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Abstract

Hyperthermophiles, growing optimally between 80 and 110 °C represent life at the upper
temperature border. They have been isolated from terrestrial and marine volcanic areas. In the
laboratory their temperature maximum of growth is so far between 110 and 113 °C (genera
Pyrodictium and Methanopyrus). With the exception of the archaeal thermoacidophilic Sulfol-
obaceae and the bacterial neutrophilic Aquifex, hyperthermophiles are chemolithotrophic or
heterotrophic anaerobes. They represent a reservoir for new (heat-stable) enzymes and biotech-
nological applications in the future.
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Introduction

Thermophilic microorganisms with upper temperature limits of growth between 50 and 70 °C
are found within many natural and some anthropogenic high temperature habitats, like continen-
tal or marine geothermal fields, sun-heated environments or industrial cooling systems. These
thermophilic organisms are related to mesophiles and can be found within the protozoa, fungi
and many bacterial genera. During the last two decades, however, several procaryotes have
been isolated from solfataric fields and submarine hydrothermal areas growing fastest between
80 and 110 °C"2 These hyperthermophiles are usually unable to grow below 60 °C, some
of them even below 80 °C>*. They gain energy by oxidation of anorganic compounds (e.g.
H,, S°) or organic material. Autotrophic species use CO, as single carbon source and are
therefore primary producers of organic matter in their biotope. Hyperthermophiles have been
found within the Bacteria and the Archaea® but so far, no hyperthermophile is closely related
to a mesophile. Therefore, they may be considered as still rather primitive descendants of early
(thermophilic) live on earth, and they are consequently important for phylogenetic studies. In
biotechnology the properties of enzymes or other cell components from hyperthermophiles
may be utilized to develop new biocatalytic processes.

Biotopes

Natural habitats of hyperthermophiles are terrestrial and marine volcanic areas, which contain
significant amounts of CO,, H,, CO, CH,, H,S and other sulfur compounds originating from
magma chambers below’. In solfataric fields the pH of waters, mud holes or soils near the
surface is usually acidic (pH 0.5 - 6) and sulfate and traces of ammonia are present>®. In the
deeper, oxygen-free areas of the soil (blackish-coloured due to high amounts of ferrous sulfide)
a pH between 5 and 7 and temperatures around 100 °C are typical®. In some areas, also weakly
alkaline springs rich in NaCl occur>®. Terrestrial solfataric fields are found in Italy, Iceland,
Indonesia, the United States, and many other countries in the world. Submarine hydrothermal
systems exist in the deep sea and in shallow areas. They are slightly acidic to alkaline (pH
5 - 8.5) with high concentrations of NaCl (around 3 %) and sulfate (around 30 mmol/l). Special
biotopes are the deep sea vents ("black smokers"), located at the East and South Pacific Rise
or the Mid Atlantic Ridge. Temperatures of up to 400 °C have been measured in the emitted
mineral rich water and a steep temperature gradient exists in the walls of the chimneys due
to the cold surrounding seawater (around 2.8 °C). Furthermore hyperthermophiles have been
isolated from anthropogenic habitats like hot outflows of geothermal power plants in Italy or
Iceland or from burning coal refuse piles.

These biotopes of hyperthermophiles contain only low amounts of oxygen or are even anaerobic
due to the presence of reducing gases and the low solubility of oxygen at higher temperatures.
As mentioned above, volcanic gases contain molecular hydrogen, an important energy source
for many hyperthermophiles. Recently a new hydrogen source (besides fermentation processes
and water hydrolysis) has been discovered™. Pyrite and molecular hydrogen are formed from
ferrous sulfide and H,S at 100 °C according to the following equation’:

FeS + H,S > FeS, + H, )

By this reaction hydrogen-dependent hyperthermophiles could be grown due to continous gene-
ration of hydrogen in the culture media.
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Morphology and Physiology

