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Methanol:5-hydroxybenzimidazolylcobamide methyltransferase (MT1) is the first of two enzymes required
for transfer of the methyl group of methanol to 2-mercaptoethanesulfonic acid in Methanosarcina barkeri. MT,
binds the methyl group of methanol to its corrinoid prosthetic group only when the central cobalt atom of the
corrinoid is present in the highly reduced Co(I) state. However, upon manipulation of MT1 and even during
catalysis, the enzyme becomes inactivated as the result of Co(I) oxidation. Reactivation requires H2,
hydrogenase, and ATP. Ferredoxin stimulated the apparent reaction rate of methyl group transfer. Here we
report that one more protein fraction was found essential for the overall reaction and, more specifically, for
formation of the methylated MT1 intermediate. The more of the protein that was present, the shorter the delay
of the start of methyl group transfer. The maximum velocity of methyl transfer was not substantially affected
by these varying amounts of protein. This demonstrated that the protein was involved in the activation of MT1.
Therefore, it was called methyltransferase activation protein.
Methanosarcina barken is a methanogenic bacterium
which can grow on various one-carbon compounds such as
CO2. methylamines, and methanol and on acetate (5).
Growth on methanol can occur in the absence and presence
of H2; in the latter case, the growth medium must be
supplemented with acetate to ensure growth (9).
The reduction of methanol to methane occurs via methylcoenzyme M (CH3-S-CoM), the substrate for the final step in
methanogenesis in all methanogens studied so far (5). Synthesis of CH3-S-CoM from methanol and coenzyme M
(2-mercaptoethanesulfonic acid; HS-CoM) is catalyzed by
the concerted action of two methyltransferases. First, methanol:5-hydroxybenzimidazolylcobamide (B12-HBI) methyltransferase (MT1) binds the methyl group of the substrate to
its corrinoid prosthetic group (14). Next, the methyl group is
transferred to HS-CoM by Co-methyl-5-hydroxybenzimidazolyl-cobamide:HS-CoM methyltransferase (MT2) (12).
MT1 is catalytically active only when the central cobalt
atom of its corrinoid prosthetic group is present in the highly
reduced Co(I) state (B12-HBIJ) (15). However, upon manipulation of MT1 and even during catalysis in a resolved
system, the enzyme becomes inactivated as the result of
B12-HBI, oxidation. Reactivation is possible and requires a
reducing system (H2, hydrogenase, ferredoxin) and ATP (13,
15).
Here, evidence is presented that the methyl group transfer
of methanol to HS-CoM is dependent on one more protein
fraction. The function of the protein is discussed in relation
to the reductive activation of MT1 and the name methyltransferase activation protein (MAP) is suggested.

