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CH3-S-CoM, methyl-coenzyme M, 2-(methylthio)ethanesulfonic acid;
CoM-S-S-HTP, the heterodisulfide of HS-CoM and HS-HTP; HS-CoM,
coenzyme M, 2-mercaptoethanesulfonic acid; H4MPT, 5,6,7,8-tetra-
hydromethanopterin; H4SPT, 5,6,7,8-tetrahydrosarcinapterin, a H4MPT
derivative with an additional glutamyl group; HS-HTP, 7-mercapto-
heptanoylthreonine phosphate; MT1,methanol:5-hydroxybenzimidazolyl-
cobamide methyltransferase; MT2, Co-methyl-5-hydroxybenzimidazolyl-
cobamide: HS-CoM methyltransferase.
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SUMMARY

Cell-free extract of Methanosarcina barkeri was able to convert
methanol into methane and CO2 under N2. 5-Methyl-tetrahydromethano-
pterin was the first intermediate observed in the oxidation route of
methanol. Synthesis of this compound from methanol and tetrahydro-
methanopterin (H4MPT) was specifically catalyzed by the membrane
fraction. Ti(III)citrate and incubation under H2 stimulated the reaction.
ATP could substitute for Ti(III)citrate. Since, the membrane fraction did
not contain methanol:5-hydroxybenzimidazolylcobamide methyltrans-
ferase or 5,10-methylenetetrahydromethanopterin reductase activity,
5-methyl-H4MPT synthesis had to proceed by a direct transfer of the
methyl group of methanol to H4MPT. In absence of H4MPT a small
amount of cobamide was methylated by the methyl group of methanol,
suggesting the involvement of a corrinoid-containing methyltransferase.

Methanosarcina barkeri is one of the most versatile methanogenic
archaea in its ability to grow on H2/CO2, methanol, methylamines, and
acetate (1). In the presence of H2, methanol is reduced to methane but
acetate must be supplemented to ensure growth (2). Reduction of
methanol occurs via methyl-coenzyme M (CH3-S-CoM) the substrate of
the methane-forming reaction. Synthesis of CH3-S-CoM from methanol
and coenzyme M (HS-CoM) is catalyzed by the concerted action of two
methyltransferases (3). First, the methyl group of methanol is bound to
the corrinoid prosthetic group of methanol:5-hydroxybenzimidazolyl-
cobamide methyltransferase (MT1) (4). The methyl group of methylated
MT1 is subsequently transferred to HS-CoM by Co-methyl-5-hydroxy-
benzimidazolylcobamide:HS-CoM methyltransferase (MT2) (3).

When methanol is used as the sole substrate for growth, part of the
methanol has to be oxidized to generate the reducing equivalents for the
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Fig. 1. Alternative pathways for the methanol methyl group oxidation. Roman
numbers next to arrows indicate the routes as proposed in the introduction. The
numbers in parentheses represent free energy changes in kJ/mol of reactions in the
indicated direction under standard conditions. F420, a 8-hydroxy-5-deazaflavin
derivative; X, unknown one-carbon carrier suggested by Blaut and Gottschalk (8).
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CH3-S-CoM reduction to methane (Eqn. 1).

4CH3OH )))) 3CH4 + CO2 + 2H2O (1)

