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Cell extracts from Clostridum propiomcum harvested 1n the late log-phase catalysed the dehydration of (R)-
lactate to acrylate at a maxunum rate of 0 06 U/mg protein The unsaturated acid was 1dentified by high-
performance hquid chromatography and as p-bromophenacy! ester by gas chromatography combined with
mass spectroscopy The amount of acrylate formed was dependent on protem and (R)-lactate concentra-
uons However, due to product mhibition the yield of acrylate did not exceed 0 59, Like the dehydration
of (R)-2-hydroxyglutarate to glutaconate the dehydration of (R)-lactate to acrylate was mhibited by | mM
hydroxylamine, ImM azide, 0 1 mM dinitrophenol, 10 mM EDTA or by exposure to air A radical mecha-
nism 1s postulated
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p-Bromophenacyl ester
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1. INTRODUCTION

The mechanmism of the dehydration of lactate to
acrylate, which proceeds apparently aganst the
rule of Markowmkoff, remamns an ntriguing
problem. In a previous paper we demonstrated the
formation of *HOH from (R)-[3->-H]lactate for
the first time 1n cell-free extracts. The dehydration
had to be performed anaerobically, 1t required
acetyl phosphate and CoASH as cofactors and was
tnhibited by hydroxylamine, arsenate, azide (I mM
each) or 0.1 mM 2,4-dinitrophenol, although the
enzyme or enzyme system was found 1n the soluble
fraction. However, only propionate and no acrylate
could be detected as second product Moreover,
trapping experiments with [U-"*Cllactate and
unlabelled acrylate failed. Therefore, the existence
of acrylate as a product of the dehydration became
questionable [1].

Here we describe different growth conditions for
Clostridum propiornicum yielding a cell-free ex-
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tract which catalysed the dehydration of (R)-
lactate much more efficiently. Acrylate which ac-
cumulated thereby was identified by high-
performance hquid chromatography (HPLC), gas-
hquid chromatography and mass spectroscopy.

2. MATERIALS AND METHODS

Sources and media for C. propionicum and
Acidaminococcus fermentans have been described
[1,2]. Cells were harvested in the late log-phase.
The preparation of cell-free extracts [3] and the
dehydratase assays were performed under a strict
anaerobic atmosphere [1,4]. (R)-Lactate dehydra-
tase was assayed with an extract which was passed
through Sephadex G-25 in 20 mM Pipes buffer
(pH 7.0) immediately before use m order to
remove endogenous short-chamn fatty acids and
cofactors such as NAD By this treatment the ac-
tivity of the extract became unstable and was
reduced to 10% within 8 h at 0°C The activity of
the untreated extract, however, remamed stable
when stored at — 80°C. The formation of acrylate
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was measured at 37°C n a total volume of 0.2 ml

nnnnn £ -
contaming 60 mM Pipes (}ux 7.0), 5 mM 3C€ffy’!

phosphate, 0.5 mM CoA, 75 mM (R)-lactate and
0.5 mg extract protemn unless otherwise indicated.
In some cases DTT and FeSO4 (2 5 mM each) were
mncluded to remove the last traces of oxygen. After
usually 5 min the reaction was stopped with 10 4l
of 4 N sulfuric acid. Precipttation of the protemn

was completed by further incubation at 0°C for 30
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min Finally a standard (1 zmol) was added and the
supernatant was analysed for short-chain fafty
acids

HPLC of these acids was performed ona RP-18
column (LiChrosorb, Merck, 250 x 4 mm) in 20
mM H;SO4 at 1 ml/min A hnear gradient of
0-3% CH3;CN was apphed after 2 mm untl 15
min, when 1t was kept constant for a further 5 mmn
required for elution of the 1sobutyric acid used as
internal standard. The acids were detected at 214
nm They were also separated by gas chroma-
tography on a teflon column (2 X 1000 mm) filled
with Chromosorb 104 in nitrogen (30 mi/min) and
detected by flame iomisation The temperature was
started at 140°C, rased to 158°C (3°C/min), kept
constant for 5 mun and raised further to 185°C
(3°C/mun) to detect the mternal standard caproic

acid.