MATERIALS AND METHODS

Culture methods and preparation of cell extract. Cells of M.
barken MS (DSM 800) were cultured in a 300-liter fermentor
in a mineral medium with methanol as a substrate as described before (4). Cells were harvested anaerobically at the
end of the exponential phase and stored at -70°C under N2.
Cell extract was prepared by suspension of wet cells (1:1
[wt/vol]) in 50 mM N-tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid buffer (pH 7.0) containing 15 mM MgCl2,
1 mM dithiothreitol, RNase (10 ,ug ml-'), and DNase (10 ,ug
ml-1) followed by passage through a French pressure cell at
138 MPa under continuous flushing with N2. Centrifugation
at 13,200 x g (20 min, 4°C) pelleted cell debris and unbroken
cells. The supernatant, referred to as cell extract, was
collected and stored at -70°C under H2.
Enzyme assays. Incubation mixtures were prepared in an
anaerobic glove box, and the reaction was performed in
crimp-sealed 10-ml serum vials. Unless stated otherwise, a
typical reaction mixture (final volume, 200 pl) contained
100 mM N-tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid buffer (pH 7.0), 24 mM MgCl2, 10 mM methanol, 10
mM HS-CoM, 1 mM ATP, 1 mM 2-bromoethanesulfonic
acid (to prevent possible enzymic reduction of CH3-S-CoM
to methane), 40 pl of MT2/hydrogenase fraction (0.83 mg of
protein ml-'; 1.12 ,umol of HS-CoM converted min-' mg
of protein-1; 0.14 ,umol of benzylviologen reduced min-1 mg
of protein-'; 0.03 pumol of coenzyme F420 reduced min-' mg
of protein1), 25 pl of MT1 fraction (1.15 mg of protein mlP-;
0.62 pumol of HS-CoM converted min-' mg of protein-'), 10
pl of ferredoxin fraction (0.12 mg of protein ml-'; 0.45 ,umol
of dithiodiethanesulfonic acid reduced min-' mg of protein'-), and 50 pJ of MAP fraction (1.88 mg of protein ml-1).
After gassing with 50% H2-50% N2 (100 kPa), the vials were
kept on ice. Reactions were started by placing the vials at
37°C. After appropriate incubation periods, generally 0, 20,
40, and 60 min, reactions were stopped by placing the vials
on ice. Activity of methyl group transfer of methanol to
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HS-CoM was routinely assayed by measuring the decrease
in the amount of HS-CoM.
The enzymatic activities of MT1 and MT2 were determined by measuring the rate of HS-CoM decrease as described above with 40 RI of concentrated MT1 or MT2
fraction or 130AI of column fraction together with 8 RA of cell
extract. Here, cell extract substituted for the other enzymic
components. Methyltransferase activity of 8 RA of cell extract alone was almost negligible. MT2 activity was qualitatively determined by following the formation of B12r (brown)
from methylcobalamin (red) and HS-CoM, as described by
Kengen et al. (6). Reaction mixtures contained 2.5 mM
methylcobalamin, 5 mM HS-CoM, and 100 RI of protein
fraction; 100 mM N-tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid buffer (pH 7.0) was added to a final
volume of 200 RA. Incubation was for 30 min at room
temperature in the anaerobic glove box.
Hydrogenase activity was tested as described by Fiebig
and Friedrich (2), with benzylviologen or coenzyme F420 as
a substrate. Benzylviologen reduction was monitored at 578
nm (6578 = 8.6 mM-1 cm-'). Reduction of coenzre F420
was monitored at 401 nm (-401 = 26.0 mM-1 cm- ).
Ferredoxin-dependent activity was determined by measuring the ferredoxin-dependent reduction of dithiodiethanesulfonic acid to its monomers in the presence of H2, hydrogenase, and aquocobalamin as described before (15). MT2/
hydrogenase fraction was used as a source of hydrogenase.
MAP activity of column fractions was tested as described
for the overall methyltransferase assay, except that 70 AI of
fraction was used as a source of MAP.
Fractionation of cell extract. Several enzymes involved in
transfer of the methyl group of methanol to HS-CoM are
oxygen labile (14, 15). Therefore, all handlings were performed in an anaerobic glove box (97.5% N2-2.5% H2). Cell
extract (10 ml; 260 mg of protein) was centrifuged for 15 min
at 16,000 x g (Eppendorf). The supernatant was applied to a
DEAE-Sepharose-Cl-6B column (12 by 2.8 cm) equilibrated
with 50 mM N-tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid buffer (pH 7.0) containing 15 mM MgCl2 and 1
mM dithiothreitol (buffer A). Elution with 100 ml of buffer A
yielded a pass-through fraction. Bound proteins and cofactors were eluted with a 400-ml linear gradient of 0 to 0.6 M
NH4Cl in buffer A. Finally, the column was washed with 50
ml of 0.6 M NH4CI in buffer A. The eluate was monitored at
280 nm, and 5-ml fractions were collected at a flow rate of 1
ml min-.
Fractions eluting between 0.20 and 0.22 M NH4Cl yielded
the MT2 fraction, which also contained hydrogenase activity. Fractions eluting between 0.25 and 0.34 M NH4C1
contained MAP activity. MT1 was present in fractions eluting between 0.39 and 0.42 M NH4CI. Ferredoxin was obtained between 0.50 and 0.56 M NH4CI. Since NH4C1 is an
inhibitor of the methanol conversion in a resolved system
(14), MT2/hydrogenase, MT1, and ferredoxin fractions were
washed by ultrafiltration (Amicon YM-10, PM-30, and YM-3