The presence in high concentrations of the relevant enzymes suggests
that methanol oxidation largely follows the same metabolic route as
CO2 reduction to methane, though in the reversed order (5,6). In
addition, from experiments with whole cells of M. barkeri and
Methanosarcina mazei strain Gö1 it could be concluded that the
oxidation of methanol to the formaldehyde level must be dependent on
a sodium-motive force (7). However, the initial step in the oxidation
route of methanol is still not clear (5,7). On the basis of the literature
several pathways are conceivable (Fig. 1). (I) Methanol oxidation could
proceed by use of a methanol dehydrogenase and an unknown one-
carbon carrier X (8). Here, sodium-motivated reversed electron trans-
port should drive the strongly endergonic oxidation of methanol to the
formaldehyde level (∆G°'= +44.8 kJ/mol) (8). In this case methanol
would enter the oxidation pathway at the level of methylene-tetrahydro-
sarcinapterin (methylene-H4SPT). The presence, however, of methanol
dehydrogenase has never been demonstrated. (II) Methanol could be
converted to CH3-S-CoM by the MT1/MT2 system mentioned above,
followed by the methyl group transfer to H4SPT in a reaction catalyzed
by the membrane-bound, sodium-translocating methyl-H4SPT:HS-CoM
methyltransferase (9,10). In this direction, the reaction is highly
endergonic (∆G°'= +29.7 kJ/mol) (1) and could be driven by sodium
import. (III) The methylated corrinoid protein MT1 is the substrate in
the transfer of the methyl group of methanol to H4SPT. (IV) Methyl-
H4SPT is formed directly from methanol and H4SPT. Under standard
conditions, this reaction is estimated to be only slightly endergonic
(∆G°'= +2.2 kJ/mol) (5).

Here, we demonstrate that cell-free extract of M. barkeri is able to
synthesize methyl-H4MPT from methanol and H4MPT. The reaction
was specifically catalyzed by a membrane fraction which did not
contain MT1 or 5,10-methylene-tetrahydromethanopterin reductase.
Therefore, we suggest a direct transfer of the methyl group of methanol
to H4MPT.

MATERIALS AND METHODS

Organisms and extracts. M. barkeri strain MS (DSM 800) and M. thermoauto-
trophicum strain ∆H (DSM 1053) were grown in a 300-l fermentor on mineral
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medium under 80% N2/20% CO2 with 250 mM methanol (16), and on synthetic
medium under an 80% H2/20% CO2 atmosphere (17), respectively. Cells were
harvested at the end of exponential growth and stored at -70°C under N2 until use.
Cell-free extract of M. barkeri was prepared by passage through a French pressure
cell as described before (18). Coenzyme-depleted extract was prepared under
anaerobic conditions by extensive washing the cell extract on a PM-30 (Amicon)
membrane with 50 mM TES buffer containing 15 mM MgCl2 and 1 mM dithio-
threitol. Boiled cell-free extracts for H4MPT purification were prepared from cells
of M. thermoautotrophicum as described previously (14). Protein was determined
with the Coomassie Brilliant Blue G-250 method (19) using bovine serum albumin
as a standard.

Enzyme assays. Incubation mixtures were prepared inside an anaerobic glove box
and reactions were performed in crimp-sealed 10-ml serum vials. Transfer of the
methyl group of methanol to H4MPT was determined in reaction mixtures (200 µl)
containing 50 mM TES buffer pH 7.0, 25 mM MgCl2, 50 mM methanol, 0.11 mM
H4MPT, 5 mM Ti(III)citrate, 0.5 mM 2-bromoethanesulfonate, and 100 µl protein
fraction. After gassing with H2 or N2 (100 kPa) the vials were kept on ice.
Reactions were started by placing the vials at 37°C. After appropriate incubation
periods reactions were stopped by placing the vials on ice. Methyl-H4MPT synthesis
was determined by anaerobic HPLC analysis of the incubation mixtures.

