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Coculture of a sullate-reducing bacterium, when grown in the absence of added sulfate. with
Methanobacterium bryantii, which uses only Hy and CO; for methanogenesis. degraded formate to CH,. A pure
culture of Desulfovibrio vulgaris JJ was able to produce small amounts of H;. Such a syntrophic relationship
might provide an additional way to avoid formate accumulation in anaerobic environments.

It was previously shown that formate can inhibit the

acetoclastic reaction in the presence of Methanosarcina

barkeri 227 or Methanosarcina barkeri subsp. thermophila -

(3). In the same paper. a hypothesis was postuiaied that
formate could be transformed to CH, in sulfate-depleted
environments through interspecies hydrogen transfer,

Sulfate-reducing bacteria (SRB) cannot use formate as an
energy source without electron acceptors. as for ethanol or
lactate. The use of ethanol or lactate by SRB in sulfate-
depicted environments is possible only through an interspe-
cies hvdrogen transter 1o produce methane t3. 10). This
paper reports the production of methane in the absence of
added sulfate by coupling an SRB with a hydrogenophilic
bacterium unasble to use formate.

Techniques described by Hungate (7) and Balch et al. (1,
2} were used throughout this study. Desulfovibrio vulgaris
JJ. 1solated from es@arine sediments. was a gifi-of W. J.
Jones. University of Georgia. Methanvbacterium bryantii
DSM 863 was purchased from the DSM Collection.
Gétuingen. Federal Republiic of Germany.

D. vulgaris J} was cultivated at 37°C in a previously
described medium (8). except that formate was used as
substrate (20 mM) with 5 mM sulfate. D, wvulgaris was
inoculated at the end ol the exponential phase to obtain the
lowest residual concentration of sulfate in the inoculum.
Methanobacterium bryvantii DSM 863 was cultivated at 37°C
in medium 1 of Balch et al. (1). in the presence of Ha-COs
{80:20). ’ .

All experiments were carried out in triplicate in 60-ml
serum bottles. each containing 20 ml of the Balch et al. (1)
medium 1 prepared without sulfate. It wus checked that
Methanahacterium brvaniii was unable to produce methane
from formate in pure culture under the experimenial condi-
tions used. Formate was determined colorimetrically. as
described by Lang and Lang (9). Liquid samples (0.5 m1) for

formate analysis were removed aseptically. acidified with 10

ul of H PO, (50%). and centrifuged at 12,000 x ¢ for 10 min.

Methune was analyzed as previously described 16). Hydro-
gen wus analyzed.with a Girdel chromatograph equipped
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with a thermal conductivity detector. using a 1.80-m
Carbosphere (60/80 mesh; Interchim, France) column oper-
ated at 85°C. Gas sampling was done with a gastight pressure
lock syringe.

Afier 50 b of incubation. D. vulgaris. when inoculated in a
medium without sulfate but in the presence of formate.
produced 3.7 wmol of H, per ml of liquid phase without any
detectable growth. This value was very low compared with
the theoretical amount of hvdrogen (17.5 mmo!} which could
be evolved from the added formate. The coculwre of D.
vulgaris and Methanohucierium bryantii produced methane
from formate (Fig. 11: in pan | of Fig. 1. 17.5 mmol of
formate was converted to 2.5 pmol of CH, per ml of liquid
phase after 40 h of incubation. The yield, compared with the
expected methane production (4HCO.™ — 1CH,). was 57%.
The hvdrogen needed Lo"prpd'ucc this amount of mcthqnc
was 10 umol/ml of liquid phase, calculated from the equation
4H, = HCOy~ + H™ — CH, + 3H,0 (13). This was muc‘h
higher than the amount of hydrogen produced by D. vulguris
alone. After 80 h of incubation. 17.5 mmol! of formate wus
added (Fig. 1, part I1). and 20 h later all formate had been
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F1G. 1. Methune production from formate in the absence of
added sulfate by the coculiure of D. vidgaris 1) und Methane
bucterinm bryaniii, 11) CH, production from 17.5 mmol of formate
added al the beginning of the experiment: (11) CH, production from
17.§ mmol of formate udded 60) h later. Symbols: @, CH.: 4.
formaie, ‘
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TABLE 1. DuTeren! reuctions by which formate cun be
trunsformed in anaerohic environments

Reactiun Reducing mcroargamisms Reference
{HCO.” ~ SOy - H- SRB 13
— 4HCO," -~ HS"
HCO;” + H.0 — H; Escherichia coli S
- HCO:.- .
4HCO." = H-— CH,CO:" Acetobucierium woodii
- :HCO)-
4HCO." + H,0 + H?Y Methunobucterium 13
— CH, <+ 3JHCO,~ Jormicicum

utilized. producing 3.5 pmol of methane per ml of liquid
phuase. demonstrating that formate can be used to produce
methune through interspecies hydrogen transfer. The level
of CH, produced. compared with the expected value, was
75¢c. The fact that this value is higher than the former
percentage of 57% might be due to residual sulfate. which
might divert a small part of formate toward sulfate reduction
a( the beginning of the experiment.

The results indicate that formate could be converted to
methane. by interspecies hydrogen transfer between SRB
and hvdrogenoohilic methanogens. as follows: (i) half reac-
tion completed by SRB. 4HCO-~ + 4H,0 — 4HCO; "~ + 4H,
(3G™ = +5.2 kI) (13): (i)) half reaction completed by
Methanobacterium bryaniii. 4H. + HCOy~ + H* — CH, +
3H,0 (AG™ = —135.6 kJ): and (iii) sum of these reactions.
4HCO,™ + H.O + H™ — CH, + JHCO;” (AG™ = -130.4
kJ). Since formate. like hydrogen. can be produced by
varnous mICcroorganisms- in anaerobic environments. then
. besides the strategies already known (Table 1). a new one to
prevent formate buildup would be available. In sulfate-
depieted environments. conversion of formate might be
achieved through interspecies hvdrogen transfer between
SRB and methanogens.-as for lactate or ethanol (3. 10). In
such environments. methanogens using formate and SRB
coupied to methanogens using Ha could act as an efficient
buffering sysiem to prevent formate accumulation. since
formate cun inhibit some uceticlastic methanogens (31. From
this point of view. the extreme specialization 'of the
mucroflora in an anaerobic digestor is remarkable: the hydro-
gen- and formate-using methanogens which could be coupled
1o SRB from one part and the aceticlastic methanogens
unablje [0 use formate from another part. Such a specializa-
tivn is of great interest. since acetate is the major methane
precursor in such environments (12).

Furthermore. the results described above could support a
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hvdrogen-cyvcling mechanism for furmate metsbolism by
SRB. us preposed by Odom und Peck (111 Since hyvdrogen
from formate can he evolved by D. valvaris for use through
interspecies hvdrogen transfer to produce methuane, one
might think that in the presence of sulfute. hydrogen too
couid be evolved by D. vulguris for sulfate reduction and
then. according to this mechuanism. cnough energy would be
avuiluble through a proton gradient for the synthesis of ATP.
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