had almost
equal K; values (0.07 and 0.10 M) for both inhibitors under similar conditions.*
Thus, PDC of different origin showed distinctly different sensitivity to the antico-
enzymes.

In the next step of the investigation the activity of the PDC was measured in the
presence of different concentrations of the anticoenzyme derivatives without addition
of exogenous TPP. It was found that 4’-oxythiamine pyrophosphate and tetrahy-
drothiamine pyrophosphate at appropriate concentrations completely inhibited the
PDC (Figure 4). This means that the anticoenzymes can inhibit not only the PDC
apoenzyme moiety competitively with respect to TPP,* but also the PDC holoenzyme
moiety. Concentrations of the inhibitors which caused 50%% inhibition (Is,) of the
PDC activity were 0.006 uM and 0.046 M for 4’-oxythiamine pyrophosphate and
tetrahydrothiamine pyrophosphate, respectively. Probably, the inhibitors can compete
with both added and endogenous TPP. This may be possible due to limited dissociation
of the endogenous TPP, as represented in Figure 5.

Returning to Figure 1 (curve (d)), it should be noted that inhibition of the PDC
occurs in the absence of exogenous TPP, by added tetrahydrothiamine pyrophosphate
1 min after the start of the PDC reaction. Apparently, the inhibitor having high affinity
for the pyruvate dehydrogenase can partially push out endogenous TPP during the
PDC reaction. On the other hand, TPP at a high concentration can push off the added
anticoenzyme analogue from the active sites of the pyruvate dehydrogenase (Figure 1
curve (e)). Similar results were obtained using 4’-oxythiamine pyrophosphate.

After anticoenzyme treatment the bond between endogenous TPP and the PDC was
maintained; Sephadex G-25 gel filtration removed 4’-oxythiamine pyrophosphate and
tetrahydrothiamine pyrophosphate and recovered the initial PDC activity, detected
without addition of exogenous TPP (Table 1). Thus, the profound inhibitory effects of
the anticoenzyme analogues were completely reversible.

The second multienzyme complex, OGDC, after purification contained bound
endogenous TPP in an amount providing for 85% of the maximum activity (Figure 6).
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FIGURE 4 Relative activity of the PDC with endogenous thiamine pyrophosphate (TPP) in the presence
of varied 4'-oxythiamine pyrophosphate (®) and tetrahydrothiamine pyrophosphate (v) concentrations.
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FIGURE 5 Scheme illustrating the possible mechanism of functioning of the PDC semisaturated with
endogenous bound TPP: (A) Partial dissociation of the endogenous TPP in the absence of pyruvate (S);
(B) Reassociation of the endogenous TPP in the presence of the substrate (S); (C) Status of PDC in the

presence of exogenous TPP and the substrate; (D) Inhibition of apoenzyme and holoenzyme moieties of
PDC by the anticoenzyme analogue (ThTPP).

+TPP
+S

RIGHTS

i,



Journal of Enzyme Inhibition and Medicinal Chemistry Downloaded from informahealthcare.com by HINARI on 12/16/11
For personal use only.

INHIBITION OF 2-OXOACID DEHYDROGENASES 71

TABLE 1
PDC activity with endogenous TPP (IU/mg protein) after anticoenzyme treatment
followed by Sephadex G-25 gel filtration.

Initial +0.5 uM +2.0 uM activity after
activity oxvthiamine tetrahydrothiamine gel filtration
pyrophosphate pyrophosphate
5.46 0.30 — 5.41
5.67 — 043 5.59

Such a high degree of saturation with endogenous TPP is typical for the OGDC
isolated from different animal sources.*'**> Contrary to PDC, the OGDC does not
exert a lag phase whilst functioning with endogenous TPP in the absence of added
TPP (data not presented). All this may be interpreted in terms of a firmer TPP-OGDC
bond.

Addition to the reaction medium without exogenous TPP of 4’-oxythiamine
pyrophosphate and tetrahydrothiamine pyrophosphate over a broad range of concen-
trations showed low inhibitory effect of the anticoenzyme analogues with
respect to the OGDC (Figure 6). The inhibition of OGDC arose only at relatively
high concentrations (above 5 uM) of the thiamine analogues. 4'-Oxythiamine pyro-
phosphate inhibited the OGDC stronger (I, ~ 24 uM) than tetrahydrothiamine
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FIGURE 6 Relative activity of the OGDC with 0.2 mM TPP (B) and without exogenous TPP (e v): ¢ —
in the presence of varied concentrations of 4’-oxythiamine pyrophosphate; v M — in the presence of varied
concentrations of tetrahydrothiamine pyrophosphate.
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pyrophosphate (I5, ~ 67 uM). These approximate 15, values for the OGDC were about
3 orders higher than those for the pyruvate dehydrogenase complex (Figure 4). It may
be explained on the basis of firmer screening of the 2-oxoglutarate dehydrogenase
active sites by endogenous TPP. However, the weak inhibition of the OGDC by the
thiamine analogues is probably an anticoenzyme effect because a high concentration
of added exogenous TPP protects OGDC against inhibition (Figure 6).

The data obtained are in agreement with results of experiments performed in vivo
which indicated that the OGDC activity in rat tissues was more resistant than pyruvate
dehydrogenase activity to injections of 4'-oxythiamine as an anticoenzyme precursor.”’
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