Reaction mixtures for methanol conversion to methane (final volume, 200 µl)
contained 100 mM TES buffer pH 7.0, 24 mM MgCl2, 45 mM methanol, 2.4 mM
ATP, and 100 to 170 µl cell-free extract (24 mg protein/ml). After gassing with the
appropriate gas or gas mixture 100 µl ethane was added as an internal standard.
Reactions were started by placing the vials at 37°C. After each time interval 0.3 ml
gas samples were drawn for analyses and methane was measured on a Poropack Q
(80/100) column as described by Hutten et al. (16). Methanol was measured with
4.8 mM 1-propanol as an internal standard on a Hewlett-Packard 5890A gas
chromatograph according to the method of Teunissen et al. (20). Reaction mixtures
for formaldehyde conversion to methane were essentially the same except that
5 mM formaldehyde was added instead of methanol. Reduction of CH3-S-CoM to
methane was determined with reaction mixtures similar to those described for
methanol reduction except that 10 mM CH3-S-CoM was added instead of methanol.
Conversion of formaldehyde to CH3-S-CoM in the presence of 2-bromoethane-
sulfonate (0.5 mM) was assayed as described by Poirot et al. (21). CH3-S-CoM
synthesis from methanol and HS-CoM in the presence of 50 µl cell extract (1.2 mg
protein) and 2-bromoethanesulfonate (0.5 mM) was assayed as described previously
(18). Isotachophoresis was used for the determination of CH3-S-CoM (22). Reduc-
tion of CoM-S-S-HTP was measured by following the rate of thiol formation with
2,2'-dinitro-5,5'-dithiobenzoic acid (23) essentially as described by Hedderich and
Thauer (24). Activities were determined by incubating a series of anaerobically
prepared reaction mixtures (200 µl) in crimp-sealed 10-ml serum vials containing
1.64 mM CoM-S-S-HTP and cell extract (60 µg to 4 mg protein, depending on the
activities) in 100 mM TES buffer pH 7.0 at 37°C for appropriate periods of time.
Hydrogen (100 kPa), formaldehyde (5 mM), or methanol (25 mM) served as the
reactants; with formaldehyde and methanol incubations took place under nitrogen
(100 kPa) in the presence of 0.5 mM 2-bromoethanesulfonate. Thiol concentrations
(HS-CoM, HS-HTP) were assayed spectrophotometrically according to Ellman (23).
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5,10-Methylene-tetrahydromethanopterin reductase activity was determined as
described by te Brömmelstroet et al. (6) and methanol:HS-CoM methyltransferase
activity was assayed as reported by Daas et al. (18).

Fractionation of methanol:H4MPT methyltransferase activity. All handlings
were performed in an anaerobic glove box (97.5% N2/2.5% H2) at room temper-
ature. The procedure started by separating PM-30 washed extract (3,5 ml; 84 mg
protein) on a column packed with DEAE-Sepharose-Cl-6B (12 by 2.8 cm) equi-
librated in 20 mM potassium phosphate buffer pH 7. Elution with 100 ml of
equilibration buffer yielded the pass-through fraction. Bound proteins were eluted in
a single step with 100 ml 0.6 M NH4Cl in the phosphate buffer. The eluate was
monitored at 280 nm and 3.5-ml fractions were collected at a flow rate of 2
ml/min. The fractions eluting with NH4Cl were combined, washed by Amicon
YM-10 ultrafiltration with 20 mM potassium phosphate buffer pH 7 to remove the
salt, and concentrated to a final volume of 3.5 ml. The opaque pass-through
fractions were combined (10.5 ml) and anaerobically ultracentrifuged in 3.5-ml
polyallomer tubes for 18 h at 100,000 x g and 4°C. The supernatant was carefully
decanted and the pellet was resuspended in 0.5 ml 20 mM potassium phosphate
buffer pH 7. All methanol:H4MPT methyltransferase activity was present in the
pellet fraction.

