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Tetrahydrofolate serves as a methyl acceptor in the
demethylation of dimethylsulfoniopropionate in cell

extracts of sulfate-reducing bacteria

Michael Jansen · Theo A. Hansen

This chapter has been published in Archive of Microbiology (1998) 169 84-87
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THF was shown to function as a methyl acceptor in the anaerobic demethylation
of DMSP to MTPA in cell extracts of the sulfate-reducing bacterium strain WN.
DMSP-dependent activities were 0.56 µmol methylTHF min-1 (mg protein)-1 and
were higher than required to explain the growth rate of strain WN on DMSP. The
reaction did not require ATP or reductive activation by titanium(III)-
nitrilotriacetic acid. Preincubation of the extract under air significantly decreased
the activity (35% loss in 3 h). Three other DMSP-demethylating sulfate reducers,
Desulfobacterium niacini, Desulfobacterium vacuolatum, and Desulfobacterium
strain PM4, had DMSP:THF methyltransferase activities of 0.16, 0.05, and 0.24
µmol min-1 (mg protein)-1, respectively. No methyltransferase activity to THF was
found with betaine as a substrate, not even in extracts of betaine-grown cells of
these sulfate reducers. DMSP demethylation in cell extracts of strain WN was
completely inhibited by 0.5 mM propyl iodide; in the light, the inhibition was far
less strong, indicating involvement of a corrinoid-dependent methyltransferase.

Key words: Dimethylsulfoniopropionate - Methylthiopropionate - Sulfate-reducing
bacteria - Desulfobacterium - Tetrahydrofolate - Methyltransferase

Introduction

Demethylation has been shown to be one of the initial steps in the breakdown of the
algal osmolyte DMSP [(CH3)2-S

+-CH2-CH2-COO-] by several bacteria, including both
aerobes (Taylor and Gilchrist 1991; Diaz and Taylor 1996; Visscher and Taylor 1994)
and anaerobes. Among the anaerobes, several sulfate-reducing bacteria are able to
demethylate DMSP to MTPA (CH3-S-CH2-CH2-COO-) and to grow on the basis of the
oxidation of the methyl group with the concomitant reduction of sulfate to hydrogen
sulfide (van der Maarel et al. 1996b). Most likely, these bacteria channel the methyl
group to the oxidative acetyl-CoA/CO dehydrogenase pathway, which is normally
involved in the oxidation of acetyl-CoA (van der Maarel et al. 1996b).
Tetrahydropterins play a key role in the acetyl-CoA/CO dehydrogenase pathway.
Desulfobacterium autotrophicum uses tetrahydropteroyltetraglutamate as a one-carbon
carrier (Länge et al. 1989), but extracts of another bacterium with this pathway,
Desulfotomaculum acetoxidans, have been shown to have activity of the enzymes of
the methyl branch of this pathway with THF, a tetrahydropterin with only one
glutamate (Spormann and Thauer 1988). The mechanism of DMSP demethylation in
sulfate-reducing bacteria and in aerobic demethylating bacteria remains to be
elucidated. Here, we report on a novel type of methyl transfer in cell extracts of
DMSP-demethylating sulfate reducers in which THF is used as a methyl acceptor for
the demethylation of DMSP.

Materials and methods

Organisms, cultivation, and cell extract preparation. For growth of strain WN
(van der Maarel et al. 1996b) and Desulfobacterium autotrophicum strain HRM2
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(DSM 3382), medium 383 as described in the Deutsche Sammlung von
Mikroorgananismen und Zellkulturen Catalogue of Strains (1993) was used with yeast
extract (0.025%) and 10 mM substrate (betaine, DMSP, or ethanol) as indicated.
Desulfobacterium niacini strain Nav1 (DSM 2650), Desulfobacterium vacuolatum
strain IbRM (DSM 3385), and Desulfobacterium strain PM4 were grown in mineral
medium according to Heijthuijsen and Hansen (1989) with yeast extract (0.025%), 20
mM Na2SO4, and 10 mM substrate (DMSP or betaine) as indicated. Extracts of cells
(5-15 mg protein ml-1) were prepared under anoxic conditions as described by
Hensgens et al. (1993) with the following minor modifications: the cells were washed
twice in 50 mM potassium phosphate buffer (pH 7.2) containing 2 mM dithiothreitol,
21 g NaCl/l, and 3.0 g MgCl2·6H2O/l and were suspended in buffer without NaCl and
MgCl2·6H2O.

