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INHIBITION OF THE ANAEROBIC ACETATE DEGRAbATION BY FORMATE.

Guyot . J.P-.and: Ex. Ramirez...-

Universidad- .- Autonoma :. Metropol I'tana Unidad = .lztapatapa;o; o 5 ao
Departamento de- Blotecnologla,  Av.: Michoacan y- Purisima, )
;. Apartado . -Postal '55-535;~ Co¥Fs= Vicentlina;:- Q9340 Mexico:- D.E.,

MEX1CO. > : ’

SUMMARY: Granular sludge from an UASB reactor fed with VFA
showed a very low affinity for formate which provide little
support to the theory of Interspecies formate transfer. It iIs
shown that formate can inhiblt acetate degradation by anaeroblc
sliudge.

INTRODUCTION:

- Formate has an Important role In the anaerobic dégradatlon

. of organic matter, as one of the major products of fermentatlive
reactions - (Guyot andBrauman,. 1986), and as one of the . .main
substrates for methanogentc bacteria (Balch et al, 1979}. The 'y,
majority of the hydrogenophilic methanogens which cannot use . .
acetate as energy source, can - use formate as the  other
substrate for: methane: productlion: (Guyot and Brauman,. . 1986}« -
Hydrogen . Is known to Inhibit methancgenesis. from acetate -by . -
some - acetoclastic. methanogens -of the: Methanosarcinaz: type-.; -
(Ferguson and .Mah,1883) but not with the Methanothr(x~ftype~:~.
bacteria- (Zehnder et al, 1980). Furthermore Guyot (1986) shown

that formate can inhiblt methanogenesis from acetate in pure
cultures of Methanosarcina barkerl 227 and Methanosarcina
thermophila. However the possible Inhibltory effect of formate

on the acetoclastlc reactlon by sludge from anaeroblc reactors .
remained to be Investigated.
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case our reactor would also have selected a microbial
- population able to use formate efficlently.

The effect of dlfferent formate concentrations on the
acetoclastic reaction was determined and the maximal rate .of
acetate consumption for each curve (Table 1) was galculated by
v ¥ o'double ~“reciprocal plot from each point of-the curves. 1/V. .=
Ll F(128) =

formate T vm standard deviation’
mM - mmo!l acetate/l.h
0 o 3.02 o n.26
5 - 2.50 0.10 °

50 2.31 0.07

100 . 2.05 .0.13

Table 1. Effect of different formate concentrations on' the:rate
of acetate degradation, for the . same initlial. acetate.
concentration (8.5 mM) (triplicate experiments).

Clearly table 1 demonstrates the inhlblitory effect of

various formate concentrations on acetate degradation; at 100

mM the maxImal rate (Vm) is decreased by one third. This
confirms wlith anaeroblc sludge the experiment performed wlth -

pure cultures of Methanosarcina (Guyot,. 1986) and adds new

perspectives -in -the fleld of the Inhiblitlon of. anaerobic
- ..dlgestion. .~.Since.:farmate;il lke hydrogen; ~ls-a major:product :of-..
the filrst step .of-anaerobic-degradation:of-organic matter, ..and -
nevertheless. - the siudge capaclity to.use-formate. Is -low, .as.we
=~ .. described, we suspect that formate.accumulation. :.dn:..such a -
"*“vdigester may cause elther a décrease  of reactor perfnrmancesuor -
‘ Ldlgester»‘..fallure Another ‘interesting- observation made.-by
Belay et 217(1986), Is the ‘inhibition-between-: pH- 6.8 to0: 62 0of- -
both growth - and - - methanogenesis of Methanococous . -
thermol ithotrophlcus grown on H,-CO, In presence of formate; 1t

would be valuable to deflne the extent of such an inhibition
with other. hydrogenophlillic methanogens. We note that formate -
might not be inhlbitor of the Methanothrix type -of bacterla,.
slnce they have a formate dehydrogenase and the hydrogen -
evolved by formate breakdown does not inhibit them (Zehnder et -
al, 1980). Thus the "~ effect of  formate or hydrogen -on - the =
acetoclastlic reaction in anaeroblc reactors might greatly -
depend on the relative .proportion of Methanosarcina -and
. *Methanothrix. Therefore, there Is a double- interest :to. fook for:.
% the enr ichment. of.ma. -digester sludge wlith Methanothrlx . because -
rof -itts high affinity for low acetate concentrations ~and :Jits .-
potentlal .resistance to Inhiblition - by elther .hydregen . or. .
formate. In the future the definltion of an Index which wouid"

characterlize the ratio Methanosarcina/Methanothrix - for a

sludge, might help to forecast the abllity of an anaeroblc
reactor Inoculum to be Inhiblted by either formate or hydrogen .