Chromatographic analysis. Methanopterin derivatives were analyzed and
quantified by HPLC taking care of strict anoxic conditions during sample prepara-
tion and subsequent analysis. Reaction mixtures were boiled for 3 min and dena-
tured proteins were pelleted by centrifugation for 10 min at 16,000 x g. The super-
natants obtained were filtered over a 0.45 µM luer-lock filter (Millipore, Bedford,
MA, USA) and 50 µl samples were subject to reversed-phase HPLC analysis on a
Hewlett-Packard 1048B HPLC, equipped with a Hewlett-Packard 1040A diode-
array detector coupled to a Hewlett-Packard 85B computing integrator. HPLC was
performed at 35°C on a 10 µm LiChrosorb RP-18 column (250 by 4 mm; Alltech
Europe, Eke, Belgium). Separation was achieved by applying a 10-min linear
gradient of 5% to 25% methanol in 40 mM sodium formate buffer pH 3, followed
by 15 min of isocratic elution with 25% methanol in the buffer; the flow rate was
0.8 ml/min. The eluate was monitored at 260 nm. When a peak was recognized as
such, complete UV-visible light spectra (230-400 nm) were recorded continuously.
Peaks were identified by their retention time and UV-visible light spectra. The
retention times of H4MPT and methyl-H4MPT were 17.7 and 20.2 min, respectively.
The extinction coefficients for H4MPT and methyl-H4MPT at 260 nm and pH 3
were determined to be 14.1 and 5.7 mM-1 cm-1, respectively. Before use, the HPLC
buffer solutions were sparged at 40°C with helium gas for at least 1 h, and the
column was eluted for 18 h with 25% methanol in the buffer at a flow rate of 0.1
ml/min. Sparging of the solutions at 40°C was continued throughout the subsequent
HPLC runs.

Reaction mixtures for corrinoid analysis were essentially the same as described
for the methanol:H4MPT methyltransferase assay, except that no H4MPT was added
and the volume of the reaction mixtures was increased to 6 ml. Because of the light
sensitivity of methylated corrinoids the vials were wrapped in aluminum foil and all
handlings were carried out in the dim light of a red lamp. Incubation was for 60
min at 37°C under H2-atmosphere. Extraction and HPLC analysis were performed
as described before (18).
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Table 1. Specific activities of various reactions catalyzed by cell-free extract of
Methanosarcina barkeri. Reactions were performed as described in "Materials and
Methods". Reaction rates were determined by following the substitution, conversion,
or production of the compounds printed in italics.

Reactions studied Specific activities
(mU/mg protein)a

4CH3OH )) 3CH4 + CO2 0.8 (2.7)b

CH3OH + H2 )) CH4 + H2O 29 (39)
CH3OH + HS-CoM )) CH3-S-CoM + H2O 44
CH3-S-CoM + H2 )) CH4 + HS-CoM 24
HCHO + 2H2 )) CH4 + H2O 32

2HCHO )) CH4 + CO2 32
HCHO + HS-CoM + H2 )) CH3-S-CoM + H2O 28
CoM-S-S-HTP + H2 )) HS-CoM + HS-HTP 140

2CoM-S-S-HTP + HCHO )) 2HS-CoM + 2HS-HTP + CO2 + H2O 14
3CoM-S-S-HTP + CH3OH )) 3HS-CoM + 3HS-HTP + CO2 0.6

a One milliUnit (mU) is defined as 1 nmol of substrate converted per min.
b The numbers in parentheses represent the specific activity of substrate conversion

in the presence of 2.2 mM CoM-S-S-HTP.

When [14C]methylated corrinoids were extracted reaction mixtures were the same
as described above, except that 10 mM [14C]methanol (0.13 TBq/mol) was used; the
volume of the reaction mixtures was 400 µl. Incubation and extraction were per-
formed as mentioned before (18), except that the residue obtained was dissolved in
100 µl of 80% ethanol. Aliquots of 30 µl were spotted on 0.2 mm DC Plastikfolien
Kieselgel 60 TLC plates from Merck and developed with methanol/acetic acid/water
(7/1/12, vol/vol). The Rf value of authentic methyl-B12-HBI was 0.47. Radioactivity
was located by autoradiography for 8 days at -80°C using Kodak XAR-5 X-ray
film.

