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ABSTRACT

We are studying the interactionsof isolated bacteriawith dibenzothiophene

(DBT), a sulfur-containingmodel compound,and with a solubilizedcoal product

derived from a high-organic-sulfurlignite. The sensitivityof the tetrazolium

assay used to identify and study these strains was improvedby substituting

tetrazoliumviolet for triphenyltetrazolium.DBT metabolism by thirteen strains

was investigatedusing qualitativeand quantitativeGC and GC-MS analyses.

Growth medium and incubationtime affect the extent of DBT degradationand the

productionof DBT metabolites. Under specificconditions,seven of the strains

produce metaboliteswhich elute close to the position of one or another of the

biphenyl standards. However,when these samples are spiked with the standard

compounds,the bacterialmetabolitesdo not co-elute with the standards. The

modificationof solubilizedhigh-organic-sulfurcoal by six of these strains was

also studied. No selective removal of sulfur relativeto carbon was observed.

INTRODUCTION

We have previously identifieda number of strains that can metabolize the model

compound dibenzothiophene(DBT),using an assay based on the oxidation/reduction

indicatordye triphenyltetrazoliumchloride (1,5). Approximately25 DBT

degrading strainswere identifiedusing this assay. All of the strains are

gram-negativerods, and API tests indicatedthat the majority of the strains are

pseudomonads,with several falling in the fluorescentpseudomonadgroup (5). Our

goal is to use these strains, or componentsderived from them, to remove organic

tulfur from coal. Biologicalremoval of sulfur from coal may offer advantages
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over chemical and physical methods in terms of capital investment, operating

costs and lowered environmental pollution, since the processes take place at

ambient temperature and pressure and do not tnvolve continuous addition of

hazardous and costly materials.

The objective of the present set of experimentswas to investigatethe various

metabolitesproduced from DBT by these strains and to correlateDBT metabolism

with ability to remove sulfur from a soluble product derived from high-organic-

sulfur coal. Soluble coal retains many of the structural featuresof particulate

coal and is more accessibleto the desulfurizingactivities of microbes,making

it a good substratefor studying the desulfurizingcapabilitiesof

microorganisms. This report describesour research in these areas.

MATERIALSAND METHODS

STRAINS AND MEDIA

, Three basic media were used: HS, SDP and Mg. HS contained: Na2HPO4, 5.24

g/l; KH2PO4, 2.77 g/l; NH4CI, 1.0 g/l; MgSO4"7H20,0.25 g/l; and

yeast extract, 0.25 g/l; pH 7.0 (12). M9 contained: Na2HPO4, 6.0 g/l;

KH2PO4, 3.0 g/l; NH4CI, ].0 g/l; MgSO4, 2.0 mls of a IM solution;

, glucose, I0.0 mls of a 20% solution;CaCl2, 0.! ml of a IM solution;pH 7.4.
SDP has been previouslydescribed (11). For solid media, 15 g/l of agar was

added. Dibenzothiophenewas dissolved at a concentrationof 0.5% in acetone or

chloroform and sprayed on previouslypoured plates. The acetone/chloroformwas

allowed to evaporate,leaving the DBT as a crystalline sheen on the surface of

the plate. All chemicalswere reagentgrade. Water from a BarnsteadNanopure

• unit was used throughout.

TETRAZOLIUMASSAY FOR DBT METABOLISM

The assay using triphenyltetrazolium(TTC) to identify DBT degradingbacteria has

i been previouslydescribed (5). To test whether different tetrazoliumcompounds

could increasethe sensitivity/discriminationof the assay, blue tetrazolium,
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iodonitrotetrazolium,MTT tetrazolium,and tetrazoliumviolet were tested at a

concentration_" 0.025 gm/l. Effects of varying the yeast extract concentration

on the color responseof the assay were also examined.

