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I. Summaryof work accomplished.

The kinetics of benzoate degradationby the anaerobic syntrophicbacterium,
Syntrophus buswellii, was studied in coculture with Desulfovibrio strain Gl1. The
thresholdvalue for benzoate degradationwas dependenton the acetate concentration
withbenzoatethresholdvaluesrangingfrom 2.4 I_Mat 20 mM acetate to 30.0 _M at 65
mM acetate. Increasing acetate concentrationsalso inhibitedthe rate of benzoate
degradationwith a apparent Ki for acetate inhibitionof 7.0 mM. Interestingly,hydrogen

concentrationsafter the benzoate thresholdvalue was reached were lower (4 x 10"7
atm) compared to hydrogen concentrationsbefore the threshold was reached (1 x
10-s atm). Also, lower thresholdvalueswere obtained when nitrate ratherthan sulfate
was the terminal electron acceptor.The Gibbs free energy for benzoate degradation
when the benzoate thresholdwas reached was -43 to -46 kJ mo1-1.These data are
consistentwith a thermodynamicexplanationfor the threshold,and suggestthat there
is a minimumGibbs free energyvaluerequiredfor the degradationof benzoate.

An acetoacetyI-CoAthiolasehas been isolated from Syntrophomonas wolfei ;it
is apparentlya key enzyme controllingthe synthesisof poly-8-hydroxyalkanoatefrom
acetyI-CoA in this organism. Kineticcharacterizationof the acetoacetyi-CoAthiolase
from S. wolfei showedthat it is similarinits structural,kinetic,and apparent regulatory
properties to other biosynthetic acetoacetyI-CoA thiolases from phylogenetically
distinctbacteria that synthesizePHA. Intracellularconcentrationsof CoA and acetyl-
CoA are believed to be critical factors regulatingthe activity of the acetoacetyI-CoA
thiolasein S. woifei.

We have also isolated and characterized several new halophilic anaerobic
fermentativeanaerobes. Phylogeneticanalysisindicatesthat one of these bacteria is a
newspeciesin the genus, Haloanaerobium. Two other speciesappear to be members
of the genus, Halobacteroides. Several halophilicacetoclasticmethanogenicbacteria
have also been isolated and their physiological properties are currently under
investigation. We have also isolated an acetate-using dissimilatory iron-reducing
bacterium.The physiologicalpropertiesare similarto strainGS-15.

I1.WorkAccomplished.

A. Energeticsof benzoatedegradation.

The kinetics o; benzoate degradation by the anaerobic syntrophicbacterium,
Syntrophus buswellii, in coculture with Desulfovibrio strain G-11 was studied.
Benzoateconsumptionreached a thresholdvalue below whichno further degradation
of benzoate was observed even after extended incubations.The benzoate threshold
value depended on the amount of substrate and/or acetate added. A benzoate
thresholdvalue of 2.4 I_Mwas observedwhen 20 mM sodiumacetatewas added. The
benzoate threshold value was higher (30 I_M) when 65 mM sodium acetate was
added. The rate of benzoate degradationwas inhibitedby acetate with a ki of 7 mM for
acetate. Equalconcentrationsof sodiumchloridedid not resultin a benzoate threshold
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value, and had no effect on benzoate degradation rates compared to unamended
controls. When nitrate rather than sulfatewas the electron acceptor, the benzoate
thresholdvaluewas not observedeven inthe presenceof 65 mM sodiumacetate. This
showedthat the benzoate thresholdvalue was not caused by highconcentrationsof
the undissociatedformof acetate• Interestingly,the hydrogenconcentrationwas lower
after the benzoate thresholdvalue was reached (4 x 10-7atm) comparedto hydrogen
concentrationsbeforethe thresholdvalue was reached (1 x 10-5 atm). Thisshowsthat
the benzoate thresholdwas not caused by hydrogeninhibition•Similar values for the
Gibbs free energy for benzoate degradationwere obtained when the thresholdvalue
was reached, rangingfrom -43 to -46 kJ tool"1. These observationsare consistentwith
a th,_rmodynamicexplanation for the benzoate threshold value, and suggest that a
mi=_imumGibbs free energy value is requiredfor the degradationof benzoate by the
syntrophiccoculture.

