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Abstract. The electron donor (component B) to the
methyl coenzyme M methylreductase system from Me-
thanosarcina thermophila was isolated as the 7-methyl
derivative and characterized. Gas chromatography-mass
spectrometry and 'H NMR analyses identified this de-
rivative as 7-methylthioheptanoylthreonine phosphate
(CH,-S-HTP), indicating that the original component B
had the same structure (HS-HTP) as previously deter-
mined for component B from Methanobacterium thermo-
autotrophicum. The heterodisulfide of HS-HTP and
coenzyme M (HS-CoM, 2-mercaptoethanesulfonate)
was enzymatically reduced in cell extracts using electrons
supplied by either H, or CO, confirming that HS-HTP
was a functional molecule in M. thermophila.
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Methane-producing microorganisms are the largest and
most phylogenetically-diverse group in the Archaea
(Woese et al. 1990). The wide diversity of methanogens
is reflected in cell morphology, growth substrates, and
the variety of structural analogs of isofunctional co-
factors. The final step in methanogenesis from all known
substrates is the reductive demethylation of CH;-S-CoM
by the methyl coenzyme M methylreductase system which
utilizes component B as an electron donor. The structure
of component B from the CO,-reducing organism
Methanobacterium thermoautotrophicum strain AH has
been identified as 7-mercaptoheptanoylthreonine phos-
phate (HS-HTP; shown below) (Noll et al. 1986).
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The heterodisulfide (CoM-S-S-HTP) which is formed
during reduction of CH;-S-CoM to CH, by the methyl-
reductase is subsequently reduced by a heterodisulfide
reductase to yield the free sulfhydryl forms of each
cofactor (Bobik and Wolfe 1988; Hedderich and Thauer
1988). Heterodisulfide reduction is coupled to proton
translocation and ATP synthesis in everted membrane
vesicles of the methylotrophic methanogen Go1 (Deppen-
meier et al. 1991).

Methanosarcina thermophila reduces the methyl group
of acetate, methanol. or methylamines to methane. The
pathway for acetate catabolism (Jablonski and Ferry
1991) involves activation of acetate to acetyl-CoA which
is then cleaved by a carbon monoxide dehydrogenase
enzyme complex. The enzyme complex catalyzes both
the cleavage of the C-C and C-S bonds and oxidation
of the carbonyl group of acetyl-CoA to CO, (Abbanat
and Ferry 1991). The methyl group is ultimately
transferred to HS-CoM and the resulting CH,-S-CoM
is reductively demethylated to CH, by methyl coenzyme
M methylreductase. The purified methylreductase utilizes
HS-HTP as an electron donor (Jablonski and Ferry
1991); thus it is proposed that CoM-S-S-HTP is a product
of the reaction and that the heterodisulfide is sub-
sequently reduced by an electron pair generated from
oxidation of the carbonyl group to CO,.

Since the characterization of methanopterin from the
Methanobacteriacea (Van Beelen et al. 1984 a. b). modi-
fied methanopterins such as sarcinapterin (Van Beelen
et al. 1984a), tatiopterin-0 (Raemakers-Franken et al.
1989). tatiopterin-I (Raemakers-Franken et al. 1991b).
and thermopterin (Raemakers-Franken et al. 1991a)
have been isolated from members of the order Me-
thanomicrobiales. Modified methanofurans have also
been found and three different structures have been
characterized (DiMarco et al. 1990). These methanofu-
rans consist of a common core structure attached to
different carboxylic acid-containing compounds. Present
data indicate that additional modified methanofurans
also exist (White 1988). Polyglutamated derivatives of
F.,o have also been isolated (Van Beelen et al. 1983: Lin
and White 1986). Considering the proven structural
diversity of methanopterin, methanofuran. and F,,. it



is possible that structural analogs of other cofactors, such
as component B, may be present in the phylogenetically-
diverse methanogens. Thus, it is important to isolate and
structurally characterize cofactors from divergent me-
thanogens before extensive biochemical investigations are
conducted. Since only the component B from Me-
thanobacterium, a member of the order Methanobac-
teriales, has been characterized the structure of com-
ponent B from Methanosarcina thermophila (order
Methanomicrobiales) was examined.

Materials and methods

Materials

CoM-S-5-HTP, CoM-S-S-CoM. and HTP-S-S-HTP were syn-
thesized as previously described (Noll et al. 1987; Bobik and Wolfe
1988) and were supplied by Thomas A. Bobik at the University of
lllinois. Urbana. Ill.. USA 5.5'dithiobis-(2-nitrobenzoic acid).
HS-CoM. and bovine ;-globulins were obtained from Sigma
Chemical. St. Louis, Mo, USA. 7-Bromoheptanoic acid was
obtained from Schweizerhall, Inc.. South Plainfield. NJ. USA. The
'"H NMR spectra (400 MHz) were obtained at 399.952 MHz on a
Varian Unity 400 instrument.

Growth of cells and preparation of cell-free extracts

Methanosarcina thermophila strain TM-1 (Zinder et al. 1985) was
grown on sodium acetate as the carbon and energy source (Sowers
etal. 1984) and stored in liquid nitrogen. Cell extracts were prepared
anaerobically under a N, atmosphere as described (Nelson and
Ferry 1984) except that the breakage buffer consisted of 50 mM
Bis-Tris pH 6.5. 1 mM MgCl,, 10% (v/v) glycerol. and 0.015 mg/ml
DNase L. Cell lysate was centrifuged at 1500 x g for 15 min at 4 °C
and the resulting supernatant was stored in liquid nitrogen.