Aerobic Hyperthermophiles

So far, two groups of aerobic hyperthermophiles have been described (Table I): the extremely
acidophilic representatives of the archaeal Sulfolobaceae and the bacterial Aquifex pyrophilus.
The members of the Sulfolobaceae (genera Sulfolobus, Metallosphaera, Acidianus, Desulfuro-
lobus, and Stygiolobus) are coccoid to lobed organisms with a cell envelope consisting of
protein subunits (Figure 1, 2). With the exception of Acidianus they are adapted to low ionic
strength. So far, they have been isolated only from terrestrial solfataric fields and recently from
a smoldering refuse pile in a uranium mine in Germany (Isolate Ron 12, Segerer and Stetter,
unpublished, Huber and Stetter, unpublished). Only a few strains of Sulfolobus are obligate
chemolithoautotrophs, like Sulfolobus metallicus''. Most of them are facultative or strict hetero-
trophs'?. With the exception of the strictly anaerobic Stygiolobus azoricus', elemental sulfur
is oxidized to sulfuric acid by all members of the Sulfolobales. Several representatives of the
Sulfolobaceae are able to reduce ferric iron or molybdate under anaerobic conditions' >, In
addition some strains of Sulfolobus, Metallosphaera sedula's, and less efficient strains of
Acidianus are able to grow on sulfidic ores like pyrite, chalcopyrite, and sphalerite. Furthermore
for the first time within the domain of the archaea, growth by aerobic oxidation of molecular
hydrogen has been recently demonstrated for representatives of the genera Sulfolobus, Metallo-
sphaera, and Acidianus'’. Members of Acidianus and the closely related Desulfurolobus are
further able to reduce elemental sulfur with molecular hydrogen under anaerobic conditions™.

Figure 1, 2: Electron micrographs of freeze-etched” cells of Metallosphaera sedula (Fig. 1,
left) and isolate Ron 12 (Fig. 2, right), exhibiting a surface layer with hexagonal symmetry.
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Table 1: Growth conditions, morphological and biochemical characteristics of hyperthermophiles (modified from Ref.20)

Growth conditions
Temperature (°C) Habitat DNA
Species . Morphology
Mini- Optimum Maxi pH Am"',c (2e) marine (m) mol%
mum aximm anacrobic (an) terrestrial (t) G+C
Aquifex ilus 67 85 95 5415 ae/an m 40 rods, refractile inclusions
Thermotoga maritima 55 80 90 559 an m 46 rods with sheath
Thermotoga thermarum’ 55 70 84 6-9 an t 40 rods with sheath
Sulfolobus acidocaldarius 60 80 85 1-5 ae t 37 lobed cocci
Sulfolobus metallicus 50 70 75 145 ae t 38 lobed cocci
Metallosphaera sedula’ 50 5 80 1-4.5 ae t 45 cocci
Acidianus infernus 60 88 95 1.5-5 ae/an t 31 lobed cocci
Stygiolobus azoricus 57 80 89 1-55 an t 38 lobed cocci
Thermoproteus tenax 70 88 97 2.5-6 an t 56 regular rods
Pyrobaculum islandicum 74 100 103 57 an t 46 regular rods
Pyrobaculum organotrophum 78 100 103 57 an t 46 regular rods
Thermofilum pendens 70 88 95 4-6.5 an t 57 slender regular rods
Desulfurococcus mobilis 70 85 95 4.5-7 an t 51 cocci
S lothermus marinus 65 92 98 4585 an m 35 cocci in aggregates
Pyrodictium occultum 82 105 110 57 an m 62 discs with fibres
Pyrodictium abyssi 80 105 110 4.7-15 an m 60 discs with fibres
Thermodiscus maritimus 75 88 98 5-7 an m 49 discs
Thermococcus celer 75 87 93 47 an m 57 cocci
Thermococcus litoralis 55 85 98 4-8 an m 38 cocci
Pyrococcus furiosus 70 100 103 59 an m 38 cocci
Methanothermus sociabilis 65 88 97 55-1.5 an t 33 rods in clusters
Methanopyrus kandleri 84 98 110 5.5-7 an m 60 rods in chains
Methanococcus jannaschii 50 85 86 365 an m 31 irregular cocci
Methanococcus igneus 45 88 91 515 an m 31 irregular cocci
Archaeoglobus fulgidus 60 83 95 55-15 an m 46 irregular cocci
Archaeoglobus profundus 65 82 90 4.5-15 an m 41 irregular cocci

* = extremely thermophilic microorganism;

498