QUANTITATIVEASSAY FOR DBT DEGRADATIONAND METABOLITE PRODUCTION

DBT was dissolved in chloroformat a concentrationof 0.5%, 100 #l was

transferredto a 30 ml Corex screw-captube, and the chloroformwas allowed to

evaporate. Five mls of cells, grown overnight in the absence of DBT and

resuspendedin fresh medium to an 0.D.595 of 0.3, were added. The tubes were

, shaken on a roller drum (Bellco,50-60 RPM) at 30°C. After incubationfor

various times, 100 #l of 0.5% thianthrenein chloroformwas added. The

mixture was extracted three times with 2 mls of chloroform,the extracts

combined, and ].0 ml of the combined extracts placed ir_a vial containing10

/_lof 1.0% dimethylnaphthalene.

GAS CHROMATOGRAPHY

I The sampleswere run on a Hewlett-PackardModel SBgOA gas chromatographequipped

with a Model 7673A autosampler,a J & W ScientificDB5 column (30 meters) and an

FID detector. Carrier gas was helium with a column flow rate of 11 mls/min. The

temperatureprogram involveda double ramp startingat 170°C for 4 minutes,

followed by an increase to 205°C at S°C per minute, and then by an increase

to 2]2°C a't2°C per minute, with a 1.25 minute hold at 212°C. Finally,

there was an increaseto 270°C at 30°C per minute and a 10 _inute hold at

; 270°C. The injectortemperaturewas 260°C, and the detector was set at

290°C. Under these conditionsbiphenyl,dimethylnaphthalene,

2-hydroxybiphenyl,2,2'-dihydroxybiphenyl,DBT and thianthreneeluted at 2.42,

2.64, 3.65, 5.65, 7.50 and 11.36 minutes respectively. Various control tubes

contained all componentsexcept cells or DBT. The areas under the DBT peaks were

corrected for variationsin injectionvolume, as reflected in the areas of the

dimethylnaphthalenepeaks, and for variationsin extraction efficiency,as

reflected in the areas of the thianthrenepeaks. The percent DBT remainingwas

, calculated relative to uninoculatedcontrols. The amount of metabolitesor

presumed metabolitesproduced was determined from standard curves produced from

samples containingknown amounts of the metabolites.
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EXPERIMENTSON SOLUBILIZEDCOAL

Mequtnenza ltgnite was provided by Dr. R. Menendez, Instituto Nactonal de Carbon

y sus DerJvados, Ovtedo, Spain. Soluble coal was prepared by stirring 20 g of

coal (<.200 mesh) in 10 1 of 200 mNNaOHfor one month at room temperature. After

treatment, the particulate coal was allowed to settle. The l iquio was decanted,

centrifuged to remove solids, and ftltered through a 0.5#m nitrocellulose

filter (Millipore Corp.). The soluble coal was precipitated by adjusting the pH

to 2.5 with concentrated phosphoric acid and collectod by centrifugation at

25,000XG for 20 minutes. The precipitate was washed with dilute phosphoric acid

and lyophJlized. The dry powder was redissolved in growth medium at a

concentrationof 2.5 mg/ml (0.25%). Bacterial culturesgrown overnight at 30°C

were harvestedby centrifugationand resuspendedin 100 ml of the growth

medium/solublecoal solutionto give an 0.D.595 of 0.1. Cultures were

incubatedwith shaking (150 rpm) at 30°C and sampledat O, 2, 7, and 14 days.