Extraction. methvlation, and isolation
of cellular component B

Frozen M. rthermophila cells (~70 g wet weight) were suspended
in 90ml of water and heated at 100 °C for 30 min. After
centrifugation at 39000 x g for 20 min the clear supernatant was
removed and the resulting cell pellet was reextracted by the same
procedure. The combined supernatants were concentrated in vacuo
to 30 ml and mixed with an equal volume of methanol. The resulting
suspension was stirred while 6 ml of 28% ammonia were added
followed by 400 mg of NaBH,. After the borohydride dissolved
(~2-3 min), three 300 pl portions (14.5 mmol) of methyl iodide
were added to the stirred solution over a 10 min period. During
this time the flask was kept closed to prevent evaporation of the
methyl iodide and opened periodically to vent the hydrogen gas
formed during borohydride decomposition. After 2 h at 25 *C, the
methanol and most of the water were removed in racuo. The resulting
material was dissolved in 300 ml of water, applied to a DEAE-
Sephadex column. and the components were eluted with a NaCl
gradient as previously described (White 1991). The position -of
elution of a compound containing®7-methylthioheptanoic acid was
initially determined by acid hydrolysis of each fraction and assaying
for the presence of 7-methylthioheptanoic acid by gas chromatogra-
phy-mass spectrometry (GC-MS) as previously described (White
1989). After the compound containing the 7-methylthioheptanoic
acid was partially purified and its R, upon thin layer chromatogra-
phy (TLC) was established, the compound was then readily
identified in the column fractions by TLC analysis. This was
accomplished after its isolation from the fractions by retention on
C,s Sep-Pak cartridge (Waters Associates. Milford, Mass. USA
followed by elution with methanol.
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Purification of 7-methylthioheptanoylthreonine phosphate
from DEAE-Sephadex fractions

The DEAE-Sephadex fractions containing the desired compound
were concentrated to ~ 5 ml, acidified to pH < 1.0, and applied to
a C,g Sep-Pak cartridge equilibrated with 1% trifluoroacetic acid
(TFA). The cartridge was washed with 4 ml of 1% TFA, 2 ml of
1% TFA in 5% CH;CN, 2ml of 1% TFA in 10% CH,CN, | ml
of 1% TFA in 20% CH;CN, and finally eluted with 3 ml of 1%
TFA in 20% CH;CN. After evaporation of the solvent with a stream
of N, gas, the desired compound was purified by preparative TLC
developed with an acetonitrile-water-formic acid system. The R, of
both the isolated and synthetic 7-methylthioheptanoylthreonine
phosphate was 0.53 using this chromatographic system.

Thin layer chromatography (TLC)

TLC analyses were performed using precoated silica gel 60 TLC
plates (E. Merck AG, Darmstadt, Germany). The plates were
developed with acetonitrile-water-formic acid (88%) (40:10:5,
vol/vol/vol). The compounds were detected on the plates as blue
spots by spraying with a solution of 20 g of NH,MoO, and 25 ¢
of sulfuric acid dissolved in 400 ml H,O and heating at 140 °C in
an oven for 10 min.

Synthesis of 7-methyithioheptanoic acid

7-Bromoheptanoic acid (0.63 g, 3 mmol) was dissolved in 5 ml of
methanol. cooled to 0 °C, and ~0.5 g of methanethiol was added.
After the addition of 1 ml of 6 M NaOH the tube was capped.
incubated overnight at 25°C, and the methanol and excess
methanethiol were removed by evaporation with a stream of N,
gas. After acidification of the tesidue with 6 M HCI, the 7-
methylthioheptanoic acid was extracted with hexane. The yield of
the final product was greater than 95%. 'H NMR analysis of the
sample dissolved in dilute ND,OD gave resonances (d) at 2.55 (t)
2H, 2.18 (t) 2H, 2.05 (s) 3H, 1.58 (m) 4H, and 1.36 (m) 4H.

Synthesis of N-(7-methylthioheptanoyl)threonine

7-Methylthioheptanoic acid (0.18 g, | mmol) was converted into the
acid chloride by refluxing for 5 h with 0.5 g of benzene and 0.4 g
of oxalyl chloride. The acid chloride was isolated by evaporation
of the solvents with a stream of N, gas. The resulting 7-
methylthioheptanoyl chloride was dissolved in 1 ml of anhydrous
tetrahydrofuran (THF) and the resulting solution was added slowly
to a stirred solution of 0.12 g (1 mmol) of L-threonine dissolved in
2ml of 2M NaOH (4 mmol). After stirring for 3 h at 25 °C the
clear solution was acidified with 1 M HCl and extracted with diethyl
ether. TLC analysis of the ether extract showed that ~60% of the
acid had coupled with the threonine to produce N-(7-methyl-
thioheptanoyl)threonine. After the Na,SO, dried ether extract was
stored for several days at 25 °C, crystals of the desired product
appeared. Alternately, the pure compound could be obtained by
preparative TLC. Mass spectral analysis (70 eV) of the free acid
failed to show any molecular ion at m/z 277, but did show the
expected fragment ions of M*-H,O at m/z 259 and of M*-H,O-
CH; at m/z 244. Analysis of the methyl ester showed the expected
molecular ion at m/z 291 and fragment ions of M*-CH, at mjz
276 and of M*-H,0-CH; at m/z 258. 'H NMR showed protons
at the following chemical shifts: 4.26 (m) 1H, 4.19 (d) 1H, 2.53 (t)
2H, 2.35 (m) 2H, 2.09 (s) 3H, 1.62 (m) 4H, 1.48 (m) 4H, and 1.18
(d) 3H.

Synthesis of 7-methylthioheptanoylthreonine phosphate

The initial steps in the synthesis of 7-methylthioheptanoylthreonine
phosphate were patterned after a previously-described method for
the chemical synthesis of 7-mercaptoheptanoylthreonine phosphate
(HS-HTP) (Noll et al. 1987). Thus. 7-methylthioheptanoic acid