filters, respectively) with buffer A and concentrated to a final
volume of 3 ml. Fractions containing MAP were washed by
ultrafiltration (Amicon PM-30 filter) with buffer A and concentrated to a final volume of 6 ml. Ethylene glycol was
added as a stabilizing agent to the MT1, MAP, and ferredoxin fractions in concentrations of 10, 10, and 20% (vol/
vol), respectively.
Extraction of corrinoids. Reaction mixtures for corrinoid
analysis were essentially the same as described for the
overall methyltransferase assay, except that no HS-CoM
was added and the volume of the reaction mixtures was
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increased to 400 AI. 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 370C under H2 atmosphere. After incubation, 4 volumes of 96% ethanol were
added, and corrinoids were extracted by heating the reaction
mixture for 30 min at 90'C. Denatured proteins were pelleted
by centrifugation (Eppendorf, 15 min, 16,000 x g) and
resuspended in an equal volume of 80% ethanol, whereupon
the extraction and centrifugation were repeated. The supernatants obtained were combined and dried in vacuo at 500C.
The residue was dissolved in 300 pI of distilled water,
centrifuged (Eppendorf, 10 min, 16,000 x g), and filtered
over a 0.45-pm HV luer-lock filter (Millipore, Bedford,
Mass.). Aliquots of 200 RA were subjected to reversed-phase
high-performance liquid chromatography (HPLC) analysis.
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. Incubation
and extraction were performed as described above, except
that the residue obtained was dissolved in 100 pI of 80%
ethanol. Aliquots of 30 VI were spotted on thin-layer chromatography plates, developed, and analyzed.
Analytical methods. The amount of HS-CoM was determined by the method of Ellman (1). Samples of 25 pI were
mixed with 3 ml of 0.48 mM 2,2'-dinitro-5,5'-dithiobenzoic
acid in 150 mM Tris-Cl- buffer (pH 8.0) and measured
immediately at 412 nm. The methanol concentration was
determined by gas chromatography as described before (13),
except that a final concentration of 3 mM 2-propanol was
used as an internal standard. The protein concentration was
determined with the Coomassie brilliant blue G-250 method
(10) and bovine serum albumin as a standard. HPLC analysis
was performed at 350C on a Hewlett-Packard 1048B HPLC,
equipped with a Hewlett-Packard 1040A diode-array detector and a 5-1im LiChrosorb RP-18 column (150 by 46 mm;
Alltech Europe, Eke, Belgium). A linear gradient of 8 to 72%
methanol in 25 mM sodium acetate buffer (pH 6.0) was
applied to the column in 25 min at a flow rate of 0.8 ml min'.
The eluate was monitored at four pilot wavelengths: 260,
361, 518, and 550 nm. When a peak was recognized as such,
complete UV-visible light spectra (210 to 600 nm) were
recorded continuously. Peaks were identified by their retention times and UV-visible light spectra. The retention times
of aquo-B12-HBI and methyl-B12-HBI were 13.1 and 17.5
min, respectively. Thin-layer chromatography was performed on silica gel plates from Merck (DC Plastikfolien
Kieselgel 60, 0.2 mm) developed with methanol-acetic acidwater (7/1/12 [vol/vol]). The Rf values of aquo-B12-HBI and
methyl-B12-HBI were 0.32 and 0.47, respectively. Radioactivity was located by autoradiography for 4 days with Kodak
XAR-5 X-ray film and was quantitatively determined by
cutting the thin-layer chromatography plates, scratching off
the silica gel, and dissolving the labeled compound in 1 ml of
water and then in 10 ml of Lumagel scintillation fluid
(Lumac, Schaesberg, The Netherlands).
Materials. HS-CoM, 2-bromoethanesulfonic acid, N-tris
(hydroxymethyl)methyl-2-aminoethanesulfonic acid, and
methylcobalamin were purchased from Sigma Chemical Co.
(St. Louis, Mo.). Dithiothreitol was from Serva Feinbiochemica (Heidelberg, Germany). ATP was purchased from
Boehringer (Mannheim, Germany). DEAE-Sepharose-Cl-6B
was from Pharmacia LKB Biotechnology A.B. (Uppsala,
Sweden). Methanol (HPLC grade) was obtained from J. T.
Baker (Deventer, The Netherlands). ['4C]methanol (0.13
TBq mold) came from New England Nuclear (Boston,
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FIG. 1. Resolution of the methyltransferase system of M. barkeri by DEAE-Sepharose-Cl-6B ion-exchange chromatography. Elution of
cell extract (260 mg of protein) and enzyme assays were performed as described in Materials and Methods. Incubations were under 50%
H2-50% N2 for 60 min at 370C. When the rate of HS-CoM decrease was determined in the presence of 8 Al of cell extract and 130 pAl of fraction,
two components which stimulated in the overall assay were found (-U-). The activity eluting between 0.20 and 0.22 M NH4Cl was caused by
MT2, which also contained hydrogenase activity. The activity eluting between 0.39 and 0.42 M NH4C1 was caused by MT1. Ferredoxin eluted
between 0.50 and 0.56 M NH4C1 (-A-). Determination of HS-CoM conversion in the presence of the concentrated MTjhydrogenase, MT1, and
ferredoxin fractions and 70 Al of column fraction revealed MAP activity eluting between 0.25 and 0.34 M NH4Cl (0-). DiS=CoM,
dithioethanesulfonic acid.

