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Sulfur isotope fractionation during bacterial sulfate reduction

V.Briichert, C.Knoblauch & B.B.Jgrgensen

Max Planck Institute for Marine Microbiology, Bremen, Germany

ABSTRACT: The isotopic fractionation during bacterial sulfate reduction was determined in batch culture
experiments with new strains of sulfate-reducing bacteria that grow at temperatures between -1.8 and 20°C.
The observed isotopic fractionations for the two isolates are significantly smaller than commonly measured
isotopic differences between sulfate and sulfide in temperate and cold marine sediments. For all cultures,
sulfate reduction rates decrease with decreasing temperature. However, in one strain the isotopic
fractionation was independent of the sulfate reduction rates and the temperature at which the bacteria were
grown whereas another culture showed an increasing isotopic fractionation with decreasing temperature.
Phylogenetic differences between the strains, differences in the cellular electron transport pathways during
substrate oxidation, and the formation of sulfur intermediates at very low rates of sulfate reduction are
inferred to be the dominating factors controlling the observed isotopic fractionations.

1 INTRODUCTION

Bacterial sulfate reduction is the dominant metabolic
process in anoxic marine sediments (Jgrgensen
1982). It has long been known that the reduction of
sulfate to sulfide is coupled to a pronounced
enrichment of sulfide in 32S, yet the factors
controlling the isotopic enrichment are still
insufficiently understood. Rates of bacterial sulfate
reduction and temperature have been suggested to
exert the dominating control on variations in isotopic
fractionation. Here we report experimental results on
sulfur isotopic fractionations by 4 strains of sulfate-
reducing bacteria to quantify the effects of
temperature and sulfate reduction rates and to
determine if additional processes can affect the
isotopic fractionation. Sulfate reducers were isolated
from arctic marine habitats off the coast of Svalbard,
Spitsbergen. This is the first report on isotopic
fractionations by sulfate-reducing bacteria that are
capable of growing at temperatures of very cold
marine habitats and at temperatures that are common
to most temperate marine environments worldwide.

2 METHODOLOGY

Pure cultures of the sulfate-reducing strains LSv54,
ASv26, LSv514, and ASv20 were grown in batch

303

culture at temperatures of -1.8, 2, 4, 9, 16, and 20°C
using the anaerobic medium described in Widdel
and Bak (1992). Organic substrates were lactate (20
mM final concentration) for strains LSv54 and
LSv514 and acetate (20 mM final concentration) for
strains ASv26 and ASv20. Most cultures were
grown to the stationary phase of growth. Samples
for the isotopic determination of sulfate and sulfide
were taken in the lag phase, the early exponential,
the late exponential, and the stationary phase. At
each time point, concentrations of sulfate and
sulfide were determined. Sulfate was determined by
unsuppressed anion chromatography, and sulfide
was determined by the methylene blue method
(Cline 1969). At each of the above time points, 10
ml aliquots of the cultures were incubated for 6
hours with **SO, (100 kBq) radiotracer to determine
specific sulfate reduction rates for each growth
phase. An additional aliquot of the culture was used
for cell counting. Sulfate reduction rates could thus
be reported as meles of sulfate reduced per bacterial
cell rather than on a volumetric basis. To determine
the stable isotopic composition 20 % zinc acetate
was added to the remaining aliquot to terminate
bacterial activity and to precipitate dissolved
sulfide. Dissolved sulfate and precipitated zinc
sulfide were separated by acid distillation and
trapping of H,S in AgNOj;. Dissolved sulfate was
recovered as BaSOy4. The isotopic composition of




dissolved sulfate and sulfide were determined by
continuous flow isotope ratio monitoring gas
chromatography mass spetrometry according to
methods described in Giesemann et al. (1994).

3 RESULTS AND DISCUSSION

All analyzed strains show a characteristic decrease
in sulfate reduction rates with temperature. In
general, sulfate reduction rates decrease from the
exponential to the stationary phase of growth. Strain
LSv34, which oxidizes lactate to acetate and is not
capable of complete substrate oxidation showed a
small isotopic fractionation of 4.6 %o at 9°C (Figure
1). To our knowledge this is the smallest isotopic
fractionation ever reported for sulfate-reducing
bacteria. Strain ASv26, which oxidizes acetate to
CO; and is thus capable of complete substrate

oxidation showed a fractionation of 22 %o (Figure 2).

