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L-TRANS-2,3-EPOXYSUCCINATE.
A NEW SUBSTRATE FOR FUMARASE!
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Sumary: Fumarase (fumarate hydratase, EC 4.2.1.2) has been found to catalyze
the stereospecific hydration of the L-isomer of trans-2,3-epoxysucclnate to
vield meso-tartrate. The product was characterlzed by varlous forms of chroma-
tography and by combined gas-liquld chromatography-mass spectrometry. Attempts
to dissociate the fumarate-hydrating actlvity of the enzyme from the epoxide-
hydrating activity were unsuccessful.

Our finding that a soluble enzyme extract from a pseudomonad which
catalyzes the stereospecific hydration of the A%-double bond of oleic acid
(Schroepfer, 1965; Niehaus and Schroepfer, 1965; Schroepfer, 1966;
Niehaus et al. (1970) also catalyzes the stereospecific hydration of the
epoxide function of cis~ and trans-9,10-epoXystearate (Niehaus and
Schroepfer, 1967; Niehaus et al. 1970) led us to consider that other
enzymes whlch catalyze the addition of the elements of water across a
carbon-carbon double bond might also catalyze the hydration of the corres-—
ponding epoxides. With this possibility in mind we directed our attention
to the enzyme fumarase (fumarate hydratase, EC 4.2.1.2) which catalyzes
the reversible interconversion of fumarate and L-malate (Alberty, 1961).
Hydration of the corresponding epoxy-acid (M—Q,}epowsuccinate) corres-
ponding to fumarate, would, by an analogous stereochemical course, yleld
meso-tartrate. Moreover, the occurrence of such a process mlght concelvably
be of physiological signlficance since I~trans-2,3-epoxysuccinate 1s a
known natural product (Martin and Foster, 1955; Sakaguchi and Inoue, 1938,

1. This work was supported by a grant (HE-09501) from the National Heart
Institute.
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1940) and since meso~tartrate is known to be a potent competitive

inhibitor of fumarase (Wigler and Alberty, 1960).

To investlgate this matter samples of [1-1%CJ-DL~trans-2,3-epoxy-
succlnate (specific activities 10 ,Ci per mmole and 5.85 mCl per mmole;
radiopurity in excess of 99%) were prepared from [1-l%C]-fumarate by a
modification of the method of Payne and Williams (1959) for use as a sub-
strate. Fumarase from swine heart muscle was obtained from 3 sources:
Calbiochem (Los Angeles, California), Mann Research Laboratories (New
York, New York), and Nutritional Blochemlcals Corporation (Cleveland,
Ohio). These enéyme preparations were solubillzed for use as described
by Robinson et al. (1967). Incubation of the labeled DL-trans-2,3-epoxy-
succinate with fumarase ylelded megso-tartrate. Bolled enzyme controls were
inactive. The product was characterized as meso-tartrate on the basls of
(1) 1dentical mobility of the product with that of authentic meso-tartrate
on paper chromatographic analysls (Reio, 1958), (2) identical mobllity of
the dimethyl ester with that of authentic dimethyl meso-tartrate on thin-
layer analysis on sllica gel plates, (3) the same chromatographic behavior
of the dimethyl ester of the product and that of dimethyl meso-tartrate on
gas-1iquld chromatographic analysis on a 5% dlethyleneglycol succinate on
Chromosorb W colum, (4) the same chromatographic behavior of the bis-
trimethylsilyl ether derlvative of the dimethyl ester of the product with
that of bls-trimethylsllyl-dimethyl meso-tartrate on gas-llquid chromato-
graphic analysls on 3 different columns (5% dlethylene glycol succlnate on
Chromosorb W; 3% SE-30 on Chromoserb Wy and 3% QF-1 on Gas-Chram Q2),
and (5) the same mass spectrum of the bls-trimethylsilyl ether deriva-

tlve of the dimethyl ester of the product as that observed wilth authentlc

2. Using this column, the observed retentlon times (relative to that of
methyl myristate) for the derlvative of the product and that of the
bis-trimethylsilyl-dimethyl ester derivatives of meso~tartrate, D-

tartrate, and L-tartrate were 0.37, 0.37, 0.41, and 0,42, respectively.
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bis-trimethylsilyl-dimethyl meso~tartrate when analyzed by comblned gas-

liquid chromatography-mass spectrometry?.

