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Introduction: Venusian clouds (in comparison to 

the surface of Venus) despite their aggressive 
environmental conditions might still be a safe haven 
for extreme Earth-like life forms. Indeed, the presence 
of Earth extremophiles in boiling water and acidic soils 
supports the hypothesis of life on Venus. This review 
focuses on microorganisms inhabiting extreme Earth 
niches, in particular, sulfur- iron- rich hot springs 
and/or low pH habitats which resemble Venusian 
clouds conditions. The analysis of such 
microorganisms will shed more light on the key 
features of hypothetical life forms inhabiting Venusian 
clouds and offers a helpful summary regarding the 
selection of model microorganisms to be used in 
experiments under conditions simulating those of 
Venus. Finally, extremophiles are characterized by 
exciting features such as heat resistant proteins which 
represent a great interest for industry. We have 
presented the summary on selective microorganisms 
which hypothetically could have adapted to the 
conditions evolving on Venus [1] in the form of the 
passports (see below).  

 
Passport 1: Earth extremophiles: Acidianus sp. 

Species  Acidianus sp.: Acidianus sulfidivorans JP7T, 
A. infernus, A. ambivalens, A. brierleyi 

General information: Gram negative cells; 
irregular coccoid morphology; non-motile; surrounded 
by an envelope composed of subunits in a hexagonal 
array. Facultative aerobes. Thermoacidophiles. Can be 
found in acidic solfataras (i.e. Lihir Island, Papua New 
Guinea) and marine hydrothermal systems [2]. 
Temperature: 45-96°C [2] 
pH: 0.35-6 [2] 
Sources of carbon: Autotrophic and mixotrophic. 
Organotrophically can grow on yeast extract or meat 
extract without S0 in aerobic conditions [2]. 
Sources of energy: Lithotrophs. Aerobic S0 oxidation, 
mineral sulfide oxidation or Fe2+ oxidation. Anaerobic 
growth via S0 or ferric iron reduction with H2 or H2S 
[2].  
 

Passport 2: Earth extremophiles: Acidithiobacillus 
sp.  

Species: Acidithiobacillus (=Thiobacillus) sp.: A. 
caldus, A. ferrooxidans, A. thiooxidans, A. ferrivorans, 
A. ferridurans, A. ferriphilus 
General information: Gram negative cells; rod-
shaped morphology; obligately acidophilic. Inhabit 
acidic and sulfur-rich environments including acidic 
soil, ores during bioleaching, marine drainage and hot 
springs (i.e. Taupo Volcanic Zone hot springs, New 
Zealand) [3–5]. 
Temperature: Outside of hot springs: 5-52°C; A. 
caldus being the only known thermoacidophile 
(t=52°C). For hot springs members 13.9-97.6°C 
pH: Outside of hot springs: 0.5-6.0; For hot springs 
representatives: 0.6-8.94 [3].  
Sources of carbon: Autotrophic [6]. 
Sources of energy: Lithotrophs. A. ferrooxidans: 
aerobically by oxidation of ferrous iron or sulfur 
compounds. Anaerobically using molecular oxygen, 
Fe3+ or S0 as an electron acceptor; and using reduced 
and elemental sulfur, Fe2+ and H2 as electron donors 
[4,6].  

Many Acidianus sp. can grow autotrophically: they 
use elemental sulfur, sulfide and sulfur-oxyanions 
(more reduced than sulfate) as electron donors. A. 
ferrivorans, A. ferridurans, A. ferriphilus and A. 
ferridurans can oxidize ferrous iron. Ferric iron 
reduction may occur even aerobically though it is 
linked to the species which also oxidize iron. A. 
ferrooxidans and A. ferrooxidans can use hydrogen as 
a sole electron donor [4,7].  

 
Passport 3: Earth extremophiles: Stygiolobus gen. 

nov. sp.  
Species: Stygiolobus sp.: S. azoricus 
General information: Gram negative coccoid cells, 
highly irregular in shape; strongly lobed or have sharp 
edges and bends; cell membrane is surrounded by an 
envelope composed of subunits in a hexagonal array. 
Thermoacidophilic, i.e. inhabit solfataric springs, mud 
and soils of Sao Miguel Islands, Azores [8,9]. This 
species has not been isolated from other various 
solfataric samples (Iceland, Indonesia, Southern 
Kurils, Hokkaido, Yellowstone National Park etc.) 
indicating that it might be rare or endemic species in 
the Azores [8].  
Temperature: S. azoricus: 57-89°C; optimal t=80°C 
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[8].  
pH: S. azoricus: 1.0-5.5; optimal at 2.5-3.0 [8] 
Sources of carbon: Autotrophic. Traces of yeast 
extract stimulate growth [8,9]. 
Sources of energy: Strictly anaerobic, obligately 
chemolithoautotrophic; S0 reduction with H2. S. 
azoricus: incapable to oxidize sulfur compounds [8].  
 

Passport 4: Earth extremophiles: Thermoplasmata 
sp.  
Species: Thermoplasmatales sp.: Acidiplasma 
cupricumulans, Ferroplasma acidiphilum, Picrophilus 
torridus, Thermoplasma volcanium, T. acidophilum, 
Thermogymnomonas acidicola, Cuniculiplasma 
divulgatum.  
General information: Varying in shape, facultatively 
anaerobic, thermoacidophilic, autotrophic or 
heterotrophic (Arce-Rodríguez et al., 2019; 
Langworthy, 2015). Can be found in sulfate- iron- rich 
hydrothermal springs (i.e. Tenorio Volcano National 
Park, Costa Rica) [10] or low-temperature acidic 
environments. In particular, Thermoplasmata sp. can 
be detected in acidic (pH 0-1) viscous biofilms 
(snottites) hanging from the walls of sulfidic caves 
which are formed in carbonate rocks: the latter are 
being dissolved by sulfuric acid following the abiotic 
or microbial oxidation of sulfur present in sulfide-rich 
waters. The examples of sulfidic caves are Lechugilla 
Cave in New Mexico, USA, or The Grotta Grande del 
Vento-Grotta del Fiume in Italy [12]. Moreover, 
Thermoplasmata sp. were reported to occur in acid 
mine drainage water streams of Parys Mountain, UK, 
characterized by low pH (1.7), temperature of 8-18°C 
and high concentrations of soluble iron [13].  
Temperature: In hot springs can grow at optimum 
temperatures of >60°C [10]. Though some members 
are found in caves, acid mine drainage water at low 
temperatures: 1-2°C [12] or 8-18°C [13].  
pH: 4, up to 0-1 [10,12,13]. Thermoplasma 
undergoes lysis near neutrality [11].  
Sources of carbon: Autotrophic, heterotrophic [10]. 
Sources of energy: Biochemical characteristics are 
poorly defined. Thermoplasma: obligately 
heterotrophic, grows on extracts of yeast, meat, 
bacteria and archaea.  

 
Therefore, these species represent interesting 

candidates to be further analyzed regarding their 
common features and adaptive mechanisms. The 
ability of these organisms to survive and thrive under 
conditions resembling those in Venusian clouds (high 
temperatures, low pH, to derive energy via reduction / 
oxidation of iron- and sulfur- compounds) provides the 

evidence that hypothetically Earth-like life forms could 
have been found on Venus. 
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