Phylogenetic differences based on 16S rRNA
sequences indicate that these two strains belong to
two different new genera of sulfate-reducing
bacteria (Knoblauch et al. in press). The isotopic
fractionation in strain ASv26 was constant over the
viable temperature span for this bacterial strain.
Furthermore, the isotopic fractionation is constant
for the different growth stages. In strain LSv54
sulfide had a lower isotopic composition at -1.8°C
than at 9°C while the evolution of the isotopic
composition of sulfate was consistent with a
Rayleigh-type fractionation during reduction of
sulfate by 4.6 %o (Figure 1). These differences can
be reconciled with the formation of intermediate
sulfur species that are enriched in *S relative to
sulfide. One of the proposed pathways during
dissimilatory  sulfate reduction includes the
formation of the intermediates thiosulfate and
trithionate during the reduction of sulfite (Widdel
and Hansen 1992). The turnover time of these
intermediates at low rates of sulfate reduction may
be significantly longer creating an additional sulfur
pool that was not accounted for in the Rayleigh
model. Thus the observed isotopic differences at
different temperatures of strain LSv54 may reflect
the formation of a larger pool of sulfur
intermediates in the cellular sulfate reduction
process at -1.8°C. The continous trend in the
isotopic composition of sulfate indicates that the
intermediate sulfur species are not reoxidized to
sulfate.

The observed sulfur isotopic fractionations in
these pure culture experiments ‘are significantly
smaller than the isotopic differences observed
between dissolved sulfide and sulfate in coexisting
sediments and in most- anoxic sediments from
temperate environments. In these sediments the
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Figure 1. Isotopic fractionation of sulfate and sulfide in
batch culture experiments with strain LSv54. Closed
symbols represent sulfate and open symbols represent
sulfide. Regression lines indicate the different isotopic
fractionations.
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Figure 2. Isotopic fractionation of sulfate and sulfide in
batch culture experiments with strain ASv26. Closed
symbols represent sulfate and open symbols represent
sulfide. Regression lines indicate the isotopic fractionation.

observed isotopic differences between dissolved
sulfide and sulfate are generally between 36 and 58
%o and imply additional fractionations during the
oxidative sulfur cycle.

4 CONCLUSIONS

Our results suggest that naturally observed isotopic
differences between sulfate and sulfide may not only




be caused by variations in the rates of bacterial
sulfate reduction. Genetic and physiological
differences between different genera of sulfate-
reducing bacteria may also exert a strong influence
on the isotopic fractionation. The electron transport
pathways for the oxidation of organic substrates
differ significantly between complete- and
incomplete-oxidizing sulfate reducers (Widdel and
Hansen 1992; Cypionka 1994). Also, two different
electron transport pathways have been proposed for
the reduction of sulfite to sulfide in sulfate-reducing
bacteria. These physiological differences can be

sediments, different genetic populations and
populations with different adaptations to temperature
will result in different gross isotopic fractionations
during sulfate reduction. However, comparison of
the experimental results with field data confirms
previous findings that additional fractionations must
exist in the oxidative part of the sedimentary sulfur
cycle. The observed fractionations are too small to
explain the naturally occurring isotopic differences
of porewater sulfate and sulfide. Therefore
additional fractionations must occur either during
disproportionation or sulfide oxidation.
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Mineral deposits — Proceedings of the 5th biennial SGA
meeting and IAGOD 1 0th quadrennial symposium, London,
August 1999

1999, 25 c¢m, ¢.1500 pp. 2 vols., EUR 125.00 / $137.50 / £88
This volume contains 356 extended abstracts of the meeting
which represent a snapshot of the science of mineral deposits
research at the end of the 20th century; a century remarkable
for the growth in demand for mineral resources, for techno-
logical advances on an unprecedented scale, and for the de-
velopment of our ideas as to how, where and when mineral
deposits form. Contents: Fluid inclusions and ore formation
processes; Ore mmeralogy and pa.ragenesrs Orgamcs in the
formation of mineral deposits and remediation of mining
sites; Ore-bearing granitic systems; Volcanism & minerali-
zation; Ore-forming processes associated with alkaline rock,
carbonatites and kimberlites; Ore-forming processes associ-
ated with mafic and ultramafic rocks; Sediment-hosted min-
eral deposits; Processes and scales of remobilisation in meta-
morphosed ore deposits; Metamorphogenesis and other
fluid-related syn-metamorphic mineralising processes; Skarn
deposits - Worldwide contrasts and similarities; Processes of
formation and geology of industrial mineral deposits; Envi-
ronmental aspects of mineral deposits; Timing and duration
of ore-forming processes; Geodynamics & ore deposits.