Materials. All chemicals were of analytical grade. HS-CoM, TES, and 2-bromo-
ethanesulfonate were purchased from Sigma Chemical Co. (St. Louis, MO, USA).
Formaldehyde and Ti(III)chloride were from Merck-Schuchardt A.G. (Darmstadt,
Germany). Dithiotreitol was obtained from Serva Feinbiochemica (Heidelberg,
Germany). ATP was from Boehringer GmbH (Mannheim, Germany). Methanol
(HPLC-grade) was obtained from J.T. Baker (Deventer, The Netherlands).
[14C]Methanol (0.13 TBq/mol) came from New England Nuclear (Boston, Mass.).
DEAE-Sepharose-Cl-6B was from Pharmacia LKB Biotechnology A.B. (Uppsala,
Sweden). Ti(III)citrate was prepared from Ti(III)chloride and sodium citrate
according to Zehnder and Wuhrmann (11). CH3-S-CoM was prepared by methyl-
ation of HS-CoM with dimethylsulfonic acid as described before (12). HS-HTP and
CoM-S-S-HTP were synthesized according to Ellermann et al. (13). H4MPT, from
Methanobacterium thermoautotrophicum strain ∆H, and 5-methyl-H4MPT were
isolated and prepared as described by te Brömmelstroet et al. (14). Methyl-B12-HBI
was synthesized as described by Pol et al. (15). Gasses were supplied by Hoek-
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Fig. 2. Methane production and
methanol consumption under N2 by
cell-free extract of Methanosarcina
barkeri. The reactions were per-
formed as described under
"Materials and Methods" in the
presence of 4 mg protein and 10
mM HS-CoM. Methane production
(S) )Q) and methanol conversion
(S) )Q) with CoM-S-S-HTP (2.2
mM) added. For comparison,
methane produc-tion of a reaction
mixture in ab-sence of CoM-S-S-
HTP is plotted (S) )Q).

Loos (Schiedam, The Netherlands). To remove traces of oxygen, H2-containing
gasses were passed over a BASF RO-20 catalyst at room temperature and N2 was
passed over a prereduced BASF R3-11 catalyst at 150°C. The catalysts were a gift
of BASF Aktiengesellschaft (Ludwigshafen, Germany).

RESULTS

Methanol conversion by cell-free extract of M. barkeri. Cell-free
extracts of M. barkeri strain MS were able to produce methane from
methanol when incubated under N2 atmosphere (Fig. 2). Specific
activities were, however, quite low: 0.8 nmol/min · mg protein; which
was 30-fold lower compared to methanogenesis from methanol and H2

(Table 1). The activity was increased to 2.7 nmol/min · mg protein,
when CoM-S-S-HTP (2.2 mM) was included in the assays (Fig. 2,
Table 1). Both under N2 and H2 atmosphere no activity was found in
absence of ATP. The effect of ATP and CoM-S-S-HTP indicates that
the methanogenic activity can be attributed to the cell-free system,
rather then to the putative presence of residual whole cells in the cell
extracts. Under N2 atmosphere, methanol was consumed at a rate of 9.4
nmol/min · mg protein during the initial 1 h of the incubation. Isotacho-
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phoretic analysis of the reaction mixtures indicated that the relative
high rate of methanol conversion with respect to the rate of methane
formation was due to the rapid accumulation of CH3-S-CoM during this
stage (data not shown). After prolonged incubation, methanol and
methane were consumed and produced, respectively, in a ratio of 1.2:1,
which is in fair agreement with the stoichiometry of eqn. 1. Methane
formation from methanol, both under N2 and under H2 atmosphere, was
completely inhibited in the presence of Ti(III)citrate (5-14 mM), which
could be attributed to a specific inhibition of the methanol:HS-CoM
methyltransferase reaction. Comparison of the specific activities of the
various partial reactions involved in methanol conversion under N2

demonstrated that the rate-limiting step in the process was the oxidation
of methanol to the formal redox level of formaldehyde (Table 1).