Acrylate and propionate were converted to therr
p-bromophenacyl ester as 1 [5] and punified by
HPLC (see above) The solvent was 50% CH;CN
The esters were detected at 254 nm For combined
gas chromatography and mass spectroscopy (GC-
MS) the purified esters were dissolved in diethyl
ether (~0.1 M). A Hewlett Packard 5995 nstru-
ment was used equipped with a Durband 1701 capil-
lary column (30 m, 190°C) with He (1 ml/min) as
carrier gas.

The activity of the enzymes (R)-lactate dehydro-
genase [1], propionate CoA-transferase [1], (R)-2-

hud Livt
fyaroxygiutarate d\«u.ysuus\,uaau l“.l and 51‘(}{&*

conate CoA-transferase [6] were measured by de-
scribed procedures. (R)-Lactate was determined by
the formazan method [2] using purified (R)-lactate
dehydrogenase [1]. The preparation of *H and **C-
labelled lactates was reported previously {1]
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3 RESULTS

3.1. The mfluence of growth condifions on
dehydratase activities
During the work on (R)-lactate dehydratase a
considerable variation of activity between different
batches of C propionicum was observed In some
cases the activity was even completely absent
although (R)-lactate dehvdrogenase and pro-
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pronate CoA-transferase, which also belong to the
pathway of alanmme fermentation [1], were present
i high levels. Finally, the dehydratase activity was
found to be dependent on the growth phase of the
bactenia Maxumum activity was measured during
the late log-phase (10 h) whereas the activity
decreased to zero during the stationary phase (24
h). At this time only a 30% reduction of the other
2 enzymes was observed. Since all attempts failed
to reactivate (R)-lactate dehydratase as described

for (R)-2-hydroxyglutarate dehydratase {4}, the
th
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harvested 1 the late log-phase.

It may be of interest that almost identical resulis
were obtammed with A. fermantans Whereas
(R)-2-hydroxyglutarate dehydrogenase and gluta-
conate CoA-transferase activities remawmed farly

constant during the growth period of this organ-
1sm, (R)-2-hydroxyglutarate dehydratase activity
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again showed a maximum 1n the late log-phase and
was absent in the late stationary phase, However,
this enzyme was reactivated by incubation with
ATP, NADH and MgCl.

-
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3 2. Acrylate production from (R)-lactate

On incubation of a cell-free extract prepared
from late log-phase cells of C. propronicum with
(R)-lactate, acrylate was formed. It was analyzed
by gas chromatography or preferentially by
HPLC, since it was detected easily at 214 nm due

tn the nhearntinn af tha Annkln bond Tk.@ anv‘otn
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was converted to its p-bromophenacyl ester [5]
from which a mass spectrum was obtained. Besides
the 10ns of the molecule (m/e 268 and 270, due to
the naturally occurring "°Br and *'Br 1sotopes in a
1:1 rato), the acryloyi 1on {CH, = CH-CO?*, m/e
55) was the most characteristic one. Furthermore,
1t wag the most prominent 10n 1n the mass spectrum
of free acrylic acid but absent 1n the spectra deriv-
ed from the p-bromophenacyl esters of acetate,
propionate and butyrate [7]. Acrylate was only
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formed from (R)-lactate and not from the (S)-
enantiomer. This was expected since the lactate
dehydrogenase from C. propiomicum was (R})-
specific.