Hawkins, A.B. (ed.) 90 5410 866 5
Ground chemistry: Implications for construction - Pro-
ceedings of the international conference, University of Bris-
tol, UK, 1992

1997, 25 cm, 672 pp., EUR 107.50/ $126.00/ £76

Brings together representatives of the various disciplines
closely involved in different aspects of ground chemistry and
the implications of this for engineering construction.

Saether, Ola M. & Patrice de Caritat 90 5410 641 7
Geochemical processes, weathering and groundwater re-
charge in catchments

1997, 25 ¢cm, 416 pp., EUR 69.00/ $81.00/ £49

Student edn: 90 5410 646 8, EUR 41.50/349.00/£29
Authors: Geological Survey of Norway.

A specialist book concemned with the natural processes tak-
ing place where water interacts with minerals and organic
matter at the surface of the Earth, in soils or within acqui-
fers. It focuses on the all important interface between the hy-
drological and geochemical cycles in terrestrial ecosystems,
and is thus particularly relevant to the understanding of the
environment in which we live. Intended primarily as a refer-
ence text for graduate students in earth, hydrological and en-
vironmental sciences, Geochemical processes, weathering
and groundwater recharge in catchments is also a valuable
introduction for chemistry, biology and forestry students in-
terested in fundamental processes at the catchment scale.
The book presents a unified overview of the current status of
knowledge in catchments studies, and the contributing spe-
cialists have outlined challenges for future research within
their field. The volume's thirteen chapters cover many physi-
cal and chemical (both organic and inorganic) processes in
hydrological basins, as well as more practical issues of
catchment analysis and monitoring, with emphasis on inte-
gration between the various disciplines.
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1996, 24 cm, 344 pp.,

EUR 93.50/3110.00/ £66 (No rights India)
A translation of *Geokimiya mineralogiya i genezis zoloto-
rudnikh mestorozhdenii', Moscow. The behavior of gold in
sedimentary, magmatic and postmagmatic processes are
studied and 40 gold-bearing minerals including ten which
were recently discovered are described. The results are pre-
sented of new experimental studies on phase relations in
gold-sulfide systems. The solubility & form of gold migra-
tion in high-temperature chloride, sulfide and arsenic solu-
tions are determined. Based on the new data, the genesis of
gold deposits is studied and a geochemical classification pro-
posed. This book is designed for specialists in the field of
gold chemistry, geochemistry and mineralogy and for field
geologists surveying and prospecting for gold.

Appelo, C.A.J. & D.Postma 90 5410 1059
Geochemistry, groundwater and pollution — Revised edi-
tion

1993 (1996), 25 cm, 500 pp., EUR 80.00 / $95.00 / £56
Student edn: 90 5410 106 7, EUR 40.00/$50.00/£28
Groundwater geochemistry is an interdisciplinary science
concerned with the chemistry in the subsurface environment.
The chemical composition of groundwater is the combined
result of the quality of water that enters the groundwater res-
ervoir and reactions with minerals and organic matter of the
aquifer matrix. In recent years the effect of pollution, such as
nitrate from fertilizers and acid rain, influences the ground-
water chemistry. Due to the long residence time of ground-
water in the invisible subsurface environment the effect of
pollution may first become apparent tens to hundreds of
years afterwards. A comprehensive & quantitative approach
to the study of groundwater quality. Practical cxamples of
application.

Computer program available at EUR 34.00 / $40.00 / £24.
Authors: Free Univ. Amsterdam and Technical University of
Denmark, Lyngby.

*An excellent book. Highly recommended. Groundwater,
July 1994,

*This book is a must for serious students of groundwater
geochemistry and highly recommended for hydrologists. Jr/
Hydrology, 155, 1994.
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Mineral deposits: From their origin to their environ-
mental impacts — Proceedings of the third biennial SGA
Meeting, Prague, Czech Republic, 28-31 August 1995

1995, 25 ¢cm, 1038 pp.,

EUR 165.00/ $194.00/ £116 (No rights India)
This volume contains 253 extended abstracts submitted by
authors from 40 countries. The extended abstracts are
grouped into 12 topics including metallogeny in the evolu-
tion of orogenic belts, gold and precious metal deposits, sub-
marine hydrothermal processes and volcanic-hosted depos-
its, sediment-hosted mineral deposits, vein and shear zone
deposits, granitoid related deposits, deposits of industrial
minerals, environmental aspects of mineral deposits, organ-
ics and mineral deposits, metamorphism and mineralizations
and mineralization in black-shales. The volume is directed to
pure and applied economic geology researchers and the min-
ing industry specialists.
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