Methyl-tetrahydromethanopterin synthesis from methanol and
tetrahydromethanopterin. Cell-free extracts from M. barkeri that had
been depleted from low-molecular-weight compounds by extensive
washing on an Amicon PM-30 ultrafiltration membrane were capable of
5-methyl-H4MPT synthesis from methanol and H4MPT when incubated
under H2 atmosphere in the presence of 5 mM Ti(III)citrate. The
product was identified on the basis of its retention time on HPLC, the
characteristic UV-visible light absorbance spectrum, and comigration
with authentic 5-methyl-H4MPT (Fig. 3). An average 28% of H4MPT
added became methylated under the reaction conditions employed. This
value was already reached immediately after preparation and gassing
with H2 of the reaction mixtures. Prolonged incubation at 37°C did not
further increase the amount of 5-methyl-H4MPT formed, suggesting that
the reaction had come to an equilibrium. About half the amount of
methyl-H4MPT was produced, when incubation took place under N2,
whereas maximally only 4-8% H4MPT was converted after 90 min
incubation under H2 atmosphere in absence of Ti(III)citrate. No other
H4MPT derivatives besides the substrate and methyl-H4MPT could be
detected in the different incubation mixtures. No methyl-H4MPT was
formed in the absence of methanol, H4MPT, or PM-30-washed extract.
In addition, boiled extract (30 min at 100°C) or aerobically stored
extract (24 h under air at 4°C) were unable to catalyze methyl-H4MPT
synthesis from H4MPT and methanol. Addition of HS-CoM (10 mM) or
NaCl (20 mM) had no effect on the amount of methyl-H4MPT
produced, when incubation took place in the presence of Ti(III)citrate.
ATP (2.4 mM), however, could substitute for the latter compound in its
stimulation of the reaction.

Resolution of methanol:H4MPT methyltransferase activity. After
fractionation of PM-30 extract of M. barkeri on DEAE-Sepharose
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Fig. 3. HPLC-analysis of H4MPT
and its reaction product after in-
cubation with methanol and PM-30
washed extract of M. barkeri.
Incubation and HPLC analysis were
performed as described under
"Materials and Methods". The
HPLC elution pattern at 260 nm is
shown (A) with the UV-visible
absorbance spectra (B) of the peaks
at 17.7 min (S))Q) and 20.2 min
(- - -). The spectra and retention
times of the first ())) ) and
second (- - - ) peak were identical
to those of H4MPT and 5-methyl-
H4MPT at pH 3, respectively.

methanol:H4MPT methyltransferase activity was present in the opaque
pass-through fractions. The fraction obtained after elution of all bound
protein was able to catalyze transfer of the methyl group of methanol to
HS-CoM, but was unable to produce methyl-H4MPT from methanol and
H4MPT. Centrifugation of the opaque pass-through fractions at 100,000
x g pelleted all methanol:H4MPT methyltransferase activity, indicating a
membrane association of the enzyme(system) involved. In agreement
herewith, by the same procedure methyl-H4MPT:HS-CoM methyltrans-
ferase was enriched 14-fold with a recovery of 94% (P. Daas and D.
van Lent, unpublished results). The latter methyltransferase was previ-
ously identified as a membrane protein (10). 5,10-Methylene-tetrahydro-
methanopterin reductase activity was not present in the isolated
fraction. The membraneous pellet fraction was unable to produce
methane from methanol, under either H2 or N2, which excluded the
presence of any unbroken cells or vesicles of M. barkeri.

Evidence for a role of corrinoids in methyl-H4MPT synthesis from
methanol. Incubation of the pellet fraction with methanol and Ti(III)
citrate, in absence of H4MPT, revealed the formation of a small amount
of a methylated corrinoid. The product had the same retention time and
UV-visible spectrum as authentic methyl-B12-HBI (Fig. 4). In order to
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Fig. 4. HPLC-analysis of corrinoids extracted after incubation of methanol with the
purified membrane fraction of M. barkeri. Purification, incubation, and HPLC
analysis were performed as described under "Materials and Methods". The peak at
17.1 min ())) ) was identified as methyl-B12-HBI. The peak at 15.0 min could be
attributed to aquo-B12-HBI.

verify that methanol was indeed the source of the methyl group of the
corrinoid we repeated the experiments by using [14C]methanol. Auto-
radiography of the corrinoids extracted revealed that label was incorpor-
ated when [14C]methanol was present (data not shown). The radioactive
spot had a Rf value of 0.47, which was identical to that of authentic
methyl-B12-HBI.