Mass.). Gasses were supplied by Hoek-Loos (Schiedam,
The Netherlands). To remove traces of oxygen, H2-containing gasses were passed over a BASF RO-20 catalyst at room
temperature and nitrogen was passed over a prereduced
BASF R3-11 catalyst at 1500C. The catalysts were a gift of
BASF Aktiengesellschaft (Ludwigshafen, Germany).
RESULTS

Reconstitution of the methyltransferase system. After fractionation of cell extract of M. barkeri on DEAE-Sepharose,
MT2, MT1, and ferredoxin were completely separated (Fig.
1). The MT2 fraction also contained hydrogenase activity
capable of reducing both coenzyme F420 and benzylviologen.
Therefore, this fraction was also used as a source of hydrogenase and called MT2/hydrogenase fraction. When methanol conversion was determined in the presence of the
MT2/hydrogenase, MT1, and ferredoxin fractions, no decrease in HS-CoM concentration was detected (Fig. 2). This
indicated that a component involved in methyl transfer of
methanol to HS-CoM was missing. Indeed, methanol conversion in the presence of the above-mentioned components
required an additional fraction that was eluted between 0.25
and 0.34 M NH4Cl, notably between MT2/hydrogenase and
MT1 (Fig. 1). Addition of this fraction, after washing and
concentration on a PM-30 ultrafiltration membrane, restored
CH3-S-CoM synthesis from methanol in the presence of

MT2/hydrogenase, MT1, and ferredoxin (Fig. 2). The same
results were obtained when the reactions were monitored by
measuring the decrease in methanol (data not shown). The
methanol decrease paralleled the decrease in HS-CoM,
which was in agreement with a 1:1 stoichiometry of methanol and HS-CoM conversion as already established by
Shapiro and Wolfe (11). In the absence of methanol, no
detectable HS-CoM conversion occurred.
The finding that activity of the fraction eluting between
0.25 and 0.34 M NH4Cl was retained by a PM-30 filter
(nominal molecular weight cutoff of 30,000) indicated that
the activity was derived from a protein(s). In agreement with
this, activity was destroyed by heating at 100'C for 5 min. In
view of the results described below, the pertinent protein
will be designated methyltransferase activation protein
(MAP). It should be noted that the MAP fraction obtained
after DEAE-Sepharose separation was not pure and that
polyacrylamide gel electrophoresis revealed the presence of
several protein bands (data not shown).
MAP fraction alone was not capable of methanol-dependent HS-CoM conversion to CH3-S-CoM (Fig. 2). Neither
did the reaction proceed in the absence of either MT2/
hydrogenase or MT1 (Fig. 2). Ferredoxin was not strictly
required, though its presence stimulated the initial reaction
rate about twofold (Fig. 2).
Role of MAP and ATP in the methyltransferase reaction.
When methyl group transfer of methanol to HS-CoM in the
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FIG. 2. Requirement for various proteins in the methyl group
transfer of methanol to HS-CoM. Reaction mixtures (final volume,
200 Al) contained 100 mM N-tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid buffer (pH 7.0), 24 mM MgCl2, 10 mM methanol,
10 mM HS-CoM, 1 mM ATP, 1 mM 2-bromoethanesulfonic acid, 40
AI of MT2lhydrogenase fraction, 25 p.I of MT1 fraction, 10 RI of
ferredoxin fraction, and 50 p.I of MAP fraction. Incubations were
performed under 50% H2-50% N2 at 370C. Results from the complete assay (-U) or assays omitting MAP (-x-), MT2/hydrogenase
(-0-), MT1 (4), or ferredoxin (-V-) are shown. The control experiment (-0) contained no protein fractions other than MAP.