Enzyme assays. The methyltransferase assays were performed in an anaerobic
glove box equipped with a palladium catalyst (R020; BASF, Ludwigshafen, Germany)
under an atmosphere of N2:H2 (approximately 95:5 v/v) and at 28OC. No difference in
activities was observed with an atmosphere of 100% N2. The assay mixture consisted
of 50 mM potassium phosphate buffer (pH 7.2) containing 2 mM dithiotreitol, 2.5 mM
titanium(III)-10 mM nitrilotriacetic acid, 1 mM THF, 5 mM DMSP or betaine, and cell
extract in a total volume of 1.0 ml. Reactions were stopped with 60 mM HCl and were
centrifuged in the glove box. The supernatants were transferred to air-tight vials; THF
and methyl-THF concentrations were measured by HPLC. Activities are expressed as
µmol methyl-THF produced min-1.

Analytical procedures. DMSP concentrations were determined as acrylate after
conversion to dimethylsulfide and acrylate by overnight treatment with 1 M NaOH
(White 1982). Acrylate and MTPA concentrations were analyzed by HPLC using a
C18 column (Econosil C18-5µ- 250 x 4.6 mm, Alltech, Breda, The Netherlands) with
7.5% acetonitrile in 1% (w/v) phosphoric acid as the mobile phase at a flow rate of 1
ml/min. The eluate was monitored at 205 nm. THF and methyl-THF were separated by
HPLC according to Stupperich and Konle (1993); the eluate was monitored at 280 nm.
Protein was measured according to Bradford (1976) using the BioRad reagent with
bovine serum albumin as a standard. Cell carbon was determined according to
Heijthuijsen and Hansen (1989).

Chemicals. DMSP was synthesized from acrylic acid and dimethylsulfide
(Chambers et al. 1987). MTPA was obtained by alkaline hydrolysis of its methylester
(Aldrich, Steinheim, Germany). 5,6,7,8-Tetrahydrofolic acid was obtained from Sigma
(St. Louis, Mo., USA) and Schircks Laboratories (Jona, Switzerland); 5-methyl-
5,6,7,8-tetrahydrofolic acid was from Merck (Darmstadt, Germany); and propyl iodide
was from Fluka Chemika (Buchs, Switzerland). Titanium(III)-nitrilotriacetic acid stock
solutions were prepared according to Moench and Zeikus (1983).

Results and discussion

Recently, three photometric continuous assay systems for methyltransferase reactions
have been used for studies of demethylation reactions in acetogenic bacteria (Meßmer
et al. 1996; Kreft and Schink 1996, 1997). For the measurement of DMSP:THF
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methyltransferase, we developed a discontinuous assay. Despite the fact that our
method is rather time-consuming, it is easy to use. With this method we detected high
activities of a DMSP:THF methyltransferase in extracts of DMSP-grown cells of strain
WN [in the presence of titanium(III)-nitrilotriacetic acid, approximately 0.56 µmol
min-1 (mg protein)-1]. The demethylation of DMSP is the first observation of a
methyltransferase using THF in sulfate-reducing bacteria. The activity in strain WN is
higher than the demethylating activity with THF found in most acetogenic bacteria that
convert C1-compounds such as methanol, methyl chloride, or methoxylated aromatic
compounds. Recently, high activities of 3,5-dihydroxyanisole methyl transfer to THF
[approximately 0.1 µmol min-1 (mg protein)-1] have been observed in extracts of
Holophaga foetida (Kreft and Schink 1997) but, for example, activities with methanol
in cell fractions of Sporomusa ovata were only 2.0 nmol min-1 (mg protein)-1

(Stupperich and Konle 1993), and in cell extracts of the homoacetogenic strain MC
methylchloride was demethylated at a rate of 20 nmol min-1 (mg protein)-1 (Meβmer et
al. 1993). The specific activity measured with THF in strain WN is more than enough
to explain the growth rate of this organism on DMSP; a DMSP demethylation rate of
0.23 µmol min-1 (mg protein)-1 can be calculated for cultures growing on DMSP (with
a growth yield of 2.9 g cell carbon (mol substrate)-1 and a specific growth rate of 0.04
h-1 as determined earlier by van der Maarel et al. 1996b).

From DMSP, equal concentrations of MTPA and methyl-THF were formed.
With an excess of DMSP (initial concentration, 5 mM), from 0.9 mM THF
approximately 0.5 mM methyl-THF was formed even after prolonged incubation (Fig.
1), most likely because only of one the enantiomers of the (R,S)-THF was used.
Reduction of the assay mixture by titanium(III)-nitrilotriacetic acid was not necessary
in order to obtain these high activities; activities without titanium(III)-nitrilotriacetic
acid were sometimes 10-20% lower, or a lag phase was observed. ATP (1.0 mM) was
not stimulatory in this reaction, whereas a positive effect has been reported for several
other demethylation reactions in acetogenic bacteria (e.g. Berman and Frazer 1992;
Stupperich and Konle 1993). Heat treatment (30 min at 70OC) of the cell extract
destroyed all activity. Activity increased proportionally with the protein concentration
(range tested: 0.03-0.6 mg ml-1), implying that the reaction was catalyzed by a single
enzyme. This is not true for certain other demethylation reactions found in anaerobic
bacteria (Kreft and Schink 1993). Incubation of the extract of strain WN (at 0OC) under
air without stirring (1 ml in a 10-ml vial) led to a 35% loss of activity within 3 h, which
suggests that the enzyme is at least slightly oxygen-labile. After 17 h of incubation,
25% of the activity was still present. Under anoxic conditions, the activity remained the
same over the period of a day.
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Fig. 1 Demethylation of DMSP by cell extracts of DMSP-grown strain WN: ○ consumption of
THF and □ production of methyl-THF. Protein concentration, 0.29 mg ml-1