To prepare samples for analysis, aliquotswere centrifuged,the supernatant

filtered through a O.2/_mfilter to remove celIs, and the soluble coal

recoveredby acid (H3P04) precipitationand centrifugation. Precipitated

materialwas washed with water and lyophilized. The recoveredtreated coal was

analyzed for elemental compositionusing a Model EA 1108 ElementalAnalyzer

(Carlo Erba).
i

RESULTS AND DISCUSSION

I. IMPROVEMENTOF TETRAZOLIUMASSAY FOR DBT DEGRADING ACTIVITY

Previously,a technique based on the oxldatlon/reductionindicatordye

triphenyltetrazoliumchloride (TTC)was adapted to identifyenvironmental

isolatescapable of metabolizingDBT (1,5). In this assay, DBT metabolizing

colonies are pinkish in the presence of DBT and white in the absence of DBT,

presumablydue to extra metabolic energy produced by degradationof the DBT. The

color differencein this assay is subtle. If it is to be used in experiments

involvingmutagenesisand cloning by complementation,where one must be able to

distinguisha small number of cells with one phenotypefrom a majority of cells

with _he oppositephenotype, the sensitivity/discriminationof the assay must be

improved. To that en,, four tetrazoliumcompoundswere substitutedfor
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TIC as described in Materialsand Methods. The results showed that the clearest

color difference between growth in the presence and absence of DBT was obtained

with tetrazoliumviolet. The optimalyeast extract concentrationvaried from

strain to strain but was either 0.25 or O.S gm/L.

2. USE OF GAS CHROMATOGRAPHYTO INVESTIGATEDBT DEGRADATIONAND METABOLITE

PRODUCTION

Thirteen of the originally isolatedcandidate strains were analyzedfor the

extent of DBT degradationand type of metabolite produced (partialdata-

Table I). lt can b,eseen that differentmedia have a significanteffect on the

extent of DBT degradation_nd the productionof various metabolites. In general,

the poorer media, using g'iycerolor succinate,result in increaseddegradationof

the DBT. We have not been able to discern a pattern for medium effects on the

productionof metabolites. Seven isolates,DK 1, 2', S', 6', 14', Ig and 22,

produced significantmetabolitepeaks that eluted close to the position of one or

another of the biphenyl standardson GC analysis. Unfortunately,none of these

metabolitesco-elutedwith those standardswhen the samples were spikedwith

them. Recent GC-MS analyses of a few of these spiked samples show that these

bacterialmetabolites are not relatedto biphenyl (Dr. Malvina Farcasiu, Pers.

Comm.).

A significantamount of work has been done on bacterial metabolismof DBT

(2-10). However, most of the interactionshave not been the type that would be

useful for coal desulfurization,since the attack on DBT involves side ring

cleavage and not re'leaseof sulfur from the mmlecule. The most reliable report

of a bacterial strain with this latter capability is that of Dr. John Kilbane,

who has reported isolatinga strain of Rhod.o¢O¢CU_with the ability to

desulfurizeDBT, using an alternativeisolation techniqueof selection in sulfur

limited medium supplementedwith DBT (6).

3. INVESTIGATIONOF BACTERIAL INTERACTIONSWITH SOLUBILIZEDCOAL

Six of the DBT degrading isolates,DK I, 2', 5', 6', 19 and 22, were examined for

their ability to modify the organosulfurcomponent of a water soluble coal
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product derived from Mequinenza lignite. Compared to particulatecoal, soluble

coal increasesthe accessibilityof the organosulfurmoieties to the bacteria and

simplifies the experimentalprocedure,yet still presents bacteria with the

complexity and varietyof sulfur forms present in coal. Mequlnenza lignite

solubilizedby alkalinetreatment,contains approximatelyg% organic sulfur. The

elemental analysis of the solubilizedmaterial was very similar to the starting

material, except for the ash component. Sulfur form analysis indicatedthat this

soluble coal product is essentially free of sulfate (0.17%)and pyritic sulfur

(<o.oi%).

Elemental analysisof the soluble coal product after incubationwith the six

isolates showed that the carbon/sulfurratios do not change significantlyafter

bacterial treatment,and thus that these strainsdid not modify the organosulfur

component of soluble coal (Table 2). These results are consistentwith previous

results which indicatedthat such bacteria are unable to modify a soluble coal

product derived from IllinoisNo. 6 coal (13).