FIG. 3. Effect of various amounts of MAP on methyl group
transfer of methanol to HS-CoM. Reactions were performed as
described for Fig. 2, except that the amount of MAP was varied;
none (I), 5 pl (-), 10 p.l (.0-), 15 .l (-A), 25 p.l (-V-), or 50 p.l (-).

presence of MT2/hydrogenase, MT1, and ferredoxin was
monitored with various amounts of MAP, it appeared that
the latter primarily affected the onset of the reaction (Fig. 3).
Increasing amounts of MAP resulted in a decrease of the lag
phase. Once the reaction had started, maximum velocities
were not substantially affected by the varied amounts of
MAP applied. When MAP fraction was present in sufficient
amounts (50 Al), the reaction started immediately. Exposure
of MAP to air for increasing periods of time and subsequent
removal of air resulted in the increase of the lag phase of the
methyltransferase reaction. No activity was recovered after
a 24-h air exposure of MAP (data not shown). This indicated
that MAP is an oxygen-labile protein.
Methyl group transfer of methanol to HS-CoM is strictly
dependent on ATP (13). Addition of various amounts of ATP
had a dual effect on the methyltransferase reaction (Fig. 4).
Increasing amounts of ATP led to a decrease of the lag phase
and an increase in the reaction rate. With 200 nmol of ATP,
the reaction rate was maximal and a lag phase was absent.
However, essentially the same results were obtained with a
10-fold-lower amount of ATP. Since 2 ptmol of HS-CoM had
been converted at the end of the reaction, ATP is clearly

required only in catalytic amounts and one molecule of ATP
is sufficient to drive 10 to 100 catalytic cycles. The latter
value may even be underestimated, since the MT2/hydrogenase fraction contained some ATP-hydrolyzing activity,
which may have nonspecifically consumed part of the ATP.
CH3-S-CoM synthesis from methanol proceeds by binding
of the methyl group to the corrinoid prosthetic group of MT1,
followed by the MT2-catalyzed methyl group transfer to
HS-CoM (12). In order to study the effect of MAP and ATP
on the first reaction, methanol was incubated with various
protein fractions and ATP in the absence of HS-CoM.
Corrinoid analysis by HPLC showed that B12-HBI was
almost exclusively extracted as its methyl derivative (Fig.
SA). No methyl-B12-HBI was formed when either ATP or
MAP was omitted (Fig. SB and C). Remarkably, methyl-B12HBI was also produced when methanol was not further
added (Fig. SD). However, buffers and protein solutions
always contained low concentrations (maximally about 50
p.M) of this compound (16) originating from methanol vapor
in the glove box atmosphere. (The solvent is routinely used
in high concentrations for the anaerobic purification of
oxygen-labile methanogenic coenzymes.) In order to verify
that methanol was indeed the source of the methyl group of
methyl-B12-HBI, we repeated the experiments with ['4C]
methanol (0.53 MBq). Autoradiography of the corrinoids
extracted revealed that label was incorporated when MAP,
ATP, and ['4C]methanol were present. The radioactive spot
had the same Rf value as authentic methyl-B12-HBI (0.47)
and coincided with a pink color (data not shown). The
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FIG. 5. HPLC analysis of corrinoids. Incubation and corrinoid
extraction took place as described in Materials and Methods. (A)
Complete reaction mixture (24 mM MgCl2, 10 mM methanol, 1 mM
ATP, 1 mM 2-bromoethanesulfonic acid, 80 p.l of MTjhydrogenase,
50 p.1 of MT1, 20 pl of ferredoxin, and 100 ALl of MAP fraction); (B)
no ATP added; (C) no MAP added; (D) no methanol added. The
peak at 17.5 min is methyl-B12-HBI (arrow). The peak at 13.1 min
was identified as aquo-B12-HBI. mAU, milli-absorbance units.
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FIG. 4. Effect of various amounts of ATP on methyl group
transfer of methanol to HS-CoM. Reactions were performed as
described for Fig. 2, except that the amount of ATP was varied;
none (-x-), 2 nmol (5), 5 nmol (-0), 10 nmol (4-), 20 nmol (-V-), or
200 nmol (4).
amount of label incorporated was 4,193 Bq. In the absence of
MAP, ATP, or [I4C]methanol, no spots were observed on
the autoradiogram. Quantitative determination of the
amount of radioactivity around the Rf 0.47 zone on the
chromatogram in the absence of MAP, ATP, or [14C]methanol yielded only 6, 2, and 1 Bq, respectively.