In cell extracts of three other DMSP-demethylating sulfate reducers,
Desulfobacterium strain PM4, Desulfobacterium niacini, and Desulfobacterium
vacuolatum, DMSP-demethylating activities were detected using the same assay
system (Table 1). ATP did not have a stimulatory effect on the activity in extracts of
these organisms.

Table 1 Demethylation of DMSP in cell extracts of sulfate-reducing bacteria with THF as the
methyl acceptor. Organisms were grown on DMSP except for Desulfobacterium

autotrophicum, which was grown on betaine
Organism DMSP-demethylating activity

[µmol min-1 (mg protein)-1]
Strain WN 0.56
Desulfobacterium strain PM4 0.24
Desulfobacterium niacini 0.16
Desulfobacterium vacuolatum 0.05
Desulfobacterium autotrophicum 0.00

Betaine [(CH3)3-N
+-CH2-COO-] structurally resembles DMSP and can be

demethylated to dimethylglycine [(CH3)2-N-CH2-COOH] by the four tested strains;
interestingly, some examples are known in which a sulfonium analog can substitute for
betaine, such as in the betaine-homocysteine methyltransferase reaction (see, for
example, Garrow 1996 and White et al. 1973). Cell extracts of betaine-grown cells did
not catalyze the demethylation of betaine or DMSP with THF as a methyl acceptor;
addition of ATP did not lead to any activity with betaine. Also, cell extracts of these
bacteria grown on DMSP did not demethylate betaine with THF. Cell extracts of
betaine-grown Db. autotrophicum, an organism not able to demethylate DMSP (van
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der Maarel et al. 1996b), did not have any activity with THF when betaine or DMSP
was the substrate (Table 1). These results indicate that probably another compound
serves as the methyl acceptor for demethylation of betaine or that a very different assay
system is required. In this respect, it is important to note that the physiological one-
carbon carrier detected in cells of Db. autotrophicum was not THF but a pterin
containing 4 mol L-glutamate per mol pterin (Länge et al. 1989); with this cosubstrate,
the specific formyltetrahydropterin synthetase activity was 170-fold higher than with
THF. We do not know what type of pterins is the major cosubstrate in the DMSP-
demethylating strains; therefore, some of our data may be underestimates of the actual
specific activities if the proper pterin were used in the assay. With cell extracts of
ethanol-grown strain WN, no activity of DMSP:THF methyltransferase was observed.
Supplementation of the medium with 5 mM MTPA when strain WN was grown on
ethanol or betaine also did not result in any activity. MTPA was tested because in some
reactions, the product can induce the enzyme responsible for the formation of this
product (see, for example, van der Maarel et al. 1996a). The results indicated that these
bacteria have an enzyme system that is induced only by DMSP.

Most corrinoid-dependent methyltransferases are known to be inactivated by
propyl iodide (see, for example, Brot and Weissbach 1965; Kengen et al. 1988).
Incubation of the cell extract of strain WN with 0.5 mM propyl iodide (added from a
25 mM solution in ethanol; the ethanol caused an inhibition of only approximately 10%
of the reaction) for 10 min in the dark inhibited the reaction completely, but when after
10 min the reaction mixture was incubated in the light, the activity was partly restored.
The activity of the control experiment without titanium(III)-nitrilotriacetic acid
incubated in the light (150-W incandescent light bulb at 20 cm) was 0.54 µmol min-1

(mg protein)-1; incubation with 0.5 mM propyl iodide in the light (after 10 min of dark
incubation) resulted in activities of 0.33 µmol min-1 (mg protein)-1. This effect of light
on the inhibition of the DMSP-demethylating reaction suggests the involvement of a
corrinoid-dependent enzyme although reductive activation was not required.
Corrinoids may play a role in the transfer of the methyl group of C1-compounds in
sulfate reducers, as is the case in some acetogenic bacteria (see, for example, Kreft and
Schink 1993; Stupperich and Konle 1993). A purification and characterization of the
enzyme responsible for the demethylation of DMSP in strain WN will reveal whether a
corrinoid is involved in this enzyme activity.

Acknowledgements
This study was supported by Quest International, Naarden, The Netherlands. We thank L.

Dijkhuizen for stimulating discussions.