The enzymatlc reactlon is characterized by notable stereospecificity.
Upon prolonged incubation of [1—1'*C]—_191._r-tr'ans—2,3—epowsuccinate with
fumarase, the reaction proceded only to the extent of ~ 45% utilization

of the incubated racemlc substrate (Figure 1)*. In additlon, the racemlc
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Figure 1 Time-course of the formation of meso-tartrate from racemic
trans-2, 3~epoxysuccinate.

Dipotassium [1-1%CJ]-DL~trans-2,3-epoxysuccinate (22.3 umoles)
in water (12 ul) was incubated with fumarate hydratase (0.13
mg; Calblochem) in 0.01 M potassium phosphate buffer (0.6 ml;
PH 7.31) at 30°. The progress of the enzymatic hydration

was monltored by ascending paper radlochromatogrephic analysis
of aliguots (5 ul) of the incubatlon mixture.

& conversion of labeled epoxysucclnate to meso-tartrate.

&—4, Dbolled enzyme control,

3. We gratefully acknowledge that this experiment was carried out in the
laboratory of Dr, James McCloskey  (Houston, Texas). An IKB 9000 cam—
bined Instrument was used. The colum used was 1% SE~-30 on Gas Chrom P,

4., Moreover, in a simlilar experiment, the unreacted substrate was isolated
after 7 hours of incubation (v 42% conversion of the incubated substrate
to mego-tartrate) and relncubated with fumarase for 5 hours. Slight
(0.5%) additional conversion of the substrate to meso-tartrate was
observed, —
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labeled trans—epoxysucclnate was incubated with fumarase on a preparative
scale. After the reactlon had proceded to the extent of 35% utilization of
the substrate (as judged by radiochromatographlc assay), the unreacted epoxy-
suceinlc acld was isolated and found to be optically actlve ([a]D + 65°, c.
3.45 éthanol). Pure L-trans—epoxysuccinic acid is leverotatory ([aly - 118°,
c. 1.0, ethanol; Miller, 1963), The results of these two experiments Indl-
cate the stereospecific nature of the reaction and that the absolute con-

flguration of the enantlamer acted upon by the enzyme is L.

The catalytlc activity of fumarase for the hydration of L-trans-
2,3-epoxysuccinate 1s conslderably less than that for the hydration of
fumarate. The calculated value of the turnover number for the enzyme
with respect to L-trans-2,3~epoxysuccinate (based upon a molecular weight
for fumarase of 194,000 (Kanarek et al., 1964)) at 30° was 5,82 moles of
substrate per minute per mole of enzyme. The corresponding value for the
hydration of fuamrate (assayed by a modification of the method of Kanarek
and H111 (1964)) under the same conditlons was 77,600,

That the enzymlc hydration of the Ie-trans-2,3-epoxystearate ls due to
fungrase and not to another enzyme 1s strongly suggested by a constant ratio
of epoxide-hydrating activity to fumarate-hydrating activity: (1) in samples
of crystalline fumarase from 3 different commercial sources, (2) before
and after partial inactivation of the enzyme by heat, and (3) before and
after acrylamide gel electrophoresls. Moreover, L-trans-2,3-epoxysuccinate
acts as a campetltlve inhilbitor of the fumarate-hydrating activity of fumarase
and fumarate acts as a competitive inhibltor of the epoxide-hydrating activ-
1ty of fumarase.

It 1s important to note that Martin and Foster (1955) have previously
reported the preparation of a cell-free extract of a specles of Flavo~
bacterium (selected to grow on L~trans-2,3-epoxysuccinate as a sole carbon
source) which catalyzed the conversion of the epoxlde to meso-tartrate.

Whether this enzymlc activity 1s due to fumarase on another enzyme was not
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established. More recently Allen and Jaekoby (1969) have reported the

isolation of an enzyme from Pseudomonas putida which catalyzes the quantita-

tive conversion of both isomers of trans-2,3-epoxysucclnate to meso-tartrate.
The findings in this study constitute an extension of the substrate
range of fumarase which until recently (Nakamura and Ogata, 1968; Clarke
et al., 1968; Teipel et al., 1968; Nigh and Richards, 1969), was re-
garded as llmited to the Interconversion of fumarate and IL-malate. We
have previously reported that a crude enzyme preparation from a pseudomonad
which catalyzes the sterecspecific hydration of the a%-double bond of olelc
acid also catalyzes the stepreospecific hydration of the epoxide function of
cis- and trans-9,l0-epoxystearate (Niehaus and Schroepfer, 1967; Niehaus
et al., 1970). The present report constitutes, to our kncwledge, the
first description of findings whlch strongly suggest that a single enzyme
. which catalyzes the hydration of an olefin can also hydrate the corresponding

epoxide.
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