the apparent reaction rate of methyl group transfer. Using
the better resolution properties of DEAE-Sepharose-Cl-6B,
we found that one more oxygen-sensitive protein, termed
MAP, was needed for methyl group transfer of methanol to
HS-CoM. In fact, van der Meijden et al. (14) may also have
encountered the protein in their studies. They found that the
HS-CoM

CH30H-

;-CoM

CH4

DISCUSSION

In M. barkeri, CH3-S-CoM synthesis from methanol and
HS-CoM proceeds by the participation of MT1, which contains the corrinoid B12-HBI as the catalytic center, and MT2
(12, 14) (Fig. 6). With the central cobalt atom in the highly
reduced Co(I) state, B12-HBI, acts as a powerful nucleophile
capable of withdrawing the methyl group from methanol,
and thus methyl-B12-HBI is formed. B12-HBI,, however, is
extremely sensitive towards oxidation. Methyl-B12-HBI is
an oxygen-stable compound, but here the Co-C bond is
readily cleaved by the action of light leaving aquo-B12-HBI,
with cobalt in the Co(III) state as the photolysis product. As
the result of B12-HBIs oxidation and methyl-B12-HBI photolysis, MT1 is isolated in an inactive state. From the work of
van der Meijden et al. (12-15), it is known that M. barkeri
contains a reactivation system. In agreement with the results
of those authors, we found that reactivation required the
presence of a reducing system composed of H2, hydrogenase, and ferredoxin, as well as catalytic amounts of ATP. In
our study, ferredoxin was dispensable, though it stimulated

BES

ACTIVATION

INACTIVATION

H2
"v

[B12-HBIr ]-MT
or
[B12 HBa]

-MT1

Hydrogenase
(Ferredoxin)
ATP

MAP

FIG. 6. Scheme of transfer of the methyl group from methanol to
HS-CoM and the position of MAP in that reaction. [B12-HBIaI,
[B12-HBIr], and [B12-HBIJ] represent the Co(III), Co(II), and Co(I)
states of reduction, respectively, of the corrinoid prosthetic group of
MT1. BES, 2-bromoethanesulfonic acid. Ferredoxin is shown in
parentheses because methyl group transfer can occur in the absence
of this protein, though it stimulates the apparent reaction rate of
methyl group transfer. The cycle of activation-inactivation of MT1 is
indicated by the dashed lines.
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activity of MT1 was completely lost in the final purification
step. Activity, however, was (partly) recovered by addition
of a protein fraction, named component S, that became
separated from MT1 during the purification step. However,
component S is too poorly defined to allow a proper comparison with MAP.
When present in increasing amounts, MAP caused the
decrease of the lag phase in the onset of the reaction.
Moreover, MAP was necessary for the formation of methylB12-HBI. These results suggest that MAP is involved in
some initial event in the process, the conversion of inactive
MT1 into a catalytic-competent enzyme. Activation of MT1
must imply a reduction of Co(III) and Co(II) to Co(I). In free
corrinoids, the Co(II)-to-Co(I) reduction shows a midpoint
potential as low as -640 mV (7). With H2 (-414 mV) as
reductant, the equilibrium level of B12-HBI, is extremely low
and MT1 apparently remains inactive. With respect to the
role of MAP and of ATP, two modes of action may then be
envisaged. (i) Coupled to ATP hydrolysis, the reduction
potential of electrons derived from H2 oxidation is driven to
a level which permits Co(II)-to-Co(I) reduction. Here, the
role of ATP and MAP might resemble the one in the
nitrogenase reaction (3, 8). (ii) By the action of ATP and
MAP, MT1 or its corrinoid prosthetic group is modified in
such a way that reduction of Co(II) to Co(I) by hydrogenase
becomes feasible. In both mechanisms, B12-HBI. may be
trapped as methyl-B12-HBI by methanol present in the
assay. Future investigations with the purified MAP protein
must decide which mechanism will hold.
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