at the level of the acetoclastic reaction.
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_ MATERIALS AND METHOD:

UASB . reactor: 'a 4.5 lltre UASB reactor was contlnuously
fed. durlng one year with a mixture of acetlc (3.5 g/1) - and
proplonic.. (1 g/1) aclds as carbon. and energy sources, in the
follcwlng sait: medium:. (mg/l)-~

. NH 4HCO (1000),-: NaHCO-. (800),. (NH4)280¢A(250).; KZHPO“?(130Th
C&Cl %H (200)., Mgc? .BHZQ (10}, FeSO 7H20 (14),- Mo7024

T.4H 8 (1 ) Mncr4 H20 1), . Cucl. ZHZO (0I1), . NlCl.BHZO (% 2),
CQE&Z.SHZO £Q.05)-. . ’

. . . Experimental technlques:-anaerobic techniques as described
- by Hungate (1988) and Balch.et.al:(1978) were used throughout.

= Exper iments: klnetic experiments were run In 60 ml serum
.2 bottles whilch contained each.10 m! of granular sludge and 10
. ml of the same mlineral solution used for the reactor. The

granular siudge (1 mm to 2 mm) was sampled 24 hours before the
. - beginning of the experiments, and allowed to stay under vacuum
. in the pre-chamber. af an. anaerobhlcihoad (Mc Coy),.. to allow the.
,,ycansumpticn~' of:: restdual: - substrates  from: the- reactor:* and:

__ accelerate. .. the gas.- removat:::Effectively, 24. hours-.]ater;mz;“:‘:;
. controts run- wrthout*substrate indlcated no detectable acetate: - -

or’..proplionate:. At- ‘the beginning-of the experiment (time 0),
concentrated.~~stock—solutions_.of acetate and: (or) formate - were..

" exper Iments,... for..a: constant-acetate concentratlon, dlfferent
formate concentrations--were-added at the same-time. .For- the
... determinatlion of the:apparent.saturation .constant (K'm) of
. formate, different - formate ‘concentrations were tested as’
' substrate. From the tlme-course of formate methanogeneslis at
different concentrations, .a doble reciprocal plot was used to
palculate_K!m.{Experlments were run In tripllcate.

Analytlical . techniques:: . acetate:. was analyzed by gas

chromatography---using -a ~flame---lonlization- detector— and a

. stalnless steel column packed with Porapack Q (80-100° mesh).

. Volatlle Suspernded Solids (VSS) .were analyzed according to . the
standard. methods. (1880)..

RESULTS AND DISCUSSION.

Determination of theé klnetic parameters for formate
methanagénesis by- the-granular sludge, gave the speciflic /rate-.
of formate degradation (Asp) as 3 mmol/g VSS.h and a K'mof 11
mM. These values compared to those found by Schauer et .al
(1882) for Methanobacterium formliclicum (Asp: 37 mmol/g VSs. h
K'mz - 0.58° mM) show -that the UASB reactor had.selected: & _.very .

.. poor formate.using microbtal populatian, praobably because the
reactor was exclusively fed with acetate and proplionates-s: Thus
.~the siudge might be enriched wlth hydrogenophllitc methanogens,

acetoclastlc methanogens, and obligate hydrogen  producing
acetogens. We must conciude, In view of the kinetic data, that .
- the selected Hhydrogenophlilic methanogens present little

affinity for formate and are mainly unable to use formate. Thls
cbservatlon and others published e{sewhere (Guyot and Brauman, °
1886) do not support the theory of Interspecles formate
transfer described by Thliele and Zelkus (1988), since In that
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