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Cell extracts from Cfostrldrum proplonzcum harvested m the late log-phase catalysed the dehydration of(R)- 
lactate to acrylate at a maximum rate of 0 06 U/mg protein The unsaturated acid was identified by high- 
performance hqmd chromatography and as p-bromophenacyl ester by gas chromatography combined with 
mass spectroscopy The amount of acrylate formed was dependent on protem and (ii)-lactate concentra- 
tions However, due to product InhlbltIon the yield of acrylate drd not exceed 0 5% Like the dehydration 
of (R)-2-hydroxyglutarate to glutaconate the dehydration of (R)-lactate to acrylate was mhlblted by 1 mM 
hydroxylamme, 1mM azlde, 0 1 mM dmltrophenol, 10 mM EDTA or by exposure to air A radical mecha- 

nism IS postulated 

Dehydration Acrylate p-Bromophenacyl ester 
Clostridium propjonlcum 

Oxygen mactwatron 

1. INTRODUCTION 

The mechamsm of the dehydratron of lactate to 
acrylate, whrch proceeds apparently agamst the 
rule of Markownlkoff, remams an mtrtgumg 
problem. In a previous paper we demonstrated the 
formatron of 3HOH from (R)-[3-3-H]lactate for 
the first time m cell-free extracts. The dehydratron 
had to be performed anaerobically, rt required 
acetyl phosphate and CoASH as cofactors and was 
mhrbited by hydroxylamme, arsenate, azrde (I mM 
each) or 0.1 mM 2,4-dmitrophenol, although the 
enzyme or enzyme system was found m the soluble 
fraction. However, only proptonate and no acrylate 
could be detected as second product Moreover, 
trapping experiments with [U-~4C]lactate and 
unlabelled acrylate farled. Therefore, the exrstence 
of acrylate as a product of the dehydratton became 
questionable [ 11. 

Here we descrrbe different growth conditrons for 
C~~~~rldt~~ propt~nteu~ yreldmg a cell-free ex- 
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tract which catalysed the dehydratton of (R)- 
lactate much more efficiently. Acrylate whrch ac- 
cumulated thereby was identtfred by hrgh- 
performance hqmd chromatography (HPLC), gas- 
hqmd chromatography and mass spectroscopy. 

2. MATERIALS AND METHODS 

Sources and medra for C. proplontcum and 
~ctd~mznococcu~ fermenting have been described 
[I ,2]. Cells were harvested m the late log-phase. 
The preparatron of cell-free extracts [3] and the 
dehydratase assays were performed under a strict 
anaerobic atmosphere [ 1,4]. @)-Lactate dehydra- 
tase was assayed with an extract whrch was passed 
through Sephadex G-25 m 20 mM Popes buffer 
(pH 7.0) rmmedtately before use m order to 
remove endogenous short-cham fatty acids and 
cofactors such as NAD By this treatment the ac- 
tivity of the extract became unstable and was 
reduced to 10% wrthm 8 h at 0°C The actrvrty of 
the untreated extract, however, remamed stable 
when stored at - 80°C. The formatton of acrylate 
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was measured at 37°C m a total volume of 0.2 ml 
contammg 60 mM Popes (pH 7.0), 5 mM acetyl 
phosphate, 0.5 mM CoA, 75 mM (R)-lactate and 
0.5 mg extract protem unless otherwrse mdrcated. 
In some cases DTT and FeSO4 (2 5 mM each) were 
included to remove the last traces of oxygen. After 
usually 5 mm the reaction was stopped with 10~1 
of 4 N suIfurrc acid, Precrpttatron of the protein 
was completed by further mcubatron at 0°C for 30 
mm Finally a standard (1 pmol) was added and the 
supernatant was analysed for short-chain fatty 
acids 

HPLC of these acrds was performed on a RP-18 
column (LrChrosorb, Merck, 250 x 4 mm) m 20 
mM HzS04 at 1 ml/mm A lmear gradient of 
O-3070 CI-I&N was applied after 2 mm untrl 15 
mm, when rt was kept constant for a further 5 mm 
requned for elutron of the rsobutyrrc acid used as 
internal standard. The acrds were detected at 214 
nm They were also separated by gas chroma- 
tography on a teflon column (2 x 1000 mm) filled 
wtth Ghromosorb 104 m nitrogen (30 ml/mm) and 
detected by flame iomsatron The temperature was 
started at 14O”C, rarsed to 158°C (3”C/min), kept 
constant for 5 mm and raised further to 185°C 
(3”CYmm) to detect the mternai standard caprorc 
acrd. 