An acetoacetyI-CoAthiolase has been isolated form Syntrophomonas wolfei.
Studieson the substratespecificityof the enzyme support its role in the synthesisof
poly-I}-hydroxyalkanoatefrom acetyI-CoAin S. wolfei. The acetoacetyI-CoAthiolase
was separatedfromthe majorityof the enoyI-CoAhydrataseand L-3-hydroxyacyI-CoA
dehydrogenaseactivitiesand purifiedto homogeneity•The purifiedacetoacetyI-CoA
thiolase fractionscontained low levels of crotonaseactivity,but a separatecrotonase
enzyme was not discernible by native gel electrophoresis.This suggests that the
thiolasemay form an easily dissociatedcomplexwith the other 8-oxidationenzymes•
The acetoacetyI-CoAthiolase had a native molecularweight of about 160,000, and
was composed of a single polypeptideof 41,000 molecular weight• This suggest a
homoteramericarrangementof the nativeenzyme. Kineticparametersfor the thiolytic
cleavage reaction of the acetoacetyI-CoA thiolase were a kmappof 23 I_M and a

Vmaxappof 161 I_molmin'lmg'l; those for the condensationreactionwere a km app of

294 _M and a Vmaxapp31 I_molmin'lmg1. The reaction mechanismis Ping Pong Bi

Bi. The enzyme is product inhibitedin both directionswith a kiappof 3.2 I_Mfor CoA
and of 0.5 mM for acetyI-CoA. The regulation of PHA synthesis is thought to be
achieved by regulating the activity of the acetoacetyI-CoA thiolase. The
concentrationsof CoA and acetyI-CoA may be criticalfactors governingthe activityof
this enzyme.

Our benzoate-degrading syntrophic bacterium grows in coculture with
Desulfovibrio baarsii which uses formate,butnot H2. This indicatesthat S. buswellii
can produce formate, and suggests that formate may be an intermediate during
syntrophicmetabolism. In addition to benzoate, our strain uses ferulic acid and p-
hydroxybenzoatein cocuiture with Desulfovibrio strainGll. This suggeststhat this
organismsmaybe a differentspeciesthan Syntrophus buswellii.

We have isolatedand characterized several halophilicanaerobicfermentative
bacteria from oilfielclbrines. Ali strainsrequireda minimumof 6 to 9% NaCI for growth
in complex medium• Ali strains were gram-negative, catalase negative, non-spore-
formingrods that were inhibited by chloramphenicol,tetracycline, and penicillin,but
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not cyclohexamide or azide, indicating that the isolates are eubacteria and not
archaebacteria. Ali strains utilized carbohydrates, but did not use amino acids or
severalof the testedaromaticcompoundsas energysources,except VS-752 andTTL-
30 which used pyrogallic acid. Glucose was fermented to H2, CO2, ethanol, and
acetate by ali strains.Formatewas an additionalproductfrom glucose in the case of
strains VS-732 and VS-751. The change in gas phase from N2/CO 2 to H2/CO 2

stimulated the growth of strains VS-732 and VS-511, but completely inhibited the
growth of strainTTL-30. The presenceof a carbon monoxidegas phase at any of the
testedconcentrationswas inhibitoryto ali strains.Methanewas not producedby any of
the strains. These data provide further evidence for the importance of eubacteria in
extremely saline environments.

A dissimilatoryFe(lll)-reducingmicroorganismwas isolatedfrom sedimentsof a
hydrocarbon contaminated ditch in Norman, Okla. The isolate was an obligately
anaerobic, non-motile,gram-negativerod and was designatedstrain PCA. PCA grew
in a defined mediumwith acetate as an electronacceptor,and ferric phosphate,ferric
oxyhydroxide,or ferriccitrate as the sole electronacceptor.PCA did notreduceFe(lll)
with glucose, lactate, formate, butyrate, propionate,ethanol, succinate, isobutyrate,
isovalerate,phenol,benzoate, yeast extract,or hydrogenas an electrondonor.Acetate
oxidation was coupled to Co(III)-EDTA reduction, but not to Mn(IV), nitrate, sulfate,
sulfite,or fumarate reduction.PCA contains c-typecytochromesand has a membrane
fatty acid profilesimilarto Geobacter meta/lireducens. Atypicalof previouslydescribed
Fe(lll)-reducing bacteria, PCA exhibitsa very narrow substrate range, and is thus a
unique addition to the relatively small group of respiratory metal-reducing
microorganismsin pureculture.
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