There could be a number of explanationsfor the fact that no effect on the

organosulfurcomponentof solubilizedcoal was observed. The culture conditions

utilized may not have been correct. For instance,medium compositionhad a

significanteffect on the interactionof these bacteria with DBT (Table I) and

may also affect their ability to modify solublecoal products. The thiophenic

sulfur content of this solubilizedMequinenza ligniteproduct is not known. The

abundance of thiophenicsulfur in the soluble coal product may affect the

microorganismsabilityto remove significantamounts of organosulfur. In

addition, the appropriatenessof DBT as a model compound for isolationof

micr,organismscapableof removing organic sulfur from coal has not been

rigorously examined. Model compounds are appropriatefor isolationof candidate

microorganismsfrom environmentalsamples and for genetic and enzymatic studies

because the substratGis defined, homogeneousand can be analyzed in detail.

However, after identificationof candidate microbes using model compounds,their

ability to desulfurizecoal should be clearly establishedbefore significant

effort is expended on genetic and biochemicalstudies.
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Figure 1. Gas ChromatographyAnalysis. Panel A" L
UninoculatedControl; Panel B: Strain DK6' incubated
with DBT in M9 Glycerolmedium; Panel C: Same as _

Panel B except spiked with three biphenyl standards.
BP-Biphenyl,MHB--Z-hydroxybiphenyl,

DHB--2,2'-dihydroxybiphenyl,TAT--thianthrene.
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Table I "

DBT METABOLISM BY SELECTED STRAINS

STRAIN SDP GLUCOSE SDP GLYCEROL .S.DPSUCCI.NATI_

DK2' DHB- I ppm MHB- I ppm no metabolites seen
5' oxide - I ppm DHB - 3 ppm 13% DBT degraded
51% DBT degraded. 5' oxide - 2 ppm
A only - 24 hrs. 75% DBT degraded

A & B - 24 hrs.

Biphenyl - 3 ppm
DHB < I ppm DHB- I ppm
5' oxide < 1 ppm 5' oxide- 1 ppm
17% DBT degraded 42% DBT degraded
B only - 24 hrs A & B - 24 hrs.

MHB - 2 ppm
5' oxide < I ppm
40% DBT degraded
A & B - 24 hrs.

OK19 biphenyl - 3 ppm biphenyl - 4 ppm no metabolites seen
DHB- 1 ,ppm < 10%DBT degraded > 90% DBT degraded
38% DBT degraded A only - 4 hrs.
A & B 24 hrs.

biphenyl - I ppm
MHB < I ppm
31% DBT degraded
A & B - 24 hrs,

DK22 biphenyl - I ppm biphenyl - I ppm 5' oxide - 3 ppm
MHB < ! ppm MHB < I ppm 97% DBT degraded
DHB - I ppm DHB - 2 ppm A & B - 24 hrs.
5' oxide - ! ppm 5' oxide - I ppm
49% DBT degraded > gg% DBT degraded
A & B - 24 hrs. A & B - 24 hrs.

, MHB - I ppm DHB < I ppm
DHB- 3 ppm 16% DBT degraded
5' oxide - 2 ppm A & B - 4 hrs.

32% DBT degraded
A & B - 24 hrs. DHB - ! ppm l

5' oxide - ! ppm m
42% DBT degraded
A & B - 24 hrs.

MHB, DHB, 5' oxide--Metabolitepeak observedeluting close to the position of
the standard 2-hydroxybiphenyl,2,2'-dihydroxybiphenylor
dibenzothiophene-5-oxide;A & B--Metaboliteappeared in both of the duplicate
cultures.

i

J
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Table2

C/S RATIOSOF BIOLOGICALLYTREATEDSOLUBLECOAL

STRAIN/MEDIUM DAY 0 DAY 2 DAY 7 DAY 14

CON M9 6.39 6.64 6.34 6.25
DKI M9 6.45 6.25 6.43 6.40
DK5'M9 6.18 6.68 5.66 6.35
DK6'M9 6.25 6.25 6.37 6.45

CON SDP 6.38 7.90 7.40 6.61
i DK2' SDP 6.88 6.28 6.54 6.68

DK19SDP 6.77 7.58 6.67 6.58
DK22SDP 6.41 6.36 6.28 6.49

CON--Uninoculatedcontrol
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