Acrylate and propronate were converted to their 
~-bromophenacyl ester as m 1.51 and purrfred by 
HPLC (see above) The solvent was 50% CH3CN 
The esters were detected at 254 nm For combmed 
gas chromatography and mass spectroscopy (GC- 
MS) the purified esters were drssolved m drethyl 
ether (- 0.1 M). A Hewlett Packard 5995 mstru- 
ment was used eqmpped wrth a Durband 1701 caprf- 
lary column (30 m, 19O’C) wrth He (1 ml/mm) as 
carrier gas. 

The actrvrty of the enzymes (R)-lactate dehydro- 
genase [l], propronate CoA-transferase [I], (R)-2- 
h~droxygl~tarate dehydrogenase [2] and gluta- 
conate CoA-transferase [6] were measured by de- 
scribed procedures. (R)-Lactate was determined by 
the formazan method [2] usmg purified (R)-lactate 
dehydrogenase [I]. The preparation of 3H and r4C- 
labelled lactates was reported prevrously [I] 

3 RESULTS 

3.1. The influence of growth co~ditlo~~ on 
dehydratme actrvrt~es 

Durmg the work on (R)-Iactate dehydratase a 
constderable varlatlon of actrvrty between drfferent 
batches of C propron~cum was observed In some 
cases the actrvrty was even completely absent 
although (R)-lactate dehydrogenase and pro- 
pronate CoA-transferase, which also belong to the 
pathway of aianme fermentation [l], were present 
m high levels. FmaIly, the dehydratase actrvrty was 
found to be dependent on the growth phase of the 
bacterra MaxImum actrvny was measured durmg 
the late log-phase (10 h) whereas the actrvny 
decreased to zero during the statronary phase (24 
h). At this trme only a 30% reduction of the other 
2 enzymes was observed. Since all attempts failed 
to reacttvate (R)-lactate dehydratase as descrrbed 
for (R)-2-hydroxyglutarate dehydratase [4], the 
followmg experiments were performed wrth cells 
harvested m the late log-phase. 

It may be of interest that almost identlca1 results 
were obtained wrth A. fer~a~ta~s Whereas 
~R}~2-hydroxyglutarate dehydrogenase and gluta- 
conate CoA-transferase actrvttres remained fairly 
constant durmg the growth perrod of thus organ- 
rsm, (R)-2-hydroxyglutarate dehydratase actrvny 
agam showed a maximum m the late log-phase and 
was absent m the late statronary phase. However, 
thus enzyme was reactrvated by mcubatron wrth 
ATP, NADH and MgCIz. 

3 2. Acrylate productron from (R)-lactate 
On lncubatlon of a cefl-free extract prepared 

from late log-phase cells of C. propmmxm with 
(R)-lactate, acrylate was formed. It was analyzed 
by gas chromatography or preferentrally by 
HPLC, smce rt was detected easily at 214 nm due 
to the absorption of the double bond The acrylate 
was converted to rts p-bromophenacyi ester [S] 
from whrch a mass spectrum was obtamed. Besides 
the eons of the molecule (m/e 268 and 270, due to 
the naturally occurrmg 79Br and ‘*Br tsotopes m a 
1: 1 ratio), the acryloyl Ion (CH2 = CH-CO’, pn/e 
55) was the most character&c one. Furthermore, 
tt was the most prominent ton m the mass spectrum 
of free acryhc actd but absent m the spectra derrv- 
ed from the p-bromophenacyl esters of acetate, 
propronate 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. proplonmm was (R)- 
specific. 