DISCUSSION

Cell-free extract of M. barkeri was able to produce methane from
methanol under N2, indicating that part of the methyl groups of
methanol were oxidized to allow reduction of the other methyl groups
of methanol to methane. The first intermediate observed in the oxida-
tive pathway was 5-methyl-H4MPT. Synthesis of methyl-H4MPT from
methanol and H4MPT was specifically brought about by a purified
membrane fraction, which was devoid of methanol:HS-CoM methyl-
transferase activity. The reaction was independent of the presence of
HS-CoM and it did not strictly require ATP. This excluded an oxidation
of methanol via the MT1/MT2 system or a methylated MT1 intermediate
(routes II and III in Fig. 1, respectively). Since, the membrane fraction
did not contain 5,10-methylene-tetrahydromethanopterin reductase
activity and no other H4MPT derivatives were ever observed besides
5-methyl-H4MPT, synthesis of methyl-H4MPT via methylene-H4MPT,
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as illustrated in route I of Fig. 1, may also be excluded. The results are
in agreement with a direct transfer of the methyl group of methanol to
H4MPT catalyzed by a membrane-bound, oxygen sensitive enzyme-
(system). We only observed a partial methylation of H4MPT under the
optimal reaction conditions conforming the expected unfavorable
thermodynamics of the reaction (∆G°' =+2.2 kJ/mol). From a compar-
ison of the overall and partial reactions it was concluded that the rate-
limiting step in methanol oxidation was the conversion of methanol to
the formaldehyde (5,10-methylene-H4MPT) level (Table 1). This now
seems to be a two step process: the synthesis of 5-methyl-H4MPT
followed by its oxidation to 5,10-methylene-H4MPT. By the HPLC
analysis method used it was not possible to estimate the specific
activity of the former step. Consequently it cannot be decided, whether
the rate limitation is related to the methyltransferase reaction or that the
low concentrations of 5-methyl-H4MPT formed limit the oxidation rate
of 5,10-methylene-H4MPT in our cell-free system used.

Methyl group transfer reactions in anaerobic organisms including
methanogens are frequently catalyzed by extremely oxygen-sensitive
corrinoid proteins that require an ATP and/or Ti(III)citrate-dependent
reductive activation (1,18,25). The observation that both compounds
stimulated 5-methyl-H4MPT synthesis suggests a role of a corrinoid
protein in the reaction studied here. The findings that methyl-B12-HBI,
albeit in low amounts, could be detected by HPLC upon incubation of
the membrane fraction with methanol and that labeled methyl-B12-HBI
was formed with [14C]methanol provide direct evidence for a role of a
corrinoid protein. In the membranes of M. barkeri the corrinoid-
containing 5-methyl-H4MPT:HS-CoM methyltransferase (10, this paper)
is present. The enzyme catalyzes the reversible methylation of its B12-
HBI prosthetic group with 5-methyl-H4MPT and the subsequent
-essentially irreversible- transfer of the methyl group from methyl-B12-
HBI to HS-CoM, the whole being connected to sodium translocation
out of the cell (7,9). Though this seems not very likely to us, on the
basis of our findings it cannot be ruled out that the enzyme has even
one more function: the activation of methanol to form methyl-B12-HBI.
Alternatively, 5-methyl-H4MPT synthesis from methanol may be
catalyzed by a novel (corrinoid) enzyme. Results of the studies by
Müller et al. (7,9) predict that this should be a sodium-translocating
protein as well. It will be clear that a further resolution of the
membrane system will be required to give an answer to these points.
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