The production of acrylate was not lnearly
dependent on the protein concentration (fig 1)
Whereas below | mg/ml almost no acrylate would
be detected, at 1 6 mg/ml the acid was formed at
80% of the maximum rate The threshold at about
1 mg protein/ml indicates that the dehydratase 1s
composed of more than one factor of high mo-
lecular mass. Curiously, the amount of acrylate
formed from 75 mM (R)-lactate never exceeded
0.35-0.45 mM (figs 1 and 2) regardless whether the
protein concentration or the mcubation time was
increased. Thus only 0.5% of (R)-lactate was de-
hydrated to acrylate although the equilibrium
should have been reached at about 20% conversion
(Keq = [acrylate]/[lactate] = 0.2-0.3 as compared
to the fumarase equilibrium [7]). That the acrylate
was 1ndeed dertved from (R)-lactate and not from
an impurity was demonstrated by a control experi-
ment 1 which (R)-[U-"*C]lactate (100000 cpm)
was added to the unlabelled substrate. Again only
0.5% [“Clacrylate (500 cpm) could be detected

Since the concentration of (R)-lactate remaimed
constant during the experiment of fig.2 (not
shown), the termination of the reaction far from
equilibrium could only be due to product mhibi-
tion as observed with the dehydration assay using
[3->H]lactate as substrate [1]. By varying the con-
centration of (R)-lactate (1.7 mg protein/ml) 1t was
shown that at 75 mM the highest acrylate concen-
tration accumulated (0.37 mM 1n this experiment).

Acrylate {(mM}

v

I 2 [ [} 8 10
Protein (mg/ml)

Fig 1 The dependence of acrylate formation on the
concentration of cell-free extract proten For further
details see section 2
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Fig.2 The dependence of acrylate formation on the
reaction time The protein concentration was 3 mg/ml

At 25, 125 and 200 mM (R)-lactate only 0.16, 0.34
and 0 25 mM acrylate, respectively, was produced
Thus, also the substrate was inhibitory at high con-
centrations. The fastest rate of acrylate formation
was 0.06 U/mg protem. This compared well with
the other assay m which 0.1 gmol *HOH mmn~ '
mg~! was generated from 75 mM [3-*H]lactate

3.3. Inkubitors of acrylate formation

The dehydration of (R)-[3-*H]lactate to *HOH
was specifically inhibited by a series of compounds
[1]. All with the exception of arsenate also pre-
vented the formation of acrylate (table 1) This
demonstrated again that the same reaction was
measured with both assays However, the activa-
tion rather than the expected inhibition by arsenate
reflected presumably the different conditions
which had been applied. In the *H assay, acrylate
was immediately reduced to propionate due to the

Table 1

Inhibitors of acrylate formation

Inhibitor mM [Acrylate] %
M)
None - 203 100
Hydroxylamine 10 0 0
Arsenate 10 317 156
2,4-Dimtrophenol 01 <1 <0.5
Azde 10 0 0
EDTA 10 0 0
Air - <l <035

Prior to the addition of (R)-lactate the assay mixture (2 3
mg protein/ml) was incubated with the mhibitor for §
mn In the case of air the preincubation was 15 mm
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presence of high amounts of unpurified cell-free
extract with low dehydratase activity Thus, side
reactions might have caused the observed inhibi-
tion

4 DISCUSSION

The fermentation of acrylate to acetate and pro-
pironate was discovered 1n whole cells of C pro-
pronicum [8] and 1n cell-free extracts from Mega-
sphera elsdenu [9] Recently Akedo et al [11}
reported a biological acrylate production with
whole cells of the former orgamism i which the
reduction to propionate was inhibited by 3-butenoic
acid. Here we describe for the first time the forma-
tion of acrylate from (R)-lactate catalysed by a
cell-free extract from C propionicum from which
compounds of low molecular mass have been
removed

Under these conditions acrylate was not reduced
to propionate. Hence no inhibitor was necessary.
However, acrylate ihibited 1ts own formation
which resulted 1n low yields This was not the case
with whole cells which were probably able to keep
the intracellular acrylate concentration at a low
level [10}

The sensitivity of the dehydration of (R)-lactate
to acrylate towards low concentrations of
2,4-dimitrophenol, hydroxylamine and azde
demonstrates the close relationship to the
analogous dehydration of (R)-2-hydroxyglutarate
to (Ej-glutaconate [4]. The mechanism of action of
these inhibitors mught be the trapping of free
radicals which are probably involved 1n the reac-
tions [4] This could also explain the extreme 0x-
ygen sensitivity of both dehydrations
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