The production of acrylate was not linearly 
dependent on the protem concentratron (frg 1) 
Whereas below 1 mglml 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 mdrcates that the dehydratase 1s 
composed of more than one factor of high mo- 
lecular mass. Curiously, the amount of acryiate 
formed from 75 mM (R)-lactate never exceeded 
0.35-0.45 mM (figs 1 and 2) regardless whether the 
protem concentration or the mcubatton time was 
Increased. Thus only 0.5% of (R)-lactate was de- 
hydrated to acrylate although the equihbrmm 
should have been reached at about 20% conversron 
(I& = [acrylate]/[lactate] = O-2-0.3 as compared 
to the fumarase equrhbrmm [7]). That the acrylate 
was Indeed derrved from (R)-lactate and not from 
an impurity was demonstrated by a control experr- 
ment m which (R)-[U-14C]lactate (100000 cpm) 
was added to the unlabelled substrate. Again only 
0.5% ]‘4C]acrylate (500 cpm) could be detected 

Smce the concentration of (R)-lactate remained 
constant during the experiment of fig.2 (not 
shown), the termmatron of the reaction far from 
equrhbrmm could only be due to product mhibr- 
tion as observed with the dehydratron assay usmg 
[3-3H]lactate as substrate [l]. By varymg the con- 
centration of (R)-lactate (1.7 mg protein/ml) rt was 
shown that at 75 mM the highest acrylate concen- 
tration accumulated (0.37 mM m thus experiment). 
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Fig 1 The dependence of acrylate formation on the 
concentration of cell-free extract protem For further 

details see section 2 
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Fig.2 The dependence of acrylate formation on the 
reaction time The protem 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 mhrbrtory at high con- 
centrations. The fastest rate of acrylate formatron 
was 0.06 U/mg protein. This compared well with 
the other assay m which 0.1 pmol ‘HOW mu- * 

mg-’ was generated from 75 mM [3-3H]lactate 

3.3. Inhrbltors of acrylate formatton 
The dehydration of (R)-[3-3H]lactate to 3HOH 

was specrfrcally inhibited by a series of compounds 
[l]. All wrth the exception of arsenate also pre- 
vented the formation of acrylate (table 1) Thus 
demonstrated again that the same reaction was 
measured wtth both assays However, the actrva- 
tron rather than the expected mhrbitron by arsenate 
reflected presumably the different condmons 
which had been applied. In the 3H assay, acrylate 
was rmmedrately reduced to propronate due to the 

Table 1 

Inhlbltors of acrylate formatlon 

InhIbItor mM [Acrylate] 
CIIM) 

070 

None - 203 100 
Hydroxylamme 10 0 0 
Arsenate 10 317 156 
2,4-~lnltrophenol 01 <1 <OS 
Azlde 10 0 0 
EDTA 10 0 0 
Air - <l <OS 

Prior to the addltlon of (R)-lactate the assay mixture (2 3 
mg protein/ml) was Incubated with the tnhlbitor for 5 
mm In the case of air the premcubatlon 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 mhlbl- 
tlon 

4 DISCUSSION 

The fermentation of acrylate to acetate and pro- 
plonate was discovered m whole cells of C pro- 
plonzcum [8] and m cell-free extracts from Mega- 
sphera elsdenrr [9] Recently Akedo et al [l l] 
reported a blologlcal acrylate production with 
whole cells of the former organism m which the 
reduction to proplonate was mhlblted by 3-butenolc 
acid. Here we describe for the first time the forma- 
tlon of acrylate from (R)-lactate catalysed by a 
cell-free extract from C propronrcum from which 
compounds of low molecular mass have been 
removed 

Under these condltlons acrylate was not reduced 
to proplonate. Hence no mhlbltor was necessary. 
However, acrylate mhlblted its own formation 
which resulted m low yields This was not the case 
with whole cells which were probably able to keep 
the intracellular acrylate concentration at a low 
level [lo] 

The sensltlvity of the dehydration of (@-lactate 
to acrylate towards low concentrations of 
2,4-dmltrophenol, hydroxylamme and azlde 
demonstrates the close relatlonshlp to the 
analogous dehydration of (R)-2-hydroxyglutarate 
to (E)-glutaconate [4]. The mechanism of action of 
these mhlbltors might be the trapping of free 
radicals which are probably involved m the reac- 
tions [4] This could also explain the extreme ox- 
ygen sensltlvlty of both dehydrations 
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